n partreryig Wik

| Ao G WG0

“= | Hamad Medical Corporation

£ DA ¢ gl - s

Helmut H. Popper

Medical Univ. of Graz, Austria.

34th Annual Congress of the Arab Division of The International Academy of Pathology (IAP

AProfessonf Pathology|nstitute of Pathology
AResearchunitMolecular_ungandPleuraPathologyMedicalUniv of Graz Austria

A Graduatedrom the Universityof Graz,Austria After two yearsof researchat the
Departmentof Pharmacologynd Toxicology UniversityGrazhe changedto the
Departmentof Pathologywherehefinishedtrainingin 1985.

AlIn 1985 he was appointedas AssociateProf. of Pathologywith tenureshipandin
1993 asProf. of Pathology

A Actsasrevieweron 35 internationajournalanainlyfor lungdiseasesndmolecular
researchand as associateeditor for Cancersfrontiersin Oncology,Translational
LungCanceResearchandPathologyOncologyandResearch

APublishedmore than 300 articles in peer reviewed internationaljournalsand
presentedoralor postersat numerousnternationahndnationaimeetings

A Authoreda book on PulmonaryPathology Springer2017, secondedition 2021,
and anotherbook on Essentialsn PulmonaryPathologytogether with Dr. Bruno
Murer, Springei2020.

\»)

Practicing pathology in the era of precision medicine




Approach to Lung Carcinoma diagnosis
on biopsies andolecular investigation

Conference of Arabic Division, the International
Academy of Pathology,
Qatar, Nov. 2023

Helmut Popper

Medical University of Graz and Medical University of Vienna,
Depts. Pathology



Disclosure

AHelmut H. Poppeacted actsas aconsultantat the advisaryboardsof
A AstraZenecaEli Lilly, Hofmann La Roche, BMS, Novartis

AHelmut H. Popper hagot unrestrictedresearchgrantsfrom
AEli Lilly
A AstraZeneca
A Pfizer
ABMS
A Roche
ABI

AThedatapresentedherearein noconnectionwith anygrantsor benefits
from thesecompaniesandtherefore no conflictsof intereststo be declared



Whatto discus8

ASquamousell carcinoma
AAdenocarcinoma
ALargecellcarcinoma

AVariants

ANeuroendocrindumors/ carcinomas
AMolecularPathologyof lung carcinomas



Sguamous cell carcinoma

Adefined by:
Aplate like layering of cells
Akeratinization of at least single cells

Aintercellular spaces / gaps and bridges (represented by
desmosomes andemidesmosomes

Ahigh molecular weight keratins (for example K5), nuclear
staining for p40

ATypes: keratinizing non-keratinizingg basaloidtype



Squamous cell carcinoma, gaps/brldges
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SolidcarcinomaK5/6 and p63 positive =
smallcellvariant SCC
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ANo VEGHhibitors, becauseof the risk of
hemorrhage

A Wasneverevaluatedin peripheralSCC
A Whichare howeverrare

ACisplatinbasedtherapyin ERCCand 27 negative
cases

APemetrexeds usuallyineffectivebecauseof high
activity of ThymidilateSynthase

AEGFRuctivatingmutationsrare

AIGH and IGERmight be a new option comingup
soon

AAdditionalgrowth factor receptorsfor SCC: FGER
FGFR
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Genetic Alterations In squamous cell
carcinoma (mutations, amplifications)

lGFlR DDRZ KRAS 6%
SOX2 FGFR1I /
23% 96 > BRAF 2%
P PTEN
' 10%
\ Unknown 7 X _ 39 v.

\

EPHA2 EGFR 10%
1% 1% 3% <5%



Targetdor therapy

AFGFRamplification doeswork only in selectedcaseswhenno other
alteration present¢ whichseemso be rare; mostoften additionaldriver
mutationsacting suchasPI3KCAamplificationor activation

Almmunotherapythe mostpromisingtreatment option (PDLIxpressio
ADDR?2 (4%3% not usedbecauseof severetoxic sideeffectsof Dasitinib

AFGFR2 mutations are found exclusively in squamous cell carcinomas,
however, in 2%. For FGFRAltikinaseinhibitors might be an option for
specific treatment.

AEGFR should be tested in never oseokers
AKRAS G12C might be an option




FGFR1€d) polysomyandamplification




Adenocarcinoma

Adefined by:

Aformation of glandike structures (tubular, papillary, acinar,
micropaplillary cribriform, and solid structuresthe latter
with/without mucin synthesis vacuoles in at least 10% of cells)
and/or glandular epithelium

Alarge vesicular nuclei and prominent nucleoli; especially pronounced
In undifferentiated carcinomas



Adenocarcinoméypes 20042021

A In situAdenocarcinoma
ANon-mucinous

AMucinous
AMixed mucinougnon-mucinous

A Minimal invasiveAdenocarcinomak p YY LYy @I 2
(mucinousnonmucinousremaindermostoften

A AcinarAdenocarcinoma

A TubularAdenocarcinoma

A PapillaryAdenocarcinoma

A Mixed Adenocarcinoma

A BronchioloalveolaAdenocarcinoma

ANorrmucinous lepidic
AMucinous A LepidicAdenocarcinoma
AMixed mucinoug¢non- A AcinarAdenocarcinomdincludestubular)
mucinous A PapillaryAdenocarcinoma
A SolidAdenocarcinomavith mucinproduction A MicropapillaryAdenocarcinoma
A FetalAdenocarcinoma A SolidAdenocarcinoma
A Mucinous(colloid) Adenocarcinoma A FetalAdenocarcinoma
A MucinousCystadenocarcinoma A InvasiveMucinousAdenocarcinoma

A Signet ring:eIIAdenocarcinomex A MucinousColloid(Cyst) adenocarcinoma

A EntericAdenocarcinoma
A Clearcell Adenocarcinoma X



Howto handlebiopsies transbronchial
biopsies

Onlyin-situ componentsare present biopsyon left sideis sufficient
for further molecularinvestigation

18



BiopsyinconclusiveEBUSlerivedcarcinoma
Immunohistochemistryf TF1p63few cellspositive =
undifferenciateccarcinoma
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Inomeagcinar

Adenocarc




MICROPAPILLARY vs.
PAPILLARY
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Adenocarcinomgasolidwith/without
mucinproduction TTHE+

\*




Adenocarcinoma, fetal high grade
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Invasivamucinousadenocarcinoma

ACanbe lepidic, acinar papillary micropapillaryrarely solid
ACanbe composedof gobletcells columnarcells

AHighproportion KRASnutated ¢ for specificmutation therapyis
available

Aother frequentlymutated genesare:

AHNF4 inducingMUC3

Agenefusionswith NRGIc here atargetedtherapyis now available
AFOXA3 and SPDiEBucingMUC5AC and MUC5B

Aandfinally mutationsin NKX2L (frameshiftor nonsensg; this inhibits
expressiorof foregutdifferentiation (TTF1)



Mucinousadenocarcinomaacinargobletcell
variant
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Thenew problemof solidadenocarcinoma

Aln WHO: solidtructure, canhavemucinvacuolesn few
cells(5 per 2 HPF) = soliddenocarcinomanonmucinous

group
ABy TTE stainingwe seesolidadenocarcinomavithout

anymucinproduction(former largecell carcinomagnow
solid, normucinousgroup

AAndrarelythere are solidmucinousadenocarcinomas
with manycellswith mucinvacuoleq>70%)¢ third type?

ASothree solidadenocarcinoma® With few mucin
vacuoleswith manyvacuoleswith no vacuolesout TTHR+

AMucin productionis a signof gooddifferentiation,
therefore the classificatioras G3 adenocarcinomanight
be questioned
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NEW PATTERN
Spread Through Air Spaces (STAS)

Kadotaet al.
JTO. 201510(5):86ed14.

Micropapapillary clusters, solid nests or single cells
beyond the edge of the tumor into air spaces in the surrounding lung parenchyma



Spindlecells?
Pleomorphic i Y
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Oncogenidriversin adenocarcinomaand NSCLC

AEGFRnutations

AALK, ROS1 and RE&rrangements
ABRAFMuUtations

AMETamplification mutation, exon14 skipping
ANRG Husions,

ANTRK,

AHER2mutation amplification insertion
AKRAS G12C



Furtherdrivergenesusuallyless1%

ASTK11/LKBimportant becauseconfersworseprognosisandtherapy
resistanceespeciallyf associatedvith KRAS andr TP53

API3K
ANRAS, HRAS
APDGFR
ACDKN2A
AHNF4&
ASMARCA2/4



Genetic alterations in lung
adenocarcinoma

= KRAS
EGFR

mALK

uNF1
METexon14
HER2-mut

u BRAF
PISKCA

u MET amp

u AKT

= MAP2KI
ROS1
KIF5B-RET
HRAS
NRAS

= WT




TheneuroendocrinelumorsCarcinomas



typical Carcinoid

Adefined by

A0 or 1 mitosis per 2 mn
Aabsence of necrosis
AKi67 28%

Aneuroendocrine structures
Arosettes
Atrabecules
Asolid nests



lIblock

ingce

tologyandus

Inoidsn cy

Carc




atypical Carcinoid

Adefined by
A2-10 mitoses per 2 mfn
Aor presence of necrosis
AKi67 520%

Aneuroendocrine structures
Arosettes
Atrabecules
Asolid nests
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SCLC

Adefined by

Ahigh mitotic counts, high %@
Ararely visibleorganoidpattern
Anuclei betweerl6-23
Adense heterochromatin

Asmall or invisible nucleol
A fragile nuclei

Asmall cytoplasm

AIHC: positive for LMVeytokeratins(capping), NCAM, NSE,

focally synaptophysin, rarely CGA, many cases positive for
TTH

Alnclude TNM staging where possible




SCLC










Smallcellneuroendocrinecarcinoma

APrimary;mostcommonmutationsare lossof Rband p300, and
mutationsof TP53

ACombined=with anyother NSCLC

ASecondary
A Transitionfrom non-smallcellcarcinomasiueto

A Targetedtherapy
A ChemotherapyRadiotherapy



Subtypesn SCLC

AASCL1/MASH1
ANeuroD

APOU2F3
AlnflammatorySCL@naybe anothersubtype butyetill defined



ASCL NeuroD PORZRF3




Functionof the mastergenes

AASCLis the antagonistof NOTCHind HES1if NOTCHs inactivated
(deletion, mutation, silenced the neuroendocringphenotype
dominates anexampleis the transformationof EGFRnutated
adenocarcinomainder TKItherapy

ANeuroDis a basichelixloop-helix transcriptionfactor involvedin the
differentiation of neurons it isalso aninsulintranscriptionactivator,
it isinvolvedin the pituitary and hippocampusievelopment it
convertsepidermalcellsinto neuronalones inthe lungNeuroD
drivesdevelopmentof distallung, andhelpsto establish
neuroendocrinecellsand neuroepithelialbodies




Functionof the mastergenes

APOU2F3s a mastergenaegulatingthe proliferation of bronchiolar

precursorcellsandtuft cells it suppresseshe neuroendocrine
phenotype theseSCL@retherefore negativefor NEmarkers

AAtonal homolog 1 (ATOH&)pressiorin lung carcinomasconfersa

neuroendocringphenotype ATOHZXogetherwith CDXInormal
regulatesgut developmentand cellsof the secretorylineage A
IS closelyassociatedvith the Wnt pathway correlatswith Axin
andchibby; it functionsin nervedevelopment

y
[OH1

Dab?2,



LCNEC

Adefined by: high mitotic counts (usually more than 30
per 2 mm2)

A large round to polygonal nuclei 22 my, vesicular
chromatin, enlarged nucleoli

ANeuroendocrine morphologgrganoidpattern,
reminiscent of carcinoids

Alarge, landscapéike necroses

AIHC positive for LMWytokeratins NCAM, CGA and
synaptophysin often focally






Rarecarcinomasusuallynot classsifiablpn
biopsies NUTcarcinoma SMARC2A4 deficient
carcinoma
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Proposafor the 9th TNMstagingsystem

T1 TlaOlcm IA1 A IIB A B
Tlb>1t0o 02 c m IA2 A ]2 A B
Tlc >2 to CBcm IA3 A IIB A B
T2 T2a 1B 1B MA B B
T2a>3t004 cm IB 1B A B B
T2b >4t0 O5 ¢c m A 1B MA B B
T3 T3>5t007 ¢ m 1B A A B nc
T3 Invasion 1B A MA B ][e
T3 Satellite nodules 1B A A B nc
T4 T4 >7cm IMA A B B nc
T4 Invasion A A B B nc
T4 Ipsilateral nodules A A B B ][e
M1 M1a Contralateral nodules IVA IVA IVA IVA IVA
Mla Pleural, pericardial effusion IVA IVA IVA IVA IVA
M1b Single extra-thoracic lesion IVA IVA IVA IVA IVA
M1c1 Multiple extra-thoracic lesions in a single organ system IVB VB VB VB VB

M1c2 Multiple extra-thoracic lesions in multiple organ systems IVB VB IVB IVB VB



Molecularlinvestigations



KnownEGFRmRhutants

EGF binding EGF binding ™™ Tyrosine kinase Autophospharylation
e — ] ] 1 |
Exon 2 5 7 L w7 o 18-21 2-1 28
Mutations associated .
with drug resistance o T790M (50%)*

B r D770_N771 (ins NPG)
Lo D770 N771(ins SVQ)
D770 N7 (ins G). N7T

— V7690
D76IY ] 57681
8 RR aia gg ™ gy
Eion 18 ! Exon 19 | Exon 20 Exon 21
|__(nucleotide binding loop) | ' (actvation loop)
[ mams mam ’ T783A I N826s
GT9A AE746-AT50 (ins (<1%) AB3OT
VEBIM AE746-T751 (ins A K846R
N700D AE746-T75] {ins VA | LBEIQ
E709K/Q AE746:5752 {lm A/V) G863D
S720P AL747-E749 (A750P) (40-45%)
- . AL247-A750 {ins P)
(%) ALAT-TTS)
AL747-T751 (ins P/5)
AL747-5752
Mutations associated AL747-752 (E746V)
: AL747-752 (P7538)
with drug sensitivity ALT&T-5752 (ins Q)
AL747-P753
AL747-P753 (ins )
A6752+1759
(45%)

Nature Reviews | Cancer



Mechanism®f resistance

General Classes of TKI Resistance

Target Alteration TKl-naive Bypass Tracks
Mutant and/or amplified TK Activated TK Activated TK

JL Lo
SN 1\

STAT ERK PI3K STAT ERK PI3K STAT PI3K

A TKI



Untreated

A+C Res

Phenotypic change in Tumor Histology in
Untreated vs A+C Resistant Tumors
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Exon20 mutations

AAfatinib

AOsimertinib

APoziotinib

ATrastuzumab

AFatinib

AAcomitinib

ANeratinib+temsirolimus

APyrotinib

AAntibody-drug conjugatesare alsotested



EGFRnutation pos.
Adenocarcinoma
treated with

, Gefitinib }

»W'= o resistancewithin 18
! monthst rebiopsy

SCL@eatedwith
chemotherapy resistance
within 6 monthst rebiopsy




Transdifferentiation

ALossof RB1 silencingof secondRB1 allelermiethylation)
ALossof p300
AUpregulationof ASCL1

Aare someof the proposedmechanismgor changingo the
neuroendocringphenotype




EM L4ALI<fu3|oncan be provenby

ANGS fofusiongenec ena
hartner

Aln the beginningFISH wai ;

Almmunohistochemistryor

ANowit is possibleto dlrectuy
expressiorof ALK onmm




Acquired Resistance in ALK+ NSCLC

Unknown

ALK
amp

G1269A
S1206Y

%

ALK+

No ALK amp
or mut

Bypass tracks



Newdrugscomingup (second third generatior)

PMC full text:  Canoar Doy Adttor marusenth, avpinisne s PUC 2007 Ol | w Py Fgemi Mad
Putéshos 0 fnal edted loom as
Cuncar Discow. 20168 Cet; 800 1118-1153

Pubtahad onfine 2016 A4 10 coi: |10 1ISAF195 0700 CO-16-0980]
Coomian\izeos & Fiog0ow! DMHmion 1o reuse
Figure 6
Cellular ALK Phosphorylation Mean IC50 (nM) o
Mutation status Crizotinib Ceritinib Alectinib  Brigatinib  Lorlatinib
Parental Ba/F3 763.9 885.7 890.1 2774.0 SPLER

SLiooY IC50 > 50 <200 nM

ALK 130.1 397.7
11171N 2 :

EMLA-ALK o — IC50 2200 nM

__mns ‘ ’
EML4-ALK
el -mnm

EMLA-ALK

EML4-ALK

EMLA-ALK
L1198F

EMLA-ALK

EML4-ALK 58.4

G1202del .

EMLA-ALK

EMLA-ALK
E1210K

EMLA-ALK

EMLA4-ALK

D1203N+F1174C 338.8 237.8 1234 69.8
EML4-ALK 82.8
D1203N+E1210K 5 s o
Loclutinib posently Inhibits ALK resstance mutatsons, incloding ALK G1202R. Absolute 1Cq) values of ¢ b b, hectinib, teig b, and Joardatinits on celluler ALK phosphorytation in Ba'F3 cells harboring wild-type EMLAALK varant | or

various EMLA ALK resistance mutsats are depleted. *1a Ha/l cells, ALK F1174C and ALK 111717 appear seastzive 1o centinlb and alectissd, cespectively; however, these muntations msay ot be suscepable 10 these ageats in vivo based wpoa prior clinkcal
fepants



ROS1

AROS1 is another kinase acting as a driver gene in
adenocarcinomas of the lung. Usually the rearran%ement
of ROS1 is evaluated b)étwo FISH probes for themd'
the 5' ends. A new antibody is available for pretesting.
However, positive antibody reactions should be proven by
FISH or NGS

AOnly few fusion partners have been identified so far,
CD74, SLC34A2, EZR, and GOPCI/FIG.

AThe incidence of ROS1 rearrangement is in the range of
1%. The function of one of the fusion genes-BRZFS was
studied in a mouse model and showed that in this
experimental setting the fusion gene acted as an
oncogene inducing multiple tumor nodules in mice.

AMost important patients with this type of gene
ab_erEat!an responded well to the ’ALK1 inhibitor
crizotini




Even a strongtainingshouldbe confirmedby either FISHIr NGS

ROS1




KIF5B and RET

AKIF5B is one of the fusion partners for either ALK1 or RET. The KIF5I
RET fusion gene is caused lpeacentricinversion of 10pl11.22
gl1.21. This fusion gene overexpresses chimeric RET receptor tyrosi
kKinase, which can spontaneously induce cellular transformation.
Besides KIF5B, CCDC6, and NCOA4 can form fusion genes with RE
Patients with lung adenocarcinomas with RET fusion gene had more
poorly differentiated tumors, are younger, and more often never
smokers.

AUse NG $%or fusiondetection

ATreatmentwith vandetaniband cabozantinithasbeenreported as
beingeffective

AA new drugis Selpercatinib



MET

AMET is another receptor tyrosine kinase bound to cell
membranes in NSCLC. The ligand for MET is HGF,
originally found in hepatic carcinomas. This receptor
came into consideration in NSCLC because
amplification of MET or alternativelypregulationof
HGF was identified as a mechanism of the resistance in
EGFR mutated adenocarcinomas.

AMET amplification is rare in NSCLC , but upregulation of
MET is seen in approximately 20% of NSCLC including
adenocarcinomas and squamous cell carcinomas.

Aln addition, there are point mutations and exon 14
skipping which induces constitutively activation,
iIndependent from the ligand



AmpllflcatlonofMETdetectedbyCISH |
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METexon14 skippingandpoint mutation

ACanbe detectedby NGS

AHowevey sincethe breakpointfor the skippingmutation lies
within anintron, andthis canhavedifferent lengthuseRNA
for the detection



KRAS G12@utation

A MRTX849, AMG51&dagrasitand Sotorasib

A Resistancenutationsdo occur predominantlyby secondarymutationsin
the KRA®odon12



