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Overview

= Background
* Tumor Mutational Burden (TMB)
" Microsatellite Instability (MSI)

= Potential New Biomarkers in Lung Cancer: Immunogenic Neoantigen
Burden

= Advanced NSCLC: Is PD-L1 Testing Enough?
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T-Cell Responses Are Regulated by Multiple Ligand-
Receptor Interactions With APCs or Tumor Cells
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Tumor Mutational Burden (TMB)




Prevalence of Somatic Mutations Across Tumor Types
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= NSCLC has among the highest prevalence of somatic mutations: 0.1-100 mut/Mb

Alexandrov. Nature. 2013;500:415. Lawrence. Nature. 2013;499:214.




No Association Between TMB and PD-L1 Expression in
Advanced NSCLC

High TMB,
PD-L1 > 50%
(15.4%)

Low/Medium TMB,

PD-L1 1% to 49% High TMB,

PD-L1 1% to 49%
(18.9%)

(39.4%)

Low/Medium TMB,
PD-L1 2 50%
(26.3%)

Carbone. NEJM. 2017;376:2415. Adapted by Peters. AACR 2017. Abstr CT082.




CheckMate 026: PFS by TMB Subgroup and PD-L1
Expression With Nivolumab in First-line NSCLC

= Exploratory analysis of — High TMB, PD-L1250% — Low/medium TMB, PD-L1 2 50%
patients from phase |” — High TMB, PD-L1 1%-49% =— Low/medium TMB, PD-L1 1%-49%
CheckMate 026 evaluatin 100 4 Nivolumab Arm i Chemotherapy Arm

00 100
single-agent nivolumab vs
CT for advanced NSCLC 75 - 75 -
= Patients with high TMB/ L 504
. (72
high PD-L1 had best a
outcomes with nivolumab 75 4 75 4

* Trend toward patients with 0 o- —
high TMB/int PD-L1 doing 03 691215182124 0 3 6 9 12 15 18 21
better than those with patients at Risk, n Mos Mos
Iow/int TMB/high PD-L1 High TMB, PD-L1>50% 16 13 10 8 8 6 2 0 O 32 24 13 12 7 5 2 1

High TMB, PD-L1 1%-49% 31 17 16 13 8 6 2 1 O 28 18 9 3 2 2 2 0
Low/medium TMB, PD-L1250% 41 21 12 6 2 2 1 0 O 41 30 14 10 5 4 2 0
7 5 1 1 1 53 35 23 13 10 8 3 0

Low/medium TMB, PD-L1 1%-49% 70 33 18

Peters. AACR 2017. Abstr CT082.



CheckMate 227: Nivolumab + Ipilimumab in Patients
With Advanced NSCLC and High TMB (= 10 Mut/Mb)

100 o, PFS in Patients With High TMB (= 10 Mut/Mb) " Press Release (July 2019):
] Patients, Median PFS, CheckMate 227 met its
80 - n Mos coprimary endpoint of
Nivo + Ipi 139 7.2 significantly improved OS
_ 60- CT 160 with first-line nivolumab +
s ipilimumab vs CT in
i 10. g Y - ‘ patients with > 1% PD-L1
: expression
29741k for PD or death: 0.58 = Data and results to be
(97.5% Cl: 0.41-0.81; P < .001) ! Tt submitted to the FDA and
0 - - : | - - - 1 presented at an upcoming
Patients at ° 3 6 ? 12 15 182 2% medical meeting
Risk, n Mos
Nivo +Ipi 139 85 66 55 36 24 11 3 0
CT 160 103 51 17 7 6 4 0 0

In patients with TMB < 10 mut/Mb treated with nivo + ipi vs CT, the HR was 1.07 (95% Cl: 0.84-1.35; P = .0018).

Hellmann. AACR 2018. Abstr CTO77.




TMB in NSCLC: Summary to Date

= Unclear clinical role for TMB given lack of FDA-approved therapy for TMB-high
NSCLC to date

= Multiple issues with TMB

— Standardization across assays (tumor normal vs tumor only, genomic coverage)
— Efforts ongoing to address standardization of TMB calculation and reporting

— Appropriate cutoff

— Tissue input requirements
— Tissue vs cfDNA
— Tissue heterogeneity and tumor purity

— Expensive and slower test than IHC

— However, forces clinicians to wait for driver mutation results before treating with anti—-PD-1
therapy 0|

Slide credit: clinicaloptions.com




Microsatellite Instability (MSlI)




MSI/dMMR in Lung Cancer

= MSI is distinct from TMB 18 Mismatch Repair Deficiency Across 12,019 Tumors
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(eg, point, frameshift, fusion) g
Q.
=  MSIis commonly tested forin Gl, GU S

cancers

= However, it is not worth testing - -
. . S
independently for MSI-H in lung cancer e s IR S e oo s e

& (;aoo W (C O B ?»\0'6005‘0‘(\
&° &‘o&\% & \& X /\CDOC?"C c’b(.('\e"% (c;?}s@e\’b'b\\oo @(('E\’AQ QO%C‘QOQ; \ioq"c(, % \\\0\% 0?"\
: B NS SN NN 0@0 & 0-\6%00 & (;&\ T AV O AV 6\ Sl
— Uses up tissue that should be saved for @8 I RO S R e N R NS %os\&
. . ¢ S% X O X . A N
driver mutation assessment @%“\:\o’fo@é‘ @i@@f&@‘\ ¢ Ny Qeo\’@de'b’;;@ec,&?’ &%‘i &« e&@\
N R
< ? a0 B SN
— Would not change management for @@Q K\é@ 0@«\’& &
first-line ES-SCLC or NSCLC in 2019 O <

Le. Science. 2017;357:409.




Potential New Biomarkers in Lung Cancer:
Immunogenic Neoantigen Burden




Immunogenic Neoantigen Burden

= TMB represents the number of “lotto tickets” the cancer gives your immune
system to recognize it and kill it

= However, typically only 1 (or rarely a few) specific neoantigen drives the
entirety of the immune response; this is what is known as the immunogenic
neoantigen burden

— Depends on HLA type of patient

— HLA homozygotes only have 1 opportunity to present each “lotto ticket”;
heterozygotes can present twice

— Is ideally clonal (ie, present in all cancer clones)

= [f you can identify it and stimulate an immune response to it, you have the
perfect biomarker, as well as the perfect immunotherapeutic target

Chowell. Science. 2018;359:582.




Neoantigen Clonal Architecture and Clinical Benefit of
Immune Checkpoint Blockade
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Advanced NSCLC: Is PD-L1 Testing Enough?




Targeted Therapy for Patients With Actionable Driver
Mutations, Chemoimmunotherapy for Everyone Else

= Retrospective IMMUNOTARGET registry study of patients with advanced NSCLC
and > 1 driver mutation receiving single-agent ICl

Primary Oncogenic Median PFS, Percentage of PD-L1 Staining of Tumor Cells, n (%)
Driver Mos Missing
ROS1 7 3 (60) 2 (40) 0
BRAF 43 3.1 5 (55.6) 4 (44.4) 1
RET 16 2.1 3 (50) 3 (50) 2
MET 36 34 7 (46.7) 8 (53.3) 5
ALK 23 2.5 4 (40) 6 (60) 1
KRAS 271 3.2 26 (32.5) 54 (67.5) 15
EGFR 125 2.1 11 (28.9) 27 (71.1) 11
HER2 29 2.5 0 13 (100) 2

Maziéres. Ann Oncol. 2019;[Epub].




IMMUNOTARGET: Association Between PD-L1 and
Response to Immunotherapy by Genetic Aberration
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Gautschi. WCLC 2018. Abstr MA04.03.




Phase Il Study of Pembrolizumab in Patients With
PD-L1-Positive EGFR-Mutated Advanced NSCLC

Until PD or to 35 cycles
Adult patients with advanced }

NSCLC; itizi .
nonsensitizi:fgerlz]'ZI-'IIZ;rr]fu(’z;tion' —_— , Given EGFR TKI
! Pembrolizumab 200 mg IV Q3W i
PD-L1 positive™; no prior TKI glva post progression
therapy (planned N =25; N=11

enrolled when closed
October 2017)

*PD-L1 positivity defined as 2 1% tumor membranous staining per 22C3 pharmDx IHC assay.

" Primary endpoint: ORR per modified RECIST v1.1

= Secondary endpoints: safety, PFS, OS, and safety and efficacy of
subsequent EGFR TKI

Lisberg. J Thorac Oncol. 2018;13:1138. Lisberg. ASCO 2018. Abstr 9014.




Potentially Fatal Pneumonitis With EGFR TKI Following
Anti—PD-1 Therapy

= Study stopped for futility at 11 patients

= Only 1/11 patients (9%) achieved an objective response to
pembrolizumab

— ...and the response was in a patient where report of EGFR mutation was
in error

— ... and despite 8/11 patients (73%) having PD-L1 > 50%

= 1/7 patients (14.3%) died within 6 mos of enrollment due to treatment-
related pneumonitis

Lisberg. J Thorac Oncol. 2018;13:1138. Lisberg. ASCO 2018. Abstr 9014.




Advanced NSCLC: Before You Treat

» Radiographic diagnosis: CNS imaging and CT CAP (or PET)

= Pathologic diagnosis AND stage by biopsy of highest-stage nonbone
lesion

— Ensure at least 4 passes of a larger bore needle for molecular analyses

= Molecular diagnosis

— cfDNA or tissue-based multiplex for EGFR/ALK/ROS1/BRAF/HER2/MET/
RET/NTRK

— PD-L1 IHC helpful

— Even in PD-L1 =2 50%, make sure to wait for NGS prior to starting treatment




Summary

= TMB is an emerging biomarker for response to immune checkpoint
blockade with anti—PD-(L)1 agents (+ anti—CTLA-4)

— To date, appears to portend immunotherapeutic response

— Patients who are PD-L1 negative by IHC but have high TMB may benefit
from anti—PD-(L)1 therapy

— Not ready for routine clinical use yet

= MSI/dMMR should not be routinely tested for in lung cancer due to

rarity, use of valuable tissue, and would not change management of
patient




Summary

= Ability to predict immunogenic neoantigen burden allows for a more

precise predictive biomarker, but of more importance, truly
personalized immunotherapy

" |n metastatic NSCLC, need to test for EGFR/ALK/ROS1 and ideally other
drivers, even in PD-L1—positive patients

— OK to start chemo alone without anti—PD-1 if need to while waiting for
NGS
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RET Rearrangements
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RET-Rearranged Lung Cancers

- 1-2% of unselected non-small cell lung cancers

« clinical features
— vyoung, never or former light cigarette smokers

« pathology
— lung adenocarcinoma: most common histology = X
— solid subtype and signet ring cells

- diagnosis A
— break apart fluorescence in situ hybridization (FISH)
— next-generation sequencing (NGS)

Juys et al, Genome Fes 2012 22:436-45 (epub Dec 20110, Wang K, et al, J Clin Onool 201 2;,3004352-9, Lee SE, WMod Pathol 201528 465-79
images courdesy ofbu Wang, Charles Leduc, and Matasha BEekhtman, Departiment ofPathology, Memotial Sloan Kettering Sancer Senter
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Cabozantinib

« oral multi-tyrosine kinase inhibitor with Kinase o (it}
potent activity against RET

— inhibits growth of RET-rearranged lung
cancers in vitro and in vivo

— FDA-approved for progressive metastatic
medullary thyroid cancers

« minimal activity in unselected non-small
cell lung cancers

— phase |l randomized discontinuation trial
— 60 patients with advanced NSCLCs
— ORR 10%, median PFS 4 months

ORE— averall responzerate, PES — prograssion-fres survival, MSCLC=—non-small cel lung cancers
Yakes Fh, et al, Mol Cancer Ther 2001 10:2295-308 , Hodama T, et al, Mol Cancer Ther 200 4:1 3291 0-8, Hellerstedt BA, et al, Jd Clin Dncol 2012 (suppl; abstr 75147
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Response to

Cabozantinib ®
e
46-year-old female never P —
smoker with CLIP1-RET- R—

rearranged lung
adenocarcinoma
baseline

received cabozantinib as
first-line therapy

confirmed partial response
lasting 19 months
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Response to
Cabozantinib

80-year-old male never
smokerwith KIFSB-RET-
rearranged lung
adenocarcinoma

received cabozantinib
after progression on
chemothera PY (carboplatin and
pemetrexed followed by maintenance
pemetrexed)

confirmed partial response
lasting 5 2 months

¢ | Annual '15

SLEDES ARE THE PROPERTY OF THE AUTHOR. PERMISSION RECUIRED FOR REUSE. P’d
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Summary

« Cabozantinib is active in patients with RET-rearranged lung adenocarcinomas.
— stage 1 completed
= ORR 38% (95% CIl 15%-65%)
= Median PFS 7 months (95% CI 5-NA months)
= Median OS 10 months (95% CI| 8-NA months)
— stage 2 currently accruing

= Drug-related adverse events were mostly grade 1 or 2 but were frequent.
— at a starting dose of 60 mg daily, most patients required a dose reduction
— clinical benefit can be maintained despite dose reduction

» This phase Il trial has met its primary endpoint.

— sufficient total responses (minimum of 5 at any stage surpassed) to meet primary endpoint
— alarger, confirmatory trial is warranted

nnual ‘15
Meeting
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HER-2 Inhibition

Her2-targeted therapies, such as trastuzumab, have been insufficiently
powered to determine whether patients with NSCLC with Her2 gene
amplification (rather than overexpression by IHCemistry) may benefit

It is unclear whether agents targeting Her2 might prove successful either
with Her2 amplification or Her2 gene mutations.

The frequency of Her2 mutations in NSCLC may be too low to justify a
prospective clinical trial.

The frequency of Her2 amplification (2-23%) in NSCLC and the use of FISH
migth justify a study of trastuzumab monotherapy.

The most promising Her2-targeted strategy will likely prove to be
combinatorial approaches using an EGFR tyrosine kinase inhibitor together
with Her2 dimerization inhibitors.
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1° Gen EGFR TKI OSIMERTINIB 19 6 23 2
.6-23.2 months
1° gen TKI ph 3 trials/ AURA 3 (ph 3) (9.5-1 3.1 months) T790M+ (10.1 months)

2° Gen EGFR TKI

OSIMERTINIB
ARCHER-1050 (ph 3)/ AURA 3 (ph 3) '(’1QC7°m""('J"t'I“1LE)’ T790M+ (10.1 months) || IMAAMAALLS

1° Gen EGFR TKI + Bvz OSIMERTINIB
BELIEF ph 2/ AURA 3 (ph 3) T790M+ T790M+ 26.1 months?

(16.0 months) (10.1 months?)
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PROFILE 1014 (ph 3) / ASCEND-5 (ph 3)

ASCEND-4 (ph 3)

PROFILE 1014 (ph 3) / ALTA (ph 2)

ALUR ph 3

ALEX (ph 3)

PROFILE 1014 (ph 3) / Ph 1-2
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* After 2 or 3 ALK TKis, after only crizotinib PFS: NR (12.5; NR)
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Sumarry:

* Personalized medicine involves the use of an individual’s genetics
profile to guide decisions made regards to the prevention, diagnosis,
and treatment of disease.

= All Cancer have different mutations, but also they can change during
the course of the disease. Ej changes in neoantigens.

= NGS (Next generation sequencing) refers to a type of sequencing
technology in which the sequence of multiple genomes fragments are
determined in parallel,allowing an exponential increase in the amount
of sequence data generated.
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