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Lymphoma
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I 1 Histologic classification
B-Cell T-cell and natural killer Lymphacyte predominance
Modular sclerasis
Precursor Precursor Miced cellularivy
Precursar B-lymphoblastic T-cell lymphoblastic ymphoma Lymphocyte depletion
leukemial lymphoma T-cell iymphoblastic leukemia Lymphocyte rich classical
Peripheral Peripheral & NK Cell
CLL prolymphocytic leukemial T-cell chrenic ymphocytic leukemiaprolymphooytic leukemia
small lymiphocytic lymphama Large granular lymphocyte leukemia
lymphomalimmunocytoma Peripheral T-cell lymphomas, NOS

Angioimmunablastic T-cell lymphoma
Anglocentric lymphoma
Intestinal T-cell ymphama

Mantle cell ymphoma

Follicle center lymphoma
Marginal B-cell | h .
Spienic marginal zone hymphoma  AnNapIastc large cellymphoma

Hairy cell leukemia Anaplastic large-cell lymphoma, Hodgkin's like
Plazmacytomalplasma cell myeloma

Diffuse large B-cell lymphoma

Burkitt's lymphoma

High grade B cell ymphoma, Burkitt-like




Chemioterapia

Il primo agente alchilante approvato dalla Food and Drug
Administration (FDA) e stata la clormetina (mecloretamina),
chiamata anche mostarda di azoto (1946)

Nel 1948, Farber riporto I'uso dell'aminopterina, che era il
derivato 4-amminico dell'acido folico, per trattare la
leucemia acuta nei bambini

Cytotoxic Chemotherapy
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Effects on the Body
Chemotherapy

hair loss

pain
mouth sores To obtain total er adication of cancer Cells

trouble breathing

weakened / otk nausea
immuned system s vomiting

constipation
diarrhea

g N 1 Require prolonged breaks during successive cycles of
: therapy (generally 2-3 weeks)
» Allow for recovery of normal tissues

neuropathy » To balance toxicity and efficacy

- —— N —— -
- ———— ——— —— - — ———— — T -———— -
— L ——— " — O — - -




RESISTENZA CHEMIOTERAPICI

PRIMARY RESISTANCE ACQUIRED RESISTANCE

Within a tumor, genetic diversity exists Even if none of the cells are initially resistant
among cells. Some cells may be resistant to a therapy, as they divide the cells acquire
to a therapy before they're ever exposed. genetic mutations that can enable their survival

in the face of treatment.

When treated with drug A,
only susceptible cells die
and the tumor shrinks

slightly.

r—-—

When treated with drug B,
most cells die and tumor
shrinks significantly. But some
cells can acquire resistance.
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Tumor cells with

resistance to drug B
Resistant cells Eventually, the
continue to divide resistant cells
and the tumor can form new tumors
regrows following that do not respond
treatment. to the drug.




Ogni malato e unico.

Le Terapie mirate “Targeted therapy” tra cui 'Immunoterapia,
nascono per I'esigenza di adattare la cura migliore ad ogni singolo
malato ed alla sua malattia (“Unmet needs”)

A differenza della chemioterapia tradizionale le terapie mirate si
focalizzano su specifiche molecole o mutazioni che sono
importanti per la crescita del tumore e sulla capacita del Sistema
immune di eliminare il “non-self” , e non sul blocco aspecifico
della sintesi di DNA

Chiamata anche “Medicina di precisione" o “Medicina
personalizzata”




Targeted therapy

-Attivazione sistema immune

“marcatura” delle cellule tumorali rendendo piu facile per il sistema
immunitario identificarle e distruggerle. Potenziamento delle funzioni e
capacita del sistema immunitario di combattere il cancro.

-Blocco dei segnali di proliferazione
Blocco e trasformazione dei segnali che dicono alle cellule tumorali di
crescere e dividersi.

-Blocco della neoformazione di vasi sanguigni (angiogenesi)

Le cellule tumorali richiedono un apporto costante di nutrienti e
ossigeno per crescere e dividersi. Terapie mirate come gli inibitori
dell’angiogenesi interferiscono con questo processo di crescita
prevenendo la formazione di nuovi vasi sanguigni.

-Trasporto del chemioterapico direttamente alle cellule tumorali
Anticorpi monoclonali si attaccano a bersagli specifici sulla superficie
delle cellule tumorali e le distruggono. Le cellule che non hanno il
bersaglio non verranno danneggiate.




Targeted/Tailored Theraphy

«Espresso dalla neoplasia

.Fase specifico

KPaziente-specifico /

Maggiore efficacia

Minore tossicita'




Difference between Chemotherapy,

Targeted Therapy and Immunotherapy

0
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How does it work?

Side Effects

Limitations

Chemotherapy

Targets rapidly dividing cells
(mostly cancer cells)

Hair loss, intestinal damage,
nausea

Cancer cells develop resistance to
chemotherapy, not specific

4 4
Y

Targeted Therapy

Targets Proteins required for
cancer growth

Liver problems, diarrhea, skin
rash

Cancer cells develop resistance

oot
"

Immunotherapy

Uses our immune system against
cancer

Autoimmune effects

Tailored and expensive




Scelte Terapeutiche

Ogni volta che decidi perdi qualcosa.
Qualunque cosa tu decida.

E’ sempre questione di capire cos’é
che non sei disposto a perdere

F. Stork



Inibitori tirosin chinasi



Meccanismo semplificato dell'azione del glivec (STISTI
nella leucemia mielalde cronica

Leucemia mieloide cronica
|

Imatinib emblema delle cosiddette “terapie a bersaglio
molecolare” o targeted therapies, le quali mirano a bloccare
in maniera selettiva 'evento molecolare responsabile della
proliferazione tumorale, in modo che le cellule tumorali siano
uccise e che siano le uniche ad essere colpite.

Linibizione & di tipe allosterico con formazione di legami
idrgena tra il Glivec ed il sito attivo defla ber-abl PTE




LMC & Inibitori delle tirosin-Kinasi

QR fondazione GIMEMA ™"
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pe la promozione e [o sviluppo della ricerca scientifica
sulle molotiie ematologiche. FRANGO MANDELLI
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Con inibitori della tirosin-chinasi (TKIl), la sopravvivenza é
attualmente > 90% a 5 anni dopo la diagnosi della fase cronica
della leucemia mieloide cronica. Prima che si utilizzassero gli
inibitori della tirosin-chinasi (TKI), anche con il trattamento, il 5-
10% dei pazienti decedeva entro 2 anni dalla diagnosi; il 10-15%
decedeva ogni successivo anno. La sopravvivenza mediana era di
4-7 anni. La maggior parte (90%) dei decessi fa seguito a una fase
blastica 0 a una fase accelerata della malattia. La sopravvivenza
mediana dopo una crisi blastica era di circa 3-6 mesi o piu lunga
se la remissione era raggiunta.
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THESE ARE THE BULLETS.

Revolutionary new pills like GLEEVEC
combat cancer by targeting only the
diseased cells. Is this the breakthrough
we've been waiting for?

2001 2024 ritiro dal commercio



Bruton’ s Tyrosine Kinase (BTK)

A critical kinase for lymphoma cell survival and proliferation

B cell receptor

PPPPPTTYY

Ibrutinib, Acalabrutinib
Zanubrutinib.......

* B-cell antigen receptor (BCR) signaling is required for tumor
expansion and proliferation

* Bruton’ s tyrosine kinase (BTK) is an essential element of the BCR
signaling pathway

* Inhibitors of BTK block BCR signaling and induce apoptosis

= Targeted inhibition of BTK is a novel approach for the treatment
of B-cell malignancies




Anticorpi monoclonali



Risposta immunitaria e anticorpi monoclonali

Polyclonal antibody Monoclonal antibody
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Fig 1. Monoclonal and Polyclonal Antibodies. The polyclonal
antibody can bind to a single antigen, but can bind to different forms of

it. The monoclonal antibody can only bind to a specific type of antigen.
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Rituximab (anti CD-20)
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Meccanismo azione
Rituximab

A. Complement-dependent cytotoxicity B. Antibody-dependent cytotoxicity
(CDC)

& C3 complement receptor
v C3b

. MAC

«* Lytic enzymes: granzyme, perforin
v

W CD107a (LAMP1)

~ CD16 (FeyRIl)

== CD20

< Rituximab (RTX, anti-CD20)

. comp!emem receptor ‘ x =
Lcomp!emem " N .
{FeyRs C. Antibody-dependent phagocytosis
(ADP)



ADC (Antibody Drug Conjugate)

Belantamab Mafodotin

¥




BiTe: Bispecific T-engaging

La struttura degli
anticorpi bispecifici

Cdi anticorpd presenti in natura, ovwero ke
immunoglobuline, sono prodotti dal nostro
tistama immunitaric.”

Crieste sono proteine a forma di Y con due
regioni leganti Fantigene identiche, in
grado quindi di riconoscere e legare lo stesso
bersaglio cellulare.’

Cli anticorpi bispecifici hanno dua regioni cha
legano due antigeni o due epitopi diversi di
un antigens

Legandosi a due cellule, | bispecifici possono
portare tipl differenti di cellule in stretta
vicinanza '




Redirected tumour lysis

Bispecific T-Cell Engaging (BiTE)

granzymes

v

ANTICORPI BI-SPECIFICI

IlgG-like bispecific antibody

CD3 bispeciflc T-cell redirection mechanism
of action in cancer immunotherapy




BiTe: Bispecific T-engaging

T Cell

CD3

'

Bispecific
antibody

Receptors Targets
HER2 P-- Breast
Breast
EPCAM 5t 4t - Colon
Stomach
Pancreas
PSMA 000 o Prostate
CD19 -oe— B cell
cD20  Peeeeee— Bl
BCMA Oottt— Plasma cell
CD123 B@——  Myeloid cell
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Cancer Cell

Solid tissue
malignancies

Hematological
malignancies




Overall survival censored at the time of stem cell transplantation

Leucemia Linfoblastica acuta refrattaria Median overall survival (monthe)
Blinatumomab 6.9 (95% ClI, 5.3-8.8)
Chemotherapy 3.9 (95% CI, 2.8-4.9)
1.0 HR, 0.66 (95% CI, 0.50-0.88)
_, 199 P=0.004
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Months since randomization
Number at risk
Blinatumomab 271 163 80 44 21 13 2 0 0
Chemotherapy 134 56 21 12 5 1 0 (0] 0
Blinatumomab Overall Survival among Patients with MRD-Negative Status
100+
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Hazard ratio for death, 0.41 (95% Cl, 0.23-0.73)
AAC American Association 104 P=0.002 by log-rank test
for Cancer Research 0 T T T T T T 1
©20%4 American Association for Cancer Research 0 12 24 36 48 60 72 84
Meonths since Randomization in Step 3
No. at Risk
Blinatumomab 112 106 99 65 41 19 ] 1

Chemotherapy only 112 96 85 53 28 15 5 0



Emerging immunotherapies with new targets for hematologic malignancies

AML cell /LSC Cancer cell
CD80/CD86
PD-L1/PD-L2
FGL1
Galectin-9
g5 ﬂ Targets for ICls/
CD70 mAb
MHC | Targets for CAR-T
cell and mAb/BITE
NY-ESO-1
Targets for mAb/
CD47 BiTE

CD16
Lymphoma cell

CD30
CD19

CD20
CD22

CCR4

MM cell

https://doi.org/10.3390/ijms21218000
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Types of hematologic malignancies and immunotherapies that received FDA approval

ﬁ_eukemia

Characteristics & Types

Abnormal growth of myeloid
or lymphoid white blood
cells in BM and blood

- AML, CML, ALL, CLL
- MPN: PV
- BPDCN

.

Immunotherapies

Gemtuzumab ozogamicin: ADC
for AML

Inotuzumab ozogamicin: ADC
for B-ALL

Blinatumomab : BIiTE for B-ALL
Ropeginterferon alfa-2b :
Cytokine for PV (MPN) in
Europe

Tisagenlecleucel: CAR-T cell

ﬁymphoma

Characteristics & Types

Abnormal growth of
lymphocytic cancer cells in
lymph node or other tissue

- HL
- NHL: DLBCL, FL, CLL,
MCL, ALCL,ATCLL, CTCL

for B-ALL
Tagraxofusp : ADC for BPDCN /

/

/Myeloma

Characteristics & Types

Abnormal growth of plasma
cells in BM and produce
abnormal antibodies

- MM, Plasmacytoma

Immunotherapies

* Belantamab mafodotin :
ADC for MM

« Daratumumab : mAb for MM

* Elotuzumab : mAb for MM

* |satuximab : mAb for MM

Myeloma CD30,
)— 1o CD19, CD22,
Anti-BCMA, | ©D20, CCR4

Vs Leukemia
34%
Lymphoma
Anti-CD33 or 48%
CcD19 ‘(
Anti-PD-1,

CD3s8,
SLAMF7

n

Immunotherapies

* Nivolumab/ Pembrolizumab: ICls
for HL

* Brentuximab vedotin : ADC for HL,
ALCL

* Rituximab : mAb for NHL

* Polatuzumab vedotin : ADC for
DLBCL

* Recombinantinterferon alpha-2b :
Cytokine for hairy cell leukemia, FL

* Moxetumomab Pasudotox : ADC
for hairy cell leukemia

» Tisagenlecleucel/ Axicabtagene
ciloleucel : CAR-T cells for DLBCL

» Brexucabtagene autoleucel : CAR-
T cell for MCL

* |britumomab tiuxetan : mAb for
NHL

* Mogamulizumab : mAb for ATCLL,
CTCL

« Tafasitamab : mAb in combination
with lenalidomide for DLBCL

* Obinutuzumab : mAb for CLL, FL J

https://doi.org/10.3390/ijms21218000
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Pembrolizumab, CAR T cells, BiTes

Haematologica | 2017; 102(3)



Targeted Therapies for Multiple Myeloma

Elotuzumab

NUOVI FARMACI

SLAMF7 NEXT GENERATION DRUGS

GPRC5D
— Talquetamab
Daratumumab CAR-T
Isatuximab 2 Lss
MOR202

TAK-079

Selinexor

Indatuximab ravtansine Lo} ‘

Panobinostat
Ricolingsta

P o

BCMA

Belantamab mafodotin
BIiTE
CAR-T

J. Pers. Med. 2021, 11, 334



Teclistamab
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Daratumumab
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Mieloma & Sopravvivenza

Trend OS-5 years in Multiple Myeloma
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CAR-T



CART cell
IN THE CLINIC
The white blood cells, | Blood is )
including T cells, are | t3ken :
separated out, and frotr;n ":e ,
the rest of the blood | P2
is returned to the
patient.
i The receptors The CART cells identify the cancer
are attracted to cells with the target antigens and kill
Tcells targets on the them. CART cells may remain in the
are sent surface of the body for some time to help prevent
Ito bthe i S cancer cells. the cancer cells from returning.
ab., i o
G Bloo @@ @ IN THE CLINIC
@ CART cells are put back into the patient's

bloodstream, typically after chemotherapy is
given to make space, and continue to multiply.

~J
@ IN THE LAB/MANUFACTURING FACILITY
T cells are engineered to find and kill cancer cells.

" CELL ENGINEERING

Receptor.

oY
Al
¢ THE X500
a5 TG0 T
o€ 7

An inactive virus is The genes cause the T cells Modified T cells (now called

used to insert genes to make special receptors, CART cells) are multiplied
into the T cells. called CARs, on their until there are millions of
surfaces. these attacker cells.

© Fran Milner 2017
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CAR-T THERAPY

© CAR-Tcells
locate and bind
to cancer cells,
killing them

Chimeric antigen receptor (CAR) gene
1]
Blood taken from (3) (4] (5]
et CAR gene Modified T cell CAR-T cells
I insertedto T expresses CAR are grown
cell
(2]
T cells
removed
from blood
()
N
Q [ . Tecells
‘
Cancer cell

s




1) Terapia «one shot»

2) Costi
3) Effetti collaterali

Collect blood

CAR-T-cells

CAR-T-cell

Therapy ® oy

S
- -

In Italia approvate per:
LNH: lisocabtagene maraleucel
(liso-cel) terza linea

® L@

Mieloma 4 linea: Abecma
(idecabtagene vicleucel liso-cel)

CAR-T-cells attack Infusion
cancer cells I




Effetti avversi BiTe/CAR-T

Multiple
Myeloma-
< » X

CNS

Systemic
circulation

CRS: cytokine Release Syndrome

ICANS: Immune Cell Associated . ) e
Neurological Syndrome : :

IFN-y, GM-CSF, TNF-a
catecholamines

Endothelial activation

@ e ‘ Endothelium

Curr. Oncol. 2023, 30(7), 6330-6352



Considerazioni

* Ricerca scientifica
* Terapia «sartorializzata»
* Nuovi farmaci=Nuove tossicita

* Tossicita finanziaria



