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The cancer journey

Better cancer services every step of the way

'PRIMARY CARE'

RECOVERY/
SURVIVORSHIP

PREVENTION } SCREENING } TREATMENT

END-OF-LIFE
CARE

PSYCHOSOCIAL & PALLIATIVECARE.



Traditional palliative care

Palliative care to
manage symptoms

Life-prolonging or curative treatment and improve quality
of life

Diagnosis Death

Early palliative care

Life-prolonging or curative treatment

Palliative care to manage symptoms and improve quality of life

Diagnosis Death
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New Drugs
INn Cancer
Chemotherapy
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Chemotherapic agents

 Chemotherapy from natural e Synthetic drugs

agents * Mecloretamine

* Doxorubicin * Cyclofosfamide

* \Vinca alcaloids e Busulfan

* Taxans * Methotrexate

* Camptotheca derived agents e 5 fluorouracil

* Trabectedine * Platinum analogs

* Eribuline e Dacarbazine






6-Mercaptopurir?

Summary of MOA and site of action of chemotherapeutic agents

6-Thioguanine Purines and pyrimidines
Methotrexate Inhibit purine ring synthesis %—‘ W
Ribonucleotides
Hydroxyurea Inhibit ribonucleotide reductase
Methotrexate Inhibit dTMP synthesis
S5-Fluorouracil Deoxyribonucleotides
Cytarabine Inhibit DNA synthesis F l
Bleomycin | DNA
= — 1 Scission of DNA ,
Doxorubicin : - '
Daungrabian Intercalate DNA
Dactinomycin —— e
Alkylating agents | Cross-link DNA
Nitrosoureas RNA
Chplath Inhibit protein synthesis —4
L-Asparaginase e —— Proteins
T oy e Inhibit microtubule function - \
Paclitaxel
Colchicine Protein tyrosin kinase inhibitor |-3|96k.a¢tiv_itv F@




Growth factors

IL-6 inhibitors:
- tocilizumab
MMP-2 and -9 inhibitors:
- B-D mannuronic acid

Enhanced efflux of drugs

P-gp inhibitors:
taxifolin
sitravatinib
cinobufagin

crown ethers

ascorbic acid
TTM

so-PXA

mPEG glycine-quinidine
conjugate

TiO, PEG NPs

Epigenetic alterations

histone deacetylase/kinase inhibitors:
- CUDC-101, CUDC-907

Novel potential
anticancer agents and
their molecular targets

Elevated xenobiotics metabolism

GST inhibitors:

- flavonoids derivatives (phloretin;
phloridzin; baicalein; baicalin)

chalcone dertvatives (4-methoxychalcone;
4,4 '-diflurochalcone; 2"-hydroxy-4-
methoxychalcone; 4 -hydroxychalcone; 4-
fluorochalcone

Increased DNA repair capacity \

ERCCI-XPF inhibitors:

- E-X PPI2

- E-X AS7

- 13 compound

- B5 compound (analog of FO6)
RPA inhibitors:

- TDRL-551

- SMIMCI13E

- TDRL-551 derivatives

(43,4445 and 46 compounds)

ATR kinase inhibitors:

- VX-970

- AZD6738
DNA-PKcs inhibitors:

- NU7026

- NU7441

- AZD7648
HR inhibitors :

- BO2 compound
TLS inhibitors:

- JH-RE-06

- T2AA

- 4 and 5 compounds




Plasma concentrations

Therapeutic window

Peak of effect Side-effect

....................................................................... A dverlse < rles po nse

Therapeutic window

Duration of action

Time



The Copernican revolution in Pharmacology




* PAUL EHRLICH
* MAGIC BULLET
* CHEMOTHERAPY

*“Improving the
therapeutic window
and reducing side
effects”

( Ziwen Fu 2022)



Leading Edge

Hallmarks of Cancer: The Next Generation
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Hallmarks of Cancer: New Dimensions REVIEW

Sustaining Evading
proliferative signaling growth suppressors

Nonmutational
apigenelic reprogrammng

Unlocking

phenotypic plasticity
f y
Deraguiating
collular \
metabolism

Avoiding immune
destruction

Resising ol i
%
immoriality
G""';ym: : ‘ Tumer-promoting
mutation @ inflammation
Polymorphie
Senescent cells m microbiormes
Inducing or accessing ' Activating invasion &
vasculature melastasis

Flgure 6. Hailmarks of Cancer—new additions. Depicted are the cancaical and prospective new additions Lo the "Halimarks of Cancer” This treatise
raises the possibility, aiming to stimuiate debate, discussion and exparimental elaboration, that some or all of the four new parameters will come to be
apprecisted as generic o multiple forms of human cancer and hence appropriate to incorporate into the care conceptualization of the hallmarss of cancer
Tne hallmarks of cancer graphic has been adapted from Hanahan and Weinbearg (2)



CANCER CELLS CHARACTERISTICS

PROLIFERATION

= IMMORTALIZATION
ADHESION

INVASION & MIGRATION = UNCONTROLLED GROWTH

METASTASIS
NEOANGIOGENESIS = DIFFERENT METABOLISM

APOPTOSIS INHIBITION

HANAHAN & WEINBERG 2000 HANAHAN & WEINBERG 2011



Combinatorial

chemistry

Is a new method to reduce time and costs to produce
new drugs

A large number of molecules can be produced
contemporary

It is applied in Human Pharmacology

Biotechnology and Agro industry
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Introduction:

*Combinatorial Chemistry is a new method developed by academics
and rescarchers to reduce the time and cost of producing effective,
marketable and competitive new drugs.

* Scientists use Combinatorial Chemistry to ¢reate large numbers of
molecules that can be detected efficiently.

*This technique has captured the attention of many areas such as
Pharmaccutical chemistry, Biotechnology and Agro chemistry,







Silico Modeling

Imatinib Dasatinib MK-0457/VX-680




NSCLC ONCOGENE ADDICTION

EGFR
Sensitizing
17%

Unknown
Oncogenic Driver
Detected
31%

EGFR Other 4%
MET 3%

> 1 Mutation 3%
HER2 2%

ROS1 2%

BRAF 2%

RET 2%

NTRK1 1%
PIK3CA 1%
MEK1 <1%

Visit LCFAmerica.org for
the latest FDA indications.
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NERATINIB

Indicazioni terapeutiche Nerlynx e indicato nel trattamento adiuvante esteso di pazienti
adulti con carcinoma mammario in fase iniziale positivo al recettore ormonale con
iperespressione/amplificazione di HER2 che hanno completato la terapia adiuvante a base

di trastuzumab da meno di un anno.

COVALENT BONDING HER2-containing

5 ; . heterodimers
Neratinib forms irreversible
covalent bonds HER2:HER2 (HER2:HER3) Other homo- and
heterodimers

(EGFR, HER3, HER4)

‘\/o N\ EGFR:EGFR
-
"l HN QN |
O
0] /N |
/N\ x W
HKI'272 PI3K PI3K MAPK

PATHWAY RAS PATHWAY

(Neratinib) &\




Tucatinib

* Indicazione: TUCATINIB e indicato in associazione a trastuzumab e
capecitabina per il trattamento di pazienti adulti affetti da cancro
della mammella localmente avanzato o metastatico HER2-positivo che
abbiano ricevuto almeno 2 precedenti regimi di trattamento anti-

Tucatinib: A tyrosine kinase Dual nkibition of MERZ 0\4\[.1:’_,”
inhibitor selective for HER2 o />
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Cyclin Dependent Kinase 4-6 Inhibitors

* PALBOCICLIB (PALOMA STUDY)
* RIBOCICLIB ( MONALEESA 2)

* ABEMACICLIB ( MONARCH 2 & 3)



PALBOCICLIB

IBRANCE e indicato per il trattamento del carcinoma mammario localmente avanzato o
metastatico positivo ai recettori

ormonali e negativo al recettore del fattore di crescita epidermico umano 2 (HER2):

- in associazione ad un inibitore dell’aromatasi;

- in associazione a fulvestrant in donne che hanno ricevuto una terapia endocrina precedente.
In donne in pre- o perimenopausa, la terapia endocrina deve essere associata ad un agonista
dell’'ormone di rilascio

dell’lormone luteinizzante (LHRH).
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RIBOCICLIB

Indicazioni terapeutiche Kisqali, in associazione a un inibitore dell'aromatasi o a fulvestrant, e indicato nelle donne
con cancro della mammella in stadio localmente avanzato o metastatico positivo per il recettore ormonale (HR) e
negativo per il recettore 2 per il fattore di crescita epidermico umano (HER2), come terapia iniziale a base endocrina
o in donne che hanno in precedenza ricevuto una terapia endocrina. In donne in pre- o perimenopausa, la terapia
endocrina deve essere associata ad un agonista dell’lormone di rilascio dell’'ormone luteinizzante (LHRH).
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ABEMACICLIB

Verzenios in associazione alla terapia endocrina e indicato endocrina con inibitore dell'aromatasi deve essere
associata a un agonista dell'ormone di rilascio dell'ormone luteinizzante (LHRH). per il trattamento adiuvante di
pazienti adulti con carcinoma mammario in fase iniziale, positivo al recettore ormonale (HR), negativo al
recettore del fattore di crescita umano epidermico di tipo 2 (HER2), linfonodo-positivo, ad alto rischio di recidiva
*(vedere paragrafo 5.1).Nelle donne in pre- o perimenopausa, la terapia
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ALPELISIB

ALPELISIB é indicato in associazione a fulvestrant per il trattamento delle donne in post-menopausa, e degli uomini, affetti da
carcinoma mammario localmente avanzato o metastatico positivo ai recettori ormonali (HR), negativo al recettore del fattore
umano di crescita epidermico di tipo 2 (HER2),con mutazione di PIK3CA, dopo progressione di malattia successiva a terapia

endocrma come monoterapla
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PARP.INIBITORI

Section Editars: Christopher J
The BUW ERGLAMD |OUKLNAL of SERILELSE

| DORIGIHAL ARTICLE

Adjuvant Olaparib for Patients with

Olﬂpﬂ[‘ib: A N{)Vﬂl Thﬂ[‘ﬂp}f f{}r BRCA1- or BRCA2-Mutated Breast Cancer

AN Tutt, |LE Garber, B, Kaufman, G Viale, 0. Fumagalii, P. Rastog
= |3 ':_-- |y, E. de drambuija. A Feldi {1 | Balmafe. § Kl Dormehes

Metastatic Breast Cancer in Patients

With a BRCA1/2 Mutation

Cell
survival
SARAH E. CAULFIELD, PharmD, BECOP, CHRISTINE C. DAVIS, PharmD,
and KRISTINA F. BEYERS, PharmD, BCOP
PARP repairs single-strand DNA break
Cell
— SDOPTOSS

PARP inhibition leads to double-strand
Sngle-strand ONA broak breaks in BRCA-ceficient calls

Figure 1. Olaparib mechanism, specifically in BRCA-deficient cells compared to normal cells. PARP =
paly (ADP-ribose) polymerase; BRCA = breast cancer gene 1
“BRCA-proficient cells can repair double-strand breaks, resulting in cell survival






A Generation and Structure of Monoclonal Antibodies

Fab region
* B cell Kntigen binding.)\

(a
Fused with myeloma cell : : b, Mon?clonal o
to create an immortal Antibody-secreting =Z antibody
hybridoma

<

— Fc region

mediates effector
functions, such as
complement fixation

C = Constant domain H = Heavy chain
V = Variable domain L = Light chain




Immunotherapy progresses through the ages

Varclation against . Nobal B .. Mobel Prize: cancer therapy
small b Use of Ig to treat Nobel Prize: serotherapy .  ge by immune checkpoint
ot % 4 imnmm:?uﬁmnc]r' against diphtheria Pgmﬂr"r:““ﬂ :]b blackade (Allison & Honjo)
cowpox (Jenner) (Behring) i
. MNobel Prize: CRISPR/Cas
approval First FDW&
Discovery of cancer Hybridoma ?:::nm:bamrcua apprnlmva:l of CAR- Genome edition
S pe— I S . . '
[ 1700 [ 1938 { 1950's W[ 1852 \‘[ 1865 ][ 1875 1[ 1980 ] 1984 J 1986 1[ 1987 M 2002 1[ 2017 ” 2018 JLEDED@’F >
g Distinclion between TIL treatment First effective CAR-T- Engil?mr;ig{ in:nunla
iscovery B and T lineage cells for melanoma cells (2" generation) cells of multiple ineages
- including B-cells?
Body irradiation and bone Mobel Prize: theories concerming Mobel Prize:
marrow transplantation specificity in control of the immune phage display for directed
for treating leukemia system / principle for production of mAb evolution of mAb (Winter)

(Jerne & Kohler & Milstein)




Market Value (Billion)

160 -+
150 -
140 -
130 +
120 -
= 110 -

g

c.placizumab (Cablivi): anti-AWVF for acquired aTTP In 2025
Romooummb (Evenity): ant-Sclerostin for ostacporosis 4

[}
Burosumab (Crysvita): anti-FGF23 for XLH !
Ibalizumab (Trogarzo): anti-CD4 for HIV infaction !
—_— Erenumab (Aimovig): anti-CGRPR for migraine prevention + Y150
Rituximab (Rituxan}: T ——— _ ' i
m.‘"m 'IW(Z“:‘"‘””)?’“" hrnphaoma Atezolizumab (Tecentriq): anti-PD-L1 for bladder cancer ] "
ant-CD25 for multiple b ,heciero ols Reslizumab (Cingaero, Cingair): anti-IL-5 for asthma ’
/
Pembrolizumab (Keytruda): anti-PO-1 for melanoma ]
Abciximab (Reopro): Nivolumab (Opdive): anti-PD-1 for melanoma & NSCLC 115
anti-GP Iitvllla for Ramuclrumab (Cyramza): antl-VEGFR2 for GC
prevention of blood clots
in angioplaaty | Ipilimumab (Yervoy): anti-CTLA-4 for metastatic melanoma  Avelumab (Bavencio):
Brentuximab vedotin (Adcetris): . ant-PD-Lt for MCC
anti-CD30 for Hodgkin lymphoma, systamic ALCL | | Durvalumab (Imfinzi):
Muromenab-CD3 ! S ) ‘anti-PD-L1 for bladder cancer
{Orthoclone OKTS):  Ustekinumab (Stelara): anti-IL-12/23 78 Brodalumab (Silig, Lumicef):
antl-CD3 for kidney |for Psoriasis anti-IL-17R for plaque paoriasis
transplantation \ —— I
jection treal t
o v sl Panitumumab (Vectibix): Wm (Pon:m): anti-EGFR ter NSCLC
-FGFR & nutuximab (Unituxin): anti-GD2 tor neuroblastoma
e | | | ] Chone
o (Herceptin): an-VEGE-A for Macular Pertuzumab (Perjeta): anti-HERZ for BC
test of anti- anti-HER2 for BC | | 4o canaration -
tymphoma infliximab Denosumab (Profia): anti-AANKL for bone loss. |
Ab (Remicade): 26 ‘
anti-TNFa for 2 Eculizumab (Saliris): anti-C5S tor Paroxysmal noctumal hemoglobinuria
Crohn's discasse r
Fi ) [ Bevacizumab (Avastin): antl-VEGF for CRC; Cetuximab (Erbltux): ant-EGFR for CRC |
mAb
 Omatizumab (Xolair): anti-IgE for asthma |

. Adalimumab (Humira): anti-TNFe for RA ]
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Characteristics of the linker

cleavable linkers:
« pH-sensitive: hydrazone
« glutathione-sensitive: SPDB,
isotype: (SPP) N
12Gl, 12G2 & 1gG4 * proleasc-sensitive: Ve, va DNA intercalators:

; calicheamicin, duocarmycin
variants: non-cleavable linkers: daunomycin, PBD dimers
chimeric, humanized, .. TGS
human microtubule destabilizers

auristatins: MMAE, MMAF
maytanisoids: DM1, DM4

MG UropaisOo ity utiisieng o'y’
s Varww hocherpeg combarty st 7 i



&L Key functions

Target antigen ~ Recognition of target
cancer cells

Antibody Guidance system for
cytotoxic drugs

Bridge between antibody
and drugs and to control
the release of drugs
inside cancer cells

Linker

l Cytotoxic drug ~ Warhead for destroying

cancer cells

Fig. 2 The structure and characteristic of an ADC drug. The core components including target antigen, antibody, linker, cytotoxic drug along
with their key functions are demonstrated.



Examples of ADC drug linkers

Cleavable linkers

Noncleavable linkers
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Bifunctional antibodies

Symmetric
IgG and IgG-like molecules

Bivalent Tetravalent
Asymmetric IgG and

Antibody ii
conjugates
pa’ T IgG-like molecules
Antigen-binding sites ﬁ
of 2 antibodies

Y\

Small molecules Non-immunoglobulin
fusion proteins

oo




EDITORIALS

SCIENCE BEHIND THE STUDY
Elizabeth G. Phimister, Ph.D., Editor

The Expanding Clinical Role of Bifunctional Antibodies

Dan L. Longo, M.D.



B Generation and Structure of Bifunctional Antibodies

Antibody A- I -
secreting hybridoma _ mmune effector
Tumor antigen A antigen B
Fused with hybridoma cell with binding site binding site
differing antibody specificity : Y ( }

Bispecific antibody- \
secreting hybridoma 4 S

Antibody B-

secreting hybridoma

Knob and hole




Malignant
B cell

Blinatumomab

Examples of bifunctional T-cell engagers Malignant B cell
CD20

Malignant Malignant
B cell T cell B cell ®
CD20 £ C03 CD20 bx, ;f“ )
S 3 AP WY T cell
g
Effector
functions
silenced
Mosunetuzumab Glofitamab




A Knobs-into-hole Tetrabody CrossMab
TeG-based bsAb \x
Representative drugs Catumaxomab Mosunetuzumab Amivantamab Candonilimab Faricimab
B BiTE TCR-mimic TandAb DART
Fragment-based bsAb

N= == [f] SEDE S
Representative drugs Blinatumomab Tebentafusp AFMI6 Flotetuzumab

Figure 2 Representative bispecific antibodies and their format. According to the existence of the Fe region, bispecific antibodies can be divided
into two categories: (A) lgG-based bsAbs and (B) Fragment-based bsAbs. BiTE. bispecific T-cell engager: TandAb, tandem diabody: DART. dual
alfinity retargeting.



How can act bifunctional Monoclonal Antibodies



Bridge cells

mmmw m'cna mm —cmcxurdn.s cms cmo cms

peptide-HLA peptide - HLA
Solid tumors hematologic malignancies
i ’ ] ‘ j
T T
TSA TAA
(Intracellular Antigens) (Extracellular antigens)




Bridge receptors Until now we succeed to hit two different receptors
using a mixture of two Mo Ab
T cell i.e. Trastuzumab + Pertuzumab in HER2 + Breast cancer




Blood vessels

Bridge cytokines and
receptors

A A
DLL4 TGF g A ?
®e
© /
VEGF PD-L1
Tumor cell o
Bridge cytokines
TL-13
Tumor cell

0
@07
@

O

L4 © ©

@ VEGF

»

Ang2 @

Circulating Antigens are a true problem in Clinical Oncology:

they prevent the cellular receptor / Mo Ab link and can fill the Fab
variable portion of the MoAb hampering its immunological function.
Bifunctional Mo Ab can overcome this problem



PD-1 %

The Fc region is

44— altered to avoid

toxic effects

4-1BB

4-1BB is active

only when FS120
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Take home messages

 La farmacologia oncologica ha registrato negli ultimi 25 anni enormi
progressi derivanti dalle conoscenze in biologia molecolare e in
chimica organica.

* Pochissime neoplasie sono rimaste escluse da questa rivoluzione:
tumori cerebrali, carcinoma del pancreas, la maggior parte dei
sarcomi.

* La complessita delle terapie richiede sempre di piu una expertise
pluridisciplinare che include Farmacologi, Farmacisti, Ematologi,
Oncologi, Infermieri

* Si profilano due problemi: le disparita di cura e la sostenibilita
economica.



	Diapositiva 1: Evoluzione della farmacologia oncologica
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13: The Copernican revolution in Pharmacology
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18: Combinatorial chemistry
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22:                           Silico Modeling
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25:                               NERATINIB
	Diapositiva 26:                                 Tucatinib
	Diapositiva 27:        Cyclin Dependent Kinase 4-6 Inhibitors
	Diapositiva 28:                             PALBOCICLIB
	Diapositiva 29:                                 RIBOCICLIB
	Diapositiva 30:                             ABEMACICLIB
	Diapositiva 31:                                 ALPELISIB
	Diapositiva 32:                         PARP INIBITORI
	Diapositiva 33
	Diapositiva 34
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37
	Diapositiva 38
	Diapositiva 39
	Diapositiva 40:                    Bifunctional antibodies
	Diapositiva 41
	Diapositiva 42
	Diapositiva 43
	Diapositiva 44
	Diapositiva 45: How can act bifunctional Monoclonal Antibodies
	Diapositiva 46
	Diapositiva 47
	Diapositiva 48
	Diapositiva 49
	Diapositiva 50:                      Take home messages

