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Clinical Response Data from Clinical Response Data from 
MDACC TIL Clinical TrialMDACC TIL Clinical Trial

Best overall response:

*Some patients are still undergoing clinical response 

Number of
patients CR* PR* Total

51                 2 (4%)            21(41%)    23 (45%)

6
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Best Overall Response (n=51 )

Responders
(45%)

Non- Responders
(55%)

CR PR SD PD

Number of patients 2 21 17 11

Overall
survival (months) 29+, 20+

ProgressionProgression --free and Overall Survival free and Overall Survival 

irRC irRC

Progression-free
survival (months) 29, 20+

38+, 37+, 37+, 36+,  
33+, 31+, 30+, 29+, 27+, 
27+, 25+, 23+, 22+, 22+, 

15, 12+, 11+, 10+, 9+, 
9+, 3+

38+, 25, 14+, 14, 11+, 
10+, 8, 8, 7+, 6+, 6+, 6, 

6, 6, 5, 4, 2+ 

21, 18, 14, 10+, 
6, 5, 4+, 4, 3+,

3, 2
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Numbers of Total TIL Infused Numbers of Total TIL Infused 
and Type of Clinical Responseand Type of Clinical Response
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CD8+ TIL are CriticalCD8+ TIL are Critical
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Higher Proportion of CD8+ Higher Proportion of CD8+ TILsTILs
CoCo--expressing BTLA in Respondersexpressing BTLA in Responders

% PD-1 in CD8+

PR/CR PD/SD
0

20

40

60

80

100

P
D

-1
+ 

(%
)

% BTLA in CD8+

PR/CR PD/SD
0

20

40

60

80

100

B
T

LA
+ 

(%
)

p= 0.995 p= 0.002

10

Clin Cancer  Res 18: 6758-6770, 2012  
Radvanyi … Hwu



CD8 by IHC in Original Metastases is CD8 by IHC in Original Metastases is 
Associated with CD8 % in Expanded TIL and SurvivalAssociated with CD8 % in Expanded TIL and Survival
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Overall Survival of Patients Receiving TILs with the  Chemotherapy 
Preparative Regimen Alone (no TBI) or plus 2 or 12 Gy TBI.

Rosenberg SA et al. CCR 2011
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Treatment n (%) of patients (duration in mo) OR (%)

Total PR CR

No TBI 43 16 (37) 5 (12) 21 (49)

84, 36, 29, 28, 14, 12, 11, 7, 

7, 7, 7, 4, 4, 2, 2, 2
82+, 81+, 79+, 78+, 64+

200 TBI 25 8 (32) 5 (20) 13 (52)

14, 9, 6, 6, 5, 4, 3, 3 68+, 64+, 60+, 57+, 54+

1,200 TBI 25 8 (32) 10 (40) 18 (72)

21, 13, 7, 6, 6, 5, 3, 2
48+, 45+, 44+, 44+, 39+, 38+, 

38+, 38+, 37+, 19

Total 93 32 (34) 20 (22) 52 (56)

Durable Complete Responses in Heavily Pretreated Pa tients with 
Metastatic Melanoma Using T-Cell Transfer Immunothe rapy

Cell Transfer Therapy

Rosenberg SA et al, CCR Jul 2011
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Patient Age/sex PS
Lactate 

dehydrogenase
Stage

Site of 
biopsy*

Evaluable 
metastasis

IL-2
doses

Resp. PFS (mo) OS (mo)

Responders (n = 10) 

05-LA 41/M 0 Normal M1a SC SC nodules 10 CR 20† 20†

19-NS 66/M 1 Normal M1c Perito. Peritoneum 3 CR
4† 4†

03-MG 36/M 0 Normal M1c LN Soft tissue, lung, bone 15 PR 9 21†

06-TS 60/M 0 Normal M1b Lung Lung 5 PR 18† 18†

09-SD‡ 45/M 0 Normal M1b LN Lung 7 PR 13† 13±

13-BS 61/M 0 Normal M1b Lung Lung 9 PR 10†
10†

14-SV‡ 71/M 0 Above M1a SC SC, LN 9 PR 3 9†

16-SH 41/M 1 Normal M1c SC
Liver, adrenal, lung, 

LN
8 PR 6† 6†

18-WR 70/F 0 Normal M1a LN SC, LN 8 PR 4 4†

20-TY 58/M 0 Normal M1a SC SC, LN 7 PR 3† 3†

Median 8.1 ± 3.2 (7.3) (9.3)

Nonresponders (n = 10) 

01-AY 56/M 0 Normal M1c Lung Lung, SC, bone 9 SD 11 17

07-ZR 22/M 0 Normal M1b Lung Lung 7 SD 3 15
08-RM 34/F 0 Normal M1c Liver Liver 14 SD 5 6
12-VS‡ 41/F 0 Normal M1a SC SC, LN 11 SD 11† 11†

02-PE 36/M 0 Above M1c LN LN, adrenal, periton. 9 PD 2 3

04-BA‡ 57/M 0 Normal M1c Lung LN, lung, adrenal, 13 PD 3 20†

10-BE 53/F 0 Normal M1c LN SC, LN, adrenal 6 PD 1 5

11-KB 57/M 1 Above M1c LN Lung, LN 6 PD 1 5

15-SM‡ 52/M 1 Above M1c Liver Bone, liver 10 PD 1 3

17-ZD‡ 68/F 1 Above M1c Pleura Lung, pleura, bone 5 PD 1 2

Median 9.0 ± 3.1 2.7 5.7

P = 0.53 

*    Site of tumor sample
† Ongoing
‡ Patients with HLA-A*0201 .

Besser et al, CCR May 2010

Treatment Characteristics During TIL Therapy and Cl inical Outcome
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Does PD-1 inhibition enhance 
T-cell therapy?

Question?Question?
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Increased Number of Transferred TIncreased Number of Transferred T --cells at the cells at the 
Tumor Site in TumorTumor Site in Tumor --bearing Mice Receivingbearing Mice Receiving

antianti --PDPD--1 and ACT Treatment1 and ACT Treatment

Peng W…Hwu P. 
Cancer Res 72:5209-18, 2012
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Delayed Tumor Progression in TumorDelayed Tumor Progression in Tumor --bearing bearing 
Mice Receiving antiMice Receiving anti --PDPD--1 and ACT Treatment1 and ACT Treatment

Peng W…Hwu P. 
Cancer Res 72:5209-18, 201217



Does BRAF inhibition enhance 
T-cell therapy?

Question?Question?
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Combination of  PLX4720 with Adoptive TCombination of  PLX4720 with Adoptive T --cell cell 
Therapy Leads to Enhanced AntiTherapy Leads to Enhanced Anti --tumor Activity tumor Activity 

(B6 nude mice)(B6 nude mice)

Liu C…Hwu P. 
Clin Cancer Res 19(2):393-403, 201319



Administration of PLX4720 Increases Tumor Administration of PLX4720 Increases Tumor 
Infiltration of Adoptively Transferred pmelInfiltration of Adoptively Transferred pmel --1 T1 T--cells cells 

in vivo in vivo 

B

A

Liu C…Hwu P. 
Clin Cancer Res 19(2):393-403, 201320
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Insertion of Genes into Lymphocytes Insertion of Genes into Lymphocytes 
to Enhance Antitumor Propertiesto Enhance Antitumor Properties
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Transduction of T -cells with Chimeric Receptor 
Genes to Direct T -cell Specificity

Tumor cell

T-cell

Transduced
T-cell

Insert Chimeric
Receptor Gene
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Brief  Definitive  Report

Lysis of Ovarian Cancer Cells by Human 
Lymphocytes Redirected with a Chimeric Gene 

Composed of an Antibody Variable Region and the 

Fc Receptor Gamma Chain.
-----------------------------------------------------------------------------------------------------

By Patrick Hwu,* G. E. Shafer,* J. Treisman,* G. Schindler,‡

G. Gross,‡ R. Cowherd,* S.A. Rosenberg,* and Z. Eshhar‡

From the *Surgery Branch, National Cancer Institute, National Institutes of Health Bethesda, 
Maryland 20892; and the ‡Department of Chemical Immunology, Weizmann Institute of Science, 
Rehovot 76100, Israel 

Brief  Definitive  Report

Lysis of Ovarian Cancer Cells by Human 
Lymphocytes Redirected with a Chimeric Gene 

Composed of an Antibody Variable Region and the 

Fc Receptor Gamma Chain.
-----------------------------------------------------------------------------------------------------

By Patrick Hwu,* G. E. Shafer,* J. Treisman,* G. Schindler,‡

G. Gross,‡ R. Cowherd,* S.A. Rosenberg,* and Z. Eshhar‡

From the *Surgery Branch, National Cancer Institute, National Institutes of Health Bethesda, 
Maryland 20892; and the ‡Department of Chemical Immunology, Weizmann Institute of Science, 
Rehovot 76100, Israel 

The Journal of Experimental Medicine � Volume 178  July 1993  361-366
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The Human Ovarian Carcinoma Cell Line 
IGROV-1

is Specifically Lysed by Mov- γγγγ TIL

Hwu et al JEM 1993



A T cell-independent antitumor response in mice with 

bone marrow cells retrovirally transduced with 

an antibody / Fc-γ chain chimeric receptor gene 
recognizing a human ovarian cancer antigen

-----------------------------------------------------------------------------------------------------
Gang Wang, Rajesh K. Chopra, Richard E. Royal, James C. Yang,

Steven A. Rosenberg & Patrick Hwu

Surgery Branch, National Cancer Institute, National Institutes of Health, Bethesda, Maryland 20892, USA.

A T cell-independent antitumor response in mice with 

bone marrow cells retrovirally transduced with 

an antibody / Fc-γ chain chimeric receptor gene 
recognizing a human ovarian cancer antigen

-----------------------------------------------------------------------------------------------------
Gang Wang, Rajesh K. Chopra, Richard E. Royal, James C. Yang,

Steven A. Rosenberg & Patrick Hwu

Surgery Branch, National Cancer Institute, National Institutes of Health, Bethesda, Maryland 20892, USA.

Nature Medicine � Volume 4 �Number 2 February 1998 
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Tumor Growth in MOvγγγγ-Reconstituted Mice 
after T -cell Depletion

Nature Medicine � Volume 4 � Number 2   February 1998 28



Chimeric Antigen Receptors

Dotti G, Savoldo B, and Brenner M 
Human Gene Therapy 2009
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Chimeric Antigen Receptor Domains

Kochenderfer JN, Rosenberg SA 
Nature Review | Clinical Oncology 2013 30



Summary of Published anti-CD19 CAR 
Clinical Trial Results

Kochenderfer JN, Rosenberg SA 
Nature Review | Clinical Oncology 2013 31



Summary of the 1 st Patients Treated on the 
NCI Adult Autologous anti-CD19 CAR Trial

Kochenderfer JN, Rosenberg SA 
Nature Review | Clinical Oncology 2013 32



Antitumor activity and long-term fate of chimeric antigen 

receptor-positive T-cells in patients with neuroblastoma
-----------------------------------------------------------------------------------------------------

Chrystal U. Louis,1-3 Barabara Savoldo,1,3 Gianpietro Dotti,1,4 Martin Pule,1

Eric Yvon,1 G. Doug Myers,1 Claudia Rossig,1 Heidi V. Russell,2,3 Oumar
Diouf,1,3 Enli Liu,1 Meng-Fen Wu,5 Adiran P. Gee,1 Zhuhong Mei,1 Cliona M. 

Rooney,1,3,6 Helen E. Heslop,1,4 and Malcolm K. Brenner,1,4

1Center for Cell and Gene Therapy, Baylor College of Medicine, Texas Children’s Hospital, The 
Methodist Hospital Houston, TX; 2Texas Children’s Cancer Center, Baylor College of Medicine, 
Houston, TX Departments of 3Pediatrics, and 4Medicine, Baylor College of Medicine, Houston, TX; 
5Biostatistics Shared Resource Dan L. Duncan Cancer Center, Baylor College of Medicine, Houston, 
TX; and 6Department of Pathology and Immunology, Baylor College of Medicine, Houston TX

Antitumor activity and long-term fate of chimeric antigen 

receptor-positive T-cells in patients with neuroblastoma
-----------------------------------------------------------------------------------------------------

Chrystal U. Louis,1-3 Barabara Savoldo,1,3 Gianpietro Dotti,1,4 Martin Pule,1

Eric Yvon,1 G. Doug Myers,1 Claudia Rossig,1 Heidi V. Russell,2,3 Oumar
Diouf,1,3 Enli Liu,1 Meng-Fen Wu,5 Adiran P. Gee,1 Zhuhong Mei,1 Cliona M. 

Rooney,1,3,6 Helen E. Heslop,1,4 and Malcolm K. Brenner,1,4

1Center for Cell and Gene Therapy, Baylor College of Medicine, Texas Children’s Hospital, The 
Methodist Hospital Houston, TX; 2Texas Children’s Cancer Center, Baylor College of Medicine, 
Houston, TX Departments of 3Pediatrics, and 4Medicine, Baylor College of Medicine, Houston, TX; 
5Biostatistics Shared Resource Dan L. Duncan Cancer Center, Baylor College of Medicine, Houston, 
TX; and 6Department of Pathology and Immunology, Baylor College of Medicine, Houston TX

Blood 1 December 2011� Volume 118, Number 
23

• Anti-GD2 CAR in EBV CTLs

• 3 of 11 patients with active disease experienced CR 

• Persistence of CAR CTLs beyond 6 weeks was associated with 
superior clinical outcome.
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Insertion of Genes into Lymphocytes Insertion of Genes into Lymphocytes 
to Enhance Antitumor Propertiesto Enhance Antitumor Properties
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One of the Rate -limiting Steps in ACT is the 
Inefficient Migration of T -cells to Tumor 
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The Presence of CXCL1 in the Tumor 
Microenvironment
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Tumor Cells

CXCR2AutocrineAutocrine
GrowthGrowth
SignalSignal

Angiogenesis

CXCL-1

Melanoma Cells Produce CXCL1 which Serves as an Melanoma Cells Produce CXCL1 which Serves as an 
AutocrineAutocrine Growth Factor and Stimulates AngiogenesisGrowth Factor and Stimulates Angiogenesis
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Tumor Cells

CXCR2AutocrineAutocrine
GrowthGrowth
SignalSignal

Angiogenesis

CXCL-1

Transduction of TTransduction of T --cells with CXCR2 May Allow cells with CXCR2 May Allow 
Them to Migrate to Tumor SitesThem to Migrate to Tumor Sites

CXCR2
Transduction
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CXCR2CXCR2--expressing Texpressing T --cells Display Enhanced cells Display Enhanced 
Accumulation in Tumor SiteAccumulation in Tumor Site

Tumor site Peripheral blood

CXCR2 T-Cells Control T-cells
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The Expression of CXCR2 in Pmel T-cells Delays 
Tumor Growth and Improves the Survival of 

Tumor-bearing Mice

40



T-cells

Control Vector CXCR2

Patient Infusion

Tumor biopsy to determine if 
CXCR2 transduced
T-cells preferentially migrate 
to the tumor

Clinical Trial Plans
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