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“Tailor” the patient 
to the treatment
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“Tailor” the patient 
to the treatment
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• 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?
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Common processes?
Prof Tami GeigerDr Michal HarelDr Ran ElkonEldad Shulman Dr Ettai Markovitc Dr Erez Baruch
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Bioinformatics Proteomics
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TIL PD-1

Responders Non-Responders P val. Responders Non-Responders P val.

N 30 53 n/a 33 17 n/a

Gender (male) 76% 55% 0.32 51% 53% 1.0

Age 54y 52y 0.8 55y 56y 1.0

PS = 0-1 100% 100% 1.0 73% 70% 1.0

BRAF 46% 38% 0.48 42% 52% 0.55

Previous lines 2.2 (2-3) 2.3 (2-3) 0.61 0.54 (0-3) 0.64 (0-3) 0.69

PFS 28.3m 2.5m 8x10-8 20.9m 2.1m 5x10-8

16



Our 
cohorts

TCGA

Adaptive immunity IFNg response

Cell response to 
IFNg

IFNg signalling 
pathway

P = 0.024

P < 0.0001

Dr Ettai Markovitc
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Responders Non-Responders

TIL 
cohort

aPD-1 
cohort

Harel et al, Cell 2019
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Stimulate mitochondria
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Harel et al, Cell 2019
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Harel et al, Cell 2019
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MHC class I

OXPHOS 
medium

Normal TC 
medium

OXPHOS conditions Mitochondrial stimulation

Hana Moualem
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• BRAFV600 inhibits OXPHOS in melanoma (Hall et al, Oncotarget 2013)
• BRAF inhibitors restore OXPHOS in melanoma (Haq et al, Clin Cancer Res 2014)

Karin KfirHana Moualem
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Immune 
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Interferon-gamma response
Cluster 1 

Interferon-gamma response

Cluster 2 
Leukocyte markers

Cluster 3 
Cell cycle and dediffernetiation
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Markovitc et al, SMR 2019
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c-MYC
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• IHC on 33 melanoma 
pre-anti PD-1 biopsies

• 2.5 fold increase in 
nuclear c-Myc in 
primary resistance 
(56% vs 24%, p=0.05)
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Markovitc et al, SMR 2019
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PD1 Failure PD1 Responder

IFN signalling
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• c-MYC is a central upstream player in primary PD-1 resistance

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

• The mechanism is through IFN resistance
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c-MYC

Anaerobic 
metabolismMAPK

Anti PD-1 
Failure

IFN resistance

Reduced 
antigenicity
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1Dejure & Eiler, EMBO 2017; 2Markovitc et al, SMR 2019; 3Haq et al, Clin Cancer Res 2014; 4Singleton et al, Cell Rep 2017; 5Harel et al, Cell 2019 

Rationale



• BRAF inhibition reverses anaerobic metabolism to aerobic metabolism1, 

increases MHC class I2 and in vitro sensitivity to T cells3

• Encouraging data from UPFRONT PD-1/BRAFi/MEKi in KN-0224

• BRAF inhibition deactivates MYC in patients5

401Haq et al, Clin Cancer Res 2014; 2Hu-Lieskovan et al, Sci Trans Med. 2015; 3Kfir et al, Neoplasia 2018; 4Ferrucio et al, SMR 2019; 5Singleton et al, Cell Rep 2017; 



• Transient addition of BRAFi/MEKi will deactivate c-MYC and drive aerobic 

metabolism in the tumor

• 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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FDR=0.000 FDR=7.3985354E-4

Dr Ettai Markovits Dr Erez Baruch
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• Collective genome of the bacteria in a niche

• Skin, nasopharynx, distal GU, Gut
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To avoid 
infections

To preserve 
micro-organisms 
essentials to the 

body need

Geva-Zatorsky et al., Cell 2017 48
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Alteration of 
microbiome

Immune 
response

Clinical 
response

FMT in immunotherapy-refractory melanoma patients:
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• Primary

• 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



Donors

• Metastatic melanoma patients

• Durable ongoing CR to anti-PD-1

• Still on active treatment

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

Recipients

• Metastatic melanoma patients

• Failed at least one line of anti-PD-1

• BRAFV600 - failed on targeted therapy

• Confirmed progression on previous anti-
PD-1 by imaging x2 (iRECIST) and histology

• Healthy colonic mucosa (sigmoidoscopy)

• No contraindication to colonoscopy

FMT + Re-induction of Anti PD-1
54



Evaluations
• Imaging (PET CT)

• Baseline, day 65 and then every 9-10 w

• Gut biopsy by sigmoidoscopy

• 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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Age Gender V600E 
BRAF 

mutation

Previous 
treatment 

lines

Anti-PD-1 
therapy

Stage # of Disease 
Sites

Time in complete 
response (months)

59 M + Vemurafenib Nivolumab M1d 3 12

41 F + Vemurafenib + 

Cobimetinib

Nivolumab M1c 2 14
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# Age Gender BRAF Previous treatment lines 
(in chronological order)

Stage Baselin
e LDH

Primary 
anti-PD-1 
failure*

Sum of target 
lesion diameter 

(mm)

Washout 
time (days)

Cycle number of 
previous anti-PD-1§

1 66 F V600E D+T; Nivo; D+T, Ipi+Nivo M1d High Yes 136 43 9

2 70 M WT Pembro; Ipi; Pembro M1b High No 145 100 5

3 78 M WT Pembro M1a Normal Yes 44 52 10

4 69 F WT Nivo (adjuvant) M1a Normal Yes 120 98† 6

5 66 M WT Ipi+Nivo M1a Normal No 38 105† 30

6 33 M V600E
Ipi; Pembro; D+T; Nivo, T-

VEC + Nivo; TIL; D+T; 
Palbociclib; Carbo + Pacli

M1d Normal No 220 28 7

7 66 M V600E Pembro; D+T M1c High No 132 28 35

8 65 M WT Ipi+Nivo M1c Normal No 33 28 10

9 35 F WT
Nivo (adjuvant); Ipi; 

Carboplatin + Paclitaxel
M1c High Yes 125 35 8

10 44 M WT Ipi+Nivo M1c Normal No 85 43 11
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• FMT-related 

• Patients fully recovered 3-4 hours post colonoscopy

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

• Immune related adverse events

• No Grade 2-4 irAEs

58



59



• Primary

• 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
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Pre-Treatment Day 30 Since Treatment Initiation

• CD68 – General Marker for Antigen Presenting Cells (APC)

Pre Post (31d)
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Pre Post (70d) – same metastasis
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Recipient # FMT Donor # Gut CD68+ APC 

infiltration 

(cells/mm2)

Intra-tumoral CD8+ T-Cell 

infiltration (cells/mm2) 

Baseline Day 31 Baseline Day 70

1 Donor#1 407 588 139 489

3 Donor#1 897 1057 41 736

4 Donor#2 436 569 12 233

5 Donor#1 506 567 572 N/A

6 Donor#2 140 837 59 30

7 Donor#1 294 145 92 330

8 Donor#2 180 274 152 49

9 Donor#1 160 276 85 36

10 Donor#2 353 631 153 728

The alteration occurs across donors
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65

Gut

Marker Direction p

CD68 ↑ 0.05

CD8 ↓ 0.09

CD4 ↔ 0.92

Tumor

Marker Direction p

CD68 ↔ 0.89

CD8 ↑ 0.057

CD4 ↔ 0.56



• Primary

• 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
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• Exploratory

• Objective response to treatment
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Baseline Evaluation 1

• 78y.o M, BRAF WT
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Baseline Evaluation 1 Evaluation 2 Evaluation 3
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Pre-treatment Day 74 Day 102 Day 179 

Lesion volume in relation to 

baseline: 100% 

Lesion volume in relation to 

baseline: 123% 

Lesion volume in relation to 

baseline: 67% 

Lesion volume in relation to 

baseline: 40% 

Day 235 

A 

B 

SUVmax 4.46 SUVmax 7.09 SUVmax 9.27 SUVmax 13.48 SUVmax 3.13 

Lesion volume in relation to 

baseline: 33% 



Baseline Evaluation 1
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