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Presentations Day 1

1. Standardisation and Biosecurity in Laboratory Rodent Breeding
(Jutta Davidson, Urte Jah, Charles River Laboratories)

STANDARDIZATION AND BIOSECURITYIN
LABORATORYRODENT BREEDING

Jutta Davidson
‘b 3 3 PO > AR &
Research Models and Services Specialist
ilt

'\. Charles River Laboratories, GmbH
& snﬂ-&

e
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Laboratory animals are used as “biological sensors” and are

thereby essential for the reproduceabilityf scientific results in
research!

... Therefore.....

Breeding of research animal
models is far more than simply
putting “a male and a female
animal togetherand to hope for
the best”!

EVERY STEP OF THE WAY

charlggﬁver
What do we have to do to provide you with healthy,
genetically defined and suitable animals for your
Standardization
® +
Biosecurity /=i
EVERYSTER OF THE WAY. charlgsjﬁver
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Genetics Health

Animal Welfare
Begins With You

Environment Handling

T
EVERY STEP OF THE WAY charles river

GENETIC STANDARDIZATION BY GENETIC STABILITY
PROGRAMS

Goal: preserving integrity of a given mouse or rat strain

* Over time (Generations)
* over geographical distance (multiple breeding locations)

T
5 | EVERY STEP OF THE WAY charles river



BENAKI

,
e AGES

Workshop report “Preparatory work on how to report, use and interpret historical control data in
(eco)toxicity studies”

FACTORSIMPACTING GENETICIDENTITY

Selection
Mutation
Genetic Drift
6 | EVERY STEP OF THE WAY charl Iggﬁver
SELECTION

Natural Selection

* Plays a limited role in laboratory populationgspeciallyif the rearing
practices are similar in all subpopulations.

Unconscious Selection
* Docile temperament
* Litter size
* Short interval between successive litters
* Rapid growth
* Parental care of mother
* Traits that pose economical or other advantages

~
7 | EVERY STEP OF THE WAY charles river
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MUTATION

A mutation is a permanent alteration in the nucleotide
sequence of one or more genes or in the number or structure
of one or more chromosomes (Merriam Webster Dictionary)

Mutations can result from
* DNA copying mistakes
» exposure to ionizing radiation or mutagens,
* infection by viruses

L
8 | EVERY STEP OF THE WAY charles river

GENETIC DRIFT

“The constant tendency of genes to evolve even in the
absence of selective forces. Genetic drift is fueled by
spontaneous neutral mutations that disappear or become

fixed in a population at random”
(Lee Silver, “Mouse Genetics” Oxford University Press, 1995)

Leads to genetic divergence of two sub-populations

T
9 | EVERY STEP OF THE WAY charles river
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DYNAMICS OF GENETIC DRIFT

1

0.8

Fixation 0.6

Index (FsT)
0.4
N=500
0.2
0 S0 100 150 200 250 300
Generation
*Fsrin the range O to 0.05 indicates little genetic divergence
Interpretation *Fsrin the range 0.05 to 0.15 indicates moderate genetic divergence
by Wright *Fsrin the range 0.15 to 0.25 indicates great genetic divergence
(1978) *Fsrabove 0.25 indicates very great genetic divergence
10 | EVERY STEP OF THE WAY charles river

MINIMIZING GENETIC DRIFT- OUTBREDS

* Large PopulationSize
* Avoidance of Inbreeding

* Migration between sub-populations

~
11 | EVERY STEP OF THE WAY charles river
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MIGRATION BETWEEN SUBPOPULATIONS

White and Lee: b
,Migration can be —
: Equilibrium 0.6
viewed as a form of fixation
. i 0.4
genetic glue that holds o
colonies together.“ -
0 2 4 6 8 10

Value of Nm

migration and random drift eventually reach arequilibrium stage at which the additional
divergence attributable to random genetic drift in any generation is exactly offset by the
homogenizing effects of the migration.

Nm = population size * migration rate

T
12| EVERY STEP OF THE WAY charles river

OUTBRED FOUNDATION AND PRODUCTION BREEDING
International Genetic Standardization (IGS)- Outbreds

Maintain diversity by preventing inbreeding, by standardising production colonies that are
geographically separated such that each colony has the same range of genetic variation

Outbred stocks: maintained using a
foundation colony and ‘satellite’
production breedng colonies.

IGS is achieved by using
-Migration
-Rotational Breeding
-Quality Control

~
13 | EVERY STEP OF THE WAY charles river
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GENETIC STANDARDIZATIONMINIMIZING GENETIC DRIFT

International Genetic Standardization (IGS) - Outbreds

Forward Migration (outward): 25% of male Reverse Migration (inward): 5% of
breeders every 3 years foundation breeders per year

North America lapmese North America
Breeding Coly Breeding Colony
NRDING ooy Breeding Colony

Breeding Colony

Replaced

European

European
Breeding Colony Breeding Colony

Migration: To and From Foundation Colony

T
EVERY STEP OF THE WAY charles river
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OUTBRED FOUNDATION AND PRODUCTION BREEDING
IGS - Outbreds- Production Breeding

FB: Future Breeder

only one gender migrates to next
block, the other gender is replaced
within same breed group

15 | EVERY STEP OF THE WAY charl‘e;g'ﬁ\.rer

CHARLES RIVER’S GENETIC STANDARDIZATIONNROGRAM
International Genetic Standardization (IGS) - Outbreds

IGS is a genetic management system using

« pedigreed gnotobiotic foundation colonies

« Large Population Size

« Equal Distribution of Genders

« Aviodance of inbreeding in production colonies

= Program of regular breed stock migration between supopulations

T
16 | EVERY STEP OF THE WAY charles river
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GENETIC STANDARDIZATIONMINIMIZING GENETICDRIFT

International Genetic Standardization (IGS) - Inbreds

Isolators m Foundation Colony

Pedigreed (B X S)

Barier Rooms
Pedigreed Nucleus Colony
(BXS)
Non-red'umd Expansion Colony
BXS)

Random Mated Production Colony

Inbred Strains Available for Research

T
EVERY STEP OF THE WAY charles river

GENETIC STANDARDIZATIONMINIMIZING GENETICDRIFT

The Jackson Laboratroy Genetic Standardization Program (GSP)

Frozen embryos used to
refresh foundation stock

every five generations

US patents 7592501 & 8110721

Replace the Foundation Stocks Breeders using cryopreserved embryos at frequent intervals
(Genetic Stability Program—GSP)

T
EVERY STEP OF THE WAY charles river
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JAX™ Mice

Char/es River and o) TheJackson Pedigreed JAX™ Mice
Laboratory Foundation Stock Genetic Quality
Control Program

Jackson Laboratory of l ~ Bveecoat ot
e
charles river | m

of breeding colonies
vith pedigraed stock
you JAX™ Mice s A s
JAX™ Mice « Routine and
' . Pedigreed lensive genetic
with the genetic Expanvion Sacks iy montor
to assure genetic
Integrity
integrity and stable v - Aigoous recod
~ e L 0' ”
~ :ﬁlg:lfd slocgk 50 peciurec

phenotypes needed to

Production Stocks

Diligent adherence
to sirain-specific

support research 4 B o et
in animal health,
JAX™ Mice m::\w e
excellence. { Production Siocks
A 4

T
JAX™ and J™ are trademarks of The Jackson Laboratory registered in the United States. All rights reserved. charles river

MICROBIOLOGICAL STANDARDIZATION
HEALTHMONITORING

Results recorded
and checked in

ILIMS
0310 08

Reception
o

m Sample collection
DowDi e Results approved
-4 H Parasitol i and reports Issued
.. k 0310 D10
— g O 0210 04 e
" : — E — -

- Molecular e e e e m———
Diagnostics =" e | - =
02 1 D&
/

Federation of European Laboratory Animal Science Associations

e
EVERY STEP OF THE WAY charles river
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MICROBIOLOGICAL STANDARDIZATION
HEALTH MONITORING

* Creation of Microbiological Standard
* Biosecurity, Housing System

* Maintenance of Microbiological Standard
* Surveillance by Health Monitoring

* Emergency Plan= COLONY POLICY FOR POSITIVE RESULT

e
EVERY STEP OF THE WAY charles river

MICROBIOLOGICALSTANDARDIZATION
Hygenic Status

SPF = Specified Pathogen Free ( VAF in the US)

SOPF = Specified Pathogen and Opportunistic Free
(ELITE in the US)

Negative Definitions -> definition which germs areabsent

T
EVERY STEP OF THE WAY charles river
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MICROBIOLOGICAL STANDARDIZATION
TWO BREEDINGSYSTEMS

barrier rooms é isolator stations
SPF Health = SOPF Health status
status Contract breeding and
housing
EVERY STEP OF THE WAY charlé’s’ﬁver

EMERGENCY PLAN = COLONY POLICY FOR POSITIVE RESULT

QRINFORMATION, CRL BREEDING COLONY POLICY FOR POSITIVE RESULT
a= ate termination
b = plannej future recycled of the colony
c = no agbn except if presence of clinical sign and / or lesion
TESTING SCHEDULE
d = screened quarterly (barrier room) ; gt y on 1/4 of ( )

¢ = screened quarterly (barrier room) ; or semi.
f = screened annually

Germ of Category A:
Immediate stop of breeding / sales— recycling

Germ of Category B:

Planned future recycling

Germ of Category C:
No action except if presence of clinical signs and / or lesions

T
EVERY STEP OF THE WAY charles river
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ENVIRONMENTALSTANDARDIZATION BIOSECURITY

ﬁ Q@ A
Treatment /
Sterilization Filter HEPA Filter
Water ..::‘:“
™
Becdng Steam
- é ‘ People
SPF
In’rroduc'non
Animal n ’
Shipment
EVERY STEP OF THE WAY Charlg‘sfﬁver

BIOSECURITY- WORKINGWITHANIMALSIN THE PAST

Dr. Foster used to wear a tie
weighing animals?
1

-
EVERY STEP OF THE WAY charles river
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BIOSECURITY SYSTEM

A system to reduce the likelihood to get a contamination

Animals Employees Supply Biosecurity

~
EVERY STEP OF THE WAY charles river
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ENVIRONMENTAL STANDARDIZATION

Air, Water, Light, Noise,...
>Temperature and Humidity

> Air exchange rates / -Circulation
>HEPA-filtered air

>Drinking water treatment (acidificationchlorination, filtration, UV-
treatment)

>Desinfektion / Sterilisation (autoclavingjrradiating, H202 treatment)
>Choice of cages

>Light cycle (incl. Light intensity)
>Noise level
>Dedicated animal caretakers per barrier

T
EVERY STEP OF THE WAY charles river

ENVIRONMENTAL STANDARDIZATION
Diet and Bedding

Weender analysis for each diet batch

Quarterly check for toxicological agents (external)
Certificate of analysis for each bedding batch

Autoclaving

Controlled storage in Clean-Room, with Stainless steel
walls and positive pressure

> Distribution through closed high-pressure pipeline system

YYVYVY

L
EVERY STEP OF THE WAY charles river
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ENVIRONMENTAL STANDARDIZATIONPERSONNEL

dedicated Personnel per breeding area / strain
>Regular Health check of the staff

>Private pets policy (no rodents / no animals using rodents as feed
(e.g. snakes)

>Entry rules to barriers and isolator rooms (cloth changes / air
showers)

>Peronalized helmets (filtered air)
>Annual Biosecurity any Personal Hygiene trainings
>Hygiene-memo

>Entry rules also for visitors (no contact to relevant species within
the last 24 hours)

T
EVERY STEP OF THE WAY charles river

ENVIRONMENTAL STANDARDIZATION

Enrichment - A balance between animal and
researcher needs

Breeders (Permant matings inbred mice):
Paper house and paper nestlets

Breeding females, mothers with litters, pregnant females
(intermittend breeding, outbred mice):
Paper nestlets

Animals for sale: uumn

Gnawing sticks Make Caring Happen

Enrichment Team established on Site in 2015 following Corporate Guideline:
Environmental Enrichment in RMS. Team perfoms tests with different enrichment tools
on site, consists of members with scientific background and caretakers

T
EVERY STEP OF THE WAY charles river
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HANDLING STANDARDIZATION

Typical Routines Orders filled - listed by age

Cages changes at least once a week

Daily controls of all cages

Daily count of all litters in colonies > 100
breeding females

3 times per week count of all litters in
colonies < 100 breeding females, and
monogamous matings

Pool weaning at ~ 3 weeks of age, according
to age and sex

Males stay in stable groups

CRG Jan-April 2017

[lactatin jother

- 3weeks

~
EVERY STEP OF THE WAY charles river

..... WHICH MEANS: SHIPMENT AND CONSEQUENTLY
ENVIRONMENTAL CHANGE®CCURDURINGADOLESCENCE

“Experiences throughout
adolescence also have
profound effects on
behaviour laterin life.
Mice exposed to chronic
social stress between PND
28-77 showed increased
anxiety-like behaviour in

“(...) exposure to stressors
during the juvenile period
can exert longterm effects
on the brain and behaviour
and that these effects differ

depending adulthood”

on whether the animals are rusteta, FronersinZookgy, 2015

tested during adolescence

or adulthood.” “(...) results suggested thatsecond postnatal week
e e may be the critical period for establishing proper

behavioral responses to emotional stress in the
adolescent mouse.”

Nhioetal., Int) Dev Neurosci,, 2006

~
EVERY STEP OF THE WAY charles river
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e
charles river

Vendors deal with innumerable variables during the ~5% of a

rodent’s lifespan prior to shipping

Many of the variables are
actually very well
standardized and
controlled, and are unlikely
sources of shortterm
variation

Treatment /
Sterilzation

Water

Animal
Infroduction

prima E=B B

Shipment

EVERY STEP OF THE WAY

o Py

@ A

HEPA Filtet

'.‘::;._;,.

yig
e

T
charles river
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Standardisation

SUMMARY o Aty i

Handling

K Sk

Uttrenound
Many other potential variables '
are rarely considered: Temperaues

Lokt

Noise
Weaning

-Did | choose the right population model ? (inbred vs. outbred)

-Did | order a given strain always from the same venderno two vendors
breed same substrains!

-Did | receive animals from same breeding area Microbiome ? Remember:
health monitoring is based on EXCLUSION lists

-Do | need BIOLOGICAL litters or “just” young animals of same age?
-Is my acclimatization period adjusted to my research focus ?

-> Always discuss your specific needs with your vendor. Audit when
possible !

EVERY STEP OF THE WAY ch arlggﬁver
CHARLES RIVER ANIMAL WELFARE:
THE HUMANE CARE INITIATIVE
e Charles River is
Guide to the Behavior &
Enrichment of Laboratory m
Rodents
accredited.
Request a Copy »
Best Practices
Our commitment to animal
welfare goes beyond just AAALAC International is
meeting regulatory a private, nonprof it
requirements. organi zation that
promotes the humane
treatment of animals in
science trough voluntary
accreditation and
Behavior & Enrichment assessment programs.
EVERY STEP OF THE WAY ch arlé"g' Tver
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CONTACT US

Jutta Davidson, Dipl. Biol.
Research Models Specialist

Charles River Research Models
and Services GmbH
Sandhofer Weg 7 Email:

D-97633 Sulzfeld jutta.davidson@crl.com

Website: Phone:
WWWw.criver.com +49 (0)9761 406 -49

~
charles river

22
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2. National Toxicology Program’s Perspective and Use of Historical

Control Data
(Chad Blystone, NTP)

& NTP

= = Hatienal Tasicology Program

National Toxicology Program’s Perspective
and Use of Historical Control Data

Chad Blystone
Division of National Toxicology Program
National Institute of Environmental Health Sciences

May 3, 2022

International workshop on how to report, use and interpret historical control

data in (ecojtoxicity studies g_,x--‘---.
I:\"-..g

23
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@ Overview

« NTP Background and Use of Historical Control Database (HCD) in animal
studies

* Provide examples of Changes and Challenges to our HCD
~ Animal Model
— Exposure Paradigm
- Pathology

— Reduction in animal studies

@ NTP Historical Control Use

* NTP makes “confidence calls” on evidence of neoplastic and now
Developmental and Reproductive Toxicity (DART) responses in rat and mouse
studies:

Clear Evidence

Some Evidence

Historical Control influence likely the greatest here
Equivocal Evidence

Mo Evidence

+ An animal model historical control will be influenced by genetics, route of
exposure, nomenclature, study design, diet, etc. We attempt to keep these
consistent as possible,

24
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@ NTP Historical Control Use

* The concurrent control is considered the most important for evaluation of
a study's findings

+ The historical control database provides context and can increase or
decrease confidence in a call

— Increased confidence when identifying a response in a rare neoplasm

- Lower confidence in variable high background rate neoplasm (e.g. when concurrent
control lower than historical range)

@ NTP Historical Control Background

Historical Controls

» The NTP has reported over 600
cancer bioassays (2-yr studies) in
mode| species of rats and mice

* Prenatal toxicity studies initiated in Chesric Tosfcity & Carcincgaskity Shucies
tha 2010’3 ha'hf'a a'sn heen adda.d in e —
the last 5 years

10 o A S R R A I 8 8 A,

« Historical control data is collected

and published on NTP website: B
— hitps:/{ntp.niehs.nih.gov/data/controls/in -
dex.html

25
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&

NTP Historical Background

* Historical data are collated and
published in a rolling 5-year
window based on study start date

- Incidence rates of neoplasms,
growth, and survival data

— Data are provided by
+ Species, strain/stock, and sex
« Route of exposure

+ Diet

HTP Histori ol Comtrak lataliass

NTP Historical Control

» Neoplastic findings are provided
by organ system

- Individual study findings, total, mean,

and standard deviation are reported

— Combinations of neoplasms are also
provided (e.g. adenomas and/or
carcinomas)

26
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{6} NTP Historical Control
Standardization
« NTP Pathology Review of 2-Year = ———— (O]

Chronic Studies v sy b o~ Netore aecsiogy ragan

—~ NTP Pathology conducts a review of
each carcinogenicity study

— QA pathologist review and report

~ Inconsistencies (e.g. nomenclature,
diagnosis) are resolved, via a
Pathology Working Group

« Together this strengthens the NTP
Historical Control database

hitps [‘www niehs nih goviresearchatnehsiiabslep/ntp-pathindex.¢fm

- 4

Use Example

2,3 Butanedione (TR-593) — Wistar Han Rats

Nose Chamber Control 12.5 ppm 25 ppm 20 ppm
Sguamous Cell Papilloma OrE0 50 50 1/50
Squamous Cell Carcinoma Qa0 /50 o's0 380
Papilloma or Carcinoma 50 50 50 450
Inhalation HC 0/200
All Routes HC 0/349

Less than 0.5% in F344 and Wistar rats

Some Evidence of Carcinogenic Activity

27
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Use Example

4

Mouse Hepatocellular Neoplasms

+ Well known high background rate for the mouse model B6C3F1/N

2-Butoxyethanol Chamber Control 62.5 ppm 125 ppm 250 ppm
Adenomas 22150 18/50 18/50 17/50
Carcinomas 10/60 11/50 16/50 21/50*
Adenoma or Carcinoma 30050 24/50 31/50 30/50
Avg Low High
Carcinomas 13750 6/50 24750
Adenoma or Carcinoma 26/50 10/50 43/50

Equivocal Evidence of Carcinogenic Activity

4

Sites and Associations

» Beyond the historical control
database, NTF provides a
database for the neoplastic — = A
responses observed in studies

e DEEICIEE ¢

Organ Sites with Neoplasia

* The NTP organ site database
collates responses within tissue
across the 600+ chemicals that
have been evaluated

hitps:ficebs niehs.nih.gow'organsites’

28
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Feg

2O Non-neoplastic lesions

+ NTP does not provide a historical control for non-
neoplastic lesions

+ However, NTP provides a nonneoplastic lesion aflas

« The Aflas provides diagnostic guidelines for microscopic
nonneoplastic lesions in rats and mice

« Owerall goal is to ensure the diagnostic consistency of
findings in NTP studies and provide photomicrograph
examples and descriptions of findings that other
pathologists/organizations may use as a reference

hitps:\ntp.néehs.nih.gownnlfindesx. him

29
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!_:4_!?} Developmental Toxicity
* NTP initiated a historical control NTP Historical Controls Database
database for DART studies Smm— _
« Currently consists of fetal i el il s B
morphology findings and litter data i =l bl
from teratology studies e s [ e

MNote: Reported by lab

+ Plan to expand with more
teratology studies and other
DART endpoints

W

NTP Changes and Challenges

+ Rat stock changes
NTP | d the ab

= evaluated the ability to detect - o N
hormone induced reproductive tumors e Bensrrbby sy e b [t el

Kritnin A Thayer and Paud M. Foster

Aot bbb d frm o wwmeeis Heah Sussmes Ruwasl leskaime of Wnely Omusd s ms ol Woels and Woow: Servmmm, Smeets

— Due to various concerns of the F344/N
rat, NTP switched rat stocks

« Wistar Han (2008-2012 = 7 studies)
« HSD:SD Rat (2014-present = 8+ studies)

— |Impacted historical control database:

+ Starting from scratch in rats

30
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&

NTP Changes and Challenges

= Change in Exposure Paradigm Fo

— In utero and lactational exposure often
nat included in traditional carcinogenicity
studies

— Concern arose that not including
potentially sensitive life stage results in
lower detection rate of certain neoplasms
or chronic toxicity

— NTP rat studies now often include (ex.
Inhalation studies) exposure during this
period

— In practice NTP does not differentiate
exposure paradigms (i.e. perinatal vs
nonperinatal) with Historical Control use

Parturition

Weaning F1 Mecropsy

NTP Changes and Challenges

* Nervous System

— NTP evaluation of the nervous system
changed circa 2011

— Four additional sections of the brain
included = 3 three sections now 7 sections

Increases probability of detecting low
incidence findings

Splintered the NTP historical control
database:

« Studies with older evaluation separated from
studies with newer evaluation

¥ Tosical Rt ApCIRATH dok 1011 TTAYIGENGRE A0 (e, R 3

Histopathological evaluation of the nervous system
in National Toxicology Program rodent studies: a
modified approach
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NTP Changes and Challenges

« Uterine evaluation

— Longitudinal sectioning of uterine
horns now standard practice for
carcinogenicity studies

- Increases sensitivity for detecting
neoplastic and nonneplastic lesions

3

¥ Soond Pathvd 200D AugetSiny PAT- 155, dek 101171805 S0M8881. Epnds 200 Ay 2T

The Assessment of Longitudinal Sections of Rat
Female Reproductive Tissues for NTP 2-Year Toxicity
and Carcinogenicity Studies
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NTP Changes and Challenges

+ Retrospective evaluation of
change in methodology found

- Increase in detection of neoplasms
and non-neoplastic lesions, often at
lower exposures

- Atypical hyperplasia detected at
much greater rates

~ Influence on confidence of response
varied from study to study

[l Bl
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e

o
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NTP Changes and Challenges

« Statistical Analysis

- Inan attempt to use the large NTP
historical database, formal statistics were
generated to test a study’s response
againstthe HCD.

— This could strengthen the confidence in a
call for rare tumors and provide higher
confidence when background rate is
variable

— Mixed response regarding its use.

« Concerns for over reliance
« Positive results hard to believe at times

— No longer published on stats tables

S

¥ J den S depo. SONT Lpa ATTGYABE) 12921238 ded 100118870 65 AS0R0O00E 154

Incorporating Historical Control Data When
Comparing Tumor Incidence Rates
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NTP Changes and Challenges

+ Fewer animal studies being conducted

— Decreases historical control size and utility

- Are there viable work arounds?
+ Expanding 5-year window

« Mare reliance on non-NTP databases

« Increasing number of control groups within a study
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- 4

Progression and Standardization

+ Historical control an invaluable resource for evaluating current datasets

— Requires consistency in methodology, nomenclature, and use

* Progression in methods to increase sensitivity and standardization to
increase consistency leads to fracturing of historical control database

Changes need to be planned ahead of time

* Declining use of animal studies presents a challenge for maintaining a
healthy historical control database

Method changes and declining use creates a conflict

4

)
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3. Use of HCD on Pharmaceutical Toxicology Studies at Charles River
Edinburgh

(Aidan McGuire, Charles River Laboratories)

Use of HCD data on
Pharmaceutical Toxicology
Studies at Charles River
Edinburgh

Aidan McGuire Director Toxicology Scientific Support

Unlike agrochemical (crops and chemicals)
and TAS (Target AnimalSafety) studies
there is no reguirement to add HCD ranges
to pharmaceutical toxicology reports.
Therefore, Charles River does not add
these to their toxicology studies as
standard.

EVERY STEF OF THE 'WAS

-

\ Clinical Pathology Data (Electronic, Provantis)
Histopathology Incidence Data (Electronic, Provantis)
Macroscopic Incidence Data (Electronic, Provantis, theoretically)
Organ Weights (Electronic, Provantis)
Survival rates (Electronic, Provantis, by study duration, species, strain, route of
administration, sex, Sponsor and study type)
Reproductive Parameters (Manual)
Neurotoxicity Observations (Manual)
Safety Pharmacological data (Manual)

«  Mon-Regulatory and GLP mixed but can
be separated for GLP only data.
Pharmaceutical Tox does not require GLP
HCD data, only to be of a suitable
reproducible guality.

——
F] EVERY STED CF THE WAY C.h Elrles river

35



BENAKI

N
rI\Il-ISYT'II'_?lI;_IA_g'HOLOGICAL AGE S

4 o "
o
Taa, «a"
A Tov nak

Workshop report “Preparatory work on how to report, use and interpret historical control data in
(eco)toxicity studies”

Truth is we rarely use
HCD data in
Pharmaceutical
Toxicology

Reasons

ANl comparisons are made with contemporaneows control group as
PET current guidance

Statistical analysis 5 always only performed against the control
group for this reason

Asacondary COMparson s avallable for non rodent specas with
pratrial data for Clinical Pathodogy

Cenlly really vsa HCD data to explain high individual valuas, usually in
the controd animals that cawsa artificial statistical significance

Normally also have other corralations to confirm a changa was
chanca and not tast item redated

Exceptions, Carcinogenicity incsdence data, Incidence data specific
LT

3 EVERY STEP OF THE WA

Rational for HCD Electronic
Clinical Pathology Data
Collection

Let's take Clinical Pathology Data as an example

Datataken from Contral animals only,

Datamust be collected at the same site as the dataitis
compared with (housing)

Sarme Equipment [analytical machines)
Same kits for the analysis
Sarme substrate (Plasma Chern v Serum Chem)

Data must be contemporaneous [searchable by date and study
numbear]

Fasting status should be known

Use of anaesthesia must be recorded

Datacan be broken down by age and animal supplier
Only Finalised studydatais used

4 EVERY STEF OF THE 'WAS
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Output

How we report our Clin Path Data

Supplier {If requested)

Strain

Age range

Parametar quoted

N 95% confidence limits
Mean Min

Median Max

]

W usually enly quote or use the 95%
confidence limits in our reports if required
and keep a printoutin the raw data as when
the system is updated it alters the values.

5 EVERY STEF OF THE 'WAS

Dog data age ranges

Age break down set by our Clinical pathologists

Less than 6 months
6-7 months

8- months

10-12 months

More than 12 months

L} EVERY STEP QF THE WAY
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Dog Example
&6-7 month dogs Day -12 Pretrial Males Beagles

I o s

THE

T
=05

Group 4 values clearly higher than Control

Pretrial so clearly not treatment related

Also observed in Week -1 bleed

HCD n=294  35% confidence limits = 64-180 ju/L

Clearly as noted during pretrial we would not normally use HCD data but if we did all values were
within the normal range. 5o these animals were considered normal and this change was just due
to chance,

Change no langer evident when on study.

7 EVERY STEF OF THE 'WAS

——
charles river
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Males Beagles only

N e el N el el e
mmaolfL
L] 34 154 34 34
[ 4 .

5
Ml=an 7B L .2 4,33
95% Confadenda 435659 .23-0.62 19-50 3-48 3649
™ 140 Larg 140 140 Lag
Ml=an o) L 31 .B 441
959 Confederda A Tr-B54 0.23-0.65 19-42 24-52 13i-M% 2487 142231 RN
6-7 Month all dogs
&6-7 Month maost popular supplier at Edi
Concluslon: Supplier makes little difference to dog HCD data
- . =
a EVERY STEF OF THE 'WAS
charles river

Housing

Reducing stress

Work done in house by CRL Edinburgh has shown that gang
housing of NHPs in European housing significantly modifies
the absolute number of lymphocyte subsets when even
compared with linked cage housed cynomolgus monkeys,

2 EYIRY STEP QF THE WX
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Clinical Chemistry Sprague-Dawley ca 10 Weeks old
Yellow Finding correlated with Comparison of HCD data

Red Statistical Significance

Food Status Trig {mmalfLy ALT fiufL) BAET JiufL) CPE {iufL) (ra ina [ E T Potassium
U 0 e |

L] n m m
Adjusted Maan EE5 [t &0
St Error {Mesn] e [ ] 2

L] n 1] 1]
&d|usted Wi=an 1053 L3 ™
StAEnar {Maar) 02E L} 2 -
Prob LRl [ [l 0EL s [ 001 oL

M sFoldinponfatad 135 15 158 1.0 095 LE3 0 109

Fasting rats causes expected changes to glucose and triglyceride levels and minor changes to liver enzymes
{blood flow) and electrolytes (reduced water intake in fasted rats)

CPK difference likelyto be due to substrate [serum v Plasma chemistry)

Mo evidence to suggest the data from fasted animals was less variable than that from non-fasted animals

1o EVERY STEP OF THE WA

s
charles river

Clinical Chemistry Han Wistar

Food Stabwes | Statisthc | Gha {mmol/L
No sollurane N 20

Maan 6.609

With ssoflurane N 20

Maan 10623
*#old In nonFasted p

Isoflurane anaesthesia has a greater impact on glucose levels than fasting

iz EVERY STEP QF TrE WA

R
charles river
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The take home message

In conclusion HCD data is a tool but comparisons made with the
contemporaneous control group are much more important.

HCD data needs to be generated on the same site and under the
same conditions to be useful.

There is no evidence to suggest the data from fasted animals was less
variable than that from non-fasted animals.

Minimizing stress will improve your HCD data and the quality of your
study.

EYIRY STEP QF THE WX

4. Challenges in Using the HCD: a methodological perspective
(Laura Martino, EFSA)
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Workshop on how to report, use and
interpret historical control data

3rd - 5th May 2022

Challenges and opportunities in using the
HCD:

a methodological perspective

Laura Martino

Senior statistician

MESE Unit
~
- efsam
Trusted science for safe food Turopess Food Safery Asthadty

HIGHLIGHTS " ofsam

= Possible uses of HCD (based on the EFSA survey)
= HCD to establish Reference Intervals

» [ntegrate HCD in the statistical analysis to draw
conclusions

= Minimal requirements for using HCD
» Importance of planning upfront: need for a protocol
= Open access historical control database
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Results of the survey: purpose of the HCD “-v'-'efsa.

Purpose of HED [total]
-
Fior comganson to poninols of the study undar E:d
cormiderafion jo sssees shudy relabiity _ﬂ| E :
~,
T craibe ralirance rangis for - Fﬂ-l
nomal background wanability b o a.-
-
To create relerance ranges o fag - ;’
catliers during e avaluatcn = _%
=3

Foor companson bo ponirols of the study under o _EE
et hsalionn B il Ganialic Sl in specEesInin * E:i 5

-

o inbesgrate HCD in e Slassscal R-0 - -4 N -
analyss of the shudy results =g-'| =E== ;'-;
2 8§ ::%
To replace concurant control data by HCO Ew i E: -i E

=8 - =) i :
Far comparison of animale of 8 singls sran "- w
Sournced from difanent sopplers E‘

Other
Ko consider HCD
0% 1rs

Establishing Reference
Intervals from HCD
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(AsvCP) GD for de novo reference intervals in x=
veterinary species - efsam

Ewrapezan Food Salety Authadity

Establishing HCD-based Reference Intervals:

Interval reflecting the intra- and inter-individual varability of the endpoint measurements in
individuals belonging to a healthy population

Typical way to derive Reference Intervals is to sel a range covering 95% of the values measured on
individuals representing a random sample from a healthy reference population. Since extremes of the 95%
range are based on a random sample, a Cl reflecting the sampling uncertainty on the extreme centile
estimates is recommended

Steps

+ Reference individuals

« Reference values

+ Reference distribution

« Reference limits (95% #
coverage)

« Reference intervals -

Fraiarsy
il
.

Sample
estimate
of a
population
paraimeter

—

a0%eC] of the S0 Cl of the
2.5% percentile 97.5% pencentile 5

Challenges for the set of Reference Intervals * efsa.

Sources of;
» Variability -> It includes intra/inter-individual variability, variability across studies

» Bias -> It is related to the experimental setting and reliability of the analytical
measures

Variability Bias
r'mu-umuual @
wariability {eg. level
of stress, seasonal
t% Muctuation)
Exparimental
seftings (2.4,
husbandnyg,
temperature,
bcation,
dhraticn )

limical
. :ﬂlg:'g‘ Date of the
waccnation, experineent
history of liness)
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Variability

Variability
L T—

Hﬂlhllll‘f (&g lewel

mmtl
I&] . biological {e.g.
e e
Rusbandey,
Eempersture,
tion,

Factors introducing bias can affect RIs accuracy & @

lead to wrong conclusions

Possible strategies:

- Sensitivity analysis (assess influence of the

individuals or subgroups on Rls)
- Careful removal of the individuals
potentially affected from bias

“ efsam

Ewrapezan Food Salety Authadity

Factors introducing variability can affect
comparability of the HCD to the concurrent
contral

MNeed to account for these factors

Possible strategies:

- Subgrouping RI according to factors that
are sources of variability

- Sensitivity analysis (assess influence of the
individuals/studies or subgroups on RIs)

- Use of weights (0-1) reflecting similarity of
the individuals from HCD and the
concurrent contrals

~ efsam

Ewrapezan Food Salety Authadity

= al

imterferences affecting
P ﬂﬂﬂ-:::ﬂ GLF ar
& S| wikh I.“‘.' FLET
analytical alterations] 4
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How many individuals are necessary

Ewrapezan Food Salety Authadity

« Estimate of extreme centiles is a
crucial issue

§ . Sample * Sample size required to estimate
! estimate extreme centiles with a pre-defined
e population level of precision (SE) is greater than
paramster the one necessary to estimate median
- {imprecision increases with the
centile’s distance from the median)
2130 pevcee 7.5 pecanile Important to get sufficient precision for
[ Reference Ierval | the estimate of the extreme centiles to

reduce sampling uncertainty to an
acceptable level

2.5th centile estimate:
illustrative example

required sampe size -

Sample s@e required o astimale 2 8th cantie

e —
o |

| - Al
{

", [

prva_50

[Fas=11%
949150 18
237150 18
1051560 18
59150 18
38150 18
15018
19150 18
15150_18
13150 18
o150_18

w
m
=

T——
s
Cl width: 3.5-45

| 4 gt
i III I| _FJ;"I{ II'\ - T:u_-a
| - -
oA = S
Yol

Lo ¥ B o VI 0 LT OF 0 (50U
Pt
(241

=

Mo one solution fits all. Requested

sample size is affected by:

- Variability of the outcome in the
healthy population

- Desired precision

! 1 | | Cok (P0X1) Sampla size ard sampke composition for constructing growth raferanca
) £l s o cantilkes. Statistical Mathoeds in Medical Resaarch 20Z1, Vol 303} 455-5207
SE
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Using Reference Intervals from HCD . -éfsa.

Ewrapszan Food Salety Autharity

v'Compare the control value to RI to establish whether
experiment is reliable

v'Use the HCD distribution to identify potential outliers

Critical issues

= comparability of the control individuals to the HCD (HCD and
controls belong to the same population)

= Availability of HCD at individual level or at least reporting
quantiles of the distribution

Which descriptive statistics are the minimum

requirements

Ideally HCD should be provided at the level of
individual units complemented by metadata to allow
assessing influence of possible sources of variability
and bias

If individual data are not reported, minimum
requirements could be:

*» Mean, standard deviation, minimum and
maximum of the HCD distribution overall and by
subgroups (e.g. age, sex, strain)

= Median, quartiles and extreme centiles (e.g.
2.5% and 97.5%) of the HCD

Why these statistics are necessary

ko assess distribution of the HCD and comparability with concurrent : :
controls - - -

* to ldentify cutliers in the concurrent controls {methods of detection
fraquently rely on specific centiles of the distribution e.g. Horn's
algorithm use the Tukey's interquartile fences (Q1-1.5IQR.);
{(Q3+1.5%IQR) )

12
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Graphical representation of the HCD “'v'-éfsa.

Ewrapezan Food Salety Authadity

» Graphical presentation of the HCD are useful to
» describe the distribution of the data

» jdentify potential outliers i.e. individuals that are not representative of the
underlying population {i.e. healthy individuals) and can jeopardise the
comparability with concurrent control, introducing a bias in the conclusion

7 i
8 i é
=

%1 R
% 1 .

Body

weight Centles

o 005 0.1 025 0.5 075 e 095 1

56.3 7508 0 801 896 905 108 1245 1368 1531

Need for a more harmonised approach Bl f
for HCD e Cloam

= GD is needed on the use,

report and interpretation s oo
. . Wooleaidoeld  [B
» Harmonised terminology
is needed to make HCD mem e, (R

more usable

» Large set of studies to
source HCD is needed
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Integrate HCD in the statistical
analysis to
draw conclusions
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» To derive equivalence limits from ]
HCD to test for equivalence e
between the outcome measures in ]
the treated and control group

» Integrate HCD in the results in the
form of a prior distribution
(reduce n. animals required for
control or increase the power
keeping the sample size)

16

Safety concerns: testing for difference or 3 f
for equivalence? Eﬂ;sﬁggﬂ-@

In testing Hps priority is given to controlling alpha error (false
positive), beta arrar (false negative) is considerad less important
2-sample t-test and bypically is at least 4 times larger than alpha error.

Say alpha=0.05, beta=0.20 {power=0.80})

i AT Tl RNIET 43 Eowe
Example: efficacy of a treatment
From the regulatery perspective, objective is to minimise the risk
e Ahumative Hypothasis [Hi] to introduce on the marker treatment that doesn’t work
The popadstion means dittes [alpha=5%]

Hy, 8= 8
Hy: B = 8¢

Example: safety of a substance

- From the regulatery perspective objective is to minimise the risk
2-sample equivalence test of introducing or keeping in the market a substance that s
unsafe = minimise the risk that we conclude kowards lack of
difference when it is not true (false negative - beta error).
Generally the beta error is not so small {above 20%),

Yo wonl fo prove..

Hull typotheals [Ha: Al i ik Equivalence testing case represents a more appropriate

e eSS s et alternative for addressing safety concerns
Hy 6r = Bpggror Or= Bygp El=Equivalenca
Hy: Orpp= Br = Oppp Inerval
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g
g--
-~ efsam
Ewrapezan Food Salety Authadity
Comparing GMC 10 COMP
1 -,
Equvainncs )
= —— More discussion needed on
.............. T N P — ﬂlhtﬂﬂlﬂl
2 " - 1 . How to derive Equivalence
Equbalance mom likely hannat. | Lirnite fram HCD
N I [ — = v sufficiently conservative
5 I = i ¥ reflecting the uncertainty In
Nor-squivabencs mon lisely Ban nol thelr estimate
. P I — )
7 b W Too large equivalence
vt e ;
A Acadappar B limits can inflate
[ squinhrs diiwarcs ke eatugery conclusion of
equivalence (safety)
COBMIESHIY [MPUDMITING RDGULATHIS (T1G ks Su/H1E whel‘i it is not true
Commission implementing Regulation 503/2013 on (false positive)

applications for authorisation of genetically modified
food and feed

Bayesian priors using HCD ~ efsam

Ewrapezan Food Salety Authadity

Assumption: Concurrent control and HCD come from the same population

N I . . i Feabroy Sois bubon of Taas Bedy vl
HCDY are used to derive priors on the parameters of interest (e i i i e

ey of the boddy weight)

00 aninsals - =
L each weighing 0.3

- Informative prior is used onlyv for the control group
¥ &

Informative prioe froon HCTE and data from control group are
cormnbined according Lo the bayes theorem

posterior ~ likelibood = prioe.

Priors can be used:

= Toreduce the number ol animals in the control group

* Toincrease the power of the study keeping the sample size for the
control

Similarity betweean concument control and HOD can be used bo derive a fackor : ]
(between 0 and 1) ko scale down the contribution of less similar studies o tia & tla rin o
indlividunls ko tha total control growp sample size

V., Bonapersona, H. Hoijtink, RELACS Consortium®, R, A, Sarabdjitsingh and M, Joals (2021): Increasing the statistical powear of animal

experiments with historical contral data. Nature NewDscience, 24, pp.470-477. https:/fdoi orgf 10, 1038,/541 593-020-00792-3 .
19
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Role of the sensitivity analysis “'v'-'efsa.

= To assess the influence of §:
each studies/individuals i Hl
on the final results _.-r|I|
. . P'HFHI'HEIH“IJ& N
= To determine the E
influence of the factor e
applied to scale down the
sample size contributed
from HCD
Taka out ons
study/individual
Assign differant re-scaling
fackor
20
Planning upfront - need for a shared f
protocol ~€l5dm
Ewrapsas Foed Salety Authedity
I"'- Effi.'. Adavnitages of planning upfront
TECHNICAL REPORT ) «  Limiting methodological flaws like Hypothesizing After the
AN 06 A 1D Results are Known (HARKing) or data-contingent analysis
e decisions (P-hacking), by requiring assessors to articulate
analytical decisions prior to acquiring knowledge about
Draft framework for protocol development for EFSA's {anel possibly be influenced by) the svallable results
seientific assessments {Munafoet al, 2017 ).
Eunopsan Feoad Salaty Autharity [EF5A, »  Safeguarding against arbitrary decision making during the
Laura Hartino, Elsa Alassa, Rarhallr Ingl Halddrsson, Konstantings Panagiobis Bamsmrant

. process,
o o e T o e, »  Protecting from cognitive biases (Munafo &t al, 2017:

Valertina Rizs, Joss Tarazors, Arans Titz, Sybeen Vos Shamseer et al,, 2015) such as the confirmation bias, ie,
the tendency to focus an evidence that & in line with

expectations or favoured explanation (Kerr, 19598).
p— Overall, these aspects contribute to improve the integrity and
mmmhﬂm mﬂm;ﬂhwﬁ u:ﬂm for the dmmﬂjﬂfl‘mh
mﬁmwupmwﬁmn-mwmmwmww
sy oo 1 EF o apgleion S et | wa Goens reers 1 e o
recommesciars frprtomédevsopnert e il repo provdes ese reommendatins. The Use of HCD should be planned a-priori
e——" in a protocol

Abstract

Bluring 2314-2008, EFLA dafired & -H.:l mrtdu et

EFSA'S non-asphbialon insariimint it & or-padr pinsd dnd sewsed
& European Food Safety Awthority, 2020

Repartcan ke downloadad hers
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Would a global historical control database and open access to this
be beneficial for your purpose?

Options [total]

Yesg ﬂﬂﬂ
Do we need a cultural shift to

move toward an OPEN ACCESS
historical control database 7

1
1
1

I
L
]
I
I
]
I
]
I
]
I
I
]
I
I
:'
0% 25% 50% 75% 100%
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Presentations Day 2

1. Historical Control Data in Pathology: Meaningful Use and

Limitations
(Sibylle Gréters, on behalf of RITA initiative)

Historical Control Data in Pathology:
Meaningful Use and Limitations

International Workshop on How to report, use and interpret historical
control data in (eco)toxicity studies
3rd — 5th May 2022, virtual event

Dr. Sibylle Gréters, PhD, DVM, Dipl. ECVP, FTA Pathology
Head of Pathology. Vice President
BASF SE, Ludwigshafen, Germany

Co-Chair of the RITA Group

Introduction

= Generation of pathology data

= Who — training and education of Pathologists

* How — generation of data and diagnostic criteria

= When — which study types

= Pathology Peer Review and Pathology Working Group (PWG)
= RITA

= Types of HCD in pathology
= Gross lesions, histopathology
= Organ weights, morphometry, DOFC, cell proliferation

= Use of HCD in pathology fﬁ
= Sources and examples ﬂRITA
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Who — training and education of
Pathologists

= Studies of Veterinary Medicine
= Postgraduate education/Residency in Veterinary Pathology

= Board exam

= |[nternational:

= Board-exam as Diplomate of the American or European or Japanese College of
Veferinary Pathologists (DACVP, DECVPE, DJCVP)

= National examination in different European countries (France,
Germany, UK, Netherlands...)

SXRITA

Ragisery of ks By
Towfeokegy Animalaui

Who — training and education of
Pathologists

= First...Diagnostic Pathology
= Domestic, wildlife and livestock animals
= Spontaneous and infectious diseases, primarily
= University, diagnostic laboratories. ..
= Then...Toxicologic Pathology
= Laboratory animals (rodent, non-human primates, dog, minipig...)
= Induced lesions, primarily
= Spontaneous diseases and infections
* Industry, CRO’s (contract research organization), University

mmm) Mixed knowledge necessary FﬂhRITA

Ragisery of ke By
Towfeokegy Animalaui
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How — diagnostic criteria and generation
of data

= All histotechnical processing is done according to inhouse SOPs (Standard
Operating Procedure)

= Trimming of organs is done according to international harmonized guidance
documents "Revised guides for organ sampling and trimming in rats and
mice” (https://reni.item.fraunhofer.de/reniltrimming/)

= Standardization and comparability of HE-stained slides must be given
= Within one company over the years
* Between companies worldwide

XRITA

Ragisery of kel
Fonhe by Animalouts

How — diagnostic criteria and generation
of data

= Diagnostic criteria and terms must be used standardized worldwide

= "INHAND - the International Harmonization of Nomenclature and Diagnostic criteria” is the
standard reference for nomenclature and diagnostic criteria in toxicologic pathology

= Initiative was founded by international ToxPath Societies in 2005

= INHAND organ working groups have up to 15 international recognized pathologists from all
relevant ToxPath Societies (BSTP, ESTPR, JSTP, STPR...)

* INHAMD fascicles are published by the official journals of ToxPath Societies
= Up to now, 20 rodent and non-rodent publications available

= goRENI (htips. www.goreni.ora/) (global open Registry Nomenclature Information System) is
the Intermet discussion platform for this global initiative

= Access to goRENI is available to all members of the participating ToxPath Societi s well
as to members of authorities # RITA

RpLEy of i g
Tawieokagy Animalous
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How — diagnostic criteria and generation

of data

voodngie Porbekngy, 40 75155, 201}
Copyrighe € 212 by The Actbans)
SR 01926203 gent | 18001801 oedex

XN 100 TTAADA2301 243
Taricolegh: Madelogy, 4 ¥7S-1575, 2002

Copyrgt £ M12 by The Author's)
RSN 01926213 gt / 1433-1801 cedinw

Inte] DOL 10,0 1 THMEAZEL 19| 26

Nomen:
Proliferative and Ni

Peter C. Mar Mouse Central

Takan

Weeraava Kavniasa', Brap Bocos™,
Catnna Growar”, Smviae Gromers', Gi
Ma

brvsed Rewew

International Harmonization of

Nomenclature and Diagnostic Criteria ”J:N':Z,‘E""‘;‘,’.'.“:_"
(INHAND): Nonproliferative and ®SAGE
Proliferative Lesions of the Dog

Jochen Woicke' @, Muthafar M. Al-Haddawl’, Jean-Guy Blenvenu®,

Jessica M. Caverly Rae*c, Franck ). Chanut® o, Karyn Colman®o,

John M. Cullen’, Wendell Davis®, Ryo Fukuda®, Maike Huisinga'®s,

Ursula Junker Walker'', Kiyonori Kai'?, Ramesh C. Kovi'>'*5,

Nicholas P. Macri'*#, Heike-Antje Marxfeld'®®, Kristen ) Nikula'®,

Ingrid D. Pardo'’ &, Thomas J. Rosol'®, Alok K. Sharma'’ s,

Bhanu P. Singh™, Kazutoshi Tamura®', Michael S. Thibodeau™, c
Enrico Vezzall™, Justin D. Vidal’®, and Emily K. Meseck (GESC Liaison)™ o -

When — which study types

Scope of examination (rat)

= 28d (OECD 407)

= 90d (OECD 408)

= 2-generation (OECD 416)
= Ext. 1-Gen (OECD 443)

= 24-month (OECD 453)

900 tissue samples
2,500 tissue samples
3,500 tissue samples
15,000 tissue samples

20,000 tissue samples

<
RX%RITA
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Pathology Peer Review

= Pathology results can undergo an internal and/or external Pathology Peer
Review (second/third opinion)

= In case of questionable findings, a so-called PWG (Pathology Working
Group) with international specialists might be helpful

= Procedures are well-established and described in inhouse SOP's and
publications (see literature slide)

= Consensus opinion should be reached

EXRITA

Regiatry of kegh sy o
Farfcalogy Animal-auis
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Pathology Peer Review

i o
Study Pathologist |
Internal Peer Review Final
All slides : Report
Draft Pathology [Salectad slides External Peer Review L )
Report L
P Draft Pathﬂ‘lﬂ‘g'ﬁf selected slides  Comment
Report Draft or Final to Final
. raft or Fina rt
1 pathologist Pathology Report S-&Im:‘tad_ slides _ Report |
= Consensus > Consensus Mostly Final Report
opinion or not Opinion or not 3-5 pathology
experts
=»Expert Opinion is
binding ﬁ RlT A
. Ragistry of ke By
it Tawfenkegy An .

RITA - Registry of Industrial Toxicology
Animal-data

= Founded in 1988 by German and Swiss (agro)chemical and pharmaceutical
companies (industry-sponsored project)
= Today 8 companies from Europe and USA
= Main activities:
= Generation and maintenance of database for historical control data on
tumors and tumor precursor lesions in rodents
= Setting of standards in conduct and interpretation of rodent
carcinogenicity studies
= Training of young toxicologic pathologists in diagnostics of carcinogenicity
studies

L] Hﬂmepage RITA - Registry of Industrial Toxicoloay Animal-data (fraunhoferde] %RITA

Ragistry of dusiy
Tawieokgy An .
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RITA - Registry of Industrial Toxicology
Animal-data

* Industry partners:

= Pharmaceutical and (agro)chemical companies with IP rights on carcino-
genicity studies
= Provide data and slides from carcinogenicity studies

= Participate in scientific activities (panel meetings, publications, ...)
= Receive historical control data from service provider
= Service provider and scientific support:

= Fraunhofer Institute for Toxicology and Experimental Medicine (ITEM),
Hannover, Germany

= Preparation for and host of the RITA Panel Meetings
= Maintenance of the RITA database

SXRITA

Ragisery of kel
Towfeokegy Animalaui

RITA — Registry of Industrial Toxicology
Animal-data

= Purpose is
= to centralize the collection of HCD in rodent carcinogenicity studies
from different laboratories in a consistent manner
= = harmonized data from these studies in a comprehensive database

= Cross organizational review of studies - histopathological assessment of
tumors meets highest standards for reliability, robustness and quality

RITA Stahs: 16-Mar-20Z2

| species Stats Studies| Animals| Primary Tumors|  Pre-necplastic Total Cases, Gpen|

finciuding Polps) Lasicns Casas
|at finabzad 204 20656 k3 ik v 36,746 8,763 &
.'I'I’:lJm finabzed 2 032 B3 6,183 38, 370 12
mouse (Fansgonc) finakzed 1 rea el 20 280 T’
LS (MANRgENIC finakzad 12 407 TEA 96 2964 1 f’
paos. contr ) RITA
hamsier finabzed b GO 804G 1,636 2,821 ] #

Ragisery of ke By
Towfeokegy Animalaui
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RITA — Registry of Industrial Toxicology
Animal-data

* Panel meetings are valuable tool for
= Continuing education of experienced
pathologists
= Training for less experienced pathologists

= Scientific exchange and discussion on
borderline cases

= Accepted by authorities as “ring trial” for
pathologists (cross evaluation of findings)

»H

)
Registry of M sy
Tovicolegy Animaloui

RITA

Types of HCD in Pathology
___ Numbers

Organ weights

 Gross lesions Differential Ovarian Follicle Count (DOFC)

Morphometry

Histopathology S Cell proliferation

SXRITA

Ragistey of b By
Tawieokgy An .
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Types of HCD in Pathology

* Gross lesions
* Macroscopic findings = must be investigated by light microscopy

= Solely descriptive, mostly no diagnostic value
= Mass, lesion, focus, discoloration. ..

* Can be collected for HCD data base, but only of limited value
* Incidence of gross lesions might correlate to different histopathological diagnoses

Histopathology (liver)
Focus Inflasmation [abscess)
Focus Adenoma, hepatocellular
Focus Carcinoma, hepatocellular
Foeus Focus, tigrald EhRITA
Focus Focus, eosinophilic #

Registry of kst

Focus - Tawhokagy Animalouy
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Histopathology

= Histopathological findings
= Non-neoplastic lesions
= ‘Yacuolation, hypertrophy, necrosis, inflammation...
= |n most facilities not collected on a regular basis for HCD data base
= Pre-neoplastic lesions
= Focal hyperplasia, atypical hyperplasia. ..
= regularly collected for HCD database
= Neoplastic lesions
= Benign tumors
* Malignant tumors

= regularly collected for HCD data base f
XRITA

i s
May 03-05, 20322 tarmational BCD Wokskop, Do Slylla Groaters rm.mumu

Histopathology

= Non-neoplastic lesions:

= lesions might be diagnosed differently in different study types (407/408
versus 453) = CAVE HCD

= Kidney, tubules basophilic
= Might be treatment-related in younger animals - collected as single diagnosis

= Part of common background lesion "CPN" (chronic progressive nephropathy) = not collected as
single diagnosis

Fuum 1) Chiess progr T , bideey, me, chey d by tbvsler atroplyy, sterastsal fibeosis, teboler diatice,
s, hypaplees, dleed bowmon's space, glomemionsiooes, gonemuby sropky, cate and ickrtitadl isflammanny edlinke. Foo
MoOhoni progressive sepbopatiy Mideey., i (eudy) charsceerizad by fooad tbeler besopbilia, meclen orosding, and thickened bsesent
ncvodvenes. Foins 35 Caas, lyaboe, Mdney, soese Prowse 3 Cags, gruler, bidecy, mi

e

<
RNRITA

BB frasier et of (2012) Tonicol Pathol 40:145-865 Y M.
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Histopathology

= Pre-neoplastic/neoplastic lesions
= Regularly collected
= Difficulties for HCD:
= Low incidence of tumor — more studies needed
= Low number of studies available in required time frame (5 years)

= In a 5-year time frame more short-term studies can be performed
compared to long-term studies

= 5-year time frame can change over the time
Final report € -> Dossier submission
1
SXRITA
Registey

of lncu g
Towfeokegy Animalaui

HCD at time point of

Histopathology finalreport

2012 - 2016 2014 - 2018 HCD &t time point of
2014 - 2018 2016 - 2020 Dossler submission
2016 2018
28d Final 2-Gen Final 2021 Dossier
Report Report Submission
@ o ® @ @
2017 2020 2-year
90d Final Carc. Final
Report Report
2013 - 2017 2016 - 2020 o

; : @
2015 - 2019 2017 - 2021 .. fﬂhRITA

try of i g
Towfeokegy Animalaui
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Histopathology

= Example
= comb. Chronic/Carcinogenicity study (OECD 453), July 2019 = July 2021 {in-life)

07/2019 —07/2021 control Test group 1 Test group 2

Liver (males)
*  Adenoma, hepatocellular
+ Carcinoma, hepatocellular

Combined incidence 1 3

* Question:
* Dose-dependency? = couldbeinTG 2and 3

» Statistically significant? = NO
= HCD? = see next slide

= Treatment-related? fﬁ RlTA

Ragistey of badu
Tawcolagy An

Time Route Mo of Adenoma | Adencma | Carcinoma | Carcinoma | Combined | Combined
animals number % number
3

6y 02130215 feeding 50 3 6 G [ 12
03.1203.15% feeding S0 3 -3 3 & [ 12
05.13-05.15 feeding 50 0 0 2 4 2 4
07.1207.15%  feeding S0 1 2 2 4 3 &
10.13-10.15  feeding 50 4 8 0 0 4 8

S5y 04.15-04.17  feeding S0 2 4 1 2 3 &
07 15-07.17  feeding 50 0 0 1 2 1 2
07.1707.19  feeding S0 2 4 1 2 3 &

sum 400
Humber of studies
2 4 3.875 7.75
o] 2 4
..... B &

07/ 028 - 07/20TL
L [irvaitest]

* Adumzma, hapatoos lular ] 2
v Carginoma, hegatnce kil 1 1
Comabifad incadern: i 3

Tt group 1 Test grovp 2 Texi groug |
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Histopathology

Papos cremmd
nﬂ.l'l'.& Lasion-ralmind eldancs Dats l.:-l.-rdl:! °F!ITA Lesian-relsted Incidonce Dsta i
i el Al bt
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issinl o it Band. W
- e S WAST
s s . Ja)
- = -
:u,;.:,.. By via e
[ ity dendon
[ —— - B woinrien b
Ly o 16 i, Ll g i i 10 s S Liming of 18 wnichies, L cuanges of s i Mur dEaE
m—- Vil ¥ g o IHHAM il DR SE1E K il M- Papuaccbiar Fup i IHA Rt in DEC-S19 (0
o) )
Ve Sucy parameen ™
e S| e e Sudy San  Cusion Smen Bamde | mal v %
FTI I T = T T
o ST e = 1 23 EL] Kt o o o o
ke 3:5: : = o B OWAST R =0 o aa
u o m o ou uowsr R
el WTAT e - L] aa u hova-2d W = ¥ LT
oo eon s o waET B A f—
Y T w 1 HoowET M m 0w
HOWET M & [T M wmesT em 0o oa
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Fiangs MAK. 2l
Ragistry of ausiy
S— P ; at Towhokagy An

Histopathology

= Treatment-related increase in carcinoma, hepatocellular?

- Higher incidencein TG 3 campared to concurrent contral
= Buft no statistical significance
= Mo clear dose-dependency (only increase in TG 3)

= HCD test facility 5-year time frame (2019 3 2014)

= Qutside HZD in this time frame, but only 3 studies available
= HCD test facility G-year time frame (2019 = 2013)

= Within HCD in this time frame (3 studies)

* HCD RITA 5-year time frame (2019 = 2014)
= Within HCD in this time frame (9 studies)

= HCD RITA 6-year time frame (2019 = 2013)
= Within HCD in this fime frame (10 studies)

=) incidental fﬁRITA

Ragistry of dusiy
Tawieokgy An .
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Lesion-related Incidence Data RO cTedied
Histopathology P B o
Tarfdantal mpad for
it pdraralan.
. . . Species. i
= Important point in Carc-studies = ni == et
Eareii ]
I-' ex
rame ——
Shigy 2utasn
Specod teecsn Han
’ Wep ireate Lirsing of 18 nmudien, Eaf changa of duts H-How-301%
¢R|Tﬁ Lesion-relsted Incidence Data b
e s
SISy BTSN Makt Famake
Sacy Sief  Cursbon Srn Grester [ onl owh 0 %] bl owm %
= Sl P ot P Jvsl  fTedins] i,k Ko
2 Fic -l 3 st = o ] F] 2
e 3 OWIST D o 0 5 ml
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M sy recpared)

Organ Weights

= General
= Small organs have high variation (measuring scale and preparation!)
= Low number of studies available in required time frame (5 years) for
certain study types (long-term studies!)
= Rats
= Most organs give robust measurement
= Carcinogenicity study - tumors!
= Mice
= Adrenal glands, spleen, thymus, seminal vesicles have high variability

in 28d study (Marxfeld etal., 2019) r*
RITA

Rapistry of bagubige
Fomicology Animakasis
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Organ Weights
rin. 1

Spacks &t Duration 24 months
study application  sdy s’ Stk o S " Wistar
weare avaes i 11472010 - svzsmzol Uterus - f
Vowtrg vt Species rat Duration 24 months
total no of animals 79 — application  studystan swudyend Ne  abs.in snlnu rel.wght  SD age supglier
9 ng rel.wght
total no of studies 2 min e
teeing Voo ooy 0 P LR L3 J04T Qo Craten Bpwr Dwatachang
e teerey yion v " 083 0845 o202 o 42008 Caates Fiver Denticniand
L] Sams svanmé = L5 355 05T 1 R Caotes Freer Devtictiang
hezog ViQot3 1o » 1985 0% £ 3%0 o 4] con Caytn e Coutucnang
Toedegy wians 102 = 1095 [ 5% o 42 duys TN Svir Dvtic e
eotng nmaos avans » a2 4 2 b Lo Caatirs Wyver Duntachane
trazog Moo TS o 1208 orn £330 oxnT 4] oy Caawn Rroes Deatuchiang
fowdeg oS avaon » 2 2% Q40 ba2 Qo Coatis Frver Duntic bt
total no of animals 311 max abs. wght. 2794 g max rel. wght. 0.972 % 'A
total no of studies 8 min abs. wght. 0938 g min rel. wght. 0282 %
T mean abs. wght, 1417 g mean rel. wght. 0.459 » r‘i:,
DATH/014 - N 2INE Liver - m
Species 1t Duratien 3 marihe
0 r a ' wtudy appication  whdywtant studgend Ko abs.in SDabs.  relmgh 5D age wusplier
a g il wpht
G114 - 1122018 e CHHAGHE (bt o aam i1 224 a1 A Caarisa Sy Dewmchand
= oeTnT o w Lk 50 25 s A2 ey Charie Frvwr Dwwinchiond
Speciks - Li
012014 - 31122018 ver - m
Species rat Duration 3 months
Ay applicatian study #tanm  afudy end  Ma abs_in SO abs. rel.wght 3D age aupglisr
d ing rel.wight
[ DWOHIRE ET0IE L 7410 Ly 1] 2050 IR 42 s Cranis Rivar Duulschiand
[ [ = k] SEI0E L 8380 DEED 200 [iTics] 42 s Cranis Rivar Duulschiand
praage OMISRMT NIy m 240 L] 290 i 12 Gharies River Deutschiand
total no of animals 390 max abs, wpht 9.083 g max rel, wght, .18 e
total no of studies 39 min abs, waht, TE1 g min rel. wght, 2.045 k]
mean abs. wht. 8262 g mean rel wght. 2195 %
i nea
L MEY 1MW pages 2ol 3
e CHDES CHTRAS " Tl L8 ra FAL) 13 A0 g Chariea Faver Dsutichiane
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. mENEN e " fr ik 2t amm s T St i e e RITA
A2 P 10l 3 B'_p'HM ‘.
T ramational HCD W S . Ff"" an 5
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Organ weights

= Dogs
= Most organs give robust measurements
= BUT high variability in 28d and 90d studies (and 1y study)
= Reprcrduclive organsin males
= Prostate (1), testis, epididymis
= Reproductive organs in females
* Uterus (1), ovaries
= due to
- different age at start of the study (4-9 months)
- interindividual differences in start of puberty
-» stage of development (prepubertal, postpubertal) fﬁ
- long estrous cycle in females RITA

Ry of i b i
Tanreohgy Ankmslous

Organ weights — Dog studies
-—— - 28d, 90d (OECD 409) and

1y (OECD 452) in

28d ¥ 28d %0d Ty Marshall Beagles Dogs
237 883 933 14,24 1528 11,43
421 9,50 7.27 12,58 15,28 8,41
11,99 473 14,43 354 | 4 08
184 6,56 8,13 342 13,30 497
510 262 927 127 18,20 367
2 B8 1,17
348 556
a7 357
MIN 1,94 2,62 7,27 117 571 3,67
MAX 11,89 9,50 14,43 14,24 18,29 11,43 fh
Mean 437 6,09 9,69 5,67 13,57 6,51 # RITA
N ) Regitry of Wi
t ToNACOMagy Animal-ous
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Other “numbers”

= DOFC
= Can be compared within one test facility, only
* Different SOF's for counting
= Counting of primordial and growing follicles is done manually by light microscopy
= First results available regarding Al and machine learning

= Morphometry in DNT studies (Developmental Neurotoxicity; OECD 443, 426)
= Precise trimming, embedding and cutting necessary
= Crtical to measure symmetrical levels (Paxinos brain atlas!)
= Technical artefacts might produce wrong measurements
= Cell proliferation
= Mostly done on BrdU-stained slides h
= Counting (manually or on scanned slides with computer systems) f# RITA

Ragistry of kedu Sy
T kegy Animaloi
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Conclusion

= 5-year time frame might be critical
= Depends on study type and number of available studies
= Might also depend on frequency of finding

= Organ weights
= Not all organs and all species can be judged on the same way

= Ranking of HCD
* Concurrent control

* Inhouse (same test facility, identical conditions, same strain, breeder, age of animals,
form of application, comparable study duration. ..)

* RITA (for tumors)
= Other sources: NTP, literature, CRO's

= Necessary endpoints #P
= Min, max, mean, SD (only for true numbers) ‘bﬂ RITA
oo Trend analysis in some cases (tumors over the years) Laf———"

Towfeokegy Animalaui

| would like to say THANK YOU to all
colleagues working over the years at the
RITA-project, the participating companies and
especially the colleagues from Fraunhofer
ITEM in Hannover!

f;‘i RITA
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2. How to report, use and interpret historical control data in DART

studies
(Manon Beekhuijzeen, Charles River Laboratories)

HOW TO REPORT, USE AND INTERPRET
HISTORICAL CONTROL DATA
IN DART STUDIES

Manon Beekhuijzen

Section Head General, Developmental and Reproductive Toxicology

v SN O
- charlesnver ™
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DEVELOPMENTAL AND REPRODUCTIVE TOXICOLOGY

REPRODUCTIVE CYCLE

Conception

Implantation

Sexual Closure of
maturity hard palate

—— =
charles I’IVG:‘ g
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T

DART STUDY TYPES FOR CHEMICALS . efsa M|

TYPE OF DEVELOPMENTAL STUDY OECD
guideline

Prenatal developmental toxicity study in the rat 414
Prenatal developmental toxicity study in the rabbit 414
guideline
Sereening reproductive/developmental test (rat) 421 or 422
Two-generation reproductive toxicity study (rat) 416

Extended one-generation reproductive toxicity study (EOGRTS) (rat) 443

i .

4 | EWERY STEF OF THEWAY charkes rvar™ «

479 PRENATAL DEVELOPMENTAL TOXICITY N o
b OECD 414 *J“
| studvdesgn:

* Mated female rats or rabbits (22/group, 4 groups) are exposed to the test item during pregnancy
* Additional ED endpoints for rats (not rabbits)

Specific measurements:
* External examination of the fetuses
* Visceral examination ofthe fetuses (i.e. organs, blood vessels, etc)
» Skeletal examination of the fetuses (i.e. bone and sometimes cartilage)

e s SN O
2 | EVERY STEP OF THE WAY charlesnver ™ »
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REPRODUCTION TOXICOLOGY STUDIES

Chemicals

* Reproduction/developmental toxicity screening test (OECD 421/422)
* Two-generation reproductiontoxicology study (OECD 416)

* Extended One-generation reproduction toxicology study (EOGRTS; OECD 443)

- aTED Y X e
6 | EVERY STEP OF THE WAY charles nvel"q p)

SCREENING REPRODUCTIVE/DEVELOPMENTAL TEST
OECD 421/422

Mumber of animals

10 animals/sex/group

Dosing
2 weeks premating

oe
Day 14 of |lactation

m h n
? EVERY STEF OF THEWAY - ‘

charles rivar
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SCREENING REPRODUCTIVE/DEVELOPMENTAL TEST
OECD 421/422

Only DART parameters

PFremating Implantation

DECD 422

DART + 2Bd parameters

[functional observations,
clinical pathology, full necropsy, Seneual
full histopathalogy) natirity

EVERY STEF i E WY n S | =
L] ENERY STEF OF THE'W charkes nvar hl

TWO-GENERATION STUDY
OECD 416

MNumber of animals

2 a”_malsffsex-'fﬂrn”p = =

Dasing f f
10 weeks premating ' !
; 2 B a &a
Day 21 of lactation ] .
A ) !
10 weeks pramating n . - n . n

e
Day 21 of lactation

EVERY STEF OF THE WAY = | =
-] EVEAY STEF OF THE'W charles nvar ¥
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EXTENDED ONE-GENERATION REPRODUCTION STUDY
(EOGRTS) (OECD 443)

Mumber of animals e m
e m M

Dosing
2 weeks premating

A
Day 21 of lactation m Closure of
hard palate

A

Until adulthood {Cohort 1 repro,
Cohort 2 DNT and Cohart 3 DIT)

3
m - n =
10 | EVERY STEP OF THEWAY e -

charkes riva )

a
L

Historical Control Data
in DART studies

How to report, use and interpret
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USE OF HISTORICAL CONTROL DATA (HCD)

: The use of HCD should be viewed as a tool for developing
-\&)- a better understanding of the events or apparent differences

- observed within a study.
a HCD should not be used as a convenient device for
discounting unwanted or ‘difficult’ findings.

— “.-< -
charlesnver ™ »
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USE OF HISTORICAL CONTROL DATA

General requirements of HCD

* Same strain, age, sex and animal supplier
* Same laboratory
* Same procedures

* Performed within reasonable time period (max. 5 years)

13 | EVERY STEP OF THEWAY

A

3

By

cha

Wi

L

USE OF HISTORICAL CONTROL DATA

Specific for DART

* |tis recommended to follow international harmonized terminology developed by the International Federation of
Teratology Societies (IFTS)

© 2008 Wewy Lins, W P s Mssoeen: (0r! 18 48227007 (0%

Review Article

Terminology of Developmental Abnormalities
in Common Laboratory Mammals (Version 2)
Soman L Makaie " Howand M. Sobsmon” Ruth Clak,” Koot Shivea* Stephane Narbellion

Jochen Buschmann” Makoto Ema,” Michio Tajiwara,® Koastanse Grote,” Keith I Maoeldes,'*
Kok Wah Hew."' Masss Horimeto? Yojim Osshima.'” Meg Parkineon," and L David Wise"

* In general, fetal findings are categorized as malformations or variations.
* Malformation= permanent structuralchange that is likely to adversely affect the survival or health of the

species under investigation

* \Variation = change that cccurs within the normal population under investigation and is unlikely to adversely
affect survival or health

14 | EVERY 3TEP OF THE WAY

chariea Fve‘r‘ N
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USE OF HISTORICAL CONTROL DATA

The litter effect

The litter (not fetus/pup) should be used as the experimental unitin DART studies.
* For continucusdata (e.g., fetal weight), this is achieved by calculating a mean for each litter from the values
collected for each fetus.

* Forbinary data (e.g.. malformations), the proportion of fetuses affected in the litter is calculated by dividing

the number of fetuses affected by the number of fetuses examined.
The mean of these individual litter means, and standard deviation, are then calculated for each group on the

study.
57 ST TR charcz o A
USE OF HISTORICAL CONTROL DATA
The litter effect
Important because:

* Similarfindings in a single litter should be viewed of lesser concern than similar findings In isolated fetuses

from several litters in a treatment group
(as fetuses in a given litter are genetically similar and are exposed to the same maternal environment

as their littermates)

* Group size would be artificiallyinflated if the fetus (rather than the litter) was used as the experimental unit.
This could lead to invalid statistics.

(.‘

Ewre an o ; e IS
16 | EVERY 37EP OF THE WAY charlesnver ™ »
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USE OF HISTORICAL CONTROL DATA

Statistics

Results of statistical analyses alone are generally not sufficient to judge whether a study findingis a true
treatment-related effect or has occurred by chance.

1. The study may not have the statistical power to detect a significant change for rare events such as
malformations or highly variable data such as resorptions.

2. There is a possibility that multiple observations per study will attain statistical significance by chance alone
because several hundred observations are made and analyzed in DART studies,
At the leve! of statistical significance of p=0.05, 1 of avery 20 comparisons (5% ) wll be statistically significant by chance alone

Other conssderations {such as the dosa-dependency and HCD) should be evaluatad to resolve whather or not the statstically
significant finding & of biclogical importance.

17 | EVERY 3TEP OF THE WAY

—— -
charles I'IVB.T‘ N

USE OF HISTORICAL CONTROL DATA

Small groups
*  HCD may be used more often in case of screening/pilot studies
+ |mportant totake low N into account

* Example pregnancy rate [n case of two non-pregnant rats in a group:
+ Main study (24/group), pregnancy rate is 92%
v Screening study (10/group), pregnancy rate is 80%
*  Pilot study [6/group), pregnancy rate is 67%

A

18 | EVERY STEP OF THEWAY cha v

By

Wl

3
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USE OF HISTORICAL CONTROL DATA

General use

HCD may be used in three primary ways:
1. ldentification of aberrantcontrol values

2. Understandingrelevance of low-incidence findings
(e.g. malformations)

3. Understandingrelevance of high-incidence findings
(e.g. variations)

19 | EVERY STEP OF THEWAY chanaaTarar ' >

Identification of aberrant

control values
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USE OF HISTORICAL CONTROL DATA

Identification of aberrant control values

To ensure the concurrent control group is consistent with the larger population of controls

Important to take account of any drift in the HCD

o o poe " T ‘
31 | EVERY STEP OF THE WAY charlesnver ™ »

-

EXAMPLE

Identification of aberrant control values

Tabite: 3: Abschile testes weights in rats ¢ Nodose response
* Mo statistical significant change in relative weights
Po— P Ty T Wy * Mo corresponding histopathological findings

Meon atechis 3420018 102202 108005 E10.020° 3170097
s g gl

%ol conausent WD HE 4 LU 1.7 ¥
P
[ — - —

r
p s 0% *° p 2 0, Fruskal - Wallis, and Wilooson ket {hoe sded |
M = Historacal control

12 | EVERY STEF OF THEWAY ECETON, 1M, Tachnical Report k. 45 Aecognition of, and differsntiation maﬁ"ﬁwr ‘ e
between, sdverss and non-atwerse efects in bosicology studies
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EXAMPLE

Identification of aberrant control values

Mo dose respanse
Ma statistical significant change in relative welghts

Tabbe 3: Absohili testes weights in rats

Y [P T — (T Mo corresponding histopathological ﬁnf:llr!gs
Mematscis 3420018 302 402F 3084005 31040200 3174017 3189015 Mean values of treated groups were within
[——— histerical contral data and concurrent contrel
Y ——— [T w04 ) [T [T was outside this range
ol
Nimnber aarared = 5 per group * Therefore considered not treatment related
*p S 000% ** p 5 (W00, Kruskal Wllis, and Wilconon st {two sided}
1 = Historscal conteal
e
=
11 | EVERY STEP OF THE WY ECETOL, 2002, Tachnical Report W, 45, Recognition of, and diferentiation maﬂmi \'-:_

between, sdverse and non-atverie efects in tosicolopy shudies.

Understanding relevance

of low-incidence findings
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USE OF HISTORICAL CONTROL DATA

Understanding relevance of low-incidence findings

HCD is important to evaluate rare events (e.g. malformations):
* may be spontaneous

* due to exposure to a teratogen

Developmental toxicity studies with group sizes of 16—20 litters
(100300 fetuses evaluated)do not have the statistical power to
detect events that occur at frequencies of 1/1,000 to 1/10,000.

1 e e N S
39 | EVERY STEP OF THEWAY charteanver ¥
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USE OF HISTORICAL CONTROL DATA

Understanding relevance of low-incidence findings

By the nature of the low incidence, it is possible for a treated group to show a low spontaneous incidence,
while the control group has lower or even no incidence.

| R e v N O
36 | EVERY 3TEP OF THE WAY chartearver Y

USE OF HISTORICAL CONTROL DATA

Understanding relevance of low-incidence findings

* Omphalocelein rabbits

* Evaluation of 58 papers (4905 litters, 36,977 fetuses) = all groups

Omphzlocele was reported in 43% and was among the most common defects, occurring at a rate of 1.10%
(litter} and 0.16% (fetus).

Tadde 3

Fatal incadence by e of sebomd classes of external malomaxane
ToeATwE oD (mwmbes of Doage | Contred (71 1 Low dose (5) [ Vigh dowe (75
Orephakcste - . "w "
Catrockns 2 1 1 "
Tael defect . 5 1S &
Lz Scose u n 2 2
Newral 1 et g ' 10 P
L defuct 1 o 4
[ ' ¢ 2 3
A R ] 3 1 0

* The fearbier of reatiens onn OFers Surm S dumber of MU0 rs Decasse of SMerences o1 Sy deigs. Some SOues T SO0 CONI oups. A fow sistes
had crly cow o e Sou ETEPA, kv the ety of e wnd el s e, white 3 few stadies 33d 2ddtinal dou IOUp WG were inciuded I the mid goor
EIwep Ovie 30ty hevted several Crpenes 4 & tingde. egh oo leved, did o bested & sughe Righ dirse swes @ieverd (Al perids, adding 1 D rarsters ik (e fegh
Snar groop. There s oo 3 tegh Gose postive coneend compound (18 Wat added 1 te bugh daw o

* HCD Charles River (34 studies, 668 litters, 6122 fetuses): 8 fetuses / 8 litters (mean of 0,2%)

37 | EVERY 3TEP OF THE WAY

—— «‘ =
Daston, 2018, Is omphalocele a non-specific mali jon In NZW rabbits? charles nver * »
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Understanding relevance

of high-incidence findings

USE OF HISTORICAL CONTROL DATA

Understanding relevance of high-incidence findings
Important for evaluation of fetal variationsin developmental toxicity studies

* In general, fetal findings are categorized as malformations or variations.

*  Malformation= permanent structural change that is likely to adversely affect the survival or health of
the species under investigation

+ Variation = change that occurs within the normal population under investigation and is unlikely to
adversely affect survival or health

3% | EVERY 5TEP OF THE WAY
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USE OF HISTORICAL CONTROL DATA

Understanding relevance of high-incidence findings

Table 7: Skeletal findings (% inci ) in New Zealand White rabbits

Shedetal finding Mistorical  Comtrol  lowdose  Mid dose  Migh dose
Coetrol

Ocortons - partiaty ovdied 26,3457 40 B4 5" 61.7" 72*

Tarwverse process of T 067 67 08 07 10

corvical vartcbiea partislly caslied

Trarsverse processes of ed

MDA wertotbea Aty ossiSod 29138 B0 08 13 25
27 Presacral vertese 146365 280 8.9 % b 565
Uncnaie 58 wornoten 26131 127 3z 34 52*
Partiaity oasfied 59 sernetea 13.3-520 520 323 289" 24 8"
Partinity orufied 60 wernoten 08 08 073 67 42
13 rib shor and Noating 43140 40 56° ar 59
13 i noemal lengeh 171.582 420 782 826 8.4

‘s 005, ps 001, Sudent's 1 test
The shaded data are those dismassed as effects of treatiment as they tall within the range expected

for uptreased ainals

ECETOC, 2002 Techrecal Report No. BS, Bacognition of, and dfferentistion
0 | EVERY 3TEP OF THEWAY batwaen, awanse and noo-adverse GiTects in tedeoiogy studies

e = ";q .
charlesnver © »

1 HOPE THAT VULTURE
ISN'T A PRECURSOR OF
MISFORTUNE!

recursor

A~
gre-kur ser)ww
ONE THAT PRECEDES AND
INDICATES OR ANNOUNCES
SOMEONE OR SOMETHING
TO COME.

g |5
SI | EVERY STEP OF THEWAY ehate Tk
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USE OF HISTORICAL CONTROL DATA

Example EQGRTS

Mean number of implantation sites:

12.4

13.1 127 10.8+

+f++ Sagraficant at 5% (=] or 1% {++} lavel

e

=4 | EVERY STEF OF THEWAY charles ri'.nar“ 5
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USE OF HISTORICAL CONTROL DATA

Example EQGRTS

Mean number of implantation sites:

Middose | bigh dose | WD (min-max)

13.1 127 124 10.8+ 12.1 {11.3-12.8}

+f++ Sgeaficant at 5% [=] or 1% {++} lavel
+ HCD:
+ Concurrent contral mean slightly high
+  High dose mean slightly low

+ Considered treatment-related
+  But not adverse, as individual values were all within normal limits {next page)

= | EVERY STEF OF THEWAY mEI'I-E:@_E'FI_'IF'."EFﬂ o
I S T T

13 15 12 13

1 11 15 b Lo

16 14 13 1

15 ] 13 14

15 13 1o 10

15 16 12 1

1z 1o 1o -]

1 14 ] 0

13 q 11 1

1z 14 1B 1z

12 12 i 1

hln] 15 15 -]

4 14 i L]

15 13 11 11

14 1a 13 1

12 13 13 1

9 15 1a 1

13 13 10

15 1

=1 | EVERY STEP OF THEWAY dﬂan;;ﬁr'.-ﬂr \:'

92



BENAKI

ﬁ
mgrrlal;gnomelm. AGES

. et
v, 3
e

Workshop report “Preparatory work on how to report, use and interpret historical control data in
(eco)toxicity studies”

Example

Sex ratio

USE OF HISTORICAL CONTROL DATA

Example sex ratio

nismber of stidies

L
30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64
males. per litter (%) )
"‘Iim'm! vl of DECD 421

Fig. & Hismsrical congrol data wx ratio | 174 seprs acreening rudies | i 423 F Fandioes Padting i in dhe sigphd parsg

Living pups at
first litter check
% of males [

Group 1 Group 2 Group 3 Group 4

Mot statistically significant, but Group 4 on border of HCD range

females

5 | EVERY STEF OF THE WAY mm'
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USE OF HISTORICAL CONTROL DATA

Example sex ratio

M F M F M F M F
& & 5 ] 7 5 11 3
7 & 4 & 4 & & 4
5 & 3 3 ¥ 3 8 &
11 3 3 3 4 7 & 4
7 5 3 7 & 9 7 &
& & 4 7 11 2 & 4
& 4 7 3 5 8 2 2
3 a - & & ¥ & -
& 7 ) 3 4 4

3 7 7 4

ConmEmm charies rvar 5

USE OF HISTORICAL CONTROL DATA

Example sex ratio

M F M F M F M F
& & 5 3 7 5 11 3
7 & 4 & 4 & 8 4
5 & 3 5 7 5 8 &

11 3 5 5 4 7 & 4
7 5 3 7 [ 9 7 ]
-] & 4 7 11 2 ] 4
[ 4 7 3 5 8 2 2
3 B 5 3 [ 7 -1 5
& 7 g9 5 4 4

3 7 7 4

- e man;;ﬁ'mr‘ \..
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Example

Thyroid hormones

CHANGES IN THYROID HORMONES

* (One of the conclusions from the 2017 SOT roundtable discussion was that “in the absence of
definitive biomarkers of altered neurodevelopment, general agreement exists that changes in TH
are appropriate starting points for risk assessment to protect against potential downstream
effects on neurodevelopment”,

%
42 | EVERY STEF OF THEWAY chare ey =
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Workshop report “Preparatory work on how to report, use and interpret historical control data in
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CHANGES IN THYROID HORMONES

* One of the conclusions from the 2017 SOT roundtable discussion was that “in the absence of
definitive blomarkers of altered neurodevelopment, general agreement exists that changes in TH
are gppropriate starting points for risk assessment to protect against potential downstream
effects on neurodevelopment”.

* “Disagreement persists regarding the magnitude of TH perturbation that cowld result in

developmental hazard classification and labeling, which does not take Into consideration dose

response and exposure information”,

CATASTROPHIC

43 | EVERY STEF OF THEWAY margﬁ’mr‘ 5

MAGNITUDE OF THYROID HORMONE PERTURBATION

Retrospective evaluation of 124 repro screening studies (OECD 421/422)

¥ In general, a statistical significant finding for T4 occurs beyond 2 20% difference compared to the concurrent
control group.

FO malas PND 14 male pups PND 14 female pups
-
1 s T 140 1404 . BT
1 » 120+ 1204 v e ] e
1 m— _ 1004 _ oo+ Sl
£ £ a0 £ et
= o z ool = ool :
"ietn e an LTL
L
204 214
3 . . . o i
group1  group 24 group 2417 greup 1 group 24 group 2-4 () group 1 group 348 growp 24 (7

Refative T4 lavels par study Le. concurrent control fevels ore set att 100%), clusterad for the controf groug (Group 1; laft panel), off treated growps without
statistical siprificont effect (Growp 2-4; middle panel] ond oll treated growps with stotistical significont effect (p < 5%; Growp 2-4{*); right panel].

Heaabhollren af of, 2029 A crtbice! evalastion of Hhoid hermone

EVERY 5TE EWAY — =
= | B ISR measuremants b DECT test guideling stuaas: is there aay added velue? charles rivar *
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Workshop report “Preparatory work on how to report, use and interpret historical control data in
(eco)toxicity studies”

MAGNITUDE OF THYROID HORMONE PERTURBATION

Retrospective evaluation of 124 repro screening studies (OECD 421/422)

F0 males

# Most T4 levels of Groups 2-4, although
statistically significant, fallwithin the range of 7.5
the control group means (Group 1).

# Due to the high variability in Td levels,

T4 (ugldL}
t
T

g

0.0 T T T T T
1 2 i 3 k 4 4
groups

Groupmean values per study of FO-males for total T4 (ugdfdl) The seven plots are T4
walives b izrowp 1 (1), not stetlsticolly skpmfloant T4 walies for Group 2, Group 3 and
Group 4 (2, 3 amd 4, respectively), ond statisticafy shgmlfloont T2 walwes for Grow 2,

Group 3 and Group 4 (p<h%; 2%, 3% and 4%, respectively)

Beekholirmn et of, 2023 A critice! evelushion of thyroid hormone

. o e ~
| EVERY 3TEF OF THE WY o DECD test quidaling studvas: [s there ooy added valee charles I'I'UEF‘ )

MAGNITUDE OF THYROID HORMONE PERTURBATION

Retrospective evaluation of 124 repro screening studies (OECD 421/422)

# High frequency probably due to slight disturbances of :*:“,“:."‘:F‘E'li"“‘,’ﬂ“” e T e e
normal homeostasis, leading to hormonal fluctuations.

T4 leerl sinidically s gnificasi
Moreover: conpured o concurnend centecl T4 leved
= No pretest value ‘iur:::udu-\ Peroeitage
- . aff
# Only 1 measurement during treatment
N L . focmrenor within s Group 2only 3 LY
# Within toxicity study sty Group 3 only % T
Grmip 4 only I B
Grmap 3 + 4 {1 A%
GFmip L] b5%
. s FES-ET ]
# Therefore, possible treatment related effect should not Group+d 3 16%
be based on statistics only; HCD should be taken into Grmp34s 2 L~
account. AN 134 stdies Croup 1. It 157%
combined Rrtal
Grmp 3, F- LT LY
niwal
Grnmp 4, n 25.0%
grsal
Beebhujiren et ol 2005, A critice! evalastion of Hiyoid hormone I .
— || Bizefizileindog Jn DECTY bkt guidhafing studbias: (s thare ooy odded value? charles I'i'.l‘Elr‘ N
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Example

Rabbits
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DEVELOPMENTAL TOXICITY STUDY

d

The

* Several challenges.

* Regular occasion of gastrointestinal toxicity in rabbits.

lot of rabbifs) ’ -
oot of / * (Can lead to abortions.

[ on
(o

P
charies nver

HIGH VARIATION FOOD CONSUMPTION IN CONTROL RABBITS

P
charles nver -~

Hannaset ol, 2016
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Workshop report “Preparatory work on how to report, use and interpret historical control data in
(eco)toxicity studies”

TOXICITY DUE TO OILY VEHICLES

Feeding of vegetable fats and seeds lead to motility and functional depression of the Gl tract in rabbits
[Johnson-Delaney, 2006).

Example 2 mi/kg corn oil:
1.5 FOOD CONSUMPTION (G/ANIMAL/DAY)

FEMALES

POST COITUM
DAYS &7 78 &5 490 1011 15412 1213 1314 1418 15416
ANIMAL

GROUP 1 (CONTROL)

1 3 & 2% kX1 28 81 101 7% &7 39
2 [ 9 =2 4 34 83 % 9 4 "
3 0 g 7 a2 & 2% 28 47 28 o
4 1 " 3% 82 58 56 63 4 49 55
[ 0 [} Fod 18 ? 18 [} [} 3 0
3 0 40 7% 15 40 54 % 8 2 2

Important is to use a low dose volume so the amount of vehicle being dosed is limited.

.. o

i . - s
2905 | EWEHT 3TER O ThE WY charlesnvar =

USE OF HCD

Extremely important to use same vehicle and volume

S| [EVERTSTECFIHE Y. chariea river I\\
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3. Establishment and Use of Historical Control Data in Clinical

Pathology
(Volker Strauss, on behalf of ESTP)

Sth ESTP International Expert Workshop
A of T & I Rl of Clinical Patholagy Chanpes™

Establishment and Use of Historical Control Data in
Clinical Pathology

Volker Strauss, BASF SE, Ludwigshafen, Germany
(volker.strauss@basf.com)

International Workshop on how to report, use and interpret historical control datain
(eco)toxicity studies

31— 5™ May 2022, virtual event

.f"‘lI -\ Sih ESTP International Expert Werdshap

! : Ea} “Arrsremant of Toxicclagical Relevanc of Clinical Pathology Chanpes™

Introduction

*  Parts of the presentation were presented at the 9th ESTP International Expert Workshop:

Assessment of the Biological/Toxicological Relevance of Clinical Pathology Changes, 5%/6 Apr 2022

https/ v surotoa pathorg e togs findex gl T id=work=Rop9
+  Mew slides are marked [*)
+ Disclosure: content of the new slides is not the official opinion of ESTP but the personal thoughts of

the author
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e
o \H Sth ESTR Inter sanal Expert hap

m} “hrreremant of Towicclagical Relevance of Clinksal Pathclogy Chanpes™
Who is member of the ESTP?

+ ESTP: European Society of Toxicologic Pathology e\
*  www.eurotoxpath.org
+  Members: university graduate and working in the field of toxicologic pathology

+  Goal: protecting man against harmful effects that may result from the intended use of active

ingredients or additives, or which may be due to toxins at the workplace or in the environment

fﬂ'\ Sth ESTP Intarnatianal Expert Wordaheap

m} “Arseremant of Taxicological Relevance of Clinical Pathology Chanpes™

Content(*)

*  Aims, issues and procedures of establishing historical control data (HCD)
*  Minimum study numbers for establishing HCD intervals
* |dentification of outlier values among HCD
* Increasing numbers of studies used for HCD
* Enlarging time interval of studies used for HCD
* Combining control groups of similar study types
+  Thyroid hormone HCD

*  Proposals for the use and establishment of HCD
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Sth ESTP International Expert Wershap
“hrreremant of Towicclagical Relevance of Clinksal Pathclogy Chanpes™

Aims for using historical control intervals

* Evaluating if study control data or pre-study values are outside historical
control values

* Assessing whether statistical significant changes among study values are
within normal variation of historical control data (HCD)

*  Assessing a shift of clinical pathology values in studies of the tox facility

i

Sth ESTF Inter sonal Expert P
“hrreremant of Towicclagical Relevance of Clinksal Pathclogy Chanpes™

Main issues for confidence in HCD

¥ Objections of regulatory bodies
¥ HCD are not fitting to the submitted study because of differencesin study detalls
¥ Historical control intervals are too great, so that many statistically significant changes in a study may

be discussed as within the normal variation

¥ To avoid this impression
¥ Regulatory guidances (or scientific publications) for establishing historical control intervals
» Documented procedure how to establish historical control intervals (e.g., SOP)
» Reasonable statistical methods for calculating historical control intervals (e.g., ASVCP Guideline, 2011)
¥ Consistent, objective interpretation of study values within or out of HCD intervals
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J"“-\ Sth ESTP Intarnatianal Expert Wordaheap

m} “fuperemant of Taxkcolagical Relevance of Clinksal Pathclagy Chanpes”

Different procedures of establishing HCD

* Collecting individual values
* Comparing mean and percentile range (confidence intervals) with study values
« Above all for dog/non-human primates (NHP) studies with individual value interpretation

* Collecting means/medians of prior control groups
* HCD interval established with min/max values after exclusion of outliers

* Rationale: in rat/mice studies means/medians of dose groups are compared with study
controls and therefore same procedure for HCD
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(eco)toxicity studies”

Sth ESTP International Expert Wershap
“hrreremant of Towicclagical Relevance of Clinksal Pathclogy Chanpes™

Time interval of studies for establishing

historical control data

¥ 5years before actual study (industry standard)

¥ 2.5 years before until 2.5 years after actual study [IMPR Guidance, 2015, focusing on tumor incidences in

carcinogenicity studies; not feasible for clinical pathology data)

.

¥ Greater time interval if < 10 studies (or less than 20 individual values) are included (trend analyslis)

¥ Regular or continous re-freshment of HCD, dependent on HCD database (and when changed method or

species strain)

Sth ESTP International Expert Wershap
“frpsremant of Taxicclagical Relevance of Clinkzal Pathclagy Chanpes™

Considering number of studies and outlier values?

Without outlier statistics With outlier statistics
. . ~ F hesn white blood cell {(WEC) courds are showe
-'-E:L I;H|;E::L u::-L o Femake CS5TBL/E | Rjmics
= - B 10 vk old
ek rmnki Sk ronit * 28d distary shady
1 0 wa 1 [ iz (e 10-16 beurs Fasted
2 ALl 166 2 =N 19
3 DD 106 3 e 2 *  |solflurane anesthesla
4 0 E6 4 N 2% = Retro-bulbar blood sampling
5 D 158 5 hlipil 153 ¥ ADVIALK) strument
a i 132 1.2 ] mwn 132 12 P ®
Tomn FEE 7 = m o oam F Mo cutlier
a 13 am 200 a & am am
q i 2m ) q I 2m 2m
0w i@ W &M aw 2w Too few studies used for HCDs may result in
1 LAk am am L n e L am "am .
12 s e A aip rz s i AW AW a skewed HCD interval
1 e 108 168 100 n Y 1| 15 m o ; ;
14 1218 a0 4 2o H 129 22 22 22 Without outlier statistics risk of too great
1 i Are A Lre n w Lm 4m "am
14 WwiE 2N an FE 23 % W | FE FES FE i
7 dwE  zm Im Im :m w waoowmoozio2x 23 HCDintervals
1 wiE  2m 25 2% 23 'l 1 23 FE) FEY FES)
19 i 2w 2w 2m zre B wu zm 2@ 2m 2m
] i Am aTE am iTE 1 [ 17 Yl am am
H ] 0 n 20 M e 4 0 15 18
Lliag, i bl T ) LIl = Rl ] T Y -
reTum FE [ [E] 132 | [rume's mbrguarite ferces 2.00 - 304 0.9 - AT 0.49- 523 079~ LT
T im 488 486 L EE I i o, oubirs) Fral 18 i3 iz
by zm Lm 4m am
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J’“-\ th ESTP International Expert Wedshap

m} “Arseremant of Taxicological Relevance of Clinical Pathology Chanpes™

Minimum sample size for establishing
reference intervals

Sample size Data distribution
infate ar ransfarm, Statistical rmethod
2120 1 Mat appiicabie = Manparamatic with B0% 1 of raf. imils according to ASVEP Guideline, 2011
40 = x <120 Galssian Feabarst with 20% CI af ral. kmils
Paramatnc with W% Cl af ref. limits
Man-Gaussian Reabarst with 0% G {prefared) of ral. imits
Hanparamelrics
205w =4 Gauszan Paramatnc with W% Cl of ref. limits®
Man-GZaussian Roabast with 20% CI af rel. krnils®
MWaw=20 al apphcable Donal calouaba refarance intarals®
=10 Mat apphcabie Do it repoet raferenca values

Canfidence interval (Tl
sCannck detamine %% Gl nonparamatricaly with <120 raferenca sample, altermative mathods raguired, 8.0 boatstrap
Mnclude the folowing information: histogram, mean ar median, minimum and masimum

Similar recommendationsin Reference Value Advisor, Ecale Nationale Vétérinaire,
Taulouse, France (Geffre et al, 2011)

J"“-\ Sth ESTP Intarnatianal Expert Wordaheap

m} “Arseremant of Taxicological Relevance of Clinical Pathology Chanpes™

What can be done in case of too few studies for
establishing HCD? (*)

+ Enlarging time interval of studies used for HCD of more than 5 years |after trend analysis)

* Combining control groups of similar study types (e.g., dietary and gavage studies)
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Sth ESTP International Expert Wershap
“frpsremant of Taxicclagical Relevance of Clinkzal Pathclagy Chanpes™

Trend analysis for including HCD > 5 years (*)

' Tazn 0973 = pvalue
5 . Speamrnan comralabion
ey vezs | | . . > Risk of too broad refe
Jan 1z =70 15 T N — 15k OF Too Droad reference
1y 506 W et ﬁ Rl intervals by including older HCD
hnis 3 1B 0 * ., )
1ni4 438 12 0z L] - . # Step-wise backward Spearman
(]
Ay 14 461 1 0440
a1 e R g . rank cc:rtelatmn for em:ludmg_
Mgt 26 9 0En 2 HCD with p-value <0.05 showing
Wz 1 T3
:-212 Ei ? gzsg a trend of the data
ol 2ET & 0T i
R 18 a7 =] 050s N
How 18 320 4 QB0 4 ¥ Mean white blood cell {WEC) courts are shown
;1:;.133 i;!:l 3 sy WA MW MW E T MW | e AN i ;‘;‘b cs:l;ll;sj Rjmica
Hewzm 24 year #  28d dintary shudy
- e 10-16 s fagbed
Die 1315 JUn 15 U0 13 e 1a A 19 Au 15 AUR 15 M 16 DN 16 CRLIE RIS Mow 1B A ML n i
N 13 R 5 12 " 0 g B 7 & g 4 9 b Retro-bulbar blood sampling
Wean WEBC ame 382 s as 344 333 33 aar 14 32T 335 1% iz *  ADVIALIO instrument
Winimam WBC A 4 24 24 ZH 241 241 24 24 241 241 N 24 atrume
W WEC: SI 506 461 4B 4F 485 445 446 d4F 432 4F 4% 4R
W - Wi (Goo ) 265 220 230 23 205 205 205 6 191 1M 1M @
—"’ﬁ-\ Sth ESTF bnter sanal Expert hap

m} “Arseremant of Taxicological Relevance of Clinical Pathology Chanpes™

Combining studies to increase sample size
for establishing HCD

Consider:
- Animal strain, animal supplier
- Sex
Age
Administration route (and vehicle, diet)
- Dietffasting
- Single-housed or group-housed
- Blood sampling site
- Anesthesia method
Parameter measurement method (instrument change)

- Others
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(eco)toxicity studies”

Age dependency of clinical pathology data

*  Following values of 40 clinical pathology parameters

were different in 10-week old rats compared to older

ones (Student-Newman-Keuls test):

— HGE, absolute NEUT, UREA, CREA, GLUC, TBIL,
PROT, GLOB were lower

— PLT, absolute LYMPH and BASO, INF, ALF were
higher

» Agedependency of clin path values above all in the
growing phase of young rats have to be considered

Oral 14-day rat studias; study control maan values wara compared
B phots: solid median Bres, dotted rmean Bnes, box length: 25 and
75 percenties, whiskers: 10 and 90 percentiles, singhe dots: outliers
N = number of studias with 4 to 5 rats per group

ALP [phalt]

Sth ESTP International Expert Wershap

“hrreremant of Towicclagical Relevance of Clinksal Pathclogy Chanpes™

;e
e WA PEeT = 1 SRS JEaTEe
st |
= o
L
™ Ut o
ALP values in male . L
Crl:Wi{Han) rats E 50 P
¥ g
150
" a0
& =

* sl
5 4 s 87 4 T M e
From Charles

+
. == A%\ River UK, 1997;
. weight of

Crl:Wi[Han) rats
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J‘fﬂ'\' th ESTP International Expert Wershop

estp) Administration route dependeﬁc,;“ - v el P :

.Df Cl | n | ca | path U.l ng d ata ALT values in 28-day studies with male
Crl:Wi{Han) rats

1z

«  Comparison of HCD of 40 clinical pathology parameters

established with study control means + - T
164
¢+ 28d oral gavage studies resulted in statistically significant ; 1 I
higher ALT, 45T and globulinvalues in males and females i ] 1 :
compared to dietary studies. However, differences are

— e
marginal 0 1 %
« All other hematology and clinical chemistry parameters
were not different between gavage and dietary studies 04 I
«  28d inhalation studies resulted in higher ALT, AST and +*
triglyceride values compared to dermal studies
*  Nodifference between dermal and oral administration . . ) . .
studies & & o @

Bow: phots: solid meadian Enas, dotbed maan Bnas, box kangth: 25 and Ea
75 percentldes, whishers: 10 and 90 peroentiles, single dots: outliers &f _3.1 &H _&p"
Student-Mewman-Keuls test: - p» 0.05; + p < 0.05; ++ ps0.01 o f“f g‘d’ s

N = number of studias with 5 to 10 rats par group é"’ adminisimtion rousage

ALT [ikatiL]

[

J’ﬁ'\ th ESTP International Expert Wershop
“hrpsremant of Toxicclagical Relevance of Clinkzal Patholagy Chanpes™

Laboratory method dependency

Df CI N | ca I path 0 I Ogy d ata Male Crl:WilHan) rats from 90d studies:
Hitachi 917 versus COBAS c501, Roche

*  90d rat studies (M = 10 male rats per group, study mean values) .:,
+ 21 elinical chemistry values were compared

8 4
« Aug 2013, Hitachi 917, Roche replaced by COBAS ¢501, Roche o ,%:_, é
= Hitachivaluas: Mar 2003 = Jul 2013 (N = B1); COBAS values: Aug E 3

z

2013 — Apr 2021 (M = 70) £
& Creatiname: Hitachs: ]Ef‘fé. CIOBAS: enzymatd rmethod § 9
+  Potassivm; both instrumants: indirect ion-sedactiva elactrodas » ] | | | | | |
+  Urea: bath Instruments: kinetik UreasejGLOH test ! = mn mn
*  Potential bizs bacausa of diffarant time interval of studies for comparison Wl

]

*  For creatinine new HCD collection necessary after method change fw ,z""' «9‘" ‘g‘fy ﬁ

*  Forurea and potassium f\,f y‘" ‘,,t" .fe'

= significant differences although overlapof 25, — 75, percentiles
Bow plots: solid medlan |II'IE'S_. dotted mean |II'IE'5_. boy length: 25 and
= During validation (20 samples per sex) no difference was 75 percentles, whiskers: 10 and 90 percentiles, single dots: outhers

ohserved - Manm-Whitney-U-test: ++ ps 0.01
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J’H'\ th ESTP International Expert Wedshap

m} “Arseremant of Taxicological Relevance of Clinical Pathology Chanpes™

Interlaboratory variance of clinical pathology data

*  Male Crl:Wi(Han) rats; individual hematology data of controls are shown

* Hematology measured with ADVIA 120, Siemens

*  Agewas different, but both groups were adult rats

*  Bias may be possible because of different time intervals (2008 versus 2013-2018)

BASF, 2013 - 2018, 18 weeks old [N = 669)
Maan s Mean -1.95 30 Mean + 1.85 3D

Charles River, 2008, 17 weeks and older (N = 167)
Parameter Unit Maan SO Mean -1.95 30 Mean + 1.85 5D
Hematocrit LL 0,034

Hemoglobin mmoliL a6 06 108 a0 05 an 0.0
REIC Terail 860 0 65 998 8.55 051 7.56 054
Reticulocytes  Gigail 78 227 7.0 872 1925
WBC Gigail 4.8 214 845 564 158 (2.56) 8.7z
Newutrophils Gigail 0.87 0.42 1.69 1.14 0.35 @ 1.84
Lymphocytes Gigail 318 1.84 6.88 4.24 143 1.45 7.3

*  Above all mean reticulocyte counts and low borders of WBC, neutrophil and lymphocyte counts
were different

J’“'\ th ESTP International Expert Wershop

m} “Arseremant of Taxicological Relevance of Clinical Pathology Chanpes™

> Total T4:
# Human medicine reference method: isotope dilution-liquid chromatography/tandem mass spectrometry

(ID-LC/tandem M35)
[Intarnational Federation of CEnical Chemistry and Laboratory Madicine |FCC, IFCC Soiantific Division Waorking Group for Standardization of
Thyrold Function Tests WG-STFT)

» Routine method: immunoassays (RIA or ELISA)
¥ Thyroid stimulating hormaone (TSH):

# No reference method; routine method: Immunoassays

# Human medicine: harmonization of TSH measurements standardized against the 2nd IRP WHO Reference

Standard 80/558 (Roche, Elecsys)

# Mo international reference standard for rat TSH
¥ Allowed inter-individual variation (CV) in study control groups: for T3/T4 25%; for TSH 35% (OECD TG 408, 2018)
Critical issues with hormone measurement in toxicity studies; Bffl expert hearing (Kucheryavenkoet al,, 2019)
¥ Different HCD intervals for (T3], T4 and TSH in rats according mandatory measurements in QECD TG

# Different ages: PMD4, PND13, PND22, PND90, adult rats

# Forfemale rats: nulliparousrats, pregnant rats end of pregnancy, rats during lactation (LD14)

T4 and TSH measurement in rat toxicity studies (*)

v
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Sth ESTP International Expert Wershap

“frpsremant of Taxicclagical Relevance of Clinkzal Pathclagy Chanpes™

Comparison of mean study control T4 and TSH

values of various laboratories (*)

[Crocsnm |

o] = {
1 — ] I
x| e = =] | =
£ | : Bl 1 1w 2
% o] P S Ll &
| [ N A —
“i =m I o £ = =
| B¢ + E L] o
1 - = o0® 1  — ®
| - * - i 0]
0= + + + ® & 2. L]
P R . o.."' P LT S T *_9 E ,;-“" P
.‘D.ﬁ ..‘g") u‘t:* G"* '.l‘u. if¥ '1‘9* ‘# u"-"‘* fd‘* '1\“. ‘\}- "‘F‘F \*" "'w.
¥ # P g F g R T
Foo W@ g5 g e - & & - E
L J/;.v -"Jr

From Lietal, 2019

# T4/TSH measurement in rat

fetuses/pups is challenging
F Minimum sample volume
= Low T4 values compared
to adults

# Most labs reach CV <25% for

T4 and <35% for TSH (OECD TG
408) alzo for HCD

[ cve], left y-awis
¥ T4TS5H mean, nght y-ans
®  THTSH LOG nght v-axs
H = rmbar of Conirol groups;
Wil = Wislar rals, S0 =
Sprague-Daviley rats; LOG =
imit of quantfication

th ESTP International Expert Wedshap

“hrreremant of Towicclagical Relevance of Clinksal Pathclogy Chanpes™

Proposals for establishment of clinical pathology HCD

*  Using studies 5 years before the actual study for calculation of the HCD
— If only few studies, expand the time interval (trend analysis)

* Exclude statistically identified outliers (outlier statistics, use of percentiles)

* Combine controls of studies with not exactly the same design (e.g. different administration route

etc.) not before confirming that HCD are not affected by different design

* Don'tuse HCD established in external labs or textbook data for arguing that significant changes In
toxicity studies are within the normal variation, also when the parameters were measured with the

same methods/instruments
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J‘fﬂ'\' th ESTP International Expert Wershop

wm} “Arseremant of Taxicological Relevance of Clinical Pathology Chanpes™

Proposals for the use of clinical pathology HCD

+ The concurrent control group of the study or pre-study values remain the most relevant
comparator to determine test article related effects

* HCDare an adjunct to sound scientific judgement

*  HCD enable evaluation of outlying study control or pre-testdata
— Itshould trigger further investigation of the potential factor causing this
«  HCD provide information on the normal level of biological variation in order to assessif a
statistically significant change in a study is within normal variation or not

* The utility of HCD Is limited to the test site where the HCD were generated

J’ﬁ'\ th ESTP International Expert Wershop

m} “Arreremant of Towicclagical Relevance of Clindcal Pathclogy Chanpes™
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4. Assessing the Quality of Historical Control Distributions and

Calculating Useful Intervals: Genetic Toxicology Examples
(Stephen Dertinger, Litronlabs)

Assessing the Quality of Historical Control
Distributions and Calculating Useful Intervals:
Genetic Toxicology Examples

Indnddual & Mewang Range chart of %MN-RET

4

EFSA Workshop, May 4, 2022

E K d K & &

Stephen D. Dertinger, Ph.D. L s :_, PRI TRC I (0

Director of Research i RS R S TR L R i

Litron Laboratories ; s

sdertinger@litronlabs.com A B
L O W P NPT S ST 1L

Disclosure

» S.D. works for Litron Laboratories, a company that sells reagent kits
and offers testing services based on flow cytometric analysis of
genetic toxicology endpoints, including the in vivo micronucleus assay
that will be discussed here
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# Malaria g Low %MN-RET & High %MN-RET
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Outline

* Use of Historical Control Distributions (HCD) in regulatory genetic
toxicology studies
* Note we'll focus on historical NEGATIVE control distributions for this
* In vivo micronucleus example

presentation
* |nitial considerations Nueleus -”,*

* Tools for evaluating sources of variation —
= Calculating useful interval(s)

* In vivo Comet example

Micronuclens

aregih

* Conclusions (spoiler alert: we should use HCD in a flexible, nuance
manner)
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Historical Control Distributions

* Genetic toxicology OECD Test Guidelines have harmonized their
language regarding HCD and their uses
* One component of demonstrating laboratory proficiency
* One component of demonstrating study validity

% One of three assessments made to judge whether a particular study’s
response data are “clearly negative” or “clearly positive”
A, Pair-wise test that considers concurrent vehicle/solvent control data
B. Trend test

CC. Do the study data fall above or below an upper bound limit value derived from HCD? '
“Criterion C”

In vivo Micronucleated Reticulocyte (MN-RET) Example

* %MMN-RET* as a case study:
* Evaluate distribution
» Assess whether assay appears to be "under control”
* Calculate a useful upper bound value that describes elevated frequencies

* Data = male and female Crl:CD rats; 5 weeks old; pooled males and
females given the similarity of values between sexes
» Total rats = 78; 13 studies over 14 month period of time
* To simulate an assay that has drifted to an "out of control” status, some of the

analyses use the 78 actual rat MN-RET frequencies plus 12 simulated values
(six that are 3x higher and six that are 1/3™ lower than actual values)

|"

*data from Dertinger et al., Environ. Maol, Mutagen. 80 (2019] 704-739; available upon request
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Evaluate Distribution

* Do the data approximate normal distribution?

* Some assessment tools (e.g., Melson Rules) and interval calculations (e.g., Control Limits,
Tolerance Intervals) assume normality; transform as necessary if you intend to make use of
these methods

Goodness-of-Fit Test

W Prob=W
a2 Shapiro-Wilk 09781982 0.2014
Simulated
A2 p-Value
Anderson-Daring 0067136004 010&
E 0s
o=
z ™ 0-01 Plat .
% e
0.1 E (311 ’:
e =
-
005 -+ wan
o s
_.'",-
a nw ns nax
Fitind Cumnilie
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Assess Quality of Historical Control Distribution

* There are a number of useful approaches for evaluating the
quality of historical control data

* We'll look at each of the following, in turn:

* Qualitative & semi-quantitative assessments

* Methods used in the fields of manufacturing, process control
* Control charts, with or without Nelson Rules
* Stability Index

* Variance Component Estimates [e.g., REstricted Maximum
Likelihood (REML) analyses, Nested Anoval]

Qualitative & Semi-Qualitative Assessments

Individual & Moving Range chart of % MMN-RET

* Are the data consistent -
with published results
from proficient labs? 6301
* |s the level of variation o204

across samples within a B oomd '
study and across studies z 1 ' .
mmlzarable to published = o0 L w0 Lt T,
results from proficient SO SIS LIS TR VYL IRE- PO O PP I
|ah‘5? Lt 1-‘4 I - RLR 1+ ‘.i LI I T
* Is there obvious drift with o .
respect to time? goo ; ;
* Control charts can help £ omn -
with these gualitative & g 00 i ! L
semi-quantitative £e o ISR L IR TE DU PR L
assessments E ool * T H ¥ JITTF e 5 7
= - TR [ o e e owow
oo - + -
¢ 0 s k] an S0 2] [l L] o
Subgrup
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Control Charts with Nelson Rules, from Wiki...

Nelson rules are a method in process L:L?_,_;‘L __ — T —
control for determining whether ; :

some measured variable is out of Mot 3 g ity g e ety Tt 3. e s 8 2
control (unpredictable versus i S ] ——
consistent) e~ e 7 S
First published by Lloyd Nelson in the e - e
Journal of Quality Technology, 1984 TG R
The rules are applied to a control

chart on which the magnitude of
some variable is plotted against time

Control Charts with Nelson Rules, cont.

Actual Data (n=78); Actual Data + 12 Simulated Samples;
Process appears to be “under control,” Process has drifted to “out of control” status,
relatively few Nelson Rules violations many Melsan Rules violations
Individual & Moving Range chart of ®%MN-RET Individual & Mowving Range chart of “WMN-RET
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Stability Index

* Manufacturing and Process Control disciplines have developed a variety of tools for evaluating the

stability (conversely, the variability) of a process

* One simple metric that might be leveraged for evaluating historical negative control data is the “Stability

Index”

* Stability Index = Long-Term Sigma/Short-Term Sigma; close to 1.0is evidence of stability, i.e., low

variability

Low Stability, High Variability

(index value much greater than 1) .
Long-Term

Short-Term

Measuremant
-

lime

Stability Index, cont.

Actual Data (n=78);
StabilityIndex = 1.12

Individual & Moving Range chart of %MN-RET
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Actual Data + 12 “Out of Control” Samples:
Stability Index = 2,19

Individual & Mowing Rangs chart of “%MHN-RET

.
I + e
S P 1 Toad b
- - .
* Plal mia il il B b -
o wd B e S .
CEE T I I ]
oW P T
L . -
“ "
)
*
*
- - c=
- ]
. o . ¥ - 1 -
) v
] L] = = L] = -] ™ = =

Subgreap

120



BENAKI

N
rI\Il-ISYT'II'_?lI;_IA_g'HOLOGICAL AGE S

v, \a
-, q
“a roy nabt

Workshop report “Preparatory work on how to report, use and interpret historical control data in
(eco)toxicity studies”

Sources of Variation

* Variance Component Estimates via REsidual Maximum Likelihood (REML), Nested Anova, & Bayesian
models may be useful for guantifying sources of variation

Actual Data (n=78); Actual Data + 12 “Out of Control” Samples;

Animal to animal variation dominates, Mow inter-study variation deminates,
79.7% of total variation abserved 81.9% of total variation
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Calculation of Intervals

» As stated earlier, intervals that describe the distribution of the historical
control data are useful for a variety of purposes

* BUT... it is premature to calculate and utilize intervals for the purposes
described in genetic toxicology OECD TGs until/unless an assay has
been found to be “under control”

* Qualitative assessments

* Control charts (consider supplementing with Nelson Rules, Stability Index)
* Variance Component Estimates (e.g., REML, Nested Anova, Bayesian)

* Etc.

* The following slide describes several less appropriate and several more
appropriate means of calculating intervals

Calculation of intervals; let's focus on the derivation of an upper bound
value for “criterion C” assessment; n = 78 {actual) %MN-RET values

« Generally inappropriate intervals for our intended purpose|s}* +  More useful intervals for our intended purpose(s)
+ Range=0.21% +  G5% Juant 1,17% [no assumptions about normality]
+ 895% Confdence interval = 0.11% +*  Warning Limit, Sigma+2 = 17
Controd Limiat, Sigma +3 =0,20% = OG5 Prediction interval = 18%

+  05% Tolerance Interval, 95% coverage = 19%
“SMM-AET v Animal 10

L Range*
L Sigma +3*

T
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Liver Comet Example: Controls Charts with Stability Index

* Two anonymized labs that provided %TI data for INGT exercises
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Liver Comet Example: Variance Component Estimates, Lab 2
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Liver Comet Example: Variance Component Estimates, Lab 6
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Circling Back to Criterion C

* HCD is one of three assessments made to judge whether a particular
study’s response data are “clearly negative” or “clearly positive”
A. Pair-wise test that considered concurrent vehicle/solvent control data
B. Trend test

C. Do the study data fall above or below an upper bound limit value derived
from HCD?

* The following are personal opinions, more research is needed:
* HCD are generally thought of as a proxy for biclogical variahility
* By extension, HCD are used to evaluate the “biological relevance” of
increase(s) identified by criteria A and B
* Criterion C CAN BE USEFULwhen it can be shown variability is primarily
explained by biological variability
= Criterion C is considerably LESS USEFUL when variability is dominated by

inter-study nuisance factors—e.g. poorly controlled tissue harvest times,
electrophoresis conditions, etc. etc.
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Conclusions

* Regulatory genetic toxicology and OECD Test Guidelines make use HCD in
several manners

* Important to assess the guality of HCD, and a number of qualitative, semi-

qguantitative, and quantitative approaches can be employed

= Rather than rigidly applying criterion C, more nuance should be employed
* For instance, does the HCD describe inter-animal variation? If so, go ahead and
apply criterion C; otherwise do not place much weight on it
* There will need to be more detailed reporting of HCD and the type(s) of

guality assessments undertaken for all regulatory study stakeholders to
gain confidence in their use

* More work is necessary, stay tuned for
* IWGT Waorkgroup output
* Results from a HESI-Genetic Toxicalogy Technical Committee survey

Thank you for your attention! Questions?

YOu SAID
TO DO AN
ABSTRACT

abastian.net

Workshop report “Preparatory work on how to report, use and interpret historical control data in
(eco)toxicity studies”
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Presentations Day 3

1. ANSES experience - pesticide evaluation in the area of

mammalian toxicology
(Adeline Cavelier, Bertrand Desprez, ANSES)

4
\ V4

anses

INTERNATIONAL WORKSHOP ON HOW TO REPORT, USE AND INTERPRET HISTORICAL CONTROL
DATA IN (ECO)TOXICITY STUDIES

ANSES EXPERIENCE - PESTICIDE EVALUATION IN THE AREA OF MAMMALIAN TOXICOLOGY

ADELINE CAVELIER & BERTRAND DESPREZ
Regulated Products Assessment Department — Toxicological Evaluation Unit of Plant Protection Products

3-5 May 2022
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Regulatory context — 1/4 oy

Commission Regulation (EU) No 283/2013 setting out the data requirements for active substances, in accordance with Regulation (EC) No
1107/2009

Section 5. Toxicology and Metabolism studies

Where available, historical control data shall be provided routinely. The data submitted shall be for endpoints that could represent critical adverse effects, and
shall be strain-specific and from the laboratory which carried out the index study. They shall cover o [ive-year period, centred as closely as possible on the date
of the index study.

Detailed information only available for:

- Long-term toxicity and carcinogenicity (Section 5.5)

- Reproductive toxicity (Section 5.6)

Regulatory context-2/4 “w

w

Where submitted, historical control data shall be from the same species and strain, maintained under similar conditions in the same laboratory and shall be from
contemporaneous studies. Additional historical control data from other laboratories may be reported separately as supplementary information.

The information on historical control data provided shall include:

(a) identification of species and strain, name of the supplier, and specific colony identification, if the supplier has more than one geographical location;

(b) name of the laboratory and the dates when the study was performed;

(c) description of the general conditions under which animals were maintained, including the type or brand of diet and, where possible, the amount consumed;
(d) approximate age, in days, and weight of the control animals at the beginning of the study and at the time of killing or death;

(e) description of the control group mortality pattern observed during or at the end of the study, and other pertinent observations (such as diseases, infections);
(f) name of the laboratory and the examining scientists responsible for gathering and interpreting the pathological data from the study;

(g) a statement of the nature of the tumours that may have been combined to produce any of the incidence data.

The historical control data shall be presented on a study by study basis giving absolute values plus percentage and relative or transformed values where these are
helpful in the evaluation. If combined or summary data are submitted, these shall contain information on the range of values, the mean, median and, if applicable,
standard deviation.
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Regulatory context — 3/4 Y4

5.6 Reproductive toxicity

While the standard reference point for treatment responses shall be concurrent control data, historical control data may be helpful in the interpretation of particular
reproductive studies. Where submitted, historical control data shall be from the same species and strain, maintained under similar conditions in the same laboratory
and shall be from contemporaneous studies.

The information on historical control data provided shall include:

(a) identification of species and strain, name of the supplier, and specific colony identification, if the supplier has more than one geographical location;

(b) name of the laboratory and the dates when the study was performed;

(c) description of the general conditions under which animals were maintained, including the type or brand of diet and, where possible, the amount consumed;
(d) approximate age, in days, and weight of the control animals at the beginning of the study and at the time of killing or death;

(e) description of the control group mortality pattern observed during or at the end of the study, and other pertinent observations (such as diseases, infections);
(f) name of the laboratory and the examining scientists responsible for gathering and interpreting the pathological data from the study.

The historical control data shall be presented on a study by study basis giving absolute values plus percentage and relative or transformed values where these are
helpful in the evaluation. If combined or y data are submitted, these shall contain information on the range of values, the mean, median and, if applicable,
standard deviation.

Regulatory context — 4/4 N

EFSA Administrative Guidance on submission of dossiers and assessment reports for the peer-review of pesticide active substances - EFSA Supporting
publication 2019:EN-1612

HCD are necessary to follow changes in the biology of the used test species and to differentiate the way to evaluate test resuits. HCD represent a summary of the
observations made on the untreated or control groups from individual studies and a complete assessment of their relevance should be provided by the applicant in the
dossier based on the criteria as set out in Commission Regulation (EU) No 283/2013:

- the incidences of effects for control animals in studies with the same design conducted by the same laboratory; summarised by species, sex, route of administration
and vehicle. If study via diet, the diet should be mentioned with reference to the diet characteristics.

- the data for control animals compiled from the concurrent five-year period.

Therefore the following information should be provided:

- the mean, the median, the 5D and range of incidences among studies of the effect,

- the number and the dates of studies summarised,

- the use of percentiles could be further considered for HCD of growth or survival (presented as curves),

- Single values (mean, median, SD and range) from those studies that fulfil criteria as set out in Commission Regulation (EU) No 283/2013.

Note that this document only refers to the expected minimum amount of details when reporting HCD. However, if the HCD are intended to be used for the evaluation of
the appropriateness of the study’s control group, the applicant should refer to the OFCD GD 116 for the data set that should be reported and included in the statistical
analysis when using HCD.
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How are used HCD ? - 1/3 “w

anses

Concurrent control data take always precedence on HCD and is the most relevant comparison group to conclude on the treatment-relationship of an
effect

However, HCD may be helpful in the assessment and interpretation of toxicological studies:

- Histopathological findings including tumours

- Malformations/variations in fetuses

- Developmental parameters (developmental landmarks ++)

- Gestational parameters (e.g. implantation loss, corpora lutea)

- Functional reproductive parameters (oestrus cycles, sperm parameters)

-+ Genotoxicity studies

Rarely used for e.g. body weight gain, clinical chemistry parameters...

How are used HCD ? - 2/3 “w

anses

During the assessment of a toxicity study, HCD are mainly used:
- For assessing the reliability of a study
—» comparison of the incidences in the concurrent control group with incidences in HCD

= mainly for genotoxicity studies: HCD are part of acceptability criteria in most of the OECD TG
- For the interpretation of rare findings, e.g. tumours, malformations

- use of HCD as a way to have an idea on whether lesions are rather rare or occur regularly
- For the interpretation of borderline findings, i.e. marginally increased incidence and/or severity of non-neoplastic lesions
- For the interpretation of a genotoxicity study - HCD are part of evaluation criteria in most of the OECD TG

HCD
- Represent data obtained on a larger group size (number of animals/cells) than the concurrent control group

- Give a better overview of the biological variation of the finding of interest
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How are used HCD ? - 3/3 .

anses

HCD should ALWAYS be used in a Weight of Evidence approach to decide on the treatment-relationship of an effect:
As a first step: Comparison of the incidence/severity in the treated groups versus incidence/severity in the concurrent control group

Then: if needed, comparison to incidence/severity in the HCD

- Magnitude of the effect
- Dose-response relationship (proportionnality with the dose not expected)
- Statistical significance — pairwise comparison and trend analysis

- Biological plausibility, e.g. continuum from pre-neoplastic lesions to malignant tumours

- Comparison to the concurrent control group confirms the effect
- And/or dose-relationship is obvious

- And/or statistical significance is noted

Which information are needed on HCD? A

anses

currently, the MINIMAL information that should be provided to consider HCD as relevant are:

- Same species and strain, same sex

- Same laboratory and breeder

- Same route of administration (diet # gavage) In absence of these data and/or if
criteria not fulfilled
- Same type of study and study duration, sume age of the animals
=> HCD are not considered
relevant or considered of low
relevance

Number of studies

+/- 5 years centred as closely as possible around the date of the index study

(experimental/in-life dates of the study) (e.g. HCD from 2008-2012 if study conducted in 2010)

- Reporting of results: at least mean, min-max range, standard deviation

Litter and fetal incidences for developmental toxicity studies
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What is often missing... but considered needed? —1/2 Y

anses

In the submitted dossiers, some information are missing
However, to our point of view, they should be provided
Breeder
Age and weight of the animals
Information on environmental factors, caging protocol, stress conditions
Diet characteristics in the case of dietary administration
Vehicle (for genotoxicity studies, studies with different vehicles are often combined)
Diagnostic criteria (histopathology)
Staining method (developmental toxicity studies)
Standardised terminology

OECD and GLP status
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What is often missing... but considered needed? —2/2 Y

anses

Presentation/reporting of HCD:
- Detailed statistical evaluation + raw data

- Information on HCD distribution: ‘mean” and ‘min-max range’ are useful information but are not considered sufficient since distribution is an
important point to consider (identification of outliers)

Ideally, graphical representation of the distribution should be provided
- If only ‘% incidence’ available: not considered sufficient, incidences in ratios (population with effect / size of the population) are also needed

- Caleulation of confidence limits should be harmonized

Improving statistics from HCD - 1/5 .

anses

What is shown in the next slides applies to any HCD reporting proportions or %

The chosen example uses micronucleus data for the purpose of the presentation, but considerations
made would apply to any type of proportion, for instance % of carcinomes

Several issues are raised... but solutions are presented too!

* [ssue #1: poorly summarized HCD

* |Issue #2: using test guideline-recommended 95% confidence limits

* Issue #3: variability considerations on HCD by using 95% confidence intervals on percentages or
proportions

* Issue #4: getting all raw data too
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Improving statistics from HCD - 2/5 oy

When dealing with percentages (%) or proportions, most of the time HCD are presented as:

*  minimum-maximum range, or

*  minimum-maximum range + mean, or

*  minimum-maximum range + mean + SD

* Possibly, number of studies are also specified

This provides a certain idea of HCD data BUT it is however insufficient to have a good idea of HCD and HCD distribution and 95% confidence limits (95%
confidence limits)

Confidence limits are even wrong most of the time : « Mean + 3.SD and round to zero if negative (!) »

Example, Micronucleus test

Here (4h, =59) Issue #2
Mean = 0.56% The OECD test guideline 487 recommends the
Historical Range for Vehicle Control Cultures SD=0.29% use of Poisson distribution — which is a way to
u..,.,,,,s;mmm. ProT———, 3“,,.,@;;.,.,...,., Upper bound = 0.56 - 3x0.29 = 1.43 deal easil\{ with proportions ‘ )
LT P P BT PP T e Ty e Lower bound = 0.56 + 3x0.29 = -0.31 95%CL(Poisson) = mean + l2x Vmean (because in
i i rounded to O (!) Poisson distribution SD = Vmean)
Minimim 005 005 015
Mz 1.20 130 090 Issue #1 Here, if 2000 cells were used, the mean at
Meaa 056 0.51 047 — Rounding to zero results in artificial 0.56% would be corresponding to 11 cells out
Standard Deviation 029 0 — 019 shortening of the 95%CL of 2000 cells
I’f"‘:"“""”"“"‘ PR 0-138 0-104 The presented interval does not even have a
el 0 " ™ 95% coverage according to the chosen
methodology
Truncated CL implies information loss
13
. o ae ()
Improving statistics from HCD - 3/5 oo
Example, Micronucleus test Issue #2 (continued)
Here, if 2000 cells were used, the mean at 0.56% would be corresponding to 11 cells out of
2000 cells
Historical Range for Vehicle Control Cultures
llunrupost;nvdlh-l "t hour exposure with 9 ’.'Allnrup;;xnwﬁhul 95% confidence limits =
% binucleate cells with | % binucleate cells with | % binucleate cells with 11+2xV11
e p i s i.e., 95CL = [4.4 — 17.6] cells out of 2000
FY— o = -~ i.e, 95CL =[0.21-0.88] % _
o 0;6 o5 s Here the coverage is indeed 95% contrary to what is shown in the Table
:M:;:::‘ ofi’ 0‘—’?;8 Of :9“ Providing % is not sufficient, what should be provided is the real number of cells with the
“Number of effect out of the number of cells tested.
- . — — — Presenting in % can still be presented for group comparison purposes
Poisson dmnb\lmﬂ.k—:. A=
g Issue #3 Variability considerations in HCD by using 95% Cl or 95% CL
= Poisson is an approximation
s What should be used is proportion confidence interval i.e., binomial confidence interval
g Here, x=11 « successes » (cells with micronuclei) out of n=2000 « attempts » (total cells
= tested)
; g The 95% confidence interval is [0.29—0.99]%
. Again the coverage is 95%, contrary to the Table, good consistency with Poisson interval
g
: M M » »
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Improving statistics from HCD - 3/5

Example, Micronucleus test

Historical Range for Vehicle Control Cultures

Thour exposare without T4 hour exposure without
o 4 hour exposure with 59 .

% binucieate cells with | %% binucleate cells with | % binucleate cells with
Misionm 005 005 015
Maxiomm 120 130 090
Mez 056 051 047
Standard Deviation 029 029 019
95% Coatrol Limits 0-143 0-138 0-104
"Number of
E 50 50 50

4 h

Key message: Why presenting percentages

Issue #2 (continued)
Here, if 2000 cells were used, the mean at 0.56% would be corresponding to 11 cells out of
2000 cells

95% confidence limits =

11 +2xV11

i.e., 95CL = [4.4 — 17.6] cells out of 2000

i.e., 95CL=[0.21-0.88] %

Here the coverage is indeed 95% contrary to what is shown in the Table

Providing % is not sufficient, what should be provided is the real number of cells with the
effect out of the number of cells tested.
Presenting in % can still be presented for group comparison purposes

Issue #3 Variability considerations in HCD by using 95% Cl or 95% CL
Poisson is an approximation

only is a problem ?
tested)
Example of 1%

1% = ratio of 10 / 1000 > 95% CI [0.52% —
1.86%]

1% = ratio of 100 / 10 000 - 95% CI [0.82%

— 1.22%])
/

Plxek)

Improving statistics from HCD - 4/5

Issue #3 (continued)
What should be used is confidence interval for proportions i.e., binomial confidence interval
There are significant shortcomings in working directly on % instead of x out of n (x/n ratio)

What should be used is proportion confidence interval i.e., binomial confidence interval
Here, x=11 « successes » (cells with micronuclei) out of n=2000 « attempts » (total cells

The 95% confidence interval is [0.29—0.99]%
Again the coverage is 95%, contrary to the Table, good consistency with Poisson interval

14

The well-known formula p + 1.96xV {p(1-p)/n) has been reported to not perform correctly (coverage <<95%) when proportions are

close to 0 (which is the case in negative HCD) or close to 1
Brown, Cai and DasGupta, Statistical Science 2001, Vol.16, No. 2 101—183

Wald Interval 1.96xV (p(1-p)/n)
.

=

Clopper-Pearson Interval

Agresti-Coull Interval

a5 oE aa 0 G0y G G5 o= o0 e

" Good compromise between the Wald interval
that underperforms and the Clopper-Peason
that is too conservative

086 08 030 0% 0N D3 03 10

05 03 090 482 D 0% 03 100

Too conservative >>95% consistently

Coverage << 95% when for proportions close to 0 or 1
Important consideration for negative HCD 95%CL!

This interval was shown 2 slides ago

Good consistency with 95%CL that can be derived
from Poisson distribution

Consequence : HCD 95%CL should at least use and
present correctly the one calculated from Poisson
law. Binomial confidence intervals are a must
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Improving statistics from HCD - 4/5 Ny

anses

Issue #3 (continued)

What should be used is confidence interval for proportions i.e., binomial confidence interval

There are significant shortcomings in working directly on % instead of x out of n (x/n ratio)

The well-known formula p  1.96xV (p(1-p)/n) has been reported to not perform correctly (coverage <<95%) when proportions are
close to 0 (which is the case in negative HCD) or close to 1

Brown, Cai and DasGupta, Statistical Science 2001, Vol.16, No. 2 101—183

Wald Interval 1.96xV (p(1-p)/n)

Coverage << 95% when for proportions close to D or 1
Important consideration for negative HCD 95%CL!

Clopper-Pearson Interval Agresti-Coull Interval

This interval was shown 2 slides ago

Good consistency with 95%CL that can be derived
from Poisson distribution

Consequence : HCD 95%CL should at least use and
present correctly the one calculated from Poisson
law. Binomial confidence intervals are a must

08 051 050 0 O 0% 0% 10

086 031 090 0% 0 0% 0% L0

- ' Good compromise between the Wald interval
Too conservative >>95% consistently that underperforms and the Clopper-Peason 15
that is too conservative
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Improving statistics from HCD - 5/5 oy

anses
Issue #4 raw data for HCD

Min.-max. range, mean and 95%CL (even correctly calculated) are not yet sufficient
Also raw data are needed in addition to summarized data
One should be able to study distributions from available studies and identify outliers

Negative HCD: Effect X distribution in 3 studies This is an outlier in Study 2
) = Depending on the period chosen for HCD to be
used, this information may be important

This allows to have an idea on how much
& " . presented data are reliable

study

values

study 16

. [
Conclusion “

anses

Although concurrent control group is the most appropriate comparator for assessing treatment-relationship of a finding, HCD may in
certain cases be helpful

For genotoxicity studies, HCD are mandatory — part of the acceptability and interpretation criteria

Most of the cases:

- Information needed for assessing relevance of available HCD are missing

- Reporting of HCD is incomplete

Need for harmonisation:

- use of HCD

- minimal information to be provided to assess the reliability of HCD

- reporting of the HCD/improving statistics: in terms of statistical analysis and of reporting

P Mean, median and min-max (% and corresponding ratios ), SD, number of studies, choice of confidence interval types,
graphical distributions, raw data
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2. Experience from the European pesticide, biocide and C&L

evaluation — Competent Authority perspective
(Susanne Rudzok, BfR)

) K BfR

Garman Frdarsl ingttiuss for Bk Anzmssmen

Experience from the European
pesticides, biocides and C&L evaluation
Competent Authority perspective

Dr. Susanne Rudzok

Pesticides, Biocides and C&L evaluation

Department of Pesticide Safety
Unit: Toxicology of Active Substance and their Metabolites

Human Health — Hazard Assessement under different regulations — each with different data requirements

REGULATION (EC) No 1107/2009 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

* PPP
of 21 October 2009
concerning the placing of plant protection products on the market and repealing Coundil Directives
79117/EEC and 91/414/EEC
& BPR REGULATION (EU) No 528/2012 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 22 May 2012
concerning the making available on the market and use of biocidal products
(Text with EEA relevance)
REGULATION (EC) No 1272/2008 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
* CélL of 16 December 2008
on classification, labelling and packaging of substances and mixtures, amending and repealing
Directives 67/548/EEC and 1999)45/EC, and amending Regulation (EC) No 1907/2006
(Vexr with EEA relevance)
5" May 2022, Workshop HCD page2 Wg BfR
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Survey

Qusstion [Bnmwes [Eintrag in Survey 8FR |Einteag in Survey FPF Einirag im Sureny CLH

‘General censideraticons on historical control data (HCD)

For which purpass da you consider infarmation fro= HCD
To ceals rkinncs mnges b 1y salkes dang the sxalanon

[To creale relsencs ranges for noesal Aty

Far contats of ihit Shudy uldar b2 EGasE shedy raliatebiy

Far canirals of the shudy undsr evalustien bs idenlfy gemebc drfl Im species | slrans

Far oo s0n ol anmals of @ single Sian 5 ourcad from dfedn suppians

=

|
e
&

=
u
=

To caningl data by HOD

To intagrals HCD i tha stalistical analysis of iha souty esuis

[Cther, plaoys spscify Sypcally, seferanceranges fom third panty sources are ussd rathsr than creat

Fiver consatar HCD

Froem which sources do you cansider somplation ol HCD?

|mnu|cnmparr. dalataie
imbzrmatisn fim= contract zatizn | laboeal shugy = ® 5

M ary ImhaTalion fiss COMiact dmanzatin at mmumlm:lgcm

[Registry ol Industrial Towic slogy Animab-dats RITA)

Mational T\INMM] u P}

[Open accaes o B CHCs (s g Charles Rivees

WWhen Cons idenng comeding ! erovang ¢ asking for HCD, which ragulalory o gudance o yos consul?
By weighl and Body weghl gains
Food o
fiptsr camaumption
inife abservations (a.g_chnical signs|
Dcular g caminalian
chimical chamisiry, wnnalyss
Moshly ___
ngan whights
[ Grosa pathalagy Endings
[Histogath ology findings
Fastal pathringy fndings (s g iz, aristizne)
el rtal paramaters (e g surdeal. L il lansmarks,
Ceantal izl L85 poa-i i Coepoeh belai, i wla)

[Funci (B0SIIUS CyCie | Semen anaiysis)
[ B [T (2.9 Functisnal Samary [FO5) meln scily]

|
u
»

o (o o |t [
S PR Y Y
s (o o | e [

s of IO For géneral parariosters such iibased [ wler o mestion | mentably are
considensd only inenceptional cases; MCD for Haematology! Chnical
o - §

[orhee, slause apaciy
5 May 2022, WorkshopHCD paze: I BFR

PPP data requirements on HCD

Commission Regulation (EU) No 283/2013 of 1 March 2013 setting out the data requirements for active substances,
in accordance with Regulation (EC) No 1107/2009

Where available, historical control data shall be provided inely. The data submitted shall be for endpoints that
could represent critical adverse effects, and shall be strain-specific and from the laboratory which carried out the
index study. They shall cover a five-year period, centred as closely as possible on the date of the index study.

Where submitted, historical control data shall be from the same species and strain, maintained under similar
conditions in the same laboratory and shall be from p studies. Additional historical control data
from other lab ies may be d 1 i

infe
P P Iy as supp )

The historical control data shall be presented on a study by study basu giving ahsolum \alues plus percentage and
relative or transformed values where these are hdpful in the ev If or y data are
submitted, these shall contain information on the range of values, the mean, median and, if applzable
standard deviation.

5% May 2022, WorkshopHCD page4 ¥: BfR
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PPP data requirements on HCD (EU No 283/2013 )

!'!J- D}
The information on historical control data provided zhall include ]

{a) identification 015@'6 and strain, name of the sueelier’md specific colony identificarion, if the supplier has
mare than one geographical location;

{b) name of the laboratary and the dates when the smdy was performed;

() description of the general conditions under which animals were maintained, including the type or brand of diet
and, where possible, the amount consumed.

ldJIiEEml:imarz # in days, and weight of the control animals "r the beginning of the smudy and at che time of
ng or death;

{e) | description_of the control group mortality pattern observed during or at the end of the study, and other
pertinent observations (such a5 diseases, infections);

{f) name of the laboratory and the exarnining scientists responsible for gathering and interpreting the pathalogical
data from the study;

Ig) a statement of the nature of the umours that may have been combined to produce any of the incidence dara.

5" May 2022, Workshop HCD races 5 BfR

BPR data requirements on HCD Guidance on the Biocidal Products
Regulation

Volume III: Human heaith
Part A: Information requirements

Version 2, Marck

. -

General

for animal data reporting

Where submitted, historical control data should be from the same species and strain, maintained
under similar conditions in the same laboratory and should be from contemporaneous studies
(within a period of five years, centred as closely as possible on the date of the study). Additional
historical control data not fulfilling these conditions, or from other laboratories may be reported
separately as supplementary information.

The historical control data should be presented on a study-by-study basis giving absolute values
plus percentage and relative or transformed values where these are helpful in the evaluation. If
combined or summary data are submitted, these should contain information on the number of
studies included and whether the current study is included, the range of values, the mean,
median and, if applicable, standard deviation.

If the appropriateness of the control group of the study is in question, please refer to the
considerations in OECD GD 116 (section 4.22) on the relevant details in analysing the historical
control data.

5 May 2022, WorkshopHCD pages  F BfR
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BPR data requirements on HCD

The information on historical control data provided should include®:
(a) Identification of Epecles and straln, name of the suppllerl and specific identification If the
supplier has more than one geographical Tocation;

(b) name of the laboratory and the dates when the study was performed;

(c) description of the general conditions under which animals were maintained, including the
type or brand of diet and, where possible, the amount consumed;

(d] approximate age, in days, and weight of the contrﬂanlmals at the beginning of the study
and at the tme of sacrifice or :
(ei description of the control group mortality pattern I)bsewed during or at the end of the

study, and other pertinent observations (such as diseases, Infections);

(f) name of the laboratory and the examining scientists responsible for gathering and
interpreting the pathological data from the study;

(g) for carcinogenicity studies: a statement of the nature of the tumours that may have been
combined to produce any of the incidence data.

5™ May 2022, WorkshopHCD page7 vV BfR

BPR data requirements on HCD

The information on historical control data provided should IncludE

(a) Identification of Epecles and strain, name of the supplier| and specific identification If the & This information will
supplier has more than one gecgraphical Tocation;

enable the assessment of
(b) name of the laboratory and the dates when the study was performed; the relevance of the

{c) description of the general conditions under which animals were maintained, including the historical data ang the
type or brand of diet and, where possible, the amount consumed; effects observed in the

study provided.
(d | approximate age, in days, and weight of the controlanlmals at the beginning of the study
and at the Hme of sac or H
If some of the elements
(e‘_‘ description of the control greup mortality pattern Iabsen-'ed during or at the end of the listed above are missing,
study, and other pertinent observations (such as diseases, infections); this must be considered in
(f) name of the laboratory and the examining scientists responsible for gathering and assessing the relevance of
interpreting the pathological data from the study; the historical control data.

{g) for carcinogenicity studies: a statement of the nature of the tumours that may have baen
combined to produce any of the incidence data.

5t May 2022, WorkshopHCD page s F BfR
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Reality — Example 1 - Clomazone

Developmental toxicity study rats

Incidences of major external. visceral and skeletal malformations

Paraelers

Dazes [mg kg bwid]

Historical
conirel ranges

Contrel 50 S0 50 (%)
"

Alajor external mal fons
Number of foctus 5 -
exsmined 265 254 260 204

I Forclimbs flexed at wnist | 0.0 0.0 0.0 0.5° 0.0-2.1
Anasarca 0.0 0.0 0.4 0.5 13,
Foenrses with major o 0 1 2 0.0-4.0
mualformations (%) {0.4) {1.0)
Drams with major o o 1 2 00-11.0
malformed fetuses (%) “ (19}

 alse indicated as arthrogryposis in study report, dam different frem the dams with major

malformed fetuses under skeletal malformations

Incidence for "forelimbs flexed
atwnist” (arthrogryposis)
seems to be within HCD

However, only submission of
»% high range* data

5 May 2022 WorkshopHCD

rozes I BFR
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Asmex 16 Regulaticn 18377013 Chamiidane M-CA Sl &
HCD FPage 45 0f 75
C|Umaznne Tabde 6.6.2/06-1: Historical Data of Prenatal Developmental Toxicity Study in Wistar Rats - External Observation (Y4}
Stady Na ISINISE DALY ITIMINM NAJWNWET MOGISR A1ITAME goapoeer el MAETEI  Sedemd  Setaess T W bigh
o of Nibers evammned 147 H 1 ] H] o] 3 3 - - n ™ e
. Mo ol febuses examined T4 m "l m s s 168 i =) 11} o
11 studies Farsmshery
SOEMAL VARIMNT
QOfthe exfernal D bt 000 L1 LT Ll Ll L a0 640 LT I T R T T T |
observations a single \asmarhugss npct o i i (&) L3 2 1.50 130 ] 228 [ T T ]
study defined the high MR ANOMAL TS
range of 2.1% of Haemonhagic puich & o5 14 13 LX) 12 w40 b 6B UE L2 am W
farelimbs flexed Suscaraneons ede oo vl
at wrist, sapect of peck (1] L1 am L] oo o LT nng 034 v LI T T
¥ further inspection of el “ e R L B o B L B L L T L ¥
- Tonpee - preauding L L 0.0% L L o A [T (T3] LT L I T ]
thB 3t|.|d3|' WOU'd bﬂ‘ Hy by [T i ar (1] L] Ll 300 [T [T o L T ]
needed Foare hrm e ot it ang [T ] L] 00 LL BT a0 o0e 000 880 s wa3
Incidence is out of HCD M L
Malformed Sewas 00 00 1) om 0.00 o 1 (1] LT 0as LT Bis
L0 il LA Ld LLo
submission of only
¥ - enedi at wrst a0 (10 11 (15 (1) oo s w80 a0 008 T Y
¥ high range” I o I
should not be Fetises wil mugorevienal 1o I [ z * L] ° o 0 i TR
accepted ulfzrrareon: It 1] [T} a o ] 11 [ 000 0I 045 000 gae M
Diuss ety mupsr malformed — Ho 1 L] 2 L] L e [l 0 ] [ [T T
frioan %) (] an na [1] i 0 200 o0 om ] [] (TR ]
5t May 2022, WorkshopHCD page 10 F: BfR

Reality — Example 2a - Diuron

Dose (mg/kg bwid) 0 1.7 17 203
Number of animals 48 50 50 50
Polyp (b} T 7 [ 3
15 % 14 % 12 % 6 %
Fibromyoma (b) 0 1 0 0
2%
Lelomyosarcoma (m) o] 1 o] 0
2 %
Endometrium sarcoma (m) o] 1] 1] 2
4 %
Adenocarcinoma (m) 5 5 5 10#
10 % 10 % 10 % 20 %
Sguamous epithelial carcinoma (m) 0 a 1 1
2% 2 %

b=benign: m= malignant; # for p 2 0.05 (Cochrane Armitage linear frend test, one-sided)

5" May 2022, WorkshopHCD page 11 ¥ BfR
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Reality — Example 2a - Diuron

Dose (mg/kg bwid) 0 1.7 17 203
Mumber of animals 48 50 50 50
Polyp (b) 7 7 6 3
15 % 14 % 12 % 6 %
Fibromyoma (b) o] 1 o] 0
Lelomyosarcoma (m) 0 1 0 0 i [T
ME T B
2% 150 :
Endometrium sarcoma (m) o] o] o] 2 ﬁ - —
AB
4 % 550
A50 —
Adenocarcinoma (m) 5 5 5 10# s
10 % 10 % 10 % 20 % 280 I
Squamous epithelial carcinoma (m 0 0 1 1 o ) )
4 P (m) v 21 studies {including Diuron-study)
2% 2% v 5yr, centered closely to index study
b=benign; m= malignant; # for p 5 0.05 (Cochrane Armitage linear trend test, one-sided) ¥ laboratory name, strain
5" May 2022, WorkshopHCD pegeiz 5 BfR

Example 2a — Diuron - Evaluation for C&L

Dose (mgikg bwid) 0 1.7 17 203
Mumber of animals 48 50 &0 50
Comparison with historical control data Adenocarcinoma (m) 5 5 5 1o#

10% 10% 10% 20 %

Indicence (%), same laboratory, strain, 1979-1984 f
b=benign; m= malignant; # for p = 0.05 (Cochrane

%

X Armitage linear trend test, one-sided
20
= Txabrion, of e coka by D%
. The peovided HOD comppikd 21 wadics finchuding Crisse-vady) and was evabunied sccarding a the OECD
Diuron (1961-83) pridialing 118, 1+ist roconsmasded 80 s splonatory mefhods snch s box mviskar phote with ther associstod
10 eficn.
o X
5 Seatithe Endidence
I I o [rm— TS
. 1 | 1 1 == ey
1 0 3 @4 5 & 7 B % Q0 41 12 IF 14 15 46 17 18 19 2 @ 22 " [Em—— Bl 10N
The studies are in chronclogical order. In red: diuren controls e 0,_&““:“ ,;i_ e
-
= Incidence of 20% at the top dose is at the upper end of HCD, far above mean of 8% __ L b—— o
= HCD 1975-1980: 0-16%, mean 8%; HCD 1975-1994: 0-20%, mean 6% ' [P ———
5% May 2022, WorkshopHCD page13 r BfR
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Example 2b — Diuron - Evaluation for C&L

Statistics
« Not statisfically significant in group-wise comparison
» Borderline significance for trend (in one-sided by not two-sided test)

Dose-Response

»  Only top dose affected - no clear dose response documented

* Descreasein benign tumors — trend towards increased malignancy (DS interpretation) or
no effect on overall incidence of neoplasia (IND interpretation)

Tumor latency
* Not specified

HCD

. Borderﬁne - Mo strong evidence for classification

Mechanistic considerations
» endocrine MoA might be suspected but speculative

5 May 2022, WorkshopHCD pageis I BfR

Reality — Example 2b- Diuron

Historical Control Data Compalation provided by the Applicamnt:

Dose (mg/kg bwid) ] 7.5 7.5 BET J—mﬁw gand caronema, | e

Incidence
Number of animals 39 3z 44 39 I | sy duraiion 21wt
Adenocarcinoma (m) 2 1 1 B* \Oa7 | studydurstion 21 months

348 _ _Sludy duration 21 manths ;

5% 3% 2% 15% | 28 study duration 24 manths (Diuror) |

/48 — study durstion 21 menths
Anaplastic carcinoma (m) 0 1 0 0 14D R study duration 20 manths

] study duration 21 manths

3 % {1 - | sludy duration 21 manths ]

| 45 ; sludy duration 21 manths. _

m= malignant; * statistically significant trend p = 0.05 (Peto trend test); OIS0 o sludy duration 21 manths

statistically evaluation by study director

v 10 studies (including Diuron-study)
¥ 5 yr centered closely ta index study
v laboratory name, strain

59 May 2022, Workshop HCD page15 F BfR
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Example 2b — Diuron - Evaluation for C&L

Comparison with historical control data

-

Indicence (%), same laboratory, strain, 1981-1984

Maminany glard adenocarcirama (%)

L9

"3
N Diuron (1981-83)

1 2 2 a s [ 7 "

10 Shudies

The studies are in chronological order. In red: diuron controls

HCD are limited: low number of studies, 20-21-month studies instead of 24
month in the diuron study

Incidence of 15% (6/39) at the diuron top dose is slightly above HCD and is far
above HCD mean (3.2%)

Dose (mg/kg bwid) '] 75 775 867

MNumber of animals 3 32 44 <]

Adenocarcinoma (m) 2 1 1 [y
5% 3% 2% 15%

m= malignant: * statistically significant trend p = 0.05 (Peto trend
test); statistically evaluation by study director

Bomhard (1883) showed that there is no high
biological variability of spontaneously occurring
tumors in the mammary gland of NMRI mice:

In 16 studies a total of 717 control group female
mice were examined displaying:

- 1 case of carcinosarcoma,

- 4 cases of adenoacanthoma (highest incidence
in a single study 1/45) and

- 2 cases of adenomas (highestincidence in a
single study 1/47) and

- 22 cases of carcinomas with a highest
incidence in a single study of 6.3 % (3/48).

5 May 2022, WorkshopHCD

F: BfR

page 16
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Example 2b — Diuron - Evaluation by RAC

Statistics
o Statistically significant {trend test only)

Dose-Response
o Top dose only

Pre-neoplastic findings

o The mammary gland of some of the animals were activated and
produced secretions, which could lead to cystic enlargements of
mammary structures

Tumour Latency and survival
o No mammary gland tumours at interim kill
o The tumours occurred at roughly the same time as control group.

=) Relevant for classification

supported by incidences above limited relevant HCD and
clearly above less representative HCD

5 May 2022 WorkshopHCD

pacc1’ IR BfR

Summary

¥ Historical control data is used in the assessment of active substances (pesticides & biocides)
* 14 challenge: representative HCD

»  5vyear period, centered as closely as possible to the date of the index study

«  Sufficient number of studies

5 May 2022, WorkshopHCD page 18 F;: BfR
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Summary

¥ Historical control data is used in the assessment of active substances (pesticides & biocides)
* 14 challenge: representative HCD
»  5vyear period, centered as closely as possible to the date of the index study
«  Sufficient number of studies
» 2m challenge: data gaps
« Laboratory name, strain, weight, age
« Information e.g. on infections that could be the reason for a control study with higher background
»  Only summary data, not generally including percentiles, mean or median
»  Frequently not appropriate to compare incidences of malformations, resorptions etc

5 May 2022, WorkshopHCD page 19 F;: BfR

Summary

v

Historical contral data is used in the assessment of active substances (pesticides & biocides)

¥

1#t challenge: representative HCD
« 5 vyear period, centered as closely as possible to the date of the index study
«  Sufficient number of studies

¥

27 challenge: data gaps
» Laboratory name, strain, weight, age
» Information e.g. on infections that could be the reason for a control study with higher background
»  Only summary data, not generally including percentiles, mean or median
*  Frequently not appropriate to compare incidences of malfarmations, resorpfions etc
31 gchallenge: Interpretation of the HCD
» Applicants often use HCD in the argumentation to negate experimental results using HCD range

A4

» (Competent authorities can use range to evaluate the concurrent control

5 May 2022, WorkshopHCD pagez0 I BfR
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Summary

-

Historical control data is used in the assessment of active substances (pesticides & biocides)

Al

1%t challenge: representative HCD
«  5year period, centered as closely as possible to the date of the index study
+  Sufficient number of studies

v

2m challenge: data gaps
«  Laboratory name, strain, weight, age
* Information e g. on infections that could be the reason for a control study with higher background
*  Only summary data, not generally including percentiles, mean or median
«  Frequently not appropriate to compare incidences of malformations, resorptions etc.

N

3 challenge: Interpretation of the HCD
«  Applicants often use HCD in the argumentation to negate experimental results using HCD range
+  Competent authorities can use range to evaluate the concurrent control

# 4 challenge: Assessment of the Relevance of the HCD for the observed effect

= HCD is only one aspectin the averall WoE evaluation of the abserved effects

5 May 2022, Workshop HCD page 21 F: BfR

Vi BfR

Gacrman Fedaral ingtiiue dor Bk Arzmssmen

Thank you for your attention
Dr. Susanne Rudzok

-20 Identify Risks -
eoaRS Protect Health

German Federal Institute for Risk Assessment
Max-Dohm-Stralte 8-10 « 10589 Berlin, GERMANY
Phone +49 30 - 184 12-0 e Fax +49 30- 184 12-990 99
bir@bir.bund.de « www.bir.bund de/en
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3. Historical control data in CLH dossiers
(Chiara Perazzolo, ECHA)

MECHA

Historical control data in
CLH dossiers

5 May 2022

Chiara Perazzolo - ECHA

nnnnnnnnnnnnnnnnnnnnnnn

HCD - CLP guidance 1

» HCD provide useful information on the normal
pattern and range of tumour types and incidences
for a particular strain/species, which may not be
reflected by the tumour findings in the concurrent
controls in any individual study

» HCD should be use to check the validity of the
concurrent control

» HCD can also be useful to judge the biclogical
significance of marginal increases in uncommaon

tumours
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TECHA

EUMCFEAN CHEMICALS AGEME

HCD - CLP guidance 2

» Use of HCD should be on a case by case basis with
due consideration of the[ir] appropriateness and
relevance

» HCD must be from the same animal strain/species,
and ideally, be from the same laboratory

» HCD should be contemporary to the study being
evaluated (e.g. within a period of up to around 5
years of the study)

EECHA

EUMOFEAN CHEMI

Often, the CLH dossier includes

only the ranges
Used e concurrent contro

v~ Used to check increase of uncommon tumours
¥ Due consideration of appropriateness and relevance

HCD must be ...
v" same animal strain/species

v~ ideally from the same laboratory

HCD should be contemporary to the study being
evaluated (e.g. within a period of up to around 5

years of the study)
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Example:

Checking the validity of the
concurrent control...

... not really

‘—'ECHA Comparison with HCD
instead of concurrent control
90 d study mice in STOT RE

Dose (ppm) 0 1000 3000 10000
Atrophy of the seminiferous 0 0 1 1
tubules of the testes

Hepatic microgranuloma (F) 0 0 0 2

« Seminiferous tubules atrophy: The very low incidence
of this finding was within the laboratory historical
control range (0/10 - 1/10). Therefore, the
observation of atrophy of the seminiferous tubules in
this study is considered to be not treatment-related.

* Hepatic microgranulomas (F): were within the
laboratory historical control range (0/10-2/10) and are
therefore considered to be not treatment-related.

ECHA EUBGRL,EL
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Eums

FCHA . EURGPA

‘—'ECHA Comparison with HCD

instead of concurrent control
90 d study mice in STOT RE

Dose (ppm) 0 1000 3000 10000

Atrophy of the seminiferous
tubules of the testes

Hepatic microgranuloma (F) 0 0 0 2

0 0 1 1

+ Seminiferous tubules atrophy: The very low incidence
of this finding was within the laboratory historical
control range (0/10 - 1/10). Therefore, the
observation of atrophy of the seminiferous tubules in

Seminiferous tubules atrophy!" was observed at
=409, 1387 mg/kg bw/d

above the guidance values for STOR RE 2
classification (max 100 mag/kg bw/d)
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CEECHA Comparison with HCD
instead of concurrent control
90 d study mice in STOT RE

Dose (ppm) 0 1000 3000 10000
Atrophy of the seminiferous 0 0 1 1
tubules of the testes

Hepatic microgranuloma (F) 0 0 0 2

Hepatic microgranuloma (F) was observed
at = 1555 mg/kg bw/d

well above the guidance values for STOR RE 2
classification (max 100 mg/kg bw/d)

* Hepatic microgranulomas (F): were within the

laboratory historical control range (0/10-2/10) and are
therefore considered to be not treatment-related.

ECHA EUBGRL,EL

Example: a bit of everything
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nnnnnnnnnnnnnnnnnnnnnnn

Time range

+* HCD were provided from the laboratory where
the carcinogenicity study in rats was carried
out. This included the incidences of
hepatocellular adenoma and carcinoma in
control male F344 rats in studies carried out
from 1978 - 2011. The incidence ranges of
adenoma and carcinoma during this period
were 0 — 12% and 0 — 4%, respectively

nnnnnnnnnnnnnnnnnnnnnnn

HCD appropriateness and relevance

* Closer analysis of the HCD showed that the
majority of the higher incidences of
adenoma and carcinoma occurred between
the years 1980 and 1986, which indicates
that tumour incidences in control animals may
have changed with time. Taking this into
account, and utilising only the studies within
a 5 year time period of the concurrent
study, the incidence of adenoma ranged
from 0 - 4% and carcinoma incidence was
0%
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CTECHA

EUNOFEAN CHEMICALS AGENCY

HCD incidence adenomas per year

Frequency of rat liver ad in F344 controls: 1978 - 2011 (48 studies)

14

o

B

Study results ,

Control group ,lr

|
Il

% liver tumour incidence

-

2

o TiTrTVyrvvrrv™ e
e*Zn*‘a".s“!!il&?‘@Tf‘e'b‘s’lllflltlb‘t)’fif‘&l’if!f!f!fff???{gf&’ﬁ:“o’“
Study Year X 5 year interval

-\‘

N\

Concurrent control: 8%

ctECHA ::
Adenomas over E
time "
) Full HCD range
5 years HCD (1978-2011)

# studies 10 49
Mean 1.25% 2.7%
Range 0-4% 0-12%

HCD of the full time span (1978-2011) are not
representative of the conditions at the time of the study
- provide inaccurate information

N -
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tECHA )
{

. E P Study results
Carcinomas over : |I| \ b
time proster st

I

I
# studies 10 49

Mean 0% 0.25%

Range 0% 0 - 4%

HCD of the full time span (1978-2011) are not
representative of the conditions at the time of the study
- provide inaccurate information

nnnnnnnnnnnnnnnnnnnnnnn

HCD from a different laboratory

» The Applicant provided further examples of HCD
for spontaneous hepatocellular adenoma and
carcinoma in male F344 rats taken from national
databases. These included a paper by the US NTP
that indicated maximum incidences of
adenoma and carcinoma in this strain of
male rats of 10% and 6%, respectively
(Haseman, et al., 1998) and a report by Charles
River showing incidences of hepatocellular
adenoma and carcinoma of 4.3% and 3.3%,
respectively (Lang, 1990).
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C“ECHA

EUACFEAN CHEMICALS AGEMEY

Checking concurrent control

Frequency of rat liver adenomas in F344 controls: 1978 - 2011 (49 studies)

1 The concurrent control M

.| incidence is clearly Study results ’
above the HCD (mean
«f and range) Control group ’

< Assess its validity
=< Should be replaced I
|

% liver tumour incidence
i

by the HCD mean?

rd

L i B B B B B B B B B B B N B

.eﬂi"a’é‘ﬁﬁ..-P‘f..-r‘.f‘&Vﬁfff!ﬁffffffffiﬁffﬁﬁﬂwWﬁgﬁﬁk‘?

Study Year S 5 year intensal .-
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nnnnnnnnnnnnnnnnnnnnnnn

CLH dossier: DS conclusion

* In a carcinogenicity study in rats, a small increase in the incidence
of liver tumours was observed in males treated with [...]. The
increases observed were above the concurrent control values;
and above the contemporary laboratory control incidence of
09%.

+ Used the appropriate time range (5 years)

- No discussion and conclusion on the validity of
the concurrent control

<

Example:

From the same laboratory
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SECHA

EUMCFEAN CHEMICALS AGEME

Up to few years ago ...

s In the absence of HCD from the in house laboratory
other sources were included

+ ... and sometimes even if they were available

* Not seen recently

TECHA

EUMCFEAN CHEMICALS AGEME

Reproductive toxicity study in rabbits

Cleft palate (1 foetus from one litter) was reported in
the high dose. No HCD from the laboratory.

Published HCD: cleft palate foetus/litter 4/4
(0.052%/0.35%)

Although these HCD should be used with care as they
relate to a different laboratory, it indicates that cleft
palate is a rare malformation in the rabbit but a
single incidence cannot be attributed with certainty
to the treatment.

[ Good use of HCD from another laboratory ]
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CECHA

EUMCFEAN CHEMICALS AGEMEY

HCD in the CLH dossier

Table: Incidence of Thyroid Tumours in Males from 2-Year Rat Study
Dose Level {ppm)

] 1% 100 1000 3000 (5D BR rat
(g ) 1] (0.50) (8. (513 (150} HCD
Adenoma (%) 350 (8) 50 [N VS0 (2 S50 (10 17— 12%
Carcmoma (%a) [k W50 150 () V0 (X 2500(4) 0.6=35%
Adenoma and 'or - .

— a 350 W50 1’50 250 50 no-14%

Incadences of thyroid follicular tumours is within histonical control data as pablished by Charles River Labs (23 studses, 1995 — 2001}

Follicular cell tumours of the thyroid gland were
also slightly increased in high dose males but did
not exceed historical control data incidences

.=
HCD in the RAC opinion
Table: Incidence of thyroid tumours in male rats (carcinogenicity study, 1998)
Tumour incidence [%)

Tumour type . ___Dose (mg/kg bw/d}
T B | T - 5 | 51 [ 150 | HCD* | HCD**
Thyroid follicular tumours
Adenoma ] 1] 0 2 i0 1.7-12 0-8
Carcinoma o | o | 2 2 4 | 0.9-39 Q-2
Adenoma and/or carcinoma 6 4] 2 4 14 0-14

*Charles river (S0)BR rat HCD (23 studies, 1995-2001), ** Historical control range from the laboratory

HCD form the same laboratory were
not initially included in the CLH
dossier but provided upon request
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nnnnnnnnnnnnnnnnnnnnnnn

Historical control data in CLH dossiers

Improved use over time, however

« Submission of ranges only
* Comparison with the range
» Assessment of validity not explicitly stated

* Use HCD in addition to concurrent control
available / not needed
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4. Acceptability and Use of Historical Control Data in Toxicological
Studies
(Thomas Hofmann, on behalf of Crop Life Europe)

= o

Acceptability and Use of Historical Control
Data in Toxicological Studies

Workshop 03 to 51" May 2022

Thomas Hofmann, Jean-Christophe Garcin,
Felix Kluxen

Introduction
”Cropll:ifﬁ:

# History
— Historical Control Data (HCD): Pool of control responses in bioassays
— Originally introduced by the US NTP (carcinogenicity studies)
— Since 1970's: Growing collection of HCD's by commercial laboratories
# Aim of toxicological bioassays
— Hazard identification: inherent toxicological properties
— Hazard characterization: dose response relationship

— Risk Assessment: Exposure scenarios of various target populations
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Introduction
ﬂCrc:-p Life

# Sensitivity and variation of Bioassays
— High variability — low sensitivity: Hazard cannot be distinguished
— Low variability: any difference from control may be identified as hazard
— Main uses of HCD in regulatory toxicology
* Quality assurance for the test system
+ |dentify aberrant control groups
» Distinguishing true responses from chance/aberrant findings

* Help to judge the relevance of findings (background variability)

Addressing the statistical multiple comparison problem

Examples for the use of HCD ﬂc P
roplL ife

# General considerations

Regulatory guidelines prescribe the general design of toxicology studies
and the parameters to be measured

Usually, one control group and three dose groups

Statistical evaluation

Statistically significant differences may suggest a compound-related
effect in first instance or vice versa

* However, this may not always be true
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Examples for the use of HCD [ o
CropL ife
# Example: Incidence of microphthalmia in an embryo-fetal study
in rats
(Group | Control _|__Low ____Mid_____High
Fetuses 0/134 0/154 0131 cThch|
Litters 0 0 o] 3

— Statistical analysis: No significant differences between the groups

— HCD: Microphthalmia is a rare malformation in rats

Examples for the use of HCD [ o Cropl if
I’DD“__I .P

# Example: Incidence of fused lung lobes in an embryo-fetal study
in rabbits

Group | Control _|__Low ___Mid | High |

Fetuses 21124 (1.6%) 4142 (2.8%) 121126 (9.5%) 15/131 (11.5%)
Litters 219 (11%)  3/20 (15%)  8/20 (40%) 10/20 (50%)

— Statistical analysis

= Significantly higher incidences at mid and high dose

— Apparent dose-dependency suggests treatment-relationship
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Examples for the use of HCD ﬂc "
roplL.ife

# However, a look to historical control incidences of the strain
reveals

— Fused lung lobes occurred
« From2/142 (1.4%) fetuses to 25M142 (17 .6%) fetuses
+ From 2/20 (10%) litters to 11/20 (55%) litters

— = Control incidence of present study are at the lower border

— = Incidence in the dose groups are within the historical range

# Puts the relevance of these findings into a different perspective
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Examples for the use of HCD }
CroplLife
Go
0 HCD LI
# a0 -
2
2 30
L
20
10 HCOLL o
o
el Low Mid High

Historical Data — How should they be used ﬂc "
ropLite

# These examples demonstrate the importance of HCD - however
— They should be used in a scientifically justified manner
— Not intended to dismiss 'true’ findings

— Not intended to use the worst control animal as comparator for an
uncomfortable finding in the high dose group

— Establish the real importance of the bioassay

— Note: an aberrant control group could skew the impression in both
directions (e.g. a high incidence in the control group could obscure real
findings in the high dose group)
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The Statistical Multi Comparison Problem ﬂc r
ropLife

# Statistics usually perform Null Hypothesis Significance Testing

Assumption: No differences between the groups

Only type-1 error (a, usually set at 5%) is controlled

If 3 assays are analysed, the chance of a statistically significant difference
is (1 —0.95% = 14.3%) if there is no treatment-related effect

In a combined chronic toxicity and carcinogenicity test

+ Approx. 1000 tests — 50 statistically significant differences due to chance
# Using HCD addresses the multiple comparison problem

— If an effect exceeds the HCD limits, more relevance is assigned

Aspects of Historical Data — Time Period ﬂ -
CroplLife
# Length of the time period which should be covered
— Depends on the data type
— Continuous data (e.g. hematology) or count data (e.g. uterine contents)
+ Data always measured

+ Time period of 5 years may be advisable, but an adequate number of studies
should also be covered

+ S-year period of historical data is refrospective by definition, i.e. not 2.5 years
retrospective and 2.5 years in the future

+ Should this period of 5 years be increased if the number of available studies
is limited? (i.e. dependent rather on the number of studies)
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Aspects of Historical Data — Time Period ﬂc .
ropLite

# Length of the time period which should be covered
— Binary data (e.g. tumor incidences, malformations)
— Situation is completely different
+ Data on a distinct finding are not necessarily always observed

* By restricting the period to 5 years, valuable historical control data
information may not be used

+ Especially information regarding rare malformation types are at risk of
not being used, which would have contributed significantly to the
assessment of the study

Aspects of Historical Data — Time Period ﬂc .
ropLife

#What was the rationale to narrow down the range of historical
control data, and why to 5 years?
— Was it just a case of ‘lets choose a number?’
— Was it based on data analysis? If so, then we would expect dependence on:
* The data type
» The frequency of finding (common / rare)
» The number of available studies

— Five years are limiting too much in many cases and do not allow
scientifically correct use of historical control data
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Combination of Routes of Administration y
CroplLife

# Feeding and gavage studies
— Combining gavage and feeding studies is often critizised by authorities
— But why should it make a difference?
— Historical data reflect the genetic background and the biological variation

— lItis very unlikely that fetal morphology data are influenced by the route
of oral administration

— Therefore, there is no reason not to combine different administration
routes together

— This does not apply for other administration routes

169



BENAKI

-
PHYTOPATHOLOGICAL i

Workshop report “Preparatory work on how to report, use and interpret historical control data in
(eco)toxicity studies”

Biologic Variability / Genetic Drift ﬁc "
roplL.ife

# Trend towards lower life expectancy in CD rats in the late 1980's

— Maybe caused by heterozygosity (selection pressures)

k]

CRL introduced a new breeding system
Ultimately new strains were created (repopulation)

b ]

W

Genetic Drift was minimized

k]

The effect of genetic drift seems not to play a major role

Conclusion / Outlook R }
CropL.ife

# Historical Control Data are a powerful tool that helps to establish the real
importance of the bioassay

# Main uses of HCD in regulatory toxicology are:

— Quality assurance for the test system

Identify aberrant control groups

Distinguishing true responses from chance findings

Help to judge the relevance of findings (background wvariability)

Addressing the statistical multiple comparison problem
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Conclusion / Outlook B

CroplL.ife
# They should be used in a scientifically sound way and not as a "trick’ to
dismiss uncomfortable findings

— The time period of historical control data should be

Retrospective from the time of report signature

Dependent on the data type under consideration (Continuous, Count, Binary)
Dependent on the frequency of the finding (common versus rare)

Dependent on the number of studies available

# Gavage and feeding studies can be combined

# The effect of genetic drift seems not to play a major role
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5. Experience from the European pesticide evaluation — NGO

perspective
(Peter Clausing, PAN Germany)

g PAMN Germany
P und ATaea-He ik £

Experience from the European
pesticide evaluation —
NGO perspective

Peter Clausing

International workshop on how to report, use and
interpret historical control data

Online, 05 May 2022

Points of Reference: g‘hm
OECD Guidance 116 & ECHA CLP Guidance

+ Concurrent Control always most important.”
HCD-based dismissal of a finding is a serious step
=» transparency very important

+ Same Lab

+ Same strain

+ Within last 5 years prior to study

+ the use of median and interquartile range (IQR) to avoid
‘rogue’ outliers

+ should only be used if the concurrent control data are
appreciably ‘out of line’

+ |t should go without saying: same study duration !!
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Transparency: a precondition g,xf’ﬁ*ﬂ..ﬁ'::m?r
for a proper evaluation

1. Often date of in-life phase of study is missing in RARs,
sometimes even date of study report

2. Median and Interquartile Range never provided (or any
other method of outlier exclusion

3. Frequently: insufficient description of HCD-source
— no clear statement whether from same lab
— time span not mentioned
— no statement what strain(s) were used as HCD

— always Arithmetic Mean and ,simple” Range used,
instead of Median and IQR (or showing: individual
data)

Importance of details for gnm
Comparability

Immune System
« Stressful housing (wire-bottom vs. solid floor cages)
« Stressful housing (individual vs. group housing)

Genetic background
» ,Fischer 344" rats: F344/DuCrl vs. F344/N vs. F344/Nhsd
+ ,CD-1" mice: Crl.CD-1 vs. Crj:CD-1 vs. Hsd:ICR (CD-1)

173



BENAKI

ﬂ
RomoLosc. AGES

Workshop report “Preparatory work on how to report, use and interpret historical control data in
(eco)toxicity studies”

Avoid arbitrary discreditation of (}"Am
HCD (Pirimicarb) o

RAR 2021, Vol. 3, pp. 104-107

* Papillary cyst adenoma
0-0-17-54-54%
HCD: 0.0 - 2.1% (6 studies)

« Malignant liver nodules
6.9-10.2-22.0-13.8-29.8%
HCD: 0.0 — 8.3% (6 studies)

* Dismissed “with the limitations in the historical
control data”, presumably because HCD from 6 studies
an insufficient number

Phosmet g!““”mw

RAR (2017, Vol 3, p.121) — study conclusion:

“These historical controls showed that the
significance of the increased liver cell adenomas
... was considered questionable” because it was
lower than the HCD (from a single other
study!)
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Importance of Median and IQR g‘ﬂwm

Glyphosate (RAR/CLH 2021, Volume 1)

Malignant lymphomas 12% incidence (1997 mouse study)
HCD of 12 studies, mean: 6.3%, range: 3.8-19.2%;

11 of the 12 studies had an incidence of 6% or lower!!

# p. 289: HCD were exceeded, if outlier study discarded

# p. 310: General conclusion (Section on comparison
with CLP criteria): ... HCD is available, showing that the
incidence at the top dose level was within HCD range.
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Two more examples of g‘nm
flawed use Compound (year of assessment report)

= Dimoxystrobin (2017): HCD from 22 years

* Glyphosate (2015): HCD from 22 years, 7 different
laboratories and sometimes different substrains, housing
on wire-bottom cages compared with “shoe box" housing
on bedding

i »
Conclusion g”“ Germany

The old way

“...is no longer considered valid as only HCD

should be considered which ..." Glyphosate (RAR/CLH
2021, Vol. 1. p. 296)

+ for re-assessment (old studies) — extreme care
necessary when using HCD

« provide full transparency

« use Median and Interquartile Range (IQR) if the
number of studies is sufficient and no other
means of excluding outliers is available
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6. Avian reproductive toxicity studies — ecotoxicologist perspective
(Manousos Foudoulakis (Corteva), Thomas Bean (FMC))

I European

[
' - - Crop Protection

CLE Terrestrial Vertebrates ah T

Avian reproductive toxicity studies —
ecotoxicologist perspective

Manousos Foudoulakis (Corteva Agriscience), Thomas Bean (FMC)
EF 84 Workehop: 05 May 2022

: . ”)
Ecotoxicological relevance European

Crop Protection

# Limited guidance for ecotox (EFSA B&M 2009)-Well established in mamm toxicology
# ._.itis recommended that guidance is produced with mammalian toxicology experts

Held an 28 - 28 Merch 2019, Bde

1365 Histoncal controf dsta

1264 In EPSA (20030), guidance wis provided regarding how to wse historical contral data
16 (D) Concems and questiors have been raised regarding the agpropriateness of ths
1368 guidance durng both the peer review process and the public consultation. These

-
- efsa- 1369 concerns can be briefly summarised as follows:
'''' i ety Aty e L Need for more guidance on evaluation and use of HCD.
1 i Need for the considerabion of the bological refevance of the NCD.

5.10.  Update on draft sections nn i G with i gy, Tor eximple the timeframe reeded to
With regend 1o the corshteration of Mstencal control dana far endpoit SETLRG. 6% LPSRE an the 137 be considared.
snualyus of the Vatveede-Garom ot of 2018 paper mas Siven, [X wws nobed that this i & cromscutting 114w Relevance of HID compared to the concurrent control, for example should coe
e rebvertt also for loocolagy. R was suggested that it would be Better %o conssder the use of 37% toke e
hstorical control @ata, togethar wih todcclogists, cutsde the guidarce dacument for birds and ns precedence over the other
mammals. The WG sqresed concam that this mey not be avelatie 1 the short-term and therefore 1 ki that HCD has the 1 %0 ok the i ofol aid

1420  hence possbly reduce the ikelhcod of repeating vertebrate studies, however it &
1621 cumently rot possile %o recommend a wiry ferward regarding how 10 inberpret o use

w2 HO.ki ded that guidance is produced with wﬂgxm

\
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Avian Reproduction study ”

Recewve colony of birds, health observation penod

Ry European
Sy Crop Protection
Acclimation — pair match up il body
2-weeks waights, then
- - avery2 weaks Weskly tood
Treatment group assignmeant antil wook 10 conssoption

Adults exposed via diet under short kght hours

10-week

= = T 7 increaselight hoursfrom 7 h/day to 17h/dey ~— ~
S resarve
A aared Wait for egg laying (o s@n
Normal and for eggredl 2 105 weeks
oacked e thickness Begln collectin store for up to 1-week
tounted dally ayery 2 weeks . 8 < E £8es, P
and incubate in weekly sets for 10-weeks
Conclieegpsto
datermine
o'::::;::‘( fertiltyand
£ '
I
10 weskly Sirviva 10-weeks
415, grow
each set
outfor 2-

5 10 6 weeks

et o S e s oS Fimal body welght snd food
y End of adult exposure and egg laying phase COPGUNOTION MAZASSmants

Hatch out offspring in weekly sets and grow each set out for 2 weeks

End of in-life phase of the study ~

Avian Reproduction study — endpoints analyzed statistically

Recalwe colony of birds, health ebservation perlod
Eurcpean

o Crop Protection
Acchmation — palr match up
2-waeks

Treatmant group assignment
Adults exposed via deet under short Bght hours

1) Adult Heakth

10-wesks

Wit for egg laying to start

2} lggrhall .
Eggsredl thickesss " 2t0 5 weeks . 3] Fertilty of eggs
Eggsnot cracked of eggs (70— ——————» Begin collecting eggs, store for up to 1-week ble e f
Jaid ™, and incubate in weakly sets for 10-wesaks
\ 4} uryival
", —ey Livm emnioryos of aggs set
b #| Uree emmioryos. of viable embryos

5) Hatehability of eggs
- Mumber Fodched of lhve smbryos
| Numbar hatcked of aggs set

] Dgvalopment and prowth of
ehizhks

14 o affspring rurvior weight . Endd of adult exposure and agg laying phase

5 106 WeSks

J '-'-." 3 of the affspring

T
Hatch out offspring inweskly sats and grow each sat out for 2weeks

End of in-life phase of the study |
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Draft EFSA B&M GD 2021 update e [

# Valverde et al., 2018; Brooks et al., 2019; Temple et al., 2020 o

Pabia Kabvrrde L, Tim Bpages’, Viar Duame’ e Hombndsih
Jurmes B Whoeker'

& hilst Valverde-Garcia el al. provides a useful starting point, it s does nol provide a way forward lo interprel, and
hance use, HCD

& it is currently nof possible fo recommend & way forward regarding how fo inferpref or use

# EFSA comment on Vahverde ef i, (2018); approach seems logical, uiimafely this approach means pofential effecis
could be excluded as they are nof within the range of the HCD. EFSA misinterpret Valverde

& In the meantime, it Is recommended fo compare data from freated animals with data from concurrent study control.
HCD may be used to determine if concurment control animals are performing within the margins of normal variability for
the species and sirain

# The above data should cover a five-year period, cenfered a5 closely as possible on the date of the index sfudy. If
more guidance becomes available, that should be considered fo complement the information reporied here,

Lam

-

e 12 TR AT =S R

[0S P Fepwiakny Tarbrkny aed Mo =
W Chace b spanten ki

Historical contred data for the interpretation of ecotoxicty data: are
we missing a trick?

Ry € B - Mrmotion i i - i &, b - Lavmei B Wb k™!

VﬂlVEde‘ Et ﬂl. 2018‘ I European
Crop Protection
# Studies conducted between 1985 and May 2016 (32 years) ,i. T H

— 301 bobwhite quail studies (from 18 different suppliers)

i ki el uction thady Bl ponirel dsabas & el e de
[r—— =

- 292 mallard duck studies (from 1 supplier) e . S
# EAG-Easton has been performing studies in bobwhite quail and mallard duck since 1978

Tom g Nonn Eromr’ Whsser Fieske

= Greater standardisation since 1984
— Finalisation of OECD TG 206
# Data available: Mean % =d for each study (no raw data or values per pen)

# \alverde et al (2018) investigated the utility of historical control data for interpreting avian
reproduction studies, including power analyses to document the size effect that could be
expected to be found statistically significant
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s R @ Irvrzorsral Sorram Leoge

I European

Statistical analysis of avian reproduction ar i
studlies Crop Protection

BY Lo " v, bemabenisin | reasy Fresb i e e

Green et al., 2022

e Vi ki Ve dele

# Ewvaluation tools fo make the most of the data we can collect, cuntlnuss and axtsnds Valverde et al, 2018
# HCD as part of a holistic approach
# Recommendead statistical protocol

Assess distribution
Determine presence, meaning, and impact of guilier
Assess concentration—response mongtonicity
Use historical control data: EAG-Easton + Smithers HCD
- Smithers studies conducted between: ‘
«  2001=2020 for quail
+  2004-2019 for mallard .
. Transform_responses to meet test requirements or use generalized (non=) linear rruxl_d w\.1r:l'_-'
Use regression or BMD methodology where supported by data
Use Model Averaging where possible for EMDx calculations
Assess need for special regression models
. Consideran alternative to NOEC and BMD

O

on

asl

oo =l

o

Biological relevance. Of significant importance topic in ecotoxicology

k]
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Descriptive statistics

Bobwhite quail

+ Honzontal Lines: 2 &%ie, average and
87 5%ile of the distnbution of the study
oS,

= Ermor hars: confidence interval for indnidual
gludy maan

P e, -

AR

Descriptive statistic

Mallard duck

AGES

Workshop report “Preparatory work on how to report, use and interpret historical control data in
(eco)toxicity studies”

+ Honizontal Lines: 2 5%ie, average and
47 6%ile of the distnbution of the study
TPees,

= Emor hars: confidence interval for indnidual
gludy maan

oo p
E = Burcpean
E or Crop Protection
; e .@ - R + ':"EE am
A R R
E 1?-;‘” b 1@. i
g "o é m | +HCD stable over
o} tirme
— +No clear consistent
§ 3 # E E 8 & trand over time for
- - some endpoints
-re D
= I |
i =
[
b
L | .
Lt i
AR EERE
H
EEEERRE NS
045 pl:urc:-p:':;lr'l
'E‘ : Crop Protection
Hﬂd n....‘;- :.‘-;Ek.-'“- =TT adn
5 ﬁ?ﬁvbt"wﬁ ENy o
i nas ' :‘\'f B
] +HCD stable over
. 03 time
. *No clear consistent
L § EE & trend over time for

same endpaints
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Main source of variation is within study variability ptwpml

C‘.n:np Protection
# Intrinsic & extrinsic sources of variation?

# \ariance components analysis show that the observed variability is likely due to intrinsic biological
variation and typical experimental variation rather than other potentially controllable factors

.., Bobwhite gquail dataset (1285 - 2016)
Mo. eggs laid/ hen/day e
Mallard duck dataset (1985 - 2016)

e e
- ey d e e—
| e e o e
o npga e e o Ity g s B v
v o

| — Mishie embryOci agg cel. CE] P
0 —
Within studies: T8 %

Between studies: 15 % -
Source of birds: T % I

Can we pool HCD for birds? ‘.-ltu,opcg.,-.
Crop Protection

# \We compared data for Smithers and Eurofins from 2005-2019

# Good agreement among the labs for most endpoints

% wiable quail e@)s perepgs sef (quail) Eqgsnal thicknass (quail)

A S TR e faTa T

vl

0 [ETEnEr
"5

il il]

TR RN L ]

# Data from the laboratory conducting the concurrent assay is more useful than from other
laboratories for birds. HCD could be pooled across labs on an endpoint-by-endpoint basis
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Power analysis HCD 'E

uropean
Crop Protection

#  Reinterpretation of the study aver ime i$ cammen, &nd generally morne canservative endpoints ane selected

® \ide range of normal responses
Table 1 MDO%: for mallaed and quail

# Distrbubions vary greatly
MO Raspansa Abbry

» ) L

Careful interpretation is needed — P

# HCD can remove bas e B e a0 prs o
L] pil X Eirgs [aiel per hems L 4 Fo m
I 3 i B Pk Crackadnumiber sggs Lakd ENC_EL 2 3 4 |
8 3 E] Live embrycarumber eggs 561 LE_ES E 18 3
2 4 5 v mmbrpcrArumber viabls amboas LE_VE L bl 3
£ ] 12 = Munda Fanchedinumber eGgs sl HH_E5 13 & »
10 5 Mumier hanched/number e embns KH_LE 5 ] LE}
] 2 ] T4-chary survivors numbesr sgon et H5_E5 L] 1£] ]
a 2 ¥ 14y Surviedr L sl hatohesd H5_MH 4 ¥ [
24 0 5 Murmizee of D a-day sunvivors per hen K 30 M B
[ T 7 Hatchiing body wi gl HATHT 5 & 7
[ 7 ES 14 Diry survhoe BV i) SLIZNWT 7 E 8
1 5 [ Egghell thickness fmm) THICK, 5 [ 4
[} L] ¥ Ayl o] Coaraam o jghid) FONOD & & [
o 08 103 ATUR make body weight gain g} WITGAMM [ m 155
a5 51 58 Aduk female body weight gain kg WTGANF 35 az i
2 M L1 Muiisr of Palh NG per hen (AMen) (T3] Fol H -
51— i peantahs of distrisution of MO, for indicatid resporses, & — 58, 15,90 '_f

Cakuathons assume 18 Cages of 2 i edech in every RGN QRoUR 3N within-Soudy VS from histonical cormssl data from two ieguently ised testing Liss

Case study 1 - informal statistical reasoningu.opm _
_ a Crop Protection
can be misleading

# Regulator concluded number of eggs hatched of eggs set concluded that LOEC
was 10 ppm based on >10% effect from concurrent control at 10 and 35 ppm
(not based on statistically significance)

Skewness P Y e
observed for 2 Group Conc Count ann) M
highest treatment 1 0 5 8529 Pyre o
groups (not 2 4 14 82,04 |20 8243 0% - Standard deviationsnot
normal 1 o 13 0| s homogenous
distribution) 4 35 15 7430 8654
EQgs hatched per eggs set [HATCH_ES)
iy T R e e

Statistical analysis of avian reproduction 2
studies

Vot = g W
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Case Study 1 — NOEC of 35 ppm justified from B cooneor
multiple lines of evidence using HCD Crop Protection

(53 Eggs Hatched/Eggs Set: 1993-1959
100 T

1) All medians within 35% N T L L e |
Clandare 6% and 1% %0: _ﬁ o A I 97.5 percentile of HCD
lower than contraol CIOES i ! i,
" L1 E A N Sl 2.5 percentile of HCD
w o G0
- 50 3) Even if these 4 cutliersare
E amitted, the means and
2} Parametric and L 4 medians are similar, data
non-parametric o 30  meets assumptions for
analysis with the TH—— «——— 7 parametric analysis, the NOEC
outliers included yield 10 is still 35 ppm. Parametric and
no treatment effects o _ _ ) non-parameatric analysis
1993 Ct.-l 4 10 35 ﬁgﬂ 1999 concur the NQECis 35 ppm
HCD 1983-1995 (same lab) HCD 1996-1933 (same lab)
i IS
Case Study 2 — Eggshell thickness ’ European

Crop Protection

a low variability response

———————— " @ rvmemersl 3o Dwon

” EggShe” thiCkness drops from a Etati_shcal analysis of avian repraduction =
relatively high control to a flat, o
non-monotonic response across

the treatment groups
— - Group Cone S_:.d___
# Non-parametric tests run and r——0 ; ao1 |
NOEC is <25 ppm with all groups n ottt N
sig. different from the control 4 100 anz
Eggshall thicknass (E5Thick) p—

# But effects are slight and <10%

Low variability within groups
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Case Study 2 - There is no gquestion about statistical significance, ﬂ Euromean
the question here is about biological relevance of slight effects 'E.rnF: Protection
(maximum effect of 6%)

54 Eggshell Thickness: 20032005
Q27

026
038
L e 97.5 percentile of HCD
¥ 023 _rr H i
£ az 4o - 2.5 percentile of HCD
waM
a.20 Medians are all lower
Even if these 3 “Tukey a1 s than HCD 95% CI for
outlier test determined” E :;' the treatment groups
outliers are removed and 200 o B 0 gt g e

parametric stats are run,

the NOEC|s still <23 ppm HCD 2003-2005(same lab)  HCD 2006-2009 {same lab)

# Is 6% difference biological relevant?

# A decrease of less than 18% or 22% in eggshell thickness, is not biologically important in terms of population
effect [EFSA Birds & Mammals GD 2000, EFSA biological relevance 2017, Green et al. 2022)

# Is there inter analyst variation in such a sensitive measurement? . |
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Factors to Consider When Interpreting Slight Effects ﬂ
on Eggshell Thickness : E

'i‘ SETAC HMORTH AMERICA 43" ANMUAL MEETING
- 4 ] . } "

CuUropean

Crop Protection

Figure 1: & fgRal Mk
microreer @ aeed © measse 3
paishi on an sggshel. 1 poink
an ors Bt and 3 poivs on
e et

37 Finchors D G Yobets Wi i el (11 ech i bl Thickres
W [ CDokfme s

by Saamhrkd S e fomes e Wi 8 ] Thom . B, BT

# Eggshel thickness has alow coefficient of variation resulting In effects as low as a 3% thinning from the control being
reported as statistically significant, Subsequently, eggshell thickness has been cne of the endpoints that most
commenly drove avian reproduction study conclusions

# Preliminary results indicate inter analyst variation s greater than many of the slight effects that have driven study
conclusions

# For northem bobwhite the range of measurements for an individual analyst is 2% with multiple analysts then it is
generally 3% but could be as much as 9% for any individual egg

# Formallard an individual analyst's 10 repeated measurements on the same 45 eggs ranged by 7% on average and by
almost 13% for the most variable eggshel

# Due to inherent measurement variability, effects on eggshell thickness of <10% should not be interpreted as
biclogically significant

What HCD time span should be used? ”

Eurcpean

Crop Protection

# Usually recommended a 5-year span centered on the starting date of the study
# What HCD time span should be used?
# How many HCD studies are needed?

# These 2 guestions are related (EFSA does not appear to relate them)

# How many studies will be available for HCD ranges going forwards?

# Labs doing less avian work will have stil smaller numbers

# Fora new study, there will be no HCD data for dates later than the current study

=  The use of the previcus 5 years or previous 20 stedies are cbyious altematives in this case
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What HCD time span should be used? ’ l-:h,,u:d.,_“,,,

Crop Protection
# Time span will depend:
1. Number of studies

# It would be best to have 20 or more studies from the HCD where possible, approximately equally spliton
both sides of the concurrent study date

2. Reality check

# Suggested 5" and 957 percentiles of the HCD are dependenton the number of studies in the HCD and a
reality check would include assessing the data using several time spans, suchas £ 2 £ 3 and + 5 years in
the HCD to make sure these percentiles are not overly influenced by the size or the time span of the HCD

& Mote also that 5% of 20 studies is 1, so the 5% and 95% bounds on a smaller HCD are of questionable
relevance

CD"CIUSiDn I European

Crop Protection

# Due to the nature of the test, the lack of positive control and limited number of test item treatment
levels, variation that can complicate the interpretation of individual studies is not uncommen

& A key principle of ecotoxicology testing is to understand and define the baseline for this standardised
test design

# Relative stability of both species’ responses over a considerable time

# Variance components analysis show that the observed variability is likely due to infrinsic biclogical
variation

# Case studies indicate determining the true treatment-related effect can be challengingwhile HCD
can be usefulin interpreting ecotoxicology studies
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Conclusion ' I_

Crop Protection

# |t would be best fo have 20 or more studies from the HCD where possible, A reality check assessing
the data using several time spans is also proposed

# Biological relevance orfand inherent measurement variation should be always considered

# Draft EFSA B&M GD update 2021 seeks a way forward regarding how to interpret or use HCD.
Green et al., 2022 continues & extends Valverde et at 2018 work. A toolbox of different approaches
(statistics, biclogical relevance, BMD, HCD) can improve interpretation of standard avian
reproduction studies by providing further cantext in the data assessment

# For birds, the use of HCD should be more routinely considered to help decision making, aid
data interpretation, following principles established for mammalian toxicology in a holistic
assessment

# Industry will continue to contribute the data needed for all stakeholders to have the confidence to
integrate HCD into the holistic toolbox

Terrestrial Vertebrate Ad-Hoc Team ﬂ European
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