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Correlation between Tumor Mutational Burden and Objective Response Rate
with Anti—PD-1 or Anti—PDL1 Therapy in 27 Tumor Types.
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Yoshinori Ohsumi
Autophagy
Nobel Prize 2016

Japanese scientist Yoshinori Ohsumi was awarded this year's Nobel Prize in
medicine on Monday for discoveries related to the degrading and recycling of
cellular components. The Karolinska Institute honored Ohsumi for "brilliant
experiments” in the 1990s on autophagy, the machinery with which cells recycle
their content. Disrupted autophagy has been linked to various diseases, including
Parkinson's, diabetes and cancer, the institute said. Ohsumi was born in 1945 in

Fukuoka, Japan. He is currently a professor at the Tokyo Institute of
Technology.



Autophagy: molecular mechanisms and disease outcomes
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HMGB1-dependent Autophagy
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The NEW ENGLAND JOURNAL of MEDICINE

366:1156-1158; March 22, 2012

CLINICAL IMPLICATIONS OF BASIC RESEARCH

Tumor-Cell Death, Autophagy, and Immunity
Louis M. Weiner, M.D., and Michael T. Lotze, M.D.

The DAMP Hypothesis
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Background:
Hydroxychloroquine

Anti-malarial drug

Useful in SLE for cutaneous, MSK disease
and fatigue; very safe and long track record

Mild to moderate disease-modifying
properties in RA

Inhibits Autophagy by Preventing Lysosomal
Fusion



UPCI 13-074 Neoadjuvant Pancreatic
Cancer Trial Design
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Enhanced T cell Infiltration iIn PGH
Paclitaxel, Gemcitabine, Hydroxychloroquine
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Increased PD-L1 Expression in PGH
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Increased HGF with Rx Better

= ncrease in HGF<50%
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Increased sLAG3 with Rx Worse
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Current Trial Design-+/- Ab PDL1
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Conclusions 1: Autophagy Inhibition In

Pancreatic Cancer
« Autophagy inhibition + chemotherapy improves:

* histopathologic response:
« Evans >50% destruction: n=24 vs n=12, p=0.0095

* biochemical response:
* % change CA 19-9, mean 1189 vs 368; p=0.0095

» Corollary studies suggest:
— diminished stromal activation
— Increased immune infiltration (CD4 and CD8)
— Increased PD-L1



The First Cellular (Treg) Checkpoint Inhibitor - High Dose IL-2

* High-dose IL-2 (HDIL2) is an FDA-approved
immunotherapy for patients with renal cell carcinoma
(RCC) and melanoma.

* The mechanism is related to T and NK cell activation and
profligate cytokine production.

e HDIL-2 toxicity
- “65% of patients have problems with high toxicity
- Development of cytokine storm
-Co-administration of iNOS inhibitors, soluble TNF-R or IL-1R
has yielded only modest reduction of serious side effects

Aftek ﬂe‘étment

e |L-2 treatment may induce a ‘systemic cytokine-induced

autophagic syndrome’” and temporally limited tissue
dysfunction.  --- AR. Chavez, X Liang, MT Lotze. Ann.N.Y.Acad.Sci.1182:14-27 (2009)



New Cytokine and Checkpoints In the Clinic

Checkpoint inhibitor combi-

Company Agent nation partner(s) Indication Stage
Nektar/BMS NKTR-214, IL-2Rp (CD122)-biased PEGylated Opdivo, Yervoy, Keytruda Solid tumors Phase 2 ongoing
IL-2 Phase 3 to start mid-2018
ARMO Biosciences AMOO10 (pegilodecekin), PEGylated recombinant Keytruda, Opdivo NSCLC Phase 2
human IL-10
Roche (Basel, Switzerland) R06874281 (RG7461), engineered IL-2 variant  Tecentriq (atezolizumab) Solid tumors Phase 2
conjugated to anti-FAP antibody
Altor Bioscience (NantCell)  ALT-803, IL-15 superagonist Opdivo NSCLC Phase 1/2
Merck KGaA (Darmstadt, NHS-1L12, IL-12 fused to IgG1 antibody targeted Bavencio (avelumab) Solid tumors Phase 1
Germany) to necrotic regions
Novartis (Basel, Switzerland) NIZ985 (IL-15/s|L-15ra), heterodimeric human PDROO1 Metastatic solid Phase 1
IL-15 tumors
US National Cancer Institute Recombinant human IL-15 Opdivo, Yervoy Metastatic solid Phase 1
tumors
Alkermes (Dublin) ALKS 4230, fusion protein of circularly permuted None yet Refractory solid Phase 1
IL-2 & IL-2Ra tumors
Medicenna MDNA-109, IL-2 superagonist NA NA IND 2019
Nektar NKTR-255, IL-15 receptor agonist NA NA IND 2019

NSCLC, non-small cell lung cancer; NA, not applicable; IND, new drug application.

NATURE BIOTECHNOLOGY VOLUME 36 NUMBER 5 N



Renal Cell Carcinoma:
Approved Agents 2018 (VHL/HIF1a)
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VEGER TK]| ACS estimates RCC US 2018:

63,990 cases (40,610 men; 23,380 women)
14,400 people (9,470 men and 4,930 women) will
die

Immune therapy

Neutralizing anti-VEGF mADb



The Strange Immunobiology of RCC
I T T N

MELANOMA ++++

RCC + +++ ++ ++
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...two groups of tumors with extensive

CD8 T-cells:

1. high expression of Immune
checkpoints in the absence of fully
functional mature DC—1 risk of
disease progression.

2. low expression of Immune
checkpoints and localization of
mature DC In peritumoral Immune



Unlike other Cancers, RCC Infiltration by TILs Is linked to Poor Prognosis: A
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Microenvironment and Immunology

Inhibiting Systemic Autophagy during Interleukin 2
Immunotherapy Promotes Long-termm Tumor Regression

Xiaoyan Liang’, Michael E. De Vera', William J. Buchser', Antonio Romo de Vivar Chavez’,
Patricia Loughran'Z, Donna Beer Stolz®, Per Basse®, Tao Wang®, Bennett Van Houten®,
Herbert J. Zeh llI", and Michael T. Lotze™->

Cancer Research 72(11): 2791~2801, 2012

Blocking the interleukin 2 (IL2)-induced systemic autophagic syndrome
promotes profound antitumor effects and limits toxicity

Michael T. Lotze,* William ]J. Buchser and Xiaoyan Liang
The DAMP Labortory; Department of Sllt;_:l_'[\_n': Hillman Cancer Center; University of Pi[[.ﬁl:u:'t:h Cancer Instirure; Universicy of Fi[[hl:lu:lt_:h: ]_’i[[.~1|.:||.1:'t5|:1. PA TISA
Autophagy 8:8, 1264-1266; 2012;
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Marked Increases Serum HMGB1 RAG KO Mice Rx IL-2x5D
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Dartmouth Inhibiting the Systemic Autophagic Syndrome —
A Phase /Il Study of Hydroxychloroquine and
-Iar_vard Aldesleukin in Renal Cell Carcinoma Patients (RCC) — 30
ndiana Patients
Oregon
Pittsburgh A Cytokine Working Group (CWG) Study
Portland Principal Investigator: Michael T. Lotze, MD

Prometheus/Nestle

© 2016, Lion Biotechnologies, Confidential



Stu dy DeSIg[ Aldesleukin

600,000 IU/kg IV q8hrs |

080 80 06
Hydroxychloroquine PO gAM, qPM
R A R T

Day -14 1 15 85 99 169 183 365

Relationship Between The Levels Of
Notable Eligibility Criteria: Autophagy And Cell Death

*‘mRCC with measurable disease
-Karnofsky PS = 80%
*Known G6PD deficiency exclusion

Very low — The absence of

«Serum Creatinine 1.5 or est CrCl 2 60 ml/min . ":;“:flﬁih,. i ;‘"Erl:'fr ::‘LHL""“' autophagy increases cell death
i < todeathin | self-digestion during metabolic stress and on
*Baseline QTc <470 msec eooeens | AT estent with cytoioe

Slress

chemotherapeutic agents.

*Prior immune checkpoint inhibitor treatment allowed.
Study Design: Single arm IL-2+ HCQ with Bayesian e SO
beta-binomial stopping rule for excessive toxicity; .-. \y/ wgh for normal cellular homeostasis.
stopped for toxicity due to 1200mg (N=13) and i i . Very high - excessive levels of

. Autophagy ~——» autophagy promote cell death.
remainder treated at 600mg (N=17)

:Ipite rmediate

Cell survival

Mature 446, T45-747 (12 April 2007)

Beth Levine



Results — 3CR, 3PR

Gender
Male 22 (71%)
Female 9 (29%)

Age
Median (Range) 57.5(45.2,68.8)

Clinical Responses: 3 subjects
out of 29 evaluable (10%) had
confirmed complete response
(CR) as best response. 3 subjects
had a partial response as best
response.
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ThermoFisher Checkpoint 14-Plex
ProcartaPlex™ & Immune Monitoring 65-
Plex ProcartaPlex™ Human Panels.



Improved PFS and Overall Survival = 600 mg HCQ
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Improved Survival with Serum Hepatocyte Growth Factor Less Than Median

= H Tanimoto S, Fukumori T, EI-Moula G, Shiirevnyamba
L ‘ H—H——— A, Kinouchi S, Koizumi T, Nakanishi R, Yamamoto Y,
Taue R, Yamaguchi K, Nakatsuji H, Kishimoto T, lzaki

] H, Oka N, Takahashi M, Kanayama HO. Prognostic
- significance of serum hepatocyte growth factor in
Q - p=0.0085 clear cell renal cell carcinoma: comparison with

serum vascular endothelial growth factor. ] Med
Invest. 2008 Feb;55(1-2):106-11.

Crvearall Survival
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Survival of patients with high serum HGF (>1150

pg/ml) was significantly reduced compared to

 reri patients with low serum HGF concentrations

S -| — HGF>median (p=0.0044). In patients with nuclear grade 2 or high

0 ,'3 1'2 1'5 1,'4 3'[, 3',5 4'2 4'8 5'4 ,;D 6 stage RCC, the higher serum HGF group exhibited
Monthe significantly lower cause-specific survival (p=0.0087

AtRisk: 15 14 14 14 14 14 14 14 14 14 14 14 and p< 0.05, respectively).
5 15 15 7 6 2 2 2 2 2

0.2

p=0.0085




Highly Significant Changes In Cytokines and Checkpoints
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Accrual Period Total n- Totaln/ Total n- Total n/
(Months) 2X Month 3X Month

Conclusions 2 2 R
30 140 467 70 @
36 138 3.83 70 1.94
42 136 3.24 69 1.62

* The combination of high dose aldesleukin and dally oral
hydroxychloroquine at a dose of 600 mg daily was well tolerated In
patients with metastatic RCC

* No novel/increased toxicity of the combination was observed
* We have observed 3 confirmed CR and 3 PR in patients and 1 PFS
* SLAG3, HGF>median are novel predictors of poor outcome

» Consider a randomized CWG Study - should be debated-high vs low
dose IL-2; ? PEG-IL2/anti-PD1



IRepertoire Shared CDR3 (DSLA) for Renal Cancer
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ARTICLE

Chromatin states define tumour-specific
T cell dysfunction and reprogramming

Mary Philip', Lauren Fairchild®3, Liping Sun®, Ellen L. Horste!, Steven Camara', Mojdeh Shakiba'*®>, Andrew C. Scott!?,
Agnes Viale*, Peter Lauer®, Taha Merghoub®’, Matthew D. Hellmann®#, Jedd D. Wolchok™”-?, Christina S. Leslie? &

Andrea Schietinger'-

Model for tumor-specific CD8 T cell differentiation and dysfunction in tumors
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Increased PD1+ CD5+ Cells in Peripheral Blood with IL-2 Treatment
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Cytokine Working Group/Ryan Sullivan/IL-2 Proteomics Predictors

* DeepMALDI

— Validated and standardized high throughput MS spectral acquisition

— Samples:
« Serum <10yl
 Either from frozen aliquots or via serum cards

— CLIA ready

o dxCortex

— Machine learning algorithms based on deep learning techniques
 Avoid over-fitting
* Development performance estimates = validation estimation (in 47 projects)
— Evaluation only on test part of development data
* Enables design to purpose
N biodesix

© 2016 Biodesix, Inc. Proprietary and Confidential. 34



ldentifying IL-2 Responders in Melanoma Patients

Samples from R Sullivan (MGH)

 N=114; Median PFS = 79 days, Median OS= 813 days
 No benefit rate: 60PDs ~50%

« Likely tx with checkpoints E Tail ~ 35%
— After IL2 failure, see OS ~ 50-

0 560 1 UIDO 15IOU 20l00
OS (days)

I I
R ()

13 (11)

Tail ~ 15% 8(7)

PR (PFS >1000days)  1(1)
PR(PFS,noevent)  4(4)
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- - - - FEI 26 (23)
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N biodesix
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Distinguishing Before Therapy Responders and Progressors

Response and PFS

e Teary(vers) | tate(n=39)
O 44 (55%) 16 (41%

L1k
2 100 N E 703 90239
& carly 3 (4%) 3 (8%)
o - Late CITET R 10(13%)  3(8%)
; i Unselected e 1%
2 1(1%) 0 (0%)
g 50 5 2 (3%) 2 (5%)
o CR 0 (0%) 8 (21%)
e NE/NA 1(1% 0 (0%
S 254 M e / (1%) (0%)
o | e
'UJ125- T T E  YRTLIRE ARl LLEIE
0 p B  lEarly(N=75) ]late(N=39)
0 1000 1500 13 (17%) 14 (36%)
PFS (days] No response 62 (83%) 25 (64%)

Eeessssssrsss——— © ORRIs significant: p=.037
_ log-rankp  CPH p HR (95% Cl) . DCR trends: p=.075

Early vs Late 0.001 0.001 2.12 (1.36-3.30) ]
« CRrate in Lates (21%)
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Predicting RCC Survival with Proteomics
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Predicting RCC +/- HCQ Survival with Proteomics

Overall Survival: Day -14 and HCQ Dose
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Conclusions 3

 Multiplexed robust PCR for TCR and BCR can potentially identify a
signal in renal cancer and is being tested in our current cohort of
patients (?SITC 2018) — Jian Han presenting tomorrow

 PD-1is a marker of antigen activation, subsetted by two variable
phenotypes — open and closed chromatin; examining these in the
blood, draining lymph nodes and tumor will be of importance

* Novel proteomic application to predict IL-2 responsiveness could
be useful in identifying those patients most likely to respond and
potentially identify novel DAMPs in the circulation that could
correlate with response



