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Checkpoint Blockade
e Hodgkin Lymphoma

e Head and Neck Cancer
e Gastric Cancer

e Colon Cancer

CART Cells

e Leukemia

e Lymphoma



Reed Sternberg cells uniformly
overexpress PD-L1 and PD-L2

Ansell SM, NEJM 372:311

PD-1 Inhibitors

Hodgkin Lymphoma
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PD-L2[pSTAT3
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Reed Sternberg cells uniformly
overexpress PD-L1 and PD-L2

Phase | /IDose Expansion of Nivo, Pembro
in R/R cHL: ORR & PFS

Nivolumab

o] N=23
5031 ORR 87% (CR 26%)
£ ] Median F/U 1.9 yrs

3 6 9 12 15 18 21
Time, Months

Presented by Ansell et al. at 2015 ASH

ASCO 2016, Nancy Bartlett

Progression-Free Survival

Pembrolizumab

PFS at 24 weeks: 69%

1 N =231
d ORR 65% (CR 16%)
1 Median F/U 1.5 yrs

10 20 30 40 50 60 70 80 90
Weeks

Presented by Armand et al. at 2015 ASH

Ansell SM, NEJM 372:311 (Nivolumab)

PD-1 Inhibitors
Hodgkin Lymphoma
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PD-1 Inhibitors

Hodgkin Lymphoma

Reed Sternberg cells uniformly -
overexpress PD-L1 and PD-L2

ne. of patients (%)

Any adverse event 18 (78) 5(22)
Dirup-related adverse events reported in 5%
H H of patients
Phase | /IDose Expansion of Nivo, Pembro oF o o
. as 22)

In R/R C H L: 0 RR & P FS Decreased platelet count 4(17) L

Nivolumab Pembrolizumab Fatigue iy 0

Pyresia 3{13) i

= PFS at 24 weeks: 69% . 3{13) 0

= Mausea 3(13) 0

f Pruritus 3{13) 0

o Cough 2(9) 0

—— g Hypothyroidism 2(9) 0
N > & gﬁ | N =31 Decreased lymphocyte count 209 1{4)

ORR 87% (CR 26%) = ] ORR 65% (CR 16%) ———— =

Median F/U 1.9 yrs 1 Median F/U 1.5 yrs Hypercalcemia 2(9) 0
v v v T . v v . v v v Y v v v y v Increased lipase lavel 2(9) 1{4)

6 9 12 15 18 21 y 10 20 30 40 50 60 70 80 92 . i
Time, Months Weeks Stomatitis 2(9) 1(4)

Presented by Ansell et al. at 2015 ASH Presented by Armand et al. at 2015 ASH Drug-related serious adverse events

Myelodysplastic syndrome 1(4) 1({4)

Lymph-node pain 1{4) L
Pancreatitis 14 14

ASCO 2016, Nancy Bartlett
Ansell SM, NEJM 372:311



PD-1 Inhibitors in HL

Checkmate 205: Nivolumab in HL after ASCT and
brentuximab vedotin (cohort B). (Younes et al)

e Nivolumab 3mg/kg IV q2 weeks

Keynote-087: Pembrolizumab for
relapsed/refractory HL (Chen et al)

e Pembrolizumab 200mg IV g3 weeks.



PD-1 Inhibitors in HL

Nivolumab Pembrolizumab
Cohort B 1 2 3
N = 80 30 30 30
Prior ASCT Yes Yes No Yes
Prior BV Yes Yes Yes No
ORR
CR
Nivolumab:

Pembrolizumab:



PD-1 Inhibitors in HL

Nivolumab Pembrolizumab
Cohort B 1 2 3
N = 80 30 30 30
Prior ASCT Yes Yes No Yes
Prior BV Yes Yes Yes No
ORR 66% 73% 83% 73%
CR 9% 27% 30% 30%

APPROVED
Nivolumab: MTTR =2.1m, mPFS = 10m

Pembrolizumab:

Most at 12 weeks, No PFS Data




Checkpoint Blockade

e Head and Neck Cancer
e Gastric Cancer

e Colon Cancer

CAR T Cells

e Leukemia

e Lymphoma



. 4
Pembrolizumab '0'%0

in Head and Neck Cancer %y

5% most common cancer worldwide
Recurrent / Metastatic HNSCC mOS 10months
e Previously treated mOS is 6 months
Immune Escape
e TILs + PD+L1
e HPV +/-

ASCO 2015, Seiwert et al.
KEYNOTE-012




HNSCC expansion cohort

Pembrolizumab

Recurrent or Metastatic HPV +/- PD-L1 +/-

Pembrolizumab
200mg gq3weeks

Treat Until

24 months Progression Toxicity




Adverse Events

Pembrolizumab in HNSCC
Event,(n)%  |Grade1l-2  |Grade3  |Graded

Hypothyroidism (14) 11%

Pneumonitis (2) 1.5% (2) 1.5%
Thyroiditis (3) 2.3%
Colitis (1) 0.8%

Interstitial Lung Dz (1) 0.8%

ASCO 2015, Seiwert et al.
KEYNOTE-012



Pembro in HNSCC, Response

Total N=117 |HPV+ n=34 |HPV- n=81

25% 21% 27%
CR 1% 3% 0%
PR 24% 18% 27%
SD 25% 27% 24%
PD 41% 38% 42%
:iﬁ Median Time to

[ ] Unknown OP

Response:
20% increase 9 Wee kS
_aou aecreasel Ml€@dian Duration of
Response:

Not Reached

ASCO 2015, Seiwert et al., KEYNOTE-012
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Pembro FDA Results

173 evaluable patients (of 192 safety evaluable)

ORR CR 2
PR 39 (24%)
PFS at bm 28%
at 12m 18%
MPFS 2.2m
OS at bm 60%

at 12m 47%
mOS 9.6m (historically 6 months)



Checkpoint Blockade

e Gastric Cancer
e Colon Cancer
CAR T Cells

e Leukemia

e Lymphoma



Gastric Cancer and Pembrolizumab

5th most common cancer worldwide*
Recurrent / Metastatic mOS 16 months

KEYNOTE-012 Patient Characteristics (n=39)
e Previous Therapy: 24% <1 line, 66% > 2

e 40% PD-L1+ (of screened for KEYNOTE 012)

Vet
RO o
V. y '12 (‘-u'l‘ \‘.
.‘s"_'vs-“ oL *‘}‘
e:‘.c-j W
“‘
‘? ‘uc ﬁ! : |
PD-L1 Negative PD L1 Posmve PD-L1 Positive:

Stromal and Tumor Staining

Muro et al. Lancet Oncol 2016; 17(6)717-726.
KEYNOTE-012, ASCO Gl 2015

Tumor Staining

PD-L1 Positive:
Tumor Staining



GEJ/Gastric expansion cohort

Pembrolizumab

Recurrent or Metastatic No steroids PD-L1 + (> 1% or stroma)

Pembrolizumab
10mg/kg q2weeks

Treat Until

Complete Response PR/SD Confirmed PD
Discontinuation Permitted 24 Months Discontinue




Adverse Events

Pembrolizumab in Gastric Cancer

Event, (n) % > 6% Related

Any (26) 67%
Fatigue (7) 18%
Anorexia (5) 13%

Hypothyroidism (5) 13%
L))
Arthralgia (4) 10% Event, (n) % m

Hyperthyroidism (3) gy,  Patients with event (4) 10%

Nausea (3) 39 Anorexia (1) 2.5%
Pruritus (3) 8% iz (1) 250
Neuropathy (1) 2.5%
Pneumonitis (1) 2.5%

Muro et al. Lancet Oncol 2016; 17(6)717-726.
KEYNOTE-012, ASCO Gl 2015



Pembro in Gastric Ca, Response

___ Total N=36

ORR 22%
CR 0%
PR 22% A
° Median Time to
SD 14% Response:
PD 53% 8 weeks
Maximum Percentage Change From Baseline in Tumor Size?
(RECIST v1.1, Central Review) Median Duration of
sz ol Response:
S 1
,,§,§ 60 - 53.1% 24 weeks
£E% 404
g5 2 Tl_rml 6 of 8 responses
g5 ° ongoing at analysis.
Fa A
Fi- T %
D% -60-
g % -80 Muro et al. Lancet Oncol 2016; 17(6)717-726.

KEYNOTE-012, ASCO GI 2015



KEYNOTE-059 Closed

Tuc; e Pembro for 22 lines

= e Pembro + Cis/5FU (First Line)

— e Pembro (First Line)

4

4 KEYNOTE-061 (Second Line) Closed
LCD) e Pembro vs Paclitaxel

S

O KEYNOTE-062 (First Line) Open
QE) * Pembro

ol

e Pembro + Cis/5FU
e Placebo + Cis/5FU




Checkpoint Blockade

e Colon Cancer
CAR T Cells

e Leukemia

e Lymphoma



Mismatch Repair Deficiency

Microsatellite instability
e Due to deficient DNA mismatch repair

— Germline (Lynch)
— Sporadic (MLH1, MSH2, MSH6, PMS2, EpCAM)
— Epigenetic (MLH1 hyper-methylation)
e Tumors
— 15% of Sporadic CRC (5% of Advanced)

— Endometrial, Gastric, Small Bowel, Ampullary, Cholangiocarcinoma,
Pancreatic, Sarcoma, Prostate, Gliomas and others

ASCO 2015, Le et al.
Le et al. NEJM 2015



Mismatch Repair Deficiency

Mutations per tumor

Mismatch-repair proficient colon cancers

Liquid Tumors
Pediatric Tumors

Sporadic Adult Solid Tumors , ’ g
° Mismatch-repair deficient colon cancers

/

0 560 1 OlOO 1 5‘00 20|00

Mutagen Associated tumors

Mismatch repair tumors

Mutations per tumor

ASCO 2015, Le et al.
Le et al. NEJM 2015



25

Pembro for dMMR Tumors

Pembro 10mg/kg g 2weeks
MMR testing by PCR for MSI

oMMR




Pembro for dMMR Tumors

Colorectal Non CRC

oMMR
N=25

ORR: 0%
DCR: 16%




Pembro for dMMR Tumors

A Biochemical Response
200-

—e— Mismatch repair—proficient colorectal cancer
Mismatch repair—deficient colorectal cancer

-e - Mismatch repair—deficient noncolorectal cancer
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ASCO 2015, Le et al.
Le et al. NEJM 2015



Pembro for dMMR Tumors

B Radiographic Response

100-
£
&
2 °97
puy’)
£ 3
U o
3
g0 07
Qo
Q
5
“ o
[« e |
D% -50-
(1]
i
@)
-100-

ASCO 2015, Le et al.
Le et al. NEJM 2015

B Mismatch repair—proficient colorectal cancer

B Mismatch repair—deficient colorectal cancer

B Mismatch repair—deficient noncolorectal cancer

20% increase (progressive disease)

30% decrease (partial response)




Pembro for dMMR Tumors

Tumor infiltrating
Tumors’ Invasive Front lymphocytes (TIL)
[ B [ -0
PD-L1 CD8 CD8
) o fLRlan el Subject#19
MMR-deficient :f"'l; 32 AP 2 e 4
et : T LA e
(Subject #16) &% -t A 2 S R e =l
& Foe Tea i TN rai e
P y Sl o O ! s
o . & Subject #3
MMR-proficient | {, ". ¥ s :
CRC ¥ ;
(Subject #3) . .
A |
”“"“" 1
10x

ASCO 2015, Le et al.
Le et al. NEJM 2015

20x



Mutation Burden and Not PDL1

Expression Predicted Response

A Progression-free Survival in Cohorts with Colorectal Cancer B Overall Survival in Cohorts with Colorectal Cancer
1.0 P<0.001 by log-rank test 10— = P=0.03 by log-rank test
8 =
e 2
= 0.8+ S 084
S 3
PFS CRC Fi o
H = Mismatch repair—deficient
== 064 . . . = 0.6+
M M Rd N R ‘éﬂ g Mismatch repair—deficient g
£t ¢
- o -
MMRp 2.2m g "
* ::.: 5 Mismatch repair—proficient
- =] -
'E 02 Mismatch repair—proficient o 02
a o

OS CRC R S S S S — R S S S S S
M M Rd N R Months Months

No, at Risk No, at Risk
M M R p 5 Om Mismatch repair- 11 8 6 2 0 0 Mismatch repair— 11 9 7 5 1 0
. deficient deficient
Mismatch repair— 21 2 1 0 0 0 Mismatch repair- 21 12 5 1 1 0
proficient proficient

C Progression-free Survival in Cohort with Mismatch Repair-Deficient D Overall Survival in Cohort with Mismatch Repair—Deficient
Noncolorectal Cancer Noncolorectal Cancer

MMRd Non CRC 1.0 1.0+

© _
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Months Months

Le et al. NEJM 2015 No. at Risk 9 5 1 0 0 0 No. at Risk 9 6 2 1 0 0




Checkpoint Blockade

CAR T Cells
e Leukemia
e Lymphoma



Chimeric Antigen Receptor T cells

CARs were first generated in 1989!
Initially not very active, but they were optimized

A B (o D
Antigen- d p 9
presenting { Tumer: P I
cell & { \ V- \\
1 L Ty & . n
Yy CD8o Antigens @
MHC 24 M Antigen presenting \\.\
Peptide — L scFv{ \ cell Antigen  } Antigen
:
TCR % N CcD80o £
cD28 CAR< Linker { . \
™
] CcD28 £) & a
\ l \ Co-st Co 1
T W sw 2 L J Co-stim 2
T cell .
c Signal 2 Toul ’ T cell
Signai 1 Signal 1 v k.
Signals 1 and 2 ‘
Signals 1 and 2
T-cell receptor signaling 1% generation CAR signaling
2™ generation CAR signaling 3™ generation CAR signaling

Clin Cancer Res; 2012;18(10); 2780-90.



Chimeric Antigen Receptor T cells

T-cell stimulation (2 days)

Anti-CD3 and IL-2 Artificial APC Anti-CD3/CD28 beads
: Anti-CD3 AT Bead G
Y | I aAPc} m ot o yCAR
| L Anh-L0DS
-4 TCR . ,
“> '-‘j'. ' N FcR Anti-CD28 ' A TCR IL-2 4 .
’ W T \Anti-CD3 : — é
Lymphocytes T cell oo ;A12;; n cozs) *
from : 4-1881 T cell Rectronectin-coated
4-1BB culture bag
atient or donor l T
P OR cell OR )
) CAR viral
transduction
(2 days)

.0)‘ 5 u
Patient Preparative cos r oy co8 Te o,
chemotherapy ! ;2 Thes 0 o J T
\\\ 71; J T(; ' T
f N e " Ca., ; ) Cytokine o cot 7
Infuse C ¥ 5 (o X
» : LA 0;  support &
CAR-modified - T cos G - -~ AN < .
T cells J : - T i _ "M2
. Expand
T(; l ) J J 2 . J

Clin Cancer Res; 2012;18(10); 2780-90.



Neurologic: Constitutional:
¢ Headaches * Fevers
e Changes in level of consciousness * Rigors :
U) « Delirium <« Mslaice Cardlovascglar:
* Aphasia * Fatigue * Tachycardia
q_) « Apraxia « Anofexia * Widened pulse pressure
[— ¢ Ataxia e Arthralgias 2 Hypotenglon
* Hallucinations * Arrhythmias .
e Tremor * Decreased left ventricular
o m— ¢ Dysmetria ejection fraction
( > ¢ Myoclonus * Troponinemia
. * Facial nerve palsy * QT prolongation
* Seizures
Pulmonary:
: * Tachypnea
Hepatic: « Hypoxia
¢ Transaminitis
¢ Hyperbilirubinemia
Renal:

¢ Acute kidney injury

¢ Hyponatremia

¢ Hypokalemia

* Hypophosphatemia

e Tumor lysis syndrome

Hematologic:

* Anemia

* Thrombocytopenia
* Neutropenia

¢ Febrile neutropenia

e Lymphopenia Gastrointestinal:

* B-cell aplasia ¢ Nausea
¢ Prolonged prothrombin time * Emesis
* Prolonged activated partial thromboplastin time ¢ Diarrhea

¢ Elevated D-Dimer

¢ Hypofibrinogenemia

* Disseminated intravascular coagulation
* Hemophagocytic lymphohistiocytosis

Musculoskeletal:

¢ Myalgias

¢ Elevated creatine kinase
* Weakness

5
=
w
O
—
e
<C
O

Burton et al Blood 2016 127:3321-3330




Most Common: CRS

(Cytokine Release Syndrome)

Cytokines
IL-6, 2, 8 and 10,
INF-gamma, TNF

Management B Sl

e APAP, Cooling Blankets

e Fluids |

e Tocilizumab D E

(IL-6 receptor antagonist) e
W 1

e Steroids when needed

-5 6 5 1'0 2 j: é 8
Burton et al Blood 2016 127:3321-3330 Hours after tocilizumab Days after cell infusion
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Summary of CD19-CAR Trials

Table 1. Summary of CD19-CAR constructs in clinical trials

Gene transfer

Costimulatory

Institution method ScFv* domain Patient populations Lymphodepleting chemotherapy Infused cell doses Responses observed
CHOP*# Lentivirus FMC63 4-1BB Pediatric ALL; n = 53* Investigator's choice 1.07 x 10° to 17.36 x 10° CAR™ CR: 50/53 (MRD- in 45/50) 12 mo RFS:
T cells/kg 45% 12 mo OS: 78%
NCI® ~-retrovirus FMC63 CD28 Pediatric ALL; n = 20 Cy 900 mg/m® *1 + Flu 25 mg/m? 1< 10° (N =16) vs 3 x 10° (N = 4) CR: 14/20 (MRD— in 12/14) LFS: 79% at
%3 d CAR" T cells/kg 4.8 mo (MRD— CR patients) OS: 52%
at 7.8 mo (all)

NCI® ~-retrovirus FMC63 CcD28 Adult CLL and B-NHL; n = 8 Cy 60 mg/kg %2 d + Flu 25 mg/m? 0.3 ¥ 107 to 3.0 X 107 CAR" T cells/kg ORR: 6/8 (CLL, 3/4; FL, 2/3); CR, n = 1

x5d (CLL)and PR, n =5

NCI7 ~-retrovirus FMC63 CcD28 Adult B-NHL; n = 15 Cy 60 mg/kg x1-2d + Flu 25 mg/m? 1 % 10°to 5 x 10° CAR™ T cells/kg CR: 4/7 (refractory DLBCL), 4/6 (indolent

x5d B-NHL)

MSKCC®'® ~-retrovirus SJ25C1 cD28 Adult ALL; n = 46° Cy or Cy + Flu 1% 10° vs 3 x 10° CAR™ T cellskg CR: 37/45 (MRD— in 30/36) among
evaluable patients 6 mo 0S: 65% (all)
and 80% (MRD— CR patients)

FHCRC'! Lentivirus FMC63 4-1BB Adult ALL; n = 29 Cy or Cy 60 mg/kg x1 + Flu25mg/ 2 x 10% 2 x 10°%, and 2 x 107 CAR" CR: 10112 (Cy only) and 14/14 (Cy +

m? x3d T cells/kg; 1:1 CD4:CD8" fludarabine); MRD status unspecified

FHCRC'? Lentivirus FMC63 4-1BB Adult B-NHL; n = 28 Adult Cy 60 mg/kg x1 + etoposide or Cy 2 x10% 2 x 10° and 2 X 10" CAR"™ ORR (B-NHL): 6/12 (CR,n=1,PR,n=5

CLL: n=6 60 mg/kg x1 + Flu 25 mgfm2 x3d T cells/kg 1:1 CD4":CD8" in Cy cohort) and 8/12 (CR, n = 5, PR,
n = 3in Cy + Flu cohort) ORR (CLL): 5/
6(CR,n=3 PR, n=2)

UPenn™® Lentivirus FMC63 4-1BB Adult CLL; n = 14 Investigator's choice 0.14 x 10° to 11 x 10° CAR" T cells ORR: 8/14 (MRD— CR,n =4, PR, n = 4)
Median PFS: 7 mo Median OS: 29 mo

UPenn' Lentivirus FMC63 4-1BB Adult CLL; n = 26 Investigator's choice 5% 10" vs 5 x 10° CAR" T cells ORR: 9/23 (CR,n=5,PR,n = 4)

UPenn'® Lentivirus FMCE3 4-1BB Adult B-NHL; n = 241 Investigator's choice 3.08 x 10° to 8.87 % 10° CAR" cells/kg ORR: 15/22 (DLBCL, 7/13; FL, 7/7, MCL,
1/2) PFS: 62% at 11.7 mo

UPenn'* Lentivirus FMC63 4-1BB Adult ALL; n = 12 Investigator's choice 6.5 x 10° to 8.45 x 10° CAR" cells’kkg ~ CR: 8/9 (all MRD— in all)

Park et al Blood 2016 127:3312-3320



CD19-CAR Trials: Responses

ALL CR
ALL CR
CLL, B-NHL ORR
B-NHL -
ALL CR
ALL

(FHCRC) CR

B-NHL,CLL
(FHCRC)

ORR, B-NHL

ORR, CLL

50/53
14/20
6/8 (1 CR)

4/7 DLBC
4/6 Indolent

12 mo RFS 45%
5moLFS 79%

37/45

10/12 Cy
14/14 Cy+Flu

6/12 (1 CR) Cy
8/12 (5 CR) Cy Flu
5/6 (3 CR)

12 mo OS 78%
8mo0OS 52%

6 mo OS

65% all
80% MRD



Thank You - —

Checkpoint Blockade

CART Cells



