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Pardoll. Nat Rev Cancer 2012.



Nivolumab Responses in NSCLC
Rapid, durable, and persist after stopping
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Nivolumab Randomized Trials

Versus docetaxel in second line
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Nivolumab Monotherapy in First Line Setting

0s
100_
80 _
—_

60 -
40

20 _ MNon-sq (mOS NR)

5q (mOS 73.1 wks)

- All treated pts (mOS 98.3 wks)

0 _

| | | | | | | | | |
B/IL 12 24 36 48 60 72 84 96 108

Time Since First Dose (Weeks)

Mumber of Pts at Risk
All treated pts 52 43 42 30 15 14 12 9 ¥ 0

5q 13 13 11 11 6 6 4 1 0 0
Mon-sq 39 35 31 19 9 8 8 8 7 0



Anti-Tumor Immune Response
Inhibition by Tumors

Priming and

activation Trafficking of CX3CL1
T cells to tumors CXCL9

CD28/B7.1 CXCL10

CD137/CD137L CCL5

0OX40/0X40L

CD27/CD70
HVEM
GITR

IL-2

IL-12

CTLA4/B7.1
PD-L1/PD-1
PD-L1/B7.1
prostaglandins

Cancer antigen
presentation

TNF-o. @

IL-1

Infiltration of T cells
into tumors

LFA1/ICAM1
Selectins

VEGF
Endothelin B receptor

Recognition of
® cancer cells by T cells
. T cell receptor
educe: on cancer cel

IFN-o.
CD40L/CD40
CDN
ATP
HMGB1
TLR
IL-10
IL-4
IL-13
Release of PD-L1/PD-1
: PD-L1/B7.1
cancer cell antigens
B Stimulatory factors IDC
A Immunogenic cell death TGF-p
B Inhibitors
Tolergenic cell death BILA
9 VISTA

LAG-3

Arginase
MICA/MICB

B7-H4
TIM-3/phospholipids

Chen DS, et al. Immunity. 2013;39:1-10

1. Insufficient number
of T cells are
generated within
the lymphoid
compartment.

2. Insufficient number

of T cells
extravasate into the
tumor.

3. Tcells are inhibited

in the tumor
microenvironment.



1. Insufficient number of T cells generated
within the lymphoid compartment.
Clinical Trials

1. Anti-CTLA.4.

2. Vaccines.

3. Radiation.

4. ACT with TILs

5. ACT with CAR or TCR transgenic T cells.



Anti-PD1/PDL1 plus Anti-CTLA.4 to Influence the
Lymphoid Compartment

Early immune response: e —

T cell activation  ,#*

i Effector Phase

Tumor cells .

Peripheral tissues

Blood vessel

Lymph node

Nivolumab | | MPDL3280A
MK-3475 % MEDI4736

Ipilimumab
Tremelimumab

Kyi C, et al. FEBS Lett. 2014;588:368-376



Nivolumab (Anti-PD1) Plus Ipilimumab (Anti-CTLA.4)
Safety

Nivo 1 Q2W Nivo 3 Q2w Nivo 3 Q2w
+Ipi 1 Q6W +1pi 1 Q12W +Ipi 1 Q6W Nivo 3 Q2W?
(n = 40) (n=38) (n=39) (n=52)

Any Grade | Any | Grade | Any | Grade | Any | Grade | Any
Grade 3-4 Grade | 3-4 | Grade | 3-4 | Grade | 3-4 | Grade

Treatment-related AEs, % 77 29 73 35 74 29 69 28 71 19

Treatment-related AEs leading

to discontinuation, % 13 10° 8 & > 3¢ 10 10° e 10°

e There were no treatment-related deaths
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Nivolumab (Anti-PD1) Plus Ipilimumab (Anti-CTLA.4)
Efficacy

Nivo 1 Q2W Nivo 3 Q2W Nivo 3 Q2W
Nivo 1 + Ipi 1 Q3W + Ipi 1 Q6W +1pi 1 Q12W + Ipi 1 Q6W Nivo 3 Q2W?

(n=31) (n = 40) (n =38) (n=39) (n=52)

. 13 25 39 31 23
o, [v)
Confirmed ORR, % (95% Cl) (4, 30) (13, 41) (24, 57) (17, 48) (13, 37)
Best overall response, %

Complete response 0 0 0 0 8
Partial response 13 25 39 31 15
Unconfirmed partial response 3 3 5 8 0
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Durvalumab (Anti-PD-L1) Plus Tremelimumab

(Anti-CTLA.4)
Efficacy

M10-20 q4/2w

T1mg/ke
(n=27)

M10-20 g4/2w
13 mg/ke
{n=24)

M15 gdw
T10mefke

All Cohorts
{Including M3/T1)

All evaluable patients
ORR, n (%)

PD-L1*

ORR, n (%)

PD-L1~

ORR, n (%)

PD-L1 Unknown

ORR, n (%)

9 (33)
N=9
3 (33)
N=13
5 (38)
N=5

1 (20)

6 (25)
N=5
2 (40)
N=14
3(21)
N=5

1(20)

{n=9)

0(0)

(N=63)

17 (27)
N=18
6 (33)
N=33
9(27)
N=12

1)

Includes all patients in the as-treated population who were dosed 216 weeks prior to the cut-off date, with measurable disease at baseline, 21
follow-up scan (includes those that discontinued due to PD or death without any follow-up scan). ORR includes confirmed and unconfirmed CR or

PR.

CR, complete response; DCR, disease control rate; ORR, objective response rate; PR, partial response; SD, stable disease

14



Clinical Activity

Platinum-resistant
Nivolumab 1+ Nivolumab 1 +
Ipilimumab 3 lpilimumab 3
(n =21) (n =16}
ORR, % 114 33.3 0.1 25,0
Complete response, % 0 0 0 6.3
Partial responsa, % 11.4 33.3 8.1 18.8
Stable disease, % 11.4 28.6 0.1 125
Dizease control rate, % 2.7 61.0 18.2 arh
Progressive disease, % 45.5 238 50.0 &0.0
pealprir ot o | 23 05 136 0
Other, % 20.5 4.8 136 125
Not reporied, % 0 0 45 0

Petienit relapesd =20 days Wollowing pletinume-tassd chamotharapy
ePatiant redapsad <90 days follwng platinum-basad chemotherapy




Percentage Change From Baseline (%)

Changes in Tumor Burden

Nivolumab Nivolumab + Ipilimumab?
100 —

— Nivolumab 3

75 _ - Nivolumab 1 + Ipilimumab 1
—  Nivolumab 1 + Ipilimumab 3
+ Firstoccurrence of new lesion

20 - ¥V Confirmed PR or CR
@ Patients still on treatment

25 _|

[0 % change truncated to 100%

66

-50 _|
®
-75 ] L
-100 -100
T T T T T T T T T 1 —— 71 T T T T T T T 1
0 6 12 18 24 30 36 42 48 54 60 66 0 6 12 18 24 30 36 42 48 54 60
Time (weeks) Time (weeks)
3Combined data for nivolumab 1 + ipilimumab 1 and nivolumab 1 + ipilimumab 3 cohorts. Only pts with target lesion at baseline and >1 on-

treatment tumor assessment are included (nivolumab, n = 34, nivolumab + ipilimumab, n = 40).



Best Reduction from Baseline in Target Lesion (%)

Tumor Responses (PD-L1 expression)

150 _ 150 _
125 _ Nivolumab 125 _ Nivolumab + Ipilimumab?
100 | 100 _|
<1% PD-L1
75 | 75 _| 0
B 21%PD-L1
>0 - 30 Not evaluable®
25 25 (] Confirmed responders
N [
-25 -25 | I
. -
-50 _| -50 _
[ ]
[ ]
-75 _| oo, -75 _|
[ ]
-100 _| -100 _|

Evaluable samples

PD-L1 expression level, n (%)

(40 of 90) <1% 21%
Nivolumab (n = 22) 15 (68) 7 (32)
Nivolumab + Ipilimumab (n = 12 (67) 6 (33)

18)

aCombined data for nivolumab 1 + ipilimumab 1 and nivolumab 1 + ipilimumab 3 cohorts. PNot evaluable due to specimens that are not quantifiable, indeterminate, or not yet obtained; 10 nonevaluable
samples and 8 not yet obtained in the nivolumab arm, 6 nonevaluable samples and 26 not yet obtained in the nivolumab 1 + ipilimumab 3 arm. Only pts with target lesion at baseline and 21 on-

treatment tumor assessment are included (nivolumab, n = 34, nivolumab + ipilimumab, n = 40).



Vaccines

e CD40LGVAX
— Adenocarcinoma.
— Nivolumab +/- CD40LGVAX
e Ad.p53-DC
— SCLC
— Pembrolizumab +/- Ad.p53-DC



Adoptive T cell Therapy with TIL or
CAR/TCRTG T cells

* Previous experience with TIL ACT in NSCLC
produced no clinical responses.

* In melanoma 50% RR, only after discovery
that lymphopenia must be induced prior to

ACT.

 ACT with CAR or TCR transgenic T cells.
— Redirect peripheral T cells of any specificity.



2. Insufficient number of T cells
extravasate into some tumors.
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HDACi Induce the Secretion of T cell Chemokines

CXCL10

CXCL9
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2. Insufficient number of T cells extravasate
into the tumor.
Clinical Trial

Pembrolizumab

Pembrolizumab
+

Vorinostat

Chemotherapy-
naive, stage |V,
ALK-/EGFR-,
NSCLC

mMN—<00OZ2>230

Tumor Biopsy



3. T cells are inhibited in the tumor

microenvironment
Relevant Targets for NSCLC

o Surface membrane proteins- checkpoints
« PD1, CTLA4, LAG3, TIM3, BTLA, Adenosine AZAR

e Soluble factors and metabolic alterations
e IL10, TGF[3, Adenosine , IDO, Arginase

* Inhibitory cells
e Cancer Associlated Fibroblasts, Requlatory T cells,

Myeloid Cells




Checkpoint Protein Expression of Fresh Lung TILs
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PBF-509: Adenosine A2AR Antagonist
Target Cells

Specific Binding
Ki 12nM
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Cancer Associated Fibroblasts
Immunosuppressive in the TME

a-sMA

T
2 3 4 5
0 10 10 10 10
FAP

5

2 3 4 2 3 4 5 2 3 4 2 3 4
0 10 10 10 10 0 10 10 10 10 0 10 10 10 10 0 10 10 10 10
PD-L1 cD73 MHC-II HVEM

B Unstained [ Untreated [ IFN-y



Cancer Associated Fibroblasts
Repurpose IPF Drugs

e Pirfenidone plus atezolizumab.

* Nintedanib plus durvalumab and
tremelimumab.



Triterprenoid
Myeloid Cells

Tumor infiltrating myeloid cells produce
peroxynitrite.
— Nitrosylates MHC/peptide complex, TCR, etc.

RTA408 induces Nrfl.

— Activates

genetic program that reduces

peroxynitrite.

RTA408 p
RTA408 p

nase | complete.

us nivolumab phase | initiated.



Conclusions

Immunotherapy can be very efficacious in lung
cancer.

There are a myriad of ways tumors evade
rejection.

There is considerable heterogeneity across
patients.

Relevant biomarkers need to be discovered to
deliver proper immunotherapeutic combinations
to individual patients.



Immune-Related Adverse Events
Frequently rapidly responsive to steroids

Diarrhea/ colitis
Mucositis
Dermatitis
Pneumonitis
Hepatitis
Nephritis

Lipase elevation
Neurologic: GBS, achalsia, myasthenia gravis
Polymyositis
Arthritis
Myalgias



Diarrhea/ Colitis

Gl Adverse Event Management Algorithm

Rule out non-inflammatory causes. If non-inflammeatory cause is identified, treat accordingly and continue -0 therapy. Oplates/narcotics
rmay mask symptoms of perfomtion. inflixkimab should not be used incases of peforationor sepsis,

Grade of Diarrhea/
Colitis Management Follow-up
(MCI CTCAEwA)
Grade 1 : + Close mon itor ing for worse i g sy mptoms.
Digrrhea: 4 stools/day over baseline; :m’;’ gy er * Educate patient o report worsening immedistely
e N N « Trestas Grade 2 or 3/
[ Eimoroveato cradel:
= Resume |- therapy per protocd
Grade 2 iﬂﬂ;ﬁm i )
Eﬁh"ﬁ_m parday over 0.5 1.0 mg/kg/day methylprednisolone or oral eguivalent

baseline 1V fulds | ndic sted <24 hres;
1ot | nterfering with ADL
Caolitis; ahdominal pain; blood in stool

= Deday -0 therapy per protocol
* Symptomatic treatment

at beast 1 mont b, consider prophylactic antibiotics for
opportunistic infections, and resume -0 therapy per
protocol.

I = When symphoms improve to grade 1, taper sheroids over

Hworsens or persists > 35 days with oral sherolds:
» Treat as prade 38
Grade 3-4 * Discontinue FO therspy per K iimEnes
Mﬁﬂ:“ ﬂﬂ*rh’:‘: | gﬁtﬂn doy + Continue storoidsentil grade 1 then tapar sver at
beasedine; incamt nence; 1V flul ds : mig/ke/ least 1 month
hrs; interfering with Ml.ﬂ ﬁ:‘jﬂ”m IForiy * W perssts = 3-5 days, orfacurs siter i mprovemient:
Collkis (G} severs abdominal pain, + Add Infliximab 5 mg/kg (if no contraindlcation).
medical um:‘ intflcated, z :"“ mﬂﬂrﬁ;whm Mote: |l mab should not be used in cases of
peritones signs L

G4: | He-threst enling. perforation

« Consider lower end oscopy

perf oration oF sepsia

Patients on IV staroids may be switched toan equivalent dose of oral cortiomtersids {e.g. prednsone]atstart of tapering or earker, anoe matamed dinsal
improwe mant 5 chseneed. Lower bicavaillabilty of aoral corticostenoeds should be taken inbo aomunt when swebching to the equivalent dose of oral

cortunshenoids.




UL

Pneumonitis

Hepatitis

ALT (SGPT)
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Neurologic Toxicity

Neurological Adverse Event Management Algorithm

Rule out non-inflammatory causes. If non-inflammatory cause, treat accordingly and continue -0 therapy.

Grade of
Neurological
T .'ﬁi Management Follow-up
(WO CTCAE W |
Grade 1
Asymptomatic or Continue to monitor the patient.
milld symp toms; = Continue HD therapy per protocol [ worsens:
Intervention not * Treat as Grade 2 or 3-4
indic ated
= Delayi-0 ther, r protocol
Grade 2 .Tﬁwmﬁﬁgsjgm@hﬁ Uimproves tp baseline:
Moderate sym pto ms; + Consider 05 to 1.0 mg/kg/day =fesume H therapy per protocol when improved to baseline
Uimiting Instrumental methylprednisalone IV or PO Lwomang:
ADL equivalent *Treat as Grade 34
= Discontinue -0 therspy per protooo]
i moves to Grads 2:
_ Grade 34 Obtaln neurolo gy consult S  enst 1 monh
Sevare symptoms; = Treat symptoms per local guldelines e e
Limiting seif -care ¢ L0-2.0mg/kg/day M .
ADL: methylprednisolone 1V or IV equivalent ! worsens or atypical presentation:
Add prophylactic antiblotics for * Comsider IVIG or other | mmunosuppressive theraples per
Life-threstening :
opportunistic infections local guldelines

Patients on IV steroids may be switched to an equivalent dose of oral corticosteroids {e.g. prednisone) at start of tapering or earlier,
oncesustained clinical improvement is observed. Lower bioaweilability of oral corticostemids should be tsken into account when
switching to the equivalentdose of oral corticosteroids.



Conclusions

Predictable set of immune related AEs.
Early detection is important.

Often rapidly responsive to steroids.
— High dose.

— Slow taper (4-6 weeks).

— PCP prophylaxis.

Occasionally need to use infliximab.
IVIG for neurotoxicity.

Don’t retreat if severe.



