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Why Signal Transduction/Cell Signaling Is Important in Cancer?

Cell signaling regulates:

cell cycle and proliferation, Aberrant, constitutive activation of a
0 migration proliferation promoting pathway
ddifferentiation,

dviability versus cell death,

dmetabolism, etc.

v

selective advantage of the cell

\

clonal expansion

Deregulation of cell sighaling
impacts cellular homeostasis

Signaling players are often oncogenes (or, sometimes, tumor suppressors)

->the first human proto-oncogene to be cloned, RAS, mutated in 30% of cancers
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Pathways
Ras/MAPK

PI3K/Akt/mTOR

JAK/STAT

Nuclear hormone receptor

Notch

Wnt (B-catenin)

TGF-B (Smad)

NF-kB

Hippo

Hedgehog

DNA repair signaling
(ATM/ATR)

Key Signaling Pathways in Cancer

Activated by Involved

Cytokines and mitogenic growth Melanoma; thyroid, pancreatic and
factors NSCL cancers

Insulin; growth factors; Glioblastoma; breast, prostate, colon
chemokines and endometrial cancer

Cytokines (e.g. IL-3, IL-6 and IL-7) Myeloproliferative neoplasms; breast

and prostate cancers

Steroid hormones (e.g. estrogen Breast and prostate cancers
and progesterone)

Delta-like (DLL) 1, 3 and 4; Jagged T-ALL; CLL; MCL; breast

(JAG) 1and 2 adenocarcinoma; SCC

Wnt ligands Melanoma; breast and colorectal
cancers

TGF-B Prostate, breast and pancreatic
cancers

Cytokines (e.g. TNF-q; IL-1) Breast cancer; B-cell ymphomas;
multiple myeloma

DCHS1, DCHS2 Breast cancer; familial and sporadic
schwannomas

Sonic (SHH), Indian (IHH), or Glioblastoma; basal cell carcinoma;

desert (DHH) hedgehog medulloblastoma; CML

Single-stranded DNA (ssDNA) and Breast, colorectal and lung cancers
DNA double-strand breaks (DSBs)

Available clinical drugs (some..)
Vemurafenib; Trametinib

Buparlisib; MK-2206; rapamycin;
BEZ-235

Ruxolitinib; Tofacitinib

Tamoxifen; enzalutamide

y-secretase inhibitors (RO4929097)

LGK974; PRI-724

Fresolimumab; Galunisertib

Bortezomib

Verteporfin; Dobutamine

IP1-926; Vismodegib

Olaparib; MK-8776



—> Proteins bound to
phosphorylated
tyrosine

Inactive RTKs
Vi

. Downstream signal is
relayed by activated
signaling proteins

RTK stands for Receptor Tyrosine Kinase — a type of cell surface receptor that plays a crucial role
in cell signaling.

Baowka xapaktnplotika twv RTK:
Bpioketal oTnV KUTTAPIKA HEUBPAVN

Evepyomoleital amd cUVIETEG OTTWG AUENTIKOUG tapayovteg (t.X. EGF, woouAivn)

‘Exouv gyyevr evupatikn dpacn: $wopopuUALWVOUV TA UTIOAEIMHATA TUPOGIVNG OTOV EAUTO

TOUG Kal 0€ AAAEG TP WTEIVEG

Mwcg Asttovpyouv ta RTK;
'‘Evag cUVIETNG CUVIEETAL HE TNV EEWKUTTAPLKN TtepLoxn tou RTK.
AuTtO tpokKaAei dipeplopo (800 RTK euvyapwvouv).

O1 EVEOKUTTAPLKEG TIEPLOXEG KIVAON G auTodwodopuALwvovTal HETAEL TOUG OE UTIOAEpata
TuUpoGivng.

Auteg ol pwaodotupooiveg Spouv we O£ceLg cUVSEGNG YLA TIG TPWTIEIVEG oNUATOd0TNnoNgG.

Mnati eivat onpaviika ta RTK;

Pu6Opidouv tov moAAanAaclacpo, tn diadpopomoinon, 1o HETABOALGHO KAl ThV
eTBiWON TWV KUTTAPWV.

O petaAAa&elg N n uniepevepyomnoinon twv RTKs cuvd€ovtal pe Kapkivo Kat AAAeG
acBéveleq.

Ta RTK givat otoxot yia 6epaneieg Kapkivou, OTTwGE oL AVACTOAEIG KIVAONG TUPOCIVNG
(m.x. imatinib, erlotinib).




The RTK/MAPK/ERK signaling pathway
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The RTK/MAPK/ERK signaling pathway




The RTK/MAPK/ERK signaling pathway




Oncogenic alterations
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The RTK/MAPK/ERK signaling pathway
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The RTK/MAPK/ERK signaling pathway
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The RTK/MAPK/ERK signaling pathway

Proliferation, survival, growth

13



The PI3K/AKT/mTOR signaling pathway

PI3K/AKT/mTOR pathway RTK

catalytic

inactive
subunits

/ l\

active kinase

regulatory
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The PI3K/AKT/mTOR signaling pathway
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The PI3K/AKT/mTOR signaling pathway
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The PI3K/AKT/mTOR signaling pathway
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The PI3K/AKT/mTOR signaling pathway
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The PI3K/AKT/mTOR signaling pathway
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The PI3K/AKT/mTOR signaling pathway

RTK
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The PI3K/AKT/mTOR signaling pathway

RTK

]r SOST ) eas)(RAS
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The PI3K/AKT/mTOR signaling pathway

RTK
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The PI3K/AKT/mTOR signaling pathway

RTK
66 ]r SOST ) eas)(RAS
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The PI3K/AKT/mTOR signaling pathway

@D~ 5]
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downstream -
effectors
-~ metabolism, growth, survival
~ (2EBP7
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The PI3K/AKT/mTOR signaling pathway

RTK

@@
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Overview of MAPK/ERK & PI3K/AKT/mTOR pathways

PI3K/AKT/mTOR pathway RTK MAPK/ERK pathway

8=
~ Cellular functions
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Deregulation of MAPK/ERK & PISK/AKT/mTOR pathways

MAPK/ERK pathway

Hyperproliferation...
uncontrolled growth
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Targeting the MAPK/ERK & PISK/AKT/mTOR pathways

MAPK/ERK pathway

RAS
inhibitors
BRAF
Inhibitors

AKT
inhibitors
inhibitors
MTOR %
inhibitors \"@

Hyperproliferation...
uncontrolled growth
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* SHP099

* TNO155

* RMC-4630
* RMC-4550
* GDC-1971
* JAB-3068
* JAB-3312
* ERAS-601

|

SHP2
GRB2

—(s0s1/2

SOS1 inhibitors
* Bl 1701963

* BI-3406

* RMC-5845

* BAY-293

KRAS-off inhibitors

* Sotorasib (G12C)

* Adagrasib (G12C)

* ARS-853 (G12C)

* ARS-1620 (G12C)

* D-1553 (G12C)

* ]DQ443 (G12C)

* RG6330/GDC-6036
(G12C)

* Bl 1823911 (G12C)

* JAB-21822 (G12C)

» 1Y3537982 (G12C)

* INJ-74699157 (G12C)

* MK-1084 (G12C)

* MRTX1133 (G12D)

* JAB-22000 (G12D)

* JAB-23000 (G12V)

RTK inhibitors

¢ Erlotinib
* Afatinib

* Panitumumab
» Cetuximab

RAS-on inhibitors

* RM-018 (KRAS®1%€)

* RMC-6291 (KRAS®'%€)

* RMC-9805/RM-036
(KRAS(’”U)

* MRTX1133 (KRASS'20)

* RMC-8839 (KRAS®3¢)

* RMC-6236 (RASMULT)

* JAB-23400 (KRASMUT)

* BBP-454 (KRASMUHTY

PTEN

P

AKT ) «—

TSC1/TSC2
GDP

RHEB _
j GTP

* Trametinib
* Cobimetinib

RHEB

mTORC2

l Everolimus

mTORC1 I—J

=

¢ Cell growth and

survival

* Angiogenesis
* Migration/invasion

T

WEE1 inhibitors | “—
* Adavosertib
* L Y3295668

CDK4/6 inhibitors
* Palbociclib

* Abemaciclib

» Ribociclib

AURKA inhibitors
VIC-1911

Cancer vaccines

* mRNA-5671/V941

* ELI-002

* mDC3/8-KRAS
vaccine

siRNA-based
approaches
iExosomes




Gain-of-
function
Mutations

RTKs dysregulation mechanisms

Amplification

Chromosomal Tyrosine Kinase Autocrine and
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Gain-of-function
Mutation

( N\
LAbnormal activationJ

v

proliferation

v

differentiation

@ Tyrosine kinase

domain

v v v v

angiogenesis cell cycle cell death metabolism

() Phosphorylation g Transmembrane Ligands ' Fusion partner
domain

https://www.nature.com/articles/s41392-024-01899-w a1
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KRAS - Mechanism of Gain-of-Function

\J

BRAF - Mechanism of Gain-of-Function

3

KRAS is a small GTPase that normally cycles between active (GTP-

bound) and inactive (GDP-bound) states. BRAF is a serine/threonine kinase
» activated by RAS.

Mutations like G12D, G12V, G13D impair its ability to hydrolyze GTP. The most common mutation. V60OE

N substitutes valine with glutamic acid at

As a result, KRAS remains locked in its active form, continuously position 600.

stimulating downstream effectors like RAF > MEK > ERK.
\J

This mimics phosphorylation and renders |

_ . . — . . | BRAF constitutively active, even without
This leads to persistent mitogenic signaling, promoting upstream RAS signals.

proliferation and resistance to apoptosis.
\J

The result is continuous activation of
MEK and ERK, driving oncogenic
transformation.
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ERBB receptor family signaling

Multiple ligands: EGF, Impaired Multiple ligands:
HB-EGF, BTC, TGFa, ligand-binding NRG1-NRG4 ,BTC,
AREG, EPGNOr EREG | [ 1 HB-EGF or EREG

I'__—ilmpajred I I

L | JE )
domain T

{ { ! k! 3
@
STAT3
© ® | ©
QuarDFED
s A ' | e
Nucleus Gene transcription Translation
M]\Y]}\O&YK\(}\WK

Multiple ligands: EGF, Impaired Multiple ligands:
HE-EGF, BTC, TGFa, ligand-binding NRG1-NRG4 ,BTC,
AREG, EPGN or EREG HB-EGF or EREC
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| —Impaired
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Edv n meploxn deopevong ouvdetn eivat e€acBevnuevn:

O urtodoxeag umtopei va pnv avrarmokpivetal oe eEWKUTTAPLKA Crjpata.
Mmopel akopa va evepyotmtolnBei eppeca HEow SLUEPLOPOU PE AAAOUG
uTtodOXEIC.

2 € OPLOPEVECG TIEPLITTWOELG, HETAANAEELC I uTtEPEKP PO UTTOPEL va
odnynoouv o evepyoTtoinon aveéAaptntn amo cuvOETn, CUMBAAOVTACG
OTNV OYKOYEVEQDN. 34




HER2 positive Breast Cancer

About 20% of breast cancer cases are HER2 positive Bladder cancer,
gastrointestinal cancers,
! \\\\1 o ovarian cancer and
N AL < stomach cancer
-L - can also be HER2 positive
. s
X \‘ X FDA-approved drugs
!\ ‘! & o 3 monoclonal antibodies
o 2 antibody-drug conjugates,
Normal HERZ-positive o 3 oraltyrosine kinase inhibitors
Breast Cell Breast Cancer Cell

blog.dana-farber.org HER2: human epidermal growth factor receptor 2

35


https://blog.dana-farber.org/insight/2016/03/what-is-her2-positive-breast-cancer/
https://blog.dana-farber.org/insight/2016/03/what-is-her2-positive-breast-cancer/
https://blog.dana-farber.org/insight/2016/03/what-is-her2-positive-breast-cancer/

Evolution of HER2 as biomarker & targeted therapy in breast cancer |

Swain, Nat Rev Drug Dlscov, 2023, 22, p101-126

Preclinical
Discovery that Development of
EGF binding to ldentification humanized mAb
its receptor led of oncogenic to HER2
Discovery of EGF to cell growth** function of HER2 (trastuzumab)

1935 1962-1965 Mid-1970s 1978 Mid-1980s 1985-1986 1987 1990-1

Discovery of Description and ‘neu’ (HER2) Clinical

ErbB (v-erbAand  discovery of located onchr. 17 significance of
v-erbB) in avian oncogenes® distinct from HER2 in breast
erythroblastosis EGFR (HER1) tumours

virus

36


https://www.nature.com/articles/s41573-022-00579-0
https://www.nature.com/articles/s41573-022-00579-0
https://www.nature.com/articles/s41573-022-00579-0

Types of Targeted Therapies: mAb

mAb: monoclonal antibodies

\
\ \ Pertuzumab

has the capability of binding to the extracellular
" "2, \ dimerization subdomain of the HER2 receptor, reducing
\ HER2 intracellular signaling events by blocking

heterodimerization with other HER receptors

HER2 receptor

Trastuzumab

suppresses HER2 activity
but does not inhibit
heterodimerization

Dimerisation domain
of HER2

Subdomain IV of
HER2

37



Why Do Cancer Cells Develop Resistance to Targeted Therapies?

a RTK-addicted cancer

[ .
) b Sensitiveto aTKI }
b

RTK CetLj(_imab

EGFR

Ras X

- R?s

MAPK MAPK
N
Cell growth and survival Eeu growth\afid survival

S s

Mutational Activation of an Element in the
Pathway Downstream from the Target

Mutations and Amplifications in the Target

' € Acquired resistanceto a TKI

Cetuximab

Cetuximab
A Al I
EGFR EGFR
s | PI3K
Ras Ras :

activating mutation activating

| \ mutation
W s
MAPK MAPK

/A

Cell growth and ~I l[ Cell grov_vth and
survival ‘J suivwal

—
—

Release from a Negative Feedback Loop

Other Mechanisms of Resistance
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Mechanisms of HER2-targeted resistance (a-b)

a HER family alterations b Loss/masking of HER2 epitope

Constitutive
activation of
p95HER2 in
absence of ligand

ER—~
P % ? HER1 t% HER2 :HERB
i Cell ‘
' cycle :
hy_‘, ‘_@ Y Trastuzumab #* HER2 mutation
11 Genes involved in survival " Pertuzumab ® HER3 mutation
Swain. Nat Rev Drug wavryryr  and cell proliferation @ Trastuzumab-bindingsite ¥ PIK3CA mutation
Dlscov, 2023, 22, p101-126 (P) Site of phosphorylation
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Mechanisms of HER2-targeted resistance (c-d)

c Activation of compensatory pathways

[ssesesons

QOO0

Swain, Nat Rev Drug
Dlscov, 2023, 22, p101-126

EBK) )<

./6\_‘

i/

A

1

Cyclin D1

\overexpression

- -
~

" Cell )
Y P \/
le
orete _@Rb>

-
~ —d-

Genes involved in survival
and cell proliferation

HER2 overexpression
in the tumour

d HER2 heterogeneity

HER2- Normal HER?2
overexpressing cell expression in cell
{/l_ N __7"?’"_"‘\\\[\_‘\\"' R
> |// I" ’_‘)_ _ll _a
\ |~ |
|".! . I\yo’ \{', q\\\\ \ K(i_.._\l ir
\ \;/f /[)“J\ g
{ - 8 \ 7
(K77 Lol
T P I~ J\ \<\/
) a2 O W
/- -- - ) ) l}—"/{l 'II./
- AL |

Heterogeneous HER2 expression
in the tumour

?HERl t%HERZ :HERB

Y Trastuzumab & HER2 mutation
® HER3 mutation

v PIK3CA mutation

9" Pertuzumab
@ Trastuzumab-binding site

(P) Site of phosphorylation
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https://www.nature.com/articles/s41573-022-00579-0
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Resistance to HER2 Tyrosine Kinase Inhibition

A Normal HER2 Signaling

HER2-HER3

dimer
Extracellular
l /_ domain
g ¢ Ligand

domain

;%?— Kinase

'

Ligand-dependent signaling

41



Resistance to HER2 Tyrosine Kinase Inhibition

A Normal HER2 Signaling

B HER2 Mutation
\
HER2-HER3 |
dimer
|
S Extracellular | HIER2 HIER3
’ D /_ domain

Ligand

CELL MEMBRANE

i ase
domain

9«@«&3%

« Constitutive signaling can be inhibited
Ligand-dependent signaling by targeting kinase domain
e Neratinib-sensitive




Resistance to HER2 Tyrosine Kinase Inhibition

A Normal HER2 Signaling

| HER2—-HER3
dimer
_ Extracellular
, domain
c Ligand
! % f CELL MEMBRANE

domain

g?:)— Kinase

v

Ligand-dependent signaling

| B HER2 Mutation

HER2

(A

HER3

(J

Neratinib — ;2?

1

« Constitutive signaling can be inhibited
by targeting kinase domain

e Neratinib-sensitive

- C Co-occurring Activating Mutations

in HER2 and HER3

HER2—-HER3
| dimer

| -
(A

Neratinib ——] g
v

—— Alpelisib
!

Enhanced HER2-HER3 dimerization
increases PI3K-AKT signaling, causing
neratinib resistance, which can be
overcome by adding a PI3K inhibitor
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RAS Mutations in Cancers

a Hypervariable region (amino acids 167-188 or 189)
- KLRKLNPPDESGPGCMSCKCVLS HRAS
GTPase domain | RMKKLNSSDDGTQGCMGLPCVVM NRAS
(amino acids 1-166) RLKKISKEEKTPGCVKIKKCIIM KRAS4A

. K-EKMSKDGKKKKKKSKTKCVIM KRAS4B

b Normal ¢ Cancer
_Jj EGFR

Off On Off On

CRB2 S
ok RAS :
-
Effectors (RAF, PI3K, © G12,G13 and Effectors (RAF, PI3K,
RALGDS, etc.) Q61 mutations RALGDS, etc.)

https://www.nature.com/articles/s41568-018-0076-6

ARE DRIVEN BY MUTATIONS OF

RAS GENES
RAS MUTATIONS

@ PANCREAS— KRAS  95%
'-'? COLORECTAL — KRAS  45%
@R Lne —kras 35%
— AML— NRAS 15%
B vewova— s 15%

BLADDER CANCER — o
’ HRAS 10%

source: NCl-the ras initiatives
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https://www.nature.com/articles/s41568-018-0076-6
https://www.nature.com/articles/s41568-018-0076-6
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Frequency and distribution of RAS mutations in human cancers

Bladder urothelial
carcinoma .® @

Melanoma ‘@
/ u

Colorectal /
adenocarcinoma

b G12V
.,_,.N‘_W-r"":l
"‘ f-’/-
< g G12D
91% G12
Head and neck
squamous cell
carcinoma
Lung G12C
adenocarcinoma
G120
Pancreatic ductal
adenocarcinoma 68% G12
‘ G12C
|
85% G12
. KRAS
— (61K
@ x5
. HRAS
061L

B G12A
Bl G12C
B G120
L1 G12F
1 G12L
Bl G12R
M G125
B G12v

=g
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Resistance is all around again...

° KRAS G12C

o ° inhibitors

.
000 KRAS G12C

. \GIB"’ inhibitors

https://www.sciencedirect.com/science/article/pii/S0163725821002527
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Drug mechanisms underlying KRAS inhibition

A. KRAS G12C inhibitor C. Target protein degrader

C-1. Thalidomide-like drug C-2. PROTAC

Proteosome
l degradation

. e
f y e

https://www.lungcancerjournal.info/article/S0169-5002%2824%2900420-3/fulltext

48


https://www.lungcancerjournal.info/article/S0169-5002%2824%2900420-3/fulltext
https://www.lungcancerjournal.info/article/S0169-5002%2824%2900420-3/fulltext
https://www.lungcancerjournal.info/article/S0169-5002%2824%2900420-3/fulltext
https://www.lungcancerjournal.info/article/S0169-5002%2824%2900420-3/fulltext
https://www.lungcancerjournal.info/article/S0169-5002%2824%2900420-3/fulltext

Frequency of BRAF mutations in human cancers

Thyroid cancer

Melanoma
Histiocytosis
Colorectal cancer

Glioma

Endometrial cancer

Non-small-cell lung cancer
Hairy cell leukasmia

Other B cell neoplasms
Bladder cancer
Hepatobiliary cancer
Qvarian cancer

Prostate cancer

Number of BRAF-
miutant tumaours/

total number of tumours ‘

450/1,006

761/2,135
82/431
718/6,202

132/2,664
142/2,947

501/8,902
48/87

169/4,781
138/2,954
68/1,711
67/2,545
89/3,974

é\
égl

a""

s
%

(

0009 - o0 0 0 ¢ — ¢

e
‘Qz%’
] Q‘S;,
%
Q;F

@

"%
"%

&

o9 e o - -0 o o o —

o

Class |
Class I
Class Il

Proportion

of each BRAF
rmutant as
percentage
of all BRAF
alterations
pEr cancer

type
o 0

® 5
® 0
@ =
.50

.100

aC helix - -|
| T
DIF Activation segment |
464 4M-___ 492 |504 51 574 581504 é] g3 |
400 -~ 500 600 B850
CR2 CR3
RBD CRD Kinase domain
150155 280 380 75 | | e |

400

600

TE6aa

BRAFV600E among
all alterations:
melanoma (50%)
thyroid cancer (45%)
colon cancer (10%)
NSCLC (3%)

BRAFV600E among
BRAF alterations:
melanoma (90%)
thyroid cancer (95%)
colon cancer (90%)
NSCLC (60%)

https://www.nature.com/articles/s41571-023-00852-0 49
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Mechanisms of BRAF inhibitor resistance

a I\daptiveI resistance b Induction of RAF dimers C Oncogenic bypass

I | ! ' Melanoma patient with
BRAFV600E mutation

[
Stromal cell

B

& HGF < <J

---1P%D

PP ‘ GTP ﬁAs GTF R,;AS GTP IVQASHV‘MGTP ras) N/KRAS — grp RAS éTP RAS) P"’z ‘ i
_,GRB2. i (GRB2. ¥ iy O S o mutant /GABI
: ! syp sos ‘l SHP S;OS ﬁ? Fpl T F\I{ S . = (ow RAS @( PlP >
* x x X GDP)RAS RéF /, RiF :-'nl;;aurf'g d "VQAF A RAF ‘ RAS amplification PDK1 : -
R -t ) Before 15 weeks 22 weeks
: ggﬁ; treatment ~ Post post
variant treatment  treatment
R e T T 1
I ‘_—C (o (Comizen o BRAF inhibitor resistance
5 X X ] N —— T |. rapid reactivation of ERK signalling, due
S— e 8 to relief of negative feedback
i ) H mechanisms, that results in adaptive
e e : (re)activation of RTK signalling, RAS
5 , | Negatie ] activation and RAF dimerization, or
W T ‘:gggyp }yﬂyﬂyﬁ \%ﬁ,&,ﬂ + Prlferaon NPAFATAT Il. through genetic alterations such as NRAS
| e ;AP @ mutatlor_ls, BRAF ampllf_lcatlon_ and
adsptve | | 1855 o, il expression of BRAF splice variants that
| resistance | - Brcatenin | MPMPAFMFMFAMT M : :
\:r::g:g,gxm el promote RAF dimer formation
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Therapeutic strategies to overcome resistance to RAF inhibitors

RTK
EGFR inhibitors/ERBB inhibitors ~ PDGFR inhibitors/FGFR inhibitors ~ MET inhibitors
» Cetuximab « Avapritinib + Capmatinib RAS-related
« Panitumumab = Ripretinib + Tepotinib SHP inhibitors  SOS inhibitors  Allele-specific and
» Gefitinib « Lucitanib + Savolitinib » JAB-3068 « BI-1701963 pan-RAS inhibitors
« Neratinib » Anlotinib = BBP-398 « MRTX0902 « Sotorasib
« T-DXd « Erdafitinib « ETO038 « BAY-283 « Adagrasib
N * RMC-4630 » BI-3406 » JNJ-74699157
q « RMC-4550 * SOS1PROTAC e Tipifarnib

BRAF monomer inhibitors
[ I |

« Vemurafenib

» Dabrafenib

« Encorafenib

- s o’ _
[ G ) RAF monomer-dimer inhibitors
(RAF | RAF| | BRA u mEEE
(©DP RAS \_/\_ J WeooE o PLX-7904¢ » Tovorafenib

PI3K pathway

PI3K inhibitors  AKT inhibitors
» Alpelisib * |patasertib

Wild-type/  Wild-type/, = Plixorafenib® » TAK-632
mutant mutant * LY3009120
« Copanlisib  « AKT PROTAC » Lifirafenib
« Duvelisib ENEE * AZ628
» |delalisib mTOR inhibitors . gggé%?% . E(IZ;EXGAS%?;?’
« Inavolisib « Everolimus - * SB- . -
» Taselisib « Temsirolimus MEK/ERK P ‘—J » BGB-3245°
MEK inhibitors ERK inhibitors « Exarafenib®
l « Trametinib  » Ulixertinib OO0 « Naporafenib
LA « Cobimetinib  « Ravoxertinib —KSR « XP-102- « RAF709
mTOF;\' + Binimetinib  » LY3214996 » PF-07799933 » Belvarafenib
\\___/ » Selumetinib  « ERAS-007 « PF-07284890 » Regorafenib
» Pimasertinib  » LTT462 « DCC-3084 » Sorafenib
* Mirdametinib o HLX208f « PHIT®
» Tunlametinib » Ponatinib®
« PF-07799544
« ABM-168 Non-kinase RAF inhibitors
» MEK1/2 PROTAC « BRAFtide
Other + Avutometinib « BRAF PROTAC
« Navitoclax (BCL-2 inhibitor) + Trametiglue
» Palbociclib (CDK4/6 inhibitor) Key properties of listed BRAF/RAF
» CDK4/6 PROTAC inhibitors
« Anti-PD-1, anti-PD-L1 and/or ..
anti-CTLA antibodies = Selectivity: .
(immunotherapy) W Monomer EMMonomer-dimer
Configuration:

« Survival « MITF

» Proliferation « Cyelin D1
» Negative feedback « BCL-2
+ Adaptive mechanisms « DUSPs
« (-catenin
cell etc.
nucleus

YARRYK

CODI WCIDI ECIDO
RAF priming: RAF/MEK binding:
- W+ W+ - W+
Unclear/unpublished

mechanistic details
O

https://www.nature.com/articles/s41571-023-00852-0

53


https://www.nature.com/articles/s41571-023-00852-0
https://www.nature.com/articles/s41571-023-00852-0
https://www.nature.com/articles/s41571-023-00852-0
https://www.nature.com/articles/s41571-023-00852-0
https://www.nature.com/articles/s41571-023-00852-0
https://www.nature.com/articles/s41571-023-00852-0
https://www.nature.com/articles/s41571-023-00852-0

Types of Targeted Therapies: ADC

Antibody-drug conjugate (ADC) is typically composed of a monoclonal antibody (mAb) covalently
attached to a cytotoxic drug via a chemical linker

&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

I;“’_' Cy‘totoxic drug Warhead for deStTOYing

cancer cells

https://www.nature.com/articles/s41392-022-00947-7

56


https://www.nature.com/articles/s41392-022-00947-7
https://www.nature.com/articles/s41392-022-00947-7
https://www.nature.com/articles/s41392-022-00947-7
https://www.nature.com/articles/s41392-022-00947-7
https://www.nature.com/articles/s41392-022-00947-7
https://www.nature.com/articles/s41392-022-00947-7
https://www.nature.com/articles/s41392-022-00947-7

Types of Targeted Therapies: PROTACs

,/r(, Antibody PROTAC conjugate
' A

Antibody-PROTAC
conjugate

Kataotpedel tnv mpwreivn avii anAwg va epmodidet | 4 ’/
N dpaoctnplotnTa ING. T ~ o (|[
Aettoupyei o€ «un PaApHAKEUTIKOUG» GTOXOUG, Antigen

o]V prts;')tl\ap BavopEvwy TwWV pe‘:tavpad)tkdfv Orug reeess from : ‘A
TMAPAYOVIWYV KAl TWV TIPWTEIVWYV TOU LKPLWHATOG.

Mmnopel va Eemepaoel TRV avioxn ota pAappaka, 8KA ©. 4 \

Endosome

O€ KapKivoug OTtov oL HETAaAAA&eLg KadLotouv Toug e

MaPAaAdooLaKoUC AVaCoTOAELG avaTtoTEAECHATIKOUG.
Apa KataAutika - Eva popto PROTAC pmopei va ;‘;gsTl;bgtfate

amnolkodopnost moAAanAd aviiypada tTou oTtoxXov. E3 Complex
“" °
“ ’ 8 /
« 0,

Proteasome

https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/cbic.202100270
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Types of Targeted Therapies: Bispecific Abs

T cell
Receptors Targets
-
HER2 M‘- Breast
= Solid tissue
cD3 ( Breast malignancies
T Colon >
—-— ‘\ f, EPCAM Uzt it it e . ) \
— DK/ omac G |
L] Pancreas Y
| N =
Bispecific PSMA () e Prostate
antibody
CD19 oe— Beell )
cD20  Jeeeseep—  Beel
Hematological
malignancies
BCMA ®e¥——  Plasma cell
NKG2D
I‘ CD123 »a— Myeloid cell
CD16 J
E) \‘ ;" CD33 NN_—ee- Myeloid cell
NP e
il ARG cm— e - "

58



T cell
expansion

Effector cell

<

Bispecific
antibody

Pl

-
. . N
° e
. . .
- ’
- .

-8

(2]

Granzyn]es and
perforins

Cancer cell

* Ta BsAbs cuvnBwgAettoupyouyv pe:

* TedpLpPWON TWV KUTTAPWY TOU AVOCOTIOLNTIKOU PE
TA KAPKLVIKA KUTTapa:

* 0O évag Bpaxiovac ocuvdeetal e Eva avtlyovo Tou
oxetidetal pe tov oyko (.x. CD19, BCMA).

* To &dM\o cuvdeetal pe to CD3 ota T kUTTAPQ,
EVEPYOTIOLWVTAC TA YL VA OKOTWOOUV TO KAPKIVIKO
KUTTAPO.

*  AUTAOC ATTOKAELOHOC:

* Oplopéva BsAbs otoxeUouv dUo utodoxeig
onpatodotnong (rt.x. EGFR + MET) yla va KAsicouv TI¢
TIEPLTTEC 000UC AVATITUENC.

* Evioxupévn eldkotnta:

* Anartwvtag dVo avtiyova yla decpeuaon, to BsAbs
HTIOPEL va HELWOEL TIG ETIIOPACELG EKTOC OTOXOU.
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