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Targeted therapy

* Treatment aiming at specific properties of cancer cells (growth, survival...)
* Need to know specific changes in cancer cells

* Trastuzumab — targeting HER2 positive breast cancer
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End of 1 disease = 1 treatment

* Time of precision and translational medicine

* Precision medicine

» Takes into account genetics, environment and lifestyle of patient
* Patients with same diagnosis react vs do not react to treatment...why?

* Translational medicine — bench to bedside
* Genetic dispositions influence almost all diseases

* There are different molecular subtypes in one diagnosis

* 5 subtypes of breast cancer
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Agnostic approach to cancer treatment

* Treatment based on mutation, not based on tumor

* Mutation BRAFV600E — melanoma, non small cell lung carcinoma, colorectal cancer

* New tyrosine kinase inhibitor vemurafenib targets BRAFV600E

* The BRAFV600E — oncogenic ,driver” mutation associated with agresive phenotype, shorter survival
than wt BRAF tumors

* FDA approved treatment of other tumors
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l. Hallmarks of cancer
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Hallmarks of cancer

Sustaining proliferative
signaling

Resisting Evading growth
cell death suppressors

Inducing Activating invasion
angiogenesis and metastasis

Enabling replicative
immortality

MU N
MED




Carcinogenesis is individual
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Six hallmarks of cancer

Sustaining proliferative signaling
Evading growth suppressors
Resisting cell death

Enabling replicative immortality

Inducing angiogenesis

Activating metastasis

Tumor microenvironment
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Sustaining proliferative signaling

* Tumor cells — dysregulation of critical pathways for survival

e Tumor cells

- Uncontrolled proliferation
- Invasivity

- Resistance to death signals
- Angiogeneiss

- Metastasis

- Resistance to apoptosis

@Jana Smardova
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Six hallmarks of cancer
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Cell cycle

e Basic principle for growth and reproduction —
formation of new cells

* End product: 2 daughter cells from 1 maternal
cell

* From mitosis to mitosis

* Nuclear division followed by cellular division

G1 phase: cell is small and young, creating organelles
S phase: DNA synthesis, replication of DNA

G2 phase: cytoskeleton and protein development

M phase: mitosis, 2 new cells

Mitotic phase

Interphase
\ Mitosis i»-» Formation
ey e of 2 daughter
ot — Cytokinesis cells
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Interphase
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Tumor as a cell cycle disease?

* Loss of CC regulation critical for transformation
* Loss of CC regulation is not the only part of carcinogenesis

e Does not lead to full transformation
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Six hallmarks of cancer

Sustaining proliferative signaling
Evading growth suppressors
Resisting cell death

Enabling replicative immortality
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Apoptosis

* Programmed cell death
* Cell survive for a limited time — then apoptosis

* Tumor cells are resistant to proapoptotic signaling

= =
m e
O =



Dysregulation of apoptosis

Growth of tissues — balance between
proliferation and cell death (homeostasis)

In tumors, balance dysregulated

A. Balanced proliferation and death

OUTCOME

Homeostasis

Neoplasia

Neoplasia
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Six hallmarks of cancer
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Replicative potential

 Mammal cells have replicative potential of about 60-70 divisions (Hayflick limit)
* Then senescence — change of morphology, metabolically active, do not divide
* 10”7 — immortal cell

* Most tumor cells —immortal — unlimited replicative potential
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Six hallmarks of cancer
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Angiogenesis

* Growth of blood vessels

* Tumor — population of quickly and uncontrollably growing cells

* Tumors cannot grow more than 1-2 mm?3 - several million cells (not enough nutrients and
oxygen)

* Need angiogenesis — until then, tumor growth slowly and linearly, then exponentially
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Increasing angiogenesis

* Growth of new vessels is key for metastasis
and for nutrients and oxygen

* Intumors, new vessels are not regular, blood
flow irregularly,

e Different cells in the tumor microenvironment
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Tumor vasculature is abnormal

Highly disorganized

Blood flow chaotic

Places of hypoxia in certain parts of tumors

Influences therapy effect

Selection and clonal expansion of tumor cells

@Jana Smardova
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Six hallmarks of cancer
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Resisting cell death

Enabling replicative immortality

Inducing angiogenesis

Activating metastasis

Tumor microenvironment

@Jana Smardova



Formation of metastasis

 Tumor cells invade surrounding tissue
 Migrate from primary tumor to other

tissues forming secondary tumors

Primary tumor formation

Extravasation

Micrometastasis
formation
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Local invasion

Arrest at a
distant organ site

Metastatic colonization

Intravasation

Survival in the circulation

Clinically detectable
macroscopic metastases
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Metastases — most common cause of death

* Cause of about 90% of death of tumor patients
* Less common — effect of primary tumors
* Brain tumors

* Leukemia, lymphoma
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Bad news about metastases

* More than 70% of patients with invasive tumors have metastases at the time of diagnosis
* Invasive character — early in tumor progression
* Millions of tumor cells get into blood every day

* Angiogenesis influences metastasis formation
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Good news about metastases

* Not very effective: less than 0.01% of circulating tumor cells is able to form metastasis
* We can detect circulating tumor cells early

* Leading to early therapy

@Jana Smardova
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Tumor — complex tissue

Metastatic Site
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Tumor microenvironment supports growth of tumor, other cell types
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Important definitions

* Incidence - number of new cases of a disease diagnosed each year

* Prevalence - total number of people living with a certain disease during a given period of
time

* Overall survival - length of time from either the date of diagnosis or the start of treatment
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Important definitions

* Remission — decrease of signs of cancer, including normalization of lab values (blood count)
and imaging methods (X ray, ultrasound, CT) in response to treatment.

* Complete remission - disappearance of all signs of cancer in response to treatment. This
does not always mean the cancer has been cured. Also called complete response.

* Partial remission - decrease of leukemic cells by at least 50% (observing total number of
leukemic cells)

» Relapse - return of a disease after a period of improvement. Reaching remission does not
mean cure as there might be lesions that are impossible to detect and may become the
source of new return of the disease.
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Minimal residual disease - MRD

* Tumor cells not eradicated by the treatment
* Usually results in growth of these cells — resistance to treatment

* Emerging component of CR assessment in MM patients

* MRD negativity - associated with significantly longer OS

Paiva et al, 2008; Rawston et al., 2013
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Minimal residual disease

Diagnosis

Treatment

Clinical remission

MRD DETECTION
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Getting to Minimal Residual Disease (MRD)

Newly diagnosed

S.S. Patient

Di ﬂb en
o )f) w'é

Stringent CR \
4

Molecular/Flow CR

?Cure?
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MRD
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MRD

Measurable Residual Disease (MRD)

Multiparametric
Flow Cytometry
(MFC)

Immunophenotypic analysis
to detect abnormal expression
of specific antigens
*sensitivity 107 — 104

*applicability >95%

L

Detection of rare neoplastic cells (<1%)
during post-treatment follow-up,
by using complementary approaches:

—

~ B

—

Molecular
diagnostics
(PCR, RT-qPCR)
Genetic analysis to detect
specific DNA signatures

*sensitivity 102 - 10%
+applicability >90%

L

Next Generation
Flow (NGF)

ssensitivity < 105 - 106
*applicability >99%

Next Generation
Sequencing (NGS),
Digital PCR (ddPCR)
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Clonal evolution of tumors

. . A

Clonal expansion and selection I
. § ggtmeg:{;ropagatmg Chemotherapy
Presence of many subclones, sometimes g resistance
é Proliferation
undetectable at diagnosis 8
Metastasis
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Change of treatment

Pre-treatment Drug-resistant disease
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Clonal

tides

Clonal Tides

‘ Len/py,,
o ‘

Remission
~2N

S
=§ Relapse 1
E ~2N
Wl Clone 1.1
B Clone 1.2 Relapse2
Diagnosis B Clone2.1 ~2N
Al EE Clone2.2
= Misc 5’?
ves
. . 35
Relapse 3 =,
~2N >

* 5 unique clones at diagnosis
* Variable chemotherapy response

» Minor drug resistant clone lethal clghigh
e
-

Plasma Cell Leukerma )
. Relapse 4
~3N

ug low
clg-low
63%
—

MAYO
CLINIC

= =
m e
O =



Hematological malignancies

§ Leukemia

; Lymphoma

N
n Multiple myeloma
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Hematological malignancies

§ Leukemia

; Lymphoma
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n Multiple myeloma
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Leukemia

From Greek - leukos-white, hemos-blood

Symptoms known in the era of Hippokrates (460 - 370 BC)

R. Wirchow described in 1839 — 1845, named leukemia

,0mnis cellula e cellula®
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Leukemia

* heterogeneous group of diseases
* most common tumors in children
* leukemic cells lose the ability to differentiate, high proliferation potential

 two cell populations in the body - mature cells and immature cells = blasts
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Clinical features

* Erythropenia — anemia
* Thrombocytopenia — bleeding

* Leukocytopenia — infections
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Prognosis of leukemia
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Treatment of leukemia

* Induction — treatment given with intent to induce complete remission

* Consolidation — repetition of induction in a patient with induced complete remission to

increase cure rate

* Maintenance — long-term, low-dose treatment to delay regrowth of residual tumor cells

e radiation and chemotherapy (combination)
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After chemotherapy

* biopsy of bone marrow
e further treatment if 5-10% of blasts

* bone marrow transplantation
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Leukemia
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Leukemia




Acute leukemia

* fast proliferation of immature cells

* bone marrow does not produce enough healthy cells

 leukemic cells get into peripheral blood and infiltrate other organs (even CNS)
e fast treatment needed — ,,medical emergency”

* most common in children
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Chronic leukemia

e proliferation of relatively mature but abnormal cells
e |[asts for months or years
* treatment not necessary at once in comparison to acute leukemia

* mostly in older people
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ALL -

more common
in children

AML -

more common
in elderly

CLL-

most common
in adults

CML -

mostly in adults

J
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http://www.wikiskripta.eu/index.php/Akutn%C3%AD_lymfatick%C3%A1_leukemie
http://www.wikiskripta.eu/index.php/Akutn%C3%AD_myeloidn%C3%AD_leukemie
http://www.wikiskripta.eu/index.php/Chronick%C3%A1_lymfatick%C3%A1_leukemie
http://www.wikiskripta.eu/index.php/Chronick%C3%A1_myeloidn%C3%AD_leukemie

Hematopoesis

STEM CELLS PROGENITORS MATURE CELLS
[ | I |
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Risk factors for leukemia development

* ionizing radiation

* chemicals — benzene, cytostatics, alkylators and carcinogens

e syndrome: Down (trisomy 21), Klinefelter (47, XXY)

* viruses — HTLV-1 causes development of leukemia from T cells in adults

* secondary leukemia - common after treatment for other malignancies
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Acute myeloid leukemia - AML
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Acute myeloid leukemia - AML

* Fatigue, fever, bleeding

e accumulation of blasts in bone marrow (> 20 %), bone marrow failure
* Blasts in peripheral blood

* Differentiation block at various stages of development

* Most common leukemia in adults over 65 (80%)

e about 20,000 of newly diagnosed patients in a year

* Incidence 1.3/100 000 until 65, 12.5/100 000 over 65

* 70% of patients die within one year after diagnosis
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Auer rods

e typical feature of AML

* in cytoplasm of myeloblasts

* negative prognostic marker

* abnormal fusion of primary granules
* |dentified in 1905




Prognosis of AML

_6_ Morphology

~  Chromosomal aberrations

A Age at diagnosis

Number of leukocytes at diagnosis

FAB classification
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Classification of AML

FAB -

French American
British classification

e 8 subtypes
e based on morphology and cytochemistry

e based on molecules, morphology and
clinics

WHO classification
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FAB
Classification

Classification of AML

AML w/o maturation MO no azurophil granules

AML M1 few Aeur rods

del(5); del(7); +8

maturation beyond
promyelocytes; Auer
AML w/ differentiation M2 rods

t(8:21) 1(6:9)

hypergranular
promyelocytes; Auer
Acute Promyelocytic Leukemia M3 rods

t(15:17)

> 20% monocytes;
monocytoid cells in

inV(16) del(16) t(16:16)

Acute Myelomonocytic Leukemia M4 blood t(4:11)
monoblastic;

Acute Monocytic Leukemia M5 promonocytic t(9:11) t(10:11)
predominance of
erythroblasts;

Acute Erythroleukemia M6 dyserythropoiesis -

dry' aspirate; biopsy
Acute Megakaryocytic Leukemia M7 dysplastic with blasts




Table 1. 2016 WHO classification of mature lymphoid, histiocytic, Table 1. (continued)
and dendritic neoplasms

Monomorphic epitheliotropic intestinal T-cell lymphoma*

Mature B-cell neoplasms Indolent T-cell lymphoproliferative disorder of the G tract*
Chronic lymphocytic leukemia’small lymphocytic ymphoma Hepatosplenic T-cell lymphoma
Maonoclonal B-cell lymphocytosis™ Subcutaneous panniculitis-like T-cell lymphoma
B-cell prolymphocytic leukemia Mycosis fungoides
Splenic marginal zone lymphoma Sézary syndrome
Hairy cell leukemia Primary cutaneous CD30" T-cell | roliferative disorders 13 1
Splenic B-cell lymphoma/leukemia, unclassifiable Ly:;‘homatoid papulosis — W H O C I a S S Ifl Ca t I O n
Splenic diffuse red pulp small B-cell lymphoma Primary cutaneous anaplastic large cell lymphoma
Hairy cell leukemia-variant Primary cutaneous & T-cell lymphoma Swe rd I OW 2 O 1 6
Lymphoplasmacytic lymphoma Primary cutaneous CD8" aggressive epidermotropic cytotoxic T-cell lymphoma
Waldenstrdm macroglobulinemia Primary cutaneous acral CD8" T-cell lymphoma*
Monoclonal gammaopathy of undetermined significance (MGUS), IgM* Primary cutaneous CD4"* smallmedium T-cell lymphoproliferative disorder*
i heavy-chain disease Peripheral T-cell lymphoma, NOS
v heavy-chain disease Angioimmunoblastic T-cell lymphoma
« heavy-chain disease Follicular T-cell lymphoma*
Monoclonal gammopathy of undetermined significance (MGUS), IgG/A* Nodal peripheral T-cell lymphoma with TFH phenotype"
Plasma cell myeloma Anaplastic large-cell lymphoma, ALK
Solitary plasmacytoma of bone Anaplastic large-cell lymphoma, ALK ™*
Extraosseous plasmacytoma Breast implant-associated anaplastic large-cell lymphoma'
Menoclonal immunoglobulin deposition diseases® Hodgkin lymphoma
Extranodal marginal zone lymphoma of mucosa-associated lymphoid tissue Nodular lymphocyte predominant Hodgkin lymphoma

(MALT ymphoma)
Modal marginal zone lymphoma

Pediatric nodal marginal zone lymphoma
Follicular lymphoma

In situ follicular neoplasia®

Duodenal-type follicular lymphoma*
Pediatric-type follicular lymphoma*
Large B-cell lymphoma with IRF4 rearrangement*
Primary cutaneous follicle center lymphoma
Mantle cell ymphoma

In situ mantle cell neoplasia*
Diffuse large B-cell lymphoma (DLBCL), NOS

Gemminal center B-cell type*

Activated B-cell type*
T-cell/histiocyte-rich large B-cell lymphoma
Primary DLBCL of the central nervous system (CNS)
Primary cutaneous DLBCL, leg type
EBV"' DLBCL, NOS*
EBV" mucocutaneous ulcer*
DLBCL associated with chronic inflammation
Lymphomatoid granulomatosis
Primary mediastinal (thymic) large B-cell lymphoma

Classical Hodgkin lymphoma
Modular sclerosis classical Hodgkin lymphoma
Lymphocyte-rich classical Hodgkin lymphoma
Mixed cellularity classical Hodgkin lymphoma
Lymphocyte-depleted classical Hodgkin lymphoma

Posttransplant lymphoproliferative disorders (PTLD)

Plasmacytic hyperplasia PTLD

Infectious mononucleosis PTLD

Florid follicular hyperplasia PTLD*
Polymormphic PTLD

Monomeorphic PTLD (B- and T-MNK-cell types)
Classical Hodgkin lymphoma PTLD

Histiocytic and dendritic cell neoplasms

Histiocytic sarcoma

Langerhans cell histiocytosis
Langerhans cell sarcoma

Indeterminate dendritic cell tumor
Interdigitating dendritic cell sarcoma
Follicular dendritic cell sarcoma
Fibroblastic reticular cell tumor
Disseminated juvenile xanthogranuloma
Erdheim-Chester disease”



Survival of young and older AML patients

MMMMMM

e upper graph shows survival of younger
patients from 1970 (<60 years)

* lower graph shows survival of older
patients from 1970

e Kantarjian et al 2015 - MD Anderson
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Acute promyelocytic leukemia - APL

the most malignant human leukemia
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APL

PML-RARA
e accumulation of promyelocytes (differentiation stage of granulocytes)

e M3 classification based on FAB

* treatment commenced immediately — medical emergency
e for a diagnosis - detection of translocation necessary

* median age at diagnosis 40 - same risk throughout lifetime
e 1957 - subtype of leukemia

1970 - identification of translocation - Dr. J. Rowley



Molecular basis of APL . S

K160
e RARa - receptor pro all-trans arsenc|
DEGRADATION DEGRADATION

retinoic acid :
* PML-promyelocytic gene

 Translocation t(15;17) — reciprocal
translocation

RA/@' Reactivation model

e %\ PML/RARA degradation

PML/RARA Targetgenes 3 Y E

l Derapression mode!
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APL treatment

ATRA First reports (1985) ATRA/ATO Publication
. ; of APL0406 trial results
First chemotherapies Huang: ATRA series of (2013)
(1967) 24 cases (1988)
ATRA: First results in
Bernard: Treatment by Western countries (1990)
thi li 1973 -

. anthracyclines (1973) Sun: Efficacy of Ailing-1 (1992)
Hllles'taq: first Shen: ATO First controlled
description (1957) trial (1997)

ATRA/ATO in
mouse (1999)
v 2 v v v v
1960 1980 2000
A + A A
FAB: M3 RARA gene Gene expression
(1976) (1988) networks underlying
ATRA-induced APL
Rowley: t(15;17) MYL (PML) gene cell differentiation
(1977) (1991) (2000)
Differentiation of primary Retinoic acid and ATO
APL cells by retinoic acid degrade PML/RARA (1997)
ex vivo (1980-81)
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APL treatment

Crespo-Solis 2016

DNR 60mg/m?/d

Induction

(days 2,4,6,8) *
ATRA 45mg/m?/d
(from day 1 to CR)

Consolidation

Intermediate risk

Low risk

High risk +

DNR: 25mg/m?d (1-4)

DNR: 25mg/m2/d (1-4)
——
ATRA 45mg/m?/d (1-15)

|
ATRA 45mg/m?/d (1-15)

DNR: 35mg/m?d (1-4)

Ara-C 1000mg/m2/d (1-4)
ATRA 45mg/m?/d (1-15)

MTZ 10mg/m/d (1-3)
ATRA 45mg/m?/d (1-15)

MTZ 10mg/m/d (1-3)
ATRA 45mg/m?/d (1-15)

—
ATRA 45mg/m?/d (1-15)

MTZ 10mg/m/d (1-5)

DNR: 60mg/m?d (1)

DNR: 25mg/m2/d (1)
ATRA 45mg/m?/d (1-15)

DNR: 25mg/m?d (1,2)
ATRA 45mg/m?/d (1-15)

Ara-C 150mg/m?8hrs (1-5)
ATRA 45mg/m?/d (days 1-15)

Maintenance (2 years)

ATRA: 45mg/m?/d (days 1 to 15) every 3 months +
methotrexate: 15mg/m2/d, weekly + 6-mercaptopurine: 50mg/mé2/d
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APL survival

ATRA/ATO+chemo: 91.7%
1.0— —

08— :Lﬂacbc 1, . _ATRA-*-chemo—)ATO: 78.6%

— ATO: 70-85% (87.6%, 3 y)

® — ATRA+chemo: 60-80%
c
=
N
E 04— ~ L Chemo: 35-45%
O
0.2— Pre-chemo
0.0
T I | T T T ™
0.00 20.00 40.00 £0.00 8000 10000  120.00

Months
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Acute lymphoid leukemia - ALL
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Acute lymphoid leukemia - ALL

* malignant transformation and proliferation of lymphoid progenitor in the bone marrow,
peripheral blood and extramedullary sites

* 80% ALL in children

* Incidence 1.6/100 000 (USA)

* 2016 - 6590 of newly diagnosed patients, 1400 deaths

* bimodal distribution of incidence — children (4 years) and adults (50 years)

* In children — survival 90% but only about 30-40% of adults reach long-term remission
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ALL etiology

* significant correlation with Down syndrome, Fanconi anemia, Bloom syndrom, Ataxia
Telangiectasia and Nijmegen breakdown syndrome

* jonizing radiation, pesticides, smoking

* Viruses - Epstein-Barr and HIV

* Often de novo

* Chromosomal aberrations t(12;21), t(1;19), t(9;22) and aberrations in MLL — not enough for

ALL development — unknown origin
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ALL treatment

Or

Induction (vincristin, corticosteroids,
anthracyclins)

Transplantation of bone marrow

Consolidation

Maintenance 2-3 years

Terwilliger 2017

Acute Lymphoblastic Leukemia Overall Survival
Adult Patient Transplantation by Year of Transplant
Unrelated Transplants Facilitated by NMDP/Be The Match (1987-2016)

100 ~ 100

s 2013-2016 (n=1711)
2000-2012(n=1352) — 90
s 2004-2008 (n=1085)

an

o — 1087-2003 (n=1143) a0
70 70
2 60 60
g 50 50
& 40 —
? 30 30
20 20
10 10
Log.rank pvalue 109
a . . : 0
0 3 (i} 9 12 15 18 21 24

MONTHS AFTER TRANSPLANT

@ CiBMTR
ESTSSSATRUS SOURCE: CIBMTRY, the research program of NMDP/Be The Match
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Chronic myeloid leukemia - CML

= =
m e
O =



Chronic myeloid leukemia - CML

Changed chromosome 9

Normal
chromosome 9 Chromosomes break

Normal
chromosome 22
| *
abl

Changed
chromosome 22
(Philadelphia
chromosome)

é ber-abl

first tumor linked to specific

translocation between

chromosomes 9 and 22 t(9;22)
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Philadelphia chromosome

*1960 — Peter Nowell and David Hungerford

described an abnormal chromosome in CML
*First genetic cause of tumors

*1972 — reason or conseguence? Janet

Rowley —t(9,22)




CML

* first tumor linked to specific aberration

* CML chromosome described in 1960 in Philadelphia — Philadelphia chromosome
* 1972 translocation described t(9;22) (Rowley)

» 1983 kinase abl described on chromosome 9 (Heisterkamp)

e 1984 bcr region described on chromosome 22 (Groffen)

e 1990 bcr-abl reason for CML (Daley)

* Bcr-abl- abnormal tyrosin kinase (Lugo, 1990)

* Chronic phase, accelerated phase, blast crisis

* Very bad prognosis (Less than 3 years)
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CML progression

Disease Progression of CML

Median duration without Treatment*
Blasts**

Symptoms***

Myeloid compartment
expansion

five to six years*
10-15%**
Asymptomatic***

New cytogenic abnormalities

six to nine months*

16-30%**
Fatigue, Tiredness,
Splenomegaly***

BLAST CRISIS

s>
Increased genomic instability

three to six months*

> 30%**

Increases blasts cells in
marrow and blood;
Extramedullary Disease***
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CML

* Incidence 1-2/100 000

* 15% newly diagnosed patients with leukemia

* 9000/year of new cases in USA

* 1000/year die (since Gleevec — annual mortality 1-2%)

* Prevalence — 25 000 (2000), 100 000 (2017), 180 000 (2030)
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CML treatment

* Until 2000 — hydroxyurea, IFNa

* Transplantation of bone marrow curative but high mortality
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Gleevec (1993) Novartis

* Imatinib mesylate

 Active against CML colonies (Druker 1996)

2 years later — clinical study: 31 patients, 98% response rate

* Clinical study phase lll: 16 countries, 177 centers, 1000 patients — study stopped, all patients
on Gleevec

* Survival 95%, survival 65% in blast crisis (8 years)

* Molecular positivity of bcr-abl a problem - leukemic cells survive - danger of relapse?
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.
Current treatment of CML MU/U“*U

* Imatinib (Gleevec)
 Dasatinib (Sprycel)
* Nilotinib (Tasigna)
e Bosutinib (Bosulif)
* Ponatinib (Iclusig)

e Asciminib (Scemblix)

FDA approved

A, Imatinib

CFy
N
uc H 0 /@ /§'_ N“}l HNAO—\
| YD)LH rL\ ((N — 0 &
/N N r}‘ / — &_Q

C, Nilotinib

)

e
N °N h’ \ HN
NMNAMO

HO/\./N\.) :

B, Dasatinib

CFs

D, Ponatinib
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Current treatment of CML

o
[

o
'

Survival Probability

* Imatinib — in recent years even generics

Treatment Era Total Died
= TK| 2001-today

(CML-related deaths) 445 17

. o N

* Dasatinib —gwan’ &
* 350 More potent than imatinib P e R L
* inhibition of Src pathway s
* five years survival similar to imatinib

* Nilotinib

e structural analogue of imatinib but binds better
* Five-year survival better than imatinib

* Bosutinib - Src/Abl inhibitor
* for patients resistant to previous lines of therapy
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CML diagnosis

* 50% patients asymptomatic

* Anemia, splenomegaly, fatigue, weight decrease

* Cytogenetics for diagnosis

* 100% of patients - bcr-abl, but also other aberrations (trisomy 8, ...)

* bone marrow biopsy
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Chronic lymphocytic leukemia - CLL
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Chronic lymphocytic leukemia - CLL

* 30% of all leukemias

* the most common type of leukemia in Western countries

* clonal expansion of B cells - CD5 positive in peripheral blood, bone marrow, lymph nodes
and spleen

* more common in men (1.7:1)

* Incidence 4.1/100 000

* Median age at diagnosis 67
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Hallek 2019
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CLL etiology

* Genetics

* Viruses (EBV, HIV)
* Radiation

* Chemicals

* Smoking
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CCND1
D13S319

MDM2

ATM

> EEIII:I:I

* primary changes in multipotent hematopoietic stem cell. !

CLL genetic changes E
=

* Deletion 13q, deletion 11q, trisomy of chromosome 12

* Del(13q14) primary change - 55% of cases

* Del(11q) - 25% of patients — deletion 11g23- gene ATM — decreased OS

* Trisomy 12- 10-20% of patients

* Del(17q) — 5-8% of patients — resistence to chemotherapy
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CLL diagnosis

* Blood smear, immunophenotyping
* More than 5000 B cells/1 ul of peripheral blood

 Clonality based on flow cytometry
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CLL risk factors

e deletion or mutation of TP53
* |GHV mutation
e Serum B2 macroglobulin

* Age over 65

The chronic lymphocytic leukemia — international prognostic index (CLL-IPI).

Characteristic Points
Age > 65 years 1
Rai Stage I-IV 1
Unmutated IGHV genes 2
Serum 2 microglobulin >3.5 g/dL 2
Del17p13 by FISH or TP53 mutation 4
Total score 0-10
Total Score CLL-IPI Risk Group
0-1 Low
2-3 Intermediate
4-6 High
7-10 Very high

= =
m e
O =



CLL treatment

* Chlorambucil — alkylator
* Purine analogues - fludarabin, pentostatin, cladribin

* Monoclonal antibodies — antiCD20 (rituximab)

* |brutinib — inhibitor of bruton tyrosine kinase, FDA approved

* Venetoclax — inhibitor of BCL2, FDA approved

A Progression-free Survival According to Independent Assessment

100~y
g 90 . Ibrutinib
&G =
g 80+ \HHH.‘
@ _ 704
& 604 " -
o=
a s 50 141" 4w, Chlorambucil
i
g g 40+ "q.
5 v 304 . . ==
= 20 Chlorambucil Ibrutinib
2 | Median (mo) 18.9 NR
® _
a 109 Hazard ratio, 0.16 (95% CI, 0.09-0.28); P<0.001
0 T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27
Months
No. at Risk
Ibrutinib 136 133 130 126 122 98 66 21 2 0
Chlorambucil 133 121 95 85 74 49 34 10 0 0
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CLL treatment

S
(ﬁ Migration
VR Adhesion ]l BTK inhibitors

Proliferation
CLL dividing
subpopulation in LN +

(i
/ \

'l-...
: um"ji l

Qe )\ = B ey Apoptosis
CLL resting { \ B A DA
subpopulation in PB O RO
o 81 @1 &
CD4/CDS8
ratio Effector Naive cells
memory cells
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CLL

CLL-IPI
category

Low-risk

Intermediate-
risk

High-risk

Very high-risk

OS at
5 years

93.2%
79.3%

63.3%

23.3%

Potential clinical consequence
Do not treat

Do not treat except if the disease is
really symptomatic

Treatment indicated except if the
disease is asymptomatic

If you need to treat, do not use
chemotherapy but rather targeted
agents or treatment in clinical
trials
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Hematological malignancies

§ Leukemia

Z; Lymphoma

N
n Multiple myeloma
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Lymphoma

* malignant proliferation of lymphatic tissue — B, T cells
* Solid tumor of blood cells

» 1832 described by Dr. Hodgkin

* most common hematological malignancy

* 5.3 % of all tumors

e Diffusing into other lymph nodes and tissues
 Histology:

* Hodgkin (more common in men)

* Non-Hodgkin (B,T, NK cells)
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Lymphoma

Most common lymphoma:

e Diffuse large B cell lymphoma (30 %)
e follicular lymphoma (22 %)

e MALT-lymphoma (8 %)

e chronic B lymphocytic leukemia (7 %)
mantle cell lymphoma (6 %)

All malignant lymphoma may present as B-symptoms:

e Weight loss (10 % / 6 months)
e Fever, night sweats
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Hodgkin lymphoma

* Painless enlargement of nodes (neck, axillary)
* Fever, sweating, fatigue, weight loss

* Splenomegaly

* Cough, emphysema

* Infiltration of parenchymous organs

* Etiology unknown — genetics, HIV, EBV

e Common in adults between 20-30 and over 50
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Hodgkin lymphoma

*type | - lymphocyte-rich: majority of
lymphocytes (few Reed-Sternberg cells, best
prognosis) (5% of cases)

Reed-Sternberg

*type Il - nodular-sclerosis (nodular deposits, cells Cell
— reticular, lymphocytes, histiocytes) in collagen

fibres (70%)

*type Ill - mixed cellularity (20—-25%)

‘type IV - lymphocyte-depleted (Reed-Sternberg Reed-Sternberg cells — abnormal lymphocytes,
cells increased, worst prognosis) (1%) characteristic for lymphomas, multinucleated
cells



Hodgkin lymphoma




Hodgkm Iymphoma
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Non-Hodgkin lymphoma

» Heterogeneous group of tumors (cca 40 types)

* Arising from lymph nodes — fast migration into tissues and metastases in children

At the time of diagnosis — 2/3 of patients have advanced stage of the disease

* in children highly malignant tumors - intense chemo treatment - successful in 80% of cases

* In adults — less malignant
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Myelodysplastic syndromes - MDS
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Myelodysplastic syndromes - MDS

* Heterogenous group of myeloid disorders characterized by cytopenia in peripheral blood
and increased risk of progression into secondary AML

* Incidence 3-4/100 000 (USA)

* Prevalence increases with age

* Diagnosis: bone marrow biopsy

e Stratification: analysis of peripheral cytopenia, percentage of blasts in the bone marrow,

cytogenetic analysis

Montelban-Bravo, 2018
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Montelban-Bravo, 2018

Cytogenetic classification of MDS

Very good

n=80(2.9%)

Good

n=1844 (65.9%)

/

n=578 (20.7%)

Intermediate

J

Poor
n=101(3.6%)

/

Very Poor
n=196(7.0%)

Single:

del(11q)
Y

Median OS
60.8 months

HR
047(0.30.7)

[ del(5q)

Single:

Normal
der(1;7)

del(12p)

del(20q)

Double:

1

Double incl.

del(5q)

—

Median OS
48.5 months
HR (Ref.)
1.00(0.8-1.3)

——————
Single:

-1/Tqg-

+8
iso(17q)
+19

+21

Any other

Ind. clones
e

()
Double:

={any other
double

—

MedianOS
25.0 months

HR

f———
Single:
der(3)(q21)/
der(3)(q26)
)

(o 7 g Y g T

Double:
Double incl.
.7ﬂq.

e

Complex:

(1569(1.4-1.9)

=13

abnormalities
-

MedianOS
15.0 months

HR
283(2237)

abnormalities

Median OS
5.7 months
HR
4.37(35-55)
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Survival of MDS patients depends on TP53 mutation

—
o
o

 Mutationsin TP53, RUNX1, ASXL1, JAK2
and RAS genes is connected to
significantly shorter OS after
allotransplantation of the bone marrow

80

60

No TP53 mutation
40

204

Patients Who Survived (%)

P<0.001 TP53 mutation p -

e TP53 mutations have a strong negative
0 || 1 1 1 1 1 1 1
effect 0 1 2 3 4 5 6 7T 8

Years since Transplantation

No. at Risk
No TP53 mutation 1224 757 529 370 261 183 109 53 32
TP53 mutation 289 109 66 39 26 20 14 6 5

Montelban-Bravo, 2018

= =
m e
O =

e



Hematological malignancies

§ Leukemia

; Lymphoma

N
n Multiple myeloma
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Multiple myeloma MM

Multiple Myeloma

Red marrow
where plasma
cells are made

Normal plasma cells

ti’: Y= =F =
Q 157" DAntibodies
1 ;,'\Y'L\ ’ \T| = i

Multiple myeloma cells (abnormal plasma cells)

e second most common hematological

malignancy

10% of hematological malignancies
median age at diagnosis - 65
Incidence 4/100 000

more common in men

multistep pathogenesis
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Pathogenesis of MM - multistep process

Bonemarrow [ Blood T

[ Germinal center ||

Primary genetic events Secondary genetic events
« HRD * Chromosomal translocations
* non-HRD * Somatic mutations
t(11;14) (15%), t(4:14) (12%), * Copy number gains and losses
1(14:16) (3%), 1(14:20) (2%), t(6:14) dell3q (59%), 1q+ (40%), delldq (39%), dell6q (35%),
(1%) del6q (33%), dellp (30%), del8p (25%)
dell7p | dell7p
(9.5%) (50 - 75%)
TP53 P53
mutations — mutations
(5-8%) (up to 25%)

Jovanovic 2019
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healthy bone marrow MM bone marrow
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MGUS

* Monoclonal gammopathy of undetermined significance

* Benign, asymptomatic

e accumulation of genetic changes in plasma cells leading to malignant transformation
* bone marrow infiltrated by <10 % of malignant plasma cells

* 15 % people with MGUS progress into MM

* 1 % risk of progression to MM every year

* Incidence 3 % of population over 50 (increases with age)
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MM

* infiltration of bone marrow by malignant plasma cells
* bone lesions

 presence of monoclonal immunoglobulin (M-Ig) in serum and/or urine

* Bone marrow niche supports proliferation and survival of malignant myeloma cells
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Plasma cell leukemia

loss of dependence of plasma cells on

bone marrow microenvironment

> 20 % circulating plasma cells in

peripheral blood

Incidence 4/ 10 000 000

.
\
'.' ‘L
’ L

transformation from MM - 21 months

Very bad prognosis - 2 - 3 months

https://www.labmedica.com/hematology/articles/294776427 /new-definition-for-plasma-cell-leukemia-proposed.html



MM symptoms

* Effect on bone marrow: anemia, decrease of immune reactions, bleeding
 Osteolytic lesion: pain, fractures

* Presence of defective immunoglobulins: hyperviscosity, decrease of immunity
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MM diagnosis
quite difficult — pain, fatigue, repeated infections common for other diseases

1)  number of myeloma cells in the bone marrow
2) presence of abnormal protein in blood or urine

3) typical changes on the bones
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Treatment of MM

....this is what we tried

Hajek, 2012
Anderson, 2011
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Treatment of MM

...and this is what we're currently using

e chemotherapy

* transplantation of bone marrow
* immunomodulatory drugs

* proteasome inhibitors

* monoclonal antibodies

Hajek, 2012
Anderson, 2011
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Prognosis of MM

* untreated patients survive 14 months
e standard therapy 3 - 4 years
* Transplantation 6 — 7 years

* New drugs increase five-year survival for about 80% of patients

Hajek, 2012
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Treatment possibilities for MM

IMIDs (immunomodulatory drugs)

Proteasome inhibitors
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Thalidomide — first IMID

*1953- created by Chemie Grinenthal
*1957- distribution (without prescription)
*Sedative

*Relieves morning sickness

*Heavy teratogen

*Insufficient testing in animals

*About 10 000 children effected — around
40 % survived

*FDA - Dr. Francis Kelsey — did not allow
usage of thalidomide in the United States

White House Archive




Dr. Francis Kelsey (1914-2015)




Thalidomide children... today
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Thalidomide — continuation

* 1964 — Jason Sheskin — patient with leprosy and complications

e 1993- Judah Folkman — angiogenesis important not only for solid tumors but also
hematological

* 1994 — refractory MM patient — thalidomide — clinical study 1/3 of patients
responded

e 2006 — FDA — treatment of MM approved

* unpleasant side effects - neuropathy

Sedlarikova, 2012
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Treatment possibilities for MM

IMIDs (immunomodulatory drugs)

Proteasome inhibitors
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Proteasome inhibitors

*Proteasome — a proteolytic complex for
degradation of ubiquitinated proteins

MM cells produce large amount of proteins
- inhibition of proteasome leads to
accumulation of proteins in the cells and
apoptosis

*Bortezomib — first proteasome inhibitor
approved for treatment of MM

Unfolded/misfolded proteins

x /%,iw
o \ 4
w\v* A

Bortezomlb

Proteasomal degradation

Ubiquitinated
=4 protein

Ublqmtmated protein aggregates
T
\‘S /N Protein
— = /1 /)’\§ degradation
. , \
| \ / e U

Lysosomal degradation

( D l‘ \  Aggresome
4 =\ formation Protein
(= = & _ > .
\ < oy degradation
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Blood Lung Prostate Breast Bowel
cancer cancer cancer cancer cancer

Increase in blood cancer survival rates
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Incidence and survival

3 : Five-Year Relative Survival Rates by Year of Diagnosis
Estimated New Cases (%) of Leukemia,
Lymphoma and Myeloma, 2020 90
Myeloma 18% ‘7’;
32,270 cases
® 6 =
$§ 54 47 51
. s 45
Lymphoma 48% = a8 i
85,720 cases g = 25
—— (7]
Leukemia 34% ’g 12
60,530 cases Total cases: 178,520 0
Myeloma kin Non Hodgldn Leukemia
Figure 1. Source: Cancer Facts & Figures, 2020. American Cancer Society; 2020. 1960-1963" . 1975-1977 . 1990 1992 20092015

Figure 2. Source: SEER (Surveiliance, Epidemiology. and End Resuits)
Cancer Statistics Review, 1975-2016. National Cancer Institute; 2019.

*The difference in rates between 1975-1977 and 2009-2015 is statistically
significant (p<.05).

“Survival rate among whites (the only data available)
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and that is all ....
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There are papers for your

further studies in IS
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Thank you for your attention



