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Una classe in costante sviluppo. Esempio: anticorpi.

i‘
|
|
|
|
i

| |
I

ST
i

n Brealikle  CC30 Bk | k| lindemien T E.u.
il v
sl r e v J'
ik -
. Uil o fnislmls. Dol ool
. PP,
P i
v ek
- = Thaa, o Deptey e oo £
™ (= fomerd (1L bdeciuhtoes
. e
i M MOl
N mrigy
e el
i s oy cel st el
s i,

EER FIRERIRAT

T

w-lha:l
o irfecis st
aranen
3 (s 1 haman, Wt mienma (i
s sl iy
g e
g O S lames
5 B  Crevars [ u.-l.——
e b Sy recsge ety
s
ey
e
i ez
g vy

Takis 1 jozam o| Aoty

wremaitel e
L.l.:’d m Forvarm Eu e, Th—r— Frmh wud v e ol

; el i |
w t P, M 20 i
Mg L) Fagrars Hoaka Hhuman Aiye dernunr [
izt E—i e oy
s 1 Hﬁhh Ly w‘d--:J
Caman [y

: i [ B ey L [ miteea: Hevh wud i s Lol
: - e [ 8] [

e m. - il L
Rardaman Ll E—. L e,
i b—hﬁ e ..l-m.::ul_l

el i |
E ahy Chagiiflinks B8 n—hﬁ& e rmamal arrasi i W‘
. =
=
S Tty 121 Bilyila LR frimd 3 A
wsaruea s Nersarm Bara . vy surun. b
[arr—— Ty [E & [ ——— | -
Yo 1 mimmmn

w i m Emam  Hewn on

i
i
i

T
il

It

A

i

b b
il

fl

5 1
118
!
|

Hf

wemimy  NA

L

[ I

wn

;
[ER T

|

Tun 1 ot | o Soaaly

§

e
e 1Y
thermy

Tebrurid an e ety
el

it = n-“'
e rtams. Ll ?;\

Tabis 1 jromi | knibody

Aatzrwmrnr b e
e
burmsin
g e
[re— ™ -
ERLE A L E m S i : P
o Y
=H——l—. = e r—
sl
[T TR | ™ [l | b il G ki ed
it Fabi. wibeni, irbom  ressmerts e v TR
b v o o e -
O EALL a ™ e Fheaseiothan Beindied
e = ETL, e ISR
T I o Tigmpimt— [rmpriemeiyead. ok S ardibitn
oy [[— iy et
- e Thy
w [l m- Crtgaenr, Horwwmmifak. Lemnaisd L el
g clabagemr
[—— Comlae Lo p— Hhots g tacrzn Ba.
= T RETes
Nty i1 u
- i Lifsa L E m ot s B e
bocerat [ [ e TR
Tdaat fiigd==y
Pl e
ry WS TR -
e T T, e
Coplmizomak UL M . hanareres
prien Hileturet uemra
[ e bt b
ledretumn e
[ Uimsiilen Gotks fbrun ek
— o s ey
- e bt
. st
o e R P S - -
ez Ll
ot WA s [T 1B
atm e by Lt 8w
e Talhei iz
rwserra, T
Ay T
sk vty
[

i - ol oo
s e o T R e e £ P T i e e e
i " ] [ ol Bt s
Lrwrimh m-camm {icks g vl i mw rﬂd—ﬂ.
M Ampmiwtan e L prakim e, mude

. il !’h-ﬂ.l. Fewwmnsf P4 ovprren. Bevd sl v b #V50

NA.TUF.E REVIEWS |DRL|G DISCOVERY
oyl



Principali usi clinici
dei farmaci biotecnologici

oNcoLosia B b e
(per il 40%) P
Tumor solidi

Artrite reumatoide

REUMATOLOGIA Artrite psoriasica

(per il 30%)

Spondilite anchilosante

DERMATOLOGIA mmesd | Psoriasi
Morbo di Crohn
GASTHBETEHULGGI ) i
NEFROLOGIA l—h‘ Anemia associata ad
insufficlenza renale cronica

da: convegno SIF marzo 2012




Processo produttivo

Cinque fasi principali altamente variabili

1. CLONAZIONE e SCREENING: identificazione della sequenza
genica della proteina da produrre e inserimento di tale DNA in
un vettore plasmidico.

2. BANCA DI CELLULE MASTER: inserimento in linee cellulari per
la costituzione di un'unica banca master capace di riprodurre in
quantita la proteina.

3. FERMENTAZIONE: si espande il volume della coltura cellulare
fino a migliaia di litri e le cellule producono la sostanza
desiderata in un medium.

4. PURIFICAZIONE: rimozione, filtrazione di particelle e composti
estranei.

5. FORMULAZIONE E CONFEZIONAMENTO



Processo produttivo

Transfection

+oj>

Cell line

%

“il prodotto e il processo di

produzione” (Karson KL., Nature
Biotecnol, 2005).

Cell culture (D—D—E'\ Purification
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Drug
substance
(crude)
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Processo di produzione

Formulation/

Filling
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Bioreattore: un esempio di variabilita

External Spin Filter:

Internal Spin Filter: TS T

Leden Facility

= Spin filter is mounted - Agitator and
concentric with agitator shaft spin filter
& rotates at same speed speeds are
independent

= Clogging resulis in _
termination of nun - Spin filter can
be changed out




Example of a 1000 L Bioreactor with an external spin filter used in the production of Remicade®

in Malvern, PA
Adattato da: T. Burkett, The Community College of Baltimore County



Difficolta e strategie nella realizzazione

Macromolecole in alcuni casi a struttura quaternaria.

Generalmente caratterizzate da bassa biodisponibilita
(di solito sono molto voluminosi).

*Trasporto sull’'organo bersaglio.

‘Eventuale comparsa di effetti collaterali per azione

sistemica (es. sistema immunitario).



Difficolta e strategie nella realizzazione

Mouse

Human

Dominio variabile murino

N

Chimeric

Dominio costante umano

Un primo approccio
per la riduzione della
immunogeneticita e
rappresentato dagli
anticorpi chimerici,
nei quali il dominio
variabile murino e
legato al dominio
costante umano.
Esempi di anticorpi
chimerici sono il
rituximab e
l'infliximab.



Difficolta e strategie nella realizzazione

Mouse

Human

/amewo rk

Qloervariable

Humanised

Negli anticorpi
umanizzati, la
porzione
ipervariabile
murina € inserita in
una Ig umana.
L’anticorpo risultante
ha le stesse
caratteristiche di
legame
dell’anticorpo
murino. Il primo
anticorpo
umanizzato e stato
I'alemtuzumab.



Difficolta e strategie nella realizzazione

Mouse embryonic stem cells

. Fully human mAbs
\ . a W
|

i v AN !
Mouse embryonic stem Mouse embryonic stem cells A
cells containing human with inactivated mouse
antibody genes heavy- and light-chain loci
Secretion/Purification
' y
;‘-—-_=- =
o g N
/ A
i Breedin hd \ Hybridomas i
| 3 . -~ 4 o~
Mouse strain Mouse strain A
producing human - s incapable of "}:-5 S
and mouse NN DXL producing Vs \ \
antibodies E mouse = Fasion I
antibodies !
X
| =N
» < N -
DO o : ///' N
A Ny
B cells Immortalized cells
XenoMouse® Da: Foltz IN et al. Circulation 2013

DA = Human Ig loci; T = Mouse g loci.

Gli anticorpi monoclonali umani sono prodotti utilizzando topi
transgenici o tramite la tecnica del phage display. L’adalimumab e
un esempio di anticorpo monoclonale umano.



Murine Chimeric Humanized Fully Human
(0% human) (65% human) (> 90% human) (100% human)

TYYY

Generic suffix -omab -ximab -zumab -umab

Potential for immunogenicity

Da: Foltz IN et al. Circulation 2013



Biosimilarni
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SECONDO CONCEPT PAPER AIFA SUl FARMACI BIOSIMILARI



STATO ATTUALE

La perdita della copertura brevettuale permette I'entrata sulla
scena terapeutica dei farmaci cosiddetti “biosimilari”, medicinali
“simili” per qualita, efficacia e sicurezza ai prodotti biologici
originatori di riferimento e non piu soggetti a copertura
brevettuale.

La disponibilita dei prodotti biosimilari genera una concorrenza
rispetto ai prodotti originatori e rappresenta percio un fattore
importante per il mantenimento della sostenibilita economica dei
servizi sanitari nel prossimo futuro.
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....na non scade il brevetto del processo produttivo.

Second Manufacturers have no Access
to the Innovator's Database

Technical Development Clinical Development Drug Product
Innovator ‘ -
o v v
Second Mo access to Limited access to Comparison at
Manufacturer historical database historical database the level of fina
Mo definition of Case-by-case: clinical {IFrﬁ:ﬂ:-uﬂdlﬂTm
“design space” and development can be - juet IH‘H]?
assessment of shortened
similarity possible

- Trade secret of innowvator

f—  Accessible for independent second mamndaciuros
I_ & LY




Definizione Biosimilare
Medicinale, autorizzato dopo procedura registrativa in Europa, simile
a un prodotto biologico di riferimento per il quale sia scaduta la
copertura brevettuale.
Problematiche nella realizzazione (pre-clinica):
1) Identificazione dei bersagli qualitativi caratterizzanti del prodotto
biologico di riferimento;
1.1) Problema: devo usare diversi lotti del riferimento...

Reference biologic lot A ||
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Problematiche nella realizzazione (pre-clinica):

2) Composizione sequenza aminoacidica:

Proposed biosimilar
0.09 -

0.06 -
0.03 -
|

Reference biologic US
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Problematiche nella realizzazione (pre-clinica):

3) Saggi funzionali (esempio, inibizione crescita cellulare):

540 000 -
i
S

0 Proposed biosimilar
4 Reference biclogic US
2 Reference biologic EU

2
;

Relative luminescence units
£
3

2
g

I11III1 ﬂ-.IIIH ﬂi1 i 1Iﬂ
Concentration (.g/mil)

Oy Désoowvery Thday

Example of a functional assay: inhibition of cell growth with a proposed
biosimilar and its reference bicklogic products. A proposed biosimilar and its
reference biologic products from the EU and the USA were evaluated for
activity in a cell growth inhibition assay. As can be interpreted from the
curves, the effective concentration (EC) required to inhibit growth by S0%
[ECsp) of the cell population is similar between the proposed béosimilar and
the EU and US reference biclogic products [30],

o
b




Problematiche nella realizzazione (pre-clinica):

4) farmacocinetica:

2 mg/kg

100 000

= = =
_E 10 DO0 E 10 D00 5 f 10 DO 3
L= =] =
E £ £
% 1 DOO % 1 000 1 % 1 D00 3
E 100 E 100 3 E 100
'IS B Proposed bicsamilar 13 B Proposed biosimilar 'IS B Propossd bacsamilar
B Reference biologic EU B Reference biclogic EL B Reference ologic EU
10 T T T T T T T 10 T T T T T T T 1 T T T T T T ]
@ 24 48 T2 BO 130 44 108 @ 24 48 T2 BO 120 44 108 O ™ 48 T2 B8 120 444 o8
Time (h) Time (h) Time (h)
Drug Discowery Today

Preclinical pharmacokinetic (PE} comparson: serum concentration-time profile for a biosimilar mAb and its reference biodogic produck (AUC curves). The serum
concentration-time profiles for a proposed biosimilar mAb and a reference biologic mAb are shown at three different doses (2 mgikg, 10 mo'kg, 20 mgfkg) 168 h
post-dose. As can be seen from the curves, the PE profiles are comparable between the proposed biosimilar and the reference biologic at all doses tested [34].



Problematiche nella realizzazione (pre-clinica):

5) Immunogenocita in vivo:

The preclinical in vivo program: immunogenicity assessments
Unlike small-molecule drugs, biologics (including biosimilars) are
large protein molecules that can be capable of evoking an immune
response. Several factors can influence immunogenicity of biolo-
gics (including biosimilars) including |33]:
* nature of the biosimilar (e.g. B cell depletion can decrease ADA
production);
* presence of process-related impurities;
¢ route of administration (subcutaneous versus intravenous);
* patient population in question, patient-specific factors include:
o disease-related immunosuppression;
o concomitantly administered immunosuppressive drugs.

ADA: antidrug antiboby



Sviluppo clinico (esempio: Ab monoclonali)

Py Aspetti regolatori .0
per i1 MAb biosimilari

EMA/CHMP/BMWP/403543/2010
Committee for Medicinal Products for Human Use (CHMP)

Guideline on similar biological medicinal products

Cfrl'lfﬂ!r‘lll‘-; maonocional antibodies
Draft

~ Sviluppo clinico: dimostrazione che efficacia e sicurezza del farmaco sono
simili all’ originator in popolazioni omogenee di pazienti
~» Processo di sviluppo e registrazione

~» Tipologia dei trials clinici necessan e quali patologie pofranno essere
trattate con lo stesso MADb

» L'estrapolazione dell'efficacia clinica e dei dati di sicurezza ad altre
indicazioni approvate per il MAb originator non specificamente studiate per
il MAb biosimilare & possibile sulla base dell'evidenza clinica globale fornita
dal biosimilare e dopo adeguata giustificazione tecnica

» Quando il MAb originator & approvato in due indicazioni, ampiamente
differenti tra loro, I'estrapolazione dei dati al biosimilare costituisca una sfida
maggiore (i.e. in questi casi potrebbero essere necessari nuovi studi)

hffp e ema.suropa_ ew' docs e GB docurmerd_libransScientific_guideline2071047 1/WC 500099361
ot




Secondo Position
Paper AIFA sui

Farmaci Biosimilari

Come dimostrato dal processo regolatorio di autorizzazione, il rapporto rischio-be-
neficio dei biosimilari e il medesimo di quello degli originatori di riferimento. Per tale
motivo, I’AlIFA considera i biosimilari come prodotti intercambiabili con i corrispon-
denti originatori di riferimento. Tale considerazione vale tanto per i pazienti naive

quanto per | pazienti gia in cura. Marzo 2018



SCIENTIFIC REPQRTS

OFEN A Surface Plasmon Resonance-
_based assay to measure serum
_concentrations of therapeutic

oo antibodies and anti-drug antibodies

online: 14 February 2019 :

i Marten Beeg’, Alessandro Nobili!, Barbara Orsini?, Francesca Rogai?, Daniela Gilardi®, a \‘b\
i Gionata Fiorino™*, Silvio Danese’*, Mario Salmona’, Silvio Garattini* & Marco Gobbi(®* & \@ QC\
’\é {‘* \é, ‘o&
P—— £/ /Z
Ligand

immobilization

V.

90° rotation
of flow channels
Injection of
up to six “analytes”  FEXT T T ==3

Surface regeneration
to remove bound analytes

Permette la misurazione delle concentrazioni sieriche di
infliximab e degli anticorpi anti-infliximab in pochi minuti



Target: VEGF

"In assenza di vascolarizzazione, i tumori
solidi rimangono dormienti e hanno una )
dimensione di 2-3 mm?, con dimensioni §
limitate dalla capacita dell'ossigeno e dei
nutrienti di diffondersi nel tumore”

3
N
{
G
%

!
- —DIFFUSION__ . _ _ .

Figure 2. lllustration of the Concept That Most Solid Tu-

mors May Exist Early as Tiny Cell Populations Living by

Simple Diffusion in the Extracellular Space (Further

Growth Requires Vascularization, and the Tumor Then
Maintains liself by Perfusion).

Tumor-angiogenesis factor (TAF) may be the mediator of
neovascularization. :

Folkman J. N Engl J Med 1971



Available online at www.sciencedirect.com

“*.” ScienceDirect CELLULAR

SIGNALLING

wwwelseviercom/locate/cellsig

!
s
ELSEVIER Cellular Signalling 19 (2007) 2003 -2012

Hypoxia

Tumour cell

Review

Vascular endothelial growth factor receptor-2: Structure, function,
intracellular signalling and therapeutic inhibition

Katherine Holmes, Owain LI Roberts, Angharad M. Thomas, Michael J. Cross *

Agent Mechanism of action Phase

Bevacizumab Humanised monoclonal FDA approved for
(Avastin®  anti-VEGF-A antibody  advanced colorectal
cancer in combination
with chemotherapy

Tyrosine Kinase Inhibitors

Agenl Target ICeq (LM} Phase
SU11248 VEGFR-2 0.01 FDA approved for
Tumour growth (Sunitinib/ Sutent®  PDGFR-B 0.01 renal cell carcinoma
e and gastrointestinal
+ NEAFA = stromal tumour
i = ‘;" BAY 43-9006 Raf-1 0.006 FDA approved for
H ‘: {Sorafenib/ Nexavar®) VEGFR-3 0.020 renal cell carcinoma
! - PDGFR-i 0.057
i  J c-Kit 0.068
_ VEGFR-2 0.090
Angiogenesis
PTK787/ZK222584 VEGFR-2 0.039 1l
VEGFR-2 (Vatalanib) VEGFR-1 0.054
c-Kit 0.364

PDGFR-f 0.567
c-fms 0.600

ZD 6474 VEGFR-2 0.04 1]
(Vandetanib/ Zactima®™) VEGFR-3 0.1

EGFR 0.50
AZD2171 VEGFR-2 <0.001 1}
(Recentin®) c-Kit 0.002

VEGFR-3 0.003
Vascular endothelial cell poaras ooe -+l 2007.




Target: VEGF

Il Vascular Endothelial
Growth Factor (VEGF) ¢ il
principale fattore coinvolto
| £ ot | nell’angiogenesi. La tabella
e indica i principali effetti

migration

esercitati dal VEGF.

Function'2 Mechanism

Proliferation Activation of mitogen-activated protein kinases

Permeability Vesicovascular organelles
Endothelial fenestrations
Opening of junctions between adjacent endothelial

cells
| Invasion Induction of metalloproteinases uPA, uPAR, TTPA
Migration Activation of FAK, p38, nitric oxide
Survival Induction of PI3K/Akt, Bcl2, A1, survivin, XIAP, or FAK

Inhibition of caspases

Activation Upregulation of integrin expression
Alteration of cell cytoskeleton

1. Ferrara N. et al. Nature. 1996 2. Carmeliet P. et al. Nature.1996



Target: VEGF

Epigenetic induction Genetic induction . .
Hypoxia, oytokines, sex Mutant p53, VHL, PTEN-suppressor genes, and I V E G F eS I Ste I n 4 fo rm e
hormones, growth factors, /\ activated oncogenes (e.g., ras, s, EGFR, and
chemokines erbB 2/HERT) d i Sti n te (A B C e D ) I I
1= .

VEGF-A;;; VEGF-Aj.

VEGF-C

mediatore basilare
dell’angiogenesi e il
VEGF-A (isoforme 121 e
165) che interagisce

T A T T Wlliiiens st principalmente con il
< et | TR recettore 2 (VEGFR-2).

35 = lw: w292 Benché il VEGF leghi il
vesrk s VEGFR-1 con un’affinita
superiore (10x) al
VEGFR-2, il suo ruolo
nell’angiogenesi non e
chiaro.

YEGF-B PIGF

Endothelial
cell

Mobilization
Vascular ; . : i (e.g., of VEGFR-2+
permeability Proliferation Survival Migration endotheksl

progenitor cells)




Target: VEGF

Bevacizumab € un anticorpo
monoclonale umanizzato
prodotto mediante la tecnica
del DNA ricombinante in
cellule ovariche murine.
Utilizzato (in associazione) nel
carcinoma del colon/retto,
mammario, polmonare e
renale. E' impiegato (somm.
intravitreo) anche nella
degenerazione maculare
senile.

I
S.K. Mukherji
American Journal of Meuroradiology February 2010,



Target: VEGF

OPTOMETRY

REVIEW

Inhibitors of vascular endothelial growth factor (VEGF)
In the management of neovascular age-related macular
degeneration: a review of current practice

van Wijngaarden P. and Qureshi SH.

Clin Exp Optom 2008; 91: 5: 427437

"It remains to be seen whether this therapy will have long-
term adverse effects on retinal function. Further research is
required to clarify the comparative efficacy and safety of the

commonly used anti-VEGF agents.”



Ant1-VEGF 1n oftalmologia

Indicazioni terapeutiche
Lucentis® (ranibizumab)

registrato e indicato nelle seguenti patologie maculari:

degenerazione maculare legaia all'eta essudativa (rimborsato SSN)

edema maculare secondario a retinopatia diabetica (rimborsato S5N)

edema maculare secondario occlusione venosa retinica (rimborsato SSN)

miopia patologica (maculopatia miopica con neovascolarizzazione coroideale) {rimborsato SSN)

Avastin nella lista dei farmaci di uso consolidato per la degenerazione maculare senile
10/06/2014

La Commissione Tecnico Scientifica (CTS) del’AIFA. nel corso nella seduta del 9 e 10 giugno, si & espressa a favore dell'inserimento di Lucentis: 600 € a fiala Avastin: 30 € a fiala

bevacizumab (Avastin) nell'elenco dei farmaci erogabili a totale carico del Servizio Sanitario Nazionale (SSN), ai sensi della legge 648/96, per il

trattamento della degenerazione maculare legata all'etd (AMD). P

Il parere della CTS dell'AIFA & stato espresso alla luce delle richieste avanzate dalle Regioni Venelo ed Emilia Romagna per linserimento di s 3 . y
bevacizumab nella lista della legge 648/96 (lista classica) per 1a degenerazione maculare legata all'eta, visto il parere del Consiglio Superiore di ‘ ;
Sanita (CSS) in merito al profilo di sicurezza e di efficacia dei farmaci Avastin e Lucentis (sezione V seduta del 15 aprile 2014) & la nuova

Avastin Rocl*

regolamentazione sull'uso off-label dei farmaci (DL 20 marzo 2014 convertito in Legge n. 79 del 16 magagio 2014). b NOVARTIS, acizuman
LUCENT? 100 mg/aml
Rdlnibizumab
- . 5 e . \F
La CTS ha accolto la richiesta per 'ufilizzo del farmaco nell'indicazione non registrata, individuando all'unanimita una serie di condizioni sﬂllr:tl(gu:rfr‘;lrinjecmﬁ E‘a‘; T 1,;":z
indispensabili a tutela della salute dei pazienti: Biejg 17 il i ||I|||l||“' ——

= i| confezionamento in monodose del farmaco bevacizumab per ['uso intravitreale dovra essere effettuato, per garantirne la sterilita,
esclusivamente dalle farmacie ospedaliere in possesso dei requisiti necessari, nel rispetio delle Norme di Buona Preparazione;

+ la somministrazione di bevacizumab per uso intravitreale dovra essere riservata a centri oculistici ad alta specializzazione presso ospedali
pubbiici individuati dalle Regioni;

« |la somministrazione del farmaco potfra avvenire solo previa sottoscrizione da parte del paziente del consenso informato. che contenga le
motivazioni scientifiche accompagnate da adeguate informazioni sull'esistenza di alternative ferapeutiche approvate, seppure ad un costo pit
elevaio a carico del SSN;

« |'attivazione di un registro di monitoraggio a cui sia allegata la scheda di segnalazione delle reazioni avverse.

La CTS si riserva di assumere ogni diversa valutazione a seguito dell'analisi deil dati raccolti attraverso gli strumenti di monitoraggio attivati o di
ogni ulieriore evidenza scientifica che dovesse rendersi disponibile.



Target: PIGF

Anti-PIGF Inhibits Growth of
VEGF(R)-Inhibitor-Resistant Tumors
without Affecting Healthy Vessels

Epigenetic induction

Genetic induction

Hypoxia, cytokines, sex
hormones, growth factors,
chemokines

activated ol

Mutant p53, \-"HL PTEN-suppressor gen
cogenes (e.g., ras, n:, EGFR, a d
erbB-2/HERZ)
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Fischer et al. Cell, 2007
"Placental growth factor (PIGF)
levels in plasma and tumors
correlate with tumor stage,
vascularity, recurrence, metastasis,
and survival...and...is upregulated in
cancer patients treated with

(e.g., of VEGFR-2+

VEGF*®I ... suggesting
a key role of PIGF in the angiogenic
rescue” -
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Meccanismi molecolari del
PIGF

Precisazioni sulla nomenclatura:
VEGFR-1 = FLT1
VEGFR-2 = FLK1.

Ruolo nell’'angiogenesi:
VEGFR-2 (FLK1)>>VEGFR-1(FLT1)



Meccanismi molecolari del PIGF

a
VEG FA
FLTI SFLTT FLKI FLTT SFLTI
(VEGFR-1) (SVEGFR-1) (VEGFR-2)
In condizioni fisiologiche La condizione patologica up-
PIGF ¢ assente. VEGFA lega regola PIGF; questo spiazza
FLTI1 e FLT1 solubile VEGFA da FLT1 e sFLT1 e
(sFLT1) con maggiore lo "indirizza” verso FLK1

affinita rispetto a FLK1. -> Angiogenesi.




Meccanismi molecolari del PIGF

. PIGF

FLTI FLKI
PIGF stimulates its own PIGF activates a crosstalk
angiogenic signalling pathways between FLT1 and FLKI1

PIGF lega FLT1 attivando la propria risposta angiogenica.

[’attivazione d1 FLT1 indotta da PIGF induce un crosstalk tra FLT1 ¢
FLK1 amplificando la risposta di VEGFA FLK 1-mediata.

VEGFA




Neuro—Oncology

Neura-Oncology 17(7), 1007-1015, 2015
doi:10.1093/neuonc/nov019
Advance Access date 9 February 2015

Phase 1 dose-escalation study of the antiplacental growth factor
monoclonal antibody RO5323441 combined with bevacizumab
in patients with recurrent glioblastoma

Ulrik Lassen, Olivier L. Chinot, Catherine McBain, Morten Mau-Serensen, Vibeke Andrée Larsen, Maryline Barrie,
Patrick Roth, Oliver Krieter, Ka Wang, Kai Habben, Jean Tessier, Angelika Lahr, and Michael Weller

British Journal of Cancer (2011),

= 202 Cancer Research LI 2

www.bjcancer.com

Short Communication

A phase |, dose-escalation study of TB-403, a monoclonal antibody
directed against PIGF, in patients with advanced solid tumours

U Lassen™', DL Mielsen’, M Serensen', L Winstedt’, T Niskanen’, Y Stenberg’, $ Pakola’, ]-M Stassen’
and S Glazer®



Anti PIGF nell’edema maculare diabetico

O URI O N° PRESS RELEASE

Oxurion NV - Data from a Phase 1/2 Clinical Study evaluating THR-317
(anti-PIGF) for DME presented at 2019 FLORetina Meeting

Leuven, Belgium, 6 June 2019 — 7 PM CET — Oxurion NV (Euronext Brussels: OXUR), a
biopharmaceutical company developing innovative treatments to preserve vision in patients
with diabetic eye disease, announced that today clinical-stage data from a Phase 1/2 study
evaluating its anti-placental growth factor candidate THR-317 for the treatment of diabetic
macular edema (DME) were presented at the biannual Retina Meeting (FLORetina 2019) in
Florence, Italy. THR-317 (anti-PIGF) is a recombinant humanized monoclonal antibody
directed against the receptor-binding site of human placental growth factor (PIGF).



PIGF: an undesired overactive growthfactor

Binding to PIGF, TB-403 blocks critical growth
survival signal for medulloblastoma &

Medulloblastoma cell

Oncurioy



Ulteriort strategie dirette verso 11 VEGF

VEGF soluble receptors

Anti-VEGF
(bevacizumab)

(aflibercept)

¥

b)

Anti-VEGFR-2
DC101, ramuciruma

Y

Anti-VEGFR-1 %

VEGFR-2

-molecule

Small

VEGFR TKls
(sorafenib, sunitinib,

pazopanib, axitinib)

Endothelial cell

© 2012 American Association for Cancer Research



G VEGF-A /7
Q o220 9o
Q Q " = \\\ Bevacizumab
(anti-VEGF-A
_ . monoclonal
Wl Aflibercept (VEGF-Trap; antibody)
Regorafenib A UJ D (P) A
(VEGFR and other P b VEGFR-2 D
receptor TKI) ) A4
VEGFR-1 VEGFR-3

Endothelium

© 2013 American Association for Cancer Researct

Aflibercept ¢ un esempio di VEGF-Trap. Funge da
recettore solubile di captazione che lega, con un'affinita
maggiore di quella dei recettori nativi, 11 VEGF-A 1l PIGF
¢ 11 VEGF-B. Approvato 1l combinazione con chemioterapia
nel carcinoma colorettale metastatico



Aflibercept in oftalmologia

Eylea® (aflibercept)

registrato e indicato nelle seguenti patologie maculari:

k_\\ _q » degenerazione maculare legata all'eta essudativa (rimborsato S5N)
) —_— : : : :
d \ « edema maculare secondario occlusione della vena centrale della retina (rimborsato S5N)

{Eﬂh?’malftﬁﬁcf ii..iki_ifi = edema maculare secondario a retinopatia diabetica (non rimborsato dal SSN)
aflibercept) njection | ==

For Irtradtreal Injection  p—




Ramucirumab

4

A

([

Antireceptor
blocking
antibodies

Ramucirumab: anticorpo umano
diretto contro

VEGFR-2 (FLK1).

Indicazioni: in associazione con
chemioterapici nel trattamento del
carcinoma gastrico o adenocarcinoma
della giunzione gastro-esofagea.



Target: HER2

A Receptor- spemﬁc
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Lo human epzdermal growth factor receptor lype 2 (HER2) € SOVIaespresso
nel 20-30% de1 tumori mammarti.

Dopo omo- o etero-dimerizzazione, si osserva la fosforilazione del dominio
intracellulare tirosin-chinasico che provoca I’attivazione di un segnale di
attivazione per diversi geni coinvolti nella proliferazione e crescita cellulare.



Target: HER2

D|E F
B Trastuzumab
Antigen binding T e rira ey
effector

—— Humanized Gl

Trastuzumab

blocks
dimerization EERE Endocytosis

4" ofantibody-
7 dependent

— cel!_—mediated

C HER2 HER1, HERZ,
Extracellular HER3, or HER4

domain
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Ph'osphcry-
lated P35

Signal-transduction pathways
= g Hudis .N Engl J Med, 2007

Il trastuzumab ¢ un anticorpo monoclonale ricombinante umanizzato,
con elevata affinita di legame per la proteina HER?2.
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Fig. 2 The antitumor mechanisms of HERZ-targeted bispedfic
antibody (taking examples of ertumaxomab and MM-111).a
Ertumaxomab, as a trifunctional bispecific antibody, co-targets HERZ
on tumor cells and C03 on T cells and mediates ADCC via the Fc
fragment. b MM-111 specifically targets the HER2/HER3 heterodimer
and blocks heregulin (HRG) binding to HER3, and then inhibits HER3
downstream signaling pathways

Target: HER2

Ertumaxomab: anticorpo tri-
funzionale. Collega le cellule T, 1
macrofagi e le cellule cancerose
(interrotto).

MM-111: anticorpo bispecifico per
HER2/HER3 che interferisce con la
loro interazione (studi clinici in corso).

Inibitori tirosin chinasi

Targeted therapeutic options and future perspectives
for HER2-positive breast cancer

Jiani Wang' and Binghe Xu'?

_ Normal activation by ATP | " Lapatinib blocks activation |

--------------------------------

--------------------------------

Lapatinib

P13k
1 i Proliferation
Survial
Pathway Pathway

Survial Proliferation
Pathway Pathway

Fig. 3 Mechanism of lapatinib action. By competing with ATP, small-
molecule TKI Lapatinib blocks HER2 signaling, preventing auto
phosphorylation and subsequent downstream signaling events



Target: HER2. Pertuzumab

Trastuzumab Pertuzumab

Twsr

¥ HER2 ¢ HER3 ¥ Intracellular signaling ¥

Tumor cell proliferation No signaling
Tumor cell arrest
NO 5|gna||ng |ntrace"|-llar Signallng ND 5'9"‘3"“9 adattato da: Badache A, Hynes NE, Cancer Cell,2004

Tumor cell arrest Tumor cell proliferation Tumor cell arrest

A Phase | Study of the Safety and Pharmacokinetics of the
Combination of Pertuzumab (rhulMab 2C4) and Capecitabine
in Patients with Advanced Solid Tumors

Joan Albanell," Clara Montagut,' EileenT. Jones,? Linda Pronk,* Begofia Mellado,' Janette Beech,?
Pere Gascon,' Gerhard Zugmaier,® Michael Brewster,®> Mark P. Saunders,? and Juan W. Valle?

Clinical Cancer Research, 2008.

Conclusions: Pertuzumab and capecitabine were well tolerated at all dose levels... In
conclusion, this combination is ready for phase Il testing.
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Trastuzumab Emtansine for Residual Invasive HER2-Positive

Breast Cancer

G. von Minckwitz, C.-S. Huang, M.S. Mano, S. Loibl, E.P. Mamounas, M. Untch, N. Wolmark, P. Rastogi,
A. Schneeweiss, A. Redondo, H.H. Fischer, W. Jacot, A.K. Conlin, C. Arce-Salinas, |.L. Wapnir, C. Jackisch,
M.P. DiGiovanna, P.A. Fasching, J.P. Crown, P. Wiilfing, Z. Shao, E. Rota Caremoli, H. Wu, L.H. Lam,

D. Tesarowski, M. Smitt, H. Douthwaite, S.M. Singel, and C.E. Geyer, Jr., for the KATHERINE Investigators*

ABSTRACT

BACKGROUND
Patients who have residual invasive breast cancer after receiving neoadjuvant chemo-
therapy plus human epidermal growth factor receptor 2 (HER2)-targeted therapy have
a worse prognosis than those who have no residual cancer. Trastuzumab emtansine
(T-DM1), an antibody—drug conjugate of trastuzumab and the cytotoxic agent emtan-
sine (DM1), a maytansine derivative and microtubule inhibitor, provides benefit in
patients with metastatic breast cancer that was previously treated with chemotherapy
plus HER2-targeted therapy.

METHODS

T e Vv ool aca A e B L a0 o e a e S AT . A

The authors’ full names, academic de-
grees, and affiliations are listed in the
Appendix. Address reprint requests to
Dr. von Minckwitz at the German Breast
Group, GBG Forschungs, Martin-Behaim-
Str. 12, 63263 Neu-Isenburg, Germany, or
at vonminckwitz@gbg.de.

*A complete list of the KATHERINE Inves-
tigators is provided in the Supplemen-
tary Appendix, available at NEJM.org.



1 Trastuzumab

(monoclonal antibody)

Kadcyla® 160mg

Powder for concentrate i
ution for infusion
trastuzumab emtan®

DM1 pi

(cytotoxic
agent)

Mtravenous use -

Z MCC

(stable linker)

Indicazioni terapeutiche

Tumore mammario in

= metastatico
MW: 738 238 ~150,000
Ratio: 35 35 1

DM1 = Derivative of Maytansine, a microtubule destablizing agent
MCC = [maleimdomethyl] cyclohexane- 1-carboxylate, a nonreducible thioether linkage
Trastuzumab (Herceptin) = Monoclonal antibody directed against HER2



Target: recettore IL-1

Anakinra e una forma
ricombinante dell'antagonista del
recettore per l'interleuchina-1
(IL-1Ra) endogeno, ottenuta
tramite DNA ricombinante.

Parametri farmacocinetici:
. Biodisponibilita: 95%
Anakinra Emivita: 4-6 ore



Target: recettore IL-1

<> <§> <> <> <> ’ ﬁggﬁjgiﬁ’ante
O T “ ’ O ¢ IL-1Ra
’ O o <> IL-1

<> <> <> IL-t1Ra: "
() P
recettore per

IL-1

Blocco della trasmissione
del segnale inflammatorio dell’lL-1




Nature Reviews Drug Discovery | Published online 29 Sep 2017; doi:

Anti-inflammatory drug cuts risk
of heart disease — and cancer

Results from Novartis’s huge trial of the interleukin-1p blocker canakinumab could revitalize efforts to
target inflammation in atherosclerosis, and have demonstrated unanticipated activity in lung cancer.

* Canakinumab (Ilaris) lega
IL-1P.
Indicazioni terapeutiche:

* Sindromi da febbre periodica

* Sindromi Periodiche Associate a
Criopirina

Sindrome di Muckle-Wells

Sindrome periodica associata al
recettore del fattore di necrosi tumorale
Sindrome da iperimmunoglobulinemia
D/deficit di mevalonato chinasi
Febbre Mediterranea Familiare
Malattia di Still

Artrite gottosa

Macrophage

4




Target: TNF

-r:',rtukin!e apoptosis
suppression
TNF-producing cell 5:;";3?:5
TAC
tmTNF .
1 . sTNF - Il tmTNF

TNF
Antagonist

f
signaling /
TNF-responsive cell

NF-xB

apoptosis LICE *+ 1 —* inflammatory genes

Fig. 1. Biology of TNF production, receptor interaction and signaling. Stimulation of a TNF-producing cell {top) results in cell surface expression of tmTNF trimers
and enzymatic cleavage by TACE to release sTNF. Both tmTNF and sTNF can bind to cell surface TNFR1 or TNFR2 on a TNF-responsive cell (bottom), initiating
signaling pathways that lead to apoptosis or NF-<B activation and inflammatory gene activation. The induction of apoptosis by sTNF via TNFRI involves
internalization of the ligand—receptor complex and association of death domains (DD} in the cytoplasmic tail of TNFR | with adapter proteins and is normally blocked
by FADD-like IL-1p3—converting enzyme (FLICE). Reverse signaling can be initiated by TNFR2 or TNF antagonist binding to cell surface tmTNF, resulting in
cytokine suppression or apoptosis. Soluble TNF receptors (STNFR1 and sTNFR2) can be released from a TNF-responsive cell following enzymatic cleavage.

D. Tracey et al. / Pharmacology & Therapeutics 117 (2008)
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Fig. 3. In the pathophysiclogy of RA, Crohn’s disease and psoriasis, TNF is produced at high concentrations by a vadety of cell types, presumably indoced by
endogenous or microbial stimuli. A cascade and network of cellular responses mediated by TNF that are common to these 3 diseases are shown in the enclosed area n
the center of the disgrm. Mechanisms and cellular features restricted to a particular disease are shown outside of the enclosed ares.
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D. Tracey et al. / Pharmacology & Therapeutics 117 (20008)



Target: TNF

Razionale: I’esempio dell’artrite reumatoide (AR)

19822: IL-1 nel liquido sinoviale (LS) pz. AR;

1988°: TNF, IL-6, IL-2, GM-CSF (granulocyte-macrophage colony-
stimulating factor ) in colture di LS pz. AR;

1989¢: Ab-anti TNF blocca produzione IL-1

Preliminary Communication

30 -
INHIBITORY EFFECT OF TNFx ANTIBODIES

ON SYNOVIAL CELL INTERLEUKIN-1
PRODUCTION IN RHEUMATOID ARTHRITIS

FIONULA M. BRENNAN Davip CHANTRY
ANDREW JACKSON RAVINDER MAINI
MARC FEL.DMANN

20

(U/ml)

Charing Cross Sunley Research Centre, and Kennedy Instirute of
Rheumatology, Hanonersmith, London W6 8LW

Summary The effect of tumour necrosis factor
(TNFz) antibodies on synovial cell
interleukin-1 (IL-1) production was investigated in 7
patients with rheumatoid arthriis and in 7 with
osteoarthritis. Synovial cell IL-1 production was .
significandy reduced by anti-TINNFx antibody in cultures ' * *
from patients with rheumatoid arthritis, but anti- 0 .q__
Iymphotoxin antibody did not have this effect {(except in 1 !
culture). In cultures from patients with osteoarthritis 1.0 3.0 6.0
spontanecus IL-1 production was low, despite high
concentrations of TNFua, and IL-1 production was not ' Days O' culture
inhibited by anti-TINF« antibody. In rheumatoid arthrias,
TNFu may be the main inducer of I11.-1, and ant-TNFx
agents may be uscful in treatment.

19924: modelli animali.

10

IL-1

Fig 1—Culture of rheumatoid arthritis synovial membrane cells with polyclonal antibodies to TNFa (4),
polyclonal antibodies to lymphotoxin (), or equivalent amount of control rabbit IgG ([]).

a: Fontana A et al., Rheumatol. Int. 1982

b: Buchan G et al., Clin. Exp. Immunol. 1988

c: Brennan FM et al., Lancet 1989

d: Williams RO et al., Proc. Natl. Acad. Sci. USA 1992



Target: TNF

Table 4. Some milestones in the development of TNF-blocking agents (1985-1999)*

Year Progress Refs
1985 Polyclonal antibody to TNF shown to protect mice from bacterial sepsis [14]
1989 Anti-TNF antibody shown to abrogate IL-1 production in synovial cell cultures from RA joints [58]
1988-1989 Murine anti-TNF monoclonal antibody A2 generated at New York University :
1990-1991 Generation of chimeric anti-TNF monoclonal antibody ¢A2 from A2 and its preclinical development at Centocorand [61,52]
NYU
1990-1992 Anti-TMF antibodies shown to be effective in mouse models of arthritis [67-70]
1991-1992 Clinical trial with cA2 antibody in sepsis patients sponsored by Centocor; no significant benefit seen s
1992 cA2 antibody found to be effective in small, open-label clinical trial in RA at Charing Cross Hospital [19]
1993 cA2 antibody found to be effective in a patient with Crohn’s disease [88]
1993 Formal proof of efficacy of cA2 antibody in RA in a placebo-controlled study [71]
1993-1998 Phase Il trials of cA2 in Crohn's disease, which led to FDA appmval of Remicade” (infliximab) in 1998 [20]
1993-1998 Clinical trials of the p75 TNF receptor-lgG fusion protein [Enbrel™ (etanercept)] in RA, which led to FDA approval in [21]
1998
1993-1999 Phase I/l trials of cA2 in RA, which led to FDA approval of Remicade® in 1999 [74-76]
“*Abbreviations: FDA, Food and Drug Administration; IL, interleukin; NYU, New York University; RA, rheumatoid arthritis; TNF, tumor necrosis factor.
"J. Le and J. Vilcek, unpublished. 900 0 e e e e Viléek J and Feldmann M, TIPS 2004

“Unpublished.
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Target: TNF
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Target: TNF

infliximab etanercept adalimumab
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Fig. 4. Simplified diagrams of the molecular structures of 5 TNF antagonists, Infliximab is a mouse human chimeric monoclonal anti-TNFantibody of 1g(i] isotype.
Adalimumab and golimumab are fully human IgGl monoclonal anti-TNF antibodies. Etanercept is a fusion protein of TNFR2 (p75) and the Fe region of human 1gG1.
Certol zumab is a PEGylated Fab®' fragment of a humanized IgGl monoclonal anti-TINF antibody.



Target: TNF

Clinical profile of TNF antagonists

Infliximab Etanercept Adalimumab Certolizumab  Golimumab

Brand name REMICADE ENBREL HUMIRA NA NA
Synonyms/historical cA2 p75TNFR-Fc D2E7 CDP870 CNTO-148
EU registration RA, PsA, AS, CD, UC,Ps RA, PsA, AS, JIA, Ps  RA, PsA, AS,CD,Ps NA NA
US registration RA, PsA, AS5,CD, UC,Ps RA, PsA, AS, JIA, Ps RA, PsA, AS,CD NA NA
Efficacy in RA ++ Ao+ A+ A+ A+
Efficacy in PsA ++ +++ +++ ND ND
Efficacy in AS +H+ +++ +++ ND ND
Efficacy in CD +++ ~ + ++ ND
Efficacy in UC ++ ND ND ND ND
Efficacy in Ps 4 - +++ ND ND
Efficacy in JIA + ++ ND ND ND
Efficacy in Wegener's ++ - ND ND ND

granulomatosis
Efficacy in sarcoidosis ++ - ND ND ND
Administration v SC SC SC SC
Dosages 3—-10 mgkg 25 mg biw; 40 mg eow; 100, 200 or 50 or 100 mg

qd4—8w 50 mg qw 40 mg qw 400 mg gdw  g2w or gdw

Pharmacokinetics

Half-life (t ') 8—10 days 4 days 10-20 days ~ 14 days 7-20 days

Volume of 43 +/-25L"° ZOE" 47-6.0L° ND 6.9 L

distribution (Vss)

Clearance (Cy) 11 mL/h® 72 +/-5 mL/h® 12 mL/h¢ ND 16.7 mL/h "

Cmax 118 pg/mL* 1.1 +/—0.6 pg/mL* 4.7 +/-1.6 pg/mLE# ND 70.8 +/—18.9 pg/mL"
Immunogenicity

RA monotherapy +H+ + + ND ND

RA with MTX + +/— +/— ND ND

CD monotherapy +H+ + + + ND




Target: TNF

Biochemical and mechanistic profile of TNF antagonists

Infliximab Etanercept Adalimumab Certolizumab Golimumab
Class Monoclonal Fe-fusion Monoclonal Monoclonal  Monoclonal
antibody protein antibody antibody antibody
fragment
Structure Mo/Hu chimeric Hu sTNFR2- HulgGlk PEG-Hu Hu IgGlk
IgGlk Feyl IgGlx Fab'
Molecular weight 150 150 150 ~05 150
(kDa)
Specificity TNF TNF/LT TNF TNF TNF
TNF ligands sTNF, sTNEF, sTNF, sTNF, sTNF,
tmTNF tmTNF, tmTNF tmTNF tmTNF
LT ligands - LTed, - - -
LTe2p1
Neutralization potency
sTNF (low conc) ++ -+ ++ ND ND
sTNF (high conc) +++ - +H 4+ ND
tmTNF binding -+ = ++H -+ ND
tmTNF +++ ++ ++ =+
neutralization
Reverse signaling e -/ +H - ND
(apoptosis)
Reverse signaling +H++ - + =+ ND
(cytokine suppression)
FeyR binding
Drug—TNF complexes ++ = ++ ND ND
1:1 ratio
Drug—TNF complexes  — - - ND ND
>1(:1 ratio
cne 4+ i +H+ - ND
ADCC -+ -~ -+ — ND



Malattie infiammatorie Croniche Intestinali

Morbo di Crohn e Colite Ulcerosa

Aspetti chiave:

1) Reclutamento e ritenzione dei1 leucociti: determinante della risposta

inflammatoria;

2) Razionale: target potenziali; integrine, molecole di adesione

(MAdCAM-1, ICAM-1, VCAM-1), recettor1 per le chemochine ¢

chemochine.
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MAdCAM-1: Mucosal Addressin Cellular Adhesion Molecule 1, ICAM-1: Intercellular Cell Adhesion Molecule, VCAM-1: Vascular Cell Adhesion
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SELECTINS INTEGRINS

Endothelial activation

(histamine, IL-1 beta)
r':llr Carbohydrate ligand ‘Tr Integrin [active) n Integrin (inactive)
i ICAM-1,-2 # PECAM-1 L Selectin

Attivazione endotelio = espressione selectine (P ¢ E).
Attivazione integrine.

Adesione stabile tramite MAdCAM-1, ICAM -1 e VCAM-I.
Trasmigrazione (diapedesi leucocitaria).
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Molecole anti-adesione
Anticorpi dirett1 verso specifiche porzioni della struttura delle

integrine.
* Natalizumab: blocco a4 (VCAM-1 e MAdCAM-1).

* Vedolizumab: inibisce specificatamente a4p7 prevenendo
legame di MAdCAM-1 (presente specificatamente
nell’intestino).



Vedolizumab: A Humanized, Monoclonal Antibody (mAb)
Against o437 Integrins
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Natalizumab (blocco 04) nella sclerosi multipla

Segnalati (2008) due casi di leucoencefalopatia multifocale progressiva (PML) in pazienti con
sclerosi multipla in trattamento con natalizumab.

La PML ¢ associata a un aumento incontrollato del virus JC nel cervello.

Il virus JC € un virus comune che infetta molte persone senza pero provocare normalmente
malattie osservabili.

Fondamentale effettuare un esame del sangue per controllare se presenti anticorpi anti virus JC.
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I rischio di sviluppare la PML con natalizumab ¢ piu elevato: S i

* se nel sangue sono presenti anticorpi anti virus JC.

* se 1l trattamento si1 prolunga, specialmente oltre 1 due anni.
* se In precedenza ha assunto immunosoppressori.

Se presenti tutti e tre i fattori di rischio elencati sopra, la probabilita che sviluppi una PML
¢ piu elevata.

Lymphocyte

Lumen

-

'Endothelial cell

Parenchyma



Ocrelizumab: anticorpo monoclonale umanizzato I S

diretto contro cellule B CD20+ responsabili del danno Ocrevus®
-y R . . Ocrelizumab
alla mielina e all’assone che s1 osserva nella sclerosi e
multipla.
o] e pentom 1 vial of 10 mi of
cylnbaakcity concentrate for solution
[ooe) d DCRELIZUMAR, for infusion

i

Sclerosi multipla: ocrelizumab sara erogato dal servizio

Apapins Sanitario Nazionale in ambito ospedaliero
04/09/2018

Targeted product profile
* Humanized anlibody targeting CD20+ B cells

« Selective depletion of a subset of B cells leaving
the ability to generate new B cells intact

* Administered by IV twice yearly



Farmaci biologici nell’artrite reumatoide

Normal bone homeostasis

da: Choi Y, Arron JR, Townsend MJ. Nat Rev Rheumatol. 2009
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@ Da: Goldring SR, Goldring MB. Nat Med. 2007

| pre-osteoblasti secernono Wnt ed esprimono RANKL.

Wnt indirizza alla formazione di osteoblasti e regola negativamente la formazione
di condrociti.

| pre-osteoblasti indirizzano verso il riassorbimento tramite I'espressione di RANKL.
L'attivazione di Wnt up-regola I'espressione di OPG che impedisce il legame RANK-
RANKL

RANK(L): Receptor Activator for Nuclear Factor k B (Ligand), OPG: (Osteoprotegerina), Dkk-1: Dickkopf-1

DKK-1 «-----TNF-a
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La osteoprotegerina (OPG) ¢ una glicoproteina inibitrice del
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Di:l: P Denosumab
DENOSUMAB Osteoclast " it A x‘
precursor Osteoblastic
stromal cell
Approvato per: : /
*osteoporosi post-
menopausal_e |n.don.ne ad N
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da: Whyte MP. N Engl J Med 2006



Limitazionmi farmacocinetiche all’uso di osteoprotegerina (OPG)
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Current Opinion in Pharmacology

Pharmacokinetic comparison between denosumab and OPG-Fc in
cynomolgus monkeys. Drugs were injected once (subcutaneously) at

1 mg/kg and blood was drawn at regular intervals for measurement of
drug levels. Serum levels of OPG-Fc were below detection limits after 21
days. Data represent the means of three animals per group.

da.:Kostenuik PJ. Curr Opin Pharmacol. 2005



THE INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

TARGETING AMYLOID

Antibody aducanumab reduces Alzheimer’s
disease-associated amyloid in human brain rases36&50

COMPUTING RESEARCH MISCONDUG ATOMIC THEOR D NATURE.COM/NATURE
DNA CHEATING SPHERES OF ¥ol.537, No. 761
MEMORIES HAPPENS INFLUENCE
Genomic technology Don’t ignore the fraud factor How John Dalton’s wooden
tackles big data inirreproducibility maodels defined the atom
PAGE22 PAGE29 PAGE32
1/9/2016

Aducanumab ha come
bersaglio le forme aggregate
di beta amiloide, compresi gl
oligomeri solubili e le fibrille
insolubili depositati nelle
placche.

FDA ha concesso 1l Fast
Track status nel settembre del
2016.

Ammesso al programma
PRIME (PRlority
MEdicines) dell’ Agenzia
europea per 1 medicinali
(EMA).

Giappone Fast Track status in
aprile 2017.




The antibody aducanumab reduces A3
plaques in Alzheimer’s disease

Jeff Sevigny'*, F'mg Chiao'#, Thierry Bussiere'*, Paul H. Weinreb'*, Leslie Williams', Marcel Maler”, Robert Dunstan’,
Stephen Salloway?, Tianle Chen!, Yan Ling’, Jnhnl::l Gorman', Fang Qian', Mahin Arastu', Mingwei LI', Sowmya Chollate',
Melanie H-Hre'nn:m' Omar Quintero-Monzon', Robert H. Scannevin!, H, Moore Arnold’, Thomas Engber!, Kenneth Rhodes!,
James Ferrero', "t'::tmjng Hang', Alvydas Mikulskis', Jan Grimm’, ChrLl:mph Hock™*, Roger M. Nitsch®*§ & Alfred Sandrock'$

NATURE VoL 537 I SEFTEMHBRER 2016

Aducanumab

Inflammatory ___ Cognitive decline

Inflammatory
responsas and disability

responses

AR, ABy, Tau aggregates Synaptic and
monomers oligomers fibrils and and tangles neurcnal loss
plagques



Placebo

3mg kg™

10 mg kg™’

Figure 1 | Amyloid plague reduction with aducanumab: example
amyloid PET images at baseline and week 54. Individuals were chosen

based on visual impression and SUVR change relative to average one-year
response for each treatment group (mn=40, 32, 30 and 32, respectively].
Axial slice shows anatomical regions in posterior brain putatively related
to AD pathology. SUVR, standard uptake value ratio.
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# ITALIA EMA FDA CARDIO DIABETE DOLORE GASTRO NEURO ONCOLOGIA-EMATOLOGIA  ORTO-R

Alzheimer, tonfo in borsa per Biogen per
ridefinizione studio su aducanumab

Giovedi 15 Febbraio 2018 Redazione

L'azienda ha deciso di aggiungere 510 pazienti ai suoi due studi fondamentali per
aducanumab al fine di contrastare la variabilita dei risultati osservata nei primi pazienti nel
raggiungimento dell’end point primario del trial.

[’azienda s1 aspetta di completare 1’arruolamento entro I’estate € poiche lo studio dura 18
mesi 1 risultati finali per la fine del 2019 e 1nizio del 2020.



PUBBLICATO IL 08-06-2021 i
FDA approva il primo farmaco della storia per I'Alzheimer. Rallenterebbe

@ il declino cognitivo se somministrato nelle fasi precoci. Ma il

condizionale, visti i trial clinici contrastanti, & d'obbligo

Fondazione ; 3 ;
Umbertn Verunesl Un passo storico che pero non rappresenta affatto la soluzione
Bl 'I. siesst all'Alzheimer: approvato contro il volere del comitato indipendente

| dell'FDA, i trial clinici su cui si e basata l'immissione in commercio non

hanno portato a risultati chiari sul reale beneficio di aducanumab.

he NEW ENGLAND JOURNAL G}MEDICINE

AUGUST 26, 2021

Revisiting FDA Approval of Aducanumab

G. Caleb Alexander, M.D., David S. Knopman, M.D., Scott S. Emerson, M.D., Ph.D., Bruce Ovbiagele, M.D.,
Richard J. Kryscio, Ph.D., Joel S. Perlmutter, M.D., and Aaron S. Kesselheim, M.D., J.D.

The NEW ENGLAND JOURNAL of MEDICINE

CORRESPONDENCE

(A

An Appropriate Use of Accelerated Approval —
Aducanumab for Alzheimer’s Disease

Billy Dunn, M.D.

Peter Stein, M.D.

Robert Temp|t:, M. D.

Patrizia Cavazzoni, M.D.

LS. Food and Drug Administration

Silver Spring, MD This letter was published on July 28, 2021, at NEJM.org



EUROPEAN MEDICINES AGENCY

SCITENCE MEDICINES HEALTH

17 December 2021
EMA/750220/2021
EMEA/H/C/005558

Refusal of the marketing authorisation for Aduhelm
(aducanumab)
What were the main reasons for refusing the marketing authorisation?

The European Medicines Agency noted that although Aduhelm reduces amyloid beta in the brain, the link
between this effect and clinical improvement had not been established. Results from the main studies were
conflicting and did not show overall that Aduhelm was effective at treating adults with early stage Alzheimer’s
disease.

In addition, the studies did not show that the medicine was sufficiently safe as images from brain scans of
some patients showed abnormalities suggestive of swelling or bleeding, which could potentially cause harm.
Furthermore, it is not clear that the abnormalities can be properly monitored and managed in clinical practice.

Therefore, the Agency’s opinion was that the benefits of Aduhelm did not outweigh its risks and it
recommended refusing marketing authorisation.




Target: subunita a dell’interleuchina(IL)-4.

Dupilumab: inibisce la trasmissione del segnale di IL-

4/IL-13

IL-4Ra | I vC IL-4Ra I I IL-13Ral

IL-4 receptor IL-13 receptor

Dupilumab: human monoclonal IgG4 antibody binding the shared alpha
subunit of the IL-4 receptor, thus inhibiting IL-4 & IL-13 signal transduction

Approvato per:

* trattamento dermatite atopica;

* asma grave con
inflammazione di tipo 2;

* rinosinusite cronica con
poliposi nasale.

‘ ORIGINAL ARTICLE

Dupilumab Efficacy and Safety in Moderate-
to-Severe Uncontrolled Asthma

M. Castro, J. Corren, |.D. Pavord, J. Maspero, S. Wenzel, K.F. Rabe, W.W. Busse,
L. Ford, L. Sher, J.M. FitzGerald, C. Katelaris, Y. Tohda, B. Zhang, H. Staudinger,
G. Pirozzi, N. Amin, M. Ruddy, B. Akinlade, A. Khan, J. Chao, R. Martincova,
N.M.H. Graham, J.D. Hamilton, B.N. Swanson, N. Stahl, G.D. Yancopoulos,
and A. Teper

N ENGL ) MED 378,26 NEJM.ORG JUNE 28, 2018

DuPIXENT
(dupilumab)

Injection




Agenti Stimolanti I’Eritropoiesi (ESA)

Proc. Natl. Acad. Sci. USA
Yol. 82, pp. 7580-7584, November 1985
Biochemistry

Cloning and expression of the human erythropoietin gene
{erythropoietic factor /glycoprotein hormone /mixed oligonucleotide probes /genomic screening)
Fu-Kuen LIN*, SIDNEY SuGGs®, CHI-HwWE!I Lin*, JEFFREY K. BROWNE*, RALPH SMALLING*,

Joan C. EGRIE*, KENNETH K. CHEN®, GARY M. Fox*, FRANK MARTIN®, ZIPPORA STABINSKY?®,
Sayep M. Baprawr*, Por-HsiunG Lar®, aND EUGENE GOLDWASSER'



Eritropoietina Alfa: breve durata d’azione somministrabile s.c. o e.v.
Eritropoietina Beta: breve durata d’azione, somministrabile s.c. o
e.v.

Eritropoietina Teta: breve durata d’azione, somministrabile s.c. o
e.v. solo ospedaliera

Darbepoietina: intermedia durata d’azione; somministrabile s.c. o
e.v.

Eritropoietina beta—Pegilata (CERA Continuous Erytropoiethin
Receptors Activator): lunga durata; somministrabile s.c. o e.v.

No let-up in battle against drug cheats

1 60 N After three cyclists competing at the 2008 Tour de France were caught
using CERA, a third generation of the perfomance-enhancing drug EPO,

1 39 anti-doping officials in Beijing are increasingly concerned that

1 34 the drug will be used by athletes during the Olympic Games

EPO - Ery1hropoi etin: CERA - Continuous
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Andexanet alfa

Derivato ricombinante modificato del FXa. Mutazione nella
regione catalitica (manca azione pro-coagulante). Maggiore
affinita del FXa nativo. Coda modificata previene interazione
altri fattori coagulazione.

Factor Xa Andexanet Rivaroxaban
Apixaban
Edoxaban
LMWH

Fondaparinux

400 mg, IV, Bolus (30mg/min)
400 mg, IV, Bolus (30mg/min) the Infusion 4mg/min for 120min (480mg total)




Idarucizumab

MEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE ‘

Idarucizumab for Dabigatran Reversal

Anticorpo monoclonale (Fab o
Humanized Antibody Fragment)
disegnato come antidoto del
Dabigatran Etexilato.
Approvato EMEA.

IDARUCIZUMAB

Patients received 5 g of intravenous idarucizumab, which was administered as two 50-ml

bolus infusions, each containing 2.5 g of idarucizumab, no more than 15 minutes apart. The 5-
g dose was calculated to reverse the total body load of dabigatran that was associated with the
99th percentile of the dabigatran levels measured in the Randomized Evaluation of Long-Term
Anticoagulation Therapy (RE-LY) trial.



