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Understanding the Landscape

* Wide array of approaches
undertaken

* Many approved drugs

* Extensive discovery and development
continuesin Pharma and Biotech

III

* No “one-size-fits-al
preclinical model exists

* Understanding the type of models
and assays required is key as
preclinical studies have become
more and more complex
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Immune effector cell modulators

S Co-inhibitory antagonists (CTLA-4, PD-1, PD-L1),
"'_'a"_'-.-' Co-stimulatory agonists (OX-40, ICOS, 4-1BB)

Adoptive cell therapy
CAR-T, TCR, TIL, NK
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Cytokines/Chemokines Anticancer vaccines

Interleukins, Interferons Cell, protein, peptide, RNA, DNA-based

Tumor/TME targeting mAbs-;‘.ﬁ_; e Oncolytic viruses

- g
Maked mAb, ADC, Bispecific "!f:;i o Adenoviruses
mAb, Radioligand conjugates, '
BiTEs
Immunogenic cell death inducers PRR agonists

Radiation therapy, Chemotherapy TLR, CLRs, RLRs, NLRs, CDS

Other Modalities

Immunomodulators, Microbiome modulators,
Autophagy modulators, RNA-based drugs

Metabolism inhibitors
IDC inhibitors, Adenosine inhibitors

Abbreviations: Toll-liks recepfors (TLRs), C-lype lectin recepfors (CLRs), RIG- I-ike recsptors (RLRs),
Nucieotide-binding Ofigomerization Damain (NOD)-ike receptors (NLRs), and cyfosolic DNA sensors (CDS)

.(’A * N
o%

TLL _a

©2022 Laboratory Corporation of America® Holdings All rights reserved.



Understanding the Immuno-Oncology Landscape

Active or Recruiting Oncology Immunotherapy Clinical Trials by Target
(examples of companies developing drugs in each area)

Lytic virotherapy Oncolytic Virus mmmm (Tilt Biotherapeutics, Replimune, PsiOxus, ADZE Biotechnology, Curigin, Calidi Biotherapeutics, Merck & Co)
T cell / NK cell CAR T I (Gilead/Kite, BMS, Poseida Therapeutics, Alpine Immune Science, Novartis, Allogene, >250 companies)
therapies TCRT mmmmm (Gilead/Kite, BioNTech, Adaptimmune, GSK, Anocca, MediGene)
NK Cell Therapy NS (Fate Therapeutics, ONK Therapeutics, Dragonfly, Cytovia, Kiadis, Gamida Cell, Nektar, Ziopharm Oncology)
immuno-suppressive CD73 mm (BMS, Novartis/Surface Oncology, Corvus, Astra Zeneca)
pathways TLR Agonist m (Merck & Co./Idera Pharmaceuticals, GSK, Opsona Therapeutics, ISA Pharmaceuticals)
~ CD40 mm (Memgen, Seattle Genetics, Apexigen, Lyvgen Biopharma)
costimulatory D GITR ¥ (Janssen, Incyte)
agonists CD137 mm (Pfizer, Alligator Bioscience, BMS, Agenus, Lyvgen Biopharma, Adagene)
— OX40 mm (AstraZeneca, Moderna, Inhibrx, F-Star, GSK)
2 tier check. g TIGIT mmm (Seattle Genetics, iTEOS/GSK, BMS, Gilead, BeiGene, Compugen, Mereo BioPharma, Merck KGaA, Roche)
point inhibitors ~< TIM-3 B (GsK, Eli Lilly, Roche, Novartis, BeiGene, BMS, Incyte/Agenus, Curis, Sino Biopharmaceutical)
— LAG-3 mmmm (Immutep, BMS, Regeneron, Boehringer Ingelheim, ABL Bio, Y-Biologics )

/D~ -1 | (R oche/Genentech, Merck Serono/Pfizer, AZ)
1P/ 1 | (Vlerck, BMS, Regeneron)
CTLA-4 IS (S, Agenus)

1%t tier check-
point inhibitors

0 200 400 600 800 1000 1200 1400 1600 1800

Number of Active/Recruiting Clinical Trials®
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Timeline: Key Preclinical Milestones in Oncology

Therapeutics Models
| | 1950 I. Syngeneic model of mouse sarcoma
Anti-metabolites I
® 1960 _
Alkaloids I Syngeneic model of mouse sarcoma
Platinum compounds 1970 e
Cell line transplantation model
Anti-microtubule/cell cycle disruption agents
® 1980
CDX cancer model
Estrogen receptor & aromataseinhibitors Transgenic cancer model
Immunomodulatory cytokines 1990” e PDX cancer model
] ] ) NCI-60 panel screening
Receptor-targeting antibodies Inducible GEM cancer model
Kinase inhibitors e 2000 : .~ :
g : Imaging for preclinical studies
Anti-angiogenic agents
-anglogenicag I GEM-derived allograft (GDA) models
2010 ® NSG/NOG mouse for PDX
Immune checkpoint inhibitory antibodies
Expanded use of PDX, GEM and GDA models
CART cell therapy
® 2020

1.Modified from Day etal., Cell; 163,2015 '
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Preclinical Oncology and Immuno-Oncology Models

Xenograft Models

Species/strain of tumor line isdifferent from host

Generallyimplant of human tumor cellsinto
immuno-deficient mouse strain

* Cellline derived models (CDX)
* Patientderived models (PDX)

Subcutaneous (SC) isthe most common
Orthotopic (implantintoclinically relevant location)
Disseminated (1V) for hematologic malignancies

Metastasis (limited models)

Transgenic Models

Species/strain are alike with respectto tumor and host

Generally mouse tumors in mice
* Overexpression of oncogenes
* Knockout of tumor suppressors

® labcorp
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Syngeneic Models

Species/strain of tumor line is similarto host

Generallyimplant of mouse tumor cells into
immuno-competent mouse strain

* Cellline derived models (CDX)
* Allograftderived models

Subcutaneous (SC) isthe most common
Orthotopic (implantintoclinically relevant location)
Disseminated (1V) for hematologic malignancies

Metastasis (limited models)

Humanized Models

Species/strain of tumor line is different from host

Implant of human tumor cellsintoimmuno-deficient
mouse strain

e Co-injection of human immune cells
* Delivery of human growth factors/cytokines

Subcutaneous (SC) isthe most common

Disseminated beinginvestigated

©2022 Laboratory Corporation of America® Holdings All rights reserved.



Preclinical Oncology and Immuno-Oncology Models

1.Modified from Singh & Ferrara, Nat. Biotechnology, 2012
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Model Type

Human cell line
derived models
(xenografts)

Patient derived
xenograft (PDX)
models

Humanized immune
system mice

Industry “standard”
Luciferaseversions exist
 Suitable for orthotopic or metastatic

Histological “fidelity” to original .
patient tumor .
Extensively characterized .
Higher predictive value .

Drug screening and resistance .
mechanism investigation

Cantest human antibodies .
Canuse CDX or PDX lines .

Advantages Limitations
Logistically easy * Canbe poorly predictive
Great for screening * Established decades ago (genetic drift?)
Readily available * Immune deficient mouse required

Immune deficient mouse required
Challenging to establish

Some tumor types have limited availability
Slower growing (generally) vs xenografts
More predictive for clinical outcome

Expensive studies
Sub-optimal immune system
Models allograft immunity
Graft vs. host disease

©2022 Laboratory Corporation of America® Holdings All rights reserved. 7



Preclinical Oncology and Immuno-Oncology Models

1.Modified from Singh & Ferrara, Nat. Biotechnology, 2012
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Model Type

PDX tumorsin
humanized immune
system mice

Syngeneic cell line
derived models

Genetically
engineered mouse
models (GEMM) &
transplantable
fragments

Advantages

* Same as above, plus:

* Aspects of human
immune systemis
present

* Intactimmune system
* Logistically easy
e Greatforscreening
* Readily available
* Industry “standard” for /O
* Luciferaseversions exist
* Suitable for orthotopic or metastatic

* Faithful stromal biology (TME)

* Relevant genetic drivers

* Many transplantable models
show recapitulation of
transgenic mouse disease

Limitations

* Highly dependent upon type of
humanization

* Models allograft immunity

* Expensive (to very expensive) studies

* Sub-optimal immune system

* Graftvs host disease (hPBMC approach)

* Canbe poorly predictive
* Established decades ago
(genetic drift?/variability)
* Overall number of models is limited

* Logistically challenging
* Expensive licenses
* Few neo-antigens

©2022 Laboratory Corporation of America® Holdings All rights reserved. 8



Preclinical Oncology and Immuno-Oncology Models

Subcutaneous Models Orthotopic Models (solid tumors)
* CDX, PDX, syngeneic, allograft transplant * CDX, PDX, syngeneic, allograft transplant
* Advantages: * Advantages:
* Generallyrapidstudies * Implantlocation more clinically relevant
* Relativelyinexpensive * Canuse in vivo imagingto track disease burdenand
* Good fordrug screening therapeuticbenefit
* Good forPK/PD studies * Increasedrate of metastaticdisease reported
* Disadvantages: * Disadvantages:
* Implantlocation not clinically relevant * Technically challenging
* Growth kinetics can be unrealistically fast * Typicallymore expensive and/orlaborintensive

* Rarely metastasize

Disseminated Models Metastatic Models
* CDX, syngeneic(some PDX exist) * CDX, PDX, syngeneic, allograft transplant
* Advantages: * Spontaneous metastasis models

* Evaluatingdisease inrelevant “location” * Limited numberof models

* Numerousluciferase-enabled lines exist; in vivo * “Forced” metastasis models

imagingto track disease and therapy * |Vinjectionto mimiclung mets

* Disadvantages: * Intra-splenicto mimicliver mets

* May not fully mimicclinically disease * Intra-cardiac to mimic bone mets

* Growth kineticcan be unrealistically fast * Intra-cranial to mimic brain mets

® labcorp
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Choosing the Correct Model

1. Identification of the question

Complexity Natural
*-

Resolution

4

Scope and boundary

Molecular

mechanism history

2. Model building

| Experimental
‘ system

s=ss - Physiological or
;g pathological
L} relevance
Control * Resolution that  Measurable

5 matches scope
of driving readout
factors

* Control and
experimental groups
« Statistical power

Continuous
cycle of cancer
modeling

3. Model testing

Relevant |
Input system s Output

5. Model improvement

New information

& N\

Modeling < (. Clinical

results
Gap

4. Outcome evaluation

¢ —

* Endpoint
compatibility A

« Translation guided

by model resolution

* Allows evaluation
and/or comparison to
clinical data

© 2016 American Association for Cancer Research

Cancer Research Reviews

AAGR

1.Thomas et al., Cancer Res; 76(20), 2016
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What’s the main question?

Efficacy
Pharmacokinetics/pharmacodynamics
Mechanism of action

Tolerability

Immune cell engagement/involvement

unhwnN e

What model is most appropriate?

1. Immune deficient mouse model
2. Immune competent mouse model
3. GEMM/HIS

4. SC, IV, orthotopic

What experimental design?

1. Appropriate controls
2. Appropriate statistical power

What endpoints should be used?

1. Dependent upon model and question
2. Needsto be appropriate for model selected

What improvements can be made?

1. What’s still missing
2. What might work better

©2022 Laboratory Corporation of America® Holdings All rights reserved.
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ChOOSlng the CorreCt Model What’s the main question?

Efficacy
Pharmacokinetics/pharmacodynamics

1
2

1. Identification of the question 5. Model improvement 3. Mechanism of action
4

New information . Tolerability

“Primary tumours are still the major focus of preclinical
oncology, and there is a lack of mouse models focusing on
advanced stages of cancer progression such as metastasis,

resistance and relapse.”
— N. Gengenbacher, et al., Nature Reviews Cancer, December 2017

What improvements can be made?

© 2016 American Association for Cancer Research
Cancer Research Reviews AAGR

1. What’s still missing
2. What mightwork better

1.Thomas et al., Cancer Res; 76(20), 2016

@® labcorp
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Understanding the Current Oncology Landscape

Presentation Agenda

Common Preclinical Oncology and Immuno-Oncology Mouse Models

Advantages and Limitation of Preclinical Oncology Mouse Models

K KK

Strategies Around Selection of Preclinical Oncology Mouse Models

5. Case Studies and Applications of Selected Models
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UTILIZATION OF MODELS FOR SMALL MOLECULE pIGF-1R INHIBITOR DRUG DISCOVERY

Case Study: Subcutaneous Xenografts

Understand Target Biology

bbbl
L(trs-1/2)ed

(16F2 D IGFIR ded IR IGFIR/IR

L )
7979717 TITT9T9 777717797
bobbobd bobbbbod

Evaluate PD

Ctrl__ OSI-906

'.‘! pIGF-1R
' .

pIR

7977
sbbb

[ &

. W |pPRAS40

* Models of choice were SC xenografts

Evaluate Efficacy

@ Vehicle
8007 | 25 mgikg
© 75 mg/kg
g
S 600
E
3
°
>
5
£ 400
2
200

* Data shownisfrom GEO and LISN human colorectal lines in nude mice

* Evaluatedtarget inhibitionin tumors

* Compared dose response anti-tumor activity

1.Jin, Buck and Mulvihill, Oncol Rev., 2013; Mulvihill, Cooke, Rosenfeld-Franklin, Buck, et al., Future Med Chem, 2009

@® labcorp
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UTILIZATION OF MODELS FOR SMALL MOLECULE pIGF-1R INHIBITOR DRUG DISCOVERY

Case Study: Subcutaneous Xenografts

Understand Target Biology ComparePD Compare Efficacy

— . Ctrl _0SI-906 MAB-391
<D Cinsulin > e > , P .
lei. IGFR 4 IR rem/r " PIR E ® \VIAB391
‘ =~ 800
eeteTr AR 477717t R 717 P 7191 - — 2 Wos1-906
IORVIRNANE ¥ | ¥ ISRIRRNA 1 MASARIRN . & MA3 T 3 i
Lons e o I S
l‘_ — = g 400
] 1P:p85 / IB: IR l-=-
@ «% an
— . - pPRAS40 = A X
_; 1 6 1" 16
— oays

* Models of choice were SC xenografts
* Data shownisfrom GEO human colorectal line in nude mice

* Comparedtarget inhibitionin tumors

* Compared small molecule dual pIGF-1R/pIR inhibitor to anti-pIGF-1R mAB

1.Jin, Buck and Mulvihill, Oncol Rev., 2013

@® labcorp
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UTILIZATION OF MODELS FOR SMALL MOLECULE pIGF-1R INHIBITOR DRUG DISCOVERY

Case Study: Subcutaneous Xenografts

Further Investigate Target Biology Design & Test Rational Drug Combinations
600 4 < Control
B Erlotinib
HER3 HER1/EGFR IGFIR , , IR/IGFIR 500 4, 0si-906
R —— e

'S
8

— —1 8
(G0t

% Tumor Volume
N w
8 8

8

o

@ Erlotinib+ OSI-906

«

* Models of choice were SC xenografts
* Data shownis from BxPC-3 human pancreaticline in nude mice

* Used SC xenograft model to investigate potential mechanisms of resistance

* Designed and tested rational drug combination approaches

1.Jin, Buck and Mulvihill, Oncol Rev., 2013

@ labcorp
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THE MOST HIGHLY UTILIZED PRECLINICAL ONCOLOGY MODEL

Subcutaneous Xenograft Model Examples

HCT-116 (colon)

8
o

—@— Control (Q3D23pS
—a— Avastn. 10mgkg (P} (0302, 3105
—4— Fluorouraci, 50mg’g (IV). Q7Dx10
4 Avastin (1P)+ Fuorouraci (V). 10 + 5
{Q3Dx2: 3p17 +Q7Dx17 oS

Mean Tumor Burden (mg) + SE

100 4

e e T e of Papaton
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80

Days Post Tumor Implant

H460 (NSCLC)

1800
1500
1200 4
900 -

600

Median Tumer Burden (mg)

300 -

8 12 16 20 24 28 32 36 40
Days Post Tumor Implant

—e— Untreated Control
~-~ Cabinet Radiation (shielded) 2.5Gy (QDx5; 20ff)

)
1 1000 -

Mean Tumor Burden (mm®)

Tumor Volume (mms)

Panc-1 (pancreatic)

—&— Untreated Control
—&— Gemcitabine, 160mg/kg, IP, Q3Dx4

20 30 40 50 60 70

Days Post Tumor Implant

PC-3 (prostate)

2000
—e— Untreated Control
-~ Docetaxel, 30mg/kg, IV, D8, 15 & 22
—+— Docetaxel, 15mg/kg, IV, D8, 15 & 22
1500r —=— Docetaxel, 7.5mg/kg, IV, D8, 15 & 22

1000

%
o
o

s

10 20 30 40 50 60 70 8 90 100
Days Post Implant

Mean Tumor Burden (mm3) + SE

Mean Tumor Burden (mg) + SE

. Iabcorp 1.All animal work was approved by the site Institutional Animal Care and Use Committee and was performed in conformance with the Guide for

Drug Development the Care and Use of Laboratory Animals within an AAALAC-accredited program with humane euthanasia criteria predetermined on all studies.

HT-29 (colon)

1200 4| —e— Vehicle control
—v— CPT1135mglkg, IP, [QDx5]x2

1000

g

g

s
=]
S

g

10 16 20 25 30 35 40 45 50

Days Post Tumor Implant

A2780 (ovarian)

2500 4

2000 4

1500 -

1000
—&— Untreated Control

500 1 —8— Padlitaxel, 15mg/kg, IV, QDx5
—y— Gemcitabine, 160mg/kg, IP, Q3Dx4

. \ . . L

T \
6 8 10 12 14 16 18 20 22 24
Days Post Tumor Implant

©2022 Laboratory Corporation of America® Holdings All rights reserved.

16



Case Study: PDX Models

Personalized models to guide precision medicine

Consentad patient Engraﬂrr;rﬂ phase Expans'i_:‘:; phase Hesear;;n phase Flesear;nh phase
W — —
Primary tumors or cells (n;"&,.:'h f(/ﬂ’z.i\J @
(Pa) s S
na —— —.r\ S —
ES S - A 0
an N e t{'ﬁj—-{‘}' e (i;e’qb —_— (\:fﬁ" 2 A » '({j!&é-B
Fragments or suspension == - -
/30 S AR 2\
s (g;@,,_,_l» (B
Heterotopic transplantation
5.
TTEh iw
F =3
== Basic cancer research Preclinical cancer researc
Y Orthotopi i Characterization Therapeutic targets
A\ E:;:' Tumorigenesis Drug seraening
C" %’3 Liver Metastasis Drug avaluation
J Fancreas
. Kidney
“L” ovay

Eng: phase pansion phase R phase R phase
P1 P2 P3 Pn
Tumor expansion —

in PDX model ol /o, 3
s oD

g 3 /27 g &0 /30
@ s [ e I
Py o ¥ g
ca o o

Randomly grouped Tumor menitoring in

PDX mice PDX mice

m o Treatment C —» b e

Modified from: Roberto Vargas et al. Precision Oncology 2018, 2:14
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In vivo validation of drug screens

A Patient B; end ial ad i in vivo drug validation
Genomic alteration detected: PIK3CAmut, PTENdel, CTNNB1mut
4,000 - Vehicle I 2
& 3,000 ~*= Olaparib g [5) E@—b
£ = Vorinostat  E—
o 2,000 -a- Carbotaxel .j-. v
E ] ] e~ Buparlisib {3
S 1,000 ** == Buparisiblolaparib 1wl
o -8~ Buparlisib/vorinostat | e .
T 3 1 L v T T 1
0 4 8 12 0.0 1.0 2.0 3.0
Time (days) Tumor mass (g)
B Patient B; end! ial ad i fts under t

Buparlisib/
vorinostat
2y

Vehicle Olaparib

H&E

N
©
<
c Patient D; colorectal cancer in vivo drug validation
Genomic alteration detected: APCmut, APC frameshift insertion
700 —*- Vehicle 1 _ -
600
& 500 ~e— Vorinostat 1
E s . —+ FOLFOX 1
b 50 / =+ Tramelinib I — v
E : S ) -=- Afatinibframetinid {2 Fa—-aki
L fx ?4 :| ] -8~ Afatinib i+ .
=@ Afatinib/vorinostat .
od ; L inib/vorinostat 5 ' ' . '
0 4 8 12 16 0.0 0.1 0.2 0.3 04
Time (days) Tumor mass (g)
D patient D; colorectal cancer fts under tr
Afatinib/ Afatinib/

Vehicle Vorinostat FOLFOX Trametinib Afatinib trametinib vorinostat
- i 2 Prp T  RALERF 2

H&E

Ki67

©2017 by American Association for Cancer Research. Chantal Pauli et al. Cancer Discov

2017;7:462-477

©2022 Laboratory Corporation of America® Holdings All rights reserved.
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Case Study: PDX Models

Personalized models to guide precision medicine

3

e R ey i
;s e e
n", e _.“f" '15_’. S ', Z‘
N ek’ o8 87 W < N
S IRt £ 8,
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s.'!",-"_ y = _ﬁ_m i_‘- 0
S oF
Q(.\«\'\) QO
b. [ d.
Expansion and Testing ,‘“‘m ® Vehicle * ;«l"m ”cfmﬁvu‘ o :\Im l(‘,:w?’t\‘u‘
T | i I g *> B J
é é £ 1200] ¥ Gemeitabine & i E 5
é Drug A < I . W S0
. N AR .
) 2 L e S o 2 vy
o - [% R E — a % A
5 é Drug B s PO & “015.3% SRt I ¥ el )
& g gt o] B0 e b
............. & Tt MO ] | ]
®) 0
ééé Drug € B T T T 0 2 40 6 80 Y]
Days Days Days
Experimental design Initial treatment Gem/Nivo Gem/Nivo
until of resistant
resistance  tumor
B £
101 A el o = -
C,YPZC 18 " —_ m Paclitaxel + Neratinib
8 NS [ {w
UGT2A N <
£ @ i \V\ ol s £ 200 :
= 6 ATP2AI[ o 2 H /
%0 e /
g Ty 2 ml
2. — . e
T 4 L
0 - d/c Neratinib
-4 _é (') é "‘ 0 10 20 30 40 50 60 70 80 90 100 110120 130

logFC

Days

Modified from: Roberto Vargas et al. Precision Oncology 2018, 2:14
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Tumor material (liver biopsy) was capable of establishing PDX model

Gene expression from PDX correlated well with primary tumor

Used 3 mouse x 1 drug approach with co-clinical trial designto try and
longitudinally guide patient care

Tumor also hadincreased PD-L1 expression

Resistance demonstrated in mouse model prior to patient resistance

Genome wide expression profiling of resistant tumors

«  Upregulation of genes critical for drug metabolism and detoxification
3 x 1 mouse trial again set up to evaluate other possible drug treatments
« Paclitaxel + Neratinib showed greatest activity

©2022 Laboratory Corporation of America® Holdings All rights reserved.
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Case Study: PDX Models

Personalized models to guide precision medicine

Inject
Engraft

Diagnosis & Surgery 15'-Iin;:§7: disease

Progression

1*-line therapy 2md-line test

Stable disease

Progression
8
Partial response and superiority
9 } of paclitaxel+neratinib
2".line therapy ]
Partial response . 10
Local therapy
Minimal residual disease e
L 24 ) @ = months

Roberto Vargas et al. Precision Oncology 2018, 2:14

@ labcorp
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Time line of events in the mouse and
in the human patient

Rapid growth in the mouse setting
allowed clinical interventioniin this
particular case

Mouse studies were able to predict
both the development of resistance
and the response to 2nd line therapy
BEFORE these events were observed
in the patient

©2022 Laboratory Corporation of America® Holdings All rights reserved.
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Case Study: Humanized Mouse Models

Two primary methods: human PBMC; human CD34+stem cells $9

e Short-term studieswith hT cells
stem cell

injection

myeloablation
D hCD34+\
PBMC h-NSG: .
\ hematopoietic

Strong effector/memory T cell function
» T celldriven GvHD Human PBMC >
Short lifespan (<3 months) injection _

* Donor-to-donorvariability « CD34+ h-NSG:

* Stably engraft bone marrow
* Multi-lineage hematopoiesis

LD & heDa- occurs within 12 weeks ~12 weeks
T Call Gata Immuna Call Gatas
e - * Stable engraftment (> 1 year)
u‘m o without GvHD
s
R s 7 7-14+ days * Donor-to-donorvariability
e. Tl '
_1:11 s T ‘& 00K - e ,-‘_u" mz’
= 2 =

[ w' ot o A’ [ 1w o e [l w' o ow

hCcD4 hCD3 hCD45

3
1077
|

mCD45

34
-10
394

Validated: >25% ° ¢
hCD45+cellsin ~ hCD45
peripheral blood

. Iabcorp 1.All animal work was approved by the site Institutional Animal Care and Use Committee and was performed in conformance with the Guide for

Drug Development the Care and Use of Laboratory Animals within an AAALAC-accredited program with humane euthanasia criteria predetermined on all studies. ©2022 Laboratory Corporation of America® Holdings Al rights reserved. 20



Case Study: Humanized Mouse Models

SC MiaPaCa-2

Considerations for the hPBMC Model. 2500 Mean Tumor Volume BSE Percent Body Weight Changes
2 20
* Onset of characteristics of GvHD A 2000 o Unreated £ .
. . £ - o
* Progression variable between 3 1500 ponort &
g =+ Donor 2 £
donors 2 oo ~ Donors g O
. . . § =+~ Donor 4 g
* Clinical signs scored: BWL >10% of - > -0
baseline, rough pelage, hunched 2 *
H H H 1 00 -200 10 20 30 40 50 60
posture, skin lesions/integrity b post Immront T
and diarrhea ' "
o IV MM1.S-Luc
* Engraftmentvariability
. . Mean Tumor Burden (BLI) + SEM Percent Body Weight Changes
* Andresponsetotherapyisvariable 1ot -
- ntreate —
between donors 3 108 = Donorl  §
K -+ Donor 2 %
* Optimized conditionsensure viability of g " ~ Donor3 2
. . e . —— Donor 4 '§
the model, sufficient engraftmentand s £
therapeuticwindow for treatment £ :
& 107 2
1050 1‘0 2‘0 3‘0 4‘0 5‘0 -300 10 20 30 40 50 60
Days Post Implant Days Post Implant

. Iabcorp 1.All animal work was approved by the site Institutional Animal Care and Use Committee and was performed in conformance with the Guide for

Drug Development the Care and Use of Laboratory Animals within an AAALAC-accredited program with humane euthanasia criteria predetermined on all studies. ©2022 Laboratory Corporation of America® Holdings Al rights reserved.



Case Study: Humanized Mouse Models

PBMC humanization— CDX model

Tumor cellimplant ~ PBMC implant Humanized mouse Preclinical model

' ’2\ for immunotherapy

oW . & P K .
| — © | — . — o .\
SIS S I

Image modified from: Pawel Sobczuk et al. Translational Oncology 2020

SC SKOV-3 HER2+ model in PBMC-hNOG
Treated with 4-1BB/HER2 bispecificAb

& ©- no PBMC
E 300+ -o- PBMC only
o 2501 9~ Anti-CD137 1009
5 20+ =&~ Isotype ctrl 100pg
$ = PRS-343 49
‘g 150+ - PRS-343 209
2 100+ B Tras-lgG4 80ug
o - PRS-343 100pg
. 0L, . . ' v ' — & PRS-343 200ug
0 4 7 1M1 14 18 20
Days after start of treatment o

https://d1lio3yogOoux5.cloudfront.net/pierisag/files/170401+AACR+Poster+April+2017+final.pdf

Pieris Pharma, AACR 2017
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& — @ + ® —
CD34 HSC PDX Tumor

CD34* humanization — PDX model

/\

Humanized NSG™ Humanized NSG™ with human tumor

Mean Tumor Volume of BR1126P5 (TM00098) PDX in Hu-NSG Mice
** &"** P<0.05; Compared to Vehicle group. O y ANOVA
Dunnett’s Multiple Comparison test

g

@ Cisplatin (2mg/kg) iv Q7Dx3"*

| -@- Vehicle (Saline) ip QSDx4 ‘__—”I
4 Keytruda (5~10mg/kg) ip QSDx4™ {/"'

Mean Tumor Volume (mn?) +/- SEM

Days
(Day 0 = treatment initiation)
https://www.jax.org/news-and-insights/jax-blog/2015/april/the-next-big-thing-
in-cancer-modeling-patient-derived-xenografts-in-humaniz
Jackson Labs
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Case Study: Orthotopic Models — Xenografts

Orthotopic PC3-M-Luc (male nude mice)

Day' 14 21

Radiation

Mean Tumor Burden + SE
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1 rE
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Color Scale E L
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m
1D? L
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* Parental cell line transduced with luciferase construct

* Tumors implanted into clinically relevant organ

* Bioluminescence imaging utilized to track disease burden and therapeutic response

30 40 50 60
Days Post Implant

. Iabcorp 1.All animal work was approved by the site Institutional Animal Care and Use Committee and was performed in conformance with the Guide for

Drug Development

the Care and Use of Laboratory Animals within an AAALAC-accredited program with humane euthanasia criteria predetermined on all studies.
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Case Study: Orthotopic Models — Xenografts

Brain OT: U87MG-Luc Lung OT: A549-Luc
Day 21 Day 28 Day 35 Day 42 Day 49 'y Day 10 Day 17 Day 31 Day 40
i I 3
r 4 , [
‘ 4
ContrOI H !“ | : )
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IP SK-OV-3-Luc Renal OT: 786-0O-Luc
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Case Study: Syngeneic Mouse Models

Commonly used murine tumor models — evaluating response to checkpoint inhibitors
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. Iabcorp 1.All animal work was approved by the site Institutional Animal Care and Use Committee and was performed in conformance with the Guide for

Drug Development

the Care and Use of Laboratory Animals within an AAALAC-accredited program with humane euthanasia criteria predetermined on all studies.

EMT-6 individual mice
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Case Study: 4T1-Luc Baseline TIL Immune Profile

% CD45*

~500mm3in size

W CD8+ T Cells

B CD4+ Helper T Cells

W Tregs

H B Cells

M NK Cells

B NKT Cells
G-MDSC

B M-MDSC

HM1TAM

H M2 TAM

B Dendritic Cells

M Other

Immune cell populations are shown as % CD45+ cells

Profiling shows data from n=6 untreated tumors

The right panel shows representative images of flow
cytometry gating strategy

The lymphocyte population is mostly represented by

B cells with minimal T cell infiltration into the tumor
microenvironment while the myeloid populationis

predominantly G-MDSC cells

. Iabcorp 1.All animal work was approved by the site Institutional Animal Care and Use Committee and was performed in conformance with the Guide for
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Drug Development the Care and Use of Laboratory Animals within an AAALAC-accredited program with humane euthanasia criteria predetermined on all studies.
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Case Study: 4T1-Luc TIL Profile Following Treatment

Isotype Control Anti-mCTLA-4 Lymphoid Cell Analysis
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. Iabcorp 1.All animal work was approved by the site Institutional Animal Care and Use Committee and was performed in conformance with the Guide for
Drug Development the Care and Use of Laboratory Animals within an AAALAC-accredited program with humane euthanasia criteria predetermined on all studies.
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Case Study: Baseline TIL Profile Comparisons

CT26—Immunologically Warm 4T1-Luc—Immunologically Cold

CT26 4T1-luc

B CD8+ T Cells 2.4%
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. Iabcorp 1.All animal work was approved by the site Institutional Animal Care and Use Committee and was performed in conformance with the Guide for

Drug Development the Care and Use of Laboratory Animals within an AAALAC-accredited program with humane euthanasia criteria predetermined on all studies. ©2022 Laboratory Corporation of America® Holdings Al rights reserved. 28



Case Study: Tumor Expression — Model Selection

NanoString Mouse PanCancer 10 360 Panel

CT26 4T1-Luc

Control Anti-mCTLA-4 Control Anti-mCTLA-4

o2 4
Fow £-Zcors
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Case Study: Use of Syngeneic Model —4T1-Luc Drug Combination

Mean Tumor Volume + SE
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—&— Isotype Control, IP, D7, 10, 14 & 17 —8— Radiation, 10Gy, SARRP, D7

—¥—  Anti-mCTLA-4, 10mg/kg, IP, D7, 10, 14 & 17 —4— Radiation + Anti-mCTLA-4

* Focalradiation (RT) was delivered by SARRP (Xstrahl)
* Single agent anti-mCTLA-4 or RT showed expected responses

* Combination treatment showed improved response with
increased tumor growth delay

* Model spontaneously metastasizes to thoracic region
* Evaluate throughinvivo BLI imaging

. Iabcorp 1.All animal work was approved by the site Institutional Animal Care and Use Committee and was performed in conformance with the Guide for
Drug Development the Care and Use of Laboratory Animals within an AAALAC-accredited program with humane euthanasia criteria predetermined on all studies.
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Case Study: Use of Syngeneic Model —4T1-Luc Drug Combination

Thoracic Region Metastasis by in vivo BLI
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Can evaluate phenotypic changes by flow cytometry

Reduced thoracic metastasis in combination group (through in vivo imaging)

Canevaluate changes inactivation state of CD8+ T cells by flow cytometry

Canevaluate functional changes through intracellular cytokine signaling (flow)
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. Iabcorp 1.All animal work was approved by the site Institutional Animal Care and Use Committee and was performed in conformance with the Guide for

Drug Development the Care and Use of Laboratory Animals within an AAALAC-accredited program with humane euthanasia criteria predetermined on all studies.
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Case Study: Orthotopic Syngeneic Models

Murine GL261-Lucintracranial implant (albino C57BL/6)
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. Iabcorp 1.All animal work was approved by the site Institutional Animal Care and Use Committee and was performed in conformance with the Guide for
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Case Study: Orthotopic Syngeneic Models

Murine ID8-Luc ovarian model (IP)

Isotype Control Anti-mCTLA-4
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. Iabcorp 1.All animal work was approved by the site Institutional Animal Care and Use Committee and was performed in conformance with the Guide for
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Drug Development the Care and Use of Laboratory Animals within an AAALAC-accredited program with humane euthanasia criteria predetermined on all studies.
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Days Post Implant
Isotype Control (LTF-2), 10mg/kg/inj, IP, D14, 17, 21, 24 & 28
Anti-mPD-1 (RMP1-14), 10mg/kg/inj, IP, D14, 17, 21, 24 & 28
Anti-mPD-1 (RMP1-14), 5mg/kg/inj, IP, D14, 17, 21, 24 & 28
Anti-mPD-L1 (10F.9G2), 10mg/kg/inj, IP, D14, 17, 21, 24 & 28
Anti-mPD-L1 (10F.9G2), 5mg/kg/inj, IP,D14, 17, 21, 24 & 28
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Case Study: Models for Adoptive Cell Therapy

Human tumor cell line (Raji-Luc) implanted into NSG mice

Tumor cell implant - Stage with BLI Dose IV withCART
IV (DO) imaging (D5) therapies (D6)

* Understand growth of human xenograftin NSG mice

* Experimental design should include vehicle treated group

* Experimental design should include non-transduced T cell group
* Monitor disseminated disease progression through BLI imaging
* Monitor overall survival (morbidity/mortality)

* Tcell persistence can be tracked via flow cytometry (not shown)

* Studies canalso be done in the humanized mouse setting

® labcorp

Drug Development 1.All animal work was approved by the site Institutional Animal Care and Use Committee and was performed in conformance with the Guide for

Efficacy of CAR T therapies in disseminated Raji-Luc model
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the Care and Use of Laboratory Animals within an AAALAC-accredited program with humane euthanasia criteria predetermined on all studies.
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Case Study: Human Xenograft Metastatic Models

Human Breast Models— MDA-MB-231-D3H1-Luc & MDA-MB-231-D3H2LN-Luc

Primary Tumor Shielded Image (LN) MDA-MB-231-D3H2LN-Luc
Week 2 Week 5 Week 8 ohotons/sec Week 7 .
100 Lung lesion
80
60
Axillary lymph
node (LN)
40 /
20 Shielded primary :
tumor 5 ' ;
MDA-MB-231-D3H1-Luc ;;/‘
¢ Some modes spontaneously metastasize; GEMM models more readily than CDX LN lesion
* Primary tumor size generally rate limiting step in life-span of animal
* Number of CDX models is relatively low
. Iabcorp 1.All animal work was approved by the site Institutional Animal Care and Use Committee and was performed in conformance with the Guide for
Drug Development the Care and Use of Laboratory Animals within an AAALAC-accredited program with humane euthanasia criteria predetermined on all studies. ©2022 Laboratory Corporation of America® Holdings Al rights reserved. 35



Case Study: Human Xenograft Metastatic Models

Human Prostate Model - PC-3M-Luc, intracardiacinjection —bone metastasis model
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Injection models of metastasis exist * Intrasplenic for liver mets

IV injection for lung mets * Intracranial for brain mets

Intracardiac for bone mets * Relatively easy to perform
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. Iabcorp 1.All animal work was approved by the site Institutional Animal Care and Use Committee and was performed in conformance with the Guide for
Drug Development the Care and Use of Laboratory Animals within an AAALAC-accredited program with humane euthanasia criteria predetermined on all studies.

Mean Tumor Burden + SE

—e— Vehicle

—a— Docetaxel, 15mg/kg, IV, D8, 15, 22 & 29

10

* Quantitative readouts

* No primary tumor

15

* No metastatic progression

20 25
Days Post Implant

30

©2022 Laboratory Corporation of America® Holdings All rights reserved.

35

36

40



Summary

* The oncologylandscapeis populatedbya large number of approachesin drugdevelopment with growingnumbers of clinical trials.
* The clinical validation ofimmunotherapieshas spurred additional research into mouse models with competentimmune systems.

* Each model type has advantages and disadvantages that should be thoroughly consideredin the context of the questions being
investigated.

* The use of patient derived xenografts, with or without a humanized mouse model background, isimportantforaddressing questions
related to precision medicine. However, human xenograft (CDX) models are still the most utilized.

* CDX and PDX models are being used to test cell-based therapies. These types of studies are rapidly movinginto the humanized
mouse model setting.

* Syngeneic mouse models are considered the standard forimmuno-oncology approaches. These studies are run with supportive
ex vivo analysis to provide phenotypicand functional endpoints.

* Orthotopicmouse models can playimportantrolesinunderstandingthe interplay between tumorsand the tumor
microenvironment and the advent of in vivo imaging makes these types of studies easier, quantitative and more accessible.

* Metastaticdisease remains a clinical challenge with limited mouse models. However, many questions can be answered with the
models at hand but care should be taken in understandingthe model limitations.

A large number of preclinical oncology models exist but there is not a “one-size-fits-all” approach.
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Thank You!
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