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Carcinomes: types histologiques 

Neuroendocrine 
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• Préinvasif 

–  Hyperplasie adénomateuse atypique  
   
–  Adénocarcinome in situ (BAC)      

•  non mucineux 
•  Mucineux 

• « Adénocarcinome avec invasion minime » 
•  non mucineux 
•  Mucineux 

•  Invasif 
–  À prédominance lepidique (non mucineux) 
–  À prédominance acineuse 
–  À prédominance papillaire 
–  À prédominance micropapillaire 
–  À prédominance solide 

• Invasifs Mucineux (ou mixte) 
–  Colloide 
–  Foetal (bas et haut grade) 
–  Entérique 
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TTF1-,
 WT EGFR
RAS mut

Muc2-5-6, CDX2

Diffusion aérogène 
 STAS Mucineux 
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BAC Mucineux BAC Non-mucineux 

CK7 CK7 
CK20 CK20 TTF1 TTF1 

EGFR K RAS 



Corrélations 
morphologie et moléculaire 

Tsuta Lung Cancer 2013 

904 Adénocarcinomes 
IASLC/ATS/ERS  
classification 
2011 
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Architecture, noyaux (taille, nucléole), cytoplasme, 
prolifération, nécrose, mucosécrétion 

Aspect peu différencié,
petites cell, noyaux,écrasement,

IHC: marqueurs neuroendocrines +,TTF1+
Aspect organoide, nécrose,
 grandes cell, prolifération

IHC: Marqueurs neuroendocrines +

Kératinisation,
 ponts intercellulaires, noyaux/cyt

CBNPC-NOS

« lepidique », papillaire, acineux
Cell mucosécrétantes, noyaux/cyt

Biopsie/
cytologie

TTF1+/mucines+,
 p63-, CK5/6-

TTF1-, mucines-,
 p63+, CK5/6+

TTF1+/ mucines+,
 p63+, CK5/6+

CBNPC-NOS



Altérations génomiques dans les différents types  
de cancer du poumon                    Seidel Sc Translat Med 2013 
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Ding  Nature  2008 

-  Genes mutés  dans l’adénocarcinome pulmonaire  
- Exclusion mutuelle des différentes mutations géniques  
- Mutations sur des voies de transcription spécifique 



Fréquence  
des altérations génétiques  

Smoking Non smoking 

Barlesi Lancet 2016 



Fréquence  
des altérations génétiques 

Saito Surg Today 2017 



Les différents récepteurs 
transmembranaires à tyrosine kinase 

EGFR 
MET RET 

ROS 

ALK 



Sharma et al. Nature Reviews Cancer 7, 169–181 (March 2007) | doi:10.1038/nrc2088 

 Mutations EGFR 

activatrices 

résistantes 



         ALK-EML4       5 % 
inv (2) (p21;p23) 

•  Diversité  des points de cassure EML4 
EML4 variant ALK constant 

•  Autres partenaires TFG, KIF5B, PTPN3 
•  Patients jeunes 
•  Non fumeurs 
•  Femmes 
•  Mutuellement exclusif 
•  Taux de réponse objective crizotinib 74 %  



Translocation EML4-ALK dans CBNPC 
inv (2) (p21;p23) 

l  EML4	;	echinoderm-microtubule-associated	protein-like	4	:	domaine	basique	
N-terminal,	domaine	hydrophobe	d’association	avec	les	microtubules	(HELP)	;	

domaine	de	répétition	WD	nécessaire	aux	interactions	protéiques	

l  ALK	:	Anaplastic	Lymphoma	Kinase		

l  Fusion	EML4-ALK:		le	domaine	basique	de	EML4	essentiel	à	la	dimérisation	
de	la	protéine	de	fusion	et	à	son	activation	

HELP	 1	981	

HELP	 1	1059	

1	

WD Basic 

Basic WD Kinase 

Kinase 
TM	

1059	

464	

 
18 Soda M. et al. Nature. Vol 448. 2007 



Les différentes translocations dans CBNPC 
 inv (2) (p21;p23) 

diversité de la région de cassure EML4 
EML4 variant      ALK constant   

Takeuchi K et al. Nature Medicine 2012;18:378-81 
 Sasaki T et al. Eur J cancer 2010;46:1773-80 Super	hélice	 Help	domain	

WD	E13;A20	 33%	-		40%		Protein	kinase	

E06;A20	 29%	-	37.5%		Protein	kinase	

WD	E20;A20	 9%	-	17.5%		Protein	kinase	

WD	E14;A20	 3%	-	2.5%		Protein	kinase	

WD	E18;A20	 2%		Protein	kinase	

WD	E15;A20	
2%		

Protein	kinase	

E02;A20	 2%	-	2.5%		Protein	kinase	

WD	E17;A20	 1%		Protein	kinase	

Var 1 

Var 2 

Var 3 
  a/b 

Var 4 

Var 5 

Var 4 

Var 5 

  a/b 
Var  
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WT EGFR 
WT KRAS 



Bergethon et al JCO 2012 

ROS1 
 1-2 %  

Immunohistochomie 
FISH 

Mab D4D6

Réarrangement ch5 ch6 
Différents partenaires 
Patients jeunes  
Non fumeurs 
Mutuellement exclusif 
Taux de réponse objective 
Crizotinib 80%  
 



Autres réarrangements 
actionnables  

•  RET 
–  différents partenaires 
–   1-2 % (2,52% Degay Oncotarget 2017 in WT)  
–  Fumeur/non fumeur 
–  ADC,femme,# âge 
–  Vandetanib 

•  NTRK1 
–  1-3  %, ADC, fumeurs 
–   famille de gènes, autres organes 
–  TT?  LOXO101 

•  NRG1 
–  femme, non fumeuse, mucineux 8-27 %, 
–  Plusieurs partenaires  
   voie HER2-HER3         pan TKI 



B RAF      3% 
                                                                                          

•  Braf V600 E  50 % 
– Non fumeur 

•  Braf non V600E 50% 
–  fumeur 

•  Mutuellement exclusif 
•  Dabrafenib+Trametinib 

 (antiMEK) V600 E  
Vemurafenib 

Paik JCO 2011 



Mutations HER2   3 % 

Mazières JCO 2013 
Pillai  Cancer 2017 

 

•  Insertions of exon 20: 3 a 12 pdb 
–  775 to 881: 83   
–  Insertion of 3 pdb 8  

•  Mutations L755S et L776C 8 
•  femme, non fumeuse, 60 ans, adénocarcinome, 

multimétastatique, nodules avec  excavation, 
pronostic péjoratif 

•  Tratuzumab, TDM1   
•  Lapatinib, Neratinib, 



KRAS       25% 

–   situé ch 12 et codant  GTPase voie MAPKinase 
–   Mutations codon 12, rares codons 13, 10, 61 
–  Transversions (pyrimidine<--->purine) 

•  G vers T:  G12C  fumeurs 
–  Transitions (pyrimidine/pyrimidine et purine/

purine) non fumeurs et CE 
–  Type Mucineux G12D G12V 
– Mauvais pronostic         
–  Chimiorésistance? 

•  AntiMEK selumetinib 
•  Immunothérapie? 



KRAS hétérogénéité moléculaire 

•  Comutations TP 53 42 % 
–  Augmentant la prolifération cellulaire, réponse 

immune, taux de mutations +++, réponse ICI 
•  Comutations STK11/LKB1 29% 

–  Suppression de la réponse immune, résistance ICI, 
KEAP1, inhibiteur HSP90 

•  Comutations CDKN2A/B 
–  Mucineux, TTF1 faible (NKX2-1), HNF4A, voie 

mTORC1 < 
                                              Skoulidis Cancer Discovery 2016 



Structure    Gène MET     Ch 7 

 Cortot JNCI 2017 

Exon 14 

Ligand  
HGF 



MET 
•  Surexpression 17 - 70 % 

–  Phase III negative onartuzumab 
•  Amplification 

–  4 %, polysomy#amplification 
–  Crizotinib 
–  Resistance to TKI EGFR 

•  Mutations exon 14 
–  4%  NSCLC (Adc and ADSq) 
–  Sarcomatoid 5-22% 
–  Crizotinib, Cabozantinib, Capmatinib 
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ploidy, and better prognosis. Terminal respiratory unit-
subtype tumours were also enriched for EGFR mutations 
and kinase fusions. RAS pathway activation was 
predominantly dependent on receptor tyrosine kinase 
activation in terminal respiratory unit tumours, loss of NF1 
in proximal-infl ammatory tumours, and KRAS mutations 
in proximal-proliferative tumours. While comutation of 
NF1 and TP53  was frequent in proximal-infl ammatory 
tumours, proximal-proliferative tumours showed a high 
frequency of KRAS mutation and LKB1 inactivation.

Similar to the breast cancer model, in which gene 
expression profi ling-based intrinsic subtyping 
(luminal A, luminal B, HER2-enriched, and basal-like 
subtypes) is prognostic and predictive of the effi  cacy of 
neoadjuvant chemotherapy and risk of disease relapse, it 

is worth exploring the use of molecular sub-classifi cation 
in predicting outcomes after complete resection in early-
stage lung adenocarcinoma in carefully designed 
studies.82,83

Epigenetic alterations
Chromatin modifi cation and DNA methylation are well-
known mechanisms of epigenetic regulation. Through 
deregulation of these epigenetic pathways, cancer cells 
aberrantly overexpress oncogenes and silence tumour 
suppressors.84 The methylation status of several CpG sites 
across the genome can be investigated through the use of 
methylation-specifi c probes (eg, the HM450 assay includes 
probes for more than 480 000 CpG sites).85 Investigators 
from TCGA11 classifi ed lung adenocarcinoma samples 
into various CpG island methylator phenotypes (CIMP) 
based on the extent of CpG methylation. Tumours were 
classifi ed as either high CIMP, normal-like or low, or 
intermediate. The Wnt pathway was over-represented in 
genes that were hypermethylated, and underexpressed in 
CIMP-high tumours. Tumours showing CDKN2A 
hypermethylation were enriched for mutations in SETD2, 
a gene that regulates chromatin modifi cation. CIMP-high 
tumours were also associated with an overexpression of 
MYC, although the underlying mechanism driving this 
association was unclear. A more thorough understanding  
of epigenetic alterations in lung adenocarcinoma will be 
crucial to identify patients with adenocarcinoma who 
might benefi t from epigenetic therapies.

Intratumour heterogeneity and clonal evolution
Cancers are composed of related clones by virtue of their 
common ancestry.86 The forces of natural selection 
constantly shape the evolution of these neoplastic clones. 
Cancer cells grow in hostile environments in which they 
compete for resources such as nutrition and oxygen, and 
must survive attacks by host immunity and antineoplastic 
treatments. Moreover, cancer cells also constantly accrue 
mutations that either confer survival advantages, or reduce 
their fi tness compared to other non-neoplastic cells. The 
selection pressures to which cancer cells are exposed 
therefore shape their clonal architecture over time, and 
results in the emergence of cells with increased fi tness.

The estimation of variant allele frequencies for diff erent 
genes across many regions of a tumour (multiregion 
sequencing) aids the study of intratumoral heterogeneity 
and its clonal composition.9,28,29,87 Recently, two independent 
groups reported substantial intratumoral heterogeneity 
within lung adeno carci nomas.28,29 The mutations present 
in all tumour regions were classifi ed as ubiquitous and 
those that were spatially restricted in their distribution 
were classifi ed as heterogeneous. Ubiquitous alterations 
are acquired early in the course of tumour evolution and 
represent molecular events that characterise the founder 
clone. Alternatively, heterogeneous alterations represent 
events that occur later in the course of tumour evolution at 
a subclonal level. When the clonal structure of a tumour is 

Figure 2: Schematic representation of the various types of molecular alterations encountered in cancer cells 
and alternative splicing
(A) The eff ects of diff erent types of point mutations on RNA transcription and protein translation. (B) The formation 
of (1) derivative chromosomes through interchromosomal translocations and (2) chromosomal inversion intra-
chromosomal translocations. These rearrangements can result in the formation of fusion proteins that result in 
constitutive growth signalling through abnormal dimerisation (3). (C) Alternative splicing resulting in the translation 
of three isoforms of the same protein.

Effect of mutation Normal Missense Non-sense Synonymous

DNA TTC TCC ATC TTT

mRNA AAG AGG UAG AAA

Amino acid Lysine Arginine STOP Lysine

1  Interchromosomal 2  Intrachromosomal

Chromosome A
Chromosome B

Derivative (A)
Derivative (B)

Inversion (C) Chromosome C
Fusion gene

Translation

Exon1 Intron Exon2 Intron Exon3 Intron Exon4

Exon1 Exon2 Exon4 Exon1 Exon4Exon3Exon1 Exon2 Exon4

3 Dimerisation of fusion proteins

Splicing

A

C

B

DNA 

RNA 

proteine 



PIK3CA     1 % 

–  Kinase intracytoplasmique 
–  Pas de phénotype clinique particulier 
–  Squameux et ADC 
–   Résistance mutation  EGFR 
–   TT? 



Carcinome sarcomatoide 
sarcoma-like      à cellules fusiformes ou géantes 

•    1 %                                    4♂/1♀ 

Carcinome pléomorphe 
Carcinome à cellules fusiformes 
Carcinome à cellules géantes 
Carcinosarcome Blastome pulmonaire 
Inflammation, PDL1 
Mutations  RAS, rares EGFR,  TP53, STK11 et exon 14 MET 



Carcinome épidermoide 
carcinome basaloide 

•  Central ou 
périphérique 

•  Kératinisation 
•  Ponts d’union 
•  IHC  

–  CK basales: CK5/6  
–  P63 ou  P40 
–  CK 7-/+        TTF1- 

CK5/6-p63 



Hétérogéneité moleculaire 
fréquence des mutations somatiques/type tumoral 



Mutations type/cancer 
  
Mécanisme Biologique 
 
Carcinogénése 

Lawrence Nature 2013 

Cancer pulmonaire 
 

Melanome 
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Tumeurs des glandes bronchiques 

Communauté histologique et moléculaire avec 
les tumeurs des glandes salivaires 

 
•  Carcinome adénoide kystique (CAK) 

–  Proximal, bas grade, cellule épithéliale CK7+ et 
myoépithéliale p63+,  évolution lente, potentiel 
infiltratif local, métastase tardive, glande salivaire 
MYB/NFIB 

•  Carcinome mucoépidermoide 
–  Proximal, bas grade pronostic local, haut grade 

agressive, cellule mucineuse+intermédiaire+ 
squameuse, fusion CRTC1 et MALM2 

•  Carcinome épithélial-myoépithélial , adénome 
plémomorphe 



Tumeurs rares 
•  Carcinomes NUT 1 

–  Médiastin, poumon, autres organes, « ligne 
médiane », trés agressif et peu différencié, aspect 
squameux focal p63+, non fumeur, tout age, IHC 
NUT 1, fusion gène NUT et BRD3ou BRD4  

•  Tumeurs complexe SWI/SNF 
–  Mutation d’une des différentes sous unités du 

complexe 
–  Sarcomes thoraciques SMARCA4 déficient 
–  Homme jeune, fumeur, paroi thoracique, plèvre, 

poumon, abdomen, voluminuese, emphysème 
–   aspect variable, fusiforme, rhadoide, myxoide 
–  Faible CK, CD34, SAL4, SOX2, perte SMARCA4 



Tumeurs mésenchymateuses 
•  Tumeur myofibroblastique inflammatoire 

–  Poumon, plèvre, médiastin 
–  Non fumeur, sujet jeune 
–  Fusion ALK, ROS1, RET, ETV6 

•  Tumeur fibreuse solitaire 
    /hémangiopéricytome 

–  Poumon, plèvre, critères multiples, fusion NAB2/STAT6 
•  Sarcome synovial  

–  poumon, plèvre, fusion SS18 
•  Hémangioendothèliome épithélioide, sarcome 

fibromyxoide de bas grade, sarcome intimal de 
l’artère pulmonaire 

 



Traitement selon les 
 altérations moléculaires 

MET amplification 
Crizotinib 

NTRK fusion 
Carbozantinib, 

Entrectinib,Loxo10 



Histologie Altération 
Moculaire 

PDL1 
status 

Traitement 
L1 

Traitement 
Maintenance 

Traitement  
L2 

Sq 
CBNPC 

Na <50% Doublet Platine 
Gemcitabine/ 
Cisplatine 
Necitumumab 

Necitumumab Immunothérapie 
Chemothérapie 
Docetaxel+ 
Ramucirumab 
Afatinib 

Na >50% Pembrolizumab Pembrolizumab Doublet Platine  

Non Sq 
CBNPC 

EGFR Na Erlotinib+Beva 
Erlotinib 
Afatinib 
Gefitinib 

Erlotinib+Beva 
Erlotinib 
Afatinib 
Gefitinib 

Osimertinib 
Doublet Platine  

ALK  Na Crizotinib(ROS1) 
 
Ceritinib 

Crizotinib(ROS1) 
 
Ceritinib 

Ceritinib 
Alectinib 
Doublet Platine  

Wildtype <50% 
 

Doublet Platine 
Pemetrexed 
Beva (optionnel) 

Pemetrexed 
Beva (optionnel) 

Chemotherapie 
Immunotherapie 
Docetaxel+ 
Ramucirumab 
Docetaxel+ 
Nindetanib 
 Erlotinib 

Wildtype 
 

>50% 
 

Pembrolizumab Pembrolizumab Doublet Platine  



Prise en charge des « biopsies » 
Qualité du traitement 


