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Top Ten Leading Causes
of Cancer-related Deaths

Female

Lung & bronchus 83,550 Lung & bronchus 70,500
Prostate 29,430 g Breast 70,020
Colon & rectum 27,390 Colon & rectum 23,240
Pancreas 23,020 Pancreas 21,310
Liver &intrahepatic bile duct 20,540 Ovary 14,070
Leukemia 14,270 Uterine corpus 11,350
Esophagus 12,850 Leukemia 10,100
Urinary bladder 12,520 Liver & intrahepatic bile duct 9,660
Non-Hodgkin lymphoma 11,510 Non-Hodgkin lymphoma 8,400
Kidney & renal pelvis 10,010 Brain & other nervous system 7,340
Allsites 323,630 All sites 286,010

Most patients present with unresectable disease

American Cancer Society.
Cancer Facts & Figures. 2018.

Estimated Deaths

Goals today

- Discuss major new therapeutic approaches for
advanced lung cancer, and present data on
solving major issues for each of these
approaches

Therapy targeting “driver oncogenes”

* Improving the depth and duration of
response to these therapies

Therapy designed to overcome tumor immune
escape mechanisms

« Defining novel escape mechanisms and
biomarkers for patient selection markers




56 year old female never smoker
increasingly short of breath

Response to crizotinib (Xalkori)

4/26/2011

When you match drug and target
— alectinib and ALK fusion

-80 1 Alectinib

% Change from Baseline

Presented By Hiroshi Nokihara at 2016 ASCO Annual Meeting




New, improved drugs against
these targets now available

* New drugs are now available that work when the old ones

stop working
+ Target mechanisms of resistance to older drugs

Effective brain penetration that prevents and more

effectively treats brain metastases

* Some patients with brain metastases can be
effectively medically treated and may never need
brain radiation

E.g. osimertinib, alectinib, and brigatinib

* Drugs with less toxicity
* More selective, more effective drugs against old drivers,

e.g. RET, HER2
* Vandetinib vs. LOX0292
Poziotinib and TAK-788

Thus, it is now standard of care
to get a tumor genetic analysis
before starting any therapy in
non-small cell lung cancer

Documented efficacy for: BRAF, MET,
TrkA, ROS, RET, HER2, and others...




But even with driver-mutant lung
cancer, much remains to be done

We have extended survivals from 6-8 months to 3
or more years with modern targeted therapies

 When you are 50 years old 3 years does not
sound very good.

But all patients eventually relapse

« Some have targetable mechanisms of
relapse, but most do not.

We need to convert responses to cures

« Target drug persistence rather than
resistance

Universal, reflex genomic testing

Example: data on molecular testing

Proportion of Stage IV Patients Wh

Type of setting
Private  Academic ~ Community  Other  NE

Clinic Center  Based Center n=4  n=37
=88 n=29 n=36

Squamous cell carcinoma 20% 25% 29%

Adenocarcinoma 81% 96% 84%

Large cell % 1% 50%

NSCLC not otherwise 5% 87% 43%
specified (NOS)

Friends of Cancer Research and the Deerfield Institute whitepaper, 2017




However, if you look at the details....

Proportion of Newly-Diagnosed Patients who were Screened for the
Following Genetic Alterations

Type of setting
Private  Academic ~ Community ~Other ~ NE
Clinic Center  Based Center n=4  n=37
n=88 n=29 n=36
EGFR mutations 76% 2% 68%

ALK rearrangement % % 70% 67%

BRAF V600E mutation 8% 36%
MET amplification % 13% 31%
ROS! rearrangements % 36% 45%
HER?2 mutations % % 3%

RET rearrangements

Friends of Cancer Research and the Deerfield Institute whitepaper, 2017

And it gets worse....

« These are survey data of 157 medical
oncologists selected for having a high volume of
lung cancer patients

2017 Flatiron oncology clinic data by Rughani
showed 22% of non-squamous metastatic
patients had no evidence of EGFR or ALK testing

1/3 of patients had results that took more than 4
weeks to come back to the ordering physician

+ <4 weeks: ~80% got appropriate TKis
« >4 weeks: ~40% got appropriate TKis




Lung Cancer outcomes are impacted by
late detection and low treatment rates

Only about 20% of lung cancer is localized when found

Less than 2% of eligible people in the USA are getting
lung cancer screening CTs (Pham et al, JCO 2018 (abstr
6504)

Using the SEER cancer registry of Medicare claims from
2007-2013:

43,165 patients had a new diagnosis of stage IlIB/IV
NSCLC

29,720 had any treatment at all (69%)

13,742 (32%) received any systemic therapy
Only 8,542 (20%) received “standard”, guidelines
recommended first line therapy.

Bittoni and Carbone, Clinical Lung Cancer 2018

In the United Kingdom

« Of 176,225 lung cancer patients:
* Only 13% got surgery
* 8% got any radiation
» 28% got any chemo...

Moller et al, Thorax 2018



Per capita health care expenditures, 2015

USA - $9,

536

India - $238

ln .............'.,.l..muumnlll|||l||||||||”||”||H”HH”H

WHO data, 2016

Immunotherapy

UK - $4145

|

Targeting normal regulatory
mechanisms subverted by cancers
to avoid immune clearance

|




= _Gandhi KN189

Chemotherapy Has Complex and Pleiotropic
Effects on Antitumor Immune Responses

Promotion of Antitumor Immune Response Impairment of Antitumor Immune Response

+ Antigen shedding and presentation + Post chemotherapy Induction of immune
* Release of cancer antigens regulatory receptors, ligands, and
* Upregulation of MHC | cytokines
+ Enhanced DC activafion + eg, negaive feedback from IFNy
+ Altered immune regulatory receptors, + Decreased Ty function
ligands, and cytokines + Unfavorable effecton immune
+ Increased T, function, proliferations, regulatory cells
and recruitment + Reduced number of circulating
+ Activation of innate immunity lymphocytes
+ eg, STING, RIG-1, TLR9 + Increased number of circulating
+ Favorable effecton immune monocytes, MDSCs, etc

regulatory cells
* Suppression of T, MDSCs, efc

Enhances positm . Reduces negative immune
Anti-PD-1

effects of chemotherapy effects of chemotherapy

Bracci L et al Cell Death Differ 2014;21:15-25. Roseli M et al. Oncoimmunology 2013,2:¢27025. Galluzzi L etal Cancer Cell 2015;28:690-714. Medler TR et al. Trends Cancer
2015,1:66-75. van Meir H et al. Oncoimmunology 2017,6:e1267035. Peng J et al. Cancer Res 2015,75:5034-5045. Zhang P et al Cancer Sci 2016,107:1563-15T1 Novosiadly RD et al
18" IASLC World Conference on Lung Cancer; Oct 15-18, 2017, abstract P3.07-006.

<TVTrFPAMI-HO=IMIO

PD-1 and PDL-1 signaling is a
major mechanism of immune
down-regulation

* About 1/3 of tumors have high PD-L1
expression

« About 1/3 have low expression
« About 1/3 have no expression




KNO024: PD-L1 >50% NSCLC

Overall Survival: Updated Analysis
Events,n  HR (95% CI)

Pemibrolizumab? 063

: (0.47-0.86)
Chei:motherapy 9% P=0.002°

62.3% [(82 + 12)/1151] i Median (95% CI)
crossover to anti PD-1 H 30.0 mo (18.3 mo-NR)

8§ 12 15 14 21

Time, months
Ne.atrisk

Fambra 154 1 LRF: (D 96

Chemo 151

Survival of NSCLC Patients Over Time

Overall Survival (months)

0
C ination Plati B, : Mai

2L Anti- 1L Anti- 1L
Chemo Chemo +Chemo Pemetrexed PD1/PDL1 PD1 Pembro
SCLC/NSCLC NSCLC Non-squamous Adenoca High PDL1 unselected PD-L1>50%
1976 2002 2006 2009 2015 2016 2017

Chemotherapy Immunotherapy

Adapted from Pao et al., Nat Rev Cancer, 2010; Borghaei et al, NEJM, 2015;
Rittmeyer et al, Lancet, 2017; Hui et al, Ann Oncol, 2017; Leighl et al, ASCO, 2017
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Chemotherapy with 10 — KN189

Key Eligibility_Criteria
* Untreated stage IV
nonsquamous NSCLC

* No sensitizing EGFR or
ALK alteration

* ECOGPS0 or1

* Provision of a sample for
PD-L1assessment

* No symptomatic brain
metastases

* No pneumonitis requiring
systemic steroids

Stratification Factors

+ PD-L1 expression
(TPS2<1% vs 21%)

Pembrolizumab 200 mg +
Pemetrexed 500 mg/m? +
Carboplatin AUC 5 OR
Cisplatin 75 mg/m?

Q3W for 4 cycles

Placebo (normal saline) +
Pemetrexed 500 mg/m? +
Carboplatin AUC 5 OR
Cisplatin 756 mg/m?

Q3W for 4 cycles

Gandhi KN189

AACR 2018
(NCT02578680)

Pembrolizumab

200 mg Q3W for

up to 31 cycles
+

Pemetrexed
500 mg/m? Q3W

Placebo (normal saline)
for up to 31 cycles
+
Pemetrexed
500 mg/m? Q3W

+ Platinum
(cisplatin vs carboplatin) Pembrolizumab

+ Smoking history 200 mg Q3W
(never vs formericurrent) for up to 35 cycles

*Percentage oftumor cells withmembranous PD-L1 staining assessed using the PD-L1 IHC 22C3 pharmDx assay."Patients could crossover during the induction or maintenance phases.

To be efighle for crossover, PD must have been verified by biinded, independent central radiologic review and all safety criteria had to be met.

Gandhi KN189
AACR 2018

Response Rate by PD-L1 TPS
(REC'ST vi .1, BIC R) Pembro/Pem/Platinum [}

PlaceboiPem/Platinum [}

P2<0.0001
P2=0.0001

P2 =0.0055

ORR, % (95% CI)

TPS <1% TPS 1-49% TPS 250%
(Includes all CRs)

*Nominal and one-sided
BICR, binded, independent central review. Data culoff date: Nov 8, 2017,
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Gandhi KN189

Progression-Free Survival, ITT e

(RECIST vi1.1, BICR) fonts HRESOC) P
100 Pembro/Pem/Plat  59.5% 0.52 <0.00001
PlaceboPemPlat 806% 4064
90 acebo/Pem/Pla 6%
34.1%
o 17.3%
70
2 60
ﬂ h Median (35% Cl)
: 8.8 mo (7.6-9.2)
40
49 mo (4.7-55)

0
0 3 6 9 12 15 18 21
No. atRisk Months
410 32 256 149 60 17 5 0
206 14 80 40 16 3 1

BICR, binded, independent central review. Data cutoff date: Nov §, 2017.

Gandhi KN189
AACR 2018

Overall Survival, ITT

100
%0
80
70
60
50
40
30
20
10

0

Events HR(95%Cl) P
Pembro/PemiPlat  31.0% 0.49 <0.00001
Placebo/Pem/Plat  52.4% (0.38-0.64

69.2%
49.4%

Median (95% Cl)
NR (NE-NE)
11.3 mo (8.7-15.1)

0S, %

0 3 6 9 12 15 18 21
No. at Risk Months

410 377 347 2768 163 n 18 0
206 183 149 104 59 25 8 0

Data cutoffdate: Nov 8, 2017.




Gandhi KN189
AACR 2018
Overall Survival in Key Subgroups
No. of Deaths/ No. of Deaths/
Subgroup  No. of Patients Hazard Ratio (95% Cl) Subgroup  No. of Patients Hazard Ratio (35% Cl)
Overall 2350616 - Overall 235/618 -
Age i Baseline brain mets !
<B5yr 1331312 - 51108 —a
¥ H2304 * 184/508 -
Sex ] '
Male 1431263 —a— |
84/190 -
'_f\emalre!en 92/253 - 125388 +
- 65/186 ——
0 74/266 ——
1 159/346 —-— 70202 —&—
Smoking status i ]
Current/former  211/543 - Carboplatin 1761445 -
Never 473 ——— Cisplatin 50171 ——
0.1 05 1 0.1 05 1
Pembro/Pem/Plat  Placebo/Pem/Plat Pembro/Pem/Plat  Placebo/Pem/Plat
Better Better Better Better
Data cutoffdate: Nov 8,2017.

Gandhi KN189

Adverse Events (All Cause): Frequency 220%
Grade
60 12 35
5 m Pembro/Pem/Platinum [}
50
& PlacebolPem/Platinum [}

Data cutoffdate: Nov 8,2017.




Gandhi KN189
AACR 2018

Immune-Mediated Adverse Events

Grade
12 35
Pembro/Pem/Platinum [}

Placebo/Pem/Platinum [} |

—_

Frequency, %
o —_ N W B~ o oy ~N o o O

®includes 3 grade S events. Data cutoffdate: Nov 8, 2017,

KN 189: Combination Pembro + Chemo

TPS <1%

TPS 1-43%

HR HR
Events  (95% CI] P Events  (95% CI)

PembroPemPlat  724% 075 00476
Placebo/Pem/Plat  85.7%  (0.53-1.05)

[Median (35% CI)
6.1 mo (4.9-7.6)
5.1 mo (4.5:69)

547% 055 00010
75.0% (0.370.81)

20| Median (35% CI)
9.0 mo (7.111.3)
49mo (67:69)

TPS 250%

HR
Events _(95% C|

518% 036 <0.00001
sgy (025052

44.9%
15.4%

edin 054, C)
9.4 mo (0.013

47 m0 (3.16.0)

HR
Events (95% CI) P
PembrolPem/Plat  38.6% 059 00095
Placebo/PemiPlat  55.6%  (038-0.92)

1¢{ Median (9% CI)
* 152mo (23N
“1120mo (7.0-Ng) !

Events (95% ClI| P
W% 055 00081
B  (034030)

ir1.8%
150.8%

Median (85% CI)
NR (NE-NE)
07129 mo (B7-NE) |

HR
Events (95% Cl) P
B8% 042 00000
s14%  (0.26053)

173.0%
{48.0%
|

3t |
] Ve (65% CI) i

NR (NE-NE) !
1100 mo (1.5NE) |

Montas

EREE I RT

Months

ot

Gandhi et.al., NEJM, 2018
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Pembro vs Combination Pembro + Chemo
PD-L1 >50%: PFS

Monotherapy (KN024) Combination (KN189)
PD-L1 >50% PD-L1 >50%

Events, Median,  HR P
n mo (95% CI)

Pembo 73 103 g

Chemo 116 60  (0.37068)

HR

Events 95% CI
Pembro/Pem/Plat  51.5% 0.36

Placebo/Pem/Plat  80.0%  (0.250.52)

\

]

Mo atik Time, months No.atRisk
15 u 132 112 95 60 23

151 1 70 43 26 1" 5

Months

Reck et.al., ESMO, NEJM, 2016; Gandhi et.al., AACR, NEJM, 2018

Pembro vs Combination Pembro + Chemo:
PD-L1 >50%: OS

Monotherapy (KN024) Combination (KN189)
PD-L1 >50% PD-L1 >50%

Events, Median,  HR P HR
n mo  (95%Cl) Events (95% Cl)
Pembro 44— NR 050 Pembro/Pem/Plat  25.8% 0.42

0.005
(0.41-0.89)
Chemo 8 NR - (041080) . PlacebolPemPlat 51.4%  (0.260.68)
\
180%

173.0%
Pembro/Pem/Plat

Placebo/Pem/Plat
205
| Median (35% CI)

NR (NE-NE) mFU 10.5 mo
10.0 mo (7.5-NE)

3 5 12

Time, months No.atRisk Wonths

132 122 114 86 5
) L]
“ u 70 B4 50 35 19

Reck et.al., ESMO, NEJM, 2016; Gandhi et.al., AACR, NEJM, 2018
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Carbo/Taxol + Bevacizumab +/- Atezolizumab

IMPOWER 150: First-Line

IMpower150 study design

f Stage IV or \

recurrent metastatic
non-squamous NSCLC
Chemotherapy-naive?
Tumour tissue available
for biomarker testing
Any PD-L1IHC status

Stratification factors:

AmA
Atezolizumah® +
Carboplatin® + Paclitaxel!
4 or 6 cycles

AmB
Atezolizumab® +
Carboplatin® + Paclitaxel!
+ Bevacizumab®

Maintenance therapy
(no crossover permitted)

Atezolizumab®

Atezolizumah®
S
Bevacizumab®

Treated with
atezolizumab
until PD by
RECIST v1.1
or loss of
clinical benefit

ANDIOR

. Sex 4 0r 6 cycles

+ PD-L1IHC expression Arm C (control)
+ Liver metastases

Treated with
bevacizumab
until PD by

Survival follow-up

Carboplatin® + Paclitaxel®

- e
\ N=1202 / + Bevacizumabe EerEczinEt RECISTv1.1
4 or 6 cycles \ /

Reck et.al.,ESMO Immuno-Oncology Congress, 2017

IMPOWER 150: First-Line
Carbo/Taxol + Bevacizumab +/- Atezolizumab
Subgroup Analyses: Teff & PD-L1

Median PFS, mo

n (%)?
Teff-high 284 (43%)
Teff-low 374 (57%)

PD-L1-High (TC3 or IC3) 135 (20%)
PD-L1-Low (TC1/2 or IC1/2) 224 (32'%)
PD-L1-Negative (TCO and IC0) 338 (49%)

[ ITT-WT 692 (100%)

10 1,‘25
Hazard Ratio®
In favor of Arm B:  In favor of Arm C:
atezo+bey+CP bey+CP

Kowanetz et.al., AACR, 2018
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IMPOWER 150: First-Line
Carbo/Taxol + Bevacizumab +/- Atezolizumab
Subgroup Analyses

Median PFS, mo
Populations n (%P
ITT (including EGFRIALK+)

EGFRIALK+ only® 108 (14%)
ALK rearrangement® 34 (31%)
80 (74%)

Exon 19 deletion or L85SBRY 59 (74%)
ITT-WT 692 (87%)

Liver metastases 110 (14%)
No liver metastases 690 (86%)

Hazard Ratio
In favor of Arm B:  In favor of Arm C:
atezo +bev +CP bey +CP

OS For EGFR Mutant Tumors In
Previously Treated NSCLC

* Nivolumab (CheckMate 057)
- OS HR 1.18 (0.69 — 2.0)

* Pembrolizumab (KEYNOTE 010)
- OS HR 0.88 (0.45 — 1.70)

* Atezolizumab (OAK)
« OSHR1.24

Borghaei et.al. NEJM, 2015; Herbst et.al., Lancet, 2015; Barlesi et.al., ESMO, 2016
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IMPOWER 150: EGFR/ALK+ Cohort

— Am B atezo + bey + CP
— AmC:bey +CP

HRY, 0.59 (95% CI: 0.37, 0.94)

Wedian, 6.1 mo! ! Median, 9.7 mo.
©5%CE5, 84} 1(05% CE69, 152)

& &8 0 1 WM
Time (months)

Progression-Free Survival (%)

o9 6 4
% 1 1 6 2

EGFR Exon 19 Deletion or LB58R Mutation

— Am B: atezo + bev + CP
— Am C: bev +CP

HR?, 0.41 (95% C: 0.22, 0.78)

Progression-Free Survival (%)

Wedian, 61 mo! Wedian, 10.2mo’
(85% CI: 5.1, E.5]i (95% CI: 8.3, NE)

8 10 12 W ot B oM 2
Time (months)
No. at Risk
Aezo-Bev+CP 27 25 24 N 18 9
BevéCP 2 N 27 17 M €

Kowanetz et.al., AACR, 2018

CheckMate 227: First-Line

Nivolumab+ Ipilimumab vs Chemotherapy
in TMB high

ORR (TMB 210 mutMb)> 109 Mo chme

Median PFS® mo 12 54

HR, 0.58
97.5%Cl 041,081

P=0.0002

';(?UPFS =43% N\\I/_oluma%'
ipilimumal
| Bepo-qge qm‘o«‘)‘o @
]
]
11y PF§ =13%
Chemotherapy

0 24
No.atisk

Nivo + ipi Chemo Nivo+igi 130
N 63139 43/160 “oem 160

* Median time to response was 2.7 months with nivolumab + ipilimumab
. and 1.5 months with chemotherapy

Hellmann et.al., AACR (with permission)




CheckMate 227: First-Line
Nivolumab+ Ipilimumab vs Chemotherapy

TMB >10

21% PD-L1 expression
Nivo +ipi Chemo
(n=101) (n=112)
Median PFS,mo? 7.1 55 Median PFS, mo® 7.7 53
HR 052 80 HR 048
95%Cl 044,088 95%Cl 0.27.0.85

<1% PD-L1 expression

Nivo +ipi Chemo
100 (n=38) (n=48)

i 1yPF8=45%  Nivolumab +
1-y PFS =42% Nivolumab + yPrs A
S-9g " ipilimumab ] ipilimumab
[ H ]
! 1
11y PFS =16% |

A I1-)/ PFS=8%  Chemotherapy

| chemomapy
9 12 15 18 2
Months

1
12 15 18 21 24
Months

10

Hellmann et.al., AACR (with permission), 2018

Combinations of targeted and

immunotherapies for locally
advanced NSCLC
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More Radiation Therapy isn’t
the Answer

RTOG 0617  |* Censored
p=0.0042 (ong-sided log-rank)

2 year Survival Rate
57.6%

44.3%
74Gy

Median
Survival
Time

28.7 months

[— 60 Gy - 74 Gy | 20.3 months

27 212 194 181 169 160 142 129 116
207 188 180 162 142 126 112 % 87

More Radiation Therapy
isn’t the Answer

* In RTOG 0617
* 60 Gy

» 28.7 months median survival
* 57.6% 2 year survival

- 74 Gy
* 20.3 month median survival
* 44.3% 2 year survival




START Trial: Chemoradiation +
vaccine

L-BLP25 Placebo
(N=829) (N=410)

Median OS 256 mo  22.3 mo

Adjusted  0.88 (95% CI
HR 0.75-1.03)
7 p=0.123*

60 " Median
S follow-up

100

90

80

39.9mo 37.7mo
50

40
30
20

*T ided, strata and

10

0 T

At risk (N)

Placebo 410 353 285 188
L-BLP25 829 757 617 429

Presented by: Charles Butts, M.D., with permission

RTOG 0617, NCCTG N0628,CALGB
30609 Cetuximab vs. no Cetuximab

Survival Rate (%)

Dead Total

e 128 237
— NEtRdman ab 123 228

0 HR=0.99 (0.78, 1.27) p=0.4838
0 3 6 9 12 15
Patients at Risk Months since Randomization

Cetuximab 237 225 203 187 169 149
No Cetuximab 228 217 195 174 154 144

WCLC 2013 Sydney



SWOG 0023 - EGFR TKI
after chemo/RT

Patients treated with EGFR TKIls after chemo/RT
for stage Ill NSCLC

+ Have statistically significantly shorter survival
» 23 month median survival for gefitinib
» 35 month median survival for placebo

Kelly et al, J Clin Oncol 26:2450-2456. © 2008

PACIFIC: Study Design

Phase lll, Randomized, Double-blind, Placebo-controlled, Multicenter, International Study

+ Patients with stage lll, locally N "
advanced, unresectable NSCLC who Durvalumab 10 mg/kg| Co-primary endpoints
have not progressed following CEACRELELLY . pFS by BICR using RECIST v1.1*
definitive platinum-based cCRT (22 N=476 . os
cycles)

+ 18 years or older

+ WHO PS score 0 or 1 1-42 days
post-cCRT 2:1 randomization,
« Estimated life expectancy of stratified by age, sex,
212 weeks and smoking history
N=713 Key secondary endpoints
+ ORR (per BICR)
Placebo + DoR (per BICR)

10 mg/kg q2w for up to 12| « Safety and tolerability
months N=237 . PROs

* Archived tissue was collected

All-comers population

—
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Updated Progression-free Survival by BICR* (ITT)

PFS HR =0.51
95% Cl, 0.41-0.63"

No. of events Median
/ PFS

No. of (95% Cl)

patients (%) months

Durvalu 243/476 (51.1) 17.2(13.1-
mab 23.9)

173/237 (73.0) 5.6 (4.6-
7.7)

®
2
2
5
2]
o
2
i
<
2
®
]
e
=
<
o
pres
o
2z
2
©
2
[
o
[

Antonia, with permission

No. at Risk
Durvalumab

Placebo

*Median duration of follow-up was 25.2 months (range 0.2-43.1)
TNo formal statistical comparison was made because the study had achieved significance for PFS at the first planned IA (data
cutoff of Feb 13, 2017)

Overall Survival®* (ITT)

OS HR = 0.68
09 83.1% 99.73% Cl, 0.469-0.9971
P=0.00251
— 08|
2 , 66.3%
g2 074 I
@ .
3 06 4 75.3 %o M
o 1
5 oo : !
B . 55.6% ‘wesiis—— No.ofevents/ Median OS
g : : No. of (95% Cl)
g %21 ' | patients (%) months
& " i i Durvalu  183/476 (38.4) NR (34.7-
01 i E mab NR)
00 —T—T—tT—T—T——T—T—TPlageg— 116/237 (48.9)  28.7 (22.9-
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 NR)
Time from Randomization (months) . . L.
No. at Risk Antonia, with permission
Durvalumab 476 464 431 415 385 364 343 319 274 210 115 57 23 2 0 0
Placebo 237 220 198 178 170 155 141 130 117 78 42

*Median duration of follow-up for OS was 25.2 months (range 0.2-43.1) NE. not reached
tAdjusted for interim analysis :




Updated Time to Death or Distant

Metastasis (TTDM) by BICR* (ITT) Updated Incidence of
New Lesions by BICR* (ITT)

Median TTDM

(95% CI) Durvaluma
10 months New Lesion b Placebo
. % Durvalumab  28.3 (24.0-34.9) [k (N=476) (N=237)
£ o8, Placebo 16.2 (12.5-21.1) | Patients with 107 (22.5) 80 (33.8)
ﬁ 07l any new lesion,
ZE 0.6 n (%)
2 ) Lung 60 (12.6) 44 (18.6)
£ 04 Lymph nodes 31 (6.5) 27 (11.4)
[=]
3 03] Brain 30 (6.3) 28 (11.8)
3 °%1 Liver 9(1.9) 8 (3.4)
g TTDM HR = 0.53
&£ 01| swcios-o6e Bone 8(1.7) 7(3.0)
0.0
T T T Adrenal 3(0.6) 5(2.1)
[ 3 6 9 12 15 18 21 24 27 30 33 36 39
No. at Risk Time from Randomization (months) Other 10 (2 1 ) 5 (21 )

Durvalumab 476 419 357 316 259 223 194 163 129 92 46 25 1 0

Placebo 237 189 139 118 95 77 64 54 39 27 12 5 0 0 . . . .
Antonia, with permission

*Median duration of follow-up was 25.2 months (range 0.2-43.1)
tA patient may have ha than one new lesion site
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IMpower133: Primary PFS, OS, and safety
in a Ph1/3 study of 1L atezolizumab + carboplatin
+ etoposide in extensive-stage SCLC
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D. S. Shames, " J. Liu," B. Ding," F. Kabbinavar,'> W. Lin,’® A. Sandler,'3 L. Horn5
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IMpower133: Global Phase 1/3, double-blind, randomized,
placebo-controlled trial evaluated atezolizumab + carboplatin
+ etoposide in 1L ES-SCLC

Induction (4 x 21-day cycles)

Patients with (N = 403):
+ Measurable ES-SCLC + carboplatin
(RECIST v1.1) + etoposide
ECOGPSOor1
No prior systemic
treatment for ES-SCLC
Patients with treated Placebo
asymptomatic brain + carboplatin
metastases were eligible + etoposide

Stratification:

* Sex (male vs. female)
+ ECOGPS (0vs. 1)

+ Brain metastases

(yes vs. no)? Co-primary end points:
Overall survival

Investigator-assessed PFS

Atezolizumab (1200 mg IV, Day 1)

Carboplatin: AUC 5 mg/mLimin IV, Day 1
Etoposide: 100 mg/m? IV, Days 1-3

Maintenance

Atezolizumab

Treat until

PD or loss

of clinical
benefit

Survival follow-up

Placebo

PCI per local standard of care

Key secondary end points:
- Objective response rate

« Duration of response

« Safety

20nly patients with treated brain metastases were eligible. ECOG PS, Eastern Cooperative Oncology Group Performance Status; IV, intravenous; PCI, prophylactic cranial irradiation;
PD, progressive disease; PFS, progression-free survival; R, randomized; RECIST, Response Evaluation Criteria In Solid Tumors.

Overall survival

Atez::zum Placebo
+ CP/ET
+ (iPIET (N = 202)
(N =201)
@ 80 = OS events, n (%) 104 (51.7) 134 (66.3)
o
= 10 122menth 05— pegian Os, 12.3 10.3
g ! months (95% Cl) (10.8, 15.9) (9.3, 11.3)
= 60 151.7% 0.70 (0.54, 0.91)
E 1 HR (95% ClI) p = 0.0069
> 50 "
» 1 Median follow-up, 13.9
= 40+ H months? :
E 1 Atezolizumab
o 30+ 1 + CPIET
> i
o 20 = 1 Placebo
! +CPIET
10 =1 : + Censored
i
0 L L L . . L . L L L L B

o 1 2 3 4 5 6 7 8 9 10 11 12 13
Months

WCLC 2018, with permission
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LOTS of progress with 10, BUT:
Response rates in unselected patients
with single agent 10 are ~ 20%

* For driver-targeted therapies, we have
learned to expect nearly universal
clinical benefit with appropriate patient
selection

With 10, we either use no biomarker or
accept modest enrichment for effect.

How can we best select patients for
current and future immunotherapies?

PD-L1 enriches for benefit,
but is an imperfect marker

Response rates in enriched cohorts
about doubled, but still less than 50%.

Patients with PD-L1 negative tumors still
sometimes respond.
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Other selection markers:
Tumor Mutation Burden

Class | MHC presentation

cytotoxic T-cell

T-cell receptor .

\

Plasmamembrane g} Antigen presentation via MHC |

Cytosol

) Proteins are Proteasome

degraded by the
proeasome

§) Peptides are )
recognized by the ~ \ () MHC complexes
TAP complex traffic through the

Translocon N Golgi to the PM

A

MHC | pom  Calreticulin
heavy chain J

/ / ER-lumen
Translocation and Assembly of MHC || Formation of a Peptide transloca- MHC complexes
folding of MHC | assisted by peptide-loading tion by TAP into dissociate from
chaperones complex the ER lumen PLC

EREST Tapasin
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Lung Cancer Has a High Frequency of Mutations
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ers are associated with particularly hi mutation burden

*Analyzed using an algorithm developed to extract mutational signatures from catalogues of somatic mutations in 7,042 primary cancers.
AD=adenocarcinoma; ALL=acute lymphoblastic leukemia; AML=acute myeloid leukemia; CLL=chronic lymphocytic leukemia;
SCLC=small cell lung cancer; SQ=squamous.

High Tumor Mutation Burden May Influence
the Immune-Mediated Anti-Tumor Response

r ) ( ) '
Tumor cells with ...may have high ...which can lead to

high TMB...12 neoantigen increased immune

load..."? and

anti-tumor

response?’

Tumer

-~
Mutaied DA

\ ]

The hypothesis that high TMB increases the immunogenicity of tumors
makes tumors with high TMB a rational target for treatment with 1-O0"2

MHC=major histocompatibility complex; NK=natura killer; TCR=T-cell receptor; TMB=tumor mutation burden.

1. Schumacher TN, Schreiber RD. Science. 2015;348(6230):69-74. 2. Kim JM, Chen DS. Ann Oncol. 2016;27(8):1492-
1504,

3. Liontos M et al. Ann Transl Med. 2016; 4(14):264. 4. Sharma P, Allison JP. Science. 2015;348(6230):56-61.
5. Giannakis M et al. Cell Rep. 2016;15:857-865.




Phase 3 CheckMate 026 Study Design:
Nivolumab vs Chemotherapy in First-line NSCLC

Nivolumab -
Key eligibility criteria: 3 mglkg IV Q2W Disease progression or

« Stage IV or recurrent NSCLC n=271 unacceptable toxicity

« No prior systemic therapy for
EENEWEEL CIEEEED Tumor scans Q6W until

« No EGFR/ALK mutations sensitive to | Randomize 1:1 wk 48 then Q12W
available targeted inhibitor therapy

*21% PD-L1 expression?

+ CNS metastases permitted if e (ih‘emc:jtheradpy‘ . -
adequately treated at least 2 weeks (histology dependent) Disease
prior to randomization Maximum of 6 cycles progression

n =270

Crossover
nivolumab®
(optional)

Stratification factors at randomization:
« PD-L1 expression (<5% vs 25%)?
« Histology (squamous vs non-squamous)

Primary endpoint: PFS (25% PD-L1+)¢
Secondary endpoints:

« PFS (21% PD-L1+)

-0s

+ ORR¢

2Dako 28-8 validated; archival tumor samples obtained <6 months before enroliment were permitted; PD-L1 testing was centralized

Squamous: gemcitabine 1250 mg/m? + cisplatin 75 mg/m2; gemcitabine 1000 mg/m? + carboplatin AUC 5; paclitaxel 200 mg/m + carboplatin AUC 6;
Non-squamous: pemetrexed 500 mg/m? + cisplatin 75 mg/m?; pemetrexed 500 mg/m?2 + carboplatin AUC 6; option for pemetrexed maintenance therapy

“Permitted if crossover eligibility criteria met, including progression confirmed by independent radiology review

9Tumor response assessment for PFS and ORR per RECIST v1.1 as determined by independent central review

CheckMate 026 Tumor Mutation Burden Analysis:
Nivolumab in First-line NSCLC

e Germline Sample size throughout TMB determination
DNA (bl
o (blood) nts, n (%) NA Germline
0
‘ NA
o exome Randomized 541(100) | 541 (100)
sequencing?
Samples available for DNA
ples av 485 (90) 452 (84)
. extraction
Tumor Germline
exome data exome data . .
DNA available for sequencing 408 (75) 452 (84)
Successful preparation of
next-generation sequencing 402 (74) 452 (84)
Somatic missense library I |
mutations Passed internal qualit
. quality 320 (59) 432 (80)
control
Matched tumor-germline
MB exome sequences for TMB 312 (58)
analysis®
3DNA was sequenced on the Illumina HiSeq 2500 using 2 x 100-bp paired-
end reads; an average of 84 and 89 million reads were sequenced per aSamples were not available for various reasons, including but not limited to lack of patient pharmacogenetic
tumor and germline sample, respectively (average 84.6 x and 93 x the consent, samples exhausted for PD-L1 testing, or poor tissue sampling
mean target coverage, respectively) blnternal quality control failure included factors such as discordance between tumor and germline DNA, too few

sequence reads, and low or uneven target region coverage
Carbone et al, NEJM 2017 8 patients with available tumor DNA sequences did not have matched germline DNA sequences
s




PFS by Tumor Mutation Burden Subgroup
CheckMate 026 TMB Analysis: Nivolumab in First-line NSCLC

High TMB Low/medium TMB
Nivolumab Chemotherapy Nivolumab Chemotherapy
n=47 n=60 n=111 n=94
100 100 4
Median PFS, months 9.7 5.8 Median PFS, months 4.1 6.9
%0 (95% CI) (51,NR)  (4.2,85) % (95% Cl) (28,54)  (55,86)
80 HR = 0.62 (95% Cl: 0.38, 1.00) 80 HR = 1.82 (95% Cl: 1.30, 2.55)
70 70
60 60
S
» 50 Nivolumab 50
w
o
40 40
30 30
Chemotherapy Chemotherapy
20 20
10 10 Nivolumab
0 0
o 3 6 9 12 15 18 21 0 3 6 9 12 15 18 21 24
Months Months
No. at Risk
Nivolumab 47 30 26 21 16 12 4 1 M54 30 15 9 7 2 1 1
Chemotherapy 60 42 22 15 9 7 4 1 94 6 37 23 15 12 5 0 0

Carbone et al, NEJM 2017 59

Checkmate 032 (Nivo * Ipi): ORR by TMB
Subgroup in SCLC

50
46.2
1
40 4 !

1
1
1
1

< 30 28.2 I

s 1

&E 1

o . 21.3
1
' 16.0
1
1
1
! 6.8
1
1
1

TMB-evaluable Low TMB I Medium TMB l High TMB
B Nivolumab B Nivolumab + ipilimumab

ORR=overall response rate; TMB=tumor mutation burden.

Antonia, WCLC 2017, with permission
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Checkmate 032 (Nivo * Ipi): PFS by TMB Subgroup in SCLC

Nivolumab Nivolumab + Ipilimumab
Low TMB - High TMB LowTMB | Med TMB High TMB
100 1
0 Median PFS 1.3 1.3 1.4 0 Median PFS 1.5 1.3 7.8
(95% Cl), (1.2,14) | (1.2,14) | (1.3,2.7) (95% CI), (1.3,27) | (12,2.1) | (1.8,10.7)
75| mos 75 | mos
. ®
xX -
@& 2 504
['S o
o 1-y PFS = 30.0%
1-y PFS =21.2%
25 4 '
—N‘ 1 1yPFS=8.0%
1-y PFS = | 1y PFS = 6.2%
0 3 6 9 12 15 18 21 24 27 30 33 3 0 3 6 9 12 15 18 21 24 27 30 33 36
Months Months
No. at risk
Low 42 3 2 1 0 0 0 0 0 0 0 0 0 27 6 5 2 1 0 0 0 0 0 0 0 0
Medium 25 5 3 2 2 2 2 1 1 0 0 0 0
High 47 15 12 8 5 5 5 2 2 2 2 2 1 26 15 12 10 5 4 4 3 2 1 0 0 0

survival; TMB=tumor mutation burden.

*Median PFS, overall TMB-evaluable population: 1.4 (1.3, 1.4) months for nivolumab and 1.7 (1.4, 2.7) months for nivolumab + ipilimumab
el

interval; ; NC=not calculable;

Antonia, WCLC 2017, with permission

Checkmate 032 (Nivo  Ipi): OS by TMB Subgroup in SCLC

Nivolumab

Nivolumab + Ipilimumab

Low TMB Med TMB High TMB

Median OS . 3.9 5.4 Median OS 3.4 36 22.0
100 (95% CI), (2.4,6.8) | (2.4,9.9) | (2.8,8.0) |100 (95% CI), (2.8,7.3) | (1.8,7.7) | (8.2,NR)
mos mos
75 - 75 4 ] ]
. 1-y OS = 62.4%
° B
2 5 ;
4 50 4 O 50 H
5} 1y OS = 35.2% :
T T os a0 | 1y 0S=23.4%
251 L|: yos o 25 4 ! 1.y 0S =19.6%
0 3 6 9 12 15 18 21 24 27 30 33 36 0 3 6 9 12 15 18 21 24 27 30 33 36
Months Months
No. at risk
Low 42 19 13 9 4 3 1 0 0 0 0 0 0 27 15 9 7 5 2 2 1 1 1 1 1 1
Medium 25 15 9 4 3 2 2 2 2 1 1 0 0
High 47 29 20 14 8 5 5 5 2 2 2 2 2 26 20 17 14 10 9 8 8 6 2 0 0 0

*Median PFS, overall TMB-evaluable population: 1.4 (1.3, 1.4) months for nivolumab and 1.7 (1.4, 2.7) months for nivolumab + ipilimumab
p .

interval; ; NR=not reached;

Antonia, WCLC 2017, with permission

survival; TMB=tumor mutation burden.
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Do PD-L1 and TMB
independently predict

clinical outcomes?

Tumor Mutation Burden and PD-L1 Expression are independent
CheckMate 026 TMB Analysis: Nivolumab in First-line NSCLC
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PD-L1 (% tumor expression)®

2All patients had 21% PD-L1 tumor expression Carbone et al, NEJM 2017 64
N 64
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Overall Response Rate by TMB Subgroup and PD-L1 Expression
CheckMate 026 TMB Analysis: Nivolumab in First-line NSCLC

100 -
Nivolumab Arm Chemotherapy Arm

ORR (%)

41 70 28 41 53

High TMB Low/medium TMB High TMB Low/medium TMB

PD-L1250% PD-L11-49% PD-L1250% PD-L11-49% PD-L1250% PD-L11-49% PD-L1250% PD-L11-49%

S0RR was 45.6% in patients with 250% PD-L1 expression in the nivolumab arm of the TMB-evaluable population Carbone et al, NEJM 2017 g5

Progression-Free Survival by TMB Subgroup and PD-L1 Expression
CheckMate 026 TMB Analysis: Nivolumab in First-line NSCLC

100! Nivolumab Arm 100 Chemotherapy Arm

High TMB, 75.
PD-L1 250%

Low/medium TMB,
PD-L1 250%
High TMB,
PD-L11-49%
25.

25.
Low/medium
Low/medium TMB, 3
PD-L11-49% PD-L11-49%
High TMB,
Low/medium TMB, PD-L11-49% High TMB,
0 PD-L1 250% 0. PD-L1 250%
T T T T T r T T y T T T T T T v
0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21
Months Months
No. at Risk
High TMB, PD-L1250% 6 13 10 8 8 6 2 0 0 32 24 13 12 7 5 2 1
High TMB, PD-L1 1-49% 31 17 16 13 8 6 2 1 0 28 18 9 3 2 2 2 0
Low/medium TMB, PD-L1250% 41 21 12 6 2 2 1 0 0 41 30 14 10 5 4 2 0
Low/medium TMB, PD-L11-49% 70 33 18 9 7 5 1 1 1 53 35 23 13 10 8 3 0

Carbone et al, NEJM 2017 45
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Questions to be answered re: TMB

« Cutoff?
* Platform?

- WES

« Targeted panels

- Blood-based assays?
* Role in IO combinations?
* Role in meso and SCLC?

Can all of the TMB
differences be explained
by smoking exposure?

DNA integrity —
maintenance genes
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Is smoking pack years just as good as tumor

Lung Adenocarcinoma

mutation burden?

Lung Squamous Cell Carcinoma

1500 2000

Tumor mutation burden
1000
1

p=0.23, p = 2x105

T T T
0 50 100
Smoking pack years

Sharpnack, Carbone, He WCLC 2017

p=-0.03, p=0.57

g |
(=3
=|n
@ [ ]
o -
ER I
e © .
S g+ °
g8 Y.,
3 LI ] ] 3
E - o
= ¢ 0w 4
g Ao
2 o 2
(=
T 1
150 50 100

T R

150

T
200

Smoking pack years

Inactivation of which genes is associated with
increased TMB?

Lung Adenocarcinoma
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. RRM1 TPS3 MLH1 FANCE REV3L NEIL3 RPA1 FANCM  DCLRE1B MSH6
n Tumors with
gene inactivation: 4 87 5 4 " 13 10 8 1 4

(out of ny,, = 487)

Sharpnack, Carbone, He WCLC 2017
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Inactivation of which genes is associated with
increased TMB?

Lung Squamous Cell Carcinoma
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Mean .
TMB = 576 ' R
— _
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o MLH1 FANCE POLE RPA1 MSHg GEN1 NEIL1 RPA2 POLG RAD18
n Tumors with
gene inactivation: 19 16 19 " 5 4 3 2 4 5

(out of ny,, = 487)

Sharpnack, Carbone, He WCLC 2017

Smoking sensitive vs. resistant tumors

Lung Adenocarcinoma Lung Squamous Cell Carcinoma
= E <
° Smoking sensitive tumors ° Smoking sensitive tumors ,
Z e S
@ @
Q- g <
153 £
N o4 &~
2 D
3 5
1 Smoking resistant tumors ©7: Smoking resistant tumors
o o -
T T T 1 T T
Patient Patient

“Smoking sensitive” tumors have >10 mutations per
smoking pack year

Sharpnack, Carbone, He WCLC 2017
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DNA polymerase and mismatch excision repair pathway
inactivation is enriched in smoking sensitive NSCLC
Lung Adenocarcinoma Lung Squamous Cell Carcinoma
n - § DNA polymerases
Enriched in Enriched Enriched in Enriched
sensitive inresistant |  sensitive in resistant
« - tumors tumors tumors tumors
ERL Mismatch excision | repair
[
E— o () Base Excision|Repair
=]
_g‘ N Tother DNA polymerasgs
;::zzcted Conserved PNA Damage Response Nucleotide Exc}sion Repair
Mismatch excisign repair
L
] “. ‘
e - [ ] (X )
T T T T I I | 1 |
0.0 05 1.0 15 20 00 0.5 1.0 15 2.0
ivati itive vs. resi: odds ratio ivati itive vs. resi odds ratio
Sharpnack, Carbone, He WCLC 2017

DNA repair mutations - conclusions

1. MLH1 and FANCE inactivation are associated with
increased TMB in both adenocarcinoma and
squamous cell carcinoma.

2. Smoking is not a sufficient substitute biomarker for

TMB.

3. DNA repair pathway alterations might be potential
therapeutic biomarkers of immune checkpoint
inhibition in NSCLC.




Summary

We have made a lot of progress toward
improving the quality and quantity of life for
lung cancer patients

Virtually all of this progress has been through
the application of basic science to medicine
and studying medical phenomena to better
understand the science

There is still a lot of room for improvement

* In selecting the best therapy for each patient

* For improving the effectiveness of our current
therapies

Defining new targets for therapy.
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