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Tegsedi, Onpattro, Spinraza

Introduction
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Oligonucleotides
as drugs v
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Interfering with the
genetic expression

Almost all drugs work at
the protein level:
Receptors - Enzymes
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Interfering with the genetic expression

A Transmitter-Gated Channel B

Plasma

e.g. Na-channel blockers
as antiarrythmics
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e.g. Kinase inhibitors
in oncology

G-Protein-Coupled Receptor
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e. g D2-antagonists
as antipsychotics

Intracallular Effectors
(protein kinases)

Intracellular Receptor

e.g. Glucocorticoids

F’Iaoma Membrane

Transcription activation
or inhibition
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What about drugs acting

at DNA level?
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Drugs acting at DNA level

Synthesis of building blocks Synthesis of DNA
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Drugs acting at DNA level

e (Cytostatics in Oncology

« Aselective interaction with DNA
« Highly toxic

* Antiviral drugs
* Future?

« Selective gene editing
- CRISPR/Cas
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What about drugs acting
at the level of translation?
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Drugs acting at the level of translation

NH.,
OH O OH O @
O oTeg
"odln o0
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Doxycycline .
yey Darunavir

Inhibitor of bacterial protein Inhibitor of HIV protease
biosynthesis by binding to
bacterial ribosome
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What about drugs acting
at pre-mRNA or mRNA
level?
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Drugs acting at pre-mRNA or mRNA level

Highly specific interaction between
DNA MRNA Proteins RNA and oligonucleotide drug
via Watson-Crick base pairs

e

Translation adenine

Transcription

* Antisense *

(Oligonucleotide)

il G (N ; Y o

TR T, 'O VR 0 .-

PharmaMirror.com Traditional Drug @O 0 N‘Z/__KNH’ } N (@) O‘P'CBO
kg N—,\ ————— O cytosine ) ,

HO guanine
3/
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Advantages of oligonucleotide drugs

* Targets earlier in genetic expression  ppnpapapapnapapngey  antisenss

A A molecule
- More powerful .: G vy v : gc';
UC U

i G UAA AI\ CIE A C A AAGU
* Design looks easy %MMWWA

* Unique sequence with Start posiion in POSKS (rf

20 nucleotides or above %Eg
10000
5000

’ 12 13 14 15 16 17 18 19 20

M Al EuUnigue [ Specific Oligonucleotide length (nt)

-~

H
A

* Highly specific

« Less side effects expected
compared to small molecules

Number of
oligonuclectides

. . . Hagedorn, P et al. Nucleic Acids Res. 2017, 45, 2262
 Well suited for genetic diseases agedorn, Pt el Aaes ies
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Disadvantages of oligonucleotide drugs

e Large molecules with multiple negative charges
 Poor membrane permeability

 Unstable in biological media

* Short half-life, poor pharmacokinetics
 Chemical modifications are required

* Only exposed regions of RNA can be targeted
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The medicinal chemistry of oligonucleotide drugs

i(_}/Base \(J/Base dese %J/Base
N

OCH $
0 o KN 0 OCH,
Q \‘ o \\P/
/ S / \O
_~_-OCH, e s
0 ‘ocH o O
O\\ o Op / N/ 3 %
s” o (é) 7 o s” o Kole, R. et al.
: : E Nature Rev. Drug Discov.
DNA (PS) 2'-MOE 2'-OMe LNA 2012, 11, 125

* Phosphorothioates increase stability

e 2" O-modification furher increase stability and affinity for RNA
* Duplex stability: RNA-RNA > RNA-DNA > DNA-DNA
* LNA: conformational restriction to RNA conformation
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The medicinal chemistry of oligonucleotide drugs

C2'-endo pucker C3'-endo pucker
DNA-like RNA-like Q’L\O 1’1.«0
~
IL‘O L“O Bx 2'4 _ K Bx é *
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5N4_ A lT When R = OH N\ | @) — S — /L P
\/ A L1 - - ; e @) Bx
] AR = Q® Y, Rand o4 = 2
Oy ! when R =R osp R o M= B-D-LNA LNA
O:F', © 03'and O4' o\ gauche 2'-O-Me RNA 5
O \O gauche O (g) (AT, +5 °C/mod.)
S s
R =H, DNA R = OH, RNA
S

Wan, W. et al. J. Med. Chem. 2016, 59, 9645
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RNase H

DNA REPLICATION (EukarW
RPA protein .

prevents ssDNA
from base-pairing

RNase H degrades RNA
NP e f.»&{»&;\{fff;licase opens helix |n d

‘x;‘g,j i ‘r.ase synthesizes RNA primer R N A_ D N A d u p I ex

1 RNase H excises
%2 @ RNAprimer

Pol & replaces Pol a; DNA ligase links
produces Okazaki fragment .o Okazaki

fragments to form
continuous strand

Topoisomerase

nicks DNA to Pol o extends the

relievetension  RNA primera little
fromunwinding pit
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Nature developed a similar principle for gene silencing:
SiIRNA

* SiRNA =Small Interfering RNA

e Structure

e Short double-stranded RNA
« 20-24 basepairs long

« Phosphorylated 5’ ends and hydroxylated 3’ ends with two overhanging
nucleotides

Antisense Strand

3 oy § Sense Strand
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Mechanism of siRNA for gene silencing, also called
RNA interference (RNAI)

dsRNA

Hairpin

SIRNA l
duplex ||||||||l|lp
|'O

-'-m-'_i. RISC

CRNARNA RNA-induced silencing complex
complex

Sliced mRNA

Formation of
RISC

3 5
GENE SILENCING



Mechanism of action of therapeutic oligonucleotides

a Antisense oligonucleotide (ASO) \ /B RNA interference (RNAI) \

1) RNase H-mediated degradation of mRNA JIIIIIIIINE dsRNA (e.g. siRNA)

1. ASO for mRNA
degradation via RNase H

2. siRNA for mRNA
degradation

3. ASO that does not
degrade mRNA

. . OO IMBNA T Pre-mRNA TTT T TT mRNA
1. Steric block of translation I | o e
mRNA (splice:
2. Splicing modulation ' Pt el

k 2) Steric block of translation 3) Modulation of splicing J \ /\ cleavage of mRNy

Farmant 2018 21 U’




Design of different therapeutic oligonucleotides

RNase H ASO’s (contain a central DNA gap = gapmers)

Mod

Mod

Mod

Mod

Mod

DNA I DNA I DNA I DNA I DNA I DNA I DNA I DNA I DNA I DNA

Mod

Mod

Mod

Mod

Mod

All phosphorothioate, Mod = e.g. 2’-O-modified RNA
2. SIRNA

RNA double helix is in itself more stable

One or two phosphorothioates or other modifications at 3’ and 5’ end

3. No mRNA degradation

Mod

Mod

Mod

Mod

Mod

Mod I Mod I Mod I Mod I Mod I Mod I Mod I Mod I Mod I Mod

Mod

Mod

Mod

Mod

Mod

FuIIy modified with phosphorothiate and e.g. 2’-O-modified RNA
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Delivery is key

1998 2004 | 2013 206 | 206

Fomivirsen Pegaptanib Mipomersen Eteplirsen Nusinersen

Cytomegalovirus Neovascular age-related Homozygous familial Duchenne muscular dystrophy Spinal muscular atrophy
retinitis macular degeneration hypercholesterolemia

mRNA mRNA

%’ Dystrophm mRNA SMN mRNA

,& }

o L7251 52 52 oa |
+ DOEa

% %, l io] a7 520 5
S, S,
6/~/ @/‘/ (?f ]
v " No dystrophin g Not enough
fw SMN protein (:) Q
|
-~ Shorter More
dystrophin SMN protein
RNAse H Aptamer binds RNAse H Exon skipping Exon inclusion
mediated cleavage of to VEGF protein, mediated cleavage of enabling expression of truncated, enabling expression of
human CMV mRNA blocks activity ApoB mRNA but functional dystrophin functional SMN protein
Intravitreal injection Intravitreal injection Subcutaneous Intravenous infusion Intrathecal injection
injection Z

{
’/

w7, Antisense oligonucleotides (AONs) O% Aptamers




Oligonucleotide drugs: history

e 1978: birth of antisense: a 13-mer DNA could block
viral replication

 1979: RNase H: site-specific cleavage of RNA with
DNA

e 1984: automated DNA synthesis> Synthesis of many
e 1997: LNA synthesis ON analogues

e 1998: Fomivirsen FDA approved for CMV retinitis

e 1998: discovery of siRNA

e 2001: siRNA oligonucleotides

e 2002: Fomivirsen withdrawn because of better
HIV/AIDS drugs

e 2016: Nusinersen FDA approved

—

KATHOLIEKE UNIVERSITEIT LEUVEN
INSTITUUT VOOR FARMACEUTISCHE WETENSCHAPPEN

SYNTHESIS OF SUGAR-MODIFIED
ANTISENSE OLIGONUCLEOTIDES

PROEFSCHRIFT
TER VERKRIJGING VAN DE GRAAD
VAN DOCTOR IN DE FARMACEUTISCHE WETENSCHAPPEN
door

KOEN AUGUSTYNS

LEUVEN 1992
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hereditary transthyretin amyloidosis (hATTR)

hATTR amyloidosis is an inherited, rapidly progressive, debilitating, life-threatening
disease caused by a mutation in the TTR gene, resulting in misfolded TTR proteins
accumulating as amyloid deposits in the nerves, heart, and Gl tract.®’

Polyneuropathy and cardiomyopathy

3
"/ Transthyretin

LIVER @v @w ‘-'.:. 1.‘f:'i‘§,f, Transpo rts therXIn (T4)
i) u®) R

S and retinol (Vit. A)

TTR TETRAMER TTR MONOMERS MISFOLDED TTR AMYLOID DEPOSITS

Mutations in TTR lead to unstable tetramers,
resulting in misfolded TTR monomers leading to amyloid deposits
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hereditary transthyretin amyloidosis (hATTR)

Cardiomyopathy

Symptoms of cardiomyopathy
include:

* Increasing fatigue

* Dizziness Other Symptoms
* Shortness of breath * Glaucoma
Autonomic Dysfunction * Leg swelling (edema) * Blurred or spotty vision
Symptoms of autonomic * Palpitations and abnormal * Abnormalities of the pupil
dysfunction include: heart rhythms (atrial fibrillation) or _blood vessels on the
* Urinary tract infections * Chest pain white of the eye

£ - i * Detached retina

* Excessive sweatin

N J ; * Progressive dementia
* Dizziness upon standing

) * Headache
* Sexual dysfunction
. Polyneuropathy * Loss of movement control
* Nausea and vomiting ; .
D Peripheral neuropathy includes * Seizures
* Diarrhea .
symptoms such as: e Wealknass

* Severe constipation T
i Tingling * Stroke-like episodes

* Numbness * Kidney dysfunction
* Carpal tunnel syndrome

* Unintentional weight loss

* Burning pain

* Loss of sensitivity to
temperature

* Weakness

Farmant 2018




hereditary transthyretin amyloidosis (hATTR)
Progress of polyneuropathy

Changes in mobility through disease progression?*

Patient is wheelchair-bound or bedridden

( Stage 3: Average duration ~2 years

Mobility is maintained, but crutches or a cane
are needed for walking
Stage 2: Average duration ~5 years

Worsening of hATTR amyloidosis

Unassisted walking
Stage 1: Average duration ~6 years

Time (years)
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hereditary transthyretin amyloidosis (hATTR)

Autosomal dominant

.r‘_"\-ll

Affected ) ,-' Unaffected
father - mother

'd'r
r"l | |I"E|:L [ ]
| I I|‘V
||
| ||

|I~~.I

Very rare: 50,000 affected individuals
worldwide

Median age of onset = 39 years

Can lead to mortality within 2 to 15 years

i II§ ﬁll | .

Affe r:ted U n affe cted Lnaffected Aﬁe cted
son daughter son daughter

B Unaffected
[ | Affected
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Tegsedi® (Inotersen) ed

O /N ” o N ) =N
Antisense oligonucleotide  .°° -O_OR\U)LNH ° N {>
. o N ™0 O L ©
20 nucleotides - PO ) rI)L
o] o @0 i
. . . _9: R . o N0 -P=0 A
19 phosphorothioate links oy }_y oo T

2" diastereoisomers }_7 ’ 00, . E{y }—7

- 219 = 524288 Ty R C I N 8
Nonadecasodium salt e R s @@\i—?
All pyrimidines are 5-Me °%s-fro” g{x R O'N\lo
2 x 5 2’-0-(2-methoxyethyl)riboses >, i °es-feo 4{ o }—7

O R
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Tegsedi® (Inotersen)

* RNase H antisense oligonucleotide eae e s sous sesme sesson sesmont  ses i00us
* Causes the degradation of both ) 1
wild-type and mutant TTR mRNA ¢ ;"% o T 1
g1l I ; I
* Leads to lower TTR levels L " |
. I \" . |
* Clinical data RN
« 284 mg injection under the skin g \th- 1 = g
once per week e

A I I ] I I I I I |
15 22 29 36 43 50 57 64 71 78 85 92
Study Day

BL

Elimination t,, = 2 to 4 weeks
173 hATTR patients with stage 1 or 2 nerve damage

Significant reduction in nerve damage and improvement in quality of life over
placebo

- Side effect: low blood platelet counts
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Onpattro® (Patisiran)

Sense Strand

01\:1 O“la Uh.:l Q“Ja ONa' ONa OHa G“Na UNJ ONJ ONa' ONa' ONa' ONa' ONa' ONa' O’Na {JN: Q‘Na O‘J;

TR A A

dl A,

dl (:.: A Um U G G u u c u c -T uUm A ) G G u ‘
SpARARARARAL AUHHHHHHH U

-
(LN: Na® $N: Ol'u Na* OM ™a® Na' Na* Na' Na' (g\la ‘Na ™a® Na® Na* Na" Nat Na* Na®

* Double stranded oligonucleotide Antisense Strand
* Each 21 nucleotides

19 base pairs

* two 3’-terminal nucleotides unpaired

e CmandUm are 2’-O-methylcytidine and 2’-O-methyluridine respectively
« dTisthymidine deoxyribose, all the others are ribonucleotides




Onpattro® (Patisiran)

Neurological impairment score

e siRNA .
e (linical data

« Infusion of 300 microgram/kg
once every 3 weeks

 Elimination t,, = 3.2 days

« 225 hATTR patients with
stage 1 or 2 nerve damage

LS Mean (+/— SEM) Change from Baseline in mNIS+7
o

« Significant reduction in )
| I |
nerve damage over placebo e s i 1

Time point

 Take vitamin A supplements et 1 Paceto T otken 03 ma/ls
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Spinal muscular atrophy (SMA)

* SMA is a rare genetic disease characterized by degeneration
of the motor neurons in the anterior horn of the spinal cord,
resulting in muscular atrophy

« Progressive muscle wasting and mobility impairment
« Proximal muscles (arm and leg) and respiratory muscles are affected first

* Genetic defect in the SMN1 gene

« Encodes SMN protein (survival motor neuron)
« Necessary for survival of motor neurons

« Functions in transcriptional regulation and SMN deficiency results in
widespread splicing defects
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SMA genetics: autosomal recessive

(f:;r'::rr niirfr*'ﬁeerr * global incidence of 8.5 to 10.3
per 100,000 live births
* most common genetic cause of
l infant mortality

“/l/ i * major cause of childhood morbidity

|} X due to muscle weakness.
|| |l |l 1]

unaffected carrier carrier affected
child child child child
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SMA genetics Unaffected Individual
DNA SMN2 i SMN1
} a
ot Promoter 1,- 2 | 3 _14 I 5 1 ,6 —7 —?_ Promoter 1 P H P H L{ H 7@ 8 }—'
QOM% O l @
mRNA 6 8 6 7.8 1| 213|456 ]| 7|8
!
o | 20000
Protein ] 2 ‘ _ | e '@ @ @ @ @ @

Two nearly identical genes
e SMN1 results in functional SMN protein
e SMN2 (5 to 11 nucleotides difference)
* Can encode functional SMN with identical amino acid sequence
e BUT a C-T substitution in exon 7 favors skipping of that exon
* mRNA lacking exon 7 leads to truncated, non-functional SMN protein




SMA genetics

Deletions and mutations
in SMIN1 lead to seriously
reduced levels of
functional SMIN

Humans have a variable

number of copies of SMN?2

* (Oto 8 copies

e Copy humber is an
important predictor of
disease

Unaffected Individual

DNA SMN2
A e BN B 4]{s]
QOW% o l o
mRNA 6| |8 16|7]8 1]2[3]4]|5]|6]|7]8
1 1 2006086
Protein  _ *@ @ @ @ ‘ @ @ @ @ @ @
2008 @
Patient with SMA
DNA SMN2.
PR Pmmoter_;j lid 3 l‘:{i‘ A <1
90*:@/\‘
mRNA 777]6| |8”77§ ‘

Protein @ ” @ ’Q»)‘ @‘ .
2808 &

& non-functional protein @ functional protein




Spinal muscular atrophy (SMA)

 SMA has been categorized into Types 0, 1, 2, 3, and 4 based
on age of symptom onset and maximal achieved motor
abilities.

* |n general, symptom onset and severity of SMA correlate with
SMNZ2 gene copy humber in this genetic disorder

« TypeO 1 copyof SMN2 rare prenatal SMA

« Typel 2 copiesof SMN2 58%

« Type2 3 copiesof SMN2 29%

« Type3 3-4 copies of SMN2 13%

« Typed4 >4 copiesof SMN2 < 5% adult-onset SMA

Farmant 2018 39 U’



Spinal muscular atrophy (SMA): different types

* Little or no movement -+ Symptoms start within * Symptoms start * Symptoms start after * Symptoms typically start
before birth weeks of birth at 7-18 months 18 months after 30 years of age
* Severe weakness * Poor head control * Twitching of upper * Increasing weakness of * Muscle weakness in
- Respiratory failine - Wk inier ane and arms and thighs upper legs upper arms and thighs
a major problem thighs » Jaw weakness * Walks independently, » Walks independently
* Short life expectancy * Abnormal breathing + Sits independently, 23;_"1;;;058 ability :f#;??;hdt)l’ar:;?'i:%fe
{usually less than 6 and difficulty feeding - but not able to walk
months) risk of inhaling food s Shoctenad life * At risk of obesity and * Normal life expectancy
* Needs support tosit expectancy (but more i
L S Dk than 2 years) * Normal l1f§
expectancy

{often less than 2
years)
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Spinraza® (Nusinersen)

o o N"To o N0
NH O 12N N
Na®© _(:LQR SN W ; N2 © _:::3 " “"“3 © o I N/ga
oy S an i 0 OQ k_? )
B e __lmz{} | MNH 06 (I} R
CI) I H:N 0 5 N/J%O (IJ ! H_-N_“N E —~_D
Na®Os—p=0 /) \w N®Os—p=0  N—( )
O '{\ o n N 0 QN N
[ 0
1@ _p %
Antisense oligonucleotide E—? R N ' k_? ) 005 oo &{MH
1 NZ® O —p= = © Na®Os—p= =0 NH ©
18 nucleotides TN k_? " i ¢ k_?

. . M @]
17 phosphorothioate links ki? SETHRN B k_? R {N..
. . 0] MNa —-lf:Cl N p ,
2" diastereoisomers oo oy o QR N RS e
Ma —F- 0 \ = N /\‘ o M
/& 5

=217=131072

Q \\ £2=NH
. Na®® —l-:'=O OH R
Heptadecasodium salt 5

A

O R 0O R
. . . \“.-!&'" = __I:O :P:I:ﬁel - I:':O
All pyrimidines are 5-Me i o

All are 2’-0O-(2-methoxyethyl)riboses )
MW = 7501 e m



Spinraza® (Nusinersen): mechanism of action

SMN2 N2 gene SMIE&ene
CoT e B
; : ]-23-2b-3 D o § p R Ry O e
 ASO with no mRNA degradation = 1' 08 s "; . e
 Modulation of splicing at , - -
Figed o SRy lEggag svn2 mRNA Pz oo s 7l smvt mRNA
pre-mRNA of SMN2 gene g
 ASO binds to intron 7 avoiding SMN2 gene SMIN1 gene
. . . CtoT Antisense
spllcmg. fa?ctor hnRNP tF) bind m _3+n_e_:?_-_-.2 'S -ﬂ—’-—f,’?ﬁé’lﬁé‘f
e Exon 7isincluded leading to a $ “Naso with SMA
functional protein PR Rl svwamRNA
/ \
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Spinraza® (Nusinersen): clinical data

* Intrathecal injection of 12 mg

 Repeated after 2, 4 and 9 weeks and then every 4 months
* Terminal elimination t,, in CSF = 135-177 days

 Most side effects related to injection directly into the spine

* Phase 3 infantile-onset
121 babies, age of SMA onset < 6 months
Improved motor control and survival
* Phase 3 later-onset
Average age = 3 years
57% showed improvement in movement over 26% improvement on placebo
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Spinraza® (Nusinersen): infantile-onset

Interim analysis® End of studyc

o) o
o o
! |

P<0.0001

N
o
|

N
o
!

Motor milestone
responders (%)?2
w
o

RN
o
|

0 0% 0%

Sham control Nusinersen Sham control  Nusinersen

Farmant 2018 44 U’




Spinraza® (Nusinersen): infantile-onset

Outcome Sham procedure control m

. { Sham procedure control:
0.2 26%

Median time to death or permanent ventilation:
Nusinersen: not reached

0.0 4 Sham procedure control: 22.6 weeks
I ! ! ! I !

0 13 26 39 52 56
Time, weeks

Death or permanent ventilation, n (%) 28 (68%) 31 (39%)
Alive and no permanent ventilation, n (%) 13 (32%) 49 (61%)
1.0

o —— Nusinersen

_g ——— Sham procedure control

S 08-

D

2

L

c 0.6

2 4 Nusinersen:

= 55%

g 04 -

ks

%

°

o
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Migraine: symptoms and current drugs

 Severe headache pain

Unilateral

Throbbing

Exacerbation by physical activity

e Other symptoms

Nausea

Vomiting

Photophobia

Phonophobia

* Prevalence

15% in Europe, Canada

12% USA

* Huge societal and economic impact
UK: 25 million working/school days are lost

each year
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Migraine: symptoms and current drugs

Severe headache pain  Acute migraine
«  Unilateral 1. Paracetamol, ASA } gastroprokinetic:
«  Throbbing 2. NSAID metoclopramide
«  Exacerbation by physical activity 3. Triptan (sumatriptan)
Other symptoms 4. Ergotamine ??
«  Nausea 5. Parenteral phenothiazines and
. Vomiting glucocorticoids
- Phonophobia 1. Beta-blockers: propranolol, metaprolol
Prevalence 2. Otxe:_s S
. 15% in Europe, Canada nti-epi ep'lcs..so IUTT] ya proate, topiramate
=  Ca-antagonists: flunarizine
« 12% USA

: o =  Antidepressant: amitryptilline
Huge societal and economic impact

UK: 25 million working/school days are lost
each year

Farmant 2018 48 U’



Calcitonin-gene related peptide
(CGRP)

A neuropeptide that binds to a
GPCR

 Released from both peripheral
and central neurons

* Vasodilator, nociception

* CGRPisincreased during acute
migraine attacks

* |simportantin the trigeminal
ganglion and the
trigeminovascular reflex

* Potential drugs

« CGRP receptor antagonists

« Antibodies against CGRP or CGRP
receptor

« Triptans prevent the release of CGRP

Trigeminal nerve

5-HT or 5-HT
Tnptans (Antl -CGRP
6 antibody
receptor

antibody CGRP—O Adenylate cyclase

Anti-CGRP

i o o S S S o

receptor

Cerebrovascular
smooth muscle cell

Vasodilation



CGRP levels
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Role of CGRP in migraine pathophysiology

CGRP antibodies/
antagonists

Blocking Neurogenic

Inhibition of CGRP Vasodilation
of Cerebral Vessels

CGRP
antagonists

Trigeminal
ganglion Trigeminal
¢ nerve
caudalis

Inhibition of Pain
Transmission

CGRP antibodies/ ;

antagonists

The trigeminal ganglion and dura are
not behind the blood—brain barrier.
Can be reached by antibodies
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Potential therapies influencing CGRP

* CGRP receptor antagonists

« Can potentially cross the blood-brain barrier
« E.g. ubrogepant in development for acute relief of migraine

* CGRP antibodies
« E.g. eptinezumab, fremanezumab and galcanezumab for prevention of
migraine
* CGRP receptor antibodies

« Erenumab (Aimovig®) for prevention of migraine
« First GPCR directed antibody
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Aimovig® (Erenumab)

o mAb ta rgeting the CGRP rece ptOr C >50%red(;x:g?;;rt\ig:g;ainedays
* Asingle injection of 70 mg every 4 weeks i iy
* Terminal t,, = 28 days "‘*“"’"“*bE

 Efficacy ep.mewmab%

« Phase 3 with 667 patients

. 18 migraine days/month on average Ga""’"ez”"‘abé

- 7 fewer days compared to 4 days with placebo
. Phase 3 with 995 patients Fmb&
- 8 migraine days/month on average [ Placebo

ﬂ Active

- 3-4 fewer days compared to 2 days with placebo
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What are the hallmarks of cancer?

Sustaining proliferative
signaling

Resisting Evading growth
cell death SuUppressors

Inducing Activating invasion
angiogenesis and metastasis

Enabling replicative
immortality

Hanahan, D. et al. Cell, 2011, 144, 646
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Emerging Hallmarks and new enabling characteristics

/—< Emerging Hallmarks a

Deregulating cellular Avoiding immune
energetics destruction

Genome instability N Tumor-promoting
and mutation Inflammation

L{Enabling Characteristics)—/
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Luminal or epithelial cells

Basal or myoepithelial cells * Respond to hormonal stimulation
*Contractile cells for milk ejection for milk production

* Estrogen receptor — s fstrogen receptor +

* Progesterone receptor — * Progesterone receptor +/—

~ 0

Basal Basoluminal Luminal

Breast cancer N ecwar  Tplenegative!| HER2+ LuminalB|  Luminal AN

ER-, PR—, HER2—-

% of breast _20° _1R®° ) 0
Cancers 15-20% 10-15% 20% 40%

Receptor
expression

Histologic
grade

Level of cell differentiation

Prognosis
Correlates to histologic grade

Response to Chemotherapy

medical therapy Trastuzumab I-

Triple negative tumours respond best to Luminal A tumours respond best to endocrine
chemotherapy, similar to other aggressive cancers. therapy, e.g. antiestrogen or aromatase inh Site



Stop proliferation: chemotherapy for breast cancer

Inhibitors of nucleotide biosynthesis

= 5-fluorouracil, capecitabine

Inhibitors of DNA biosynthesis

= Gemcitabine, Anthracyclines (doxorubicin, epirubicin)

Direct DNA binding and modification

= Cyclophosphamide, cisplatin, carboplatin
Inhibition of microtubule polymerization or depolymerization

= Paclitaxel, docetaxel

__J



Stop proliferation: Targeted drugs for breast cancer

0 Cetuximab (anti-ErbB1)
EGFR Trastuzumab (anti-ErbB2)

e lRliliRES e Monoclonal antibodies
(Tyrp)|—— Gefitinib

STy} .
“ Erlotinit e Trastuzumab (Herceptin®)
l Famesyltransterase | © 1yrosine kinase inhibitors

l S * Lapatinib (Tyverb®
ABL) —— RAS \C\S_R@ P (Ty )

Imatinib, v
dasatinib i
s, RAF ||—— Sorafenib,
bpsqtlplb, J vemurafenib,
nilotinib dabrafenib
MEK |}—Trametinib

"MAPK]
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Stop proliferation:
antibody-drug conjugates

Trastuzumab emtansine (Kadcyla®, Roche, EMA 2013)

For HER-2 overexpressing
\ advanced or metastatic
B ‘“T”“q 1, - breast cancer
KEMF\A il Emtansine is a tubulin
L binder that blocks mitosis
AN ~ A ~ Y

HyCO

once in the cell

\
DM1=1 : Linker Trastuzumab
(3to 4 perlgG) -thioether- (HzlgG1)
-LysNH, (random)
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Stop proliferation: Hormones in breast cancer

Estrogen receptor

= Selective estrogen receptor modulator (SERM)

» Tamoxifen

= Estrogen receptor antagonist

= Fulvestrant (Faslodex®)

Estrogen biosynthesis (aromatase inhibitors)

= Anastrozol, Letrozole, Exemestan
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2. Evading growth suppressors

e Retionblastoma (RB) protein
is @ tumour suppressor
* Phosphorylated RB is

MAPK]— — 1 Cyclin D cok4/6 |— (@16) inactive and allows
)/ cell cycle progression

* |nhibition of CDK4/6 will

DK4/g] :
stop phosphorylation of
® RB and stops cell cycle
*@° progression
RB~ \/S phase genes __ S phase genes
E2F E2F)

G1 phase S phase
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The first CDK4/6 inhibitors recently entered the market

CDK4/6 Ibrance Palbociclib Pfizer 2016 2015
CDK4/6 Kisgali Ribociclib Novartis 2017 2017
CDK4/6 Verzenio Abemaciclib Eli Lilly - 2017

v

H
N_N_N_O
ot \/N\;/\L/\,L 1
i ‘ H r
HN\) O P Nj//N N 0
Ibrance S . L/ - Verzenio "
HN /
Kisgali
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Ibrance® (Palbociclib)

 To treat locally advanced or metastatic breast cancer
Hormone-positive, HER2-negative

Together with a aromatase inhibitor

Or together with fulvestrant in patients who have previously received a hormonal medicine
e 125 mg, once a day for 21 days, followed by a 7-day break
e Efficacy

Phase 3 with 521 women with metastatic breast cancer that got worse after receiving a hormonal
medicine

. Palbociclib + fulvestrant: 11.2 months PFS

. Placebo + fulvestrant: 4.6 months PFS

Phase 3 with 666 postmenopausal women with breast cancer that started to spread and no previous
treatment

. Palbociclib + letrozole: 24.8 months PFS
. Placebo + letrozole: 14.5 months PFS

* neutropenia, leucopenia, anaemia, tiredness and infections
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Options for breast cancer depending on the phenotype

Molecular
subtypes

% of breast
cancers

Receptor
expression

Histologic
grade

Level of cell differentiation

Prognosis

Correlates to histologic grade

Response to
medical therapy

Doxorubicin, Paclitaxel, 5-FU,

cyclophosphamide, carboplatin, ...

Triple negative = HER2+ Luminal B
ER—, PR—, HER2—-
15-20% 10-15% 20%
HER2
High (grade Il1)
Poor oS
Chemotherapy
Trastuzumab
Herceptin®
Kadcyla®
Tyverb®

Luminal A

40%

Tamoxifen
Fulvestrant
Letrozole

Palbociclib

BCRA gene mutation
PARP inhibitors

* Olaparib

* Talazoparib

-

Farmant 2018 65



| |-
- R ‘
i ) :
I Wy \
A f A\
i/ i
\ £ >
b

PRETTIGE FEESTDAGEN

Farmant 2018 66 U’




