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FDA Alerts Healthcare Professionals
and Oncology Clinical Investigators
about Two Clinical Trials on Hold
Evaluating KEYTRUDA®
(pembrolizumab) in Patients with
Multiple Myeloma

Update [September 20, 2017]: The FDA has informed multiple investigators who have ongoing
clinical trials using PD1/PD-L1 oncology drugs in combination with immunomodulatory agents or in
hematologic malignancies combined with other classes of drugs whether their trials must be
temporarily stopped to allow for modifications or must be permanently stopped.

[August 31, 2017] Based on data from two recently halted clinical trials, the U.S. Food and Drug
Administration today is issuing this statement to inform the public, health care professionals, and
oncology clinical investigators about the risks associated with the use of KEYTRUDA®
(pembrolizumab) in combination with dexamethasone and an immunomodulatory agent
(lenalidomide or pomalidomide) for the treatment of patients with multiple myeloma. KEYTRUDA®
(pembrolizumab) is not approved for treatment of multiple myeloma.






Current Status

A 2016 FDA publication on CPI/CPS surveyed current approaches to developing these products
— Some data gaps were identified
— Additional work on 10 products has been published by several different groups

In Sept 2017 NCI/JAX sponsored a Think Tank on immune interventions in oncology
— Focused on modeling opportunities in mice and human specimens
— Uses and limitations of mouse models
— Development of biomarkers
— Research needs
Regulatory science data gaps were not discussed
FDA research on humanized mouse models is ongoing



Nonclinical Models for Immunotherapy

Mouse xenografts

Syngeneic mice
Genetically-modified mice
Humanized mice

Companion animals
Organs-on-a-chip/organoids/etc.



Review Challenges

Definitions of pharmacologic activity and MABEL are vague

— Generally derived from in vitro data for 10 products

Lack of transparency in translating functional assays/receptor occupancy to FIH dose

— Not all sponsors use the same approach and details are sometimes lacking
Challenges in integrating NHP pk/ADME and xenograft data into FIH dose selection/safety assessments

Challenges in using other relevant factors (e.g., receptor turnover/tumor expression) in FIH dose
selection



Discussion Topics

e Current challenges in nonclinical development of 10 products
— How to fill in gaps? Existing paradigm or innovative approaches?

* Nonclinical models for IO products
— Advancing the field with improved models?
— Utility of these models in better predicting clinical outcome of safety? Efficacy?
— Will one model be sufficient to study multiple targets?

— Pros and cons of using different PD models to evaluate the activity and safety of 10 products?
— Use in FIH dose selection?
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Statement(s) of the obvious

- There is no animal model that can fully predict the safety,
either on- or off-target effects, of a particular new drug In
human patients

- Immuno-oncology in particular attempts to modulate a
Interplay between multiple immune cell types, the tumor,
and normal tissues

— No animal has a fully human immune system, a tumor, and normal
human tissues

- Immuno-oncology ‘drugs’ do not get cleared by the
liver/kidney with defined half-lives and kinetics

- Patients are typically ill with the disease and have had
prior treatments, whereas animals are asymptomatic and
get only ‘first-line’ treatments



Goals of animal models for iImmuno-therapies

- Pre-clinical: a path to IND and testing in humans

— Human T cells are now used as drugs to treat disease; the human T
cell is the investigational product!

— Focus on efficacy (and ideally toxicity, but this is less developed)

— Animal models not required for most T cell products on path to IND
but most sponsors/investigators do use them

- Post-clinical: Modeling observed effects from clinical setting

— Adverse effects, cytokine release syndrome, neurotoxicity,
resistance mechanism

- Basic science:
— Modeling tumor environment/interactions/basic immunology

— Modeling a human disease (autoimmunity/transplantation/cancer)



NSG mice: the current standard for path to IND

« NSG mice

— Xenografted with human tumor lines/pdx

— Investigational agent is human T cell

— Advantages:
- Well established, easy to buy or breed, path to IND is feasible
- Sustains engraftment of human T cells and tumor cells

- Can discriminate anti-tumor efficacy of different T cell
constructs with dose and timing in 4-12 week models

— Limitations:
- Does not model on or off-target toxicity against human tissues

- Does not model cytokine release
syndrome/neurotoxicity/macrophage activation syndrome

- Does not model long-term efficacy due to xeno-GvHD



Other mice

- SCID/beige

— Have some NK cells and better macrophages than NSG

— Do not engraft as many tumors or T cells as well

- Athymic/nude

— Have good NK and macrophages, but many human tumors don’t
engraft at all — not used very often

- Syngeneic mouse models
-~ Few available (mouse CD19, mouse EGFRuvIII)

— Use mouse T cells, mouse CARs, mouse tumor — no longer
studying the human T cell or the investigational product, but can
model microenvironment

— Do not develop clinical toxicities observed with human CAR T cells
(cytokine release syndrome/MAS, neurologic toxicity)



Reminder of how the field got to axi-cel

Published in final edited form as:
J Immunother_ 2009 September ; 32(7): 689-702_ doi:10.1097/CJ1.0b013e3181ac6138.

Construction and Pre-clinical Evaluation of an Anti-CD19

Chimeric Antigen Receptor

James N. Kochend’erfert, Steven A. Feldman', Yangbing Zhao‘, Hui X&l’, Mary A. Black',
Richard A. Morgan , Wyndham H. Wilson‘“, and Steven A. Rosenberg
*Surgery Branch of the National Cancer Institute, National Institutes of Health, Bethesda, MD, USA

YMetabolism Branch of the National Cancer Institute, National Institutes of Health, Bethesda, MD,
USA
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Reminder of how we got to... tisagenlecleucel




Then what happened?

- CART cells in humans were much more potent than
expected. Long term remissions seen in the first 5 patients
treated at multiple centers.

- Toxicities of cytokine release syndrome (CRS) and
neurologic toxicity became apparent at about patient 4...

« You know the rest

- Why wasn’t any of this predicted?

— CRS (and neurotoxicity) requires a myeloid compartment (IL-6,
endothelial cell activation.... ) that interacts with activated T cells



Humanized mice: need to be engrafted with human cord

blood to get chimeras, and skew toward myeloid

www.taconic.com



Two new mouse models that model cytokine release

syndrome published in Nature Medicine, May 2018

NSG mice transgenic for human IL-3, GM-CSF, and stem cell factor (SGM3)
sublethal irradiation of newborn mice (time delay of even 2 days abrogated
effect)
injected with human cord blood hematopoeitic stem and progenitor cells

Reconstitute hematopoiesis with B cells, monocytes, T cells, myeloid cells
NHUSGM3 mouse T cells hyporesponsive to I-Ag7
but respond to allo (I-Ad) and xeno (human) — which means you need T cells
from the same cord or from another mouse injected with same donor (with
lower transduction efficiency than mature peripheral blood T cells...?



Norelli, Nat Med, 2018



Monocyte
depletion
ablates
CRS (but
also help
clear ALL)

Ankinra ,
Toci
work for
CRS, but
only
anakinra
for
neurotox

Norelli, Nat Med, 2018



SCID-Beige mice
injected intraperitoneal tumors — allows for larger tumor burden before lethality
large numbers required (3e6 Raji ip > 3 weeks - 30e6 CART ip)
CRS developed 2-3 days post-CART (19-28z)
CRS = reduced activity, malaise, piloerection, weight loss... mortality
increased serum amyloid (murine equivalent of CRP)
mixed human/murine cytokine profile: mIL-6, mG-CSF, hGM-CSF, hiIFNg, hiL2
hIFNg and hGM-CSF don’t bind murine receptors
—> unclear what triggers murine innate immunity
treatment with anti-murine IL-6 receptor blocking antibody prevented mortality



Giavridis, Nat Med, 2018



IL-1R1
(functional) is
up onlyin
peritoneal
monocyte /
macrophages

Blocking
IL-1 via
anakinra
(drug) or
gene
helps

Giavridis, Nat Med, 2018



Non-mouse: Canines

— Limited reagents to grow/study canine T cells; outbred; useful for
veterinarians and pet owners. Unknown toxicity manifestations

— Canine signaling domains? Canine viral vector envelopes?

Molecular Therapy, 2016

J Immunotherapy, 2014



Non-mouse: Non-human primates

— EXxpensive, limited; poor tolerance of chemotherapy. Some
neurologic toxicities modeled (but CD20 not CD19), and not clearly
useful for human translation

Cancer
Discovery,
2018

— Autologous rhesus macaque T cells transduced with anti-CD20
CAR, given back after cyclophosphamide (no tumor)



Cytokine release syndrome in NHP (RM)

Taraseviciute, Cancer Discovery, 2018



Neurologic toxicity in RM: elevated cytokines in CSF; diffuse

infiltration of CAR+ and CAR- T cells in brain parenchyma

Taraseviciute, Cancer Discovery, 2018



Blue-sky thinking

- NSG mice engrafted with a panel of viable human tissues
for sale

— We developed a skin-grafted NSG mouse to test potential skin-
related toxicity

— Imagine NSG mouse with a little graft (subcu? Orthotopic?) of

human heart, lung, brain, liver, skin, HSC. Other desirable tissues
could include gut or blood vessel.

— Could be used to model on-target and off-target toxicity

- NSG mouse that develops macrophage activation
syndrome / cytokine release syndrome



Blue-sky thinking

NSG mice engrafted with a panel of viable human tissues
for sale

— We developed a skin-grafted NSG mouse to test potential skin-
related toxicity

— Imagine NSG mouse with a little graft (subcu? Orthotopic?) of
human heart, lung, brain, liver, skin, HSC. Other desirable tissues
could include gut or blood vessel.

— Could be used to model on-target and off-target toxicity

Humanized mice that are inbred (serially transplanted and
for sale) so that human T cells can be matched/syngeneic
to the other immune cells (stem cells, B cells, myeloid
cells)



Who knew?

- Who knew that modeling the human immune system and
Immunotherapies in animals could be so complicated?



To obtain slides from Sarah Javaid, PhD, please send
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Humanized mice to study cancer-
immune system interface

Karolina Palucka, MD, PhD
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Cancer Immune landscape is complex and heterogeneous

Palucka & Coussens, Cell 2016



Different types of tumor microenvironments
differentially impact efficacy of immunotherapies



Why humanized mice?

- Adaptive immunity: key features are well conserved between
mouse and human. But....differences in affinity, antigens,
longevity

« Innate immunity: numerous differences between mouse and
human

J Immmunol 2004: 172:2731-2738: :
doi: 10.4049/jimmunol.172.5.2731

http://www.jimmunol.org/content/172/5/2731

« Cancer vaccines: mouse studies positive,
Many human phase |l trials fail



Adoptive T cell transfer Endogenous T
cells

NOD-SCID B2m-/-
mouse
Adult CD34* HPCs

Palucka et al., Blood 2003

Yu et al., Blood 2008

Yu et al., Immunity 2013

Yuetal., JI 2014

Graham et al., Vaccine 2016
Aymeric, Yu et al., Science Immunology 2017

Aspord C, J Exp Med 2007
Pedroza-Gonzalez, J Exp Med 2011
Wu et al, Cancer Immunol Res 2013
Wu et al, Cancer Res 2018

NOD-SCIDyc /- or Rag2”/yc /-
mouse
Fetal/cord blood CD34* HPCs

MISTRG: Human M-CSF/IL-3,
GM-CSF/SCF/SIRPa/TPO
NSG and NSG-SGM3:SCF/GM-CSF, IL-3

Rongvaux et al, Nat Biotech 2014
Wang et al FASEB J 2018



Breast cancer subverts dendritic cell maturation to induce Th2
cells promoting cancer progression

From patients to 15t generation Onco-Humice
back to patients
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IL1 receptor antagonist (Anakinra) prevents IL-13 production and
breast cancer progression in experimental tumors

Block of pro-tumor Th2 Increase of anti-tumor Th1
cytokines cytokines



From humanized mice to patients:
Anakinra blocks signature of inflammation in

patients

Nucleus Cytokeratin CD11c IL1b

Exploratory clinical trial
(IRB 012-099)
Combination of IL-1 blockade
with chemotherapy in
metastatic TNBC

Joyce O’Shaughnessy
Robin Young

Virginia Pascual
Romain Banchereau
Clinical Team
Patients
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Nucleus DAPI

Macrophages CD14
Melanoma gp100 Martl



The fate of antigen in tissue

. . NN : ANTIGEN
D PRESENTATION
>
Dying cancer cells
Exosomes
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Homeostatic turnover DEGRADAT/ION

Immune cells
Drugs



In vivo models of human myeloid cells and human
melanoma

« MISTRG for the encoded proteins M-CSF (CSF-1), IL-3/GM-CSF, SIRPa and TPO
in the Rag2-//2rg- background (Rongvaux, Martinek, Palucka... et al, Nat
Biotech 2014).

CSF-1-dependent myeloid compartment

« NSG-SGM3 strain, an immunodeficient strain that expresses transgenes for
human SCF and GM-CSF/IL-3 (Billerbeck et al., Blood 2011; Coughlan et al.,
Stem Cells Dev 2016).

CSF-1-independent myeloid compartment



Development and function of human innate immune
cells in a humanized mouse model

Anthony Rongvaux!-10, Tim Willinger!-10, Jan Martinek?-3, Till Strowig!-?, Sofia V Gearty!,
Lino L Teichmann>, Yasuyuki Saito®, Florentina Marches?, Stephanie Halene”, A Karolina Palucka?,
Markus G Manz® & Richard A Flavelll-8
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Human myeloid cells differentially impact
progression of “primary” experimental Me275

melanoma tumors in di

erent models
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Evaluating checkpoint inhibitors:
Pembrolizumab and Cisplatin Inhibit Growth of the breast
cancer BR1126 PDX Model in Hu-CD34 NSG™ PDX Mice

Mean Tumor Volume of BR1126P5 (TM00098) PDX in Hu-NSG Mice *  HuCD45+ in HU-NSG mice:
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Efficacy Results of Pembrolizumab
+/- Docetaxel on lung cancer LG1306 PDX
Tumors in HU-NSG™ Mice
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Donor Variation in Response to Pembrolizumab

Treatment in LG0978 Onco-HU-NSG™ mice
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Mechanisms: Efficacy of Pembrolizumab Depends
on Human Immune Cells
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Mechanisms: Efficacy of PD-1 blockade in humanized NSG mice
bearing breast cancer CDX is CD8*T Cell Dependent
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Redistribution of CD8 infiltrate after
anti PD-1 treatment

DAPI CD8

Jim Keck Lab, JAX Sacramento
Jan Martinek, Palucka Lab, JGM Connecticut
Wang et al FASEB J 2018



Humanized mice:
Current challenges and opportunities

- Engraftment with HPCs
Lack of human cytokines impairs HSC growth & differentiation
Source of HPCs: bone marrow, blood, iPS

 Mouse hosts
Mouse myeloid cell function
Murine MHC

- Suboptimal lymphoid architecture and immune function
T cell education in context of mouse MHC (H2) antigens
Poor lymph node development, lack of FDCs no germinal centers
Low levels of humoral immunity, impaired Ig class switching



Host editing: NSG-(KD)""(/A"")y and NSG-B2M“! (JA/IE)""
Mice show Increased Survival Following Injection with

Human PBMC
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Expression
of human factors

JAX Laboratories: Cytokines
HLA molecules

Ne)(t Generat'on Of Microenvironmental factors
Humanized Mice (SIRPa)
Hormones (prolactin)
Reduction of
mouse immunity
CRISPR editing of the host H2 molecules
and of human cells Thymus
Macrophages

Granulocytes
Dendritic Cells

Lenny Shultz, JMG Bar Harbor Chemokine receptors
Jim Keck, JAX Sacramento Interferon receptors
Karolina Palucka, JGM Connecticut

Toll-like receptors
Role of human stroma



Emerging Model for Human
Immunotherapy

Novel targets
<: Novel drugs

Novel biomarkers

Human in-mouse

Genomic engineering
— Cell transplant

Human Tissue transplant
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Evaluating IO toxicities in syngeneic immunocompetent mouse models
Lessons, Opportunities and Challenges

Gregory L. Beatty, MD PhD

Assistant Professor
Director of Translational Research, Pancreatic Cancer Research Center
Department of Medicine
Division of Hematology/Oncology
University of Pennsylvania School of Medicine
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Immunotherapy can provoke a wide range of immune-related toxicities

Immune antagonists and Immune agonists

Hypophysitis

Anti-CTLA-4
All grades: 4%

Pneumonitits

Pneumonitis

[ Anti-PD-1 (G3/4: 2%) }

[ Anti-PD-1 (G3/4: 2%)

Hepatitis

Anti-PD-L1 (G3/4: 7%)
Anti-PD-1 (All grades: 9%)
Anti-CTLA-4 (G3/4: 6%)
Anti-CD40 (G3/4: 7%)
Anti-CD137

Colitis

Anti-PD-1 (G3/4: 1%)
Anti-CTLA-4 (All grades: 8%; G3/4: 1-5%)

Pruritis

Anti-PD-L1 (All grades: 6%)
Anti-PD-1 (All grades: 21%; G3/4: 1%)
Anti-CTLA-4 (All grades: 24-31%; G3/4: 1%)

Vitiligo

Anti-PD-L1 (All grades: 2%)
Anti-PD-1 (All grades: 9%)
Anti-CTLA-4 (All grades: 2.3%)

Rash

Anti-PD-L1 (All grades: 7%)
Anti-PD-1 (All grades: 21%; G3/4: 2%)
Anti-CTLA-4 (All grades: 19-33%; G3/4: 1-2%)

Lymphopenia

Anti-PD-L1 (G3/4: 1%)
Anti-CD40 (G3/4: 38%)

Diarrhea

Anti-PD-L1 (All grades: 9%)
Anti-PD-1 (All grades: 11-20%; G3/4: 1-2%)
Anti-CTLA-4 (All grades: 27-51%; G3/4: 4-18%)

Cytokine Release Syndrome

[ Anti-CD40 (All grades: 80-100%) ]

Adapted from Liu et al. Clin & Transl Immunol (2014) 3:e22



Modeling the immune system
Of Mice and Humans

Human Blood
50-70% neutrophils
30-50% lymphocytes

Neutrophils: rich in defensins

Human HSC
c-kitlow flt-3*

Mouse Blood
10-25% neutrophils
75-90% lymphocytes
Neutrophils: lack defensins

Mouse HSC
c-kithigh  f|t-3neg

Mestas and Hughes J Immunol 172:2731 (2004)



Known immunological differences between mice and humans
Of Mice and Humans

Mouse Human
CD40on EC Absent Present
Mouse Human

O Th expression of IL-10 Th2 ThlandTh2

Mestas and Hughes J Immunol 172:2731 (2004)



Nonetheless, the overall structure of the immune system in mice and humans is quite similar.




Syngeneic and Transgenic Models
Advantages and Disadvantages in their use for studying IO toxicities

Transplantable Tumor Models Spontaneous Tumor Models Non-tumor models
Examples: Examples: Examples:

MC38 subcutaneous implantation «  Kras®12Di*; Trp53R172H/+: pPdx-1 Cre (KPC) + Wild-type mice

Pan02 orthotopic implantation *  MMTV-PYyMT * PD-1 knockout mice, etc

Adapted from Liu et al. Clin & Transl Immunol (2014) 3:e22



Syngeneic and Transgenic Models
Advantages and Disadvantages in their use for studying IO toxicities

Transplantable Tumor Models Spontaneous Tumor Models Non-tumor models
Examples: Examples: Examples:
« MC38 subcutaneous implantation « Kras®12bi*; Trp53R172H*: Pdx-1 Cre (KPC) <« Wild-type mice
« Pan02 orthotopic implantation *  MMTV-PYyMT * PD-1 knockout mice, etc
Advantages: Advantages: Advantages:
* Rapid/reproducible tumor growth » Stochastic tumor development faithfully * Repeated long-term administration of IO
» Cell lines can be genetically-modified recapitulates tumor microenvironment drugs is feasible

« Emergence of immune tolerance

mechanisms

Adapted from Liu et al. Clin & Transl Immunol (2014) 3:e22



Syngeneic and Transgenic Models

Advantages and Disadvantages in their use for studying IO toxicities

Transplantable Tumor Models

Spontaneous Tumor Models

Non-tumor models

Examples:
 MC38 subcutaneous implantation
« Pan02 orthotopic implantation

Examples:

« Kras®12bi*; Trp53R172H+- pdx-1 Cre (KPC)

e MMTV-PYyMT

Examples:
Wild-type mice
* PD-1 knockout mice, etc

Advantages:
* Rapid/reproducible tumor growth
» Cell lines can be genetically-modified

Advantages:

« Stochastic tumor development faithfully
recapitulates tumor microenvironment

« Emergence of immune tolerance
mechanisms

Advantages:
* Repeated long-term administration of IO
drugs is feasible

Disadvantages:

* Implantation may produce inflammation
and immune activation

« Limited window for intervention and
monitoring

* Mouse surrogates for IO drugs may not
reflect human biology

Disadvantages:

« Tumor latency period can be long

« Costly

« Tumor heterogeneity increases
complexity of interpreting responses

* Mouse surrogates for IO drugs may not
reflect human biology

Disadvantages:

» Effects of tumor development on 10 drug
toxicities cannot be examined

* Mouse surrogates for IO drugs may not
reflect human biology

Adapted from Liu et al. Clin & Transl Immunol (2014) 3:e22




Incorporating mouse models into the study of 10 toxicities
Predictive vs Informative

How should we incorporate preclinical models for the study of 10 toxicities?

Option 1: Evaluate for potential toxicities in preclinical setting to inform translation and monitoring in patients.
Option 2: ldentify toxicities that emerge after translation into patients and study them.

B Option |

TOXICITY
and/or > > > DROFILE

Non-tumor
bearing

I Option #2



Incorporating mouse models into the study of 10 toxicities
Predictive vs Informative

Advantages Disadvantages

Option 1: Increased monitoring for toxicities = Mechanistically important findings may More extensive preclinical modeling — longer
in preclinical models emerge time to development.
May inform toxicities for increased Toxicities may not mirror those seen in
monitoring humans

How to standardize models used?
Heterogeneity between models?

Option 2: Model clinically-relevant Preclinical studies are scientifically focused Which models to use?
toxicities to inform biology and interventions Is there a non-primate drug surrogate?

Mouse/human biology may be distinct

B Option S ——

TOXICITY
and/or > > > DROFILE

Non-tumor
bearing

I Option #2



Example 1: Modeling irAEs related to anti-CTLA-4 therapy

Ipilimumab (n = 1,498) (%) WARNING: IMMUNE-MEDIATED ADVERSE REACTIONS
See full prescribing information for complete boxed warning.

Toxicity All Grades  Grade 3/4 YERVOY can result in severe and fatal immune-mediated adverse reactions.

Gl (e.g. enterocolitis) 33 91 These immune-mediatgd reactions may involve any organ system; however,.tl]e

most common severe immune-mediated adverse reactions are enterocolitis,

Pneumonitis <1 <1 hepatitis, dermatitis (including toxic epidermal necrolysis), neuropathy, and

N endocrinopathy. The majority of these immune-mediated reactions initially

Hepatitis 1.6 11 manifested during treatment; however, a minority occurred weeks to months

. after discontinuation of YERVOY.

Dermatologic 45 2.6

Permanently discontinue YERVOY and initiate systemic high-dose corticosteroid
Hypophysitis 2.7 2.1 therapy for severe inmune-mediated reactions. (2.5)

L Assess patients for signs and symptoms of enterocolitis, dermatitis, neuropathy,
Thyroiditis 1.8 L and endocrinopathy and evaluate clinical chemistries including liver function
Nepbhritis <1 <1 tests, adrenocorticotropic hormone (ACTH) level, and thyroid function tests at
baseline and before each dose. (5.1, 5.2,5.3, 5.4,5.5)

Questions in the field:

Predictability Timing Mechanisms of Pathology Treatment/Prevention

Teply et al. Oncology 2014 28 Suppl 3:30-8



Lessons from CTLA-4 antibody development

Loss of CTLA-4 leads to massive lymphoproliferation and fatal multiorgan tissue destruction,
revealing a critical negative regulatory role of CTLA-4. Immunity 3:541 (1995)

Lymphoproliferative disorders with early lethality in mice deficient in Ctla-4. Science 270:985 (1995)

CTLA-4 blockade enhances clinical disease and cytokine production during experimental allergic
encephalomyelitis. J Immunol 157:1333 (1996)

Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) regulates the unfolding of autoimmune
diabetes. JEM 187:427 (1998)

Cytotoxic T lymphocyte-associated antigen 4 plays an essential role in the function of Cd25+ Cd4+
regulatory cells that control intestinal inflammation. JEM 192:295 (2000)

Biologic activity of cytotoxic T lymphocyte-associated antigen 4 antibody blockade in previously
vaccinated metastatic melanoma and ovarian carcinoma patients. PNAS 100:4712 (2003)

2003 (O

3 mg/kg single dose (n=7)
G1 Rash; Constitutional symptoms

“before clinical use, MDX-010 anti-CTLA-4 Ab underwent extensive evaluation in
cynomologus monkeys and did not cause any notable clinical or pathological toxicity at
repeated i.v. doses from 3 mg/kg to 30 mg/kg in acute and chronic toxicology studies

(unpublished data from Medarex).”



Lessons from CTLA-4 antibody development

Loss of CTLA-4 leads to massive lymphoproliferation and fatal multiorgan tissue destruction,
revealing a critical negative regulatory role of CTLA-4. Immunity 3:541 (1995)

Lymphoproliferative disorders with early lethality in mice deficient in Ctla-4. Science 270:985 (1995)

CTLA-4 blockade enhances clinical disease and cytokine production during experimental allergic
encephalomyelitis. J Immunol 157:1333 (1996)

Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) regulates the unfolding of autoimmune
diabetes. JEM 187:427 (1998)

Cytotoxic T lymphocyte-associated antigen 4 plays an essential role in the function of Cd25+ Cd4+
regulatory cells that control intestinal inflammation. JEM 192:295 (2000)

Biologic activity of cytotoxic T lymphocyte-associated antigen 4 antibody blockade in previously
vaccinated metastatic melanoma and ovarian carcinoma patients. PNAS 100:4712 (2003)

2003 (L

Cancer regression and autoimmunity induced by cytotoxic T lymphocyte-associated antigen 4
blockade in patients with metastatic melanoma. PNAS 100:8372 (2003)

2010 (

\l/

Improved survival with ipilimumab in patients with metastatic melanoma. NEJM 363:711 (2010)

2015 9—

Deletion of CTLA-4 on regulatory T cells during adulthood leads to resistance to autoimmunity.
JEM 212:1603 (2015)

3 mg/kg single dose (n=7)
G1 Rash; Constitutional symptoms

3 mg/kg repeated dosing g3wks (n=14)
G1 Rash, diarrhea, vitiligo
G3/4 dermatitis, hepatitis, hypophysitis, colitis

3 mg/kg repeated dosing q3wks (n=511)
G3 dermatitis (1.5%)

G3 colitis (7.6%)

G3/4 endocrine dysfunction (3.8%)

All grade Hepatitis (3.8%)



Lessons from preclinical models evaluating CTLA-4

Transgenic models targeting the same molecule can produce widely divergent pathological outcomes
« Conditional deletion during adulthood vs genetic knockout from birth

CTLA-4 blockade can impact the biology of non-malignant inflammatory conditions

Conceptual Model W
Predisposing )[ irAE }

condition

Anti-CTLA-4
. ‘

No underlying .
condition w > No IrAE




A mouse model of CTLA-4 induced hypophysitis

Repeated dosing in non-tumor bearing mice

of CTLA-4 blocking antibody. Sci Transl Med 6:230ra45 (2014)

Pituitary Expression of CTLA-4 mediates hypophysitis secondary to administration

SJL/J mice

Week 1 Week2 Week3 Week4 Week5
achetimateet T I O O OO
(vs isotype control)
Complete Freund’s T T T T
Adjuvant

Days Days Days Days Days
0,1,3 0,1,3 0,1,3 0,1,3 0,1,3

Anti-CTLA4 (UC10-4F10-11, hamster anti-mouse IgG1k mAD)

Control CTLA-4 mAb

H&E

CD45

CTLA-4 blockade induces hematopoietic cell infiltration of

pituitary gland
(No infiltration was seen in thyroid, liver, colon or skin)



A mouse model of CTLA-4 induced hypophysitis

Repeated dosing in non-tumor bearing mice

Pituitary Expression of CTLA-4 mediates hypophysitis secondary to administration
of CTLA-4 blocking antibody. Sci Transl Med 6:230ra45 (2014)

CTLA-4 blocking induces serum antibodies with specificity
for prolactin (PRL)- and ACTH-secreting cells in pituitary

Pre Anti-CTLA-4 Ctrl IgG

PRL

7 of 7 patients with CTLA-4 induced hypophysitis show pituitary antibodies
after beginning ipilimumab, whereas 13 of 13 patients without hypophysitis
lacked pituitary antibodies

ACTH

Anti-CTLA4 (UC10-4F10-11, hamster anti-mouse IgG1k mADb); PRL, prolactin; ACTH, adrenal corticotropic hormone



A mouse model of CTLA-4 induced hypophysitis

Repeated dosing in non-tumor bearing mice

Pituitary Expression of CTLA-4 mediates hypophysitis secondary to administration
of CTLA-4 blocking antibody. Sci Transl Med 6:230ra45 (2014)

CTLA-4 blocking induces serum antibodies with specificity
for prolactin (PRL)- and ACTH-secreting cells in pituitary

Pre Anti-CTLA-4 Ctrl IgG

PRL

A subset of pituitary gland cells expressing prolactin (PRL) and TSH express
ACTH CTLA-4.

Authors proposed that CTLA-4 antibodies activates complement in
pituitary leading to tissue destruction.

Anti-CTLA4 (UC10-4F10-11, hamster anti-mouse IgG1k mADb); PRL, prolactin; ACTH, adrenal corticotropic hormone



A mouse model of CTLA-4 induced hypophysitis

Repeated dosing in non-tumor bearing mice

Pituitary Expression of CTLA-4 mediates hypophysitis secondary to administration
of CTLA-4 blocking antibody. Sci Transl Med 6:230ra45 (2014)

Model Limitations:
1. Lack of direct evidence for CTLA-4 antibodies binding cognate antigen in pituitary
2. Unclear if model of secondary hypophysitis in mice mimics the human counterpart



A mouse model of CTLA-4 induced colitis
Unmasking subclinical pathology with CTLA-4 blockade? Infect Immun. 2008 Dec;76(12):5834-42

Flow-sorted
CD4* CD25* CD45RB!° T cells

Wt mice
H. Hepaticus

(2e7 bacteria/animal)

J
Rag?2 \ 4 ,/,/ >
3 5 7

mice 10 14 28 42 Day
Early | ]
Anti-CTLA-4 I Dcayed
Anti-CTLA-4
%k k %
A- ANE Y SRS o * CTLA-4 blockade led
to inflammation in
g 3 4 - ik colon despite
o accumulation of
3 2 4 AMA O @ A Foxp3* cells.
8 1{em o s oo + Delayed anti-CTLA-4
- also induced
Control Infected Infected + Infected + 0 Lo - Bt inflammation in
Treg ACT + Treg ACT + Hh - + o+ o+ - + setting of infection +
Ctrl mAb  Anti-CTLA-4 mADb Treg - -+ o+ + - Treg ACT
anti-CTLA4 - - - + + +

Notes: Rag2”’- and wt mice were on a 129/SvEv background; hamster anti-mouse CTLA-4 mAb (UC10-4F10-11, 100 pg/animal/day i.p.); ACT, adoptive cell transfer


https://www.ncbi.nlm.nih.gov/pubmed/18824539

A mouse model of CTLA-4 induced colitis
Unmasking subclinical pathology with CTLA-4 blockade?

Cytotoxic T-lymphocyte-associated antigen 4 blockade abrogates protection by
regulatory T cells in a mouse model of microbially induced innate immune-driven
colitis. Infect Immun 76:5834 (2008)

Model Limitations:
1. Immunocompromised model (Rag2™)
2. H. Hepaticus is a murine enterohepatic pathogen




Conceptual model
Predisposition as a prerequisite for irAE?

Conceptual Model

Predisposing
condition

No underlying
condition

!

Anti-CTLA-4

Liver injury model
Wtor PD1+
— -3
Anti-CTLA-4
é 1
IrAE 0 | €— Amodiaquine (AQ)
Liver Injury
Anti-CTLA-4 6
(qwk dosing)
y
j'
> No irAE
42
v
Day

Treatment of PD-1(-/-) mice with amodiaquine and anti-CTLA4 leads to liver injury
similar to idiosyncratic liver injury in patients. Hepatology 61:1332 (2015)




Liver injury predisposes to chronic hepatitis
Impact of dual CTLA-4 and PD-1 disruption

ALT (U/L)

100

80

60

40

20

0

Female C57BL/6 Mice

s dndon -

Weeks

200

150

100

50

O Control

B 0.2%AQ +I1gG2b
B 0.2% AQ + anti-CTLA4
H anti-CTLA4

Female PD17- Mice

Anti-CTLA-4

Anti-CTLA-4

IJ__| n__I I]__I D__I I]__I I]__I (qwk dosing)
1 2 3 4 5 6

Weeks

—

42

Day

N

Liver injury model

Wt or PD1"

<€——— Amodiaquine (AQ)

Treatment of PD-1(-/-) mice with amodiaquine and anti-CTLA4 leads to liver injury
similar to idiosyncratic liver injury in patients. Hepatology 61:1332 (2015)




Liver injury predisposes to chronic hepatitis
Impact of dual CTLA-4 and PD-1 disruption

Liver injury model
Liver H&E Wt or PD1
—> -3
Anti-CTLA-4
-1
0 | €— Amodiaquine (AQ)
Anti-CTLA-4 5
(qwk dosing)
y
/
/'
42
PD-1" + anti-CTLA4 + AQ PD-17- + anti-CTLA4 + PBS Day

Treatment of PD-1(-/-) mice with amodiaquine and anti-CTLA4 leads to liver injury
similar to idiosyncratic liver injury in patients. Hepatology 61:1332 (2015)




Liver injury predisposes to chronic hepatitis
Impact of dual CTLA-4 and PD-1 disruption

Treatment of PD-1(-/-) mice with amodiaquine and anti-CTLA4 leads to liver injury
similar to idiosyncratic liver injury in patients. Hepatology 61:1332 (2015)

Model Limitations:
1. Does PD-1 blockade reproduce PD-1 genetic deletion?
2. Amodiaguine is not a common drug used in cancer patients



Example 2: Modeling irAEs related to anti-PD1 therapy

Anti-PD1 (%)

Toxicity All Grades Grade 3/4

Pruritis 14-19 0

Rash 13-26 0-1

Diarrhea 1-3 1-2 a S

Colitis 1-3 0.5-2

Elevated ALT 1-4 0.4-1

Elevated AST 2-4 0.4-4 ~ 2 5 O/
Hypothyroidism 7-9 0 0
Hypophysitis 0-1 0-0.4

Pneumonitis 1-2 0.3-0.4

Oncologist. 2016 Oct; 21(10): 1230-1240.
Management of Adverse Events Following Treatment With
Anti-Programmed Death-1 Agents



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5061539/

Lessons from PD-1 preclinical studies

1999 ._ Development of lupus-like autoimmune diseases by disruption of the PD-1 gene encoding an ITIM
motif-carrying immunoreceptor. Immunity 11:141 (1999)

“Aged C57BL/6(B6)-PD-17~ congenic mice spontaneously developed characteristic lupus-like proliferative arthritis and
glomerulonephritis with predominant 1gG3 deposition...ldentified a role for PD-1 in regulating GVHD. Concluded that PD-1
is involved in the maintenance of peripheral self-tolerance by serving as a negative regulator of immune responses.”

1996 C)— Autoimmune dilated cardiomyopathy in PD-1 receptor-deficient mice. Science 291:319 (2001)

“BALB/c mice PD-1 7~ develop dilated cardiomyopathy with severely impaired contraction and sudden death by
congestive heart failure. Affected hearts showed diffuse deposition of immunoglobulin G (IgG) on the surface of
cardiomyocytes. Concluded PD-1 contributes to prevention of autoimmune diseases.”

) The programmed death-1 (PD-1) pathway regulates autoimmune diabetes in nonobese diabetic

2003 C (NOD) mice. JEM 198:63 (2003)

“PD-1 or PD-L1 but not PD-L2 blockade rapidly precipitated diabetes in prediabetic female nonobese diabetic (NOD)
mice regardless of age (from 1 to 10-wk-old), although it was most pronounced in the older mice. Concluded PD-1-PD-
L1 pathway has a central role in regulation of induction and progression of autoimmune diabetes in NOD mouse”

) B7-H1 determines accumulation and deletion of intrahepatic CD8(+) T lymphocytes. Immunity 20:327

2004 ( (200)

“PD-L1-/- C57BL/6 mice show accumulation of CD8" T lymphocytes in the liver. No liver pathology seen in 14 mo old PD-
L1 KO mice. PD-L1 KO mice compare to wt mice demonstrate increased liver damage in model of experimental

v autoimmune hepatitis involving systemic ConA injection. Concluded PD-L1 regulates intrahepatic CD8 T cell
accumulation an may contribute to inflammation, autoimmune diseases and tolerance in the liver”




Lessons from PD-1 preclinical studies

1999 @

Development of lupus-like autoimmune diseases by disruption of the PD-1 gene encoding an ITIM
motif-carrying immunoreceptor. Immunity 11:141 (1999)

1996 (O—

Autoimmune dilated cardiomyopathy in PD-1 receptor-deficient mice. Science 291:319 (2001)

2003 (O)—

The programmed death-1 (PD-1) pathway regulates autoimmune diabetes in nonobese diabetic
(NOD) mice. JEM 198:63 (2003)

2004 (O—

B7-H1 determines accumulation and deletion of intrahepatic CD8(+) T lymphocytes. Immunity 20:327
(2004)

C57BL/6 mice (PD-1-/-):
Autoimmune nephritis and
glomerulonephritis

BALB/c mice (PD-1-/-):
Autoimmune dilated
cardiomyopathy

NOD mice (PD-1-/-):
Autoimmune diabetes

C57BL/6 mice (PD-L1-/-):
Hepatitis in setting of
Immune activation



Lessons from PD-1 preclinical studies

Development of lupus-like autoimmune diseases by disruption of the PD-1 gene encoding an ITIM ]
1999 ._ motif-carrying immunoreceptor. Immunity 11:141 (1999) C57BL/6 mice (PD-l-/-)Z
Autoimmune nephritis and
glomerulonephritis
1

In setting of PD-1/PD-L1 blockade

Arole for genetics and predisposing insults (inflammation) in driving autoimmune phenomena

2
Autoimmune diabetes
2004 <>_ B7-H1 determines accumulation and deletion of intrahepatic CD8(+) T lymphocytes. Immunity 20:327
(2004) C57BL/6 mice (PD-L1-/-):
Hepatitis in setting of
Immune activation




Rash from anti-PD1 therapy
Unpredictable and potentially lethal

J Cutan Pathol. 2017;44:381-384.

50 yo woman
Stage IV melanoma
BRAF V600E mutated

Ipi (3mg/kg)
Nivo (1 mg/kg)

Nivo (3 mg/kg)
X 2 cycles

Nivo (3 mg/kg)
X 1 cycles

Hospital
Admission

Died 6 days later due to

septic shock

- 0 months
1

Ny

~3 months

and

multisystem organ failure

Grade 2 diffuse morbilliform erythematous eruption and pruritus
Ipilimumab discontinued

Eruption slowly progressed
Steroids given after each cycle with partial improvement in
lesions

Eruption continues to progress
Prednisone 1 mg/kg

BIOPSY: mild interface dermatitis with rare necrotic
keratinocytes. PDL1+ keratinocytes noted.

Tachycardic, afebfrile, erythematous plagques covering
90% of body surface area (BSA) with targetoid papules
on palms, arms and legs. 10% of BSA demonstrated
desguamation

BIOPSY: toxic epidermal necrolysis (TEN) with interface
dermatitis and full epidermal thickness necrosis.



A model to study rash from anti-PD1 therapy
Disrupting peripheral tolerance against keratinocytes?

- 15 -
Experimental Model 10 -
S 51 0% death rate
| OVA (SIINFEKL)-specific TCR % 0
CD8 T cells 3 5. 0% death rate
OT-1 mice S 10 1
=15 1
20 1 80% death rate
< 25 1 Wild-type OT-1 (K14-mOV.
K14-mOVA \ 4 > 30 1 gp.'a-fipg OT-1 ((K14-rrnnOVA))
. ~@— Fas-KO OT-1 (K14-mOVA)
mice 0 Day -35
0123456 7 8 9 1011121314
Days after transfer
Wild-type PD-1 KO Fas KO
I f
Note: Keratinocytes express PD-L1 Note: IL-6 and TNF also increased in PD-1 KO condition. Pathology
' blocked in setting of IFN, IL-6, and TNF deficiency
Kléllbmo_\/A:O'l\'/c:;A\m_ouskg thatdexpresseld Cht'ﬁklgn q Programmed cell death 1 (PD-1) regulates the effector function of CD8 T cells via PD-
ovalbumin ( ) N Sih and mucosai epithelia under L1 expressed on target keratinocytes. J of Autoimmunity 53:1-9 (2014)
control of the keratin 14 promoter




Rash from anti-PD1 therapy

Disruption of peripheral tolerance to keratinocytes

H&E PD-L1

50 yo woman
Stage IV melanoma
BRAF V600E mutated

J Cutan Pathol. 2017;44:381-384.



A model to study rash from anti-PD1 therapy
Disrupting peripheral tolerance against keratinocytes?

Programmed cell death 1 (PD-1) regulates the effector function of CD8 T cells via PD-
L1 expressed on target keratinocytes. J of Autoimmunity 53:1-9 (2014)

Model Limitations:
1. Strong model antigen (OVA)
2. Will anti-PD1 reproduce same biology seen with genetic deletion used for ACT?



Example 3: Immune agonists targeting CD40 can induce hepatitis
Monitoring for acute toxicities and dependence on age

« CDA40 is a member of the tumor necrosis factor (TNF)

receptor superfamily AST ALT

« CDA40 regulates immune activation and can mediate
tumor apoptosis

« CD40 is expressed by dendritc cells, B cells,
monocytes and other non-hematopoietic cells (e.g.
endothelial cells, platelets)

« CD40 signaling activates antigen presenting cells

» Agonistic CD40 antibodies induce a cytokine release

syndrome in patients, hepatitis, and thrombocytopenia Dose cohort
(mg/kg)

J Clin Oncol 25:876 (2007); Annu Rev Immunol 16:111 (1998); Expert Rev Anticancer Ther 17:175 (2017)



Mechanisms underlying toxicity with CD40 agonists
Impact of age

Experimental Model

2.5x105 : :
LLC (3LL) cells i.v. . Goal of study: Define the impact of age on the
‘l' ‘l"l' ‘l' ‘l' anti-CD40 (80 pg qd) efficacy of anti-CD40/IL-2 therapy.
l ‘l' ‘l' ‘l' ‘l' IL-2 (1x108 1U)
>

-3 01234567 8 91011 Day

C57BL/6
CDA40/IL-2 induces lethal toxicity CDA40/1L-2 induces minimal hepatoxicity CDA40/1L-2 induces severe hepatoxicity
in aged but not young mice in young mice in aged mice

Young (4 mo)
Aged (22 mo)

J Exp Med. 2013 Oct 21;210(11):2223-37


https://www.ncbi.nlm.nih.gov/pubmed/24081947

Mechanisms underlying toxicity with CD40 agonists
Dependence on age

CD40/IL-2 (IT) induces

CDA40/1L-2 induces Increased serum TNF CDA40/1L-2 induced hepatotoxicity, transaminitis, and cytokine release
transaminitis in aged mice inhibited by macrophage depletion (LC)
Liver histopathology
Serum ALT Serum TNF Score Serum ALT Serum TNF

i’lb B ek
= 500 4
Z
2 e wkk
1
ol

0 I___Il | ; 2

Ctrl I'l Ctrl T
Young Aged

Note: IT also induces increases in
IL-6 and IFNy

Macrophage depletion (LC) reverses CD40/IL-2 induced hepatotoxicity and lethality

rigG/PBS Anti-CD40/IL-2 Anti-CD40/IL-2
+LC +L +LC

Note: CD4 and CD8 T cells and NK cells are not required for hepatotoxicity

;Lﬁrggrgg?g“c infiltrates LC, clodronate liposomes
’ J Exp Med. 2013 Oct 21;210(11):2223-37


https://www.ncbi.nlm.nih.gov/pubmed/24081947

Mechanisms underlying toxicity with CD40 agonists
Dependence on age

Macrophages from aged vs young hosts secrete Etanercept (Anti-TNF) reverses CD40/IL-2 toxicity
increased cytokines (TNF, IL-6) without impacting anti-tumor efficacy
Mouse BMDM (M-CSF) Human Macrophages (M-CSF)

J Exp Med. 2013 Oct 21;210(11):2223-37


https://www.ncbi.nlm.nih.gov/pubmed/24081947

CD40 agonists condition for enhanced hepatotoxicity from chemotherapy
Timing of chemotherapy administration is critical

Experimental Model

Tumor necrosis Tumor proliferation b= 15 - Gem
. =y B anti-CD40 > Gem (day +2)
CDA40 agonist 60% < 80 * q;’ 10 ¥ anti-CD40 > Gem (day +5)
N
PDAC tumor o 40% 5 60 B %
V 8 0 3 ° v
> S 20% 2 40 < v YV v
4] 3 c ") \ 4 [} |
-12 0 2 5 Day \i £ 20 G_.) 0
C57BL/6 T S =y O
mice or 20% ° ‘ P o m -
O Ctrl M anti-CD40 - Gem (day 2) © =
Chemotherapy Chemotherapy O Gem M anti-CD40 > Gem (day 5) GC)-lO *k
8 15 **
. & 0 1 2 3 4 5 6
4, Xk Day post Gem treatment
(]
c > 2
S5
sg 171 []
O 2 Al
T2 O
—1 T T T
O Gem
O anti-CD40
B Anti-CD40 - Gem (day 5)

Long and Gladney et al. Cancer Discovery 2016 6:400



CD40 agonists condition for enhanced hepatotoxicity from chemotherapy
A role for macrophages

Chemotherapy administered 2 days after a CD40 agonist
induces lethal hepatotoxicity with associated transaminitis?

lgG2a/ Gem/ anti-CD40/

PBS anti-CD40 Gem L o
Hepatotoxicity induced by chemotherapy after a CD40 agonist is

blocked by CSF1R antibodies in tumor-bearing micel

1J Immunol. 2016 Jul 1; 197(1): 179-187



Tumor development alters liver biology

2012 @—

Interleukin-6 and cytochrome-P450, reason for concern? Rheum Int. 32:2601 (2012)

IL-6 reduces the activity of cytochrome P450 (CYP) enzymes (CYP3A4, CYP2C9, CYP2C19) - increased
bioavailability of drugs

Tocilizumab (anti-IL6Ra) blocks IL-6 sighaling - decreased bioavailability of simvastatin (CYP3A4 substrate) and
omeprazole (CYP2C19 substrate)

2015 (O

Pancreatic cancer exosomes initiate pre-metastatic niche formation in the liver. Nat Cell Biol 17:816

(2015)

Pancreatic cancer-derived exosomes induce activate Kupffer cells to secrete transforming growth factor
secretion inducing fibronectin deposition by hepatic stellate cells.

2016 (O)—

Tumor-induced IL-6 reprograms host metabolism to suppress anti-tumor immunity. Cell Metabolism
24:672 (2016)

Tumor-induced IL-6 impairs the ketogenic potential of the liver leading to increased glucocorticoid production in
setting of caloric insufficiency.

2017 (O—

IL-6/STAT3 activation in hepatocytes drives the formation of a pro-metastatic niche in the liver
during pancreatic tumorigenesis. AACR Annual Meeting Abstract# 2682 (2017)

Pancreatic cancer development induces IL-6/STAT3 activation in hepatocytes which drives myeloid cell
recruitment to the liver and deposition of extracellular matrix proteins



Tumor development alters liver biology

2012 @—

Interleukin-6 and cytochrome-P450, reason for concern? Rheum Int. 32:2601 (2012)

2015 ()—

Pancreatic cancer exosomes initiate pre-metastatic niche formation in the liver. Nat Cell Biol 17:816

IL-6 regulates drug
metabolism by the liver

NY

Implications: Changes in immune homeostasis in patients induced by
Immunotherapy may significantly impact drug bioavailability leading to drug-toxicity

statins anti-depressants calcium channel blockers antibiotics warfarin

2017 (O—

IL-6/STAT3 activation in hepatocytes drives the formation of a pro-metastatic niche in the liver
during pancreatic tumorigenesis. AACR Annual Meeting Abstract# 2682 (2017)

ITVTT TTTCTIAMVUITOITITI

Tumor-derived IL-6
activates hepatocytes
and alters immune- and
fibrotic-contexture in liver



Challenges with modeling irAEs in mice

« Lack of comorbidities (non-alcoholic fatty liver disease — may affect
up to 30-40% of adults, obesity, heart disease, diabetes)

 Genetics
* Diet/Microbiome
 Medications

« Exposure to community-acquired infections



Incorporating mouse models into the study of 10 toxicities
Predictive vs Informative

How should we incorporate preclinical models for the study of 10 toxicities?

Option _1: Evaluate for potential toxicities in preclinical setting to inform translation and monitoring in patients.
Option 2: ldentify toxicities that emerge after translation into patients and study them.

Option #1: Toxicity findings justify
investigation, but because findings are
not absolute predictors, detailed
investigations may not be warranted at

B Option |

and/or > > > -II;CI;)(()IISIII-_I-I\E( this stage of development
Non-tumor Qareful use of preclinical
bearing models may inform human pathology

I Option #2



Incorporating mouse models into the study of 10 toxicities
Predictive vs Informative

How should we incorporate preclinical models for the study of 10 toxicities?

Option 1: Evaluate for potential toxicities in preclinical setting to inform translation and monitoring in patients.
Option 2: ldentify toxicities that emerge after translation into patients and study them.

B Option |

TOXICITY
and/or > > > DbROFILE

Non-tumor
bearing

I Option #2

Option #2: Careful use of preclinical
models may inform human pathology




Summary Points
Beatty Laboratory

University of Pennsylvania

Preclinical immunocompetent mouse models can be used to inform mechanisms of irAE seen in humans treated with
immunotherapy.

There is no perfect model for studying irAEs. Models need to be matched to the question to be addressed.
Subclinical pathology from genetic predisposition or environmental insults may predispose to irAEs.

via monitoring hepatic enzymes, weight loss, organ pathology, serum cytokines
even in the absence of overt symptoms.

Immunotherapy may alter the tolerability to chemotherapy.

Tumor development and immunotherapy impact — implications for altered

Most current models do not incorporate subclinical pathology settings (for ex. Studying tumor biology in NOD mice predisposed to
development of diabetes) - a possible advantage for spontaneous models.

regulating irAE may differ between and mice?
Age can impact the immune system and perhaps irAE development.

Ameliorating toxicity does not necessarily mean loss of

Toxicity findings in preclinical models are not absolute predictors of pathology in humans but
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A comparative approach to immune-
oncology drug development:
Integration of canine models

Amy LeBlanc, DVM DACVIM (Oncology)
Director, Comparative Oncology Program
NIH/NCI/CCR




The NCI’s Center for Cancer Research (CCR) is part of the Intramural
Research Program (IRP) of NIH

The NCI supports its mission
through a combination of
extramural funding (grants) and
intramural (on-site) research

Vv
Molecular Imaging Program

!

Comparative Oncology Program




A Comparative and

Integrated Approach to

D N N NI N

AN

Cancer Drug
Development

Naturally-occurring, spontaneous
cancers — solid tumors, hematologic
cancers

Immune-competent host
Compressed disease progression,
short survival

Tumor/stroma heterogeneity
Application of chemotherapy,
surgery, radiotherapy; single-agent
and combinations

Resistance to therapy

Metastasis

No ‘standard of care’




The NCI Comparative Oncology Trials Consortium (COTC)

Reagent/Resources
to conduct studies in
Comparative Oncology
Genomics
Proteomics
Antibodies
PD Core - CSU
Contract Core
TMASs/Cell Lines

Canine Comparative
Oncology and Genomics
Consortium

Advocacy for the
Appropriate Integration of
Comparative Oncology
Trials

Academia
Pharma
NCI
Regulatory Bodies




COTCO001 Tumor specific delivery of RGD-TNF-a phage 6 PLoS One 3/2009
COTCO003 PK/PD (tumor) of rapamycin in OS 4 PLoS One 6/2010
COTCO005 Tolerability and biological of tumor targeted IL-2/IL-12 4 Pending
COTCO006 Optimizing PD endpoints sampling by cryobiopsy technique 2 Pending
COTCO007a Trial design validation: parent Topoisomerase | inhibitor 6 Pending
COTC007b Evaluation of three novel Indenoisoquinolines 6 Clinical Cancer Research 8/2018
COTCO0S Tolerability and feaS|b|I|tY of long term parenteral 14 PLOS One 6/2010
rapamycin in OS
) COTCO10 Safety and biological activity of two immunocytokines in 6 PLOS One 6/2015
melanoma
COTCO013 Bioavailability of orally administered rapamycin 2 Complete/under analysis
COTCO16 Feasibility of Tissue Co.llectlons gr?d Molec'ular Profiling 11 PLoS One 4/2014
for Personalized Medicine Studies
COTCO018 Clinical evaluation of iniparib 9 PLoS One 2/2016
COTCO020 PK of oral rapamycin in OS (walk-in) 5 Complete/under analysis
COTC021/022 Adjuvant rapamycin in OS when added to SOC 18 Complete/under analysis
mm==) COTC024 Oncolytic virotherapy in canine cancer 4 Open trial
COTCO026 Listeria-based immunotherapy in OS 11 Open trial







Specific COTC
trial examples:
Advancing 2
development of
Immune—
oncology agents

1. Canine melanoma and IL12-

based immunocytokine therapy

Canine T-cell ymphoma and
oncolytic virotherapy optimization

Canine bladder cancer and
EGFR-targeted
photoimmunotherapy



Canine melanoma and IL12-
based iImmunocytokine therapy



Canine and human melanoma may exhibit key differences in activating
mutations, but demonstrate similar malignant potential, downstream pathway

activation and biologic behavior in vivo

BRAF/NRAS
mutations rare

? Role of c-kit

? etiology

AKT and MAPK
pathway activation
+ loss of p16 and
p53

Aggressive biologic
behavior and
metastasis

Poorly responsive
to cytotoxic
chemotherapy

Responsive to
immunotherapies

BRAF/NRAS/c-kit
mutations common
but variable

UV-induced










Dogs receiving NHS-IL12 subcutaneously achieve measureable drug exposures across
multiple dosing cohorts



Dogs receiving NHS-IL12 subcutaneously demonstrate pharmacodynamic response via post-
treatment IFN-g and IL-10 release



Dogs receiving NHS-IL12 subcutaneously demonstrate pharmacodynamic response via post-
treatment IFN-g and IL-10 release



COTCO010: Deliverables

= NHS-IL12, a fully-human necrosis-targeted IgG1 antibody/IL-12 conjugate, can be safely and
repeatedly administered to tumor-bearing dogs

= PD biomarkers: Induction of IFNg and IL-10, CD8+ TILs all linked to exposure at the MTD
= An efficacy signal was identified in 2/7 canine oral malignant melanoma patients
= Adverse events relatable to cytokine release

= Self-limiting lymphopenia, fever, hepatic enzymopathy

= > 1.6 mg/m? associated with Grade 4 or 5 events (vascular leakage syndrome,
thrombocytopenia, DIC)

= Cohort expansion at MTD (25.8 ug/kg or 0.8 mg/m?at Dose Level 2) allowed confirmation of
tolerability, PK/PD, efficacy signal

15



COTCO010: Deliverables

Re-prioritization of this agent occurred after receipt of canine data in 2010

IND opened in 2011 for human Phase | work at NIH-CC -- recently published in Clinical
Cancer Research

= N =59 patients; MTD defined as 16.8 ug/kg (Dose level 8)
= Adverse event profile similar to dogs: fever, leukopenia, hepatic enzymopathy

= PD data similar to dogs: IFNg and IL-10 induction; added findings from PBMC subsets, TCR
seqguencing

Canine data comparable to human data: same agent, similar AE profile, similar MTD

Generated in 18 months for less than $300,000

16






Canine T-cell lymphoma ana
oncolytic virotherapy optimization



Oncolytic virotherapy: VSV-IFNB-NIS*

Replication-competent, lab-attenuated strain of VSV-Indiana
= |FNf : species-specific constructs
= Protective of normal tissues
= Direct anti-tumor effect
= Cross-priming of T cells — ‘vaccine’ effect
= NIS (sodium-iodide symporter)

= Allows imaging of expressed protein with nuclear medicine techniques (**™Tc,
123 18F-tetrafluoroborate)

Currently under study in human patients with solid tumors, myeloma,
lymphoma, leukemia (IV and IT dosing)

*Russell, Peng, Barber, Naik, etal. g



Preclinical development : VSV-hIFNB-NIS
ST ST | SEVEN (ST S ST

INTERGENIC
STOP-START

VSV-IFNB-NIS Rx (DAYS POST TREATMENT)

1 2 3 4

Naik S, et al. Cancer Gene Therapy 2012; 19(7):
443-450.



Rapid single-dose escalation
study in Beagle dogs
Systemic administration of
VSV-hIFNb-NIH at 102 to 10!
TCID,, IV

Characterization of toxicity,
immune response, shedding
Enabled a pet dog clinical
trial

21



High-grade peripheral T cell LSA
Aggressive clinical course

MHC Class Il — low expression
CD4+/CD45+




Schema for COTC-024: Dose-escalation study of systemically-

administered VSV-hINFb-NIS in dogs with cancer

i. ENROLLMENT
Eligibility Criterion
Informed consent by owner

¥

i. PRE-ASSESSMENT
Physical evaluation (PE)

Baseline biologic samples
(urine, buccal swab, feces, blood)
Baseline tumor burden

¥
iii. TREATMENT
* ABSL-2 admittance +
treatment
Dose: 1x10%° TCIDy,/0.5m?
10ml injected in 2-5 min bolus

iv. ACUTE MONITORING
* Temperature and PE
* Pharmacokinetic (PK) studies

PK assessment (whole blood, PBMCs, plasma)

Time (min) (10| 30 |60 90 | 120 | 240 | 360
v. LONG TERM MONITORING
DAYS POST TREATMENT 7(14|21(28

Clinical pathology [CBC, Chem, Coag]|e |e | ®

Viremia & aVSV Antibody

AR
Virus shedding: alallallels 1 &
Urine, buccal swab, feces

Disease burden AR

23



COTCO024: Deliverables

= VSV-IFNDb-NIS can be safely administered systemically and intratumorally to dogs
with cancer

= Exploration of human and canine-specific IFNb constructs
= NIS facilitates 2*™Tc-based molecular imaging of viral trafficking in vivo

= Adverse events are relatable to hepatic DLT (reversible enzymopathy) and cytokine
release — fully evaluable and attributable in pet dogs

= Efficacy signal in T cell ymphoma warrants further study

= Comparative canine study linked to open IND for same agent

= Can explore PK-PD relationships in multiple tumor types and various dosing
strategies simultaneously in dogs

24



Canine invasive urothelial
carcinoma (IlUCa) and EGFR-
targeted photoimmunotherapy



Near infrared photo-immunotherapy
(NIR-PIT)

Mitsunaga , Kobayashi, Nature Med, 2011/12



160 mg/m?

320 mg/m?

640 mg/m?

Phase 1: Multicenter results

No severe adverse side effect

RECIST Survival
PR 1.5
CR >20m
PR 6
SD 2
CR >15m
PR 5.5
PR 2.5

1
CR >16m

ESMO 2017 Stenson, et al
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Similar gene expression patterns between
dog and human in invasive bladder cancer
and dog genes cluster into luminal and basal
subgroups—as in human disease

Dhawan D, et.al., PLoS ONE 2015
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Dogs with naturally-occurring iUCa are ideal participants in clinical trials
designed to advance new therapeutic concepts

v Known breed disposition (Scottie, Sheltie, Beagle, other small Terriers)

v’ Muscle-invasive at diagnosis

v’ Herbicide exposure increases risk

v BRAF V595E mutation present in ~ 85% of cases

v’ Current medical and surgical therapies largely unrewarding and toxic
-- Median PFI ~ 100-200 days

-- Local progression + metastasis to distant sites (lymph node, lung, liver, bone)
30



A canine anti-EGFR antibody (can225) can reduce viability and proliferation of EGFR-
overexpressing cell lines as well as induce antibody-dependent phagocytosis

o
A can225lgG AMFI: 18.3 B ADCC C ADCP
Canine IgG STD AMFI: 19.3 100 - 100+
£ 757 £ 757 *
- = = S
: 3 - 3
3 9 50 O 50-
A o
=] o
E E —_—
E 25 A E 251
® ® i
J
0 T T 0 T T
No antibody can225IgG No antibody can225lgG

Singer et al. “Generation of a Canine Anti-EGFR (ErbB-1) Antibody for Passive Immunotherapy in Dog Cancer Patients.” Mol Cancer Ther 13.7 (2014): 1777-1790.



Next steps:

» Translate canine EGFR-PIT to
the canine bladder cancer
patient in support of human
translation past EGFR+
head/neck cancers

» Ultimate goal: combine with
checkpoint blockade to
enhance anti-tumor effect

32



COTC029: Deliverables

= Main goal: assess safety of single-dose EGFR-PIT in dogs
with IUCa

= Proof of concept n = 8 to establish single dose safety, tolerability, efficacy

= Serial cystoscopy, biopsy/histopathology of tumor and normal bladder tissue

= Consider expanded cohort to explore multiple dosing options at MTD

= Fully canine Ab-dye conjugate allows repeated dosing

33



Recent efforts in canine
Immuno-oncology:
Checkpoint molecules and
correlative assays



What do we know about canine immune checkpoints and checkpoint inhibitors?

Canine PD-1 and PD-L1 genes are conserved 100% among dog breeds.

Recombinant canine PD-1 and PD-L1 proteins have been constructed and shown to bind to one
another; anti-PD1 antibody blocks the binding of soluble PD-1 with canine PD-L1 expressing
cells in a dose-dependent manner.

Fresh canine tumor biopsy explant cultures mixed with activated canine PBMCs + anti-PD1
showed an increase in IFN-gamma production in the presence of anti-PD1.

Most canine tumors express PD-L1 and increased expression is associated with the density of T
cell infiltration. Immune stimuli (e.g., IFN-gamma) can further upregulate PD-L1 expression.

Anti-PD-L1 treatment enhances IFN-gamma production from cultured tumor-infiltrating
lymphocytes (TILs) from clinical specimens.

CD8+ TIL cells from canine lymphomas have a higher PD-1 expression than CD8+ cells from
normal canine lymph nodes.

A clinical trial studying the effect of anti-PD1 in dogs with cancer has begun (sponsored by
Merck Animal Health).

35
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» Constitutive PDL-1 expression on all n = 14
canine cancer cell lines

» Significant upregulation after IFNg and TLR3
stimulation

» PDL-1 expression can be induced by IFNg
exposure in canine monocytes/macrophage
cultures

39



» B cell malignancies have
higher PDL-1 expression than
normal B cells

» Both normal and malignant T
cells have low to negative PD-
1 and PDL-1 expression

» TILs from both BCL and TCL
patients have increased
expression of PD-1 and PDL-1
compared to normalBand T
cells from healthy animals

40



» Clinical trial evaluated single and multi-
dose treatment of canine solid tumors

» An efficacy signal noted in 2 dogs
(sarcoma and melanoma)

41



Other NCI-sponsored activities:
Comparative Immuno-Oncology
In the Precision Medicine and
Cancer Moonshot Era



NCI Supplements to Cancer Center Grants (P30s)

= As part of the Precision Medicine Initiative in Oncology, in 2016 the NCl competed and
issued eight 1-year supplements to Support Research in Canine Immunotherapy via
Collaboration of NCI-Designated Cancer Centers and Veterinary Medical Colleges.

= The goals of the supplement:

= Sequence (by whole exome sequencing and RNAseq) at least 25 canine tumors (and
their normal controls) in one of more of the following tumors: B-cell ymphoma,
glioma, osteosarcoma, melanoma, bladder cancer, and mammary cancer

= Determine the mutational load in the cancers chosen for study

= Using appropriate computational tools, characterize neoantigens that can strongly
bind canine MHC antigens

= Describe and characterize the T lymphocyte numbers and subsets, as well as other
relevant aspects of the tumor microenvironment, within the canine tumors

43



m Project Leader Canine Cancer(s) Title or Aims

Baylor College of
Medicine/U. Florida Vet
Med College/ Texas
A&M/Tech U. Denmark

U. Colorado/Colorado
State U. Vet School

DFCI-HCC/Tufts
University Vet Med
School

Purdue University/Duke
University

Roswell Park Cancer
Inst. /Cornell U. Vet
Med

UC Davis/UC Davis
School of Vet Med

Ohio State U/OSU Vet
Med School/TGEN

MD Anderson CC/Texas
A&M

Jonathan Levitt, PhD/
Alan Herron, DVM

Jill Slansky, PhD/
Steven Dow, DVM, PhD

Katherine Janeway,
MD/Cheryl London,
DVM

Deborah Knapp, DVM/
H. Kim Lyerly, MD

Richard Koya, MD,
PhD/Kristy Richards,
PhD, MD

Arta Monjazeb, MD,
PhD

Peter Shields,
MD/Jeffrey Trent, PhD

Amy Heimberger, MD/
Jonathan Levine, DVM

Bladder,
Mammary,
Melanoma

B-Cell Lymphoma

Osteosarcoma

Bladder

B-Cell Lymphoma

Glioma,
Melanoma,
Osteosarcoma

Melanoma,
Osteosarcoma

Glioma

Mutational load and predicted neoantigens in canine tumors
and characterization of immune infiltrate and the tumor
microenvironment

Immune profiling and neoantigen discovery in canine B cell
lymphoma

A multi-institutional approach to interrogate and improve
immunotherapy outcomes in osteosarcoma

Advancing immunology in dogs with naturally-occurring
invasive bladder cancer: a relevant model to improve
immunotherapy across molecular cancer subtypes in humans

Immunogenic mutational load analysis for adoptive T cell
therapy in canine B cell ymphoma

Evaluation of the tumor mutational landscape/neoantigens
and immunophenotyping the tumor microenvironment in
canine cancers

Immunogenomic profiling of canine melanoma and
osteosarcoma

Genomic and immunological canine glioma characterization



Enter: Beau Biden Cancer Moonshot Initiative

= |n 2016 the NCl issued two RFAs (set-aside funding) for awards in 2017:

Canine Immunotherapy Trials and Correlative Studies (U01) to support:

Canine clinical trials using immunotherapeutic agents and novel combinations (of immune modulators,
molecularly targeted agents, chemotherapy, and/or radiation

Correlative studies that seek to describe, characterize, and understand the cellular and molecular mechanisms
that determine the anti-tumor response (or non-response) in dogs with spontaneous tumors.

Up to 5 awards to a network of academic laboratories, veterinary medicine clinical trial sites, and veterinary
pharmaceutical companies (producing canine immunotherapy agents) working together

Coordinating Center (U24) assisted by the NCI’'s Comparative Oncology Program (COP) and an NCI Program Official
that will:

Help develop/implement the clinical studies in immunotherapy and combinations
Establish a Steering Committee and an External Advisory Board

Assist in the standardization of clinical and laboratory protocols

Manage clinical and correlative data from all sites

Provide statistical support

Facilitate sharing of agents, specimens, and data via teleconferences and a website

Report progress in an annual report
45



Grant Number

1U01CA224182-01

5 UO01s Selected for Funding

Pls

DOW, STEVEN W (contact);
LONDON, CHERYL A

Lead Institution

COLORADO STATE
UNIVERSITY

Title

Optimizing novel immunotherapy combinations
targeting the tumor microenvironment in canine
spontaneous osteosarcoma

1U01CA224151-01

CHAMBERS, M R (RENEE)

UNIVERSITY OF ALABAMA
AT BIRMINGHAM

Canine immuno-neurotherapeutics (glioma)

1U01CA224160-01

PLUHAR, GRACE ELIZABETH (LIZ)

UNIVERSITY OF
MINNESOTA

Novel combined immunotherapeutic strategies for
glioma: using pet dogs as a large animal
spontaneous model

1U01CA224166-01

CANTER, ROBERT (BOB) J (contact);
REBHUN, ROBERT (ROB) B

UNIVERSITY OF
CALIFORNIA AT DAVIS

Enhancing natural killer immunotherapy with first-
in-dog trials of inhaled recombinant IL-15 and
super-agonist IL-15 in naturally occurring canine
cancers (melanoma and osteosarcoma)

1U01CA224153-01

LONDON, CHERYL A (contact);
RICHARDS, KRISTY L

TUFTS UNIVERSITY
BOSTON

Enhancing the efficacy of immunotherapy in DLBCL
using rational combination approaches
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U24 Selected for Funding

1U24CA224122-01

MASON, NICOLA (NICKY) J
(contact); PROPERT, KATHLEEN
(KATE)

UNIVERSITY OF
PENNSYLVANIA

Coordinating Center for Canine
Immunotherapy Trials and
Correlative Studies

NCI Participants:

Amy LeBlanc

NCI Center for Cancer Research

Comparative Oncology
Program: Heads the
Comparative Oncology
Trials Consortium (COTC)

Member of the Steering Committee

Connie Sommers

NCI Developmental
Therapeutics Program

ImmunoOncology Branch

NCI Program Officer and member of
the Steering Committee

Toby Hecht

NCI Division of Cancer
Treatment and Diagnosis

Office of the Director

Deputy Division Director
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How does this RFA work?

Each U01 consists of a
PI’s lab(s) and one or
more vet med colleges
(members of the
COTC—or not) for the
proposed clinical
studies

Uu24
including
cop

» Oncolytic
virotherapy
» NK cell therapy
» Small molecule
repurposing /
» Gene/cytokine Industry

therapy (:lgeer:::;d




Coming Soon: A Canine Genomics Data Commons
(C-GDC)

. Patterned on the NClI Human Genomics Data Commons (GDC):
https://portal.gdc.cancer.gov/

. Provides the cancer research community with a publicly
accessible unified data repository that enables data sharing
across cancer genomic studies in support of precision
medicine. GDC data analysis tools allow users to interact
intuitively with the GDC data and promote the development
of a true cancer genomics knowledge base. >30,000 cases;
>3M mutations in 22K genes

49


https://portal.gdc.cancer.gov/

From the NCI-COP perspective:
What lies ahead for comparative oncology’s role in immune-
oncology research and development?

= Emphasis on continuing the scientific
dialogue as it pertains to applicability and
validity of the dog model of cancer for 10
strategic advancement

= Maintain the highest standards for clinical
trial design, execution and reporting

= Continue to develop of canine-specific
reagents and correlative assays to support
trial efforts and enhance human translation
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Challenges and Opportunities in Developing
Non-clinical Models for Immuno-oncology



FDA-Approved
Immune-Oncology
Agents

Danuta J. Herzyk and Helen G. Haggerty The AAPS Journal 2018



Nonclinical model used for Approved Immune-Oncology Agents

Nonclinical animal model Preclinical model for anti-
for safety assessment tumor assessment

Cancer vaccines Not available Syngeneic model
(e.g. Sipuleucel-T)

Immunomodulatory Non-human Primate Syngeneic model, Knock-in
monoclonal antibodies model
(checkpoint inhibitors)

Bi-specific antibodies Non-human Primate PDX or CDX model
(e.g. BITE)

Oncolytic viruses Wild-type mice and tumor  PDX, CDX, or Synergic
(e.g. T-VEC) bearing syngeneic mice model

Cell Therapy Not available PDX or CDX

(e.g. CAR-T, TCR-T)

Cytokine (e.g. IL-2) Non-human Primate Syngeneic model



Challenges and Lessons Learned



Immune modulatory antibodies

» Species relevance has been an issue

 Affinity of binding to human and cynomolgus monkey PD-1 has been
similar for most products

* EC50 for blocking interactions between the PD-1 receptor and its
ligands is similar between species

* At exposures well above those seen clinically, there was no clear
autoimmunity

* However, autoimmune toxicities were observed in the combination of
anti-PD-1 and anti-CTLA-4 antibodies.



Cynomolgus Toxicology Signals with Ipilimumab and Nivolumab Combination

Selby MJ, Engelhardt JJ, Johnston RJ, Lu LS, Han M, et al. (2016) Preclinical Development of Ipilimumab and Nivolumab
Combination Immunotherapy: Mouse Tumor Models, In Vitro Functional Studies, and Cynomolgus Macaque Toxicology. PLOS ONE
11(9): e0161779. https://doi.org/10.1371/journal.pone.0161779
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0161779



http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0161779

Antagonist vs. Agonist

* An agonistic immune stimulation is considered of higher risk compared to
the immune modulation via antagonistic binding to target receptors.

* Antagonists typically exhibit a linear dose response (e.g., anti-CTLA-4 and
anti-PD-1 mAbs).

* Agonists are often associated with a bell-shape dose response.



TLR7 Agonist Induced INFa In a Bell-Shaped
Dose Response

IFN-a dependence of PHA-induced IL-5 production from PBMC. (A) Human PBMC were
stimulated with AZ12441970 for 20 h, and IFN-a levels in the medium were determined.

Susan Edwards et al. J Immunol 2013;190:2585-2592

Copyright © 2013 by The American Association of Immunologists, Inc.



In vitro, Anti-CD137 agonist PF-05082566 induced the NF-kB reporter In
linear dose response, but enhanced IL2 in a bell-shaped dose response

Fisher et al. Cancer Immunol Immunother (2012) 61:1721-1733



Anti-CD137 agonist antibody induced mononuclear inflammation in the
portal spaces of the liver and a marked increase in the CD8+ T cell
infiltration in the mouse models

CD3 Dubrot et al. Cancer Immunology, Immunotherapy 2010



In vitro dose response is often different from In
VIVO dose response

* In vitro studies of PF-05082566 anti-CD137 agonist antibody
demonstrated a bell-shaped IL-2 response curve. However, this could
be an artifact of in vitro culture system.

* A bell shaped response curve was not noted in vivo in the huPBL-
SCID-Bg xenograft model and in cynomolgus monkeys at doses up to
10 mg/kg.



Neilther in vitro nor in vivo cytokine release
assay Is predictive

* A negative in vitro cytokine release assay result may not be reliably used to make
assumptions about risk for patients.

* In an in vitro system using soluble TGN1412 anti-CD28 agonist antibodies added to isolated
human PBMCs or 1:5 diluted whole blood, no cytokine release was observed.

* In subsequent experiments TGN1412 did stimulate pro-inflammatory cytokine release in
either PBMC or 1:5 diluted whole blood test systems if the antibody was immobilized by air
drying to plastic or anti-Fc antibody capture, or if the antibody was added in aqueous phase
in the presence of endothelial cells.

* Only low level cytokine release was observed in the primate studies of TGN1412.

e Due to the above results, the First-in-human (FIH) dose may be calculated
inappropriately; no proper interval was left between dosing the first and next
patients; neither were the investigators prepared for managing the cytokine
storms.

Stebbings et al. “Cytokine storm” in the phase | trial of monoclonal antibody TGN1412:
better understanding the causes to improve preclinical testing of immunotherapeutics.
JImmunol 2006; 179:3325-31.



Special Recognition of Immune-Targeting Agonists

* |CH S9 specifically mentions concerns about using standard
methods based on toxicology studies alone to set the starting
dose of immune agonists:

* For biopharmaceuticals with immune agonistic properties, selection of
the start dose using a minimally anticipated biologic effect level
(MABEL) should be considered.

* Determining a MABEL relies heavily on a variety of pharmacology
studies

* However, it is challenging to translating in vitro data to in vivo
with immuno-oncology products and would be more challenging
for 10 combination



Special Recognition of Immune-Targeting Agonists

NOAEL: No Observed Adverse Effect Level
NOEL: No Observed Effect Level

From Howard Lee, How to Choose the Maximum Recommended Safe Dose for First-Time-In-Human Clinical Trials, DTRCS Regulatory
Education Seminar, 2007



WHAT CAN WE LEARN FROM T CELL
THERAPY?



Therapies engaging or mimicking T cells
(CAR-T, TCR-T, BITE, TCRm(imic) antibody)

TCRm



On-target Off-tumor Toxicity

Published in: Michaela E. Sharpe; Toxicol Pathol 46, 131-146.
DOI: 10.1177/0192623317752101
Copyright © 2018 Society of Toxicologic Pathology



On-target Off-tumor Toxicity

Published in: Michaela E. Sharpe; Toxicol Pathol 46, 131-146.
DOI: 10.1177/0192623317752101
Copyright © 2018 Society of Toxicologic Pathology



Off-target Off-tumor Toxicity

Published in: Michaela E. Sharpe; Toxicol Pathol 46, 131-146.
DOI: 10.1177/0192623317752101
Copyright © 2018 Society of Toxicologic Pathology



What factors have impacts on the toxicity from
cytokine release?

* On Target, Off Tumor toxicity: Target expression in
non-tumor tissues

» Off Target toxicity: Cross-recognition of an off-target
epitope

 Tumor Burden: The burden of targets on tumors



Opportunities



From: Defining the optimal murine models to investigate immune checkpoint blockers and their combination

with other immunotherapies
Ann Oncol. 2016;27(7):1190-1198. doi:10.1093/annonc/mdw041
Ann Oncol | © The Author 2016. Published by Oxford University Press on behalf of the European Society for Medical Oncology.

All rights reserved. For permissions, please email: journals.permissions@oup.com.



Nonclinical animal

model for safety

Preclinical model for
anti-tumor

Nonclinical model used for Approved Imnuno-Oncology Agents

Safety assessments in
tumor-bearing

Cancer vaccines
(e.g. Sipuleucel-T)

Immunomodulatory

monoclonal antibodies

(checkpoint inhibitors)

Bi-specific antibodies
(e.g. BiTE)

Oncolytic viruses
(e.g. T-VEC)

Cell Therapy
(e.g. CAR-T, TCR-T)

Cytokine (e.g. IL-2)

assessment

Not available

Non-human Primate

Non-human Primate

Wild-type mice and
tumor bearing
syngeneic mice

Not available

Non-human Primate

assessment

Syngeneic model

Syngeneic model,
Knockin model

PDX or CDX model

PDX, CDX, or Synergic
model

PDX or CDX

Syngeneic model

preclinical models

Toxicity of adjuvant;
Treatment schedules

Autoimmune toxicity,
Cytokine release

Cytokine release, off-
tumor targeting

Biodistribution, viral
shedding and
toxicology

Cytokine release, off-
tumor targeting

Biodistribution and
toxicology




What can we do?

* Low-level cytokine release in nonclinical animal models should prompt more
caution.

* Mild symptoms or non-specific symptoms such as weight loss should prompt
pathologic examination of toxicities including autoimmune toxicities.

 Humanized mouse models provide an opportunity of assessing treatment-
related toxicities in tumor-bearing mice under clinically relevant conditions

* Toxicities should be studied in both wild-type animals and tumor-bearing mice
being evaluated for anti-tumor efficacies.

* Evaluate the biology and expression of the target in the intended clinical
population and models: vigorously examine off-tumor target expressions and off
target effects in the preclinical model.



Commonly Modulated Blood Cytokines Associated with
Pathological Responses

Pathological response Cytokines

Acute-phase response IL1b, IL6, TNF-a

Cytokine storm/release IL2, IL6, IL8, IL10, IFNy, TNF-ou
Fibrosis TGFf

Hemophagocytic syndrome IFNg, IL1b, IL6, TNF-a

Neutrophilic inflammation IL8, MIP-1, TNF-a
Systemic inflammatory response

syndrome IL6, MCP-1, TNF-a
Th1l immune response IFNy, 1L2, IL12

Th2 immune response L4, IL5, IL6, IL10, IL13

Tarrant, TOXICOLOGICAL SCIENCES 117(1), 4-16 (2010)



What can we do?

* Mild symptoms or non-specific symptoms such as weight loss should prompt
pathologic examination of toxicities including autoimmune toxicities.



Assess autoimmunity

* Use tumor models where the kinetics of tumor regression is slower and/or
spontaneous tumor models to allow for more long term administration of
immune-modulating agents

* Increase experimental sampling to detect for the presence of biochemical
autoimmunity

- Serum testing for liver damage (ALT, AST)
- Immunohistochemistry for kidney damage (autoantibodies)
- Changes in inflammatory cytokine profile (IL-6, TNF)

e Assess combination immunomodulatory agents in strains of mice that are
more susceptible to autoimmunity

e Assess the autoimmune adverse reactions by histologic examination



What can we do?

* Low-level cytokine release in nonclinical animal models should prompt more
caution.

* Mild symptoms or non-specific symptoms such as weight loss should prompt
pathologic examination of toxicities including autoimmune toxicities.

 Humanized mouse models provide an opportunity of assessing treatment-
related toxicities in tumor-free mice and in tumor-bearing mice under clinically
relevant conditions

* Toxicities should be studied in both wild-type animals and tumor-bearing mice
being evaluated for anti-tumor efficacies.

* Evaluate the biology and expression of the target in the intended clinical
population and models: vigorously examine off-tumor target expressions and off
target effects in the preclinical model.



Humanized mice
provide an
opportunity of
examining
treatment-
Induced
autoimmunity

SSSSS

Trends in Immunology 2018 39, 748-763DOI: (10.1016/}.it.2018.07.001)



Histologic examination of autoimmune toxicities in
humanized mice treated with Nivolumab

Adverse Reactions Observed in BLT/NOG mice in the
Nivolumab Pilot Expriment

Pneumonitis Low dose: 3/4
Medium dose: 2/4
High dose: 2/4

Hepatitis Low dose: 3/4
Medium dose: 3/4
High dose: 4/4

Nephritis Low dose: 1/4
Medium dose: 1/4
High dose: 1/4

Rash/Dermatitis Low dose: 1/4
Medium dose: 3/4
High dose: 2/4

Adrenalitis Low dose: 1/4
High dose: 1/4

Reported by Dr. Kristina E. Howard from CDER
at an FDA-AACR I-O Drug Development Workshop in October 2016



What can we do?

* Low-level cytokine release in nonclinical animal models should prompt more
caution.

* Mild symptoms or non-specific symptoms such as weight loss should prompt
pathologic examination of toxicities including autoimmune toxicities.

* Humanized mouse models provide an opportunity of assessing treatment-
related toxicities in tumor-bearing mice under clinically relevant conditions

 Toxicities should be studied in both wild-type animals and tumor-bearing mice
being evaluated for anti-tumor efficacies.

* Evaluate the biology and expression of the target in the intended clinical
population and models: vigorously examine off-tumor target expressions and off
target effects in the preclinical model.



These would be applied to cytokines and
Immune agonist ligands

* In Vivo Anti-tumor Studies. The antitumor activity of T-VEC was studied in the xenograft model or
immunocompetent syngeneic mouse model. The antitumoral effects of T-VEC after local intratumor
injection or occurring systemically after injection in the contralateral, tumor-free animal flank were studied.

* Nonclinical pharmacokinetics evaluation included single-dose and repeated-dose studies
addressing biodistribution, viral shedding, and replication of T-VEC.

* In vivo biodistribution evaluated in naive or tumor-bearing BALB/c mice following single or multiple
subcutaneous, intravenous, and intratumoral dosing.

 Viral shedding in BALB/c mice.

* Toxicology

* Repeated-dose studies through the intratumoral route administration under clinically relevant
conditions, e.g., in tumor-bearing animals that allow viral replication as anticipated in patients

* Repeated-dose studies in tumor-free mice, after s.c. and intravenous (i.v.) routes of administration, to
inform the safety of T-VEC under conditions that are similar to the planned clinical dosing route in a
study unconfounded by the presence of a tumor.

* In two of the pivotal repeated-dose studies, a group of high dose animals was used to assess
biodistribution.



Genetically Engineered (KPC) Mouse Models Resemble
Spontaneous Human Pancreatic Adenocarcinoma Pathogenesis

I 9
& Source: Gastroenterology 2012; 142:1079-1092 (DOI:10.1053/j.gastro.2012.03.002)
ELSEVIER Copyright © 2012 AGA Institute Terms and Conditions



http://www.gastrojournal.org/article/S0016-5085(12)00315-0/abstract
http://www.gastrojournal.org/misc/terms

Orthotopic pancreatic tumor transplant model

e Study uniformly implanted PDA in a heterogeneous pancreatic microenvironment
e Spontaneous metastases to liver, peritoneum and lung

Zheng et al. Plos One 2011; Foley et al. Science Signaling 2015



Syngeneic Hepatic Metastasis Model by Hemispleen Injection

Jain, Schulick, et al. Annals Surg. Onc. 2003
Soares, Foley, Edil, Zheng, et al. JOVE. 2013

« Spontaneous formation of metastases in the liver microenvironment

« Narrow time window for metastasis formation; suitable for using survival as the endpoint
* Intratumoral injection of therapeutic agents



Intratumoral injection of an immune agonist under the ultrasound
guidance for anti-tumor efficacy, abscopal effect, and toxicity
assessment in comparison to other routes of drug administration

Ultrasound measurement of liver metastases Intratumoral injection



What can we do?

e Evaluate the biology and expression of the target in the intended clinical
population and models: vigorously examine off-tumor target expressions and off
target effects in the preclinical model.



Determine the FIH dose

* Does response in cytokine release

* Receptors of immune agonists are often only transiently expressed on
activated T cells

* In vivo toxicology study

* Healthy non-human primates have negligible activated T cells due to lack of
relevant antigens.

e Receptor occupancy (RO)

* Relationships between peripheral and tissue RO, between RO and
efficacy/toxicity, between tumor-free model and tumor-bearing model are

not well established.

* Minimal Pharmacological active dose (MPAD)

* Difference in MPAD between mouse models and human patients. MPAD in
mouse models usually projects to a FIH dose level far from the effective dose

in human patients.



Summary

e Species relevance is an issue, but not the main issue. Neither in vitro nor in
vivo cytokine release assay is predictive; however, low-level cytokine
release in nonclinical animal models should prompt more caution

* Increase experimental sampling to detect for the presence of biochemical
autoimmunity and assess the autoimmune adverse reactions by histologic
examination

* Academic tumor models, particularly the spontaneous tumor models and
humanized mice provide the opportunity of assessing the toxicities with
clinically relevant conditions and routes of drug administration.

* Evaluate the biology and expression of the target in the intended clinical
population and tumor-bearing preclinical models

 Combine multiple measurements to determine the FIH dose. No one size
fits all.
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Immunotherapy in cancer:
Mechanisms of Action for efficacy
vs. immune related Adverse Effects (irAEs)

Similar mechanisms contribute to
efficacy and toxicity

Stimulation of a diffuse T cell
repertoire expansion counteracts
tumor growth but at the same time
reduces self tolerance and can lead to
damage of healthy organs

David J. DilLillo, and Jeffrey V. Ravetch 2015



Clinical safety data for Checkpoint Inhibitors (CPls)

* A retrospective examination of data for CTLA4 and PD-1/PD-L1 blockers

(Puzanov et al. J ImmunoTherapy of Cancer, 2017)

Main target organs for irAEs:
— Skin, gut, endocrine, lung and musculoskeletal (e.g., dermatitis, colitis, hepatitis, hypophysitis,
thyroiditis, pneumonitis, inflammatory arthritis)

* The majority of irAEs are mild to moderate in severity

* irAEs typically have a delayed onset and prolonged duration

* Greater severity with anti-CTLA4 than anti-PD-1/PD-L1 therapy

* Toxicity varies between the adjuvant and metastatic disease settings

e Cancer type may be a factor for triggering certain irAEs, e.g., for pembrolizumab
pneumonitis is reported chiefly in NSCLC, while uveitis is reported chiefly in melanoma



Perspectives from FDA
on non-clinical data to support Immuno-Oncology (I0) Biologics

 Aretrospective examination of toxicology studies submitted to the INDs in
support of FIH studies indicated that toxicities in monkeys were minimal
and did not predict adverse effects in patients (saber, Gudi, et al. 2016)

 However, not all 10 agents are “equal”
— Targeting co-stimulatory / co-inhibitory receptors requires concurrent antigen-specific T cell

receptor (TCR) signaling for T cell activation (e.g., checkpoint inhibitors)
» Associated with low incidence toxicity (in animals and patients)

—Targeting T cells recruitment to tumor cells by simultaneous binding of tumor-associated antigens
and a T cell specific antigen (e.g., CD3) induces T cell activation independent of antigen-specific

TCR signaling, and results in strong acute cytokine-mediated responses (e.g., BITEs, CAR-T)
» Associated with potent toxicity (in animals and patients)



Framing the safety question

Focus on biologic CPIs: “immune stimulation” by restoring active T-cell immune
surveillance

In general, safety risks for immune activating agents are predictable based on MOA
associated with pro-inflammatory responses, therefore, immune-related “-itis” in
the clinic could be expected, regardless of animal toxicology data

Still, it is unclear which adverse effects in patients would be of greatest concern [as

not predicted by animal studies]
« MOA-mediated “-itis” in target tissues or some unexpected/unknown toxicities?

Are the concerns about predicting risks associated with a single 10 agent or with IO

combination therapies?

* If the main concern is about combinations
— lIs it for combination of multiple biologic CPIs OR CPls with small molecule drugs?



A closer look at animal data with CPls

Differential toxicity profiles for different CPls were demonstrated in knockout mice

CTLA4 blockade PD-1/PD-L1 blockade LAG-3 blockade
(single target) (single target) (single target)
KO mice KO mice KO mice
* Early onset, lethal e Late onset, low incidence of * Late onset, low incidence of minimal
autoimmune phenotype minimal to mild focal lymphocytic to mild focal lymphocytic cellular

cellular infiltrates in multiple infiltrates in multiple tissues
tissues (salivary, pancreas, (salivary, pancreas, thyroid, lung,
thyroid, lung, heart, kidney, liver, heart, kidney, liver, skin and/or

skin and/or adrenal) adrenal)



A closer look at animal data with CPls

Differential toxicity profiles for different CPls were demonstrated in NHP studies

CTLA4 blockade PD-1/PD-L1 blockade LAG-3 blockade
(single target) (single target) (single target)

Cynomolgus monkeys Cynomolgus monkeys Cynomolgus monkeys

* Toxic at > 10 * Well tolerated up to 200 mg/kg/week * Well tolerated up to 125 mg/kg/week
mg/kg/week » Target Engagement (TE) evident for * TE evident during dosing period

* Pharmacodynamics months after stopping dosing * Findings minimal but dose-dependent
(PD) “delayed” * Very low incidence and dose- * Red skin discoloration (without histologic
relative to a dose independent (one or two out of 24-30 correlates and reversible): head, axillary regions,
administration exposed animals) findings of thoracic region, abdomen, inguinal region and/or

* Dose- and time- mononuclear cellular infiltrates the ventral and/or dorsal surfaces of the hind
dependent incidence (primarily lymphocytes and/or limbs
and severity of histiocytes) in scattered organs/tissues * Very slight and transient decreased albumin
diarrhea (leading to similar to the spontaneously occurring concentration and albumin to globulin ratio,
moribund conditions) changes (background) commonly seen in increased fibrinogen and increased white blood
and large intestine monkeys cell and neutrophil counts
inflammation, skin  Effects (v. low incidence) seenin * Mononuclear cellular infiltrates around occasional
changes animals following treatment-free vessels of the meninges and/or choroid plexus of

period the brain that represented a slight exacerbation of
/ \ background changes commonly seen in monkeys
7

Greater toxicity with anti-CTLA4 than anti-PD-1 More findings with anti-LAG-3 than ant,-/pD_ 1




Composite analysis of animal data with CPl combos

Differential toxicity between single and dual CPI blockade was observed in KO mice

CTLA4 — PD-1 dual blockade B LAG-3 — PD-1 dual blockade

cKO Mice (C57BL\6; 8-10 weeks old) KO Mice (C57BL\6; 8-10 weeks old)

* Increased incidence and severity of « Significantly increased incidence and severity
lymphocytic infiltrates in multiple tissues (mild-marked) of lymphocytic infiltrates with

* Mild to marked lymphoid proliferation in changes to parenchymal tissue in thyroid,
multiple lymphoid tissues (lymph nodes, pancreas, salivary (acinar atrophy); heart (fibrosis,
Peyer’s patches) compared to age-matched myocardial degeneration) compared to age-

single KO matched single KO



Composite analysis of animal data with CPl combos

Differential toxicity between single and dual CPI blockade was observed in NHP studies

CTLA4 — PD-1 dual blockade B LAG-3 — PD-1 dual blockade

Cynomolgus monkeys Cynomolgus or Rhesus monkeys (mAbs or other constructs)
* Increased incidence and severity of * Similar findings (skin, inflammatory infiltrates in
Gl and skin toxicities (“colitis and meninges and/or choroid plexus of the brain) to anti-
dermatitis”) LAG-3 alone but with increased incidence and/or

severity, and at lower doses compared to the single agent
* Findings (consistent with PD-1 blockade) not seen with
anti-LAG-3 alone
* One animal (out of 32 exposed) had diarrhea (leading
to moribund conditions) ~7 weeks after the last dose
received
* One animal (out of 30 exposed) had inflammatory
infiltrates in thyroid (very slight with no signs of any
clinical or biochemical alterations) ~8 weeks after the
last dose received



What do animal data tell us?

KO mice data are generally consistent with MOA-related findings

NHP toxicology data are generally consistent with expected safety profiles
—Findings related to immune activation driven by MOA

—Wide range of tissues affected but low incidence and severity of findings (i.e.
minimal exacerbation of background inflammation)

» Similar (?) to clinically observed toxicity profile for single |0 agent

————>

10



Most Frequently Reported (20.2%) Serious Adverse Events Considered
Drug-Related in Patients Treated with Pembrolizumab
(melanoma and lung cancer)

Participants in population
Pneumonitis
Colitis
Diarrhoea
Pyrexia
Autoimmune hepatitis
Pneumonia
Adrenal insufficiency
Hyponatraemia
Dyspnoea
Hyperthyroidism

8
8
7
7
6
6
6

Reference Safety Dataset for

Pembrolizumab

n
2799
44
25
17
10

(%)

(1.6)
(0.9)
(0.6)
(0.4)
(0.3)
(0.3)
(0.3)
(0.3)
(0.2)
(0.2)
(0.2)

1



What do animal data tell us?

KO mice data are generally consistent with MOA-related findings

NHP toxicology studies (without immune stimulation by vaccination) are
generally consistent with clinical toxicity profiles

* Findings related to immune activation driven by MOA

* Wide range of tissues affected but low incidence and severity of findings (i.e.
minimal exacerbation of background inflammation)

* Differentiation of toxicity between molecules
- anti-CTLA4 > anti-LAG-3 > anti-PD-1

 Combined treatments indicate [anticipated] increased toxicity compared to
treatments with single agents

12



Why are toxicology studies with CPIs viewed
as non-predictive for AEs observed in the clinic ?

* Using conventional risk assessment established in toxicology, many findings

in NHP studies are non-adverse

* The effects often represent PD response and are not detrimental in the context of
animal health status (physiology and organ/tissue structure)

* It may be difficult to determine a threshold between PD and toxicity

* Need to pay attention to both adverse and non-adverse findings

e The immune system is the most heterogeneous organ in both humans and

animals
* Highly variable individual sensitivity to the modulation of the immune system

» Additional caveats: different immune status in cancer disease vs. healthy host
— Vaccination of animals during the treatment with |10 agents is postulated as more relevant
paradigm
* Does vaccination decrease or increase variability in response to 10 agents?

13



Are toxicology studies with 10 agents helpful?

* Animal data, including the lack of toxicity / NOAEL at the highest dose tested
in relevant species (when Receptor Occupancy / Target Engagement /

PharmacoDynamics is demonstrated), inform safety profile of 10 agents

* A wide range of exposure (e.g., 2 logs) in the context of projected efficacious
dose/exposure in patients

* Insights into expected vs. unexpected changes

* FIH starting dose is based on integrative analysis of pharmacology data
rather than NOAEL
* In vitro human functional data (e.g., EC50)

* Pharmacologically Active Dose in animal models
« RO/TE /PD data in NHP and/or mouse

14



Efficacy studies in tumor-bearing mouse models

e Established syngeneic mouse tumor models are selected based on feasibility
and relevance to cancer type in humans

e Tumor growth is rapid with survival rate of ~3 weeks after tumor

implantation
— Mouse models may be useful to evaluate potential antagonistic effects of combined
therapies

* In the presence of effective anti-tumor response in mouse models, safety
signals (tolerability, body weight) are hardly detectable

15



Combination studies of 10 biologics

A B C

Anti-PD-1 + Anti-CD137 Anti-PD-1 + Anti-OX40
Anti-PD-1 + Anti-GITR 3000 A 3000 -
3000 e ] o 1
. o = = 2500 -
o -
£ E E
e @ 8}
= e et
(<) E =
e S =
= > >
o —_ —
> (=] o
- IS £
o = =
£ — =
=5
=

10 1 2 25 10 15 20
& 1 i ﬁ anti-PD-1 3 ; anti-PD-1
i 5 *10 15 20 25 30 a3nsti—PD—l * * t * * anti-cD 131 * * : * anti-OX40

* * anti-GITR Days Post Treatment Days Post Treatment
Day Post Treatment 0/12cCR W migG1lisotype Cntrl 4/12 cr -l anti-PD-1 0/12 CR W Isotype Cntrl 0/12 CR —€— anti-OX40
0/10 CR W~ lIsotype Ctrl 2/10 CR == anti-GITR 0/12 CR = rlgG1lisotype Cntrl 4/12 CR —®— anti-CD137 o/22 cr lF anti-PD-1 5/12 CR @ anti-PD-1+ anti-OX40
2/720 cr -l anti-PD1 10/10 CR @ anti-GITR+anti-PD1 12/12 crR “@ anti-CD137 +anti-PD-1
Table 2. Treatment-emergent adverse events in > 15% of patients l
Pembrolizumab + - . ..
e e emeb G /) v N e * No increased toxicity for
Adverse event All grades 1 All grades Srade 34 anti-PD-1 combos with anti-GITR, anti-CD137,
Fatigue 10 (43.5) 1{43) B (34.8) L
Rash 10 (43.5) 0 & (345) o or anti-OX4
Cough B (348 H] 1{4.3) L] . . L .
Decreased appetite 7 G04) o 303.0) o v"  Consistent with clinical data in
Mausea 7 (30.4) o 31300 0 . . .. .
Constipation 6 (261) 0 1(43) 0 patients in early clinical studies
Pruritus 6 {260 ] LT L1 ° .
— 5 @17) o 3 03.0) 0 ** |n contrast to data for anti-CTLA4/PD-1
‘Vomiting LN H 1{4.3) )
Anemia 4(17.4) 3013) 0 0 combo
Dyspensia 4 (7.4 (1] Z(ET o
Upper respiratory tract infection d {17.4) 1] 1] 0

“Naone of the patients discontinued due to treatment-related adverse events.
“Treatment-related grade 3 adverse avents reported in this study included adrenal insufficiency and hypokalemia (7 = 1each)
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Combinations of 10 biologics with small molecules

Clinical reports of increased severity and incidence of irAEs compared to
monotherapy

* Grade 1/2 reactions managed with anti-inflammatory agents
* Grade 3/4 reactions required cessation of treatment

Examples

* Ipilimumab + Vemurafenib — Liver (Ribas, 2013)

* Ipilimumab + Dacarbazine — Liver, Gl, Skin (Bondarenko et al., 2011)

* Pembrolizumab + Dabrafenib or Trametinib - Liver (Internal Communication)
* Pembrolizumab + Preladenant - Liver (Internal Communication)

Difficult to recapitulate in animal studies

17



Animal studies with 10 biologics and small molecules

* In contrast to cancer patients treated with ipilimumab and vemurafenib, no hepatotoxicity in WT C57BL6
Mice with short-term (2 week) R, combination of murine anti-CTLA4 + vemurafenib

Study Vemu Anti-CTLA4
AUC,,, uM*hr | AUC,,, uM*hr

Vemu alone 4290 - No treatment related liver injury or

Vemu + anti-CTLA4 1gG1 4899 3650 exacerbation associated with anti-CTLA4
Vemu alone 5049 - No treatment related liver injury or

#2 Vemu + anti-CTLA4 IgG2a 4562 2020 exacerbation associated with anti-CTLA4
Vemu alone 4711 - No treatment related liver injury or

#3 Vemu + anti-CTLA4 IgG2b 4637 6340 exacerbation associated with anti-CTLA4

* In contrast to cancer patients treated with pembrolizumab and preladenant, no exacerbation of
hepatotoxicity in Dogs with long-term (3 month) R, combination of canine anti-PD-1 + preladenant

_ Liver Enzymes (SW 1-13) Liver Histology (SW 13)

Preladenant alone AST (2-9X), ALT (4-27X), Hepatocellular degeneration and
ALP (5-8X), GLDH (6-78X) inflammatory changes in 2 out of 3 animals
Preladenant + anti-PD-1 AST and ALT (2X), GLDH (4X) Hepatocellular degeneration and

inflammatory changes in 1 out of 3 animals



Do humanized mouse models help?

Ipilimumab 10 mg/kg (single dose IP) and Vemurafenib 600 mg/kg/day (14 days PO)
Combination Study in Humanized Immune System Mice

Ipilimumab Ipilimumab + Vemurafenib
Spleen
(2X)
Slight mononuclear cell infiltrate Increased size, marked infiltrate composed of lymphocytes and
macrophages with multinucleated giant cells
Liver
(20X)

Moderate infiltrate of lymphocytes and macrophages

Minimal, focal infiltrate of lymphocytes in portal . . -
with multinucleated giant cells

region

v'Mice engrafted with cord blood derived CD34* hematopoietic stem cells

v'No observations in control humanized mice receiving vehicle (14 days PO)

v'No hepatocellular injury but moderate to marked tissue infiltration by immune cells in liver and spleen
v'Lack of injury to lung or Gl (indication the absence of GVHD related change)



Challenges with nonclinical combination studies

Small molecule (SM) drugs Biologic drugs

Often associated with “traditional” off-target * Associated with on-target MOA-related /
toxicities (liver, cardiac, renal, etc.) exaggerated pharmacology findings

Metabolized, transported and distributed very ~ ° Characterized in mice and monkeys
differently from biologics

Most are characterized in rats and dogs

* We thought the problem was that pharmacology combination studies were
conducted in tumor-bearing mice or genetically-modified mice (in which
toxicity/metabolism profiles of SM drugs are largely unknown, and background
histology not understood)

* However, anti-PD-1/preladenant study in dogs (the “right” tox species for this
molecule) did not increase predictivity...

20



Summary of nonclinical data for CPls

 While animal data cannot predict which specific “-itis” cancer patients will
develop, they provide insight to signals for potential risk.

* |n patients, individual genetics, underlying disease, co-therapies and
previous therapy history (e.g., radiotherapy) likely contribute to the
incidence and/or type of irAEs that manifest, or accelerate the emergence of
preexisting [asymptomatic] conditions.

21



High Level View

e Safety evaluation of 10 agents in toxicology studies provide “directional” risk
assessment rather than prediction of adverse effects in patients.

 There are many examples of correctly identified risk based on the directional
evaluation as well as a few examples of unpredicted toxicity in the clinic.

 The main gap in data is for 10 Biologic - SM combinations, for which
severe/acute toxicities in the clinic appear to be more likely than for 10
Biologic combinations.
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Immune system of healthy monkeys is not that of
tumor bearing mice nor cancer patients

o Many mAbs to checkpoint inhibitors and costimulatory agonists
NHP only relevant pharamacologic model

o NHP model most used to assess safety for human dosing,
but has under predicted toxicities observed in patients
o Healthy animals more quiescent immune system
o Many targets transiently expressed upon immune activation

o Differences in FcR binding affinities and/or activities between species
o Toxicities generally on-target, immune-mediated due to pharmacology

o Therefore, to assess safety, aid in setting safe starting dose and designing
clinical trial, it is important to understand the biology of target and predicted
pharmacologic dose response in humans



Determining FIH Starting Dose

(] NOAEL/HNSTD approach often not appropriate

() Rather established via MABEL or PAD which
integrates totality of nonclinical data

= MOA /pharmacology
= Animals in vitro/ in vivo

PK/PD modeling
Receptor occupancy (RO)

Human In vitro assays

) Biomarkers of immune activation in NHP

Improve translatability by correlating
exposure, RO, PD activity, and ADA
in one test system

Help establish pharmacologically active dose
and dose response

Support relevance of nonclinical model

Help identify clinical biomarkers
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Assessing Immunopharmacology in Nonclinical Studies

-5 4+

0 Efficacy demonstrated in mouse tumor models with surrogate mAbs

1 Tumor bearing monkey models not feasible and immune system in healthy
monkey often does not provide the appropriate context to fully
characterize 10 agents biological activity

0 Immunizing NHP with antigen, monitor alterations in immune response due
to treatment and correlate with exposure, receptor occupancy and
expression, and toxicity findings



Antigen Challenge

T-cell-dependent antibody response (TDAR)

0 Immunize with antigen, collect serum,
measure antigen-specific antibodies

0 Many different immunogens/vaccines
can be used to elicit antibody response
o Keyhole limpet hemocyanin (KLH)
= Multimeric immunogenic protein
= Primary and secondary responses

= Commonly used to assess immune
suppression

= Suboptimal dose used to assess for
iImmune enhancement

o Tetanus toxoid — recall responses
o Responses are CD4-mediated

Recombinant adenovirus serotype 5 (Ad-5) vectors

0 Cytotoxic (CD8) T cells play a critical role in
cancer immunity

0 Viral iImmune responses are CD8-mediated

Express viral proteins in replication
Incompetent vector

o Adenovirus 5 encoding gag and nef SIV peptides

0 MHC haplotyping is required to select for
monkeys with specific alleles for recognition
of immunodominant epitopes

o >80% of Mauritian Cynos express Mafa-A1*063
0 Immunize with viral particles/vector

o Ability to measure antigen-specific T cells
using viral peptide tetramer analysis



Case Study: Anti-CTLA-4 mADb (Ipilimumab) with
a non-fucosylated Fc
S

CTLA4ANF - ipilimumab with enhanced Fc
effector function

oScientific Rationale for Anti-CTLA4-NE:

CTLA-4
Receptor il o Blocks CTLA4 similar to IPI to help stimulate T-cell
Anti-CTLA4 activation/ proliferation
PD-1 . .
Receptor o Enhanced FcRy (CD16) blnc_llng to NI_(/T cells,
Anti-PD1 macrophages/DC, PMNs to increase immune cell
PD-L1 infiltration
Anti-CTLA4 NF Ph-L2 o Increases intratumoral T-reg depletion to reverse
' Immune-suppression
T-reg cell TS ~>

Memory T cell

Some activated T cells become

memory cells that can support
Tumor subsequent immune responses by

recognizing the tumor antigen

Selby, M. et al., Cancer Imm Res 2013



Monkey Toxicity and PD Study Design

S
CTLA4-NF mAb: 3, 15, or 75 mg/kg
O Doses administered weekly to 3-5 monkeys/sex/group
O 3/sex/group necropsied on Day 30; up to 2/sex/group necropsied after 6-week recovery

KLH/Ad5Gag/Ad5Nef Dosing 5/ E:EK"' group

Recovery (up to 2/sex/group)

D4 D8 D15 D22 D29 D57 D71/72
ADA ADA ADA ADA ADA ADA
TENK TBNK TBNK
TA° TA TA TA TA A
M M M M
TDAR TDAR TDAR TDAR TDAR
AST
ADA = anti-drug antibody, aka immunogenicity TA = T cell activation (Ki67, CD69)
TBNK = immunophenotyping for T cells, B cells, NK cells TDAR =T cell dependent antibody response to KLH
M = flow cytometric immunophenotyping for AST = Antigen specific T cells (tetramer staining)

activated/Treg/memory T cell populations

Y



T-cell-dependent Antibody Response to KLH
S

EPT

vehicle

Kie67+ CD8 T cells
anti-CTLA4nf 3 mg/kg

anti-CTLA4nf 15 mg/kg

©
<)
¢ > B o

anti-CTLA4nf 75 mg/kg

2]
o

S
o

Pre-KL Pre-KLH

N
o

2, 3 and 4 weeks post KLH

PercentIof CDS8 T cells

1 and 2 weeks post KLH



Antigen-Specific T-cell Phenotyping
S

Ad>5 peptide-specific T cells identified using Immunize with

fluorochrome-conjugated MHC tetramers loaded Ad5-gag and Ad5-nef
with peptides l,
Draw blood in EDTA

Immuno-stain with T-cell
specific markers and
flourochrome conjugated
MHC1 tetramers loaded
with Gag and Nef peptides

Analyze on Flow Cytometer

Image from www.mblintl.com



Ad5-gag and Ad5-nef Antigen-Specific
CD8+ T-cell Phenotyping (Tetramers)

INncreases in percentage of gag- or nef-specific CD8* T cells

_ vehicle
Kie7+ CD8 T cells

anti-CTLA4nf 3 mg/kg
80

[
|
A  anti-CTLA4nf 15 mg/kg
L 2

anti-CTLA4nf 75 mg/kg
60

40

20

Percent of CD8 T cells

Pretest 4 8 15 29 Recovery



CD4 T-cell Activation/Proliferation

Dose-dependent increases in Ki67* and CD69* helper T cells

_ ® vehicle
Kie67+ CD8 T cells
B  anti-CTLA4nf 3 mg/kg

80
" A  anti-CTLA4nf 15 mg/kg
E ¢ anti-CTLA4nf 75 mg/kg

60
|_
[ee]
@]
O 40
o
c
(6]
o 20
()
o

0

Pretest 4 8 15 29 Recovery

Study Day



CD8 T-cell Activation/Proliferation
S

Increases in Ki67* and CD69* cytotoxic T cells



CD4+ and CD8+ Immunophenotyping
S

) vehicle
Kie7+ CD8 T cells

anti-CTLA4nf 3 mg/kg

anti-CTLA4nf 15 mg/kg

o)
o
¢ > B 0

anti-CTLA4nf 75 mg/kg

D
o

Dose-dependent increases in other cell
populations assessed including:
- Tregs and activated CD25* and central memory
0 CD4*cells
Pretest 4 [ Corresponding decrease irtNaive Gbarecells

- Similarsethangas in CD8+ cell types (not shown)

Percent of CD8 T cells
N SN
o o



Ex Vivo Recall Responses to KLH or Viral Peptides
]

Activation of antigen-specific cells following ex vivo

. . . . . . Flow cytometric analysis
stimulation with neo-antigen, measured by activation CD69, IFNy, TNFa
marker (CD69) and cytokine (IFNy and TNFa) expression CD4 T cells

* KLH response CD4-mediated
* Gag/Nef responses CD8-mediated

Pretest
Study Day 22

Brefeldin A after 4 hrs
Incubate an additional

20 hrs
> >

Isolate PBMCs

1. Antigen (KLH), aCD28, aCD49d
2. aCD28a, CD49d (negative control)
3. aCD3 (positive control)

Lympholyte M



Ex Vivo Recall Response to KLH and Gag/Nef

35 2

Increases in percentages of activated CD4 (KLH) and CD8 (gag/nef) T cells

IFNg+CD69+ CD4 T cells IFNy+CD69+ CD8 T cells

o
(3]
1
w
1

0.4 1 L 2

0.3 4 A

A
0.2 - A S

—IAA‘
o —

O *
R = l‘* i'ioo

NC KLH Nef RM9 Gag GW9 NC KLH Nef RM9 Gag GW9

0.1 - u
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¢
.
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. vehicle

Kie7+ CD8 T cells

anti-CTLA4nf 3 mg/kg

80
anti-CTLA4nf 15 mg/kg

cells

anti-CTLA4nf 75 mg/kg



Comparison of Ipilimumab with CTLA4NF
B



Summary of CTLA4ANF Case Study

0 CTLAANF caused dose-dependent increases in both CD4- and CD8-mediated
responses to KLH and gag or nef, respectively, in multiple endpoints

0 Toxicity was observed at all doses

o Moderate to severe clinical observations and dose-dependent increase in incidence and
severity of lymphohistiocytic infiltration into numerous tissues

0 CTLA4ANF enhanced PD and caused adverse findings at lower doses as
compared to ipilimumab

o Impact of findings
o PD endpoints enhanced the understanding of Fc on mechanism

o FIH dose setting was done based on comparison to ipilimumab, with PD
data used as benchmark compared to ipi to gauge differences in potency



Costimulatory Agonist mAb Examples

3

KLH

KLH

gag/nef
Tetanus

toxoid

Increase in TDAR to KLH
Increase in ex vivo recall response in CD4+
Increase in Ki67 CD4+ T-cells

Decrease in TDAR to KLH
No ADAs, consistent with suppressed TDAR
Suppressed ex vivo recall response to KLH

Loss of receptor expression

Decrease in TDAR to KLH

Reduction in gag and nef-specific CD8 T cells
Decrease or no enhancement in proliferating CD4
or CD8 T-cells, resp.

No effect on TDAR to Tetanus toxoid (recall)

Kié7 T-cell proliferation used as PD marker in clinical
trial

Hypothesis: excess mAb abrogates Fc-mediated cross-

linking, which is essential for activation and mAb blocks
endogenous ligand binding

Greater understanding of biology and impact on dose
escalation

Greater understanding of sustained receptor
internalization and its impact on biologic activity
Impacted clinical trial design with regard to dose
escalation



Conclusion

0 Antigen challenge elicits the immune system allowing for an
assessment of iImmune function

o CD4- and CD8-mediated

0 PD assessments when correlated with exposure, RO/RE, and
toxicity data have:

o furthered our knowledge of biological activity of 10 mAb

o help to define pharmacologic active dose and dose-response relationship to
translate to humans to aid in clinical trial design

o helped to demonstrate relevance of model in absence of toxicity

o helped to identify clinical biomarkers
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T-cell activation/proliferation
B

Cynos immunized with Ad5-Gag and Ad5-Nef

Pretest 0 Non-antigen-specific
CD4+ or CD8+ T cells

0 Nuclear proliferation marker
o Ki67

1 Cell-surface activation markers

0o CD69 and/or CD107a

0 Multiple timepoints throughout study to

Pretest

assess kinetics of response

0 Flow cytometry
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. Human Cancer Models Initiative
(HCMI)

. Enhancing Applicability of
Mammalian Models for Translational
Research



Modeling the Diversity of Human
Cancer: An Unmet Need

» Molecular characterization of cancer has identified cancer-relevant mutations that
range from <1% to >50% in population frequency

» Of the ~ 1,000 cell lines commonly used in research
Most cannot be compared to the primary tumor
Clinical and outcome data is not available

Do not represent, or underrepresent certain molecular subtypes (e.g.
TMPRSS2/ERG prostate cancer)

Do not represent most pediatric cancer subtypes

Do not represent and underrepresent common combinations of lesions
Certain rare cancers subtypes are either missing or are underrepresented
Do not reflect the ethnic and racial sub-populations

Do not recapitulate the relationships of a tumor and its microenvironment (e.g.
stroma, immune cells, endothelium, tumor subclones)

Daniela Gerhard 5



Human Cancer Models Initiative (HCMI)
Consortium

https://ocg.cancer.gov/programs/HCMI

Daniela Gerhard "



HCMI Pilot Design

Daniela Gerhard
Louis Staudt 5



HCMI Core Principles

» Open distribution “community resource”
» |P issues identified and addressed for model development and distribution for academia and industry
Informed consent language allows

Model development

Collection of clinical data
Molecular characterization
De-linking

Use by academia, industry, others

All information collected available through Genomic Data Commons (GDC), Office of Cancer
Genomics (OGC) web site and European Bioinformatics Institute

Distribution through ATCC

Reasonable Material Deposition requirements
Reasonable Material Transfer Agreements
» All protocols, when they are developed, will be shared through the OCG web site

Daniela Gerhard ‘


https://ocg.cancer.gov/programs/hcmi/resources

HCMI Core Principles

» Molecular characterization [NCI-supported models]
15X WGS of model, tumor and normal DNA
150X WXS of model, tumor and normal DNA
RNA-seq of model and tumor RNA
» WSI and HUB will also sequence DNA and RNA, details vary
» Sharing
Molecular characterization and clinical data will be available from the GDC or EBI
Protocols on the NCI HCMI web site and ATCC

» Steering Committee selected 27 data elements which will be part of the HCMI Searchable
Catalog (NCI subcontract, work in progress)

Daniela Gerhard ;



Cancer Models Development Process

> Patients are

enrolled and clinical
data is collected

Successfully
established models
are sequenced

¢ Important for
model
confirmation

+* These models
are submitted for
distribution

+»» Outcome data is
collected and the
case de-linked
from primary
clinical files

Molecular
characterization,
clinical and other
data for confirmed
cancer models is
deposited into a the
GDC

=

Office of Cancer Genomics

>

Molecular

Characterization
Data

Validated
Models

>

QC’ed
Clinical
Data

Rectangle = Process
Trapezoid = Input/Output
Diamond = Decision

Line with arrow = Flow line

Daniela Gerhard



HCMI Pilot: Cancers

Breast Cancer

Colorectal Cancer
Esophageal Cancer
Gastroesophageal Cancer
Glioblastoma

Lung Cancer

Pancreatic Cancer
Pediatric tumors

Rare Cancers

Upper Gl, other

vV V. V VYV V V VY V V VY V

List of cancers and populations represented is expanding

Daniela Gerhard 5



Research Projects to Enhance Applicability of Mammalian Models
for Translational Research

PARs 17-244 and 17-245




Rationale for PARs 17-244 and 17-245

> Lessons learned from NCI's Mouse Consortium (1999-2014).
+ Partnerships within and across research communities help to ensure model validity
+ Multiple viewpoints foster development of better models for specific purposes

*» Models to explore basic disease mechanisms may not be sufficiently complex to support some translational
research requirements

+ Regular influx of new ideas into oncology modeling accelerates development of a broader spectrum of translational
models

» Why do we need Oncology Models Forum

L)

X4

Use the Forum as a locus to nucleate cross-disciplinary groups around specific technical, scientific, or informatics
challenges to improve or expand translational use of oncology models;

X4

Promote effective communications and collaborations among diverse communities of research, especially those who
generate or identify models and those who need to use them for patient benefit

Dissemination of well-validated translational models and their associated data
Data sharing to improve translational model selection
Access to detailed protocols so that model use is robust and reliable

X4

L)

/
0’0

X4

D)
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Purpose of PARs 17-244 and 17-245

Invite applications for projects to:

>

V V V

YV V VYV VYV VY

Expand, improve, or transform the utility of mammalian cancer and tumor models for translational
research.

Show that translational mammalian models are suitable for use in pre-clinical and co-clinical settings
Develop and characterize mammalians with cancer as representative models of human disease.
Demonstrate that mammalian models or their derivatives used for translational research are:

¢ robust representations of human biology

s Appropriate to test questions of clinical importance

¢ Provide reliable information for patients' benefit
Demonstrate how to overcome translational deficiencies of mammalian oncology models
Define new uses of mammalian models or their genetics for unexplored translational challenges
Advance standard practices for use of translational models
Test approaches to validate and credential models
Challenge current practices for how models are used translationally

12



» PAR-17-244: Collaborative RO1s Projects

< Upto 5 years

s Up to $450,000 direct costs per year

% Address the technical and experimental parameters that ensure effective translational use of mammalian models
* ldentify and propose the means to tackle unmet translational requirements;

s Extend the range of insights and approaches that address translational oncology modeling needs

% Use the Oncology Models Forum for their collaborations, and be active members of the Forum.

» PAR-17-245: RO1 Projects

*» Upto5years

% Up to $450,000 direct costs per year

+ Narrower scope than a Collaborative R0O1 team

+ Address one or more of the technical and experimental parameters that ensure effective translational use of
mammalian models

* ldentify and propose one way to address an unmet translational requirement

% If possible, take advantage of the Oncology Models Forum to facilitate collaborations, and participate in the Forum

13



Projects that are suitable for this FOA include but are not limited to the examples that

follow:

» Develop and test innovative validation and credentialing strategies for different types of in vivo
and in vitro translational models

» Cross-compare various closely related human or mammalian models (e.g., PDXs, and
derivative organoids, cell lines, or cell line xenografts, etc.) for what each model type
contributes to translationally reliable information for design, testing, or outcome evaluation of
chemo- or immuno-therapy or radiation

» Utilize experimental population mammalian genetics to functionalize a cancer GWAS or
population study

» Define human genetic determinants of response or resistance to immunotherapy, immuno-

prevention, or chemotherapy, as well as risk of adverse events, late effects, and second

malignancies

Create novel models to fill one or more of the critical gaps in translational requirements;

Derive and test a widely applicable tool strain for oncology modeling or imaging

Validate and/or credential an existing model or models to enhance the range of translational

uses

» Develop and test novel "humanizing" approaches for mammalian models as recipients of
human transplants from tumors, metastatic deposits, or early lesions; and/or

» Develop new, reliable standard reagents to advance the existing translational uses of
mammalian models, enable new uses, and enable comparisons across species.

Y V VY
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oncologymodels.org

Nancy Boudreau
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Nancy Boudreau
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Questions?
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Panel Discussion:

Moderators:
John K. Leighton, PhD, and Julie Schneider, PhD

Panelists:

Alan Korman, PhD
Danuta Herzyk, PhD
Helen Haggerty, PhD

Robert Li, PhD
Mariam Eljanne, PhD



	SLIDES

	Leighton Intro
	AM SESSION

	Maus
	Javaid

	Palucka

	Beatty

	LeBlanc

	Zheng

	Panel Discussion 1


	PM SESSION

	
Herzyk
	
Haggerty
	Eljanne
	Panel Discussion 2



