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Personalized Cancer Therapy
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Reversed Personalized Medicine

“Tailor” the patient
to the treatment







PD-1 axis blockade FDA approvals
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Primary & Secondary Resistance to PD-1 blockade
IS @ major clinical challenge
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Reversed Personalized Medicine

“Tailor” the patient
to the treatment
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Advantages in principle

* Short time to clinical testing

* Relatively low costs (not development of new molecules)
* Potential big impact

* Maximizing existing drugs --- Win-Win with industry

* New opportunities for business
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What should we be
looking at?




Pre-treatment melanoma samples

TIL PD-1 blockade
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treated patients treated patients
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Proteomics, RNAseq, Pathology Proteomics, RNAseq, Pathology

Bioinformatics Proteomics
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Retrospective cohorts

TIL

- Responders |Non-Responders

53

SYAY,

100%

38%




Dr Ettai Markovitc

RNAseq --- Immune signature

Enrichment plot: GO_ADAPTIVE_IMMUNE_RESPONSE
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Dr Michal Harel
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Proteomics reveals new patterns

EROBI
Vs

AEROBI

Harel et al, Cell 2019
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@ Genetic Information Processing

@ Organismal systems
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Aerobic conditions enhance antigen presentation

Immunologic proteins
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KO of mitochondrial proteins confers immune resistance

In vitro downregulation of MHC class | alleles
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Knockout of aerobic metabolism proteins

In vitro resistance to immune cells
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Knockout of aerobic metabolism proteins

In vivo immune resistance
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Driving towards aerobic metabolism

OXPHOS conditions Mitochondrial stimulation

Normal TC OXPHOS
medium medium

MHC class |
Hana Moualem 25
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Driving towards aerobic metabolism

 BRAFV600 inhibits OXPHOS in melanoma (Hall et al, Oncotarget 2013)
* BRAF inhibitors restore OXPHOS in melanoma (Hagq et al, Clin Cancer Res 2014)
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Unpublished data Kfir et al, Neoplasia 2018 4
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Conclusion 1 (anaerobic metabolism)

Reduces Immune
antigenicity resistance

Restore

Anaerobic Aerobic . ..
antigenicity
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Markovitc et al, SMR 2019
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Survival by clusters (Sheba cohorts)
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Survival by clusters (BMS cohort)
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High c-Myc in PD-1 primary resistance

PD1 Failure PD1 Responder

* [HC on 33 melanoma
pre-anti PD-1 biopsies

e 2.5 fold increase in
nuclear c-Myc in
primary resistance
(56% vs 24%, p=0.05)
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c-Myc confers IFN resistance in PD-1 failures
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Markovitc et al, SMR 2019
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c-Myc confers IFN resistance in PD-1 failures

PD1 Failure PD1 Responder
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Conclusions 2 (c-MY(C)

e c-MYC is a central upstream player in primary PD-1 resistance

e c-MYC is highly expressed in primary PD-1 resistance

* The mechanism is through IFN resistance
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Can we render a non-
responder responsive?



3 Anaerobic

metabolism

Dejure & Eiler, EMBO 2017; 2Markovitc et al, SMR 2019; 3Haq et al, Clin Cancer Res 2014; “Singleton et al, Cell Rep 2017; *Harel et al, Cell 2019



Rationale for adding MAPK inhibitors

* BRAF inhibition reverses anaerobic metabolism to aerobic metabolism1i,
increases MHC class 12 and in vitro sensitivity to T cells3

* Encouraging data from UPFRONT PD-1/BRAFi/MEKi in KN-022%

* BRAF inhibition deactivates MYC in patients>
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1Haq et al, Clin Cancer Res 2014; 2Hu-Lieskovan et al, Sci Trans Med. 2015; 3Kfir et al, Neoplasia 2018; “Ferrucio et al, SMR 2019; >Singleton et al, Cell Rep %017;



Hypothesis

* Transient addition of BRAFi/MEKi will deactivate c-MYC and drive aerobic
metabolism in the tumor

e c-MYC reduction and aerobic metabolism will increase immune
sensitivity and IFN responsiveness

* This will revert primary resistance and support perpetual effect with
further PD-1 blockade
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Could this be done with other agents
affecting metabolism?

Could this be done with a dietary
approach (intermittent ketogenic diet)?




Can we induce generalized immune

modulation in the patient?




Microbiome related pathways?

Enrichment plot: GO_INNATE_IMMUNE_RESPONSE Enrichment plot: GO_RESPONSE_TO_BIOTIC_STIMULUS
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Microbiota =

Microbiome

* Collective genome of the bacteria in a niche

 Skin, nasopharynx, distal GU, Gut

Bacteroidetes @

.. o 72

B3
3]

0.02

Firmicutes

d off pathog
slght gair

development. The Human Mk

inthe include; ==

1 Helicobacter pylori
I Streptococcus thermophilus

inthe incl

1 Lactobacillus casei

1 Lactobacillus reuteri

1 Lactobacillus gasseri

1 Escherichla coll

1 Bacteroides fragilis

1 Bacteroides thetaiotaomicron
1 Lactobacillus thamnosus

1 Clostridium difficlle

SOURCES: NATIONAL INSTITUTES OF HEALTM, SCIENTIFIC AMERICAN; HUMAN MICROBIOME PROJECT

inthe
include
I Streptococcus viridans
1 Nelsserla sicca
1 Candida albicans

0 Streptococcus salivarius

in the skin include:

I Pityrosporum ovale

1 Staphylococcus epidermidis
1 Corynebacterium jelkeium

I Trichosporon

1 Staphylococcus haemolyticus

n the
include:

1 Ureaplasma parvum

1 Corynebacterium aurimucosum
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Interplay of microbiota & Immune system
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Can we reprogram the
iImmune system in patients?



Challenges & Hypothesis

FMT in immunotherapy-refractory melanoma patients:

Alteration of Immune Clinical
microbiome response response



m) U.S. National Library of Medicine

Find Studies = About Studies = Submit Studies ¥ Resources = About Site =

ClinicalTrials.gov

Home >  Search Results >  Study Record Detail Save this study

Trial record 1 of 2 for: melanoma fecal

Previous Study | Returnto List | Next Study »

Fecal Microbiota Transplantation (FMT) in Metastatic Melanoma Patients Who Failed Immunotherapy

ClinicalTrials.gov Identifier: NCT03353402

The safety and scientific validity of this study is the responsibility of the study

sponsor and investigators. Listing a study does not mean it has been Regruitment Status €) - Recruiting

A evaluated by the U.S. Federal Government. Know the risks and potential ~ wwweeeseeeees
Last Update Posted @ : November 27, 2017

benefits of clinical studies and talk to your health care provider before
participating. Read our disclaimer for details. SER i i sl

Sponsor:
Sheba Medical Center

Information provided by (Responsible Party):
Prof. Gal Markel, Sheba Medical Center
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Study aims (NCT03353402)

* Primary
e Safety
* FMT-related and immune-related AEs and SAEs per CTCAE 5.0
* Engraftment

* Similarity of recipients’ post FMT to their donors (“cluster”)

* Dissimilarity between different clusters of donor + corresponding post-FMT recipients

* Secondary

* Alteration of immune system activity
* Changes in Post FMT gut CD68+ cells

* Changes in Post FMT intratumoral CD8+ cells

* Exploratory

* Objective response to treatment

* iRECIST
53



Approach

Donors Recipients

e Metastatic melanoma patients
e Durable ongoing CR to anti-PD-1
e Still on active treatment

e Approved feces donors according to
current standard guidlines (AGA & MoH)

FMT + Re-induction of Anti PD-1
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Study design

Repeat combined cycles of
maintenance FMT and anti-FD-1
every 14 days for total of 6 cycles

Native microbiota depletion phase
(Days -3 to -1):
Antibiotics and PEG-based diarrhea
solution

Colonoscopy FMT (Day 0)

Orally ingested Capsulized FMT (Day 1)

Maintenance Capsulized FMT
(Day 12)

Anti-PD-1 therapy (Day 14)

After completion of combined cycles —
treatment continues as anti-PD-1
monotherapy (Day 100)

Evaluations
* Imaging (PET CT)
* Baseline, day 65 and then every 9-10 w
* Gut biopsy by sigmoidoscopy
e Baseline and day 31
 Tumor biopsy from the same metastasis
* Baseline and day 62-70

Sample collection

Pre and post — stool, blood, gut, tumor
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Stool bank

V600E Previous Anti-PD-1 # of Disease | Time in complete
BRAF treatment therapy Sites response (months)
mutation lines
+ Vemurafenib  Nivolumab M1d 3 12
+ Vemurafenib + Nivolumab Milc 2 14

Cobimetinib
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Patient characteristics

BRAF | Previous treatment lines Baselin | Primary | Sum of target | Washout Cycle number of
(in chronological order) e LDH | anti-PD-1 | lesion diameter | time (days) | previous anti-PD-1%
failure™

66 F V60OE D+T; Nivo; D+T, Ipi+Nivo  M1d High Yes 136 43 9
70 M WT Pembro; Ipi; Pembro M1b High No 145 100 5
78 M WT Pembro Mla Normal Yes 44 52 10
69 F WT Nivo (adjuvant) Mla Normal Yes 120 og" 6
66 M WT Ipi+Nivo Mla Normal No 38 1o5+ 30

Ipi; Pembro; D+T; Nivo, T-
33 M  V600E  VEC+Nivo; TIL; D+T; M1d Normal No 220 28 7
Palbociclib; Carbo + Pacli

66 M  V600E Pembro; D+T Mi1c High No 132 28 35

65 M WT Ipi+Nivo M1lc Normal No 33 28 10
Nivo (adjuvant); Ipi; .
Carboplatin + Paclitaxel Mlc High Yes 125 35 8

44 M WT Ipi+Nivo M1lc Normal No 85 43 11
57
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Primary endpoint 1: Safety

e FMT-related

 Patients fully recovered 3-4 hours post colonoscopy

* No G2-4 AEs other SAEs (perforation, septic shock etc.)

* Immune related adverse events

e No Grade 2-4 irAEs

58



Primary endpoint 2: Engraftment

Axis 2 (7.198%) R iT-Fda1l=1a] Axis 2 (7.198%) Post-treatment (days 7,31,65)

q=0.68 q=0.002
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Study aims (NCT03353402)

* Secondary

* Alteration of immune system activity

* Changes in Post FMT gut CD68+ cells
* Changes in Post FMT intratumoral CD8+ cells
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Secondary endpoint: CD8+ in tumor biopsies

Post (70d) — same metastasis
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Secondary endpoint: Inmune alterations

The alteration occurs across donors

Recipient # FMT Donor # Gut CD68+ APC Intra-tumoral CD8+ T-Cell
infiltration infiltration (cells/mm?2)
cells/mm?

Baseline Day 31 Baseline Day 70

Donor#1 41 736
Donor#2 12 233
Donor#l 572 N/A
Donor#2 59 30

Donor#1 294 145 92 330
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Secondary endpoint: Inmune alterations

Marker Direction p Marker Direction p
CD68 T 0.05 CD68 — 0.89
CD8 J 0.09 CD8 ™ 0.057

CD4 Ny 0.92 CD4 s 0.56
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Study aims (NCT03353402)

* Exploratory

* Objective response to treatment
* iRECIST



Pseudoprogression (Patient #3)
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Pseudoprogression and regression (Patient #3)
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Pseudoprogression and regression (Patient #5

Pre-treatment

Lesion volume in relation to Lesion volume in relation to Lesion volume in relation to Lesion volume in relation to Lesion volume in relation to
baseline: 100% baseline: 123% baseline: 67% baseline: 40% baseline: 33%

&

SUV iy 4.46 SUVa 7.09 SUVpax 9.27 SUVax 13.48 SUVpax 3.13 69



Clinical effect (Patient #7)

* 66vy.0., M, BRAF V600E mutated
* Failed — Pembrolizumab, BRAF+MEK inhibitors
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inical effect (Patient #7)
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