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Obiective

* Intelegerea conceptelor generale referitoare la supravegherea imuna si antigenitatea
tumorala

* Descrierea diferentelor intre tumorile induse de carcinogeni si tumorile induse viral

* Explicarea diferentelor existente in imunoeditare; mecanisme utilizate de celulele maligne in
evaziunea imuna

* Intelegerea rolurilor diferite ale Th1, Th2, Th17 si Treg in imunitatea antitumoral3
* Enumerarea strategiilor imunologice actuale folosite in imunoterapia afectiunilor maligne

e Utilizarea cunostintelor dobandite pentru preventia aparitiei cancerului si pentru
managementul pacientilor cu afectiuni maligne
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Cuprins
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Conceptul de supraveghere imunologica si antigenitate tumorala
Toleranta si status malign

Mecanisme imune impotriva celulelor tumorale

Mecanisme de evaziune imuna ale celulelor tumorale
Mecanisme imunosupresoare specifice identificate recent
Aplicatii clinice ale imunoterapiei in afectiunile maligne umane

Manipularea terapeutica a limfocitelor T
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1. Conceptul de supraveghere imunologica si antigenitate tumorala

Teoria supravegherii imune - dezvoltata de McFarlane Burnet (1959) si Lewis Thomas (1967)
Antigene specifice tumorale — TAA sau TSA

Carcinogen

Smooth muscle cells

Carcinogen ¥ . '
FEwd % |
Virus X % @ !
Epithelial cells
Carcinogen . '
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Target cells
Indus de carcinogen Indus de virus
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1. Conceptul de supraveghere imunologica si antigenitate tumorala

Imunosupraveghere tumorala vs. imunoeditare

Modelare imuna si imunoeditare — Robert Schreiber (teoria celor 3 "E”):
- Eliminare
- Echilibru
- Evaziune

Premalignant lesion A8 Elimination Immunaosurveillance

Advanced oncogenesis Equilibrium Immunoselection

Tumor growth Escape Immunosubversion

Cell intrinsic Cell extrinsic (immune system)
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1. Conceptul de supraveghere imunologica si antigenitate tumorala
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Dovezi ale imunitatii anti-tumorale

Immunize mouse with
irradiated tumor cells

irradiated

tumor cells
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Inject viable cells
of the same tumor

Inject viable cells
of a different tumor
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Response to
unique tumor
rejection antigens
eliminates
tumor

Response to irradi-
ated tumor will not
eliminate unrelated
tumors of a
different cell type

N
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Immunobiology. Garland Science 2005

—Regresie spontana: melanom, limfom

—Regresia metastazelor dupa indepartarea chirurgicala a metastazelor
pulmonare in cancerul renal

—Infiltrarea tumorilor de catre limfocite si macrofage: melanom si cancer
mamar

— Proliferarea limfocitara la nivelul nodulilor limfatici

—Incidenta crescuta a cancerului dupa imunosupresie, in imunodeficiente
(SIDA, nou-nascuti), varstnici, etc.

Scopul final al imunologiei tumorale este de a induce un raspuns imun eficient clinic, care sa tinteasca doar
celulele tumorale la pacientii cu cancer.
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Eliminare sau toleranta? Afinitate

Eliminare: mutatii ale antigenelor tumorale

carcinoizi

spontan
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Eliminare: expresia anormala a antigenului

Soarecii carora le lipseste perforina prezinta un risc si o frecventa crescuta a limfoamelor
Soarecii cu expresie scazuta a RAG si STAT1 dezvolta tumori digestive si mamare
Soarecii fara limfocite T y0 sunt susceptibili la tumori tegumentare induse de aplicarea topica a agentilor

Supravegherea imuna se realizeaza mai degraba impotriva tumorilor induse viral decat a tumorilor induse
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Evaziune — Sistemul imun “sculpteaza” tumorile

Raspunsul imun modifica tumorile astfel incat acestea nu vor mai fi identificate de catre sistemul imun = evaziune

tumorala

Low Tumor treated as Antigenic Tumor-induced Tumor-induced
immunogenicity self antigen modulation immune suppression privileged site
Antibody against ¥
No peptide:MHC Tumor antigens tumor c:ﬁ- sgurface Fs:?r:::‘(’ef":;?;g)
ligand taken up and antigens can induce ||[ __jc inhibi{ T cells Factors secreted by
No adhesion presented by APCs endocytosis and diiact! tumor cells create a
molecules in absence of degradation of the Ind |ret<.: Y. § physical barrier to
No co-stimulatory co-stimulation antigen. Immune "l "tc '°'; s m the immune system
molecules tolerize T cells selection of antigen-||[ Feguiatory 1 cefls
loss variants by tumors

Tumorile modifica raspunsul imun prin activarea celulelor imune supresoare = evaziune tumorala
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1. Conceptul de supraveghere imunologica si antigenitate tumorala

Aplicatii clinice ale antigenitatii tumorale

Categorie Exemple Tip tumoral
Antigene unice specific-tumorale P21/ras mutant Colorectal, pancreatic
Imunoglobuline idiotip Limfoame LB
B-catenina Colorectal, mamar
P53 mutant Pancreatic
CDK4 Melanom
EGFR mutant Glioblastom, plaman
Peptide antigene self supraexprimate CEA Colorectal
Muc-1 Colorectal
EpCam Colorectal
Her-2/neu Mamar
EGF receptor Colorectal, plaman, cap
Antigene tumorale nespecifice Melanoma antigen E (MAGE) Melanom
Antigene asociate virusurilor HPV Cervical
HBV Hepatocelular
EBV Limfoame LB
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1. Conceptul de supraveghere imunologica si antigenitate tumorala

Markeri tumorali de uz clinic

- Grup de proteine, hormoni, enzime, receptori si alti produsi celulari, care sunt supraexprimati si produsi in
cantitati crescute de catre celulele maligne

- Constituenti celulari normali, prezenti in cantitati scazute la persoanele sanatoase

- Sunt utilizati pentru monitorizarea pacientilor pentru recurente tumorale, in timpul sau dupa efectuarea
tratamentului

- Unii markeri sunt asociati cu evolutie mai agresiva a tumorilor, cu rata crescuta de recurenta, avand valoare in
stadializarea si prognosticul cancerului

- Majoritatea markerilor tumorali nu sunt utili pentru teste de screening

- Pot da rezultate fals pozitive: PSA T in infectiile urinare sau hipertrofie prostatica benigna; CA-125 T in
inflamatia trompelor uterine; CEA/CA-20-9 ‘I in boli inflamatorii intestinale
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1. Conceptul de supraveghere imunologica si antigenitate tumorala

Markeri tumorali de uz clinic

Denumire Tip marker tumoral Utilizare clinica

Alfa fetoproteina (AFP) Antigen oncofetal Diagnostic prenatal al spinei bifida; diagnostic si
monitorizare pacientilor cu cancer testicular;
crescut in 80% dintre tumorile hepatice

CA (cancer) 125 Antigen proteic Diagnostic si monitorizare pacienti cu cancer
ovarian; poate fi crescut in cancer hepatic,
pulmonar, gastric, ovarian, mamar, pancreatic, tract

digestiv
Antigenul carcinoembrionic (CEA)  Antigen oncofetal Cancer colorectal
Receptor estrogenic (ER) Receptor tisular pentru  Raspuns la tratamentul cu inhibitori ai ER
estrogen (tamoxifen)
Receptor de progesteron (PR) Receptor tisular pentru  Valoare prognostica in cancerul mamar

progesteron
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1. Conceptul de supraveghere imunologica si antigenitate tumorala

Markeri tumorali de uz clinic

Denumire Tip marker tumoral Utilizare clinica
Gonadotropina corionica umana Hormon produs de Tumori trofoblastice si coriocarcinoame; 60% dintre
(hCG) celulele trofoblastului si cancerele testiculare secreta hCG
de placentain
dezvoltare
Antigen prostatic specific (PSA) Glicoproteina de Prezenta in cantitati scazute la barbatii adulti;
dimensiuni reduse, cu niveluri crescute se intalnesc in cancerul de
activitate proteazica, prostata, hipertrofie prostatica benigna, inflamatia

specifica pentru tesutul prostatei
prostatic; se gaseste in
forma libera si legata

CA-20-9/CA-19-9 Cancer pancreatic
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2. Toleranta si status malign

- Limfocitele T care recunosc antigenele self dominante sunt indepartate la nivel timic — selectie negativa
- Limfocitele T autoreactive, cu recunoastere redusa a moleculelor MHC sunt neglijate

— toleranta centrala

- Limfocite T in tesuturi periferice

Recunoasterea antigenelor self

- Semnalul 1: TCR + peptide antigenice prezentate de MHC

- Semnalul 2: molecule co-stimulatoare (CD28 de pe LT cu
molecule B7 de pe APC; CTLA-4 = CD152, semnal inhibitor; CD28

semnal stimulator)

Cross-presentation si cross-priming

Class switching
recombination
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2. Toleranta si status malign

Cross-presentation si cross-priming

Tumor cells and ! Differentiation of
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3. Mecanisme imune normale impotriva celulelor tumorale

3.1. Rolul sistemului imun Tnnascut in imunitatea tumorala

- prima linie de aparare impotriva agentilor patogeni: DC, NK, macrofage, neutrofile, bazofile, mastocite

- elibereaza mediatori solubili: citokine, chemokine, proteaze de remodelare a matricei, mediatori bioactivi
(histamina, metaboliti ai prostaglandinelor)

- induc mobilizarea si infiltrarea aditionala cu leucocite la nivelul tesutului afectat

- DC preiau antigenele tumorale si migreaza spre organele limfoide, unde prezinta peptidele procesate
limfocitelor T pentru inducerea raspunsului imun specific

3.2. Rolul sistemului imun adaptativ in imunitatea tumorala

- recunoasterea TAA de catre limfocitele T
- distrugerea celulelor tumorale de CTL si NK
- producerea de anticorpi
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3. Mecanisme imune normale impotriva celulelor tumorale

Procesarea antigenelor asociate tumoral — TAA (sistem imun innascut)

Exogenous
antigen
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| complex

J E.‘v-i?c"»«vﬁiﬁ:n}:sf%m‘i Imunologie 2021 Science can solve problems QT? OnCOGen

!
research center

- <~



3. Mecanisme imune normale impotriva celulelor tumorale

Functiile populatiilor LT CD4+ si CD8+ Tn imunitatea tumorala
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3. Mecanisme imune normale impotriva celulelor tumorale

Functiile populatiilor LT CD8+ si celulelor NK in imunitatea tumorala

Cancer cell

Apoptosis

NK Cell Normal cell

NK Cell Cancer cell Apoptotic cell
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3. Mecanisme imune normale impotriva celulelor tumorale
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4. Mecanisme de evaziune imuna ale celulelor tumorale

Cancer cell

Efecte inhibitorii ale complexelor
TSA-anticorp

Target cell
infected
-e With virus

Apoptasis

Viral induced ¥
antigen 8

B8 o associated
antigen

Producerea excesiva a sSTNF-Rs in
micromediul tumoral
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4. Mecanisme de evaziune imuna ale celulelor tumorale

Mecanisme prin care micromediul tumoral induce
supresia prezentarii antigenice si functiile DC

iTreg cell
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4. Mecanisme de evaziune imuna ale celulelor tumorale

Mecanisme imunosupresoare induse de limfocitele Tregs la nivelul
micromediului tumoral

A. Inducerea APC spre expresia B7-H4 duce o
la supresia limfocitelor T efectoare | ==y
B. I caii perforine/granzime B de catre

Tregs poate induce citotoxicitate asupra

DC si limfocitelor T efectoare i

C. Interactiunea CTLA-4 cu CD80/CD86 de pe or BT
APC; Tregs isi exercita efectele 7
imunosupresoare prin inducerea IDO, care
favorizeaza anergia celulara si apoptoza

D. Concentratia I de TGF-B (produs de Tregs
si celulele tumorale) duce la disfunctia
APC si anergia limfocitelor T

Activated
Treg cell

Tregroell

!

Treg cell

T cell cycle. Dendritic and T cell Tcell el Tcell
arrest T cell apoptosis apoptosis anergy dysfunction|  |anergy
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5. Mecanisme imunosupresoare specifice identificate recent

Expresia indolaminei-2,3 dioxigenazei

IDO = enzima imunomodulatoare

produsa de macrofage activate

catalizeaza conversia triptofanului in kinurenina
IDO este up-regulated in celulele tumorale

Antigen-
presenting Cancer
Treg cell Tryptophan cell
{Trp)

- CILA4 / Kynurenine

_l_ 0o
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Indirect _ Direct
suppression suppression
of T cell of T cell

Effector T cell
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6. Aplicatii clinice ale imunoterapiei in afectiunile maligne

Chimioterapia / chemoterapia conventionala

Clase

Agenti alkilanti

Antimetaboliti

Antracicline

Inhibitori de
topoizomeraza

Alkaloizi (agenti
anti-microtubuli)

Corticosteroizi

Descriere

Disturba AND-ul si impiedica mitoza,
independent de fazele ciclului celular

Blocheaza faza S de diviziune a ciclului
celular si subtituie nucleozide

Antibiotice anti-tumorale, care blocheaza
replicarea ADN-ului

Impiedics formarea AND-ului
monocatenar in vederea replicarii

Inhibitori mitotici, blocheaza faza M a
ciclului celular; blocheaza functia
microtubulilor (alfa si beta tubulina)

Componente

e Clorambucil, ciclofosfamida, izofosfamida, melphalan
* Alkilsulfonati — busulfan

e Nitrozuree — streptozotocin, carmustin, lomustin

* Triazine —dacarbazina

* Etilenimine — thiotepa, altretamina

« Platina — cisplatin, carboplatin, oxalaplatin

e 5-fluorouracil (5-FU), 6-mercaptopurine (6-MP)
« C(Citarabina, capecitabine, fludarabine, gemcitabine, metotrexat,
pemetrexed, pentostatin, thioguanine

Doxorubicina, daunorubicina, idarubicina, pirarubicina

Topotecan, irinotecan, etoposide, teniposide

» Taxani — paclitaxel, docetaxel (impiedica dezasamblarea microtubulilor)
* Vinca alkaloizi — vinblastina, vincristina, vinorelbine (impiedica
asamblarea microtubulilor)

Prednisone, metilprednisolon, dexametazona
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6. Aplicatii clinice ale imunoterapiei in afectiunile maligne

Imunoterapia conventionala

1. Utilizarea anticorpilor monoclonali

Anticorp Tinta Mecanism de actiune Utilizare clinica

Cetuximab EGFR Inhibarea cresterii tumorale prin legarea de ~ Tumori colorectale, cap, gat care

Panitumumab EGFR exprima EGFR

Matuzumab

Trastuzumab HER2 Neutralizare prin legare cu HER2 Cancer mamar

(Herceptin)

Rituximab CD20 de pe Citotoxicitate dependenta de complementsi  Limfoame, CD20+, non-Hodgkin,
suprafata LB mediata de ADCC artrita reumatoida

lod-131 tositumomab si CD20 de pe Efecte similare Rituximab + radiatie ionizanta Limfoame non-Hodgkin

ytriu-90 ibritomomab suprafata LB

(Zevalin)

Bevacizumab (Avastin)  VEGF Legarea de VEGF si inhibarea angiogenezei Carcinom metastatic de colon

sau rect, cancer pulmonar,
mamar, renal
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6. Aplicatii clinice ale imunoterapiei in afectiunile maligne

Imunoterapia conventionala

1. Utilizarea anticorpilor monoclonali

Anticorp Tinta Mecanism de actiune Utilizare clinica
Alemtuzumab CD52 Activare sistem imun Leucemie limfocitara cronica
(Campath) (LLC)

Brentuximab vedotin CD30 + MMAE Legera specifica de limfocite + livrare Limfoame Hodgkin
(Adcetris) chemoterapeutic

Ado-trastuzumab Her2 + DM1 Neutralizare Her2 + livrare chemoterapeutic ~ Cancer mamar

emtansine

(Kadcyla/TDM-1)

Denileukin (IL-2) diftitox CD25 Livreaza toxina difterica limfocitelor cu Limfom cutanat cu limfocite T
(Ontak) receptor de IL-2

Blinatumomab CD19si CD3 Anticorp bispecific Leucemie acuta limfocitara (LAL)
(Blincyto)

MMAE = agentul antimicrotubular monometil auristatin E
DM1 = inhibitor microtubular

q UNIVERSITATEA
DE MED! FARMACIE
VICTOR TIMISOARA
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6. Aplicatii clinice ale imunoterapiei in afectiunile maligne

Imunoterapia conventionala

1. Utilizarea anticorpilor monoclonali
2. Vaccinuri impotriva antigenelor tumorale (TAA, peptide tumorale)

- Sipuleucel-T (Provenge™) — cancer prostatic metastatic — DCs pulsate cu peptide HLA-A*02:01-restricted
derivate din antigenul membranar specific prostatic (PSMA).

- GVAX - vaccin autolog cu celule transduse cu GM-CSF; GVAX recruteaza DC pentru prezentarea antigenelor
tumorale si activarea limfocitelor T citotoxice; stimuleaza maturarea DC prin up-reglarea expresiei de B7

- Canvaxin™ - 3 linii de melanom combinate cu BCG ca adjuvant pentru melanom

- Belagenpumatucel-L — vaccin alogeneic cu 4 linii tumorale NSCLC modificate genetic pentru secretia de
oligonucleotide anti-sens la citokina imunosupresoare TGF-32

- Oncophage/Vitespen — Gp96 in cancerul renal

- Trovax — vaccin MVA (modified vaccinia strain Ankara, fam. poxviridae) vector-based pentru cancerul renal,
tinteste antigeul 5T4

- CimaVax-EGF —vaccin cu N. Meningitidis + EGF in NSCLC
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6. Aplicatii clinice ale imunoterapiei in afectiunile maligne

Imunoterapia conventionala

1. Utilizarea anticorpilor monoclonali
Vaccinuri impotriva antigenelor tumorale (TAA, peptide tumorale)
3. Utilizarea citokinelor (IL-7, IL-15, IL-21) sau a inhibitorilor citokinici (TGF-) sau a altor cai de semnalizare (CTLA-

4/check point inhibitors)

N

Premalignant state

Malignant progression

- 3. e Q\\“ = - b
i Tumor
Epithelial cells development .
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6. Aplicatii clinice ale imunoterapiei in afectiunile maligne

Imunoterapia conventionala

1. Utilizarea anticorpilor monoclonali
2. Vaccinuri impotriva antigenelor tumorale (TAA,
peptide tumorale)
3. Utilizarea citokinelor (IL-7, IL-15, IL-21) sau a
inhibitorilor citokinici (TGF-B) sau a altor cai de
semnalizare (CTLA-4/check point inhibitors)
4. Transfuzia de limfocite T efectoare
- |zolate de la pacient
- Separate prin tehnici diverse: strepatameri
(molecule MHC asociate cu antigen specific
tumoral)

- Modificate genetic (CAR-T cells)

- Reinfuzate la acelasi pacient (transfer
autolog)

Reinfuse post

Excise tumor lymphodepletion

Plate
fragments

Select and
expand 10
100 cells

Assay for specific
tumor recognition

!
Culture with
6,000 IU/mL IC2 '
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6. Aplicatii clinice ale imunoterapiei in afectiuni

e maligne

Imunoterapii anti-tumorale traditionale

Rezectie chirurgicala
Radioterapie -
Chimioterapie

Terapie anti-angiogenica

Tumori umane

Noi imunoterapii anti-tumorale

Tinta = Limfocite Tregs

depletie de Tregs (Danileukin diftitox,
anticorpi anti-CD25
specifici/ciclofosfamida)

Blocarea migrarii (anticorpi anti-
CCL22)

Blocarea diferentierii si semnalizarii
(blocarea FoxP3)

Tinta = molecule supresoare

Blocarea moleculelor supresoare (B7-
H1, B7-H4, IDO, arginaza) de pe APC
Blocarea moleculelor supresoare
(CTLA4, PD1) de pe limfocitele T
Blocarea moleculelor supresoare
solubile (TGF-B, IL-10, VEGF, COX2)

Imunoterapii anti-tumorale conventionale

Antigene asociate
tumorilor (peptide
tumorale)

Vaccinare cu APC (celule
dendritice)

Transfer de limfocite T
efectoare

Administrare de
citokine/chemokine (IL-7,
IL-15, IL-21)

Imunologie 2021 Science can solve problems QT? OnCOGen
research center



6. Aplicatii clinice ale imunoterapiei in afectiunile maligne — CAR-T cells

. 1B

T-cell receptor complex

CAR
scFv
VH / VL
hinge
costimulatory
protein domain
- S P, . v N
S¢S
xr X L
T X
1 K
T 2"d Generation
1st Generation Ty 31 Generation
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6 . CAR-T ce | | S | Chimeric Antigen Receptor T Cell
il (CAR-T) Therapy

L e Individualized CAR-T therapy uses a patient's own immune system to fight certain types
tisagenlecleucel tonanrceis - axony : e of cancers. A patient's T cells are extracted and reprogrammed outside of the body to
for IV infusion recognize and fight cancer cells and other cells expressing a particular antigen.

OKYMRIAH" oty modiea

Target Total Volume 10mL-50mL per bag Dispense with Medication Guide
- Dosage: See prescribing mformation.
Contains 2 x 10° t0 2.5 x 10" CAR-positive viable T cells
Sooprosered x:31.29% (e ofPsma- e A 3125% (v of 5 Destreami A0
/v) of 25% HSA, 10% m.) of 10% Dextran 40 (LMD)/5% Dextrose

How CAR-T Therapy Works

) -umsmv)

g St <120 vaorphase o bk vegen (S0 10N, 008
i Properly identity inteaded ‘product m b o
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Neurological toxicity e
Confusion, delirium, aphasia, seizure
7.Cell Death
Within the patient’s body, the CAR-T cells have the potential to
recognize the patient’s cancer cells and other cells expressing a
specific antigen and attach to them, which may initiate direct cell
death
CAR-T cells attach Cell death is initiated
5. Lymphodepleting to cancer cells
chemotherapy *"‘{;"v g"‘{l}% L
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Cytokine release syndrome “On-larget. off-tmor bosdclty chemotherapybghen®> | Derrdt e =
Fever, fatigue, hypotensiontachycardia, get, the patient to reduce the
i H 2 level of white blood cells CAR-T Cell Cancer Cell CAR-T Cell Cancer Cell
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4. Quality Check 2. Reprogrammed cells
Strict quality testing occurs prior to the Using an inactive virus (viral vector), T cells are
release and shipment of the CAR-T cells genetically encoded to recognize cancer cells
Anaphylaxis/allergy back to the patient and other cells expressing a specific antigen
Immune responses to mouse-derived and/or zn {:} il
recombinant proteins = ¥ g
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p— Newly created CAR- T =3 ~
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6. Aplicatii clinice ale imunoterapiei in afectiunile maligne — CAR-T cells

CART cell Denumire Companie Tinta  Domeniulde  Domeniul de Afectiunea
recunoastere  semnalizare
al antigenului  intracelulara
Tisagenlecleucel Kymriah Novartis CD19  scFv 41BB-CD3 zeta Leucemie acuta limfocitara (LAL)
Limfom difuz cu celule B mari (subtip de
limfom non-Hodgkin, agresiv)
Axicabtagene Yescarta Kite Pharma / CD19  scFv CD28-CD3 Limfom difuz cu celule B mari (non-Hodgkin)
ciloleucel Gilead zeta Limfom folicular
Brexucabtagene Tecartus Kite Pharma / CD19  scFv CD28-CD3 Limfom cu celule de manta (MCL-mantle cell
autoleucel Gilead zeta lymphoma; subtip de limfom non-Hodgkin)
Lisocabtagene Breyanzi Juno Therapeutics CD19  scFv 41BB-CD3 zeta Limfom difuz cu celule B mari (non-Hodgkin)
maraleucel / BMS
Idecabtagene Abecma Bluebird Bio / BCMA  scFv 41BB-CD3 zeta Mielom multiplu
vicleucel BMS

BCMA = B cell maturation antigen

Imunologie 2021 Science can solve problems QT? OnCOGen“
research center



licatii clinice ale imunoterapiei in afectiunile maligne — CAR-T cells
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6. Aplicatii clinice ale imunoterapiei in afectiunile maligne — NGS

NGS = Secventiere genica de noua generatie (Next Generation Sequencing)

NGS este utila pentru stabilirea terapiei anti-tumorale de precizie deoarece aduce informatii referitoare la:
Mutatiile existente |la nivel tumoral pentru diagnosticul de precizie al cancerului

Terapii tintite pentru mutatiile existente la nivel tumoral (mutation-targeted therapies)

Terapii contraindicate pentru mutatiile identificate

Studii clinice aflate in desfasurare pentru tipul de cancer / mutatiile identificate

Sample Cancer Type: Non-Small Cell Lung Cancer

Page i i
Optional Sample Info 1: 33221/2/20 Tal_)le of Cpntents g Report quhllghts
Optional Sample Info 2: Lymphnode Variant Details 1 6 Relevant Biomarkers
Relevant Therapy Summary 3 1 Therapies Available
samp|e Cancer Type: Non-Small Cell Lung Cancer Relevant Therapy Details 9 90 Clinical Trials
Alert Details 10
A Clinical Trials 12
Table of Contents Page Report Highlights
Variant Details 1 3 Relevant Biomarkers
Relevant Therapy Summary 2 0 The‘ra.lples ﬁ.\vallable Relevant Biomarkers
Alert Details 7 88 Clinical Trials
Clinical Trials 8 Relevant Therapies Relevant Therapies
- Genomic Alteration (In this cancer type) (In other cancer type) Clinical Trials
RET C630R None selpercatinib 1
Relevant Biomarkers ret proto-oncogene
Relevant Therapies Relevant Therapies EGFRL858P None None 68
Genomic Alteration (In this cancer type) (In other cancer type) Clinical Trials epidermal growth factor receptor
EGFR L747P None None 77 EGFRD761G None None 66
epidermal growth factor receptor epidermal growth factor receptor
EGFR L747S None None 66 TP53 Q136R None None 12
epidermal growth factor receptor tumor protein p53
TP53 R175H None None 12 CDKN2A DT08N, CDKN2A A132V None None 6
tumor protein p53 cyclin dependent kinase inhibitor 2A
Public data included in rel therapies: FDA1, NCCN, EMAZ, ESMO Public data sources included in relevant therapies: FDA1, NCCN, EMA2, ESMO
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6. Aplicatii clinice ale imunoterapiei in afectiunile maligne — NGS

Indicatii terapeutice

Current FDA Information

@ Contraindicated @ Not recommended W Resistance 4( Breakthrough A Fast Track

FDA information is current as of 2021-02-17. For the most up-to-date information, search www.fda.gov.

EGFR L858P, EGFR D761G

A osimertinib + quaratusugene ozeplasmid
Cancer type: Non-Small Cell Lung Cancer Variant class: EGFR mutation

Supporting Statement:

The FDA has granted Fast Track Designation to the immunogene therapy, quaratusugene ozeplasmid, in combination with the
EGFR inhibitor osimertinib, for EGFR mutated non-small cell lung cancer after progression on osimertinib alone.

Reference:

https://www.genprex.com/news/genprex-receives-u-s-fda-fast-track-designation-for-gene-therapy-that-targets-lung-cancer/
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6. Aplicatii clinice ale imunoterapiei in afectiunile maligne — NGS

Current NCCN Information

CO nt ra | n d |Cat| | te ra p e u t | Ce @ Contraindicated ° Not recommended U Resistance 4 Breakthrough M Fast Track

NCCN information is current as of 2021-02-01. For the most up-to-date information, search www.nccn.org.
For NCCN International Adaptations & Translations, search www.nccn.org/global/international_adaptations.aspx.

EGFR L858P, EGFR D761G

© atezolizumab

Cancer type: Non-Small Cell Lung Cancer Variant class: EGFR mutation

Summary:
NCCN Guidelines® include the following supporting statement(s):
B "subsequent therapy with pembrolizumab, nivolumab, or atezolizumab is not recommended in patients with EGFR mutations
or ALK fusions."

Reference: NCCN Guidelines® - NCCN-Non-Small Cell Lung Cancer [Version 2.2021]

@ nivolumab
Cancer type: Non-Small Cell Lung Cancer Variant class: EGFR mutation

Summary:
NCCN Guidelines® include the following supporting statement(s):
® "subsequent therapy with pembrolizumab, nivolumab, or atezolizumab is not recommended in patients with EGFR mutations
or ALK fusions."

Reference: NCCN Guidelines® - NCCN-Non-Small Cell Lung Cancer [Version 2.2021]

© pembrolizumab
Cancer type: Non-Small Cell Lung Cancer Variant class: EGFR mutation

Summary:
NCCN Guidelines® include the following supporting statement(s):
B "subsequent therapy with pembrolizumab, nivolumab, or atezolizumab is not recommended in patients with EGFR mutations
or ALK fusions."

Reference: NCCN Guidelines® - NCCN-Non-Small Cell Lung Cancer [Version 2.2021]
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Studiu de caz

barbat, 52 ani, limfadenopatie axilara bilaterala

diagnosticat cu 16 luniin urma cu melanom, 3 mm adancime scara Breslow

- excizia chirurgicala + tratament adjuvant cu interferon timp de 1 an

- recadere — noduli metastatici pulmonari (CT)

- imunoterapie cu ipilimumab (anticorp monoclonal care leaga antigenul 4 asociat limfocitelor T citotoxice — CTLA-
4), 3 mg/kg, 1/luna

- remisiune semnificativa a leziunilor pulmonare dupa 6 luni de tratament, fara aparitia unor noi focare
metastatice

- raspuns terapeutic favorabil si dupa 36 luni de tratament cu anticorpi monoclonali

* Imunoterapia este foarte eficienta in tratamentul cancerului |la pacientii refractari la protocoalele terapeutice
conventionale;

Care este raspunsul antitumoral si cum functioneaza?

Care componente ale sistemului imun pot fi activate de imunoterapie?

Care sunt modalitatile terapeutice actuale in tratamentul cancerului?
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Studiu de caz

N ENGLJ MED 366;26 NEJM.ORG JUNE 28, 2012
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Relevanta cazului clinic (1)

* Melanomul este o tumora maligna a melanocitelor, care este localizat preponderent la nivelul tegumentelor, dar
si la nivel intestinal si ocular;

e Tratamentul conventional al melanomului include indepartarea chirurgicala a tumorii, tratament adjuvant,
chimioterapie/radioterapie; recent a fost adaugata si imunoterapia;

* Imunoterapia cancerului deriva in mare parte din studiile efectuate pe melanom. Caracterizarea antigenelor
tumorale din melanom si studiul raspunsului imun orientat spre aceste antigene a dus la stabilirea unui protocol
de utilizare a imunoterapiei in augmentarea raspunsului imun anti-tumoral in melanom si alte afectiuni maligne;

e Intelegerea faptului c& MAGE-1 reprezintd un antigen recunoscut specific de CTL CD8+ citotoxice a dus la
concluzia ca sistemul imun ar putea reactiona la antigenele tumorale;
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Relevanta cazului clinic (2)

e Tratamentul anti-CTLA-4 administrat in acest caz a fost folosit pentru blocarea antigenului 4 al CTL, molecula
reglatoare care transmite un semnal inhibitor spre limfocitele T si actioneaza antagonist cu CD28, care
transmite un semnal stimulator. Limfocitele Treg prezinta CTLA-4 la nivel intracelular, fiind important pentru
functia anti-tumorala a acestora.

» Alte abordari imunoterapeutice constau in modularea semnalizarii receptorilor Toll si transferul adoptiv de
celule, In care celulele imune sunt activate si expandate in mediu extra-corporeal pentru o mai buna
recunoastere a antigenului si pentru evitarea efectelor imunosupresoare initiate de tumora;

* Metodele terapeutice recente constau in transferul direct al limfocitelor T specific tumorale si non-specifice prin
transfer retroviral al lanturilor alpha si beta al unui receptor al limfocitului T (NIH) — 30% regresia tumorala.
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Concepte cheie

Raspunsul imun in cancer este un caz special de imunitate in care celulele maligne s-au adaptat si au invatat sa
persiste prin cooptarea aparatului imunosupresor si modificarea profilului imun de la un sistem eficient
(Th1/Th2, CD8, NK) la un sistem imunosupresor mai putin eficient, mediat de limfocitele Treg si citokine
imunosupresoare (TGF-B);

Tumorile exprima atat antigene specific tumorale (TSA), cat si antigene embrionare initial supresate, prin
activare genica (CEA);

In contrast cu tumorile induse de carcinogeni, unde fiecare noud tumora are specificitate antigenica unic3,
indiferent de aspectul morfologic, fiecare tumora indusa de virusuri exprima antigene specifice care cross-
reactioneaza cu alte tumori induse de acelasi virus, chiar daca aspectul morfologic al acestora este diferit;

Conceptul traditional al imunosupravegherii a fost inlocuit de teoria imunoeditarii, care consti in cei trei "E”
(eliminare, echilibru, evaziune);

Strategiile imunologice actuale utilizate in imunoterapia afectiunilor maligne includ anticorpi monoclonali,
transferul de celule si vaccinurile anti-tumorale.
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MCQs

1. Conform teoriei supravegherii imune:
a. Anticorpii care se formeaza in timpul dezvoltarii fetale pot distruge tumorile
b. Celule tumorale apar rareori |la indivizii normali
c. Raspunsulimun innascut elimina antigenele specifice celulelor tumorale
umorile apar doar daca celulele maligne scapa de detectia imuna
e. Limfocitele care se infiltreaza la nivel tumoral previn transformarea maligna

2. Care dintre urmatoarele citokine este cunoscuta ca avand activitate anti-tumorala?
a. Factorul de crestere epidermal (EGF)
)nterferon-y
c. Interleukina 2 (IL-2)
d. Interleukina 12 (IL-12)
e. Factorul de crestere derivat din plachete (PDGF)
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MCQs

3,_Care dintre urmatoarele sunt dovezi ale “evadarii” imune a celulelor tumorale?
ubexpresia moleculelor MHC | de catre celulele tumorale

b. Cresterea productiei de TNF de catre macrofage

c. Inhibarea proliferarii celulare mediata de IFN-y

d. Generarea anticorpilor impotriva antigenelor specific tumorale

e. Stimularea apoptozei celulelor tumorale prin cresterea expresiei Bax

4. Biopsia medulara de la un pacient cu leucemie acuta limfocitara arata prezenta unei forme mutante a p53 la
nivelul celulelor leucemice. Aceasta mutatie este cel mai probabil responsabila de:
a. Cresterea raportului Bax/Bcl-2
b. Scaderea activitatii KIR a celulelor NK
c. Activitate intensa a GTP-binding protein
d. Cresterea celulelor tumorale ca tumori solide

ierderea supresiei cresterii celulare
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