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The Journey of Lung Cancer Patients
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Various classes of tumor heterogeneity in
adenocarcinoma of the lung

a Heterogeneity in patients
with adenocarcinoma
of the lung according

to driver oncogenes
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Biomarker development in the precision medicine era

External environment

» Tobacco

¢ Infections

¢ Diet and other
carcinogens

¢ Radiation and drugs
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Precise cancer screening, diagnosis, prevention and therapy

Nature Reviews | Cancer
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Figure 5. Use of precision medicine to classify patients with early-stage
lung cancer into subclasses to provide appropriate treatment

Figure 4. The lung exposome
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Liquid biopsies come of age
. challenges to implementing ctDNA-based screening and
MRD detection

a Maximum detectable MAF
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Fig. 3. The correlation between the abundance of ctDNA, tumour volume, tumour

Fig. 1. Detection of ctDNA in patients with NSCLC diameter, and T stage
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Liquid biopsies come of age
. towards implementation of circulating tumour DNA

Quantitative analysis
* Disease staging
* Response monitoring
* Prognostication
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Targeted Therapy for Oncogenic Driver
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Targeted Therapy Improves Outcomes in Patients with
Oncogenic Driver Mutations
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EGFR, epidermal growth factor receptor; OS, overall survival
Kris MG, et al. JAMA. 2014;311(19):1998-2006.



Molecular Profiling of NSCLC in Routine Practice

Mutation . Mutation
L. “Microscope- A

testing in ”» testing in
based” tests blood

tissue

Single target by IHC Surrogate to

real time PCR or eg, ALK, ROS1, tissue for
pyrosequencing PDL1

diagnosis

Monitoring

Multiplex testing patients under
on NGS TKI

FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; NGS, next-generation sequencing; PCR, polymerase chain reaction; TKI, tyrosine Kinase inhibitor



IHC tests that are integral to diagnostic considerations in
the treatment of patients with lung cancer

Resection
* A

Core/LN Cytology
sampling samples

[ Diagnostic IHC work-up (TTF-1, mucin, P40/P63, CK5, NE markers) J
I

I ! l
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[ carcinoids} [ LCNEC} [NSCC favor SQCC } ADSQCC, NSCCNOS
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never/light smokers

PD-L1 Testing*
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Tsao et al., IASLC ATLAS OF PD-L1 IMMUNOHISTOCHEMISTRY TESTING IN LUNG CANCER 2017



Tissue Stewardship in Biomarker Testing

A Blomarker/molecular testing sections prepared together with H&E section '
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Special Handling for Molecular Prioritization

1, Aggressive Facing
2, Extensive IHC Workup
1 Block 3, Potential Re-facing

| 4, Tissue Wastage

Minimal to No Tissue for
Molecular Testing

Topview Side view

1. Shallow Facing
Each biopsy is 2. Initial Pre-cut Slides FISH
put into its own block 3. No to minimal IHC

Aisner et al. Arch Pathol Lab Med 2016



Testing: Bespoke vs. Reflex

Reflex testing
Test requested by oncologist

by pathologist at time
of diagnosis

Sample delivery to testing center

1-2 days ‘

Pathologist to QC the HE slides

1-2 days ‘

Lab performance of the assay

7-10 days l

Total: 7-14 days Reporting of results Result available
(average 10 days) at consultation

Tsao MS in ELCC2018



Malignant carcinoma cells
(biopsy, effusion, cytology)
T ,

Neuroendocrine morphology positive Classic yes

and/or markers: CD56, b SCLC
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I glandular 3 -

Diagnostic algorithm for positive
biopsy and cytology specimens
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| Poorly differentiated NSCLC | I
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Malignant carcinoma cells
(biopsy, effusion, cytology)
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Malignant carcinoma cells
(biopsy, effusion, cytology)
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National

comprehensive NCCN Guidelines Version 3.2019

IV[e{# 8 Cancer
Network®

Non-Small Cell Lung Cancer

NCCN Guidelines Index
Table of Contents
Discussion

CLINICALPRESENTATION

» Establish histologic
subtype® with
adequate tissue for
molecular testing

Advanced (consider rebiopsy99
or | if appropriate)
metastatic| ~ |« Smoking cessation
Disease counseling
* Integrate palliative
care® (See NCCN

Guidelines for
Palliative Care)

HISTOLOGIC
SUBTYPE?

+ Adenocarcinoma

* Large cell

+ NSCLC not
otherwise
specified (NOS)

Squamous cell
carcinoma

TESTINGHD

* Molecular testing
» EGFR mutation testing
(category 1)
» ALK testing (category 1)
» ROS1 testing
» BRAF testing
» Testing should be
conducted as part of broad
molecular profiling":!
+ PD-L1 testing (category 1)

* Molecular testing

» Consider EGFR mutation
and ALK testing®k in never
smokers or small biopsy
specimens, or mixed
histology'

» Consider ROS1 and BRAF
testing in small biopsy
specimens or mixed
histology

» Testing should be
conducted as part of broad
molecular profiling"-!

+ PD-L1 testing (category 1)

BANNIANN

TESTING RESULTSHP
Sensitizing EGFR mutation positive

(see NSCL-18)

ALK positive (see NSCL-21)

ROS1T positive (see NSCL-24)

BRAF VG600E positive (see NSCL-25)

PD-L1 250% and EGFR, ALK negative
or unknown (see NSCL-27)

EGFR, ALK, ROS1, BRAF negative or
unknown, PD-L1 <50% or unknown

(see NSCL-28)
Sensitizing EGFR mutation positive

(see NSCL-18)

ALK positive (see NSCL-21)

ROS1 positive (see NSCL-24)

BRAF V600E positive (see NSCL-25)

PD-L1 250% and EGFR, ALK negative
or unknown (see NSCL-27)

EGFR, ALK, ROS1, BRAF, negative
or unknown, PD-L1 <50% or unknown

(see NSCL-29)



Targeted Therapy Options Are Expanding Beyond

EGFR, ALK, ROS1 and BRAF

ALK MET HER2 L
» Crizotinib * Crizotinib 2 o Trasfu.zu:nab saianene
~ Alectinib ? Cabozantinib 2 - Afatinib
EGFR Sensitizin Ceritinib 4 ~ Dacomitinib 2
s .. - ‘
g:::::: a > Loristiih s MET 3% ROS1
~ Brigatinib 2 : e
Afatinib 4 ol >1 Mutation 3% > Crizotinib ¢
Osimertinib * EGFR HER2 2% ~ Cabozantinib 2
~ Necitumumab ¢ Other 4% » Ceritinib 2
- Rociletinib 3 ROS12% | . Lorlatinib?
BRAF2% | > DS-6051b!
/ RET 2% BRAF
NTRK1 1% » Vemurafenib 2
» Dabrafenib 2
PIK3CA 1%
Unknown MEKI <1% > Cab:zi:ntinib ?
Oncogenic Driver % Alectinib 2
Detected » Apatinib?
31% » Vandetanib 2
» Ponatinib ?
» Lenvatinib?
NTRK1
Key MEK1 PIK3CA - Entrectinib ?
et 5 e ~ Trametinib 2 - 1Y3023414 2 ~ LOXO-101°?
» Selumetinib ? ~ PQR3091! ~ Cabozantinib ?
2-Phasell 4 - Approved » Cobimetinib ? ~ DS-6051b !

* Testing for MET and HER2 should include: MET exoni4 skipping mutation and MET amplification; HER2 mutation and HER2 amplification

Tsao AS, et al. J Thorac Oncol. 2016;11(5):613-638.




National . . . ~ Al
Comprehensive NCCN Guidelines Version 3.2019 NECH Suidelings Index

Table of Contents

N(ele g Cancer Non-Small Cell Lung Cancer Discussion
Network

EMERGING BIOMARKERS TO IDENTIFY NOVEL THERAPIES FOR PATIENTS WITH METASTATIC NSCLC

Genetic Alteration (ie, Driver event) Available Targeted Agents with Activity
Against Driver Event in Lung Cancer

High-level MET amplification or MET exon

izotinib 15
14 skipping mutation Crizotinib

Cabozantinib®:7

RET rearrangements Vandetanib®

ERBBZ (HER2) mutations Ado-trastuzumab emtansine?

Nivolumab + ipilimumabm

Tumor mutational burden (TMB)* Nivolumab !l

*TMB is an evolving biomarker that may be helpful in selecting patients for immunotherapy.
There is no consensus on how to measure TMB.



The Evolution of Molecular Testing
Breathtaking progress in clinical managment

A O
® Traditional molecular i
® testing approaches Hybrld
o First-generation sequencing . capture
®

Next-generation sequencing

NGS-based o
hotspot testin
P 'ng WES / WGS

Impact will increase as

being used to generate

profiles

Impact on clinical management

methods become more rapid
and less costly, utlimately

comprehensive genomic

Evolution of molecular profiling methodology

FISH: fluorescence in situ hybridisation; IHC: immunohistochemistry; NGS: next-generation sequencing; PCR: polymerase chain reaction; WES: whole exome sequencing;

WGS: whole genome sequencing.

Netto, G.J. et al. Proc Bayl Univ Med Cent 2003;16:379-83.
de Matos, L.L, et al. Biomark Insights 2010;5:9-20.

Dong, L., et al. Curr Genomics 2015;16:253-63. EES{SEST'ON |



Access to therapy: only ~20% of known driver genes
have an associated therapy

Known driver genes

475
Targets of .
therapeutic agents . E,]ruQs. "
clinical trial 47
Potentially ‘druggable’ EMA/FDA molecules
approved

Potentially ‘biopharmable’
drugs
57 molecules

Unknown (loss of
function/deletion)

Unknown (activating-no
class amplification)

19

Pre-clinical ligands
20470 molecules

Adapted from Rubio-Perez, C., et al. (2015) Cancer Cell. 27(3):382-96. GB F ougln ATION |
MEDICINE®



IASLC

COMMENTARY

Updates Regarding Biomarker Testing for | ) Gheck for updates |
Non-Small Cell Lung Cancer: Considerations
from the National Lung Cancer Roundtable

Edward S. Kim, MD,** Upal Basu Roy, PhD, MPH," Jennifer L. Ersek, PhD, MSPH,?
Jennifer King, PhD, Robert A. Smith, PhD,“ Nicole Martin, MA,"

Renato Martins, MD, MPH,® Amy Moore, PhD," Gerard A. Silvestri, MD, MS,2
James Jett, MD"

Table 2. Guideline-Concordant, Recommended, and

Optional Biomarkers in Patients with NSCLC

Guideline-Concordant Recommended Optional®
EGFR, including T790M RET
ALK MSI MET
BRAF PD-L1 HERZ
ROS1 NTRK

KRAS

TMB

“These markers should be assessed as part of a large next-generation
sequencing panel.

RET, ret proto-oncogene; ALK, ALK receptor tyrosine kinase; MSI, microsatellite instability; MET, MNNG-
HOS transforming gene; PD-L1, programmed death ligand 1; HER2, erb-b2 receptor tyrosine kinase;
TMB, tumor mutational burden.

J Thorac Oncol 2019;14(3):338-342
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cell

membrane

ATP

\VA
&
o

EGF

Overexpression

1st Generation
EGFR TKI

Reversibly binds to EGFR
and inhibits binding of
ATP therefore halts over
-expression of EGF

%

O

a3

T790M mutation

Altered structure of EGFR
site makes 1st generation
EGFR TKI unable to bind
so ATP can again bind
freely allowing over-
expression of EGF

ATP

Development of
resistance:

selection pressure
for T790M mutants

Y
Y
(N

EGF

Overexpression

3rd Generation EGFR TKI

Irreversible covalent binding to
EGFR specific to T790M mu-

tants preventing binding of ATP
therefore halts overexpression

ATP

Respir Med Case Rep. 2017; 20: 137-140



EGFR TKIs with regulatory approval

Table 1. EGFR TKIs with regulatory approval for the treatment of EGFR-mutant NSCLC

Generation Name Selectivity Reversible/Irreversible Approval status
1st Gefitinib WT EGFR Reversible FDA, EMA
Erlotinib WT EGFR Reversible FDA, EMA
lcotinib WT EGFR Reversible CFDA
2nd Afatinib WT EGFR Irreversible FDA, EMA, CFDA
3rd Osimertinib Mutant EGFR Irreversible FDA, EMA
Olmutinib Mutant EGFR Irreversible KFDA (conditional)

WT, wild-type; FDA, US Food and Drug Administration; EMA, European Medicines Agency; CFDA, China Food and Drug Administration; KFDA, Korea Food
& Drug Administration.

Higher

Inhibitory
concentration
of EGFR TKI

Lower
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L.858R + T790M
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EGFR
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Ann Oncol 2018;29(Suppl 1):i10-i19
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Third generation

Transl Lung Cancer Res 2015;4(6):809-815



Heterogeneous resistance mechanisms to 3rd-generation EGFR-TKI

NCT02520778 (+navitoclax)
NCT02789345 (+ramucirumab)
NCT02803203 (+bevacizumab)
NCT02454933 (+MEDI4736)

EGFR tertiary
resistance
mutation o

G
™ -
\~- ‘F:-"

C797S (40%)
98l, L692V, E709K

-

P

'v-‘--h

X

“T790M

NCT02143466 (+selumitinib)
NCT02503722 (+INK128)

NCT02143466 (+savolitinib)
NCT02323126 (+INC280)
NCT02917993 (+INCB039110)
NCT02789345 (+necitumumab)

"-- -
S B
\

IGF1R

By-pass RTK
« Signaling

1
/

= 3
~~..-

Downstream
pathway activation

EGFR-mediated

Non EGFR-mediated

Ann Oncol 2018;29(Suppl 1):i28-i37




The Dynamic Nature of Resistance Mechanisms Can Be

Monitored in ctDNA
Disease
Duagnosns monitoring Resistance
| 1
11 i 1
° 19 delet
. 21?22 Aol T790M
mutatlon L858R

First-generation and second-generation
EGFR TKls

* Non-digital detection platforms
* Digital detection platforms

Disease monitoring Resistance
! 1
1

C797S in cis with T790M

T790M
’ S Resistance to
EGFR TKls
Next-generation
Third-generation EGFR TKI sEquenging platforms Sensitivfty to first-
generation an_d
third-generation

= o

EGFR TKiIs

C797S in trans with T790M

Rosell R, et al. Nat Rev Clin Oncol. 2016;13(7):401-402.
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Human ALK Gene Rearrangements

g X gene ALK gene )
IOIigomerization I
domain Extracellular Intracellular
|
\ ALK fusion gene )

= Genetic rearrangements of DNA
can create novel fusion proteins!?

= |nthe case of ALK, genetic
rearrangements result in the
intracellular KD of ALK fusing to
the oligomerization domain of a
fusion partner (X)12

“X” represents the oligomerization

domain of any fusion partner
that fuses with ALK.

1. Ardini E, et al. Cancer Lett. 2010;299:81-94.

Transcription

a Translation

Activation

Signaling

v pathways

Tumor cell growth

2. Cheng M, Ott GR. Anticancer Agents Med Chem. 2010;10:236-249.
3. Shaw AT and Solomon B. Clin Cancer Res. 2011;17:2081-2086.

ALK

EML4-ALK

'.

Cell growth

Hiroyuki M. Cancer Sci 2008; 99: 2349-2355



ALK

Diagnosis of ALK-positive NSCLC

A

Detected by

ALK fusion gene FISH or PCR
Transcribed
into
C EML4-ALK  E13:A20 NS Vi
E20A20 I S V2
E20Ins18;A20 (N
E6;A20 N V3a
E6ins33;A20 N V3b
E14:ins11de149A20 EISNNSNN S0 V4
E2ZA20 8 V5a
E2;Ins117A20 Sl V5b
E3:Ins69A20 NN V6
E14;del12A20 NN v7
E14:dei36A20 IENEEGEG—G—_—_ S
. : I
ALK fusion gene E 17ineEine A p— V35 Expopint by
E17Ins58;A20 I PCR
mRNA product E15del19;del20A20 ME—— Gl
E18;A20 I S V5
EGATO NI
KIFSB-ALK KI24:A20 S s
KI7;A20 S
KNS A0
KLC1-ALK KLOAZO . w
Translated TFG-ALK T3:A20 =
into ALK-PTPN3 = o=
D .
ALK protein
Detected by
IHC
The oncogenic effector and S, > e
target of ALK TK inhibitors 8 347
'&‘\: F 4]

¥ Ann Oncol 2016;27(Suppl 3):iii16-iii24



ALK FISH & immunohistochemistry assays in lung cancer

FISH: Require 2 15% + signals IHC: Require amplification

Patterns observed in split 3'-5" ALK Regular Polymer Method Linker-Polymer Method
v
B \
D D@ (e® ] Ny g\’: ’1 2013 CAP/IASLC/AMP
e ideline:
ay guideline:
Red and green Red and green /) N\ /)!\
se_lpa.'ated by senf«)ia!?a by ‘ ‘
Gameters  hamisen =  pgp3 - FiSHisthe
Classified A rmennbolt LAY ey ot recommended test
as posive 35 negative A Antgens o Linkes 5A4
v + Validated IHC assay
2 gg = may be used as
3 ¢ screening for FISH
i testing
% | * RT-PCRis not
g "”g‘.‘ recommended
w5
o~
i Diffuse staining ) Tsao MS in ELCC2018

FISH break-apart probe methodology was the first methodology deployed widely.
IHC can be deployed as an effective screening strategy. FDA-approved IHC (ALK[D5F3] CDx assay)
can be utilized as a standard-alone test, not requiring confirmation by FISH, although confirmation is

encouraged.
Numerous NGS methodologies can detect ALK fusions, and targeted real-time PCR assays are utilized

in some settings, although they are unlikely to detect fusions with novel partners

NCCN 2019




Mechanism of Acquired Resistance to ALK Inhibitors

A B
Crizotinib-resistant cases
ALK
1151Tins r amplification
6%—18%
C1156Y P
11171T/N/S P—
§ F1174U8 h
kS
E' V1i180L F
e G1202R
E L1196M ~10%
R
D oroen
x
= Cc
~ D1203N L Second-generation ALK TKl-resistant cases
S1208Y/C
L ALK amplification
E1210K| %N.D.
G1269A r

1
20 40 60
Frequency of mutation (%)

& -

M Crizotinib HE Ceritinib B Alectinib B Brigatinib

Cancer Discov 2017;7(2):1-19



ALK RET ROS1
MSN — PTCH2 @

g
RFG8 TPM3
ROSI TRIM33
CLTCLY EML4
PRKAR1A LRIG3
TC;?LC NTRK1
GOLGAS R:g’epz
SLC34A
ALO17 ALK
— TRIM24 OOCCOROOCCOOO0OROOOoD
CD74 ATIC CHO 0, SR MO0
CLIC PCM1
ERC1
TPM TFG
CARS
CCDC6 HOOK3 ROS ALK
FlG EML4
NCOA4 SLC34A2 TFG
bgl(’)hcdl CD74 KIFSB
RET MM

https://archerdx.com/company/blog/applications/cancer-and-alk,-ret,-ros1-gene-fusions



ROS1 Testing: Standard
by FISH
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f? ) INTERNATIONALASSOCIATIONFORTHESTUDYOFLUNGCANCERJ\ AmOyDX ROS51 Gene Fusions Detection Kit was
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October 1, 2018-Amoy Diagnostics of Xiamen, China today announced that it has received
regulatory approval from South Korea's Ministry of Food and Drug Safety (MFDS) for its ROS1

lAS LC ATLAS O F fusion PCR assay as a companion diagnostics for Pfizer's ROS1 inhibitor Xalkori (Crizotinib).

ALK AND ROS1 TESTING
IN LUNG CANCER

EDITED BY

MING SOUND TSAO, MD, FRCPC
FRED R. HIRSCH, MD, PHD
YASUSHI YATABE, MD, PHD

Phase Il Study of Crizotinib in East Asian Patients
with ROS1-Positive Advanced NSCLC

*ORR =71.7% (95% ClI, 63.0% to 79.3%)

*Median PFS = 15.9 months

ADx—-ARMS®

AmoyDX® ROS1 Gene Fusions
Detection Kit

Amoy Diagnositics Co.,Ltd.




BRAF mutations in the context of mitogen-activated
protein kinase (MAPK)

Frequency of oncogenic
mutations

EGFR (activating): = 10%-20%
ROST: = 1%-2%

HER2: = 1% o
MET: < 1% v Receptor tyrosine kinase

, i |
mﬂfﬁ?&w’?&mw ) #]/gﬁ??mm’

JJJJJJJJJJJJJJJJJJJJJJ

KRAS: = 25%-30% \
NRAS: = 1% w

BRAF inhibitors |

BRAF (total): = 2%-4% Dabrafenib
BRAFV600E: = 1%-2% Vemurafenib
Sorafenib

MEK inhibitors
Trametinib
Selumetinib
Binimetinib
Cobimetinib

MEKT: <1%

Proliferation
Growth Survival

The Oncologist 2017;22:786—796



Comparison of available tests for BRAF mutations

cobas®
4800
ERAF
THxID™. V600
BRAF Mutation Sanger HRM Pyro-
Kit1:2 Test3- sequencing®  Analysis? sequencing? NGS? IHC3
Sensitivity 96.3% for  97.3% for 98% 98% > 98% 98.6% 97 %-
V600E VB00E 100%
and 92.2% and 62.9%
for V6OOK  for V600K
Specificity 100% 98.3% 100% 100% 90% 100% 98%
Limit of 5% for 5%-7% for 6.6% 6.6% 5% 2% 5%
detection VV600E VEO0O0E;
and 35% for
V600K V600K
Mutations Approved  Approved 99% of all 99% of all Optimized for Multiplex Antibody
detected for VGOOE  for V60O0E mutations mutations VV600E detection specific
and only detectable detectable of for V6OOE
V600K mutations
Costsa Medium Medium Medium Low High Very high Low

1. Marchant J, et al. BMC Cancer. 2014;14(519):1-9; 2. THxID™-BRAF [package insert]. Marcy-I'Etoile, France: bioMérieux; 2013; 3. lhle
MA, et al. BMC Cancer. 2014;14(13):1-13; 4. cobas® 4800 BRAF V600 Mutation Test [package insert]. Branchburg, NJ: Roche Molecular
Systems; 2011; 5. Qu K, et al. J Mol Diag. 2013;15(6):790-795.




MSK-IMPACT: Versions

Integrated
Mutation 410 genes: 2015-16
e 468 genes: 2016-18
Profiling of
Actionable DNA from FFPE Tumor
Cancer and Normal cells
Targets Capture DNA for Next-gen Align to genome
468 cancer genes Sequencing (500 - and analyze
1000 X)

Testing initiated 2014

Somatic Mutations (Tumor-Normal Pairs):
Base Substitutions

Small Indels

Copy Number Alterations

Select Rearrangements

Cheng DT, et al., J Mol Diagnostics, March 2015 - Methodology

Memorial Sloan Kettering
Cancer Center.



A new way of looking at the lung ca oncogene pie chart...

a Histologic classification ¢ New model of co-occurring genetic alterations

of lung cancer within EGFR-mutant lung cancers

st é@\:",‘ NES)
i

Vt‘v{:

Biomarkers of disease persistence, progression
Rational polytherapy targets

Frequency of co-alterations

within EGFR-mutant lung cancers

b  Currentsingle-gene driver oncogene

classification of lung adenocarcinomas

B EGFR
KRAS

B ALK-fusion

B ROS1-fusion

B BRAF

B NF1
MAP2K1

B NTRK-fusion

B RET-fusion

B MET exon 14

W MET amp
ERBB2 mut

" ERBB2amp

,‘,@ *'g d"+ & @ \‘\09‘9 0‘\0
e?"»’ s«" «\"o‘wo’ ‘y \&""'

& ¢ o
@ 0
¥® &
Altered Functional Gene Classes

Evolution and clinical impact of co-occurring genetic
2% alterations in advanced-stage EGFR-mutant lung cancers
Blakely C. et al

I unknown

NATURE GENETICS VOLUME 49 | NUMBER 12 | DECEMBER 2017



Rare Concurrent TP53+RB1 Mutations pre-TKI also
Predispose to Worse Outcomes

Paclitaxel Etoposide
Treatment history: Gefitinib + carboplatin Osimertinib + carboplatin

Tumorvolume (1,000mm?): g § ® & < m o @ 1B % oL ®d NN c-®N~Q

Advan
MYC a

Clonal History and Genetic Predictors of Transformation Into
Small-Cell Carcinomas From Lung Adenocarcinomas

APOBEC-induced hypermutation
SCLC transformation

MRCA

EGFR T790M SCLC
PIK3CA E545K
EGFR del E746-AT750 TSC2 A100T
RB1 ILN388fs LADC ROS1R1035*
TP53 CMG242fs EGFR focal amplification with chrMT:15217
EP300 rearrangement EGFRT790M
CAMK2A R253C
+—® L & L &

[ [P IR R |- Lal A L] 4ar a0 A La Tl AN AR

EGFR T790M-positive LADC
Initial LADC l Initial LADC

= [T || RARARETE ARATRARAR ARARARIN FARARUTRTR ERECACHIN AR
oso 1NN ARRARNEEH 1 AR REETR e mn mmperEnm

Small-cell-transformed group Nontransformed group
(n=17) (n =58)

l Wild type: heterogenious nuclear expression Complete absence of expression l Nuclear overexpression



38 Paired samples (pre-post EGFR TKI): large panel
NGS reveals richer landscape of AR mechanisms

Pre-NGS pie chart —— Large panel NGS pie chart:

N=155 HER2 + T790M

/%

MET
amplification
3%

Unknown

small cell+MET. 18%

1%
small cell

1%

small cell +

T790M
2%

MET+T790M
3%

Analysis of Tumor Specimens at the Time of Acquired
Resistance to EGFR-TKI Therapy in 155 Patients with
EGFR-Mutant Lung Cancers

Clinical Cancer Res March 2013

Acquired alterations

NOTCH2 NIFE

Unknown (n=6) EGFR T790M (n=10)
B Known driver
53 - M Potential dm:*er
D538 ANDIA — B Unknown driver
BVUS
KEAP1 del -
TACC fusion & PIK3CA ' FGFR T790M &
MTOR ' EGFR amp (n=4)
AGK-BRAF fusion & TP53
YES1 amp & IDH1
EGFR & [DKNEIEEE?I | J I METamp (n=3)
amp e
EGFRamp &Pmﬂ EGFRT790M & HER2
HER2amp  EGFRT790M & PIK3CA & Small cel

Memorial Sloan Kettering
Cancer Center.

HelenaYu et al. CCR Mar 2018



Diagnostic approaches to measure the impact of cancer

therapies on clonal evolution
T’> A M
EGFR inhibitor ‘

First-generation
EGFR inhibitor

Liquid biopsy
™
CtDNA & | @ _
53 =
Circulating ey E |
immune cells 3
Circulating »
)
tumor cells ® =
8 PIK3CA
5 E542K
8 | EorR EGFR
= T190M C797S
E —
c
2% Time
D v
0 o
=9

The use of cf/ctDNA testing can be considered in specific clinical circumstances, most notably:
% If a patient is medically unfit for invasive tissue sampling
% In the initial diagnostic setting, if following pathologic confirmation of a NSCLC diagnosis there is

insufficient material for molecular analysis, cf/ctDNA should be used only if follow-up tissue-based
analysis is planned for all patients in which an oncogenic driver is not identified

NCCN 2019

heterogeneity

Cancer Discov 2017;7(8): 805-17



i JASLC 19th World Conference on Lung Cancer
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Host Characteristics
and Environment -
PD-L1 expression
® Biomarkers which HOST IHC, gene expression,
characterize the host mBNA
en.'n.-'lrc-nm.ent, beyond tumor e On tumor cells
microenvironment, may
predict response to 10 ® On immune infiltrating
treatment cells
® C(Clinical factors: gender, age)
PS, histology, smoking status Tumor Immune
o Microbiome, Germline Microenvironment
Genetics Biomarkers that identify tumor
immune system evasion beyond
PD-1/CTLA-4
Tumor An tigens * Tregs, MDSCs, IDO, LAGS, ...
nvirﬂnement Inflamed tumor, immune desert,
® Biomarkers indicative of immune excluded phenotypes
hypermutation & neo- #® Biomarkers (intra- or peri-tumoral)
antigeng maqu predict indiEEItiVE Df an inflamed
response phenotype may predict response
to 10 treatment to 10 treatment
e EGFR. KRAS. LKE1 Psg e CDE+T cell in_ﬁ.‘tratian and
i # » - -
mutations, ALK+ functionality
o TMB, Msi-High, Neo- TCR clonality
Antigens, clonality ® [mmune gene signatures j
.

Modified from Peters, AACR 2017; Topalian, Nat Rev Cancer 2016



Tumour immune phenotypes provide a framework
for understanding CIT resistance mechanisms

Inflamed Non-Inflamed
INFLAMED UNE EXCLUDED IMMUNE DESERT
K CD8+ T cells ; CD8+ T cells -~ | CD8+ Tcells
e infiltrated, s < accumulated but are absent
but non- .= have not efficiently from tumor and

functional infiltrated its periphery

ngiogenesis Proliferating

CD8T cells/lFNg Reactive stroma Tumors /
Low Class |

PD-L1 & checkpoint

Respond favorably to

oheekpalat Infilsition Convert to inflamed phenotype with combinations

Modified from Hegde et al. Clin Canc Res 2016



TMB as a predictor of clinical benefit to PD-L1/PD-1
Inhibitors

Increase in
Normal cell Cancer cell mutational burden MHC-I presentation to T-cell

03

—

Immunogenic mutation Neo-antigen

Non-immunogenic passenger
mutation N .
1. Rooney MS, et al. Cell. 2015;160:48-61. 2. Rizvi NA, et al. Science. 2015;348:124-128.
Normal protein sequence
FOXXXXXILQLMPESVXCOXKXXXX
l Mutation
Non-immunogenic Immunogenic Insertion or Frame
point mutation point mutation deletion shift
XXXXXILQLAPFSVXXXX XLMSEKVYKVXXXXXXXX XMLAKIPESVXXXX XXFLIININTVXXXXX
KXXXXILQKMPFSVXXXX
XXXXILQLM
Peptide cleavage
Mutant amino acid Mutant Binding to MHC class | molecule
faces away from TCR anchor residue

1 445

Peptide § 45

MHC class |

1 4i5 1 4i5

Chen and Mellman Nature (2017) 541: 321

Mutant amino acid
projects towards TCR —\

1 4



Tumour mutational burden (TMB):

An emerging biomarker in NSCLC
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Tumour mutational burden (TMB) is the

TOTAL NUMBER
OF MUTATIONS

per coding area of a tumour genome

TUMOR

20

HIGH TMB

Higher TMB levels are correlated with

HIGHER LEVELS
OF NEO-ANTIGENS

which help our immune system to
recognise tumoursl,2

1. Brown et al. Genome Res. 2014;24:743-750.

2. Schumacher & Schreiber. Science. 2015;348(6230):69-74.
3. Gandara DR, et al. Ann Oncol. 2017;28(suppl_5):v460-496.
4. Gandara DR, et al. Nature Med. 2018;Published online.

TMB can be assessed in both

BLOOD AND TISSUE
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Blood-based TMB (bTMB) correlates with
tissue-based TMB (tTMB) in clinical samples3#



l IASLC 19th World Conference on Lung Cancer
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F1CDx MSK-Impact Oncomine TML
D ATHON ThermoFisher
Mg s SCIENTIFIC
 FDA cleared + « RUO/LDT -
« Actionable mutations + » Separate test -
« Outsource service - * In house +
« High DNA input - « DNA input 20ng +

Good correlation with WES

Lukas Bubendorf, University Hospital Basel, Switzerland h




Whom to Give 10?

SELECT THE RIGHT PATIENT

FOR EFFICACY

CANCER CELL - TISSUE
PD-L1 IHC

for o

Biomarkers

T ST

\

ol

MICROBIOTA

’

Cytokines signature m

Tumor
PD-1
Neoantigen-
specific T cells
’ IMMUNE %OO Vg
MICROENVIRONMENT | [ MMUNE éég
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IHC: i

istry; MSI: mi

TMB: tumor mutational buden; TILS: Tumor I

nfiltrating Lymphocytes; AF: Allelic Fraction

Adaptation courtesy of A. Marabelle

Ferrara R, et al. J Thorac Oncol. 2017;11(Suppl 2): Abstract MA10.11. Sadda-Bouzid E, et al. Ann Oncol. 2017;28(7):1605-1611. Champiat S, et al. Clin Cancer Res.

2017;23(8):1920-1928.
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Predictive biomarkers of 10
- Consensus for translational research -

Pty llses

High Diagnostic reliability of PD-L1 tests on cytological samples and small biopsies
PD-L1 levels on liquid biopsy
Biomarkers of tumor foreignness
Mechanisms of resistance in PD-L1 positive tumors
Mechanisms of responsiveness in PD-L1 negative tumors

Moderate Development of common strategies to detect at the RNA level gene fusion
(ALK, ROS1, RET) and immune signature biomarkers

Archival versus rebiopsy specimens for PD-L1 expression
Heterogeneity of PD-L1 expression in primary versus metastatic sites
Low Influence of prior treatments on PD-L1 expression
Evaluation of the role of PD-L1 expression in NSCLC vs. other solid tumors

Correlation between PD-L1 expression and other driver mutations

Results from an Experts Panel Meeting of the Italian Association of Thoracic Oncology
Transl Lung Cancer Res 2017;6(3):373-386
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SPECIAL ARTICLE

Pan-Asian adapted Clinical Practice Guidelines for the
management of patients with metastatic non-small-cell
lung cancer: a CSCO-ESMO initiative endorsed by
JSMO, KSMO, MOS, SSO and TOS

Y-L Wu", D.Planchard? S. Lu? H. Sun®, N. Yamamoto®, D-W. Kim®, D. S. W. Tan’, J. C-H. Yang®,
M. Azrif?, T. Mitsudomi'®, K Park'”, R A. Soo'?, . W. C. Chang'?, A. Alip™, S. Peters'™ & J-Y. Douillard'®

Recommendation 2: pathology/molecular biology

2a

2b

2C

2d

2d-1

Adequate tissue material for histological diagnosis and molecular testing should be obtained to allow for
individual treatment decisions [A=100%]

Pathological diagnosis should be made according to the 2015 WHO classification of lung tumours
[A=100%]

Specific subtyping of all NSCLCs is necessary for therapeutic decision making and should be carried out
wherever possible. IHC stains should be used to reduce the NSCLC-NOS rate to fewer than 10% of cases
diagnosed [A=100% and 1V, A]

EGFR mutation status should be systematically analysed in advanced NSCC [A=100% and I, A]. Test
methodology should have adequate coverage of mutations in exons 18-21, including those associated
with resistance to some therapies [A=100% and lIll, B]. At a minimum, when resources or material are
limited, the most common activating mutations (exon 19 deletion, exon 21 L858R point mutation) should
be determined [A=100% and |, A]

The availability of a TKI effective against T790M-mutant recurrent disease makes T790M testing
mandatory on the occurrence of first-/second-generation EGFR-TKI resistance (added retrospectively)

Ann Oncol 2019;30(2):171-210
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Pan-Asian adapted Clinical Practice Guidelines for the
management of patients with metastatic non-small-cell
lung cancer: a CSCO-ESMO initiative endorsed by
JSMO, KSMO, MOS, SSO and TOS

Recommendation 2: pathology/molecular biology

2e Testing for ALK rearrangement should be systematically carried out in advanced NSCC [A=100% and |, A]

2f Detection of the ALK translocation by FISH remains a standard, but IHC with high-performance ALK
antibodies and validated assays may be used for screening [A=100% and I, A] and have recently been
accepted as an equivalent alternative to FISH for ALK testing

2g Testing for ROS1 rearrangement should be systematically carried out in advanced NSCC [A%100% and Il, A].
Detection of the ROS1 translocation by FISH remains a standard. A validated RT-PCR test may be used as
an alternative. IHC may be used as a screening approach [A=100% and 1V, A]

2h BRAF V600 mutation status should be systematically analysed in advanced NSCC for the prescription of
BRAF/MEK inhibitors [A=100% and Il, A]

2i Molecular EGFR and ALK testing is not recommended in patients with a confident diagnosis of SCC, except
in unusual cases, e.g. never/former light smokers or long-time ex-smoker [A=100% and IV, A]

2j If available, multiplex platforms for molecular testing are preferable [A=100% and Ill, A]

2k PD-L1 IHC should be systematically determined in advanced NSCLC. Testing is required for pembrolizumab
therapy in all lines of treatment and may also be informative when nivolumab or atezolizumab are used
as monotherapy in the second-line setting [A=100% and |, A]

Ann Oncol 2019;30(2):171-210



Stage IV lung carcinoma with EGFR-activating mutation

P304 11, A]
(PS5 3—4 for all following options [I, Al)

Gofitinib [1, A
Erlotinib [1, A]
Erlotinib +~ bevacizumab [Il, A; MCBS 3]
Afatinib [l, A]
Dacomitinib [1, AJ®
Osimertinib [1, A; MCBS 42
Gafitinib/carboplatin/pemetrexed [1, BE

Oligoprogression

Local treatment (surgery or Exon 20 T790M mutation
AT) and continue targeted testing:
systemic treatment [V, C] Re-biopsy
or
cfDMA plasma testing, with re-
biopsy if plasma test is negaiive
[, A

Exon 20 T790M mutation negative
or re-biopsy indicated but not
feasible

Osimertinib Platinum-based doublst [1, A]
I, A; MCBS 42 Carboplatin/paciitaxel/bevacizumab/
atezolizumab (PS 0-1) [IV, CE

Ann Oncol 2019;30(2):171-210



Stage IV NSCC: Molecular tests positive (Al KIBRAR ROS1)

BARAF V&00 mutation

Crizotinib [1, A; MCBS 4] : »
Alectinib [I, A; MCBS 4] D“"ﬁ‘f‘i‘_"ﬂ"gﬁ”'b Crizotinib [Ill, A; MCBS 3]
Ceritinib [, B; MCBS 4] A

Brigatinib®

Dizease progression
Disease progression

Platinum-based Crizotinib [Ill, A] or
chemotherapy [IV, A] ceritinib [lIl, CJP

targeted systemic treatment Systemic progression for -:rlzu?nlb—nawe
[Iv, C] patients
: Platinum-based
chemotherapy [V, A]

Local treatment (surgery or
radictherapy) and continue

Centinib [, A]
Alectinib [ll, A]
Brigatinib or lorlatinib [Ill, C]
Carboplatinfpaclitaxelbevacizumab
fatezolizumab (PS 0-1) [V, CJP

Ann Oncol 2019;30(2):171-210



Earth Sees First Image Of A Black Hole
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