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Immunotherapy : A Renaissance in Cancer Treatment

Adoptive T Cell Therapy

T calls taken from a leukaomia patient and multipied = culture are ready for infusion.

oning that killer

instinct

Genetically altered immune cells are helping to pushlife-
threatening cancers intoremission and generating a buzz.

BY COURTNEY HUMPHRIES

few years ago, when Michel Sad-
A elain spoke about adoptive cell

transfer (ACT) therapy at cancer
meetings, his colleagues were dubious about
what seemed a drastic and unconventional
approach: lu:vcs:mg and genetically alter-
ing his patient’s immune cells to train them
toattack her cancer. *] can't tell you how many
nearly empty rooms I've spolm to about this
technique,” says Sadelain, director of the
Center for Cell Engineering at Memorial

Sloan-Kettering Cancer Center in New York.
The technique harnesses the power of the
immune system by recruiting the body's own
T cells — immune cells that recognize and
marshal an attack against foreign invaders and
diseased cells. T cells traved through the body,
using their receptors to scan for small bits of
protein called antigens on the surface of for-
eign cells. If an antigen matches the
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ACT, scientists tweak the T cells to give them
a fighting chance. Sadelain calls them “living

Pilot studies in the past couple of years have
had promising results, leading to increased
interest and dozens more clinical trizks inves-
tigating the technique. Success staries — albat
involving small numbers of patients — tell of
people with aggressive cancers whose tumours
mdtad 2way in days or weeks. In a fidd where
extending life by a few weeks or monthsiscon-
sidered 2 berakthroagh, the complete remission
ofeven a few patients is stunning. Sadelain is
no longer speaking to empty roams. Suddenly,
he says, ;\(‘T has captared I.}u: mngxmwn of

d phar asif
itwerea ncw.xppnuch rather dnn 2 field that
has been developing for twenky years.

But there are both scientific nnd logistic
challenges to expanding the use of this ther-
apy. Researchers are still learning to contral
the cells' potency to ensure they can vanquish
cancer without damaging normal tissue —an
issue complicated by the fact that many can-
cer antigens are also found on normal cdls.
Anather problem is that it’s not yet clear how
to turn ACT into a profitable business model,
as harvesting and growing living cells requires
much more time and skill than prescribing a
drug, So while pharmaceutical companies are
licensing proprietary receptors and looking
into ways to scale up the process, that's just the
start of the endeavour. As with any therapy, the
companies ssill need to embark on large, multi-
centre clinical trials to test the effectiveness of
the therapies an a broader group of patients.
But large trials also r e 2 way to engineer
and dx‘}nm&: large qequa::m otyccus E they
will only happenif companies are confident of
loag-term profi

Propoaents of the appcmr.h say that the pos-
sibility of eradicating life- threatening tumoars
makes these challenges worth tackling. And
recent progress in designing ACT therapies
that are surprisingly effective is causing many
in the field to sit up and take notice.

BOOSTING THE BODY'S CELLS

There are three strategies for ACT thera-
pies (see "Cellular attack’); the most-
developed of which is the simplest. The tis-
sue surrounding a tamour is likey o contain
immune cells with antitumour activity, so
doctors take a sample of this tissue and select
those T cells that have been primed to attack
the cancer. They culture these cells in the lab
until they have enough, and re-infuse the cells
back to patients along with the T-cell growth
factor interdeukin-2 (IL-2), which promotes
the proliferation of antigen-specific T cells.
However, th: cndogc:mu; immune system

the T cell activates and launches an attack In
theary, malignant cells shoald be ideal targets
for T cells, but tumours have ways of shield-
ing themselves from an immune attack. With
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PP that k:q: the
immune response in check, and these mech-
anisms also prevent the newly transferred
cells from working effectively. So patients
must also be treated with drugs or radiation
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Immune Checkpoint Blockade

(L CANCER IMMUNOTHERAPY

asing the brakes

Tumours can put a brake on the immune system, but new therapies work by removing these
brakes. Now, researchers have to figure out how touse themmost effectively.

BY KAREN WEINTRAUB

irst it was one melanoma patient, 2
Fwomu named Sharon, who should
have died but didn't. Then, several mare
outlived their prognoses — not just sarviving
but seeing their tmnu{;‘:ﬁnnk dramatically

oreven & accumu-

Los Angeles (UCLA) used to stay about the
same from one year to the next, with new
melanoma patients roughly equaling the
number who didn't make it Now, the number
of patients is growing.

The drugs he uses are known as immane
cl‘cckpcmxblodar and they are designed to

ane ol idioas ways in whic

lated, in both individaal patients and larger
clinical trials, cncologist Antoni Ribas slowly
began to accept that the immune treatments
he was giving to his cancer patients were
making a profound difference. Initially only
about one in ten patients improved, but that
fraction increased as he and his colleagues
tested newer versions of the therapy. Ribas,
a tumour immunology researcher, now has
dozens of patients, like Sharan, whoem he had
expected to succumb cancer years ago. His
patient load at the Jonsson Comprehensive
Cancer Center at the University of California,
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cancer staves off an immune response. The
immune system has a number of checkpoints
— mechanisms that help to prevent it from
getting out of contral and attacking the body’s
own cells. The checkpoints act much like the
brakes on a car: even if the immune system
is trying to prompt its T cells into action, the
checkpaints suppress the activation. Tumours
can turn on these checkpoints and prevent a
T-cell attack, but immune checkpoint block-
ades take the brakes off the T cells, freeing
them to fight the malignancy.

When other researchers saw the results of
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clinical trials of checkpoint blockades in mel-
anoma, they dismissed them as too narrow to
be of much use in other cancers. Melanoma
was different, they said, and has a known
immune component. Then, in 2012, every-
thing changed. In one study, a checkpoint
blockade cansed a measurable improvement
in 31% of renal cancer patients, and in 18%
of patients with lung cancer, which kills more
people every year than colon, breast and
pancreatic cancers combined”. Research-
ers and drug companies remlm:d t]ux lhese
blockades, also called checkp

might be as effective in patients with any
type of solid tumour as they were in those

with melanoma. Jedd

ONATURE COM D. Walchok, a medical
For some of the oncologist at Memo-
Iatest researchon rial Sloan-Kettering
Immune theraples: Cancer Center in New
putmesminrt Yook City, says the lung



Clinical Outcomes following Immune Checkpoint Inhibitor Therapy

Correlation with Endogenous Tumor-reactive Population?

81 227 9 57 121 13 63 214 11 384 219 20 49 181 231 76 &8 I 36 179 1?1*

Hodi et al, NEJM 2010
TopalianS Letal. JCO 2014
Lawrence et al, Nature. 2013




Endogenous Immune Response

* Endogenous population of tumor reactive T
cells

* Transfer of such T cells to patients with low
endogenous frequency will lead to more
effective combined therapy



Renaissance in Immunotherapy
Through Basic Research

T Cell Tumor Cell

pMHC
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Immunotherapy vs. Conventional Therapy

T Cell Tumor Cell

pMH
€ \ile = % Tumor Antigen
TCR
+

oy ¥

l_'_l

Non-cross-resistance to chemotherapy, radiation therapy

Multiple killing mechanisms

Potential for ‘memory’ = longterm protection = remission

Single vs multiple lifelong administration



How to make T cells?

TIL

TIL
Tumor-infiltrating
Lymphocytes

TCR/CAR
Engineered
T cells

ETC
Endogenous
T cell Therapy



How to make T cells?

TIL
TIL
Tumor-infiltrating
Lymphocytes
Conditioning .
Lymphodepletion @
, > | >
MyeI?- Cytoxan (60 mg/kg) HD IL-2
Ablative Fludarabine (25 mg/m?2)

TBI (1200)



Tumor Infiltrating Lymphocyte

Treatment n (%) of patients (duration in mo) OR
(%)
Total PR CR
Mo TBI 43 16 (37) 5 (12) 21
(49)

B4, 36, 29, 28, 14,12, 11, 7, B2+, 81+, 79+, 78+, B4+
707,44 2 2 2

200 TBI 25 B (32) 5 (20) 13
(52)
14,8, 6,6,5, 4, 3, 3 68+, B4+, 60+, 57+, 54+
1,200 TBI 25 B (32) 10 (40) 18
(72)
21,13,7,6,6,5, 3,2 48+, 45+, 44+, 44+, 30+, 38+,
38+, 38+, 37+, 19
Total 893 32 (34) 20 (22) D
(56)

Dudley, JCO, 2008



Tumor Infiltrating Lymphocyte

Overall survival of patients receiving TILs with the chemotherapy preparative regimen alone
(no TBI) or plus 2 or 12 Gy TBI.

Survival of patients with metastatic melanoma
treated with autologous TiLs and IL-2

(median follow-up 62 mo)

TBI 1200 (n = 25)

Proportions surviving
o
T

0.4 f{ -

0.3 “""W—'—t,:ilio i\r:l pzfi;pts (n =93)
e
0.1 No TBI (n = 43)
0.0

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102
Survival time (mo)

Rosenberg S A et al. Clin Cancer Res 2011;17:4550-4557



Complete Responses in Patients who Failed Prior

Immunotherapy
n (%"
Total CR PR
All paterits a3 20 (22 32 (34}
Prior treatment
IL-2 Fi (B3) 14 (18] 28 (36}
Anti-CTLAS 11 (12) 5 (45) 2 (18)
IL-2 anti-CTLA4 8 (g) 3 (38) 1{13)

Rosenberg, CCR, 2012



TIL Response Rates can be reproduced at other

Institutions

Institution Patient # RR CR
NCI 43 49% 12%
(Rosenberg, 2011)
Sheba Medical Center 31 48% 13%
(Itzhaki, 2011)
MD Anderson 31 48% 6.5%
(Radvanyi, 2012)

100

80
60

Percent change 1n tumor burden
o=




TIL
Tumor-infiltrating
Lymphocytes

How to make T cells?

TIL
enrichr_nent

-
e

No knowledge of tumor antigen required
Effective for melanoma

Possible other TIL+ tumors

Serious toxicities, Selection bias

Limit Conditioning

In vitro Selection

Enhance Trafficking
Overcome Immune Resistance

Low-dose lymphodepletion/ Post-infusion IL2/other
CD137 /PD1

Chemokine / TME modulation

TGF-B




How to make T cells?

TIL

TIL
Tumor-infiltrating
Lymphocytes

TCR/CAR e
Engineered )]

himeric
T cells ﬁ g acts

Receptor Transfer




How to make T cells?

TCR/CAR o,

Engineered )

T cells ﬁ g snetn
Receptor Transfer

e Potential off-the-shelf

* Genetic enhancement possible
* Leukemia

e Potentially other malignancies
* Serious toxicities

* Regulatory/ Safety

e Subset, Dose

* Unique to B cell targets?

* Synthetic Biology and Regulation
* Multivalent targeting



How to make T cells?

TCR/CAR .
Engineered  First-generation CAR
T cells activation only
mAb
scFv
Spacer

f ¥ y ) ) ’}«’\’“v N

3 [Ty B o
/ ; gx)s m» >‘ \4
\

%%éc%'v i

T-body

Chimeric
TCR + zeta

Second-generation CAR
dual signaling

M
Third-generation CAR
multiple (23) signaling

Sadelain M et al. Cancer Discovery 2013;3:388-398

1



Targeting CD19 for B cell malignanices with CAR T cells

1 Mo of Treatment

3 Mo of Treatment

Porter et al N Engl J Med. 2011 365(8): 725—-733. (CLL)

Brentjens et al Sci Transl Med. 2013 5(177). (ALL)

Kochenderfer et al Blood 2010 11:4099 (NHL)

Persist > 6 months,
>1000-fold expansion
>1000:1 killing,

> 1 kg tumor

No immunogenicity



Targeting CD19 for B cell leukemias
with CAR T cells

Table 1 Summary of reported CD19-negative relapse in trials of anti-CD19 CAR-T cells for B-ALL

Treating  Patient Construct (scFv-Hinge-TM-  Gene transfer Conditioning Infused cell dose Responses Reported relapse

institute ~ populations  CD-SD) method therapy observed

MSKCC [26] Adult 5125C1-CD28-CD3( Retrovirus ~ Cy or Cy/Flu 1-3x10°CAR™ T CR:29/32 14 relapse with 2
33 cells’kg (91%) CD19- relapse
32 evaluable

for response
Upenn [24] Pediatricand  FMC63-CD8a-4-1BB-CD3(  Lentivirus  Investigator's 10™-10° cells/kg with @~ CR: 55/59 20 relapse with 13

young adult choice transduction efficiency  (93%) CD19- relapse
59 of 2.3-45%

NCI[25]  Youngadult  FMC63-CD28-CD3( Retrovirus ~ Cy/Flu or 1or3x10°CAR" T (R 23/38 2 (D19- relapse
38 FLAG or IE cells/kg (61%)

FHCRC[5]  Adult FMC63-lgG4 Lentivirus ~ Cy + etoposide or 2 10° or 2x 10° or CR:27/29 9 relapse with 2
30 (D28-4-1BB-CD3(C Cy/Flu 2x10" CAR' T cells/kg (93%) CD19- relapse
29 evaluable (1:1 CD4+CD8+)

for response

MSKCC Memorial Sloan Kettering Cancer Center, Upenn University of Pennsylvania, NC/ US National Cancer Institute, FHCRC Fred Hutchinson Cancer Research
Center, scFv single-chain variable fragment, B-ALL B cell acute lymphoblastic leukemia, Cy cyclophosphamide, Flu fludarabine, FIAG fludarabine + Ara-c + G-CSF, IE
ifosfamide/etoposide, CR complete remission, CAR-T chimeric antigen receptor-modified T cell 19/ 45 are CD19- relapses (> 30 %)

Wang et al, J. Hemat. & Onc. V 10, N 53, pp 1-11, 2017.
19



T-cell therapy at the threshold

Carl June, Steven A Rosenberg, Michel Sadelain & Jeffrey § Weber

>

/7

gt " tisagenlecleuce ot ok
3 =& ension for IV infusion

Target Total Volume 10mL-50mL per bag
Dosage: See prescribing information.
Contains 2 x 10° to 2.5 x 10* CAR-positive viable T cells

and 7.5% (v/v) DMSO

Properly identify intended recipient and product
Do not use leukocyte depleting filter
Do not irradiate

umd for infectious substances

Pharmaceuticals Corporation
07950 =

NOVARTIS FOR B CELL LEUKEMIAS

GILEAD (KITE) FOR B CELL LYMPHOMAS

patients with mchsoma who m'rrl-'vl: Eha
trarsfers, So dealing wich the bamer micra-
emvironneent is critical.

Weher i ot the [amsid A, Adam Comprehenshe
Meandma Reiedrch Cester aff H. Lee Maffie
Cacer Cenier & Restarak Mnstitute, Tusiga,

Florida, 134

r-mail: puns@vrckangr. upems, rdy, Carl Junes Our data show that replicative capac-
- sadeinin@ski mske ong. sar@e oy ity of the tranderred T cells may bea ey facior
Jeifrew weberdmalfie ong that i required for ellicacy of the procedure,

MATURE BIOTECHSOLOGY WOLUME 10 MUMHBER ?  JULY 201X

o ; : Name: John Doe
Store at < -120°C; vapor phase of liquid nitrogen DOB: 01-JAN-2000 :
DiN: W1234 17 123456 '
Expiry: 01-JAN-2018
Batch: 12345678 l

Cryopreserved in: 31.25% (v/v) of Plasma-Lyte A, 31.25% (v/v) of 5% Dextrose/0.45% !
sodium chloride, 20% (v/v) of 25% HSA, 10% (v/v) of 10% Dextran 40 (LMD)/5% Dextrose

thary temd 10 appear oz in all odls of positive
tumnars, (1Y 5 a greas target Sor CAR ther
apy, but few other cell surface molecules pos-
sens such a favarahle profile—high expresson
on mast bzmar cells and expression in normal
cells restriched bo a dispersable cell type. Targe:
idemtifcation roraine a major research paoal,



Targeting BMCA for Multiple Myeloma

with CAR T cells

Clearance of Myeloma in the Bone
Marrow by IHC as Early as Day 14

Baseline

M3 (sCR)

w

8 15 - » tocilizumab  Grade 3
25 1 tociizumap (GiEdeIt]
Q
2 1 = [Grade 1]
21 ey tocilizumab | Grade 3
*18 - Grade 1
SEE Y Grade 1.
¢ 13 = tocilizumab, steroids [[EEEERA
x
g +12 I Grade 1
3
+10 [ -
*o =) Grade 1
s I - [Grade 1]
7 - -
20 "
& 19 C, 2
§ U =
T kg - » none
5 I S Grade 1
4 m—k X ke -»
SRR |
N +
g 2 t
1 - | t Grade 1
0 4 8 12 16 20 24 28 32 36 40 44 48 52

Weeks after bb2121 infusion

Jesus G. Berdeja, MD?, et al. ASCO 2017
Ali et al Blood 128:1688, 2016

B Stable Disease ™ PR

VGPR MCR/sCR HPD

* MRD- Tdeceased

u = unconfirmed response

* High tumor burden (>50% bone
marrow involvement)

Includes unscheduled assessments.



* RNA-CAR therapy
* Bispecific CAR therapy
* Synthetic CAR:

CCRs

PD-1

CD28 CD28

CCyRs iCARs synNotch

IL4Ra
<
IL2/IL15RB PD-1 TF

Sadelain M et al Nature 2017 545:423



How to make T cells?

TIL
TIL
Tumor-infiltrating
Lymphocytes
TCR/CAR et
Engineered )}
T cells ii chimert
Receptor Transfer
Cloning| [|888888¢
ETC r . #ﬁ:‘n‘_;}»_ §I:I
Endogenous WW@ s 5
T cell Therapy T \M& .0
Simpe & o &
Cog

Antigen-specific
T Cell Enrichment



Endogenous T Cell Therapy

Source

Peripheral
Blood

<0.001 %

(ETC)

TCR repertoire

* “self-selected” affinity

* Unbiased from TIL
Accessible

* Peripheral blood

* Low morbidity/Outpatient
Regulatory simplicity

* Genetic modification
Rapid deployment

* Discovery = Implementation

e Flexibility

Time and labor-intensive
“technically challenging”



Antigen-specific T Cell Therapy

Source Stimulation _
(Peripheral blood) Enrichment Cell Selection Expansion Infusion

o
=) wﬁ )

8

— \8: —
|

Cloning o

i

Cell sorting

Immunomagnetic selection

om OndEnd

pltes)




Endogenous T Cell Therapy

Maus MV and June CH,
Clin Immunol et al 2003

Yee et al PNAS 2002 Melanoma
Hunder et al NEJM 2008 AML
Chapuis et al STM 2013 Breast
Chapuis et al JCO 2016 MCC
Khammari et al, JID, 2009 Melanoma
Bollard, Rooney, Heslop, NPC
Brenner HD

Sun S et al, Immunity 1996

Mitchell MS et al JCO 2002 | | Melanoma
Butler MO et al STM 2011 Melanoma

Oelke M and Schneck

Melanoma

JP et al Nat Med 2003




Endogenous T Cell Therapy

Lcience, Establishment of Antitumor MEIT'I'I'JI‘[.F in Humans UEiI‘IQ in Vitro-Educated
I'ranslational CDB * T Cells
Medicine
AV AAAS Malrcus Q. Butler et al.
— Sci Transl Med 3, 80ra34 (2011),

DOI: 10.1126/scitransimed.3002207

* aAPCs (K562, CD80, CD83, HLA-A2)
 MART-1 specific CTL + IL-2/ IL-15
* Treatment plan:

— CTL alone (no conditioning or IL-2)



Endogenous T Cell Therapy

Total cells infused Out
Metastatic Previous b Status on Time afltlefngl'f. Dwration
No. Age/sex disease at to next of response
therapy Graft1 Graft2 day 70 or next
study entry therapy (months)
therapy
1 74/M Liver, LMND; 40 x 10*  None Death — Died —
adrenal, carboplatin, on without
spleen, paclitaxel, day 51 therapy
lung, sorafenib;
skin gp100 vaccine
2 69/M Lung, WLE; LNDy; 40 x 10° 4.0 x 10° FD Day 103 PR 16
skin temozolomide; ipilimumab
melphalan limb perfusion mg/kg
Iphalan limb perfusi (10 mg/kg)
3 49/F Lung, WLE; LNDy; 43 x 10° 43 x10° MR Day 146 PR 3+
adrenal RT; HD IL-2 ipilimumab
(10 mg/kg)
4 68/M  Skeletal muscle, Small-bowel resection; 3.8 x 10° 3.8 x 10° sD Day 140 sD 3
lung, HD IL-2; RAF265
mediastinum, ipilimumab versus
cardiac gp 100 versus both
66/M Lymph nodes WLE; LND 44 % 10° 25 x 10° PR Mo other therapy CR to CTL day 140 25+
6 55/M Lung WLE; LND; 1.8 x 10° 34 x 10° sD Day 287 Death due to line sepsis —
pulmonary HD IL-2
nodule resection
7 70/F Lung, WLE; LND; 40 x 10° 4.0 x 10° PD Day 335 sD 6
skin adjuvant IFM ipilimumab
(3 mg/kg)
8 80/M Lung, LND; RT; 36 x 10° 36 x 10° SD Day 372 sD 5
mediastinum temozolomide ipilimumab
(3 ma/kg)
9 64/M Lung, WLE; LNDy; 44 x 10° 44 x10° FD Day 146 PR 13+
skin adjuvant IFN ipilimumab

10 mafkal +



Antigen-specific T Cell Therapy

Source Stimulation _
(Peripheral blood) Enrichment Cell Selection Expansion Infusion

o
=) wﬁ )

8

— \8: —
|

Cloning o

i

Cell sorting

Immunomagnetic selection

om OndEnd

pltes)




Endogenous T Cell Therapy

CTL#1 CTL#1 CTL#1 CTL#1

. vivo >
R No IL-2 LD IL-2 LD IL-2 LD IL-2
0.250 0.500 1.000
CD4 CcDh4 CcD4 CTL#1
: fa&enhan&eq!pezsistegc

C

R 0.3 1.0 3.3 10 x10° / m?
CD8+
T cell clones -.
c M :
R HD

Cytoxan

2002
PNAS

2008
NEJM

2012
PNAS



Persistence

2140-3 250000
Complete 200000 |
Response 0000 Central | CD45 RO+
Memory | CD28++
100000 . CD127-hi
Effector ! >-3%
Memory >0000 7 1.1%
n o E—
CD45 RO+ / 0 D18 50 100 150 200 250 300
CD28- Days post Infusion
CD127-lo
2140-2
Progressive o
Disease 2 CD45 RO+ | Effector
Z CD28- Memory
g 200 CD127-lo
5 1000
0 50 100 150 200 250 300

Days post Infusion






A ‘more equal’ T cell

CD8+
T cell

CD12

CD28



What Flavor of T cell?

CD12

Naive Central Effector Terminal
Memory Memory Effector

CD28+ CD28++ CD28 - CD28 -
CD127+ CD127+ CD127- CD127-
CD45RA+ CD45R0O+ CD45R0O+ CD45RA+



Priming with IL-21 Generates Central Memory-type T cell

- IL=-21

TNF-a

C JIFNy  CD28++
CD127+
CD45R0O+

CD28

‘helper-independent CTL (Tcm)’

J Immunol 2005
Blood 2008
Science Transl Med 2013



CTL#1 CTL#1 CTL#1 CTL#1

CD8+ l
|

2002
T cell >
R No IL-2 LD IL-2 LD IL-2 LD IL-2
0.250 0.500 1.000
CD4 CcD4 CD4 CTL#1

s 4 J J 2008

C NEJM
R 0.3 1.0 3.3 10 x 109 / m2
CD8+
CD8+ T cell clones =
T cell —— . > 2012
c M\ —— PNAS
R HD LD IL-2
Cytoxan
CD8+
Central T cells - 2013
Memory
CD8+ STM

conditioning




Endogenous T Cell Therapy

Source

Peripheral
Blood

<0.001 %

(ETC)

TCR repertoire

* “self-selected” affinity

* Unbiased from TIL
Accessible

* Peripheral blood

* Low morbidity/Outpatient
Regulatory simplicity

* Genetic modification
Rapid deployment

* Discovery = Implementation

e Flexibility

Time and labor-intensive
“technically challenging”



Beer Margarita paradigm
The Beer The Margarita

7=y

‘™,
PD1/PD-L1
GITR
OX40
CD40

CD137
Vaccine Therapy

Oncolytic Virotherapy
Radiation Therapy
Targeted Therapy
Chemotherapy




Costimulatory and Inhibitory Receptors
Rationale for CTLA4 Blockade




Blockade of Immune Checkpoint Inhibitor
CTLA4

T cell
Activation




Blockade of Immune Checkpoint Inhibitor
CTLA4

T cell
Activation




Blockade of Immune Checkpoint Inhibitor
CTLA4

Transferred tumor antigen-specific T cells enhanced
proliferative potential

Endogenous tumor antigen-specific T cells — lower
threshold for activation

— Leads to antigen-spreading
— Multivalent response

Eradicate / Modulate function CTLA4+ Tregs



Phase I/1l Trial of Adoptive T Cell Therapy in
Combination with Immune Checkpoint Blockade

IL-2

* Metastatic Melanoma
* HLA-A2+

 MART-1

* 10%9 cells/m?

Aude Chapuis

[IL-21-CD8+
T cells

Anti-CTLA4  Anti-CTLA4  Anti-CTLA4 Anti-CTLA4
. (D1) (D22/W3) (D43/W6) (D64/W9)

| B B S SN

| J
LD IL-2

J Exp Med 2016
J Clin Onc 2016



Clinical Responses In Patients with Metastatic Melaonma
Receiving Adoptive T Cell Therapy And Concurrent Anti-CTLA4

Prior
patient | 'Pilimumab 6 12 | 16/19 | 28 40 84
treatment | weeks | weeks | weeks | weeks | weeks | weeks
failure
' ves | ) | G 80} | (-90) | (-100)
? YES | ) | (o) | ()
X NO (SO? (+SlDQ) (-EIZDS)
4 YES (gg)
> NO (-f??O)
° NO | (B | 1)
’ NO | sy | (o) (-100)
8 NO (-Si-g) (_'_551) (+P|237)
i NO (-54[1) (-P7R1)
10 NO (_F;Fé) (_P?F;)

J Exp Med 2016
J Clin Onc 2016



Clinical Responses In Patients Receiving

Adoptive T Cell Therapy And Concurrent Anti-CTLA4

Prior

patient | 'Pilimumab 6 12 | 16/19 | 28 40 84
treatment | weeks | weeks | weeks | weeks | weeks | weeks
failure

§ eS| D) | G (80) | (-20) -

? YES | ) | (o) | ()

X NO (SO? (+81DQ) (-EES)

4 YES (Zg)

> NO (-f??O)

| w23,

’ NO (-54[')5) (-ZT))

8 NO (ig)

9 NO (_Sﬁ)

10 NO (_F;Fé)

WHO RECIST Criteria

J Exp Med 2016
J Clin Onc 2016



Clinical Response
Adoptive CTL therapy + anti-CTLA4

J Exp Med 2016
J Clin Onc 2016



Pre-infusion

~ Pre-infusion




Persistence

100

100 CTL Infusion

CTL Infusion
10

10
Pt-1 Pt. 4
1 ]
0.1 TT T 0.1
i Ongoing :
0.01 L] L L] L L L] L] L L L L] 0_01 T pl. T T T ) T
» O 28 56 84 112 140 168 196 224 252 280 0 14 28 42 56 70 84
= CY IL2 CY IL2 Ongoing
© 1008 yoTL Infusion 100
i - CTL Infusion
8 10
) Pt. 5
Y 1
[0}]
£ 01
E Ongoing | _ Off Study
Q\o' N 001 T T T T T T
98 0 14 28 42 56 70
100
10
10
Pt. 3 F’t-51
1
0.1 T _ T T Off Study 0.1
Ipi Ongoing
ool roor-—so"nr —— 0,01y ——
0 14 28 42 56 70 C@lLZ

CY IL2 _
Days After CTL Infusion Days After CTL Infusion
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CD127
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Acquisition of Central Memory Markers
Correlates with Clinical Response
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PATIENT #1 — 50% clinical response at 24 weeks

Antigen-spreading
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Conclusions

Combination of T cell therapy and anti-CTLA4 leads to
establishment of long-lived central memory T-cells.

Evidence of epitope spreading was observed in patients with
tumor regression/stable disease.

Established a highly effective outpatient strategy

« > 60% disease control in patients with metastatic dz
* Phase Il study -> 30 patients (MD Anderson Cancer Center)




Challenges

* Non-melanoma solid tumor
malignancies



Considerations for Antigen
Selection

* Tumor-Essential
— Driver mutation (K-ras)
— Tumorigenicity (HPV, Polyoma T Ag)

* Tumor-Supportive
— Proliferation (WT1, Suvivin)
— Receptor (EphA2, Her2)
— Metastatic/Stroma (FAP, CT antigens, VEGF)

* Tumor-Non-Essential
— Differentiation antigens (MART-1, PSMA)
— Tissue-specific (BCMA, B cell)



Specificity:

Tumor-associated Antigens
Tumor cell lysis
Cytokine release

\ MHC Non-mutated antigens (normal)
8? class |
a0

Self \__95 - Self Ags - ubiquitous, not tumor-specific (eg. actin, vimentin) > 98%
__9:- -> Tissue differentiation Ags (eg. tyrosinase, MART-1)
__Qﬁ - Cancer / testis Ags (eg. MAGE, GAGE, NY-ESO-1)
Tumor .
Immuno- __9& - Over-expressed in tumors (eg. KIT, HER2, MDM2)
. cell
genicity
——————————————————————————————— Viral Antigens } = =

1 Q& - single point mutations  eo—
1 Q& - Deletions /insertions / frameshifts e ————

Foreign 1 @& - Fusion peptides / mis-spliced / intron translation ==smmmmIIMIM

. _/

Mutated antigens (aberrant)

G. Lizee



Antigen Discovery by MS/MS and
RNAseg/Exome Sequencing

Tumor cell lines /
biopsies / xenografts

Eluted Tumor Predicted
Antigens Tumor Antigens

HLA peptide elution Exome sequencing
Mass spectrometry -~

Human BLAST ] \
RNAseq expression RNAseq analysis )

HLA !
Tumor-associated COSMIC cancer typing /
gene database mutation database /
/s
'/
HLA peptide binding prediction algorithm <«

V V

Best eluted Best predicted
peptides peptides

MELANOMA, LUNG CANCER, OVARIAN CANCER, COLORECTAL CANCER, PANCREATIC CANCER, SARCOMA

Rammensee H-G, Schreiber R, Mardis E, Wu C, Hacohen N, Schumacher T, Hinrichs C,
Rosenberg SA, Sagin U

("Targeted Neoantigens in Cancer Immunotherapy” Cancer J 2017;23)



Discovery of Novel Pancreatic Antigen by
MS/MS and RNAseg/Exome Sequencing

Diagnosed with Stage IV pancreatic
adenocarcinoma (lung mets).

Cell line derived and analyzed by MS
Epitope derived antigen confirmed by RNAseq

Natural Eluted Peptide 1 g ‘

BT 5 25 99 min - ¥ :
3 0.2%

L) Tetramer

Synthetic Isotope-labeled Peptide

- 80

AT« 75 98 min _33'
a
s 60 0 Melgss
o B Mel888 + pep
= 40 1
o = Pt. cell line
£ 20
W i
g o [

[75]



PANCX demonstrates a favorable tumor overexpression profile
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Tumor cell lines /
biopsies / xenografts

Eluted Tumor Predicted
Antigens Tumor Antigens
HLA peptide elution
Mass spectrometry
\
A}

Human BLAST "
RNAseq expression | RNAseq analysis 4
HLA ‘
Tumor-associated COSMIC cancer ping |
gene database mutation database /’
| <

Exome sequencing |
-~

| HLA peptide binding prediction algorithm
Best eluted Best predicted

pep!ide( pipﬁd‘es

Peptide Vaccine
RNA Vaccine
Viral Vaccine

?formulation
?adjuvant
?schedule/dosing
?tumor burden



Tumor cell li

biopsies / xenografts
Eluted Tumor

/ \ Predicted
Antigens

HLA peptide elution
Mass spectrometry

Peripheral
Blood

Human BLAST

nes /

Tumor Antigens

| Exome sequencing |_
~

RNAseq expression

\
| RNAseq analysis |

Tumor-associated
gene database

1
HLA‘

COSMIC cancer wping !
mutation database 7
4—’/
[ HLA peptide binding prediction algorithm \
Best eluted Best predicted

peptide(

pipﬁd‘es

@o

+I_L-21

APC + peptide
— %

ETC



Conclusions- |l

Non-melanoma solid tumor malignancies can be targeted by ETC

MS/exome/RNA seq analysis yield ‘new’ epitopes that can elicit peptide-
specific T cells

Such T cells are capable of recognizing tumor cells presenting endogenous
antigen

Peptide epitopes identified by this approach are immunogenic and may
represent shared potential tumor rejection antigens



Challenges

« Non-melanoma solid tumor
malignancies

» Streamline process.



Challenges

« Streamline process.



Streamline Process
Clinical Grade pMHC-multimer-based Sorting
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Streamline Process

Source Enrichment Expansion
i B

Peripheral
Blood

<1:100,000

<0.001% :—>80% ) >80%

1010




T Cell Therapy: Enabling Technologies
Turnkey Operation

Source Selection Expansion
Peripheral h
—

MART-1

| NY-ESO-1
‘ Lung
‘ MAGE-A3
‘ Head and Neck
| MAGE-A1
) ‘ Hepatocellular
‘ PRAME

WT-1

Survivin




Source Selection Expansion

WY =

peptide - ca
=) § y —
-l L- *
< R
Relapse % Post Sx/ Residual
Metastatic CTX/XRT
<001 % > 80 %
1010
‘Salvage




Beer Margarita paradigm

The Beer

Genetic
Modification

-safety

-knockdown
-conditional expression

The Margarita

Cytokines ’}
Chemokines ‘

il

\\—'}
& b
CTLA4
PD1/PD-L1

GITR
0X40
CD40
CD137

Vaccine Therapy
Oncolytic Virotherapy
Radiation Therapy
Targeted Therapy
Chemotherapy



“Transferrable Biomarker’
IL-2

TNF-a
IFN-y

Post-infusion
—_8 Immunomodulation

YRR AV YV YN Y

Antigen-specific Tetramer+ T cells Analysis of antigen-specific T cells Tetramer+ T cells
. From PBMC
T cells Pl Pl Pre-vs Post-immunomodulatory therapy
Pre-infusion Pre-lmmunomodx Post-Immunomodx

- In vivo frequency

- In vivo persistence

- In vivo trafficking

- In vivo function

- Differentiation/phenotype
- Transcirptional signature



Future Challenges

1. Conditioning
— Engineered vs Endogenous T Cell therapy

2. Targets
— Personalized vs Impersonalized
— Antigen-spreading vs Multivalency
— Tumorigenic?

3. Effector Cell

— Gene-editing/Backpacking/Modification
Survival
Safety
Efficacy

— Innate vs Adaptive
4., Combination



Where the money came from and
People who did all the work

HUTCHINSON

CENTER

A LIFE OF SCIENCE

THE UNlVERSlTY OF TEXAS

MZ)Anderson
LanecerCenter

Aude Chapuis
Seth Pollack
Yongqing Li
lvy Lai

Erik Farrar

Junmei Wang
Eric Mortenson
Nicole Cecchini

This Research was supported by:

CPRIT

Stand Up to Cancer-AACR/CRI

Cancer Research Institute

Burroughs Wellcome Fund

Damon Runyon

Sister Institutions Network Funding (GAP



