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Current approaches to cancer treatment
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Cancer cells are removed. The diseased parts are irradiated, Treatment by medication

Can the immune system help control cancer?

Yes!

UCSanDiego Lajolla
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The immune system exists to protect us from infection
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State of the Art Immunotherapy

Effective defense requires both innate and adaptive immunity

Innate arm: Adaptive arm:

Why Immunotherapy?
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Case Presentation

* RR 55 y/o man diagnosed initially with
T2N2c HPV+ BoT in September 2015

* Treated with cetuximab/RT [hearing
loss]

* Completed without interruption or
dose reduction
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State of the Art Immunotherapy

Case Presentation

* Post-CRT PET revealed evidence of
persistent disease with bilateral
lymphadenopathy

* Confirmed in-field failure

= Confirmed by biopsy

PD-1 Antibody + IDQi Clinical Trial
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Case Presentation

* Started on clinical trial of
pembrolizumab [anti-PD1] plus
epacadostat [Indoleamine-pyrrole 2,3-
dioxygenase 1 inhibitor] on March 9th

* First scans on therapy [May 10'"]
revealed deep PR

* Not requiring pain medication,
swallowing significantly improved




State of the Art Immunotherapy

Case Presentation

« Next scans [July 12'"] reveal CR
* Essentially asymptomatic
* No drug-related adverse events
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Poison Drummer Rikki Rockett
Declared Cancer-Free After
Undergoing Experimental Treatment
RAPRL,
UMTED r maost popular
BABET

Noruw'’ Bur 4 Gooo Time Tour 20718

RIKKI ROCKETT BoBBY DALL  BRET MICHAELS CC DEVILLE

/] E.’

WITH SPECIAL BUESTS

) )
- |
T o

=

..

4 of 12




State of the Art Immunotherapy

The Cancer-Immunity Cycle: Stepwise Events in
Anticancer Immune Response'

o Trafficking of T cells to tumors

| Priming and activation (CTLs) g?ﬂf

[APCs and T cells) b
CD28/B7.1 IL-2 TLA-4/BT.1 coLs
oAl . Sl Infiltration of T cells into tumors
cD27ICDT0 pramqlaﬁins (CTLs / endothelial cells)
HVEM LFAAIICAMA
GITR Selectins

VEGF

Cancer antigen presentation

Endothelin B receptor
e Recognmon of cancer cells by T cells

(Dendritic cells { APCs)
TNFa ATP w0 CTlLs / cancer cells)
IL-1 HMGE1 L4
INFa TLR IL13 T-cell receptor
CD40LICDAD

Reduced pMHC on cancer cells

Release of cancer cell antigens
(Cancer cell death)

; MICAMICB
0N Immunsganio;cellfaath T-cell granuie content B7-H4
m Stimulatory factors Tolergenic coll doath Do TIM-3iphosphelipids
Minhibitory fact TGFR
n Ory factors BTLA
VISTA
1. Chen DS, Mellrman | Imvausdy. 2013,39:1-10, LAG-3

U.S. FDA App itors?

L u
2L psmhrallzumab after plainum chemotherapy| Non-Small Cell L Ll
1L pembrolizumab TPS#50%
1L b v & plat Itin
5 nan-squamous NSCLC
1L nivolumah # ipilimuma) 1L pembrol ab + platin & (nab-)p in
Adjuvant nivelumab . squamous NSCLC
1L pembrolizumab ¥ 1 1L atezolizumab + bevacizumab, paclitaxel & carboplatin
i [ 4% in non-squamaus NSCLC
2L avelumab / 2L pembrolizumab TPS=1%
[ 5 Cell Carci i b 2L nivolumab
1L camiplimab) 2L atezolizumab
i | B Maintenance durvalumab after chemoradiation

Hepatocellular Carcinoma
2L nivolumab after sorafenit
2L pembrolizumab after sorafenib) T L pembrolizumab after floropyrimidine- and
latinum-chemotherapy +/- HER2 therapy & CPS=1
1L nivolumab plus ipilimumab; N i
2L nivolumab after anti-angiogenic therapy| 4L pembrolizumab
3L nivolumab after aute-HSCT and BY

2L nivolumab in CRC|
2L nivolumab plus ipiimumab in CRC|
2L pembrolizumab in any MSI-HIdMMR cancer,

1L2L mmlumah after platinum chemotherapy

1L/2L pembrolizumaty

1L12L atezolizumab after platinum chemotherapy

1L72L avelumab after platinum chemotherapy

1L72L durvalumab after platinum ¢hematheradd
HIGul 14

2L pembrolizumab CPS=1

Updated o

Phase Il KEYNOTE-040 Study (NCT02252042)

Key Eligibility Criteria Pembrolizumab

SCC of the oral cavity, oropharynx, 200 mg IV Q3W
hypopharynx, or larynx for2y
PD after platinum-containing regimen
for R/M HNSCC or recurrence or PD
within 3-6 mo of multimodal therapy ;
using platinum? Methotrexate 40 mg/m? QWe
ECOGPS0or1 OR
Known p16 status (oropharynx)® Docetaxel 75 mg/m? Q3W
Tissue sample® for PD-L1 assessmentd OR

Cetuximab 250 mg/m? QW'

Stratification Factors * Clinically stable patients with radiologic PD

* ECOGPS (0vs 1) could continue treatment until imaging
*+ p16 status® (positive vs negative) performed 24 wk later confirmed PD

* PD-L1 TPSY (250% vs <50%) + Crossover not permitted

“Limit of 2 prior herapies for RM HNS)

“Newly colacted prafarmed, *Assessed

tCould be increased ta 60 myine QW .
Souliéras 0. ot al, Prosentad at AACH Annual Meating 2018 Abstract CT115,

‘Aasessed using the CN ec pl6 Huslul...g assay [Venlan
harmDx assay [Aglart Tachnologi
awing a losding dose of 400 Frg

int far pesithity = 70%
PS =tumar proportion score = % of tumor cells with membrancus PD-L1 sxpression
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State of the Art Immunotherapy

Overall Survival: ITT

Events, n HR (95% Cl) P
Pembro 181 0.802 0.0161"
soc 207 (0.65-0.98)

{12-mo rates
137.0%
126.5%

Median (95% CI)
8.4 mo (6.4-9.4)
6.9 (5.9-8.0)

0 5 10 15 20 25 30
No. at risk Months

247 160 103 48 14 2 0
248 151 82 34 10 1 0

Cew propartional hazards model with trealment & & covarials stralified by he randomization siratiication taciors "Nomingl one-sided P value besed on the lag-rank test stralifisd by the
randomization stratification factors. Data culofl date: May 15, 2017,

Soukéres 0, of al. Preseniad ab AACR Annual Mesting 2018, Abstract G115,

Overall Survival by PD-L1 Expression

CPS 21 TPS 250%
100+ 100
Events,n HR (95% CI) P Events,n HR (95% ClI) P
90+ Pembro 138 0.74° 0.0049° 901 Pembro M 0.53° 0.0014°
804 soc 162 (0.58-0.93) 80 soc 56 (0.35-0.81)
704 704
” J 12-mo rates i12-mo rates
= 60 140.1% ® 601 1 46.6%
o 501 126.1% s 504 [25.4%
O 404 Median (95% CI) 8 404 i Median {95% CI)
8.7 mo (6.9-11.4) 11.6 mo (8.3-19.5)
30 7.1 (5.7-8.3) 304 6.6 (4.8-9.2)
204 ] 20-
101 i 101
0 T — T ' 1 0 - — . . .
0 5 10 15 20 25 30 0 5 10 15 20 25 30
No. at risk Moniive N akviak Months
196 131 87 43 14 2 0 B4 49 35 19 7 1 0
191 115 63 28 8 1 0 65 38 22 9 2 0 0

*Co: proportanal hazands modl with freatmant &5 & covanata stratfiad by tha randomization siratification factors *Momingl one-sded P value based an the log-rank test stratfied by the
randomization stratification factors. Data cutoff date: May 15, 2017,
Souléres D, @t al. Presentad at AACR Annual Meating 2018, Abstract CT115.

Best Overall Response?
(RECIST v1.1, Blinded Independent Radiology Review)

T CPS 21 TPS 250%
Pembro socC Pembro socC Pembro soC
Best Response, (%) N=247 N=248 n=196 n=191 n=64 n=65
ORR 36(14.6) 25(10.1) 34(17.3) 19(99) 17(266) 6(9.2)
CR 4(1.6)  1(04) 4200 1(05) 3@47  1(15)
PR 32(13.0) 24(9.7) 30(153) 18(94) 14(21.9) 5(7.7)
sD 56(227) 65(262) 46(235) 53(27.7) 15(234) 15(23.1)
PD (ig?,) 97 (39.1) 77(39.3) 72(37.7) 22(34.4) 23(35.4)
NonCR/nonPD® 2(08) 1(04) 2(10) 0 1(1.6) 0

Not evaluable or assessable® 45 (18.2) 60 (24.2) 37 (18.9) 47 (246) 9(14.1) 21(32.3)

*Hest ovarall rasponse did not change with the updated analyss s without e at basaling per RECIST v1.1 by independent radiclogy reviaw who did not axperienca CR or PD
“Mol evaluable: patients who had 21 postbaseline tumor assessment. none of which were evaluable (n = B nol assessable. patients who had no postbasaline tumor assessment because of death,
wihdrawal of consent, loss to fokow-up, or st of new anticancer therapy (1 = 96) Data cutoff data: May 15, 2017

Soubbras . of al. Preseniad ab AACR Annual Meating 2018, Abstract CT115.
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State of the Art Immunotherapy

Novel Immunotherapies

Vaccines
NK cells
CAR-T cells

UC San Diego Health

Personalized Cancer Vaccines

Tumor types with NeoAg verified by our method

vHead and Neck YKidney
Colorectal vProstate
vPancreatic Ductal vBreast
\/I\Jeuroendocrine VI/Bile Duct
vLiver (HCC) vOvarian
‘/Gastric—Esophageal V@strocytoma
Appendiceal Glioblastoma
UC SanDiego il-:sigt*}f“

Mio0RES CANCER CENTER
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State of the Art Immunotherapy

£ra The San Diego

lklmun@nbuue

MOORES GWES FIRST PERSONALIZED CANCER VACCINE

Lajolia
Institute

UCSanDiego

MOORES CANCER CENTER

Ezra

Personalized Vaccine Patient #4 - HNSCC

3/29/2019 6/07/2019

Emra

Personalized Vaccine Patient #4 - HNSCC

3/29/2019 6/07/2019
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State of the Art Immunotherapy

New protocol: Arm C

Strategy: make the tumor appear as a viral infection

+ paty ICLC [a7day 5 3) | tosweets e | ]
S L1 | ! | .
2 3

-1 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Time (weeks)

R T

! [ Pembro

(Qlweeks}

15! two patients (54 y.o. man with Colorectal Cancer and 60 y.o. woman with Pancreatic Cancer) began treatment in
November

UCSanDi Lajolla |
WM%% Ll'llstltute_ |

Development of functional lymphocytes
from human pluripotent stem cells

@ e
e T cells

Viral or non-viral O NK cells
agents / —

pucd HSCs ;. granulocytes
Fibroblasts Ak e it
el T ) monocy
=% « 4 Embryoid f macrophages
\* bodies
c Hemato- @ erythrocytes
iPSCs ‘ endothelial
- precursor
hESCs &g e cells megakaryocytes/
/t;_ B platalets
Stromal cell
o % co~culture
f“" :" A Isolated inner
e cell mass ECs/
Pre-implantation vascular
bjastocyzt D.S. Kaufman. Blood, 2009

Human iPSCs as a platform for
engineered cellular therapies

Engineered iP5Cs o — Engi d
Undifferentiated (CAR, CD16, etc) ) Prase;imﬁ iPSC-NK cells
hESC/iPSC : . - s .. >
. “-; "‘ aifterentiation .cﬁ'. ::.:::‘m '.n. ,.
: B i OGP, e OO
.

- . » differentiation
- Genetic ‘ ', ,.
modification
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State of the Art Immunotherapy

Summary of NK Cell Products being
moved in to clinical trials

* FT500: First-of-kind cancer immunotherapy
* Multi-dose administration in solid and liquid tumors, including in combination
with checkpoint inhibitor therapy
+ Clinical trial started in February 2019 at UCSD
* 1st iPSC therapy in the US. 1st iPSC-blood cells and cancer therapy anywhere

* FT516: Engineered with high-affinity, cleavage-resistant
CD16 to enhance ADCC
* Clinical trial started November 2019 (UMN), soon to open here.
* Multi-dose administration to augment monoclonal antibody therapy
* FT596: Engineered with anti-CD19 chimeric antigen receptor
and IL15RF

* IND Approved
* Multi-dose administration for treatment of B-cell malignancies

UC San Diego Urcrvr-.rasrrﬁ\lNNHF.OTA

iPSC-derived NK cells now in clinical
trials (FT500) with Fate Therapeutics

UCSD Moaores Cancer Center
February, 2019

Current and Future Cellular
Immunotherapy Strategies

Current Cellular Immunotherapy strategies: One donor-One patient

Primary Cell-based Adoptive Immunotherapy

Donor Patient
Peripharal Blood -,
Cell Caliection, Ceu @ B0 @ xpansign
, Cal Gua Editing

B

. Alogeneic NK__ | Autologous T Cell Therapy e
Expanzion = & By HE <
N Cet Ll

Future iPSC-derived Cellular Immunotherapy strategies: Qngﬁﬂ_lj,ng_manmaﬁgms,

iPSC-based Adoplive Immunotherapy

_.. @ —

Hematopoistic
Diffrentation /\lk‘r cell
- Gene rdn ing
= @ o
iF'S Cetl NS Cell

Zhu, et al. Stem Cells 2018
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CAR modification enables re-direction of T cell effector

function
A TCR Complex st Ny~ () setiniotitios
ap mAb * ' L)
® 0
\ /7w e / | .
12 \ moiety ; ,'l Ocmwwv
Antibody-costed | 7 .
Ve ed I Hinge/spacer 4 0':” I| Iﬁl a::.?)mu Vk ~
I,E’x' § it _,___" (3} Motified T-ce M‘v /

axpansion

‘—'—-—R___‘_‘_N_‘_‘_’ Costimulatory
domains

I €3y
* Tcells have robust anti-tumour activity
* requires recognition of peptide-MHC complex
* cancers develop mechanisms to evade T cells

CAR T-cell toxicities

* B-cell depletion (normal B cells are targeted as well)
* Appears to be well tolerated in patients with no long term effects

CRS spectrum

Fever

* CAR T-cell specific toxicities R e
* Cytokine Release Syndrome (CRS) /|
* Immune-effector Cell Associated Neurotoxicity Syndrome (ICANS) Low Blood Pressure
* Treatment with tocilizumab (anti-IL6R antibody) +/- steroids T S
* Reversible in the majority of cases

High remission rates achieved by
CD19 CAR-T cells in B-cell ALL

Measurable residual dlsease-negatl ve T cells expressing €019 chimeric antigen receptors foracute 3 @ ) ; .

complete remission (M RD-negative CR} lymphoblastic leukaemia in children and young adults:
rates of 70-85% are achievable with CD19 2Phase 1 dose-escalation trial
CAR-T cells :

rimmA A O i sumIEaL wraEEe

|  Efficacy and Toxicity M t of 19-282 CAR T Cell s
l o Duicily Management.o1 13212 " €D19 CAR-T cells of defined CD4*:CD8* com position
in adult B cell ALL patients

Therapy in B Cell Acute Lymphoblastic Leukemia

Chimeric Antigen Receptor T Cells Marcn L. Davla, Isabelie Kiviera 2" glayan Wang:* Shiriey Bartida.” lae Park!
for Sustained Remissions in Leukemia e 1" i ’,:,,,," ‘m”',',",";‘.”'""'“ W“ ,‘,“""..,,“"‘“k
imely Sairgion.* Maher TouIse," Wark Serter, Yangiimg Waeg  ames Hosey.
Wik Quinganla.’ Eizabeth ontse Bamal? Dian. . G. Bouhaeir,” Wars 5. Arcla

Mithat Gamen, el J. Robse.* Peter aslah," San Daser, Mack 6. Frattire,* Sergie Gira '
Michet Eadatin, " Rerier Brefens' £

Factors associated with long remissions
(disease-free survival, DFS) are relatively
unknown
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Conclusions

* The era of cancer immunotherapy is here

= Anti-PD1/PDL1 now has an established role in multiple cancers

Checkpoint blockade and other immune modulators are being tested in
every cancer

- Immunotherapy can potentially cure patients even with metastatic disease

Conclusions

* Next BIG questions:

How to treat PD1/PDL1 refractory patients?
What biomarkers better define benefit?

How to impove 107

How to extend cellular therapy to solid tumors?

How to integrate vaccines?
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