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_Bromarker testing

* |SH: amplification, gene copy gain, gene deletion, translocation
(break-apart ISH), BISH (morphology), mRNA content

o |HC: cellular antigens (nucleus, membrane,
cytoplasm)phosphorylated substrates (morphology is
maintained)

« RT-PCR, real-time PCR: fusion transcripts, mutations, mRNA
levels, also in biological fluids and circulating cancer cells

« DNA/RNA sequencing: mutations, fusion genes, GEP
 Epigenetics: hypermethylation, acethylation

Sequencing

University of Milan



Highly selective testing

Stepwise, single-gene testing
algorithms tailored to specific cancers

EGFR mutation

KRAS mutation

ALK fusion

Present -—-—m—-sw-——H——m —— F[uture

Taylor BS & Ladanyi M — J Pathol 2011

ICS

Multiplex testing

Simultaneous multigene and
multiplexed approach

DNA RNA
Multiplexed Multiplexed RNA

mutation testing  profiling and fusion

transcript detection

Genomic copy
number profiling

Unbiased testing

Global and unbiased
whole-genome approach

DNA RNA

Whole-exome
(or genome)
sequencing

Whole-transcriptome
sequencing (including
paired ends)

University of Milan



Updated Molecular Testing Guideline
for the Selection of Lung Cancer
Patients for Treatment with Targeted
Tyrosine Kinase Inhibitors

This update of the 2013 guideline will

help ensure:

» Uniform approach to molecular testing

- Improved effectiveness of treatment for patients

1:15 m' Develop

2nd lung cancer

Most w%mg! ;noer in both \ | 1:17%!} in a lfetime

[ ]
26% I 25%

Die of lung cancer

New Evidence-based Recommendations:

+ Patients with certain biomarkers can benefit
from targeted therapy

=

= EGFR, ALK, and ROS/ testing must be Ak
performed on all advance stage lung @E
cancer patients —

Review all of the new and updated recommendations
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d_lting cancer (1B = V)

Updated Molecular Testing Guideline for
the Selection of Lung Cancer Patients for Treatment
With Targeted Tyrosine Kinase Inhibitors

Guideline From the College of American Pathologists,
the International Association for the Study of Lung Cancer, and
the Association for Molecular Pathology

Neal I. Lindeman, MD,”* Philip T. Cagle, MD, Dara L. Aisner, MD, PhD,“

Maria E. Arcila, MD,“ Mary Beth Beasley, MD,? Eric Bernicker, MD,"

Carol Colasacco, MLIS, SCT(ASCP),' Sanja Dacic, MD, PhD,! Fred R. Hirsch, MD, PhD,"
Keith Kerr, MB, ChB,' David J. Kwiatkowski, MD, PhD,” Marc Ladanyi, MD,’

Jan A. Nowak, MD, PhD,™ Lynette Sholl, MD,” Robyn Temple-Smolkin, PhD,"
Benjamin Solomon, MBBS, PhD,” Lesley H. Souter, PhD,” Erik Thunnissen, MD, PhD,“
Ming S. Tsao, MD," Christina B. Ventura, MPH, MT(ASCP),' Murry W. Wynes, PhD,*
Yasushi Yatabe, MD, PhD"

e Subtyping

e Oncogene addiction
— EGFR, ALK, ROS1 = stand-alone gene;

— HERZ2, MET, BRAF, KRAS, RET = NGS
panel

* Immunohistochemistry for ALK/ROS1
» 5% sensitivity assay for EGFR T790M

« CcfDNA for targetable mutations
— when the tissue is an issue

 |Immunotherapy markers (PD-L1)

Universit Of Milan Lindeman et al, JTO 2018;13:323



L_lting cancer (IlIB = V)

e Subtyping
* biopsy, cytology Linee guida
« Oncogene addiction
(EGFR, ALK, ROS1) NEOPLASIE DEL POLMONE
e Clinics (age, PS,
comorbidities) Edizione 2017

Aggiornamento 27 ottobre 2017
° Su btyplng addiction

e biopsy, cytology
« PD-L1 expression (TPS)
e Clinics (age, PS, ‘
comorbidities) SSsocaion Tl lins A Oincologia Madtien

University of Milan



/ Metastatic NSCLC \

Mon-sguamous Sguamous
EGFR
ALK No targetable PD-L1<50% PD-L1 250%
ROS-1 mutations
BRAF V00
Treat according to PD-L1<50% PD-L1 250% Ehinum fasad Pembrolizumab
mutation/rearrangement ragpy
Platinum-based Bulky symptomatic Pembralizumab
chemotherapy disease
Carboplatin + pemetraxed +
pembrolizumab

UniverSit Of M”an Ernani, JTD 2018;10(S3):S412-S421 Lc.
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Lung Cancer:A Driver Biomarker T e s ™ e U
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Approach to Tumor Characterization ®SAGE e ._:_-_:__
Giuseppe Pelosi, MD, MIAC" 2, Giulio Rossi, MD?, Alberto Cavazza, MD?, RO
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113
A no p40, no squamous
|
HS =10 HS = 11-50 HS =100
negative category 1+ category 2+ catego 3+ category
(n=106) (n=1) (n=3) (n=36)
AD (n=71) AD (n=1) ADSQC (n=3)}| sQC (n=27) PAO Immunoreaceity
HS<10 HS=11-50 HS=51-100 HS> 100
| | Negative 1+ 2+ 3+ P
PLC-AD (n=11) B-LCC (n=3) =3 n=3 <0000l
CS-AD (n=2) 0 0
0 27
| | o
0 [1] 0
SCLC (n=10) PLC-SQC (n=2)** ScLe 10 0 0 0
LCNEC 5 0 0 0
Carcinoid 2 0 1} 0
B-LCC 0 0 0 3
ADSQC 0 0 3 2
| SGTT 0 0 0 2
MEM 5 0 0 0
ADSQC (n=2)* Cell differentiation  n=126  n=2 n=0 n=40 <0000l
lineage
ISquag;m}us 0 1} 38
Glandular %0 | 0 0
Neuroendocrine 18 0 0 0
Myoepithelial 0 0 0 I
EMT 13 I 0 1
Mesothelial 0 1} 1}
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folecular landscape

ALK MET HERZ
~ Crizotinib 2 ~ Crizotinib 2 »# Trastuzumab emtansine 2
— = Alectinib ¢ ~ Cabozantinib 2 > Afatinib *
EGFR Sensitizing + Ceritinib 2 » Dacomitinib 2
-~ iti i 4
E'Tﬁ:“_': . > Lorlatinib 2 MET 3% oy
~ Erlotini A
- Afatinib 4 ~_Brigatinib * > 1 Mutation 3% > Crizotinib 4
~ Osimertinib * EGER HER2 2% # Cabozantinib 2
~ MNecitumumab * Other 4% » Ceritinib 2
~ Rociletinib 3 ROS12% | » Lorlatinib?
BRAF 2% » DS-6051b 1
é- RET 2% BRAF
NTREK1 1% » Vemurafenib 2
— > Dabrafenib 2
PIK3CA 1%
RET
MEK1 <1% —_—
Unkn_c-wn_ ’ » Cabozantinib 2
Oncogenic Driver =  Alectinib 2
Detected > Apatinib 2
31% > Vandetanib 2
» Ponatinib 2
> Lenvatinib 2
NTRK1
K MEK1 PIK3CA » Entrectinib 2
. - N > Trametinib 2 » L¥3023414 2 » LOXO-101*
1 - Phasel 3 -Phaselll + Selumetinib 3 ~ PQR 3091 % Cabozantinib 2
2 - Phase I 4 - Approved * Cobimetinib 1 » DS-6051b1

Universitv of Milan Tsao et al, J Thorac Oncol 2016 m



Current Gene Listt

Entire coding sequence (base substitutions, indels, copy number alterations).

ABLT
AR
ATRX
BCLZ2LZ
BRIPT
CCND3
CDK6
CHD<
CTNMNAT
EGFR
ERG
FANCF
FGF23
FLCN
GATAT
GNAG
HRAS
7R
SUN
KLHLE
MAGI2
MEF28
MTOR
NFKBLA
NTRKZ
PDGFRA
PLCGZ
PRIKDC
RAFT
RPTOR
SLIT2
soxio
STATH
TGFBR2
u2AaFT

ABL2
ARAF
AURKA
BCL6
BTGT
CCNET
CDKE
CHEKT
CTNNEBT
EP300
ERRFIT
FANCG
FGF3Z
FLT7
GATAZ2
GNAS
HsSD3B87
INHBA
KATEA (MYSTI
FMTZ2A vl
MAPZ2KT (MEKT
MENT
MUTYH
NEXZ2-T
NTRK3Z
PDGFRE
PMSZ2
PRSSS
RANBPRZ
RUNXT
sSMADZ2
sSOox2
STKTT
TNFEAIPE
VEGFA

ACVRIB
ARFRPT
AURKE
BCOR

BTK
CD27 ¢BD-L 1)
CDKNTA
CHEK?Z
cuULs
EPHAZ
ESRT
FANCL
FGF

FLTS
GATAZ
GRPRIZ24
HSPS0AAT
INPP4AR
HKOMSA
KMT2C cpair 3
MAPZ2KZ (MEKZ2)
MET

MYCT
MNOTCHT
NUPSE
PDKT
POLDT
PTCHT
RARA
RUMNXTTT
SMADS
S50OX9
SUFuV
TINFRSFI14
VHL

| Select Rearrangements?

ALK
ETVWV
MY C

TMPRSS52

BCLZ2
ETVS
NOTCHZ

BCR

AKTT
ARIDTA
AXINT
BCORLT
CTlorf30 (EMSY)
CD7SA
CDKNIB
CiC
CYLD
EPHAS
EZHZ
FAS
FGF6&
FLT
GATAL
GRINZA
FDHT
IRF2
HKDOMSC
FKMTZ20 cvee 2y
MAP2KT
MITF

MY CL oMy CLD
NOTCHZ2
PAKS
PIKIC2B
POLE
PTEN
RBT
SDHA
SMAD<
SPEN
SYHK
TOPT
WisPs

BRAF
FGFRT
NTRKZ2

AKT2
ARIDIE
AXL
BiLM
CARDIT
cp7oB
CDKNZA
CREBBP
DAXX
EPHAZ
FAMAEC
FATT
FGFRT
FOoXxL2
GATAG
GRM3
1DH2
IRF=
KDMEA
KRAS
MAPIKT
MLHT
MYCN
NOTCHZ
PALBZ2
PIK3CA
PPPZRIA
PTPNTT
REMIO
SDHEB
SMARCAS
spPoP
TAFT
TOP2A
w7

BRCAT
FGFR2
PDGFRA

AKTE
ARIDZ2
BAPT
BRAF
CcBFE
CDC73
CDKNZE
CRKL
DDR2
EPHBT
FANCA
FEBXWZ
FGFR2
FOXPT
GlD< cCI170rf39)
GSK3B
IGFIR
RS2
KDR
LMOT
MCLT
MPL
MY D88
NEeMT
PARKZ2
PIK3ICE
PROMT
QKT
RET
SDHC
SMARCEBT
SPTAT
TBXZ
TP5Z
XPOoT

BRCAZ
FGFR3
RAFT

u FOUNDATIONONE®

ALK
ASXLT
BARDT
BRCAT
cBL
COHT
CDKNZ2C
CRLFZ2
DICERT
ERBEEZ2
FANCC
FGFIO
FGFRZ
FRS52
GLIT
H3IF3A
IGF2
SAKT
KEAPT
LRPIB
MDMZ2
MRETLA
NFET
NRAS
PAXS
PIKZCG
PREXZ2
RACT
RICTOR
SDHD
SMO
SRC
TERC
Ts5CT
ZBTBZ2

BRD4S
KIT
RARA

FOUNDATION
MEDICINE®

AMERT craAMIZERY APC

ATM ATR
BCLz2 BCL2L7
BRCAZ BRDA
CCNDT CCNDZ2
CDKIZ2 CDK
CEBPRPA CHDZ2
CSFIR CTCF
DNMTIA DOTIL
ERBBZ ERBB4
FANCDZ FANCE
FGFT4 FGFTIS
FGFR4 FH
FUBFPT GABRAG
GMNATT GMNATT
HGF HNFTLA
IKBKE =T
AgAKZ2 JAKF
KEL KIT

LYN LZTRT
MDD MEDT2
MSHZ MSHE
NF2 NFEZ2L 2
NSDT NTRKT
PEBRMIT PDCDILGZ2 (PD-L2)
PIKSRT PIKIR2
PRKARLA PRKCY
RADSO RADST
RNF4Z ROST
SETDZ SF3B87
sNCAlP S50CsST
sSTAG2 STAT3
TERT (Promoter onlvy TETZ
TSC2 TSHR
ZINFZ217 ZNFFOZ

Tumor mutation burden

EGFR
MSHZ2
RET

University of Milan
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Updated Molecular Testing Guideline
for the Selection of Lung Cancer
Patients for Treatment with Targeted
Tyrosine Kinase Inhibitors

This update of the 2013 guideline will

help ensure:

» Uniform approach to molecular testing

- Improved effectiveness of treatment for patients

1:15 m‘ Develop

lung cancer

\ 1:17 mi in a lifetime

2nd

Most common cancer in both

[ ]
26% I 25%

Die of lung cancer

New Evidence-based Recommendations:

+ Patients with certain biomarkers can benefit
from targeted therapy

= EGFR, ALK, and ROS/ testing must be e
performed on all advance stage lung @
cancer patients —

Review all of the new and updated recommendations

angcancer (5 =1V

Updated Molecular Testing Guideline for
the Selection of Lung Cancer Patients for Treatment
With Targeted Tyrosine Kinase Inhibitors

Guideline From the College of American Pathologists,
the International Association for the Study of Lung Cancer, and
the Association for Molecular Pathology

Neal I. Lindeman, MD,** Philip T. Cagle, MD,“ Dara L. Aisner, MD, PhD,“

Maria E. Arcila, MD,° Mary Beth Beasley, MD,? Eric Bernicker, MD,"

Carol Colasacco, MLIS, SCT(ASCP),' Sanja Dacic, MD, PhD,’ Fred R. Hirsch, MD, PhD,"
Keith Kerr, MB, ChB,' David J. Kwiatkowski, MD, PhD,” Marc Ladanyi, MD,’

Jan A. Nowak, MD, PhD,™ Lynette Sholl, MD,® Robyn Temple-Smolkin, PhD,"
Benjamin Solomon, MBBS, PhD,” Lesley H. Souter, PhD,” Erik Thunnissen, MD, PhD,“
Ming S. Tsao, MD," Christina B. Ventura, MPH, MT(ASCP),' Murry W. Wynes, PhD,*
Yasushi Yatabe, MD, PhD"

e “Testing should extend beyond
those molecular alterations for
which targeted therapies are
approved by regulatory
agencies...to include molecular
alterations for which there is
compelling evidence of effective
Investigational targeted
therapies (and immunotherapies)

2% COLLEGE of AMERICAN
"5 PATHOLOGISTS

----- o m[uéxs.ulﬂ«c,-:mww i ) 1 1N : "
0 Qamp s from published clinical trials

Universit

Lindeman et al, JTO 2018;13:323 [CI

of Milan
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Updated Molecular Testing Guideline for

the Selection of Lung Cancer Patients for Treatment
With Targeted Tyrosine Kinase Inhibitors

Guideline From the College of American Pathologists,

the International Association for the Study of Lung Cancer, and
the Association for Molecular Pathology

Neal I. Lindeman, MD,®* Philip T. Cagle, MD,“ Dara L. Aisner, MD, PhD,“

Maria E. Arcila, MD,“ Mary Beth Beasley, MD,? Eric Bernicker, MD,"

Carol Colasacco, MLIS, SCT(ASCP),' Sanja Dacic, MD, PhD,’ Fred R. Hirsch, MD, PhD,"
Keith Kerr, MB, ChB,' David J. Kwiatkowski, MD, PhD,” Marc Ladanyi, MD,"

Jan A. Nowak, MD, PhD,"™ Lynette Sholl, MD,” Robyn Temple-Smolkin, PhD,"
Benjamin Solomon, MBBS, PhD,“ Lesley H. Souter, PhD,” Erik Thunnissen, MD, PhD,“
Ming S. Tsao, MD," Christina B. Ventura, MPH, MT(ASCP),' Murry W. Wynes, PhD,*
Yasushi Yatabe, MD, PhD"

“Must-test” biomarkers as single-
gene assay: standard of care for g~
all patients

“Should-test” biomarkers: to
direct patients to clinical trials (in @™
larger gene panel)

“Investigational” biomarkers: not
yet applicable to clinical use

5

Universitv of Milan Lindeman et al, JTO 2018;13:323 Lc-
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Strength of

Guideline Statements Recommendation
I Key Question 1: Which new genes should be tested for lung cancer patients?
1. ROS1 testing must be performed on all lung adenocarcinoma patients, irrespective of clinical Strong recommendation
characteristics.
2. ROS1 IHC may be used as a screening test in lung adenocarcinoma patients; however, positive ROS1 IHC Expert consensus opinion

results should be confirmed by a molecular or cytogenetic method.

3JBRAF molecular testinglis currentlyjnot indicated as a routine stand-alone assay outside the context of Expert consensus opinion
_ It is appropriate to include BRAF as part of|larger testing panels performed either
initially or when routine|EGFR, ALK, and ROS1 testing ative

4} RET molecular testing | not recommended as a routine stand-alone assay outside the context of a Expert consensus opinion
clinical trial. |t is appropriate to include RET as part of larger testing panels performed either initially
or when routinelEGFR, ALK, and ROS1 testing are negative

5 ERBB2 (HER2) molecular testingfignot indicated as a routine stand-alone assay outside the context of a Expert consensus opinion
Iclinical trial. |It is appropriate to include ERBB2 (HER2) mutation analysis asjpart of a larger testing
panel performed either initially or when routingl EGFR, ALK, and ROS1 testing are negative.

6] KRAS molecular testinilshut indicated as a routine stand-alone assay as a sole determinant of Expert consensus opinion
targeted therapyIt is appropriate to include KRAS as part of {larger testing panels performed either
initially or when routinel EGFR, ALK, and ROS1 testing are ne

71 MET molecular testind isjhot indicated as a routine stand-alone assay outside the context of a clinical Expert consensus opinion
tra

It is appropriate to include METas part of|larger testing panelsjperformed either initially or when
routinel EGFR, ALK, and ROST testing are negative.

Universitv of Milan Lindeman et al, JTO 2018:13:323



RIOMarkers

Table 5. Emerging Markers for Molecular Testing in Lung

Updated Molecular Testing Guideline
for the Selection of Lung Cancer

Patients for Treatment with Targeted
Tyrosine Kinase Inhibitors Can cer

e e gt Mitogen-activated protein kinase kinase 1 (MEK1/MAP2K1)

L Fibroblast growth factor receptor 1-4 (FGFR 1-4)
Neurotrophic tyrosine kinase, receptor, type 1-3 (NTRK1-3)

1:15 SRR ceveon Neuregulin 1 (NRGT)
1 1:17 AL ina et Ras-like without CAAX 1 (RIT1)

- Neurofibromin 1 (NF1)

/) Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit
alpha (PIK3CA)

AKT serine/threonine kinase 1 (AKT1)
NRAS proto-oncogene, GTPase (NRAS)

, : Mechanistic target of rapamycin (MTOR)
New Evidence-based Recommendations:
+ Patients with certain biomarkers can benefit TUberOUS S{:lerOSIS 1 (TSC”

from targeted therapy

2nd

Most common cancer in both

[ ]
26% I 25%

Die of lung cancer

el e Tuberous sclerosis 2 (TSC2)
cancer patients - . 5
Review a:aofthe new and updated recommendations KlT prﬂtO'OI'ICUgene receptor tyrosllne klnase (K!T)
IASIC é Platelet-derived growth factor receptor alpha (PDGFRA)
it COLLEGE of AMERICAN MENTR SRR RTINS A K A ) Assocunon
.. PATHOLOGISTS M P

Discoidin domain receptor tyrosine kinase 2 (DDR?)

o Wbl

Universit Of Milan Lindeman et al, JTO 2018;13:323



Study

Conde 2014
Conde 2014b 145
Cutz 2014'%
Gruber 2015
llie 20159

Lantuejoul 2015'%
McLeer-Florin 2012™
Minca 20134

Park 2012™

Savic 2015'#

Shan 2014™'

Shall 2013
Tantraworasin 20147
To 201313

Wang 2014 ™

TP
46
46
18
19
21

127
19
32
25
29
36
13

8
20
46

FP FN TN Antibody

0
0

29

0
2

108

-
- O W o e M WO =

.»]

"
0
4
5
3
2
0
0
3
0
1
2
0
0

56

56
326
198
149
292

59
217
234
269
242
162
244
331
377

5A4

D5F3

5A4

D5F3

5A4
5A4/D5F3
5A4

D5F3

5A4
5A4/D5F3
D5F3

S5A4

5A4

5A4

D5F3

2-3+

2-3+
At least 1+
At least 1+
At least 1+
At least 1+
At least 1+
pos or neg
At least 1+
At least 1+
pos or neg
pos or neg
pas or neg

2-3+
At least 1+

0.98 [0.89, 1.00]
0.98 [0.89, 1.00]
1.00 [0.81, 1.00]
0.95 [0.75, 1.00]
0.81[0.61, 0.93]
0.91 [0.85, 0.95]
0.90 [0.70, 0.99]
1.00 [0.89, 1.00]
1.00 [0.86, 1.00]
0.91 [0.75, 0.98]
1.00 [0.90, 1.00]
0.93 [0.66, 1.00]
0.80 [0.44, 0.97]
1.00 [0.83, 1.00]
1.00 [0.92, 1.00]

IHC 2+/3+ using mAb 5A4 and/or D5F3

i &

University of Milan

Cut-Off Sensitivity (95% Cl) Specificity (95% CI)

1.00 [0.94, 1.00]
1.00 [0.94, 1.00]
0.92 [0.88, 0.94]
1.00 [0.98, 1.00]
0.99 [0.95, 1.00]
0.73[0.68, 0.77]
0.98 [0.91, 1.00]
1.00 [0.98, 1.00]
0.99 [0.96, 1.00]
0.99 [0.97, 1.00]
0.97 [0.94, 0.99]
1.00 [0.98, 1.00]
0.95 [0.92, 0.97]
1.00 [0.99, 1.00]
0.98 [0.96, 0.99]

Pooled estimate:

URgreancer: ALK DY IFCE

Sensitivity (95% CI)  Specificity (95% CI)
—- -
—= -

—a |
— u

. |

- 8

— -
—3 | |

—a n
—i ||

—a a
— ]

—a— |
— ||

[ 1 t t t _FI t } t } -
0020406081 0 0204 0508 1

0.9856 (0.9254-0.9845)

0.9914 (0.9716-0.9975)




Atvanced lURGgieancer: ROS=L DY EISE

Study TP FP FN TN Sensitivity (95% Cl) Specificity (95% Cl) Sensitivity (95% CI)  Specificity (95% Cl)
Cha 201442 13 16 0 301 1.00[0.75,1.00]  0.95[0.92, 0.97] —a a
Mescam-Mancini 2014** 9 3 0 95 1.00 [0.66, 1.00] 0.97 [0.91, 0.99] — & b
Shan 20157 10 2 3 45 0.77 [0.46, 0.95] 0.96 [0.85, 0.99] —_— —=
Sholl 20134 8 4 0 44 1.00[0.63, 1.00] 0.92[0.80, 0.98] — & —&
Yoshida 20144 16 33 1 220  094[0.71,1.000  087[082091, , , , —= . @&
_ 0020406081 002040608 1
IHC 2+/3+ using mAb D4D6 Pooled estimate: 0.9587 (0.7075-0.9955)  0.9352 (0.8900-0.9626)
[ 5LC34A2 (L) ezl [ ROS1 TK [] h
[ SLC34A2 (5) [Eaa ] ROS1 TK []
[ cora [es2llf [ ROS1 TK []
[ corim [Ems | ROS1 TK []
e | [ ROS1 TK ]
[ soca [eszfi [ ROS1 TK []
[ sbcd [Ead | ROS1 TK ] 9
g
&R [E2+ | ROS1 TK []
LRIG3 BES ROS1 TK [1]
[ E ES ROS1 TK ]
[ FIG NES ROS1 TK [] %%
EEES ROS1 TK | |1 gé
[ FIG [E26 ROS1 TK [ |J gg D,
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1. Targeted therapy:
new targets
— muts, fusions, CNVs
— driver variations
— actionable variations
— Immune checkpoint

2. Tumor heterogeneity
— cancer biology TG
— drug resistance

3. Classification
— WHO & beyond

University of Milan
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IAS I ‘ £ > 3 ~ IASLC 18TH WORLD CONFERENCE ON LUNG CANCER
g g October 15-18, 2017 | Yokohama, Japan

INTERNATIONAL ASSOCIATION FOR THE STUDY OF LUNG CANCER 4 WWW.IASLC.ORG

Poor reliability for immune cell scoring
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Pembrolizumab plus Cheoerap
in Metastatic Non—-Small-Cell Lung Cancer

L. Gandhi, D. Rodriguez-Abreu, S. Gadgeel, E. Esteban, E. Felip, F. De Angelis,
M. Domine, P. Clingan, M.J. Hochmair, S.F. Powell, S.Y.-S. Cheng, H.G. Bischoff,
N. Peled, F. Grossi, R.R. Jennens, M. Reck, R. Hui, E.B. Garon, M. Boyer,

B. Rubio-Viqueira, S. Novello, T. Kurata, J.E. Gray, . Vida, Z. Wei,

J. Yang, H. Raftopoulos, M.C. Pietanza, and M.C. Garassino,
for the KEYNOTE-189 Investigators*

100
90
80
g 70 Pembrolizumab combination
k
% 60
Y 04
=
% 40+ Placebo combination
=8
20+
10  Hazard ratio for death, 0.49 (95% CI, 0.38-0.64)
P<0.001
0 T | T T T T 1
0 3 6 9 12 15 18
Months
Pembro = pemetrexed + platin + pembro
Placebo = pemetrexed + platin + placebo

21

PD-L1 tumor proportion score
<1%
=1%
1-49%
=50%
Platinum-based drug
Carboplatin
Cisplatin

84/190 —a— 0.59 (0.38-0.92)
135/388 —n— 0.47 (0.34-0.66)
65/186 —a— 0.55 (0.34-0.90)
70/202 —a— 0.42 (0.26-0.68)
176/445 —— 0.52 (0.39-0.71)
59/171 —— 0.41 (0.24-0.69)
[
0.1 1.0

Placebo Combination

Pembrolizumab Combination

Better Better
A Tumor Proportion Score of =194
100
— 90
£ =0
T o
£ e
s0.
2 o
30
3 20
10| Hazard ratio for death, 0.59 (95% CI, 0.38-0.92)
o 3 & s 12 15 12 21
Months
MNo. at Risk
127 113 104 79 42 20 6 o
Placebo combination 63 54 45 32 21 6 1 o
B Tumeor Proportion Score of 1 to 49%
100
— 20
£ s0
;I e
) &0
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= a0
£ 0
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10-| Hazard ratic for death, 0.55 (95% CI, 0.34-0.90)
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Placebo combination 58 54 47 3z 17 5 z o
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100
— 90
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3 50
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2 30
£ 20
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Mutation burden or surrogate
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IfterpretindgPD=LL expression

Differential effects depend upon a dose-response relationship

Biomarker is “negative” Biomarker is “positive”

Oncogene addiction is absent Oncogene addiction is present
Therapy is unlikely to benefit Therapy is more likely to benefit

Biomarker is at low - Biomarker is at . Biomarker is at high
levels intermediate levels - levels

LL L Ll & s 66

* 1%, 5% 25% "50% 100%
u L]

Biological continuum of expression

Lower likelihood Intermediate likelihood Higher likelihood
of response of response of response

What is positive? Where should we set the cut-offs?

University of Milan
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Heavy smoker Light smoker Mever smoker Unknown

Fingerprint mutation due to tobacco
exposure is a C - A transversion,
which is predominantly found in

smokers

University of Milan

Jia et al. BMC Medical Genomics 2014




Nivolumab

i

plus Ipilimuma

M.D. Hellmann, T.-E. Ciuleanu, A. Pluzanski, J.S. Lee, G.A. Otterson,

C. Audigier-Valette, E. Minenza, H. Linardou, S. Burgers, P. Salman, H. Borghaei,

S.S. Ramalingam, J. Brahmer, M. Reck, K.J. O'Byrne, W.J. Geese, G. Green,

H. Chang, J. Szustakowski, P. Bhagavatheeswaran, D. Healey, Y. Fu, F. Nathan,

and L. Paz-Ares

A Tumor PD-L1 Expression

b in Lung Cancer
with a High Tumor Mutational Burden

at least 10 m
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Prognostic Impact of Tumor Mutation Burden in
Patients With Completely Resected Non-Small Cell
Lung Cancer: Brief Report

IASLC

<<l

Yuki Owada-0Ozaki, MD,® Satoshi Muto, MD, PhD,® Hironori Takagi, MD,*
Takuya Inoue, MD,® Yuzuru Watanabe, MD,® Mitsuro Fukuhara, MmD,*

Takumi Yamaura, MD, PhD,® Naoyuki Okabe, MD, PhD,> Yuki Matsumura, MD,? Journal of Thoracic Oncology
Takeo Hasegawa, MD, PhD,® Jun Ohsugi, MD, PhD,® Mika Hoshino, MD, PhD,*
Yutaka Shio, MD, PhD,® Hideaki Nanamiya, PhD,” Jun-ichi lmai, PhD,” Available online - 11 April 2018

Takao Isogai, PhD," Shinya Watanabe, MD, PhD," Hiroyuki Suzuki, MD, PhD*-*

A — B ] 00,0612 ‘ WES: any mutation, cut-off 62
8o L £ a0 B N = 90
§ (.)w ‘g TN T | Median age, yrs (range) 70 (40-87)
2 B0 - High 2 0 - Gender
E E AII Male / female 63 (70.0%) / 27 (30.0%)
: 404 £ 40 - Low Smoking status
o o o Never smoker 28 (31.1%)
g 20, § 20 | High pa_tS Former or current smoker 62 (68.9%)
OS p:{]_[)[]{]5 o D FS Median brinkman Index (range) 675 (45-2580)
Tumor size, cm (range) 2.8 (0.8-11.0)
0 T T T T 0 T T T T Histology
0 1 2 Ye 3 4 0 1 2 3 4 Adenocarcinoma 63 (70.0%)
ears ) Years Squamous cell carcinoma 27 (30.0%)
No. at risk No. at risk EGFR-mutation
TMB low 44 44 25 4 TMB low 44 40 28 3 Exon21;L858R 14 (15.5%)
TMB high 46 45 34 5 TMB high 46 37 16 4 Exon19 deletion (8.9%)
Others 2 (2.2%)
A B Wild-type/Unknown 66 (73.3%)
100 By 100 METETTE T N TR u Pathological stage
i 1A 43 (47.8%)
804 - low g 80 4 1B 24 (26.7%)
— ~ high = b — A 4 (4.4%)
g £ s 8 (8.9%)
§ 807 3 %7 - low Stage | A 9 (10.0%)
E 40 g w© - High d"lB . 2 (2.2%)
w b = 1 Adjuvant therapy
g § patS Platinum 8
] K ] Others 15
Sl OS p=0.0018 a @ DFS p=0.0072 Recurrence 22 (24.4%)
Treatment for recurrence
0 : ' ’ j 0 ; i . j Platinum 10
0 1 2 3 4 [} 1 2 3 4 EGFR-TKI 5
No. at risk Yoars No. at risk vears Qthers 2
0. at ris .
TMB low 35 35 26 3 TMB low 35 35 25 3 Best supportive care 2
) . Death 15 (16.7%)
TMB high 32 32 18 4 TMB high 32 27 13 4 Median TMB (range) 62 (10-502)
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Medicine Resistance to EGFR Inhibitors

Lecia V. Sequist, et al.
Sci Transl Med 3, 75ra26 (2011);
DOI: 10.11 26/scitranslm<e_d_.300_2003 ,

Genotypic and Histological Evolution of Lung Cancers Acquiring

3

F
23 54 F Exon 19 del Adeno
24 5 F L858R Adeno
25 40 F Exon 19 del Adeno
26 61 F L858R Adeno
27 6 M L858R Adeno
28 59 M Exon20ins' Adeno
29 64 M L858R Adeno

R
- -, A
¥ ) 1

%" : ‘“.u oy W
oS, ffﬁ \h’:’f
Ecad [ ®:mome
SCLC transformation Erlo (22 months) On
SCLC transformation Erlo (3+ years) On
SCLC transformation, PIK3CA Erlo (14 months) On
SCLC transformation Erlo (2+ years) Off (2 months)
SCLC transformation Erlo (18 months) On
Erlo (11 months) On
m Gef (11 months) On
Erlo (11 months) Off (2 weeks)
University of Milan
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httns.f/ﬂoim! 0.1007/500428-018-2307-3

Most high-grade neuroendocrine tumours of the lung are likely
to secondarily develop from pre-existing carcinoids: innovative fi

skipping the current pathogenesis paradigm
Giuseppe Pelosi 225 - F b rizio Bianchi® - Ellsa Dama® - Mi hele imbole” - Andre M fﬁ cini™ - #
Sara Pilotto ”? - Sergio Harari® M auro Papotti® - Ma rcn Volante ' G briella Fonta i i’ - Luca M
Adriana Albini®? - Emilio B ia” - Fiorella Calabrese ' - Aldo Scarpa
100/148 tumors = 68% & . ook
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Al LA SlrafdanlDeT ctachl 57

Secondary High-Grade NET as
al Evolving Carcinoids To
c2 (0 SCLC/LCNEC-like Tumors

cs (0.4
C6(0.2) |
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A testinig in liquid biopsy

 Rec: EGFR mutations when the tissue is an issue (also
unwilling or unable patients)...but if negative try on tissue
biopsy (also to exclude other resistance mechanisms)

Study TP FP FN TN Detection System Sensitivity (95% CI) Specificity (95% CI)  Sensitivity (95% CI)  Specificity (95% CI)
Douillard 2014242 69 1 36 546 ARMs 0.66 [0.56, 0.75) 1,00 [0.99, 1.00] —& =
Kukita 201323 8 1 3 10 PHNALMA clamp 0.75 [0.43, 0.95) 0.91 [0.59, 1.00] — E—
Li 2014243 389 114 214 874 Multiple 0.65 [0.81, 0.68] 0,88 [0.86, 0.90] = =
Mok 2015235 72 B 24 136 allele-specific PCR 0.75 [0.85, 0.83] 0,96 [0.91, 0.98] - 2
Oxnard 201452 14 5§ 7 20 GdPCR 0.67 [0.43, 0.85] 0.80 [0.58, 0.93] — -

0020406081 0020406081
Pooled estimate:  0.6640 (0.6272-0.6088) 0.9564 (0.8332-0.9897)

Sensitivity 60-80%; specificity 80-95%

« Exp. Cons. Op.: Itis possible to identify T790M in ADC patients
with progression or secondary clinical resistance to EGFR-TKI,;
testing of tumor samples is recommended if the plasma result
IS negative

 No Rec: cfDNA & CTC cannot be used for diagnosis of primary lung
cancer; CTC cannot be used for the identification of EGFR or other
mutations or EGFR T790M

Rec: recommendation; ECO: expert consensus opinion

University of Milan Lindeman, JTO 2018 (€ g
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