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ESTE CANCERUL BRONHOPULMONAR O BOALA GENETICA?

Wl 465 27 May 2000 der10.3038/ nature DP004 nature

B The mutation spectrum revealed by paired genome
/ sequences from a lung cancer patient \
[ . William Lee’, Zhaoshi Jiang', Jinfeng Liu', Peter M. Haverty', Yinghui Guan’, Jeremy Stinson’, Peng Yue',
[ Studlu ReV_ Nature’ 2 O 1 O (W Lee et all) Yan Zhang', Krishna P. Paf: + Deepali Bratt’, Connie Ha', S:c:'ann;c Johnson', Michael | '(er!'c'r:".

Sankar Mohan', Igor Nazarenko', Colin Watanabe', Andrew B. Sparks’, David §. Shames’, Robert Gentleman

LUNG CANCER TUMOUR SEQUENCING L Ry At e b e o

23.000 mutatii
>50,000 SNP s (530 validate)
Rata mutationala 17.7 % per MB

- Rata mutationala : 5 mutatii nefumatori/49 mutatii fumatori
La fiecare 15 tigari - 1 mutatie noua



http://www.nature.com/nature/journal/v465/n7297/full/nature09004.html

ESTE CANCERUL BRONHOPULMONAR O BOALA GENETICA?
DA

» Rezultatul acumularii unor modificari celulare genetice si epigenetice, cu dezvolatrea unei
clone celulare care are caracteristici moleculare noi (reprogramare genetica)

» Afectiune a ciclului celular cu alterarea mecanismelor de control a diviziunii celulare
normale (mutatii) e _

-, - ~. ~ —~ ~ -
Normal bronchial Invasive lung
Hyperplasia Dvsplasia CIs
epithelium cancer

DNA methylation

Intermediate Late

» GENETIC dar NU EREDITAR (componenta ereditara < 10%)

» Majoritatea pacientilor cu NBP sunt fumatori, doar 10-15% din fumatori dezvolta NBP &
susceptibilitate genetica individuala

»4-7 mutatii DRIVER succesive
» 8-15 ani pentru o tumora de aproximativ 1 cm in diametru, micromestaze precoce, 40% la dg.
»>HETEROGENITATE GENETICA TUMORALA 111
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TESTAREA MOLECULARA GERMINALA PENTRU EVALUAREA
RISCULUI EREDITAR IN CANCER

e Diagnostic de cancer bronhopulmonar la nefumatori

e Diagnostic de cancer bronhopulmonar la nefumatori cu rude
diagnosticate cu cancer pulmonar sau alte tipuri de cancer

e Analiza ADN constitutional

e Un rezultat pozitiv la o persoana sanatoasa NU este sinonima cu
boala, constituie unul din factorii de risc pentru aparitia acesteia.



CAZ1 PREZENTARE CAZ

B.V. 35 ani

AHC - tatal cu neoplazie bronhopulmonara, 39 ani, nefumator
APP

o 2021 — tumora Phyllodes maligna, san drept

e pT(2)2N(sn)OMxLOVORO (mastectomie cu reconstructie)

2022 ianuarie
PET-CT - Formatiune tumorala pulmonara LIS cu micronoduli LIS sateliti — META?
e |Interventie chirurgicalda — lobectomie inferioara stanga/disectie limfonodulara
e HP (IHC)—adenocarcinom pulmonar pT2aL1VOROpN1
e Testare moleculara somatica (MTB)

v" EGFR (Leu858Arg) cu FA 35%

v' TP53 (Arg306Ter) cu FA 70%
Tratament
Chimioterapie (4X Carboplatin si Pemetrexed, 1/21 zile)
Osimertinib (3 ani) — trial ADAURA



CAZ1 PREZENTARE CAZ EXAMINARI ONCOLOGICE TESTARE GENETICA CONSILIERE GENETICA

NM_000546.6(TP53):c.916C>T (p.Arg306Ter) AND Li-Fraumeni syndrome

Clinical significance: Pathogenic (Last evaluated: Nov 10, 2021)
Review status

- - 4w - Based on 1 submission [Details]
Testare germinala pozitiva ey
Accession: RCV000232963.10
A d
SCREENING $| PROFILAXIE ONCOLOGICA e o s
H NM_000546.6(TP53):¢.916C>T (p.Arg306Ter)
RECOMANDARI: Gene: TP53:tumor protein p53 [Gene - OMIM - HGNC)
Se recomanda evitarea factorilor de risc carcinogeni: fumatul. expunerea la radiatii (inclusiv imagistica care utilizeaza radiatii Vpdiant bype: singe ool varo
ionizante, consumul de alcool. carbohidrati conecntrati si lipide saturate. Sunt recoamndate adoptarea un stil de viata cu o dieta Cytogenetic location 17p131
echilibrata si activitate fizica zilnica. Genomic location: Chr17: 7673704 (on Assembly GRCh38)

Chr17: 7577022 (on Assembly GRCh37)

Profilaxian ONCOLOGICA in sindromul Li Fraumeni (TP53) (conform ghidurilor NCCN 2021)
1. Profilaxia cancerului mamar contralateral. Avand in vedere cd purtitoarele mutatiilor patogene 7P53 au un risc de aproape
100% de a dezvolta neoplasm mamar pana la varsta de 60 ani. se recomanda:
¢  RMN mamar, anual (optional mamografie 3D) S: S
e  Mastectomie profilactica bilaterala cu reconstructie mamara 2 —Blgc')’nf\g :.:glsa
Luand in considerare defectul molecular identificat. véarsta pacientei si contralateralitatea leziunii mamare. se recomanda consult s
chirurgical in vederea efectudrii mastectomiei bilaterale cu reconstructie mamara. Musculoskaletal
2. Profilaxia celorlalte forme de cancer specifice Li Fraumeni: -Adipose
e  Examen clinic multidisciplinar. anual. f
¢ RMN "full body". inclusiv cerebral anual. pentru profilaxia sarcoamelor si a celorlalte fumori asociate Li Fraumeni f
(osteosarcom cerebral, plaméin, adrenocortical, ovarian). : §
e  (Colonoscopie, o dati la 2 ani, pentru profilaxia cancerului de colon. '
e  Consult dermatologic si dermatoscopie. anual pentru profilaxia melanomului malign. Lymph /
e  Consiliere ginecologicéd in ceea ce priveste optiunile reproductive. i
Optional: eradicarea infectiei Helicobacter Pylori+/- gastroscopie pentru profilaxia neoplasmului gastric. Leukemia
3. Informarea rudelor de grd. I si IT privind posibilitatea existentei statusului de purtator pentru mutatia patogend. cu recomandarea si
indrumarea acestora pentru consult genetic. testare moleculard si screening profilactic corespunzitor. Testarea minorilor pentru mutatii

Breast

germinale implicate implicate in etiopatogenia neoplasmelor cu componenta ereditarad nu este recomandata decat dupa varsta de 18 ani. A: Adrenals
Cu toate acestea, in cazul purtatorilor pentru mutatii patogene TP33. se poate efectua testarea geneticd presimptomatica inaintea varstel
de 18 ani, avand in vedere heterogenitatea fenotipica precum si debutul precoce al unor leziuni maligne. Li Frau meni Synd rome



CAZ1

PREZENTARE CAZ

EXAMINARI ONCOLOGICE

IMPLICATII EMOTIONALE
Consiliere psihologica

CONSILIERE GENETICA FAMILIALA
RR pentru rudele de gradul | este de 50%

Fiul, 5 ani
Fratele 36 ani

MD Anderson
LaneerCenter

‘Making Cancer History®

TESTARE GENETICA

Li-Fraumeni Syndrome Screening - Pediatric

Disclaimer: This algorithm has been developed for MD Anderson using a multidisciplinary approach considering circumstances particular to MD Anderson s specific patient population, services and structure,

and clinical information. This is not intended to replace the independent medical or professional judgment of physicians or other health care providersin the context of individual clinical circumstances to

determine a patient's care.

Li-Fraumeni Syndrome Education and Early Detection (LEAD) — Pediatric Screening Guidelines

CONSILIERE GENETICA

at 2-3 years
based on family
history/clinical

Cancer Age Frequency
0-1 Year 1-10 Years 10-20 Years
General Physical exam/targeted review of systems Physical exam/targeted review of systems | Physical exam/targeted review of systems | Every 6 months
« Neurological exam « Neurological exam « Neurological exam « Thyroid « Skin
Adrenocortical | « Education of signs and symptoms + Education of signs and symptoms « Education of signs and symptoms « Every 6 months (until 10 years old)
Tumor (ACT) (virilization, Cushing’s syndrome, (virilization, Cushing’s syndrome, (virilization, Cushing’s syndrome,
and Others hypertension) hypertension) hypertension)
» Testosterone, DHEAS, HCG, AFP, ACTH,| e Testosterone, DHEAS, HCG, AFP, « Testosterone, DHEAS, HCG, AFP, « Annually (10-20 years old)
urinalysis ACTH, urinalysis ACTH, urinalysis
« Every 6 months for ultrasound
Ultrasound of abdomen and pelvis Ultrasound of abdomen and pelvis Whole body MRI « Annually for whole body MRI
Brain + Education of signs and symptoms « Education of signs and symptoms « Education of signs and symptoms Annually
(vomiting, headaches, vision changes) (vomiting, headaches, vision changes) (vomiting, headaches, vision changes)
« Brain MRI' « Brain MRI' « Brain MRI'
Sarcoma (begin | N/A Whole body MRI Whole body MRI Annually

« CBC with differential, erythrocyte
sedimentation rate, lactate dehydrogenase

o CBC with differential, erythrocyte
sedimentation rate, lactate dehydrogenase

petechiae)
« CBC with differential, erythrocyte
sedimentation rate, lactate dehydrogenase

judgement)
Leukemia/ « Education of signs and symptoms (anemia, | « Education of signs and symptoms (anemia, |« Education of signs and symptoms « Every six months (until 10 years)
Lymphoma pallor, fatigue, bruising, petechiae) pallor, fatigue, bruising, petechiac) (anemia, pallor, fatigue, bruising,

» Annually (10-20 years old)

Melanoma

N/A

N/A

Refer to Dermatology service as necessary

Annually




TESTAREA MOLECULARA SOMATICA
PROFIL MOLECULAR TUMORAL

* ADN TUMORAL (piesa biopsie, plasma)

Mitotic
Deacetylase Receptor

and Heat 5. ' s Wr;l:inal::inasa
Shock Proteins | . . gnalling

o cersror (R « MARERI PROGNOSTICI (TP53)
dlid  NSCLC THERAPY Pathway

Histone

* MARKERI DIAGNOSTICI

mTOR

_ — « MARKERI PENTRU TERAPIE DE PRECIZIE (EGFR)
- — [ ACTIONABILI!!!




PROTOCOL CURENT TESTARE SOMATICA SI TERAPIE MOLECULARA IN NSCLC

Diagnostic
workup

Molecular
profiling

Patient
selection

Treatment

atment | response, progressive disease or unacceptable adverse

Therapy switch/combination based on re-biopsies or liquid biopsy

therapies cessation

Subsequent Treatment



EGFR (epidermal growth factor receptor) fam. ERB

EGFR = receptor tirozinkinazic TK ce apartine familiei ErbB alcatuita din 4 receptori inruditi:
HER-1/ErbB1, HER-2, HER-3 si HER-4 O O
EGFR ligands

Ligand extracelular stimulat/ACTIVAT de EGF si TGFa (fct. crestere) _ O

EGFR homo- or
heterodimers

Antibodies
to EGFR

Rol crucial in carcinogeneza pulmonara

MUTATII ACTIVATOARE =Tangiogeneza, metastazarea | apoptoza

Cell membrane

10-15% caucazieni, 35% asiatici cu NSCLC \L
RAS JAK
mai frecvent la nefumatori, femei si ADK pulmonar (20%) ,l, PAKT l
Terapie TKI prima linie RAF 4 \
mToR CREB sqar
”E" \"_cem
ERH Cell Proliferation

Cell Migration



Raspuns pozitiv la terapia cu inhibitori tirozin-Kinazici (TKI)

Mutatii ACTIVATOARE (amplificari genice) exonii 18-21 [

7p11.2

LI

EGFR

(688)

18

(728)

(729)

19

(761)

(T62)

20

(823)

(824)

21

(875)

REZISTENT SENSIBIL

-
Deletii mici ale cadrului de citire

GT19S (c.2155G>A)
G719C (c.2155G>T)
GT19A (c.2156G>C)
ST20F (c.2159C>T)

Exon 19 deletion*™

DTE1Y (c.2281G>T) 1%

DFT0 M7 (insNPG)
D7TO_NTT1 (inssva) 3%

DFT0_NIT1 (insG)

VWTESA (c.2294T>C &
T783A (c.234TA>G 1%
$768l (c.2303G>T)

TT90M (Cc.2369C>T)"

VTEIL (c.2305G>T) 1%

sG>
NITAT (G231 2A>0C)

Mutatii missens

LE858R (c.2573T>G) 41%

LBE1Q (c.2582T>A)
LBE1R (c.2582T>G) 3%



Rezistenta la terapia TKI in NBP

« REZISTENTA PRIMARA (30%), raspuns complet doar 5% din NSCLC

Intrinsic Resistance Acquired Resistance

Exon 20 mutation MET amplification

Resistance to T790 mutation

KRAS mutation tyrosin kinase ABCG2
inhibitors

ERBB3 activation

HGF overexpression

v’ Rezistenta de “novd @ insertii exon 20 (4-10%)
v’ Mutatia germinala T790M exon 20 (0,5% din ADK) - NBP familial!

v’ Mutatii KRAS/PTEN /rearanjamente ALK, mutatii BRAF (5%)

v Interactiuni farmacologice CypP4503A4 T metabolismul TKI

v’ Fumatul in asociere cu polimorfisme P450 1A1 T clearance -ul Erlotinibului

v Mutatii/polimorfisme genice ale moleculei proapopotice BIM cu scaderea expresiei sunt asociate cu
raspuns | TKI



Rezistenta la terapia TKI in NBP

« REZISTENTA SECUNDARA LA TKI

v’ Mutatii secundare ale EGFR = T790M restabileste afinitatea pt ATP si genereaza o genocopie Wild Type

v’ Prezenta concomitentd a mut. activatoare cu T790M nu exclude utilizarea TKI (heterogenit. tumorala)

v' Activarea cascadei de semnalizare EGFR cu amplificarea MET

v’ Mutatii P13K (5%)
v’ Mutatii BRAF (2%)
EGF EGF Auto-

binding binding TM  Tyrosine Kinase phosphorylation
L — ] —— |

5 7 13 16,1718 21 24 28
S sangote g e
EXON 18 EXON 19 EXON 20 EXON 21
G719X (3%) | LREA deletion (45%) V765A (<1%) L858R (40%)
E VAIKEL insertion (1%) T783A (<1%) L861X (2%)
L7475 (<1%) V774A (<1%) T854A (<1%)
D761Y (<1%) S784P (<1%) AST1E (<1%)
T790M *
Exon 20 insertion (4%)
V769M (<1%)
V769M (<1%)

Acquired Resistance to EGFR TKI

EGFR MUTANT T790M MET AMPLIFICATION HGF OVEREXPRESSION

EGFR ERBB3

MET

TKI
RAS PI3K PI3K
v
RiF AiT AKT AKT AKT
MJ(EK Survival Survival Survival Survival

elElel Ll Synergistic effect inhibiing both pathways? Toxicity?




GENA - ANOMALIE MOLECULARA - TERAPIE TINTITA

l
1
|
: OO ety |
o FGRRUI ) | PDapD-L1
. BGJBes | Crizotinb |/ Pem
' Lodatinib- | ivolima
|
1
1
I




ALGORITM TERAPEUTIC IN CANCER BRONHOPULMONAR NON-SCUAMOS
A Non-squamous NSCLC B Non-squamous NSCLC
EGFR M+ ALK rearrangement

Uncommon

mutations 1st Line

EGFR TKI: EGFR TKI: afatinib, EGFR TKI:

doublet
Pemetrexed based
preferred

3rd Line

afatinib preferred gefitinib, erlotinib afatinib preferred
Crizotinib :
post progression
Ceritinib or
s OVA e
pliet Alectinib
Tumour rebiopsy Chemotherapy

Third generation

2nd Line
e EGFR TKI

Chemotherapy Doublet

SCUAMOS (imunoterapie)
Testare PD-L1

Chemotherapy Doublet

3rd Line
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Cancerul pulmonar la femel
Particularitati genetice

* Numarul deceselor la fumatoare a crescutla 600% intre1950 -1997
* NBP la femei al doilea tip de neoplasm (dupa neo de san) si cea mai frecventa cauza de deces prin cancer

g CYP Neoplasm
e PROFIL HORMONAL PARTICULAR ALDE; broshepuimonas
v' Estrogen si recepetori estrogenici |

Enzime detoxifiere faza |

« METABOLISMUL XENOBIOTICELOR

CARC'“OGEN'FU'ItE‘:Z?nog‘m * Metaboliti activi +. LEZIUNI ADN
v"  Enzime detoxifiere fazal P405 - CYP1A1 e
v' Enzime detoxifiere fazall GST - GSTM1, GSTT1, GSTP1 Mecanisme reparare ADN
Enzime detoxifiere faza Il
e MECANISME DE REPARARE A ADN A= Metabolitiinactivi . . . . .
NER, BER, MMR el W \\ \\ \\ \\ \\ :

4 +
4 4 1] 4
-—n-_-



BIOPSIA LICHIDA TUMORALA IN NBP

—— Epithelial-Mesenchymal

Transition
__:-:.-""H-._h_\_
“9_”‘“":1::_----5_ Blciod vassel
e D

S S S p— e — —
Needle Dying cell Circulating Cell free
biopsy tumour cell DNA
Biopsy CcTC cfDNA
Invasive + - =
All patients eligible = + +
Instrumentation required + + =
WGA required - + +f=
RNA profiling + + =
Research applicability +++ ++ +
Biomarker applicability - ++ +++

Real-time liquid biopsy
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) ;‘-}':/‘J‘v\:('kr\_(' '{”}"\—ft:)é:‘r‘

o

. o

b o

o 0N

Screening and early

e
r('f"”J detection of cancer O
o EGFRmt in ciDNA (NSCLC) N
e i CTC counts (NSCLC)

/éf Real-time monitoring | .
C) . of therapy ()J
o - CTC counts (BC) A
& Stratification and KRAS mt on ctDNA (CRC) | Q
(c;f therapeutic intervention AR mt on ¢tDNA (PC) J b
i Sl
o HER2 or ER expression / ‘u‘
Q on CTCs (BC) a
8 CTC counts .
f,—}‘ (BC) - METABREAST trial E\
Q _ «——" Risk for metastatic J
Q ‘ : i *
0 / Therapeutic targets relapse (prognosis) J
G and resistance CTC counts in solid tumors rf:,’
% mechanisms (e.g., breast, prostate, colorectal, frm1 3
[ 1§ lung, bladder cancers) e
4 KRAS mt (CRC) KRAS mt on ctDNA (CRC) rCF
Q. EGFR mt (NSCLC), i
e Lack of ER expression (BC) -
kCQ AR mt or ARv7 expression (PC) i
&
e
k{-\

~4

pe‘f‘u - PN Syl
;? ~0000000N0000 eV\
SONALizep TREA™




Caz 2

lung ?NET.

Clinical Details: Ms.l |a 62-year-old female patient, is case of suspected malignancy ?

Principal reason for ordering the test: To evaluate a suspected case of lung carcinoma.

Summary and Interpretation

Test result for Circulating Tumor Cells (CTCs)

B legative [] Positive

Type of Tumor
m Probability of Carcinoma (Adenocarcinoma) |:| Squamous Cell Carcinoma
B Adenosguamous Carcinoma |Z| Neuroendocrine Carcinoma
|:|r,-‘.? gnant Mesothelioma I:ll“:l-I'i-I"\"li“E-TC'

Organ of Origin
[¥] Lung

Summary of Immunocytochemistry Analysis ([+] Positive, [-] Negative)

CTC(EpCAM+PanCK+CD45-) [+] EpCAM [+] PanCK [+] Napsin A [+]

Longitudinal Monitoring Biomarkers

Biomarkers
Highest mutant allele frequency (HMAF)

Disease Relevant Findings

Biomarkers Result

EGFR L858R

BRAF Ne mutations detected
MET No alterations detected
RET No fusicns detected
NTRK1/3 No fusions detected

Summary of other Genomic Alterations

Result
4%

Biomarkers
KRAS

ERBB2/HER2
ALK
ROS

Result
No mutations detected

No alterations detected
No fusions detected

No fusions detected

Gene Alteration Type

(SNAs / Indels / CNAs/ Fusion)

EGFR activating poit mutation

Variant Classification

SMA: Single Nucleatide Alteration; CNA: Copy Number Alteration; INDELS: Insertion / Deletion

Therapeutic / Clinical Significance

First line TKi



e Cancerul bronhopulmonar este o boala genetica (rar ereditara)

e GENETICIANUL — rol important in echipa oncologica multidisciplinara
v'Evaluarea predispozitiei ereditare in cancer

v'TMB — analiza/evaluarea markerilor moleculari diagnostici,
prognostici si terapeutici

* Biopsia tumorala lichida — ,viitorul prezent” in diagnosticul,
managementului terapeutic si urmaririi pacientului cu NBP
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