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r University of
. Nottingha

Many models fail to
recapitulate human disease
well

Particularly true for diseases
of ageing (different life spans)
or tied to human physiology
(brain architecture is very
different in rodents)

To date, very few drugs have

been successfully transferred

to humans directly from work
in animal models
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r Nottingham | Alternative approaches to animal use: Sanctioned in FDA modernization act 2.0 in 2022
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A new path to new drugs:
Finding alternatives to animal testing

In December 2022, passage of the FDA Modernization Act 2.0 marked an important

step away from mandated animal testing for investigational drugs. While it does not

ban the use of animals in scientific research, the law recognizes its limitations and

empowers researchers to employ innovative non-animal methods. The ability of

such methods to accurately model human physiology could transform the speed and SCieIlce
success of drug discovery and acceptance.
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Moving forward — changes to legislation driving improved non-animal model use

NEWS

Recommendations to integrate 3Rs
approaches in WHO guidance for

biological products

09 November 2023
= Each product-specific guideline should be updated to include the new 3Rs

text where animal tests are currently recommended.

= The WHO should draft a position statement and guidance on the
incorporation of 3Rs practices into quality control and batch release testing.

[
;' -‘d = A separate manual should be drafted to support the adoption of 3Rs
w ? - approaches specifically for endotoxin and pyrogenicity testing.
""g ¥ _
Vil ‘ = Changes should be made to the way WHO guidance documents are

updated to improve their accessibility and utility.
M
YEARS

Pioneering Better Science
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New approach methodologies (NAMs) — for safety and toxicology testing

National Centre

for the Replacement
Refinement & Reduction
of Animals in Research

Workshop report:

Opportunities for

the UK to develop
world-leading
chemicals regulation

Workshop: 11 May 2023
Report published: 23 October 2023

Dr Natalie Burden, NC3Rs

Dr Carl Westmoreland, Unilever

Dr Andrew Scott, Unilever

Professor Ian Kimber, University of Manchester

3D-printed chip showing body’s reaction
to drugs could end need for animal tests

Exclusive: Device with compartments replicating major
organs could also speed up patients’ access to new
medicines

O The plastic device uses positron emission tomography (PET) scanning to produce detailed 3D
images showing what is going on inside the organs. Photograph: Murdo MacLeod/The Guardian

Scientists have developed a pioneering 3D-printed device that could speed
up patient access to new medicines and eliminate the need for animal
testing.
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ol sp— What are the alternatives?

ogenet with patient specifc sancer organoids Organoids
(Cancer organoids shown here)

Recapitulation of patient-specific cancer
subclone (epi)genetic, phenotypic and
metabolic diversity 1

Recapitulate multiple
&) Recapitulation of patient-specific cancer p ati e nt Ch a ra Cte ri Sti CS
« therapeutic responses (e.g., chemotherapy,

G{: radiation, immunotherapy)
| / 2. Allow rapid

fﬁg S personalization of
and heterogenei .
treatment options

¢ luslieq

n};_j; Recapitulation of cancer subtype-specific

S >~ morphological and structural features 3 ] E n a b I e d ru g Scree n i n g at
an early stage against a
‘ ?:;g?;m&!gﬂo&s?ggs Ealtzu?zgnlly derived or I a rg e po p u | ati O n

synthetic polymers

© ©  Recapitulation of niche-specific soluble
© O O factors, including paracrine and autocrine
© © signalling cues

E— LeSavage, B.L., Suhar, R.A., Broguiere, N. et al. Next-
generation cancer organoids. Nat. Mater. 21, 143—159 (2022)
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Limitations of current organoid technologies

a Cancer-tissue sources
and processing

Variable
tissue sources

Variable
processing protocols

Non-standardized
patient-derived cancer organoids

Culture medium

Conditioned mediun

Cell-secreted factors Serum
larget 777
protein

Non-standardized
culture-medium components

c 3D extracellular matrices

(ECM = Extracellular Matrix)

354234

Matrigel® Matrix
Basement Membrane
ers

|

Variable ECM sources

RS

Batch 3

o

Batch 2

Non-standardized
3D culture matrices

LeSavage, B.L., Suhar, R.A., Broguiere, N. et al. Next-
generation cancer organoids. Nat. Mater. 21, 143—159 (2022)
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e A The extracellular matrix (ECM) controls cell behavior in multiple diseases

Cancer cell-ECM

The ECM is an under- interactions
developed space in

drug targeting for

therapeutics Pore size

Matrix mechanical
properties

/- Matrix composition

and architecture Changes in matrix
Q7 properties are often
part of diagnosis
and likely should
influence treatment

Matrix degradation

Matrix deposition

TME cell-ECM LeSavage, B.L., Suhar, R.A., Broguiere, N. et al. Next-
TME = Tumour microenvironment interactions generation cancer organoids. Nat. Mater. 21, 143—-159 (2022)
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Fully-defined, synthetic alternatives to animal-derived matrices

Jenny Ashworth

Laminin

DAPI

PDX2 (ER/PR+)

rStiffness control fMatrix additions\ Assay for the R
by peptide informed by roles of soluble
concentration tissue analysis components p
=~ ; (" 4 4 ™\ ™
Dissolve peptide Increase pH PRECURSOR: Neutralise to a PEPTIDE GEL:
(FEFEFKFK) & temperature Matrix-free stable hydrogel Fully-defined
 inwater until liquid __ environment Ey medli washei environment |
4 . N\
Primary cells or
cell lines from
\i @ssue of mteresb

PDX3 (TNBC)

PDX4 (ER/PR+)

Mational Centre

for the Replacement
Refinement & Reduction
of Animals in Research

W,
, S b,

% PeptiMatrix™ Core =+,

is now available! L | S

e
.‘!_;.ﬁ;
Sal Jones

JC Ashworth, JL Thompson et al. (2020) Matrix Biology, JC Ashworth et al. (2020) JOVE

80



I Notingham | Engineered (non-animal) matrices provide major benefits (e.g. over patient derived
xenografts/PDXs)

UK | CHINA | MALAYSIA

a Reproducible materials
Engineered matrix Animal-derived matrix

Batch 1 Batch 2 Batch 3 Batch 1 Batch 2 Batch 3

L'U

[T = o Pl N C B o = o
O ©@ @ 20 ' &
§g = A H © cv @

Patient derived cells can be expanded in vitro

LeSavage, B.L., Suhar, R.A., Broguiere, N. et al. Next- Jones S et al. Application of a 3D hydrogel-based model to replace use of animals
generation cancer organoids. Nat. Mater. 21, 143—-159 (2022) for passaging patient-derived xenogratfts. In Vitro Model. 2023;2(3-4):99-111.
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xenografts/PDXs)

a Reproducible materials
Engineered matrix Animal-derived matrix

Batch 1 Batch 2 Batch 3 Batch 1 Batch 2 Batch 3

Gel 1

9
30 ¢n 72 =N o) ¢ B\
S ® © }} O) } y @) /) “ﬁ\:ﬁ/ £ o 1 / 0
S2 l\\\,‘{u’ Q‘?/' \glfv' © s @ 3
Patient-specific differences are maintained
LeSavage, B.L., Suhar, R.A., Broguiere, N. et al. Next- Jones S et al. Application of a 3D hydrogel-based model to replace use of animals

generation cancer organoids. Nat. Mater. 21, 143—-159 (2022) for passaging patient-derived xenogratfts. In Vitro Model. 2023;2(3-4):99-111.
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b Patient- and disease-specific modelling

Patient-specific
Patient tumour Engineered matrix cancer organoid

-
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LeSavage, B.L., Suhar, R.A., Broguiere, N. et al. Next-
generation cancer organoids. Nat. Mater. 21, 143—-159 (2022)



I’ KNotinghom | Engineered (non-animal) matrices provide major benefits (e.g. over patient derived

UK | CHINA | MALAYSIA

xenografts/PDXs)

k Matrix glycan =
analysis 25

Normal Breast Matrix Model Invasive Matrix Model
Patient 1 Patient 2 Patient 1 Patient 2

j.g Select gel N
&= components -

z.;\e L

Matrix
Proteomics §

Scale bar 100 pm

Unpublished data, Ashworth et al.
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Ir Nottingham | patient derived xenografts (PDXs) or embedded cells re-model the matrix environment
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Scale bar 100 pm Jones S et al. In Vitro Model. 2023
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Practical advice for AWERBs on
assessing replacement

Prof Adrian Smith, Norecopa

Elaine Blair, University of Strathclyde
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Practical advice on literature
searching on alternatives for
AWERBs and applicants

Elaine Blair, Science Faculty Librarian



Session Aims St

To conduct an online literature search:

e Construct strategies to search databases
* |dentify the main bibliographic databases
* Manage your results



Literature searching o8B

Strathcly
Glasgow

* A literature search is likely to be a requirement for any AWERB
application

* Needs to be completed in a thorough and organised manner using
recognised literature sources and appropriate keywords

* Ensures that replication of experiments are kept to a minimum

* |dentifies the 3Rs linked to the research
* Reduction
* Refinement
* Replacement



Choosing keywords s B

Strathcly
Glasgow

List keywords relevant to the research protocol
* E.g. name of the animal or species, name of the disease or condition, drugs and compounds,
procedures and methods especially painful or distresssing

Lislg.keywords for the reduction, refinement, or replacement of animal research
subjects

e Reduction
* For example: animal reduction, animal model, repurposing animals
* Refinement
* For example: handling, husbandry, caging, enclosure, educate, train, analgesia, pain
management

Replacement

* For example: animal testing alternatives, animal use alternatives, artificial intelligence,
computer simulation

Think about synonyms and acronyms



Subject searching (thesaurus) ..
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* Subject headings are assigned to papers from a predefined list

* They describe the content of the paper

* You only search in the subject field - less flexible

* Subject terms are consistent — no matter what term author uses

* They are found in the database thesaurus — not all database have a
thesaurus

* Different databases may use different subject headings — e.g. Embase
uses Emtree, PubMed/MEDLINE use MeSH



MeSH Subject Headings @
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 MeSH (Medical Subject Headings) are used by

PubMed, MEDLINE, Cochrane Library, PsycINFO

—

=1 Models, Animal
[-1 [J Disease Models, Animal

° Tree StrUCture O Arthritis, Experimental
L4 Ma|n head|ng’ SUbhead|ngS (J Diabetes Mellitus, Experimental
* Broader, narrower and related terms N S :pfr:Ef"m“:I“
* EXpIOde to InCIUde a” the narrower terms [+]1 (J Nervous SylstemAutoimmune Disease, Experimental

* Focus where the subject is the main focus of paper O Racation Injuries, Experimental

(J Isolated Heart Preparation

* Example from MEDLINE (Ovid): animal models maps to
the MeSH heading models, animal



Search hedges St

* Ready made searches that can be copied and pasted into a database

e AWIC Search hedges — Animal Welfare Information Center search
hedges in collaboration with AVIS.

Example:

* AVIS Search Strategies Working Group. 2024. Non-Animal Model
Search Hedges. AVIS Search Strategies Working Group Hedges. Open
Science Foundation.

DOI 10.17605/0SF.10/JY2HB https://osf.io/jy2hb/



https://www.nal.usda.gov/services/literature-searching-animal-use-alternatives#toc-search-hedges
https://osf.io/jy2hb/

Example PubMed Non-animal model search

University of

("Animal Testing Alternatives"[MeSH Terms] OR "Animal Use Alternatives"[MeSH Terms] OR 3Rs[Title/Abstract]
OR "3 Rs"[Title/Abstract] OR "alternative to animal model*"[Title/Abstract] OR "alternatives to animal
model*"[Title/Abstract] OR "alternatives animal"[Title/Abstract:~2] OR "alternative animal"[Title/Abstract:~2]
OR ex-vivo[Title/Abstract] OR "new approach method*"[Title/Abstract] OR in-chemico[Title/Abstract] OR in-
vitro-model*[Title/Abstract] OR in-silico[Title/Abstract] OR in-vitro-method*[Title/Abstract] OR in-vitro-
stud*[Title/Abstract] OR new-alternative-method*[Title/Abstract] OR nonanimal-method*[Title/Abstract] OR
non-animal-model*[Title/Abstract] OR non-animal-stud*[Title/Abstract] OR three-rs[Title/Abstract] OR
"reduction refinement replacement”[Title/Abstract:~2] OR "reduce refine replace"[Title/Abstract:~2] OR
"Animal replacing"[Title/Abstract:~2] OR "Animals replacing"[Title/Abstract:~2] OR "Animal
replacement"[Title/Abstract:~2] OR "Animals replacement"[Title/Abstract:~2] OR "Animal
replacements”[Title/Abstract:~2] OR "Animals replacements"[Title/Abstract:~2] OR "Animals
replace"[Title/Abstract:~2] OR "Animal replace"[Title/Abstract:~2] OR "Animals
replaces"[Title/Abstract:~2] OR "Animal replaces"[Title/Abstract:~2] OR "Animal
replaced"[Title/Abstract:~2] OR "Animals replaced"[Title/Abstract:~2])

@E\
hedge v




Construct your search o B
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* Boolean — AND, OR, NOT

* Truncation — finds words with the same root. Usually * or ? E.g.
behav™* finds behaviour, behaviours, behave, behaves etc.

* Phrase searching — exact terms. Usually”” E.g. “animal model”

* Proximity operators— find words near to each other. ADJ, NEAR, ~, W,
N, E.g. alternative® NEAR/2 animal

* Check the database help for search syntax
* Join your search terms to make a search string

* Search history can be helpful for complex searches
e Can construct the search in parts then join together



Select databases 8
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* Always search more than one database
* PubMed/MEDLINE

* Another biomedical database (EMBASE, BIOSIS Citation
Index/Previews, Biological Abstracts)

* Web of Science or SCOPUS — multidisciplinary databases
e Database related to an aspect of the protocol design
* Find other funded research projects — e.g. UKRI gateway

* GoogleScholar and Al tools are not suitable as alternative databases


https://gtr.ukri.org/

Modify your search 8

Strathclyde
Glasgow

* Too many results?

* Limit by field (e.g. title only search), limit by article type, limit by year, limit by
language, add additional terms (AND), use an exact phrase, use proximity
operators, more specific terms, search another database

* Too few results?

* Add alternative terms (OR), use more general terms, use truncation to find all
words with same root, check spellings, check limits, search another database



Record and Manage results o B
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e Record details of your search
» Keywords, search strategy, databases searched, years covered, date of search

* Reference management tools
 EndNote, Zotero, RefWorks, Mendeley



Checklist _—

e
Strathclyde
Glasgow

e Databases searched >1
* Don’t use Google Scholar or Al tools

» Keywords and subject terms used - protocol specific and 3Rs,
multiple keywords, use of search hedges

* Search strategy — check Boolean and other search operators
* Time period — at least five years
* Date searched



Resources B
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 Animal Welfare Information Center (2022) Alternatives Literature

Searching worksheet

* National Agricultural Library Literature Searching: How to Find

Animal Use Alternatives



https://www.nal.usda.gov/sites/default/files/page-files/Worksheet_Alternatives%20Literature%20Searching.pdf
https://www.nal.usda.gov/sites/default/files/page-files/Worksheet_Alternatives%20Literature%20Searching.pdf
https://www.nal.usda.gov/services/literature-searching-animal-use-alternatives
https://www.nal.usda.gov/services/literature-searching-animal-use-alternatives

How confident do you feel in assessing the implementation of
replacement in a project licence application?

Not at all confident

Slightly confident

Neutral

Confident

Very confident

TheASC

Animals in Science Committee
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Breakout rooms

What do you find to be the difficulties with assessing replacement?

What are some of the more general questions that you find particularly helpful in assessing
replacement?

What might you look for in an application to determine whether the applicant has adequately
considered replacement?

What resources do you currently use to assess replacement?
How might you stay on top of future developments in non-animal alternatives?

How might you work with other AWERBs or other stakeholders to share knowledge on
replacement?
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Final thoughts and feedback




On a scale of 1-5, how useful did you find this workshop?

Not at all useful

@ Very useful

TheASC

Animals in Science Committee




Thank you!

TheASC

Animals in Science Committee

Useful links:

ASC website — Animals in Science Committee - GOV.UK (www.gov.uk)

ASC and AWERB Hub workshop report: October 2024 — GOV.UK

Commission on non-technical summaries and retrospective assessments - GOV.UK
Commission on AWERBs and Named Information Officer - GOV.UK

Commission on leading practice in the animals in science sector - GOV.UK
AWERB-UK Registration - 18th June 2025, London

AWERB Knowledge Hub —\Welcome - Knowledge Hub (khub.net) [khub.net]
(please email asc.secretariat@homeoffice.gov.uk to join)



https://www.gov.uk/government/organisations/animals-in-science-committee
https://www.gov.uk/government/publications/asc-and-awerb-hub-workshop-report-october-2024
https://www.gov.uk/government/publications/commission-on-non-technical-summaries-and-retrospective-assessments
https://www.gov.uk/government/publications/commission-on-awerbs-and-named-information-officer
https://www.gov.uk/government/publications/commission-on-leading-practice-in-the-animals-in-science-sector
https://docs.google.com/forms/d/e/1FAIpQLScMlAQ-GSp9JAwmT5PafJwtqB8zEX8wgHSdakoFiIRt9bEz8Q/viewform
https://khub.net/group/aexbuxpweg
mailto:asc.secretariat@homeoffice.gov.uk
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