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Financial Times

‘ . . e THE NEW YORRER
Immunology is super-interesting

Lunch with the FT: Gideon Rachman buys Bill Gates a che and d true

MEDICAL DISPATCH |

INFLAMED

The debate over the latest cure-all craze.

g
death, philanthropy, China and who'll pay the bill

BY JEROME GROOPMAN

As a result, understanding and controlling inflammation has become a central

goal of modern medical investigation. The internal research arm of the National

Institutes of Health recently designated|intlammation a priority,mobilizing

several hundred scientists and hundreds of millions of dollars to better define its

role in health and disease; in 2013, the journal Science devoted an entire issue to

‘Cancer, atherosclerosis, diabetes, neurological diseases and

L]
SClence autoimmune diseases all have inflammation at their core. This places

the study of inflammation at the heart of modern medicine.’
David Baltimore, Nobel laureate
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HE WALL STREET JOURNAL The Human Body, According to
Venture Capitalists

The investors who support emerging medical technologies play an
important role in determining which new therapies reach the public.
A'WSJ Pro analysis of venture investment trends since 1999
reveals which body systems stand to benefit most from their
decisions.

By: Renee Lightner, Christopher Zinsli and Alberto Cervantes
Last updated Feb. 14, 2019 | Published Sept. 14, 2014

Total amount invested by venture capital deals, 1999-2018

Immune System |, 526.91B
Heart [ 326 25B
Brain [ 524.15B
Skeleton, Bones and Joints [ £15.998B
docrine Glands and Pancreas [INEGGGEGEGEGEGEE 515878
Blood [N 514.178
Eves NN 511.62B
Lungs [N $10.35B
Intestine [N $5.576
Skin [N 57.68
Reproductive System [INEGENEN £7 248
Kidneys [N 57.08B
Stomach [N 55.3B
Muscles [ $3.91B
Urinary System [l $2.67B
Ears [ $2.45B
Liver [ $2.09B

Immune System

The emerging field of immuno-oncology is
driving considerable interest in this sector.
The amount of capital invested in
immunological startups last year surpassed
the amount committed to any medical field in
any year on record.

10

Total 1999-2018:
$26.91 billion



Infection:

Viral, Bacterial
Fungal,
Parasitic

Cancer:

Initiation,
Progression,
Metastes

Sterile
Inflammation:

Tissue Repair

Autoimmune

Diseases: Protective Me!:abolic
IBD, MS, RA, Immune Response SRears;
Psoriasis, : : Type Il Diabetes,
Type | diabetes, Fatty Liver
Lupus Disease, Renal
Failure

Dysregulated Immune

Response

Neurological Sterile Injury:

Diseases: Reperfusion
Alzheimer’s, injury,

MS, Parkinson’s, Myocardial
Epilepsy defect

Bone/Joint
Disorders:

Osteoarthritis
Alkalosis spondylitis

Cardiovascular
Diseases:

Atherosclerosis
Hypertension Stroke



Frontier areas of immunology
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Precipitating factors in human diseases:

Genetic versus environmental

Variation in the Human Immune System
Is Largely Driven by Non-Heritable Influences

Petter Brodin,' """ Vladimir Jajic,*"" Tianxiang Gao,* Sanchita Bhattacharya,” Cesar J. Lopez Angel,”” David Furman,*”
Shai Shen-0rr,5 Comelia L. Dekker,® Gary E. Swan,” Atul J. Butte,® Holden T. Maecker,”® and Mark M. Davis=310.*

Measured 204 different parameters, including cell population frequencies, cytokine responses, and serum proteins,
and found that 77% of these are dominated and 58% almost completely determined by nonheritable influences.



Autoimmune / chronic inflammatory diseases

* Affect over 300 million people worldwide and increasing

Rheumatoid arthritis (RA): 1/100, 20m people in US
Psoriasis 1/50-1/1000; 5.5m in US

Multiple sclerosis (MS): 1/700,

Crohn’s disease and Ulcerative colitis: 1/500-1/2000
Type 1 Diabetes: 1/100,000 — 1/2000

YV YV VYV VY

* Pharmacological dugs, including traditional chemotherapy, still major
first line treatment, but biologics increasing use and market share

% patients prescribed Biologics at time of diagnosis

All autoimmune diseases 5.9%
RA 10.65%

Lupus 9.4%

Percentage Psoriasis 8.3%




Drug targets in IL-23-IL-17 pathway

Production of T cell-polarizing Activation of pathogenic
cytokines by myeloid cells T cells in lymph nodes Effector function of IL-17 in target issue
ROR, | |
SMDs Anti-IL-17A ( Anti-IL-17RA —-\y IL-17A/F
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Mills, Nat Rev Immunol. 2023; 23:38-54



IL-17/IL-23 therapies for autoimmune/inflammatory diseases

Indication

Psoriasis IL-17RA SNP association.

Th17 and ydT17 in skin lesions

| oebntenigiie s Thl7, Tel7, yoT17 and ILC3 in skin
lesions and synovial fluid

IL-23R, STAT3 & CARD9 SNP
association

IL-17 in synovial fluid.

Ankylosing
spondylitis
Rheumatoid
arthritis

WA BT SV ST Th17 and yoT17 in brain lesions

Inflammatory IL-23R SNPs association.

bowel disease Th17 enhanced in CD and UC

Th17 expanded in blood in T1D
Uveitis Elevated IL-17 and IL-23 in blood

Type 1 diabetes

Aot De G TL-17A 1 in skin lesions, 1Th17 in
blood

Neutrophilic IL-17A SNPs association, Th17 cells
asthma 1 in blood

St e el (08 1 Th17 in blood of GVHD patients
disease
Hidradenitis
suppurativa

Substantial skin infiltrating CD161"
Th17 cells

Alzheimer’s 1 Th17 in blood in mild cognitive
disease (AD) impairment

| gl R TL-17 1 in obesity / liver disease.

Evidence of role for IL-17 pathway | MoAb to IL-17 pathway in clinal trials / human use

ustekinumab, secukinumab, ixekizumab, bimekizumab,

brodalumab guselkumab, tildrakizumab, risankizumab approved

ustekinumab, secukinumab, ixekizumab, brodalumab,
guselkumab, risankizumab, approved
secukinumab, ixekizumab, brodalumab approved

ustekinumab or guselkumab no efficacy

secukinumab low efficacy
secukinumab some efficacy phase 2

ustekinumab approved,

secukinumab, brodalumab 1 disease
ustekinumab and ixekizumab phase 2/3 recruiting

secukinumab phase did not meet primary endpoint.

secukinumab phase 2 completed
secukinumab and broadalumab phase 2 trials terminated
Ustekinumab Phase 2 completed, some benefit

bimekizumab, secukinumab phase 3 ongoing

ustekinumab in pre-clinical Alzheimer’s diagnosis.

Secukinumab completed

IL-23
Guselkumab,
p40 19 } .
Tildrakizumab,
Ustekinumab

/ Risankizumab

l Secukinumab,

/ Ixekizumab

IL-17A L
IL-17F /é{élmeklzumab

IL-A7AL-1TF

' Brodalumab
T | T
tjﬁ-t-tjﬂa F E;’tﬁﬁ,z

IL-iFRC  IL-17HA

Mills, Nat Rev Immunol. 2023; 23:38-54



IL-23/IL-17 pathway biologics — a ‘cure’ for psoriasis

Secukinumab (anti-IL-17A)

PASI 75 Response

100+
Secukinumab,
300 mg (N=323)

Secukinumab,
150 mg (N=327)
Etanercept

(N=323)

Placebo “Befors reatment
A (N = 324) GLDEINAAINASTA K548
4

gl
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0 4 8 12 16 20 24 28 32 36 40 44 48 52

Langley, N Engl J Med. 2014; 371:326-38

*  89% PASI 75 response rates at Year 5.

* 44% of psoriasis patients completely clear skin (PASI
100) at Year 1, maintained to Year 5 (41%).

* 21% of psoriasis patients - skin clearance for up to one

year without treatment

(Step in Trial; P2223 26th EADV Congress 2017)

I, NOVARTIS

20

% patients achieving PASI 75

Guselkumab (anti-1L-23)

B Placebha
® Guselkumak Anti-IL-23

» Adalimumab Anti-IL-17R

Nakamura et al Drematol Ther. 2017, 7 (3) 281.



Future immune-based drugs for inflammatory diseases

Key target to block inflammation

» 1L-23/IL-17

» Inflammasome / IL-13

» Endogenous anti-inflammatories
» Autoantigen-specific Treg cells
» Multiple undiscovered

Indications

Multidrug-resistant infections

Hepatitis D
Ebola Virus Disease
Tuberculosis

1
O

Infection

Beta-thalassaemia

Hemophilia

Post-Transplant Lymphoproliferative Disorder
Primary haemophagocytic lymphohistiocytosis
Sickle Cell Disease

Achromatopsia associated with defects in CNGB3
Diabetic retinopathy
Uveitis

/"

~
O

Ophthalmology

Hematology

Immunology/
Transplantation

Primary Biliary Cholangitis
Progressive Familial Intrahepatic

| Inflammataory Bowel Diseases |
Eosinophilic gastrointestinal disorders

ANCA-associated vasculitis
Prevention of graft rejection

—

Hepatology/ UNMET

Gastroenterology

Rare diseases

MEDICAL
NEED

Osteogenesis Imperfecta
Osteoporosis

—

Musculoskeletal
conditions

i . Neurology
/ Respiratory \ Alzheimer's disease

Asthma Oncology Major depressive disgrder
Chronic obstructive pulmonary diseass l Po_st-partum depression
Spinal muscular atrophy Type 1

Parkinson's disease
Multiple Sclerosis

T LS
Huntington's Disease

Acute lymphoblastic leukaemia
Diffuse large B-cell lymphoma
Glioma

Sarcoma

Multiple myeloma

NTRK fusion-positive solid tumours

Scavone et al, Front Pharmacol, 10:111



Article

R " . Inhibition of IL-11 extends life expectancy
Inhibition of IL-11 signalling extends of male and female mice.

mammalian healthspan and lifespan t 49

1.0 :
1
E 0.8 -
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Age (weeks)

Therapeutic inhibition of IL-11 reduces age-associated
metabolic dysfunction, pathogenic signalling and
sarcopenia in male mice.

Female IL-11-deleted mice are protected from age-associated
obesity, frailty, and metabolic decline.
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Anti-IL-11 currently in early-stage clinical trials for fibroinflammatory diseases



Certain cancer can now be cured in certain patients
- exploiting fundamentals discoveries in Immunology

E'«@ i€l e

Breakthrough of the Year

Cancer
Immunotherapy
" T cells on the attack

Jim Allison Tasuku Honjo

Nobel Prize in Medicine, 2018 ' |r,'.p,~=L|.-q[-r.;|[r-|{F.-"||MTI
f BLOCKADEIN

EANE[R

2015 TOP CANCER DOCTORS

T-cell proliferation

T- effector
cell

- L

o s, Pilimumak

Immune checkpoint inhibitors Chimeric antigen receptors (CAR) T cells

Removing the block on T cell A living drug — re-infused genetically
activation and survival engineered T cells from cancer patients




CAR-T cells

approaches for modifying T cells to recognize & attack cancer cells

RLHTPR
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Lipid Nanoparticle
g e = T cells attacking a cancer cell
- :D —— “5  cARTCel

Nature, Feb 2022

Developed for use in treatment of acute lymphoblastic leukaemia (B cells lymphoma, CD19")

Complete remission (CR) rates as high as 90% have been reported in children and adults with relapsed and refractory ALL
treated with CAR-modified T cells

Safety issues: Cytokine release syndrome. Cytokine storm after T cells blast. 3 people died in trial by JUNO (reported 2015)
Switch to turn on/off CAR-T cells?



Immune checkpoint inhibitors: Anti-CTLA4 (ipilimumab + others

Cancer regression and autoimmunity induced by
cytotoxic T lymphocyte-associated antigen 4 blockade
in patients with metastatic melanoma

Giao Q. Phan', James C. Yang', Richard M. Sherry', Patrick Hwu!, L. Topalian®, Douglas J. Schwartzentruber®,
Nicholas P. Restifo', Leah R. Haworth', Claudia A. Seipp", Linda J. Freezer!, Kathleen E. Morton',

Sharon A. Mavroukakis', Paul H. Duray®. Seth M. Steinbera®, James P. Allison, Thomas A. Davis!,

and Steven A. Rosenberg!'*

uAS | sy 5,203 | vol 100 | no.1a | 8375
» Removes CTLA4 blockade on T cell activation
» Advanced melanoma — 22% survival after 3 yrs
» Approved in 2011 for melanoma

» Efficacy in other indications

» A significant proportion of recipients develop
immune-associated adverse reactions

Pre- PQSt-treatment Dermatitis and colitis
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Immune checkpoint inhibitors: Anti-PD-1/anti-PD-L1 and combinations

Nivolumab/ Pembrolizumab + others
» Anti-PD-1 antibody
» Negative signal to T cell
» Blocking PD-1 enhances effector T cells
» Increases CTL and reduces Tregs
» 200 trials anti-PD-1 or anti-PDL-1 completed
or underway in a variety of cancer indications

Anti-PD-1
Anti-PD-L1

Tumour
cell

Previously untreated Melanoma
without BRAF mutation Combination of CTLA4 + PD-1 inhibition in stage 4 melanoma

—— Nivolumab plusipilimumab ~ —— Nivolumab ~ —— Placebo

Owverall Survival

100 gy Hazard ratio for death, 0.42 (99.79% CI, 0.25-0.73)
P<0.001

20—
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+ e
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Dacarbazine 96208 10.8 (9.3-12.1)
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Months Robert et al N Engl J Med 2015; 372:320-330 Months Lancet 2022; 400: 1117-29



Multiple new targets in the immunology Synapse —

enhancing T cell responses to tumours

Block with
Checkpoint
Inhibitors

IMP321

IMP701
M7824
Dacetuzumab/
Lucatumumab
TLR agonists

T cell
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Clinical trials

Dimer of LAG3, APC activator

Monoclonal

Bi-functional anti-PDI + TGFf trap

antibody to LAG3

Anti-CD40 agonist MoAb

TLRY, TLR7/8

171

Breast, prostate

Cancer

Prostate
CLL, NHL, MM

NSCLC, various

Enhance
e.g. with
TLR agonists



Immune checkpoints prevent autoimmune diseases

Immune checkpoints

Natural brakes on the immune system

Prevent development of autoimmunity

But also suppress immunity to tumors

Immune checkpoint inhibitor (anti-PD-1/PDL-1
& anti-CTLA4 highly effective in treating cancer
Responders develop autoimmune diseases

AUTOIMMUNITY

Expression status: Low

e Dampen pro-inflammatory responses

e Limit local and systemic inflammation to
promote tissue tolerance

e Correlate with a favorable clinical outcome

Tumor growth Inflammation

e Dampen anti-tumor effector functions
o Promote tumor evasion
e Correlate with poor clinical outcome

CANCER



PD-1 agonistic MoAbs in clinical development for autoimmune diseases

* Expression of PD-1 increased in synovium of RA patients

e Strong expression on T cells correlates with disease activity The NEW ENGLAND JOURNAL of MEDICINE
naturereviews drug discovery ORIGINAL ARTICLE
Explore content v About the journal v Publish with us v Subscribe A Phase 2 Trial Of PereSOIimab for AdultS
nature » nature reviews drug discovery > news in brief » article Wlth RheumatOId Arthrltls
Jay Tuttle, Ph.D., Edit Drescher, M.D., Jesus Abraham Simdn-Campos, M.D.,

NEWS IN BRIEF ‘ 02 June 2023
PD1 agonist antibody passes first LS | S
. . 1]
phase Il trial for autoimmune g
disease EE 1- S~ Placebo
§ ﬁ . Peresolimab,
* Lilly running another Phase Il in RA and options g2 300 mg
for other autoimmune disease S8 o
..m:. _ Peresolimab,
« BMS/Celgene CC-90006 (Moab) licensed from g e vt placebo M8
AnaptysBio was in phase | for psoriasis S . T .
4

e . . oy Weeks since Randomization
Merck-Pandion acquisition: re-

balancing immune response to $1.85bn
treat autoimmune disease

Gilead Bets $405M on MiroBio's Checkpoint
Agonists for Autoimmune Disease

Published: Aug 05,2022 | By Alex Keown



Vaccines for Infectious Diseases

 Infectious diseases: >15m global death annually (150,000 in US)
"« Vaccination: one of the greatest achievements of modern medicine
« Vaccination: one the most cost-effective ways of saving lives

« Many infectious disease without an effective vaccine

« The COVID-19 vaccineS changed the business case - vaccines are
now big business

Vaccine value (US$) from 2019-2023 showing the top 10 vaccines by value (WHO data)

2019

2020

2021

2022

2023

CAGR

80 120 160
Billion US$

@ Allother @ MenACYW @ Varicella @ Rota @ DTaP primary RSV @ Shingles @ Seasonal influenza @ PCV @ HPV COVID-19
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COVID-19 vaccines developed in 1/10 time of a typical vaccine

Traditional vaccine development: One step at a time

Clinical trials PHASE

Clinical trials pPuaAsE 2 Clinkcal trials PHASE 3 Regulatory approval

5:-15 YEARS '
COVID-19 vaccine development: Multiple steps happening at once

Clinical trials
PHASE 1
Clinical trials
PHASE 2

Manufacturing

. 1-2 YEARS



COVID-19 vaccines prevented an estimated 14.4
million deaths from COVID-19 (19m including
excess deaths) in first year of use.

150000+
. Deaths w/o vaccination
£ 100000+
g
) Deaths averted by
= Covid-19 vaccines
50000
Excess mortality
0
Janulary Apln'l july October }anl..:ary
2021 2021 2021 2021 2022

Date

J Paediatr Child Health. 2022 Sep 20 : 10.1111/jpc.16213.

Nobel Prize goes to scientists behind
mRNA Covid vaccines

® 2 days ago

H Nobel Prize

EPA

| Professors Drew Weissman (left) and Katalin Karike

By James Gallagher

Health and science correspondent

The Nobel Prize in Physiology or Medicine has been awarded to a pair of
scientists who developed the technology that led to the mRNA Covid

vaccines.

Professors Katalin Kariko and Drew Weissman will share the prize.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9537923/

COVID-19 vaccines prevent severe disease but does not
prevent SARS-CoV-2 infection or sustain protective immunity

Incidence per 100,000 populatiorn

100,000 population

Incidence per

USA April 21 —Jan 22

20
100

—2 doses Vs Delta 3 doses Vs Omicron
15
%0 \

@®Unvaccinated
10 ® Janssen . 20

@Pfizer - BioNTech Vaccine

i [V

®Moderna Efflcacy (A,) €0

| Versus

Symptomatic 50

/\—\__\__N Infection
— e — WS >

0 40
May 2021 Jul 2021 Sep 2021 Nov 2021 Jan 2022
30
20
* Cases
10
2K @ Unvaccinated
@ Janssen O
@ Pfizer - BioNTech <2M 2_3 'VI 4M >5
1K ®Moderna
Months post vaccination
———— F
May 2021 Sep 2021 Nov 2021 Jan 2022

2222222

Qatar study NEJM Feb 2022



Whooping cough (pertussis) - severe persistent
respiratory infection especially in infants

24.1m cases, 160,700 infant deaths/yr
Re-emerging pathogen - despite introduction of
a new acellular pertussis (aP) vaccine in 1990s
aP vaccines do not prevent infection and
immunity wanes rapidly post vaccination

DTP

Number of cases

al [y oy C oy =~ =, =~
ar P S S S & ¢ & & &
NN N » ~ g 5 N W o

Incidence per 100, 000 (> 6 months age )

1.2

1.0

0.8

0.6

0.4

Bordetella pertussis

Pertussis cases in UK

m<lvear m1-10vears

11-18 vears

Rising Whooping Cough Cases In The UK
Lead To Tenth Child Death

The outbreak is part of a global resurgence of the disease, which has seen cases and

500.0 aths in countries like China, Philippines, and the Netherlands.
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_ Whooping cough cases in country increase by 3,000% in a year
THE IRISH TIMES
- - Latest figures show 567 cases in Ireland up to November 9th, compared to 18 cases in 2023
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Current acellular pertussis vaccines prevent disease and reduce lung
infection but do not prevent nasal infection with B. pertussis

Whole cell pertussis (wP) vaccines (1940-90s) Acellular pertussis (aP) vaccines (2000s-)
(killed whole bacteria, including LPS + other PAMPs) (3-5 antigens with alum)
» Effective but had side effects > Safe, but do not prevent bacterial transmission

» Promote antibody and Th2 responses
» Does not induce respiratory Tg,, cells

17+ + : :
Bacterial load in nose IL-17* CD4* Ty, in nasal tissue

10°

2] -
- PBS z 40 .
- aP vaccine ‘; .
- wP vaccine l_fI ‘:9 301 *kk
Convalescent ~ X
T 0 20-
I L]
1 s £ m
[ 104
@]
T T 1 B =S
0 7 14 21 0-

Days post challenge CTRLconv aP wP

Wilk et al, Emerging Microbes & Infections, 2019, 8, 169



Aerosol-delivered antibiotic-inactivated B. pertussis vaccine (AIBP) induces potent
respiratory IL-17* T, cells and protects against nasal infection with B. pertussis

Bacterial load in nose

Nasal IL-17* T, cells

, . K.+ N
h ,~ AI.BP vaccine Vs aP vaccine £ 3] —— 106-
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L u ‘ ‘ T Immune responses 0 7 14 21 Cont AIBP aP
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Rapid vaccine development against “new” pathogens
mRNA COVID vaccines saved lives TaCk“ng tough pathogens
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