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Agenda

* Basic principles of chemotherapy
* Basic principles of targeted therapy
* Drug resistance

Radiotherapy

(Chemo)therapy during pregnancy
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Case: evolution

* No adverse risk factors, MRD- CR

* => maintenance treatment with 6MP and
metotrexate PO

* After 9 months ALL relapse CD19+, CD22+
* => reinduction with blinatumomab

* => refractory disease

* => 3rd line treatment with inotuzumab

* => CR2 MRD-



Case: evolution

* Allogeneic stem cell transplantation

* Myeloablative conditioning:
* Cyclophosphamide 120mg/kg
« TBI 10Gy

e Persistent CR
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Chemotherapy: definition

* Chemical compound designed to kill tumour cells
e Currently term includes ‘classical chemotherapy’

* ‘Targeted treatments’ are excluded from this term:
* Tyrosine kinase inhibitors (TKl)

Monoclonal antibodies (MoAb)

Bispecific T cell engagers (BiTEs)

Dual affinity retargeting agents (DARTS)

Checkpoint inhibition

ATRA

Chimeric antigen receptor T cells (CART)



Chemotherapy: goal

e Attacks tumour at the cellular level
* Interference with cellular replication

* impact on one/several phases of cell cycle
* Chemotherapy use:

* Cure

* Palliate

* Adjuvant

* Neo-adjuvant
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The cell cycle

* 5 phases:
* GO: resting phase (hours-days)
e G1: preparation for DNA synthesis (18-30h)

* S: generation of complete copy of genetic material
(18-20h)

* G2: cell prepares for mitosis (2-10h)
 M: mitosis, cell splits in 2 (30-60 min)



The cell cycle

Growth fraction
# proliferating cells
# GO cells

G1

Higher growth fraction = higher
chemosensitivity

for DNA
Synthesis
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The cell cycle & chemotherapy

* Cell cycle phase — specific
e Agents with major activity in a particular phase of the
cell cycle

* Schedule dependent

* Cell cycle phase — non specific
* Agents with activity in different phases of the cell cycle
* Dose dependent
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Cancer cell kinetics — Log Kill

* Howard E Skipper: tumour models — mouse L1210
leukemia model

 Skipper-Schabel-Wilcox model: a given dose of a
given drug will kill the same percentage not the
same number of cancer cells = Log Kill Model

* Log Kill Model assumes exponential growth of
tumour

e e.g. leukemia



Cell number
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Log Kill Model: timing of treatment cycles
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Drug development

* Screening / selection of molecules, substances
candidate for drug development

* Preclinical development (= 5y)

* Clinical development (= 5y)

* Phase I: dose finding, pharmacokinetics, effect on
biological target, antitumour activity

* Phase Il: antitumour activity, effect on biological target,
dose-response, toxicity

* Phase lll: therapeutic benefit, risk/benefit ratio



Chemotherapy classes:
Alkylating agents
* Direct DNA damage, non phase specific

* Nitrogen mustards:

e chlorambucil, cyclofosfamide, ifosfamide,
melphalan

* Nitrosureas:
e carmustine (BCNU)
* Alkyl sulfonates:
* busulphan
* Triazines:
e dacarbazine
* Ethylenimines:
* thiotepa
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Cyclophosphamide

e Alkylating agent
* Formation of mustards following metabolic activation

* Cross linking of DNA strands
* |V / PO administration

e (non Hodgkin’s) Lymphoma:
* R-CHOP, RCD

. CI—CH;—CH,  HN
* High dose: —rt )

N
I Cl—CHs;—CH 5
e Stem cell mobilisation swase 19

* Conditioning HCT CYElopnGephamice
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Chemotherapy classes:
Antimetabolites

 Substitute for normal building block
* S-phase

* cladribine

e cytarabine

* fludarabine

* gemcitabine

* hydroxyurea

* 5-fluorouracil

* 6-mercaptopurine
* Metotrexate (antifolate)
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Cytarabine (l
|

* Purine analogue . ;

* cell cycle phase specific -

* |V or IT administration Cytarabine

e Corner stone of AML treatment

 Activity in other hemato malighancies

 Penetration in CSF after IV infusion
* CSF levels 40-50% of plasma level

* High dose (2-3g/m?) can overcome cellular resistance
by altering transport of drug into the cell



Metotrexate

* Antifolate OW é:

 Cell cycle specific (S phase)
* [VorIT (12-15mg) or PO administration
* High dose IV penetrates in CSF
* CNS prophylaxis
* CNS disease
* Lymphoma/leukemia
* Folinic acid rescue when high dose MTX
e Start 24h after MTX administration

e Until MTX levels < 0,05 uM/L
* |V dose = PO dose



Chemotherapy classes:
Antitumoral antibiotics

* Anthracyclines:
* topo Il inhibitor, DNA intercalation
* non phase specific

e daunorubicin, doxorubicin, epirubicin,
idarubicin

e Other:
* bleomycin
* Mitoxantrone
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Chemotherapy classes

* Topoisomerase inhibitors:

* Topoisomerase | inhibitors:
* topotecan, irinotecan

* Topoisomerase Il inhibitors:
* etoposide (VP16), teniposide

* Platinum derivatives:
* cisplatinum
 carboplatinum
* oxaliplatinum



Cisplatinum

* Platinum derivative/alkylating agent

* Cross linking DNA

* IV administration

* Lymphoma (DHAP)

* Toxicities: NH?’\Pt/C'
* Ototoxicity NHY cl

* Renal toxicity Cisplatin

22 15-01-2022



Chemotherapy classes

 Mitotic inhibitors

* Metaphase arrest, chromosomal damage,
microtubule disruption

* Taxanes:
* paclitaxel, docetaxel

* Vinca alkaloids:
* vinblastine, vincristine, vinorelbine

* Miscellaneous:
* L-asparaginase
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Chemotherapy and cell cycle

= Taxanes M
= Vinca alkaloids

= Etoposide /—;ﬂ
Division

» Bleomycin G1
G2 \\\
Cell-cycle-independent:
» Platinating agents
= Alkylating agents

= Vinca alljk/

» 5-fluorouracil
« Methotrexate
= Hydroxyurea
= Doxorubicin

= Cytarabine _ -
s Gometabibe [_] Most radiosensitive
= Etoposide [ Most radioresistant

Sourcea: Nat Clin Pract Oncol @ 2007 Nature Publishing Group
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Chemotherapy: administration

* Intravenous
e Oral

* Intrathecal
* Lumbar puncture
* Ommaya reservoir

* Intra-arterial

* Intraperitoneal

* Topical
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Chemotherapy dosage
* Weight
* Body surface area (BSA)

| The Mosteller! formula

|

BSA (m2) = ( [Height(cm) x Weight(kg) 1/ 3600 )"2 e.g. BSA = SQRT( (cm*kg)/3600 )

or in inches and pounds:  BSA (m2) = ( [Height(in) x Weight(lbs) 1/ 3131 )**

| The DuBois and DuBois2 formula

BSA (m2) = 0.20247 x Height(m)%-725 x weight(kg)?-425

A variation of DuBois and DuBois*® thats gives virtually identical results is:

BSA (m2) = 0.007184 x Height(cm)?-725 x weight(kg)?-425

| The Haycock3 formula

[BSA (m2) = 0.024265 x Height(cm)?-3%6¢ x Weight(kg)?-5378

| The Gehan and George® formula

[BSA (m2) = 0.0235 x Height(cm)?-42246 x Weight(kg)?-51456

| The Boyd formula®

lBSA (m?) = 0.0003207 x Height(cm)?-3 x Weight(grams)(°-7285 - (0.0188 x LOG(grams) )

26
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Chemotherapy: general principles

* Remission-induction
* Consolidation

* Combination chemotherapy

e Different mode of action
 Different toxicity profile
e Different resistance mechanisms

Maximize chance of lasting remission/cure
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Targeted therapy

* Inhibits a more specific target in the cell

* Different types:
* Monoclonal antibodies +/- cytotoxic drug conjugate
* Small molecules
* Proteasome inhibitors
Immunomodulatory imide drugs (IMiDs)
Hypomethylating agents
BiTEs

Cell therapies
e CART cell treatment
 Dendritic cell vaccines

* Check-point inhibition



Targeted therapy: Monoclonal antibodies

a Direct tumour cell killing b Immune-mediated tumour cell killing
=z
J— = Phagocytosis
Receptor antagonist Macrophage NK cell

agonist Antibody

=

Fc receptor

) o
Coryugated Granzyme
antibody and perforin

MHC and
C Vascular and stromal cell ablation peptide

CD3¢ or CD28
scFv

i
J
S

Genetically

Anti-CTLA4 modified T cell

Tcell

: o Peptide
Conjugated Activatiok ‘

antibodies

Cross-presentation
and T cell activation

Dendritic

Blood vessel cell
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Targeted therapy: monoclonal antibodies

* Target a specific antigen on the tumour cell
* Can be conjugated with a cytotoxic drug

Target Name Drug conjugate
CD19 tafasitamab

CD20 rituximab

CD20 obinotuzumab

CD22 inotuzumab 0zogamycin
CD30 brentuximab vedotin

CD33 gemtuzumab 0zogamycin
BCMA belantamab mafodotin
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Targeted therapy: Kinase inhibitors

* Tyrosine kinase inhibitors
* imatinib
 dasatinib/nilotinib
* Bosutinib/ponatinib
* Bruton tyrosine kinase inhibors
* ibrutinib
* acalabrutinib

e FIt3 inhibitor

 midostaurin
* gilteritinib
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Targeted therapy: bcl2

Mitochondrial outer

membrane
permeabilization

Cytochrome C release

Caspase activation

Cell death

I(I(I(

FIGURE 1. Venetoclax: mechanism of action. Venetoclax binds directly to the BH3-binding groove of bcl-2, releasing pro-
apoptotic proteins (Bim) that can initiate mitochondrial outer membrane permeabilisation, caspase activation and cell death.?
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Targeted therapies in lymphoma

e Teell

Y monoclonal antobodies (mABS)

BITE

i
’ small molecules inhibitors (SMis)
e

a

H

CAR-T

++eee) different pathways activation

PY3K inhibitors

g LYN/SYK inhibitors

HI.?AC inhibitors

Proteasome
inhibitors

4 CAR-T cells

Adaptative immunotherapy
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Targeted therapies in AML

Novel Therapies for AML

NEDD-8 Activating Enzyme
In Development:
Pevonidistat

Approved:
Liposomal daunorubicin
- cytarabine

CcD33
Approved:
Gemtuzumab Ozogamicin

CD3/CD123
In Development:
Flotetuzumab

CD33/CD123 T/ 8 Flotetuzumab (DART)

cD123

In Development:
CAR-T Cell Therapy cD3

\)

DIFFERENTIATION
IDH2
Approved:

Enasidinib

IDH1
In Development:
Ivosidenib

APOPTOSIS

BCL2
In Development:
Venetoclax

PROLIFERATION

FLT3
Approved:
Midostaurin

In Development:
Sorafenib
Quizartinib
Gileritenib
Crenolanib

34
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Chemotherapy resistance

* Response to initial treatment?
* Primary chemoresistance
* Acquired chemoresistance

e Multidrug resistance (MDR)

* Origin of resistant cells:

* Cancer stem cells
* Diverge from normal tissue stem cells
* Natural quiescent state
* Environment mediated drug resistance
e Acquisition of quiescence
* Genetic changes => permanent resistance
e Alter tumour microenvironment



Chemotherapy resistance mechanisms

Tumor Cells

;. O Presence of multiple

.\ O 0 initial clones

leleslels)

Cancer Stem Cells Tumor Associated
Stroma and ECM

Survival and Relapse through:

<+ Alterations of Drug Metabolism
(increased efflux, decreased uptake,
enhanced detoxification, sequestration)
“*Modification of drug targets
<Dysregulation of Apoptotic Proteins
<*Enhanced DNA Repair
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Monoclonal antibody resistance

Table 4 | Mechanisms for lack of tumour response to antibody therapy

Antibody therapeutic property
Targeting tumour antigen or receptor
Pharmacokinetics

Penetrance and concentration in
tumour

Receptor occupancy

Signalling pathway abrogation

Immune effector function

Induction of T cell responses

Payload delivery

Reasons for a lack of therapeutic response

Antigen or receptor heterogeneity or mutation (initial or acquired);
downregulation of antigen or receptor expression

Antibody stability, immunogenicity and half-life

Vascular permeability, tumour interstitial pressure, antibody size and antibody
affinity

Low antibody-to-receptor concentration, receptor saturation and ineffective
blockade of receptor dimerization and signalling

Signalling pathway not relevant for tumour growth, initial presence or
development of compensatory signalling pathways and promiscuity of
signalling pathways

Antibody isotype, FcYR polymorphisms, immune escape (such as natural killer
cell dysfunction) and complement inhibition

Immune suppression; for example, through regulatory T cells

Inadequate concentration in tumour and drug resistance (de novo or acquired)
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Kinase inhibitor resistance

A
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e

Ph chromosome
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Overcoming chemotherapy resistance

* Different class agent

* High dose therapy

* Combination chemotherapy
 MDR:

* P-glycoprotein overexpression

Efflux pump (anthracyclines, taxanes, vinca-alkaloids)
Verapamil/CSA & other => no benefit in trials
Nanomedicine: liposomes/nanoparticles

New generation drugs evading P-gp

MiRNA
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Radiotherapy: mode of action

15-01-2022
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Radiotherapy: (sub)acute effects

* Temporary alopecia

 Skin reaction

* Oral: dysphagia, xerostomia, dental caries
e Radiation pneumonitis

* Thyroid abnormalities

* Decreased gonadal function & infertility

15-01-2022
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Radiotherapy: late effects

* 2nd malignancies
* Leukemia
* Non Hodgkin’s lymphoma
* Solid tumour

e Cardiovascular disease
e Coronary artery disease

15-01-2022
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Treatment during pregnhancy

» Cancer during pregnancy 1/1000-2000 pregnancies
* Most frequently breast- /cervical cancer/melanoma
* Multidisciplinary approach required

* Main parameters that influence choice of
treatment:

e Gestational term
* Type and stage of cancer

* Possibility of placental transfer and risk of teratogenecity
of the drug

e Patient opinion on continuation of pregnancy



Treatment during pregnhancy

* Changes in pregnant women metabolism may
impact pharmacokinetics:

* I maternal plasmavolume by almost 50% in 3rd
trimester => ™ distribution of water-soluble drugs

* @ albumin concentration => | levels of unbound drugs
and 1 fetal toxicity

* /M renal clearance and liver oxidative metabolism

* I cytochrome P450 3A4 => |, maternal exposure to
drugs metabolized by CYP 3A4



Treatment during pregnhancy

* General rule: Adhere as much as possible to

standard treatment protocols to preserve maternal
life

1st trimester 2nd trimester 3rd trimester
0-12 weeks 13-26 weeks >27 weeks

Surgery

Radiation therapy
non-pelvic

Radiation therapy
pelvic

Chemotherapy

Targeted therapy

I possible
[ Not supported due to limited evidence, except for rituximab and imatinib
I Contraindicated
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Treatment during pregnhancy

* Avoid preterm induction of delivery
* Limit ionized diagnostic imaging

 Avoid chemo in 1st trimester to avoid interference with
organ development

* Use actual maternal weight to calculate dosing

 Defer chemo after week 35: allow window for maternal &
fetal BM recovery before delivery

* Choose methylprednisolone over dexamethasone

* Targeted treatment and immunotherapy:
e TKI can penetrate placenta all pregnancy
* Monoclonal antibody: active transfer from week 14



Treatment during pregnancy: neonatal

outcomes

e Preterm birth is common

e |ntra-uterine fetal death is
most frequent in acute
leukemia

* Neonatal outcome in 1st 6
years of life for cognitive
and cardiac development
not affected after
chemotherapy exposure

15-01-2022

Placental causes
Structural changes

Infection
Inflammation

K

Maternal causes
Maternal age

Cancer (especially hematological)
Poor general health

Malnutrition

Anemia

Cancer treatment

Cancer (treatment)-related stress

Fetal causes
Congenital anomalies
(1st trimester exposure)

b
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Future perspectives: personalized therapy

Initial profiling

First-line therapy

48

Adaptive therapy in
response to longitudinal
profiling
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