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Brief Primer on Tumor
Immunology
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Current Therapies very “T-cell” Centric
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CTLA-4 = cytotoxic T-lymphocyte
antigen 4

PD-1 = programmed cell death
protein 1

LAG-3 = lymphocyte activation
gene 3;

TIM-3 = T-cell immunoglobulin
and mucin protein 3.

Pardoll, Nature Reviews Cancer, 2012
o UNC
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Tumor Immunology is far more complex than just T-Cells,
perhaps combination strategies will be more “actionable”
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Vogelstein, et al.
Science, 2013.
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Mechanisms for Immune Evasion,
And Ways to Get Around this
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Action Item: Kill!!!

Cancer cell
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Cancer Immunotherapy

» Cancer cells have mutations that make
them recognizable by the immune system
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Cancer Immunotherapy

» Cancer cells have mutations that make
them recognizable by the immune system

» However, cancer cells can evade the
immune surveillance by expressing
proteins such as PD-L1

¢ Inhibiting the PD-L1/PD-1 interaction
can restore anti-tumor T-cell activity, potentially
leading to long-lasting responses

D8+ Cytotoxi
Lymphocy!
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BP-SIY

Green YFP+ tumor cells
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BPC-SIY

Green YFP+ tumor cells

Spranger, Cancer Cell, 2017
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BP-SIY

Green YFP+ tumor cells

48h post T cell transfer
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Green YFP+ tumor cells

120h post T cell transfer

Spranger, Cancer Cell, 2017

Single Agent Efficacy on anti-PD1 or anti-
PDL1 in Non-Small Cell Lung Cancer
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Second Line: Nivolumab in Lung Squamous
100-pwg Median Overall Survival  1-Yr Overall Survival No.
s mo (95% Cl) % of patients (95% Cl)  Deaths
Nivolumab (N=135) 92 (7.3-133) 42 (34-50) 36
7 Docetaxel (N=137) 60 (5.1-7.3) 24 (17-31) m
LN
g
‘s 60
2 Hazard ratio for death, 0.59 (0.44-079)
L P<0.001
H
40
@ Nivolumab
T 304
13
3
o 204
104 Docetaxel
3 6 9 12 15 18 21 24
Months
No. at Risk
Nivolumab 135 113 86 6 52 31 15 7 o
Docetaxel 137 103 68 45 30 14 7 2 o
208 Brahmer, NEJM, 2015 [ UNC

Nivolumab in non-SqCC NSCLC

Overall Survival

100 - Nivolumab  Docetaxel
46 (n=292)  (n=290)
oge] mos, mo 122 94
70 HR=0.73 (96% CI: 0.59, 0.89); P=0.0015
_ e
2 5 1-yr OS rate =51%
@
S 40
i 1-yr OS rate = 39% & Nivolumab
204
i S
o 3 6 s 5 18 2 2 27
Number of Patients at Risk Time (months)
Nivolumab wm m 1904 169 6 2 2 2 9
Docstaxel 200 24 1904 150 m 8 3 0 5
Smbotsrepresentcensored obsevaons
S ARE T ROPLATY OF THE AVTHGR.PERMSSON BEGUREDFOR ssovon. - ASCE | Apqualls
. Paz-Ares ASCO 2015 [} LUNC
Non-Toxicity of PD1
Event Nivolumab (N=131) Docetaxel (N=129)
Any Grade Grade3or4 Any Grade Grade3or4
number of patients with an event (percent)
Any event 76 (58 °0) 111 (86) nes |
Fatigue 21 (16) 1) 423 10
Decreased appetite 1401 1) 25 (19) 10
Asthenia 13 (10) o 18 (149 ()
Nausea 1209 o 3023) 2)
Diarthea 10(8) o 26 (20) 30
Arthralgia 765 o 9 () o
Pyrexia 5(5) o 10(8) 10
Preumonitis 6(5) o o o
Rash 5(4) o 8(6) 20)
Mucosal inflammation 3@ o 129 o
Myalgia 202 o 13 (10) o
Anemia 202 o 2822 e
Peripheral neuropathy 1 o 15(12) 30
Leukopenia 10 10 86 )
Neutropenia 1 o 263 38 30)
Febrile neutropenia 0 o 14 (11) 13 (10)
Alopecia 0 o 2922 1)
Brahmer, NEJM, 2015
1 UNC
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Nivolumab

Docetaxel

Durability of Response is The Real Excitement

Patients with Ongoing
q Response

63%
(17 of 27 patients
with response)

339%
(4 of 12 patients
with response)

Weeks
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32 40 48 56 64 72 80 88 96 104

NC

Brahmer, NEIM, 2015 |1l
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Second Line: Pembrolizumab in PD-L1+ NSCLC
100§ —— Pembrolizumab 2 mg/kg
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Herbst et al, Lancet 2015
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Second Line: Atezolizumab in PD-L1+ NSCLC
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Clinical Activity in NSCLC (Squamous)

Baseline Post C2 (Weck 6)

ﬁ ‘
- - 4‘
Post C6 (Week 18) Post C16 (Week 48)

— — | —_ —

22018

Presented on 2/21/18

First Line: KEYNOTE 024 Pembrolizumab in NSCLC

» Randomized, open label, phase 3.

» 305 untreated stage IV NSCLC. 1934 patients initially screened.

* PD-L1>50% (500 of 1653, ~30% had PD-L1>50%). DAKO 22C3

* No EGFR or ALK mutation

* No untreated CNS metastases or active autoimmune disease

» Assigned 1:1 to Pembrolizumab 200mg every 3 weeks x35 cycles vs.
Platinum based chemotherapy x4~6 cycles
n=154 vs. n=151. Crossover to Pembrolizumab permitted if PD in
chemotherapy arm.

* Primary endpoints : PFS

* Secondary endpoints : OS, ORR, safety

Reck et al, NEJM, 2016

0 UNC
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First Line: KEYNOTE 024 Pembrolizumab in NSCLC

Progression-free Survival (%)

Pembrolizumab Chemotherapy

No. st Risk
Pembroizumab 154 104 89 4 2 3 1

Chemotneray 151 % 0 1 s 1 0
Pembro 73 103 050 <0.001
Chemo. 116 60 (0.37 - 0.68)

Reck et al, NEJM, 2016

0 UNC
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First Line: KEYNOTE 024 Pembrolizumab in NSCLC

Kaplan-Meier Estimate of OS:
Updated Analysis

Events,n__HR (95% CI)

Median (35% Ci)

ING ‘17 #ASCO17

Brahmer, ASCO 2017
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Current Targets of Immuno-Regulatory

.
Antibody Therapy
Activating Inhibitory
receptors receptors
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PD-L1 As a Biomarker
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> 25% of tumor cells

Nivolumab Dako 28-8 Variable by study: In squamous 2L
* >5in>100 cells in 1L lung study,
lung study seemed
« >5,>1in>100 cells  predictive; not
in 2L lung study predictive in
nonsquamous 2L
study
Pembrolizumab 22C3 > 50% expression in Predictive in
tumor cells phase Il study
Atezolizumab SP142 Combined tumor cell Seemed
and/or infiltrating T cell  predictive in
POPLAR+OAK
MEDI-4736 SP263 Membrane positivity of  Responses in

both PDL1 and
PDL1 positive
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Some progression is really pseudo-progression

But most progression is just
progression

Rizvi, ASCO 2014
I NG

UNC

After 1 year of stable disease on
Nivolumab, stay on treatment!

Ci 153: Conti 1s vs 1-Year Ni
PFS From Randomization?

HR: 0.42 (95% CI: 0.25,0.71)

Combination Approaches in
Immunotherapies

=
Z

For Educational Purposes Only 9



Chemo-+Ipilumumab (Not Active)

Phase III in Lung Squamous Cancer
Carbo/Taxol +/- Ipilumumab

Chemotherapy + Ipilimumab Chemotherapy + Placebo
—

100 No. of events/No. of patients 81588 2727361
Median OS, months (95% CI*  13.4 (11,810 14.8) 12411610 136)
80 HR (95% Cilt 091(077101.00
Logrank Pt ES
= 60
Py J-year 05 rate - 54%
=]
40
2

0 2 4 6 8 1 12 14 16 18 20 22 24 2 28 30 32 34 36 3| 40 42 4
Time (months)

Govindan et al, Journal of Clinical Oncology, 2017
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Chemo+Pembrolizumab (Active!)
Phase II in Lung Adeno
Carbo/Pemetrexed +/- Pembro
Lead to FDA Approval in Front-Line Setting
independent of PD-L1 expression

Penbumaghs  Gamtensy
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Langer et al, Lancet Oncology 2017
0 UNC
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IMpower150 study design

Maintenance therapy
(o crossover permitted)

Arm A
Atezolizumab? + Carboplatin®

Treated with

Stage IV or " .
Atezolizumab* atezolizumab

recurrent metastatic non- +Paclitaxelt
squamous NSCLC AornGapts until PD by
Chemotherapy-naive* RECISTv1.1

ArmB or loss of clinical
AtezolizumabP + Atezolizumab® benefit
Carboplatin® + Paclitaxel* +
+Bevacizumabe Bevacizumab® AND/OR

Tumour tissue available for
biomarker testing
Any PD-L1 IHC status

R
111

Stratification factors:
* Sex

« PD-L1IHC expression
* Liver metastases

4 or 6 cycles

Survival follow-up

Treated with
Arm C (control bevacizumab
Carboplatin® + Paclitaxel A until PD by
+ Bevacizumab® Bevacizumab RECISTv1.1

4 0r 6 cycles

N=1202

The principal question is to assess whether the addition of atezolizumab to Arm C provides clinical benefit

“pacitseet 200mgm V 63w ”

Reck et al, ESMO, 2017
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Baseline characteristics in ITT
Arm A: Arm B: Arm C (control):
Baseline characteristics atezo + CP atezo + bev + CP bev + CP
(N = 402) (N = 400) (N = 400)

Median age (range), years 63 (32-85) 63 (31-89) 63 (31-90)
Sex, male, n (%) 241 (60%) 240 (60%) 239 (60%)
ECOG PS, 0, n (%) 180 (45%) 159 (40%) 179 (45%)
Tobacco use history, n (%)

Current smoker | Previous smoker 98 (24%) | 227 (57%) 90 (23%) | 228 (57%) 92 (23%) | 231 (58%)

Never smoker 77 (19%) 82 (21%) 77 (19%)
Liver metastases, yes, n (%) 53 (13%) 53 (13%) 57 (14%)
EGFR mutation, positive, n (%) 46 (11%) 35 (9%) 45 (11%)
ALK rearrangement, positive, n (%) 9(2%) 13 (3%) 21 (5%)
Teff gene signature expression, high, n (%) 177 (44%) 166 (42%) 148 (37%)
Of those tested 124 106 15

KRAS mutation, positive, n (%) 36 (29%) 47 (44%) 38 (33%)
PD-L1 expression, n (%)®

TC2/3 or IC2/3 137 (34%) 140 (35%) 133 (33%)

TC1/2/3 or IC1/2/3 213 (53%) 209 (52%) 195 (49%)

TCO and ICO 188 (47%) 191 (48%) 205 (51%)

M UNC

Progression Free Survival
(64% response rates!)

Arm B: atezo + bev + CP
90 Arm C: bev + CP

HR, 0.617 (95% CI: 0.517, 0.737)
P <0.0001

40 Minimum follow-up: 9.5 mo

Median follow-up: ~15 mo

Progression-free Survival (%)
38

6.8 8.3 mo
0 (95% CI: 6.0, 7.1); (95% C1: 7.7, 9.8)
012345678 9101112131415161718192021222324252627282930

Months.
No.at Risk

| UNC

Rock M, ot al. IMpower150 PFS analysis. .-

Preliminary median Overall Survival (~19 months)
(Unselected for PD-L1 Expression)

100 Arm B: atezo + bev + CP
90 Arm C: bev + CP
— 80
g 7n HR, 0.775 (95% CI: 0.619, 0.970)
g e P=0.0262
g Minimum follow-up: 9.5 mo
@
s 4
g 30
© 2
10 14.4 mo 19.2mo
0 (95% CI: 12,8, 17.1) (95% CI: 16.8, 26.1)
012345678 91011121314 1516171819 20 21222324 2526 27 28 29 30

Months.
No.at Risk

+  Data cutoff: September 15, 2017 (Next Analysi

Early 2018)
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Some caution about immune therapy
combinations...

6/12/2017: FDA places hold on two phase 111 trials of pembrolizumab +
IMiD in Multiple Myeloma

KEYNOTE-183 (randomized phase III, Multimple Myeloma)
*pomalidomide/dexamethasone % pembrolizumab
*>2 prior lines of therapy, refractory to last line of therapy

KEYNOTE-185 (randomized phase III, newly diagnosed MM)
elenalidomide/dexamethasone = pembrolizumab
*Treatment-naive, newly diagnosed MM

22018
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In two Phase III studies, Pembro lead to worse
overall survival with IMid combinations
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Nivolumab plus Ipilimumab
in Advanced Melanoma
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CHECKMATE 012: 15t line IPI+NIVO in NSCLC

707 ol 3 g vy 2weks s b 1 i vy 12 wels
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Pembrolizumab+Epacadostat (IDO inhibitor)

Percentage Change in Target Lesions
[Epacadostat Plus Pembrolizumab
Phase 1/2 Advanced NSCLC (Patients With 0-2 Prior Lines of Treatment)

‘Change From Basalino, %

Bast Chango From Basoline, %

Pationts With s Response
8

ASCO 2017
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Reasons to be excited about immunotherapies
in earlier Stage disease...
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PACIFIC for Stage III patients
(post-chemoradiation, non-PD-L1 selected)

No. of Events/

Total No. Median PFS 12-Mo PFS. 18-Mo PFS.
of Patients (95% CI) (95% Cl) (95% CI)
107 mo % %
% Duvalumab  214/476 168 (13.0-181) 559 (510-604) 442 (37.7-505)
09 T Placebo 157237 56(4.6-7.8) 353 (200-417) 27.0 (19.9-34.5)
L
.
03
%\_k
. ‘»%
06
s,
3 e Durvalumab

Probabiliy of Progression-free Survival

Stratified hazard ratio for disease progression
or death, 0.52 (95% Cl, 042-0.65)
Two-sided P<0.001

3 6 9 12 15 21 2 27
Months since Randomization

Antonia et al, NEJM, 2017
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Take Home Points

» FDA approved immune therapies block the PD1/PDL1 axis

» Toxicities are different from chemo, however anti-PD1/PDLI
therapies are usually well tolerated (sometimes zero side effects)

+ Pembro approved in 1% line (PD-L1>50%, ~30% of patients)

* 3 agents approved in 2" line setting (2 anti-PD1, 1 anti-PDL1)

* Promising chemo combinations, especially in combination with
anti-angiogenesis approaches

* Other immunotherapy combinations are showing early promise,
however caution is warranted (better preclinical data needed)

* Likely a massive wave of new combos to come (~3,000 combo
trials underway)

0 UNC
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Thank You
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