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Cell Therapy: Overview

® Background: Lymphocytes and Cancer
® History of ACT
® Current Programs and Recent Discoveries

® Qutstanding issues and questions
— Challenges
— Opportunities



Tumor-Infiltrating Lymphocytes

® Endogenous immune responses to cancer
are described in numerous tumor types and
are strongly related to outcomes

® New immune therapies that activate those
cells in vivo (e.g. checkpoint blockade) have
shown dramatic effects

® Adoptive Cell Transfer has demonstrated
proof of concept in melanoma and other
cancers



Background

® Natural immmune recognition of
melanoma Is common
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TIL in Melanoma

Tumor-Infiltrating Lymphocyte Grade in Primary
Melanomas Is Independently Associated With
Melanoma-Specific Survival in the Population-Based Genes,
Environment and Melanoma Study

Nancy E. Thomas, Klaus J. Busam, Lynn From, Anne Kricker, Bruce K. Armstrong, Hoda Anton-Culver,
Stephen B. Gruber, Richard P. Gallagher, Roberto Zanetti, Stefano Rosso, Terence Dwyer, Alison Venn,
Peter A. Kanetsky, Pamela A. Groben, Honglin Hao, Irene Orlow, Anne 8. Reiner, Li Luo, Susan Paine,
David W. Ollila, Homer Wilcox, Colin B. Begg, and Marianne Berwick
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TIL in Colon: Immunoscore

Effector Memory T Cells, Early Metastasis,
and Survival in Colorectal Cancer el i gy i
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TIL in Ovarian

P<0.001
Intratumoral T Cells, Recurrence, and Survival 100+
in Epithelial Ovarian Cancer 9 Intsararoral T colle,
e 754 optimal debulking
Lin Zhang, M.D., Jose R. Conejo-Garcia, M.D., Ph.D., IS et
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Katia Schlienger, M.D., Ph.D., Michael N. Liebman, Ph.D., b 95 No mtratumoral -
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TIL in Breast Cancer

Tumor-Associated Lymphocytes As an Independent
Predictor of Response to Neoadjuvant Chemotherapy in

Breast Cancer

Carsten Denkert, Sibylle Loibl, Aurelia Noske, Marc Roller, Berit Maria Miiller, Martina Komor, Jan Budczies,
Silvia Darb-Esfahani, Ralf Kronenwett, Claus Hanusch, Christian von Torne, Wilko Weichert, Knut Engels,
Christine Solbach, Iris Schrader, Manfred Dietel, and Gunter von Minckwitz

JANUARY 1 2010 J Clin Oncol 28:105-113.




TIL in Breast Cancer

Tumor-Associated Lymphocytes As an Independent
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TIL: Current
Standard Procedure
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TIL: Current
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TIL: Clinical Responses




TIL: Early Clinical Data

Treatment of Patients With Steven A. Rosenberg, John R.
X . Yannelli, James C. Yang, Suzanne
Metastatic Melanoma With L. Topalian, Douglas J.

Autologous Tumor-Infiltrating )t scnminer Jojer S

Lymphocytes and Interleukin 2 Ciaudia A. Seipp, Jan H. Einhorn,

Journal of the National Cancer Institute, Donald E. White*
, Vol. 86, No. 15, August 3, 1994

Table 2. Number of patients responding to reatment with TILs plus IL.-2 and duration of response*

Response to treatment

No cyclophosphamide Plus cyclophosphamide Total
No. of patients No. of patients Mo. of patients
Total CR PR & CR + PR Total CE PR % CR + PR Total CR PR % CR + PR
Prior IL-2 11 1 2 27 17 0 6 i5 28 1 8 i2
Mo prior IL-2 18 3 3 i3 40 l 13 35 58 4 ] a4
Total 20 4 5 31 57 1 19 35 86 5 24 34

Duration of response, mo

Mo cyclophosphamide Plus cyclophosphamide
CR PR CR PR
Prior IL-2 23 4.1 — 8.7.6,5,5.1
No prior IL-2 46+, 38, 21+ 7,.4,2 20 53+,9.7,7. 4,4

*CR = complete response. PR = partial response.



TIL: Early Clinical Data

Treatment of Patients With
Metastatic Melanoma With
Autologous Tumor-Infiltrating
Lymphocytes and Interleukin 2
Steven A. Rosenberg, John R.
Yannelli, James C. Yang, Suzanne
L. Topalian, Douglas J.
Schwartzentruber, Jeffrey §.
Weber, David R. Parkinson,
Claudia A. Seipp, Jan H. Einhorn,
Donald E. White*

Joumal of the National Cancer Institute,
, Vol. 86, No. 15, August 3, 1994

Table 3. Treatment with TILs plus IL-2: characteristics of T1Ls associated with response

and site of umor harvest

Characteristics of TILs
associated with response

Responder®

Nonresponder®

Time in culwre, d
Doubling time, d

% lysis (effector-to-target
cell ratio of 4(:1)
Autologous tumor target
Daudi lymphoma target

Phenotype, % of cells
cD3*
Ch4*
chgt
CcDs6*

Bz
24102

25%4
I1*+6

i |
2418
718
943

432
35+04

£
62

9511
32+5
625
132

L0001
03

L L s

Site of umor harvest

No. of patients

Responder

MNonresponder

Lymph nodet
Subcutaneous twmaor nodulet
Muscle
Lung
Intraperitoneal mass
Pleural effusion
Colon
Liver
Spleen
Ovary
Bone

Total

L L e o ]

Pd

dooc—~co—mmwe B

*Values = means + SEM.

iDifference in response rates comparing lymph node and subcutaneous harvest sites, P = .006.



TIL: Early Clinical Data

cancer RengSSion and Mark E. Dudley,” John R. Wunderlich, Paul F. Robbins,’

James C. Yang, Patrick Hwu," Douglas J. Schwartzentruber,’

AUtOimmu nity in Patients After Suzanne L. Topalian," Richard Sherry,’ Nicholas P. Restifo,’

. . Amy M. Hubicki,’ Michael R. Robinson,? Mark Raffeld,?
c"onal' RePoPUIatlon WIth Paul Duray,? Claudia A. Seipp,” Linda Rogers-Freezer,’
o Kathleen E. Morton,' Sharon A. Mavroukakis,” Donald E. White,"
Antitumor Lymphocytes Steven A, Rnganbaii™

25 OCTOBER 2002 VOL 298 SCIENCE

Table 1. Patient demographics, treatments received, and clinical outcomes.

Treatment®

. Response

Patient Age/sex Cells CDB/CD4 . Siles ol evalable durgtiun. Autoimmunity

infusedt phenotype! Anj[f'g‘.!n : dIL—E Miefastases (months)
(%10 ) (%) specificitys (doses)

1 18/M 23 11/39 Other g Lymph nodes (axillary, PRY (24+) Mone
mesenteric. pelyvicl

2 30/F 3.5 83715 MART-1, 8 Cutaneous, PR (8) Vitiligo

gp100 subcutaneous

3 43/F 4.0 44/58 £p100 5 Brzlnin. cutaneous, liver, MR MNone
ung

4 57/F 3.4 56/52 gp100 9 Cutaneous, PR (2) Mone
subcutaneous

5 53/M 3.0 16/85 Other 7 Bram&iung, lymph MNE-mixed Mone
nodes

& 37/F 9.2 65/35 Other 6 Lung, intraperitoneal, PR (15+) Mone
subcutaneous

[ 44/M 123 61/41 MART-1 ¥ Cymph nodes, MR-mixed Vitiligo
subcutaneous

8 48/M 9.5 48/52 £p100 12 Subcutaneous MR Mone

g 57IM 96 84713 MART-1 10 Cutaneous, PR (10+) Vitiligo
subcutaneots

10 55/M 10.7 Oe/2 MART-1 12 Lymph nodes, PRY [9+) Uveitis
cutaneous,
subrutansois

11 29/M 13.0 96/3 MART-1 12 Liver, pericardial, MR-mixed Vitiligo
subcutaneous

12 37/F 13.7 72124 MART-1 11 Liver, lung, MR-mixed Mone
gallbladder, lymph
nodes

13 41/F 7.7 az2/8 MART-1 11 Subcutaneous ME Mone




TIL Clinical Effects

Cancer Regression and
Autoimmunity in Patients After Patient 8 - MART-1 specific TIL cione
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TIL: Early Clinical Data RCC

Adoptive Immunotherapy With Tumor-Infiltrating
Lymphocytes and Interleukin-2 in Patients With
Metastatic Malignant Melanoma and Renal Cell

Carcinoma: A Pilot Study

By Peter S. Goedegebuure, Linda M. Douville, Hong Li, Glenn C. Richmond, Deric D. Schoof, Marybeth Scavone,
and Timothy J. Eberlein

Journal of Clinical Oncology, Vol 13, No 8 (August), 1995: pp 1939-1949

Table 4. Clinical Responses to TIL and Low-Dose IL-2
Melsnoma RCC Totol
Rasponss No % No. %
19

3

0 0
o 54
4

&

25
80



Lymphodepletion

Fludarabine Modulates Immune Response and Extends

In Vivo Survival of Adoptively Transferred CD8 T Cells in
Patients with Metastatic Melanoma

Herschel Wallen*, John A. Thompson, J. Zachary Reilly, Rebecca M. Rodmyre, Jianhong Cao, Cassian Yee
March 2009 | Volume 4 | lssue 3 | e4749
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Lymphodepletion

Fludarabine Modulates Immune Response and Extends
In Vivo Survival of Adoptively Transferred CD8 T Cells in

Patients with Metastatic Melanoma

Herschel Wallen*, John A. Thompson, J. Zachary Reilly, Rebecca M. Rodmyre, Jianhong Cao, Cassian Yee
March 2009 | Volume 4 | lssue 3 | e4749
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Lymphodepletion

Adoptive Cell Therapy for Patients With Metastatic
Melanoma: Evaluation of Intensive Myeloablative
Chemoradiation Preparative Regimens

Mark E. Dudley, James C. Yang, Richard Sherry, Marybeth 5. Hughes, Richard Royal, Udai Kammula,

Paul F. Robbins, JianPing Huang, Deborah E. Citrin, Susan F. Leitman, John Wunderlich, Nicholas P. Restifo,

Armen Thomasian, Stephanie G. Downey, Franz O. Smith, Jacob Klapper, Kathleen Morton,
Carolyn Laurencot, Donald E. White, and Steven A. Rosenberg

JOURNAL OF CLINICAL ONCOLOGY

VOLUME 26 - NMUMEBER 32 - MOVEMEBER 10 2008

Day of treatment -] -6 -5 -4 -3 -2 =1 0 1 2 3
Non-myeloablative Cy Cy Flu Flu Flu Flu Flu
TIL
IL-2 IL-2 IL-2
Ablative (200cGy) Cy Oy
Flu Flu Flu Flu Flu
TBI
TIL
IL-2 |L-2 JL-2
CD34+
Ablative Cy Cy
(1,200cGy) Flu Flu Flu Flu Flu
TBl TBI TBI
TIL
IL-2 IL-2 IL-2
CD34+




Lymphodepletion

Adoptive Cell Therapy for Patients With Metastatic
Melanoma: Evaluation of Intensive Myeloablative
Chemoradiation Preparative Regimens

JOURNAL OF CLINICAL ONCOLOGY

VWOLUME 26 - MUMEBER 32 - NOVEMEER 10 2008

Table 2. Frequency and Duration of Objective Responses
Total Mo PR CH OR
aof
TEBI Patients Mo % Dwuration (months) Mo % Duration (months) Moo T
Mone* 43 17 395 64+, 32+, 704,29 28, 14,13, 11,8, 8. 7,43, 3. 2 2.2 4 93 63+, BB+, 4B+, 47+ 1 48 8
2 Gy 25 1 44.0 33+, 78+, 23+, 14, 10,6, 5,5, 4. 3. 3 2 80 37+, 25+ 13 h2.0
12 Gy 25 14 hE.0 144+, 13+, 10+, 7+, 7+, 7+, 84,84+, 4+, 7.6, 6 4 3 4 16.0 17+, 15+, 13+, B+ 18 720
|
1.0 - TBI 1,200 (n = 25)
c 0.9 = == TB| 200 (n = 25)
s O
= R == NMA (n =43)
— 0.8+
o
é" 0.7 -
2 061 1—|_
©
S o054 1
S 0.4-
=
D 0.3
S 0.24
2
o 0.1 4
1 1 1 1 1 1 1 1 1 1
0 6 12 18 24 30 36 42 48 54 60
Survival Time (months)




Lymphodepletion

Adoptive Cell Therapy for Patients With Metastatic
Melanoma: Evaluation of Intensive Myeloablative
Chemoradiation Preparative Regimens

Mark E. Dudley, James C. Yang, Richard Sherry, Marybeth 5. Hughes, Richard Royal, Udai Kammula,

Paul F. Robbins, JianPing Huang, Deborah E. Citrin, Susan F. Leitman, John Wunderlich, Nicholas P. Restifo,
Armen Thomasian, Stephanie G. Downey, Franz O. Smith, Jacob Klapper, Kathleen Morion,

Carolyn Laurencot, Donald E. White, and Steven A. Rosenberg

JOURNAL OF CLINICAL ONCOLOGY

VOLUME 26 -

NMUMBER 32 -

NMOVEMBER 10 2008

&80
MMA 200 TBI 1200 TEI A
11
- 60 - L
E__ 10 -
2 404 . *
L - ] -
N o . : -
= 20 = g oo " _
= L X :
= LY L
= _ o
0 <« ! Cegee *e*
. . . : e s il =
E _ - - L.
Pre Day0 Pre Pre e 0.6 ®ge® .. ®
80 - E eeg - -
MMA 200 TBI 1200 TEI L= L — o - ®
aa
50 = b LX)
2l - ® 8 ' O ®
—_ [
E 40 - e®e
—_ 34 -
o 30-
= P, <.0001
F‘I'- 2 T T
— 204 Responders Mon-responders
6.5 Kb 4.8 Kb
10+
01
Pra




Predicting Response

Specific lymphocyte subsets predict response to adoptive cell
therapy using expanded autologous tumor-infiltrating

lymphocytes in metastatic melanoma patients

Laszlo G. Radvanyi'-", Chantale Bernatchez' Minying Zhang', Patricia S. Fox2, Priscilla
Miller! Jessica Chacon'!, Richard Wu'! Gregory Lizee! Sandy Mahoney! Gladys
Alvarado’! Michelle Glass', Valen E. Johnson2, John D. McMannis>, Elizabeth Shpall?,
Victor Prieto?, Nicholas Papadopoulos! Kevin Kim'!, Jade Homsi', Agop Bedikian', Wen-
Jen Hwu'!, Sapna Patel!, Merrick I. Ross®, Jeffrey E. Lee®, Jeffrey E. Gershenwald®,
Anthony Lucci®, Richard Royal®, Janice N. Cormier®, Michael A. Davies!, Rahmatu
Mansaray ' Orenthial J. Fulbright'->, Christopher Toth'->, Renjith Ramachandran'>, Seth
Wardell1-3: Audrey Gonzalez! and Patrick Hwu'-"

Clin Cancer Res. 2012 December 15; 13(24): 6755-a770.
A Ppatient #2150/2153 B Patient #2054/2256

Before
therapy

B

18 months

‘Percent change in tumor burden




Specific lymphocyte subsets predict response to adoptive cell

Predicting Response

therapy using expanded autologous tumor-infiltrating

lymphocytes in metastatic melanoma patients
Clin Cancer Res. 2012 December 15; 18(24): 6755-6770.
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p=0.0006 p=0.070 p=0.004

% CDS+BTLA+ n TIL

Predicting Response

Specific lymphocyte subsets predict response to adoptive cell
therapy using expanded autologous tumor-infiltrating

lymphocytes in metastatic melanoma patients
Clin Cancer Res. 2012 December 15; 18(24): 6755-6770.
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Predicting Response

PD-1 identifies the patient-specific
CD8+ tumor-reactive repertoire
infiltrating human tumors

Alena Gros,! Paul F. Robbins,! Xin Yao,! Yong F. Li,! Simon Turcotte,! Eric Tran,! John R. Wunderlich,!
Arnold Mixon,! Shawn Farid,! Mark E. Dudley,! Ken-ichi Hanada,! Jorge R. Almeida,2 Sam Darko.2
Daniel C. Douek,2 James C. Yang,! and Steven A. Rosenberg!

The Journal of Clinical Investgation
May 2014
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Tumor-Infiltrating Lymphocytes:

Challenges

® Technical challenges: (“GMP”)

® Timeline

® Tumor reactivity

® Interleukin -2
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Tumor-Infiltrating Lymphocytes:

Challenges

® Timeline



Tumor-Infiltrating Lymphocytes:

Challenges

Testing

A \ A\ "'.
< TR 2'4 WeekS I 2 Weeks
Tumor Removal \

5-8 weeks




Young TIL

JUME 10 2013

Randomized Selection Design Trial Evaluating
CD87 -Enriched Versus Unselected Tumor-Infiltrating
Lymphocytes for Adoptive Cell Therapy for Patients

With Melanoma

Mark E. Dudley, Colin A. Gross, Robert P.T. S5omerville, Young Hong, Nicholas F. 5chaub, Shannon F. Rosati,
Donald E. White, Debbie Nathan, Nicholas P. Restifo, Seth M. Steinberg, John R. Wunderlich,

Udai 8. Kammula, Richard M. Sherry, James C. Yang, Giao Q. Phan, Marybeth 5. Hughes,

Carolyn M. Laurencot, and Steven A. Rosenberg

JOURNAL OF CLINICAL ONCOLOGY
Tumors resected for TIL {n =145k}
During protocol accrual (n =141}
Prior to protocoi accrual {n=4)

Patients unavailable for protocol  (n=44)

Resected to NED (n =18}
Enrolled on alternate protocol {n = 28)

Patients available for protocol enrollment

{f‘l = '101]

Eligible {n =68} Excluded/ineligible {n=232)
TIL growth during protocol {n=85) Mo TIL growth (n=17)
Resected and cryopreserved prior to (n=4) Rapid progression or no fu {n=15)

start of protocol
Randomly assigned
(n=69)
Allocated to unselected young TIL {n=34) Allocated to CDE8* enriched TIL {n =356)
Received unselected young TIL {n=34) Received COB* enriched TIL {n=235)
{n=235)

Followed o response Followed to response
Stable disease considered nonresponse (n=1)

{n = 34)




Young TIL

Randomized Selection Design Trial Evaluating JUNE 10 2013
CD8™ -Enriched Versus Unselected Tumor-Infiltrating
Lymphocytes for Adoptive Cell Therapy for Patients

With Melanoma

Mark E. Dudley, Calin A. Gross, Robert P.T. Somerville, Young Hong, Nicholas P. Schaub, Shannon F. Rosati,
Donald E. White, Debbie Nathan, Nicholas P. Restifo, Seth M. Steinberg, John R. Wunderlich,

Udai 5. Kammula, Richard M. Sherry, James C. Yang, Giao Q. Phan, Marybeth S. Hughes,

Carolyn M. Laurencot, and Steven A, Rosenberg

JOURNAL OF CLINICAL ONCOLOGY
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Tumor-Infiltrating Lymphocytes:
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Chimeric Antigen Receptor T -Cells

Chimeric Antigen Receptor—-Modified
T Cells in Chronic Lymphoid Leukemia

David L. Porter, M.D., Bruce L. Levine, Ph.D., Michael Kalos, Ph.D.,

Adam Bagg, M.D., and Carl H. June, M.D

Th:e NEW ENGLAND JOURNAL of MEDICINE
August 10, 2011,
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Chimeric Antigen Receptor T -Cells

C Bone Marrow-Biopsy Specimens

Chimeric Antigen Receptor—Modified
T Cells in Chronic Lvmphoid Leukemia

Th: NEW ENGLAND JOURNAL of MEDICINE

August 10, 2011,

| 1 Day before Infusion 1 Day before Infusion

1 o4 943 1 o2 0.3
- i . . E.
B | 3

w S~

= L O T R e 1 08.5 £
o T T T T T T T =
P Logyg Units Logsm Units =
U =
Kk 1 Month after Infusion 1 Month after Infusion =
o 107 0.4 1279 468 =
e E
U i 2 3
E
E

n | 225 27

T T T T

Logyg Units Logyy Units

: :"-_ CD5-FITC Immunoglobulin Kappa-APC




Chimeric Antigen Receptor T -Cells

Chemotherapy-Refractory Diffuse Large B-Cell Lymphoma
and Indolent B-Cell Malignancies Can Be Effectively

Treated With Autologous T Cells Expressing an Anti-CD19

Chimeric Antigen Receptor

James N. Kochenderfer, Mark E. Dudley, Sadik H. Kassim, Robert P.T. Somerville, Robert O. Carpenter,
Maryalice Stetler-Stevenson, James C. Yang, Giao Q. Phan, Marybeth S. Hughes, Richard M. Sherry,
Mark Raffeld, Steven Feldman, Lily Lu, Yong F. Li, Lien T. Ngo, Andre Goy, Tatyana Feldman,

David E. Spaner, Michael L. Wang, Clara C. Chen, Sarah M. Kranick, Avindra Nath, Debbie-Ann N. Nathan,
Kathleen E. Morton, Mary Ann Toomey, and Steven A. Rosenberg
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Chimeric Antigen Receptor T -Cells

Chemotherapy-Refractory Diffuse Large B-Cell Lymphoma
and Indolent B-Cell Malignancies Can Be Effectively
Treated With Autologous T Cells Expressing an Anti-CD19

Chimeric Antigen Rec eptor A Before treatment 23 months after treatment

« 15 patients (9 DLBCL, 6 indolent B-cell malig.)
« 1 Death and several neurologic toxicities
 4/7 DLBCL with CR, 2 PR, 1 SD

* Overall RR: 12/13 (92%) (9 responses ongoing)

Before infusion
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Patient’s Cells Deployed to Attack Aggressive
1 Cancer |

By DENISE GRADY MAY 8, 2014

( Doctors have taken an important step toward a long-sought goal:
harnessing a person’s own immune system to fight cancer.

An article published Thursday in the journal Science describes the
treatment of a 43-year-old woman with an advanced and deadly type of
cancer that had spread from her bile duct to her liver and lungs, despite

chemotherapy.

A XT™m

Researchers at the National Cancer Institute sequenced the genome of
her cancer and identified cells from her immune system that attacked a

specific mutation in the malignant cells. Then they grew those immune
cells in the laboratory and infused billions of them back into her
bloodstream.

The tumors began “melting away,” said Dr. Steven A. Rosenberg, the
senior author of the article and chief of the surgery branch at the cancer
institute.

The woman is not cured: Her tumors are shrinking, but not gone. And
an experiment on one patient cannot determine whether a new treatment

works. But the report is noteworthy because it describes an approach that
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TIL Opportunities: Combination
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BRAF Inhibition Is Associated with Enhanced Melanoma
Antigen Expression and a More Favorable Tumor

Microenvironment in Patients with Metastatic Melanoma

Dennie T. Frederick', Adriano Piris®, Alexandria P. Cogdill’, Zachary A. Cooper’, Cecilia Lezcano®,
Cristina R. Ferrone', Devarati Mitra®, Andrea Boni', Lindsay P. Newton', Chengwen Liu”, Weiyi Peng’,
Ryan J. Sullivar®, Donald P. Lawrence®, F. Stephen Hodi®, Willem W. Overwijk’, Gregory Lizée’,
George F. Murphy®, Patrick Hwu®, Keith T. Flaherty”, David E. Fisher®, and Jennifer A. Wargo'

Clin Cancer Res; 19(5); 1225-31. January 10. 2013:
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