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Whatto discuss?

ÅSquamouscellcarcinoma

ÅAdenocarcinoma

ÅLarge cellcarcinoma

ÅVariants

ÅNeuroendocrinetumors/carcinomas

ÅMolecularPathologyof lungcarcinomas



Squamous cell carcinoma

Ådefined by:

Åplate like layering of cells

Åkeratinization of at least single cells

Åintercellular spaces / gaps and bridges (represented by 
desmosomes and hemidesmosomes)

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

ÅTypes: keratinizing ςnon-keratinizing ςbasaloidtype



Squamous cell carcinoma, gaps/bridges
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Solid carcinoma: K5/6 and p63 positive = 
smallcellvariant SCC



examples

NCAM



Therapeutic aspects for SCC
ÅNo VEGF Inhibitors, becauseof the riskof 

hemorrhage
ÅWas neverevaluatedin peripheralSCC
ÅWhicharehoweverrare

ÅCisplatin basedtherapyin ERCC1 and p27 negative 
cases

ÅPemetrexedisusuallyineffectivebecauseof high 
activityof ThymidilateSynthase

ÅEGFR activatingmutationsrare

ÅIGF1 and IGF1R mightbea newoption comingup
soon

ÅAdditional growth factor receptorsfor SCC: FGFR1, 
FGFR2



Genetic Alterations in squamous cell 
carcinoma (mutations, amplifications)



Targets for therapy

ÅFGFR1 amplification; doeswork only in selectedcases, whenno other
alterationpresentςwhichseemsto berare; mostoften additional driver
mutationsacting, such asPI3KCA amplificationor activation

ÅImmunotherapy: the mostpromising treatment option (PDL1 expression)

ÅDDR2 (4%) isnot usedbecauseof severetoxicsideeffectsof Dasitinib

ÅFGFR2 mutations are found exclusively in squamous cell carcinomas, 
however, in 2%. For FGFR2 multikinaseinhibitors might be an option for 
specific treatment.

ÅEGFR should be tested in never or ex-smokers

ÅKRAS G12C might be an option



FGFR1(red) polysomyandamplification



Adenocarcinoma

Ådefined by:

Åformation of gland-like structures (tubular, papillary, acinar, 
micropapillary, cribriform, and solid structures - the latter 
with/without mucin synthesis - vacuoles in at least 10% of cells) 
and/or glandular epithelium

Ålarge vesicular nuclei and prominent nucleoli; especially pronounced 
in undifferentiated carcinomas



Adenocarcinomatypes, 2004-2021
ÅAcinarAdenocarcinoma

ÅTubularAdenocarcinoma

ÅPapillaryAdenocarcinoma

ÅMixed Adenocarcinoma

ÅBronchioloalveolar Adenocarcinoma

ÅNon-mucinous

ÅMucinous

ÅMixed mucinous/non-
mucinous

ÅSolid Adenocarcinomawith mucinproduction

ÅFetal Adenocarcinoma

ÅMucinous(colloid) Adenocarcinoma

ÅMucinousCystadenocarcinoma

ÅSignet ring cellAdenocarcinomaX

ÅClear cellAdenocarcinoma X

ÅIn situ Adenocarcinoma

ÅNon-mucinous

ÅMucinous

ÅMixed mucinous/non-mucinous

ÅMinimal invasive AdenocarcinomaҗрƳƳ LƴǾŀǎƛƻƴ 
(mucinous-nonmucinous, remaindermostoften
lepidic)

ÅLepidicAdenocarcinoma

ÅAcinarAdenocarcinoma(includestubular)

ÅPapillaryAdenocarcinoma

ÅMicropapillaryAdenocarcinoma

ÅSolid Adenocarcinoma

ÅFetal Adenocarcinoma

ÅInvasive MucinousAdenocarcinoma

ÅMucinousColloid(Cyst-) adenocarcinoma

ÅEntericAdenocarcinoma



Howto handle biopsies: transbronchial 
biopsies

18

Onlyin-situ componentsarepresent: biopsyon left sideissufficient
for further molecularinvestigation



Biopsyinconclusive, EBUS-derivedcarcinoma, 
immunohistochemistryTTF1- p63 few cellspositive = 
undifferenciatedcarcinoma

19



Cell block technique
smear

TTF1

surfactant
apoproteinB

CK7



Adenocarcinoma lepidic



Adenocarcinoma, acinar



MICROPAPILLARY vs. 
PAPILLARY



AC cribriform



Adenocarcinoma, solid with/without
mucinproduction, TTF1+



Adenocarcinoma, fetal high grade



Invasive mucinousadenocarcinoma
ÅCan be lepidic, acinar, papillary, micropapillary, rarelysolid

ÅCan be composedof gobletcells, columnarcells

ÅHigh proportion KRAS-mutatedςfor specificmutation therapyis
available

Åother frequentlymutatedgenes are: 

ÅHNF4a inducingMUC3, 

Ågenefusionswith NRG1 ςherea targetedtherapyisnow available

ÅFOXA3 and SPDEF inducingMUC5AC and MUC5B

Åand finallymutationsin NKX2-1 (frameshiftor nonsense); this inhibits
expressionof foregutdifferentiation (TTF1)



Mucinousadenocarcinoma, acinar, gobletcell
variant



Mucinousadenocarcinoma, papillaryand
micropapillary



The newproblemof solid adenocarcinoma
ÅIn WHO: solid structure, canhavemucinvacuolesin few

cells(5 per 2 HPF) = solid adenocarcinoma, non-mucinous
group

ÅBy TTF1 stainingwe seesolid adenocarcinomawithout
anymucinproduction(former large cellcarcinomas) now
solid, non-mucinousgroup

ÅAnd rarelythere aresolid mucinousadenocarcinomas
with manycellswith mucinvacuoles(>70%) ςthird type? 

ÅSo three solid adenocarcinomas?  With few mucin
vacuoles, with manyvacuoles, with no vacuolesbut TTF1+

ÅMucinproductionisa signof gooddifferentiation, 
thereforethe classificationasG3 adenocarcinomamight
be questioned



Adenocarcinomaenterictype
CDX2 usuallypositive, K20 can
be, but also K7



NEW PATTERN
Spread Through Air Spaces (STAS) 

Micropapapillary clusters, solid nests or single cells 

beyond the edge of the tumor into air spaces in the surrounding lung parenchyma 

Kadotaet al. 

JTO. 201510(5):806-814.



Spindle cells? 
Pleomorphic
carcinoma?

K7, SMA, TTF1



Oncogenicdriversin adenocarcinomasand NSCLC

ÅEGFR mutations

ÅALK, ROS1 and RET rearrangements

ÅBRAF mutations

ÅMET amplification, mutation, exon14 skipping

ÅNRG1-fusions, 

ÅNTRK1-3, 

ÅHER2, mutation amplification, insertion

ÅKRAS_G12C



Further drivergenes, usuallyless1%

ÅSTK11/LKB1: important becauseconfersworseprognosisand therapy
resistance, especiallyif associatedwith KRAS and or TP53

ÅPI3K

ÅNRAS, HRAS

ÅPDGFRa

ÅCDKN2A

ÅHNF4a

ÅSMARCA2/4



Genetic alterations in lung 
adenocarcinoma 

WT



The neuroendocrineTumors/Carcinomas



typical Carcinoid

Ådefined by

Å0 or 1 mitosis per 2 mm2

Åabsence of necrosis

ÅKi67 2-8%

Åneuroendocrine structures
Årosettes

Åtrabecules

Åsolid nests



Carcinoidsin cytologyand usingcellblock



atypical Carcinoid

Ådefined by

Å2-10 mitoses per 2 mm2

Åor presence of necrosis

ÅKi67 5-20%

Åneuroendocrine structures
Årosettes

Åtrabecules

Åsolid nests



Atypical
carcinoid



SCLC

Ådefined by

Åhigh mitotic counts, high % Ki67

Årarely visible organoidpattern

Ånuclei between 16-23 µ

Ådense heterochromatin

Åsmall or invisible nucleoli
Å fragile nuclei

Åsmall cytoplasm

ÅIHC: positive for LMW-cytokeratins(capping), NCAM, NSE, 
focally synaptophysin, rarely CGA, many cases positive for 
TTF1

ÅInclude TNM staging where possible



SCLC



SCLC



SCLC



Small cellneuroendocrinecarcinoma

ÅPrimary; mostcommonmutationsarelossof Rband p300, and 
mutationsof TP53

ÅCombined= with anyother NSCLC

ÅSecondary
ÅTransition from non-smallcellcarcinomasdue to
ÅTargetedtherapy

ÅChemotherapy/Radiotherapy



Subtypesin SCLC

ÅASCL1/MASH1

ÅNeuroD

ÅPOU2F3

ÅInflammatorySCLC maybeanothersubtype, but yet ill defined



ASCL1, NeuroD, POU2F3



Functionsof the mastergenes

ÅASCL1 is the antagonistof NOTCH andHES1; if NOTCH is inactivated
(deletion, mutation, silenced) the neuroendocrinephenotype
dominates; an exampleis the transformationof EGFR-mutated
adenocarcinomaunderTKI therapy

ÅNeuroDisa basichelix-loop-helix transcriptionfactor involvedin the
differentiationof neurons; it isalso an insulintranscriptionactivator; 
it is involvedin the pituitary and hippocampusdevelopment; it
convertsepidermal cellsinto neuronal ones; in the lungNeuroD
drivesdevelopmentof distal lung, and helpsto establish
neuroendocrinecellsand neuroepithelialbodies



Functionsof the mastergenes

ÅPOU2F3 isa mastergeneregulatingthe proliferationof bronchiolar
precursorcellsand tuft cells; it suppressesthe neuroendocrine
phenotype; theseSCLC arethereforenegative for NE markers

ÅAtonal homolog 1 (ATOH1) expressionin lungcarcinomasconfersa 
neuroendocrinephenotype; ATOH1 togetherwith CDX1 normally
regulatesgut developmentand cellsof the secretorylineage; ATOH1 
iscloselyassociatedwith the Wnt pathway, correlatswith Axin, Dab2, 
and chibby; it functionsin nerve development



LCNEC
Ådefined by: high mitotic counts (usually more than 30 

per 2 mm2)

Ålarge round to polygonal nuclei 25-35 mµ, vesicular 
chromatin, enlarged nucleoli

ÅNeuroendocrine morphology, organoidpattern, 
reminiscent of carcinoids

Ålarge, landscape-like necroses

ÅIHC positive for LMW-cytokeratins, NCAM, CGA and 
synaptophysin often focally



LCNEC



Rare carcinomas, usuallynot classsifiablyon 
biopsies: NUT carcinoma, SMARCA2/4 deficient
carcinoma



Proposalfor the 9th TNM stagingsystem
T/M Label N0 N1 N2 N3 

N2a N2b 

T1 T1aÒ1cm IA1 IIA IIB IIIA IIIB 

T1b >1 to Ò2cm IA2 IIA IIB IIIA IIIB 

T1c >2 to Ò3cm IA3 IIA IIB IIIA IIIB 

T2 T2a IB IIB IIIA IIIB IIIB 

T2a >3 to Ò4cm IB IIB IIIA IIIB IIIB 

T2b >4 to Ò5cm IIA IIB IIIA IIIB IIIB 

T3 T3 >5 to Ò7cm IIB IIIA IIIA IIIB IIIC 

T3 Invasion IIB IIIA IIIA IIIB IIIC 

T3 Satellite nodules IIB IIIA IIIA IIIB IIIC 

T4 T4 > 7 cm IIIA IIIA IIIB IIIB IIIC 

T4 Invasion IIIA IIIA IIIB IIIB IIIC 

T4 Ipsilateral nodules IIIA IIIA IIIB IIIB IIIC 

M1 M1a Contralateral nodules IVA IVA IVA IVA IVA 

M1a 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 IVB IVB IVB IVB 

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



MolecularInvestigations



KnownEGFR mutants



Mechanismsof resistance





Exon20 mutations

ÅAfatinib

ÅOsimertinib

ÅPoziotinib

ÅTrastuzumab

ÅFatinib

ÅAcomitinib

ÅNeratinib+temsirolimus

ÅPyrotinib

ÅAntibody-drugconjugatesarealso tested



Resistance by transdifferentiation

EGFR mutationpos. 
Adenocarcinoma
treatedwith
Gefitinib ᵼ
resistancewithin 18 
monthsᵼrebiopsy
ᵼ

SCLC treatedwith
chemotherapyᵼresistance
within 6 monthsᵼrebiopsy
ᵺ



Transdifferentiation

ÅLoss of RB1, silencingof secondRB1 allele (methylation)

ÅLoss of p300

ÅUpregulationof ASCL1

Åaresomeof the proposedmechanismsfor changingto the
neuroendocrinephenotype



EML4-ALK fusioncanbeprovenby

ÅNGS for fusiongeneςenablesto identify the
partner

ÅIn the beginningFISH was a goldstandard

ÅImmunohistochemistryfor ALK canbe used. 
ÅNowit ispossible to directlytreat patientswith +3 

expressionof ALK on immunohistochemistry





New drugscomingup (second, third generation)



ROS1
ÅROS1 is another kinase acting as a driver gene in 

adenocarcinomas of the lung. Usually the rearrangement 
of ROS1 is evaluated by two FISH probes for the 3'- and 
the 5' ends.  A new antibody is available for pretesting. 
However, positive antibody reactions should be proven by 
FISH or NGS
ÅOnly few fusion partners have been identified so far, 

CD74, SLC34A2, EZR, and GOPC/FIG. 
ÅThe incidence of ROS1 rearrangement is in the range of 

1%. The function of one of the fusion genes EZR-ROS 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. 
ÅMost important patients with this type of gene 

aberrations responded well to the ALK1 inhibitor 
crizotinib.



ROS1
Even a strong stainingshouldbe confirmedby either FISH or NGS



KIF5B and RET

ÅKIF5B is one of the fusion partners for either ALK1 or RET. The KIF5B-
RET fusion gene is caused by a pericentricinversion of 10p11.22-
q11.21. This fusion gene overexpresses chimeric RET receptor tyrosine 
kinase, which can spontaneously induce cellular transformation. 
Besides KIF5B, CCDC6, and NCOA4 can form fusion genes with RET. 
Patients with lung adenocarcinomas with RET fusion gene had more 
poorly differentiated tumors, are younger, and more often never-
smokers.

ÅUse NGS for fusiondetection

ÅTreatment with vandetanibandcabozantinibhasbeenreportedas
beingeffective

ÅA newdrugisSelpercatinib



MET
ÅMET 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 alternatively upregulationof 
HGF was identified as a mechanism of the resistance in 
EGFR mutated adenocarcinomas. 

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

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



Amplificationof MET detectedbyCISH



MET exon14 skippingand point mutation

ÅCan bedetectedby NGS

ÅHowever, sincethe breakpointfor the skippingmutation lies 
within an intron, and this canhavedifferent lengthuseRNA 
for the detection



KRAS_G12C mutation
ÅMRTX849, AMG510 AdagrasibandSotorasib

ÅResistance mutationsdo occur, predominantlyby secondarymutationsin 
the KRAS codon12


