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[ D[T57HOW A NEW PEACE PLAN MIGHT WORK

" Newsweelr,
1 7
What if your = i =~/
immune system .. ==
could be taught : | : :
tokill cancer?

Inside the Over 3 Millioh

brutally Ameri ICans
selective, : Are Infected
hugely : With the
expensive, | Stealth Virus.,
lifesa"in - Most Dont
trials Of l\n('ﬂ.‘.l‘ [ L.
immunotherapy. e,

By Alice Park
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CANCER THERAPY WITH A
FOCUS ON IMMUNOTHERAPY
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Cancer is not one disease:
Uv Different organs

Estimated age-standardized (World) cancer incidence and mortality rates (ASR)
per 100 000, by major sites, in men and women, 2012

Men Women

Lung < -

Breast
Colorectum
Prostate .
Stomach
Liver

Cervix uteri
Oesophagus
Bladder
Non—-Hodgkin lymphoma
Leukaemia
Kidney
Pancreas
Corpus uteri
Lip, oral cavity

433

1 1 1 1

40 20 0 20 40

| ncid
WHO - World Cancer Report 2014 RSB mNortalty
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Cancer is not one disease:
Different cells and molecular subtypes

Luminal or epithelial cells

- Basal or myoepithelial cells *Respond to hormonal stimulation
*Contractile cells for milk ejection for milk production
*Estrogen receptor — * Estrogen receptor +
*Progesterone receptor — * Progesterone receptor +/—

l\. A/l
Breast Cancer D

Cancer cell -
phenotype Basal Basoluminal Luminal

Molecular
subtypes

Tr

ER-, PR—, HER2—

HERZSH | &

% of breast 15-20% 10-15%  20% 40%
cancers

Receptor
expression

Histologic
grade
Level of cell differentiation

Prognosis
Correlates to histologic grade

Response to Chemotherapy

medical therapy Trastuzumab - };:4

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 inhibitor.
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Uv What are the hallmarks of cancer?

Sustaining proliferative
signaling

Resisting Evading growth
cell death suppressors

Inducing Activating invasion

angiogenesis and metastasis

Enabling replicative
immortality

Hanahan, D. et al. Cell, 2011, 144, 646
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(A

1. Sustaining proliferative

== Signaling

Cancer Mechanisms

« More growth factor
« More tyrosine-kinase linked receptor
« Constitutively active receptors
« Activating mutations in kinases
of signalling pathway dasatinib,

bosutinib,

Imatinib,

nilotinib

Cell proliferation
G1-S cell cycle transition

MAPK.I—- — 1 Cyclin Dy CDK4/6. —

~ CDK4/6.

\/ S phase genes

m

G1 phase

S phase genes

E2F

~
/

S phase Golan, 4th ed.

Cetuximab (anti-ErbB1)

EGFR Trastuzumab (anti-ErbB2)

..........

@Iy Tyrlp) I—— Gefitinib

Erlotinib

Farnesyltransferase

/inhibitors

ABl_.)—» RAS |+«——( SRC

 RAF | —— Sorafenib,

vemurafenib,
dabrafenib

MEK l —— Trametinib

'MAPK

us /|
/e

Myc/
Jun/Fos

Gene transcription




H’ Stop proliferation:
traditional chemotherapy

e Inhibitors of nucleotide biosynthesis
- Methotrexate, 5-fluorouracil, thiopurines, ...
e Inhibitors of DNA biosynthesis

- Gemcitabine, DNA intercalators, topoisomerase
inhibitors, ...

e Direct DNA binding and modification
- Cyclophosphamide, cisplatin, bleomycin, ...

e Inhibition of microtubule polymerization or
depolymerization

- Vinblastine
- Paclitaxel

Universiteit Antwerpen
Farmant 2017 11



H’ Stop proliferation:

Hormones in oncology

e Estrogen receptor

- Selective estrogen receptor modulator (SERM)
e Tamoxifen

- Estrogen receptor antagonist
e Fulvestrant (Faslodex®)

e Estrogen biosynthesis (aromatase inhibitors)
- Anastrozol, Letrozol, Exemestan

e Androgen receptor (prostate carcinoma)

- Androgen receptor antagonist
e Bicalutamide, Enzalutamide, Flutamide

- Total antiandrogen
e Cyproteron (Androcur®)

e Androgen biosynthesis (CYP17A1 inhibitor)
- Abirateron (Zytiga®, prostate carcinoma)

Universiteit Antwerpen
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H’ Stop proliferation:
Targeted drugs

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

p|—— Gefitinib

Erlotinib

Farnesyltransferase

/ inhibitors

i — s — « Monoclonal antibodies
imatinib \ « Trastuzumab (Herceptin®)
dasatinib, RAF | |—— Sorafenib, . - - Ing
bosutini, Rt enuatenis, |+ Tyrosine kinase inhibitors

- MEK |}—Trametinib | Lapatlnlb (Tyverb®)

|

Universiteit Antwerpen
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H’ Stop proliferation:
antibody-drug conjugates

Trastuzumab emtansine (Kadcyla®, Roche, EMA 2013)

For HER-2 overexpressing
advanced or metastatic

oAy, breast cancer

N
I
€l HE g0
: "
(4

|
HyCO N

Emtansine is a tubulin
binder that blocks mitosis
once in the cell

SN in’go
Z OHH
HyCO

A A X J K
Y ¥ N
DM1=1 ¢ Linker Trastuzumab
(3to 4 perlgG) -thioether- (HzlgG1)
-LysNH, (random)

Universiteit Antwerpen
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H’ Options for breast cancer
depending on the phenotype

Molecular

subtypes Triple negative = HER2+ Luminal B Luminal A

ER=;IPR=, HER2=

% of breast 15-20% 10-15%  20% 40%
cancers

Receptor HER2
expression

Histologic .
grade High (grade Il1)

Level of cell differentiation

Prognosis Poor
Correlates to histologic grade

Response to Chemotherapy
medical therapy Trastuzumab
Doxorubicin, Paclitaxel, 5-FU, l ‘ Tamoxifen
cyclophosphamide, paclitaxel, ... Herceptin® ;ulvetstrar}t
Kadcyla® nastrozo

Universiteit Antwerpen
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2. Evading growth suppressors

« Retionblastoma (RB) protein
IS @ tumour suppressor
i « Phosphorylated RB is
inactive and allows
s **TCW""D)/ e | g cycle progression
 Inhibition of CDK4/6 will

COK4/6, stop phosphorylation of
2 RB and stops cell cycle
oge progression
RB. \/Sphase genes S phase genes
E2F - E2lf -
VININ AXAN
G1 phase S phase

Universiteit Antwerpen
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H’ The first CDK4/6 inhibitors
recently entered the market

Active Company
substance

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

To treat hormone-receptor positive, HER2 negative
advanced metastatic breast cancer in combination with
an aromatase inhibitor

.Y
ORI waﬁ*

Iheamnes N /@N( \I/ N — Verzenio

HN
Kisqali

Universiteit Antwerpen
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3. Resisting Cell Death

Programmed cell death, apoptosis, is a
natural barrier to cancer

Apoptosis is reduced in malignant tumours
and tumours resistant to therapy

Apoptosis promoted

Cell death signals

v

BID Proapoptotic

BH 3'On|y protei ns BIM activator

v

BAX Proapoptotic

BAK effector
Mitochondrial l
outer MOMP
membrane l
permeabilisation Cytochrome ¢

relelase

Caspase

e —> Apoptosis
activation | e

CCR Focus




BH3 mlmetlc to inhibit BCL 2

Kg=300 M K4 =6000 uM
LE = 0.30 LE = 0.23

Difficult target:

K; =1.4 1M (BCL-xL)
LE =0.27

protein-protein interaction

Fragment-based drug discovery

Venetoclax (Venclyxto®)

AbbVie, EMA 2016, FDA 2016

chronic lymphocytic leukaemia (CLL)
when other treatments have failed

ABT-263
K; < 0.0005 uM (BCL-xL)
LE > 0.20

N__N

cl N = IT
0 v
\m
ABT-199

K; < 0.00001 uM (BCL-2)
LE > 0.25
K; = 0.048 .M (BCL-xL)



4. Replicative immortality

signaling

< T
==g¢ Normal cells
- Limited number of cell growth-and-division
cycles

- Then enter into
e Senescence = a non-proliferative but viable state
e Or cell death

e Cancer cells

- Unlimited replicative potential
= immortalization

Universiteit Antwerpen
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U- Stop replicative immortality

What We Lose With Age
©
Cell @ : 8
Chromosome { @
Cell @ . 8
R

As cells divide

over time... ‘ : \‘ : ‘ : ‘ :
Telomeres

end caps that protect telomeres shorten and eventually
the chromosome
cell division stops

Universiteit Antwerpen
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Stop replicative immortality

a Normal somatic cells

Telomere
a repeat sequences ‘

Senescence

b Cancer cells Q
= @ ©

a - ®© 6Telomerase
® ® @® inhibitors

Immortal cancer cells

Regulation of telomere length in normal and cancer cells by telomerase
Expert Reviews in Molecular Medicine ® 2002 Cambridge University Press




5. Inducing angiogenesis

Tumours continuously need new vessel formation
for the delivery of nutrients and oxygen
and for the evacuation of metabolic waste and CO,

a Dormant b Perivascular detachment € Onset of angiogenic sprouting
and vessel dilation

(©)) Normalcer  (EERIED Blood vessel with pericyte
(@) Cancer cot & Apoptsing. necrotic cet
@®) owiding cel

Nature Reviews | Cancer



B— The angiogenic switch

THE BALANCE HYPOTHESIS FOR THE ANGIOGENIC SWITCH

The switch:
<«+— On
«— Off
Activators @ Inhibitors
aFGF Thrombospondin-1
bFGF 16 kD Prolactin
VEGF Interferon a/f3

Platelet factor-4

'VEGF and VEGFR
neutralizing Abs

VEGFR tyrosine
kinase inhibitors

Universiteit Antwerpen
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Angiogenesis inhibitors

.y

Active Company
substance

VEGF-A Avastin Bevacizumab Roche 2005 2004
VEGF, Zaltrap Aflibercept Sanofi- 2013 2012
PIGF Eylea (macular degen.) Aventis

VEGFR-2 Cyramza Ramucirumab Eli Lilly 2014 2014
TKI Nexavar Sorafenib Bayer 2006 2005
TKI Sutent Sunitinib Pfizer 2006 2006
TKI Votrient  Pazopanib Novartis 2010 2009
TKI Caprelsa Vandetanib Sanofi 2012 2011
TKI Inlyta Axitinib Pfizer 2012 2012
TKI Stivarga  Regorafenib Bayer 2013 2012
TKI Cometrig Cabozantinib Ipsen 2014 2012
TKI Lenvima Lenvatinib Eisai 2015 2015

Universiteit Antwerpen
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Uv 6. Invasion and metastasis

E-cadherin =
cell-to-cell adhesion molecule
Downregulated in tumours

\ i
Adherens Junction \ of the gg;:::.g nsystem_
Normal tissue P \\\\‘)6 WA gzgﬁg:dagiﬁgggion
Well organized cell polarity §\\\ O S \\\\\\\

and hitological strucure | 0 \ \ [a) _ .
due to tight cell-cell adhesiveness \ \\\\\\\\\\\\ - > Genetic alteration .
§ \@o § E-cadﬁerin \\\\§ Tyrosine phosphorylation

Gene mutation and loss of heterozygosity |
Reduced expression due to CpG methylation

Loss of cell polarity and
o destruction of histological structur‘e\

Reduced cell-cell adhesiveness e—
Q @ Dissociation of cells from cell nests

Cancer tissue Invasion and metastasis

Universiteit Antwerpen
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U’ Emerging Hallmarks and
new enabling characteristics

Emerging Hallmarks

Deregulating cellular Avoiding immune
energetics destruction

Genome instability iy Tumor-promoting
and mutation Inflammation

Enabling Characteristics

Universiteit Antwerpen
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/. Reprogrammed energy metabolism

Glultose

Normal Cells

R R AR AA AR AR R A AR AR R AR R R A R A A AR AR AR R R AR AR Ras

Glucose transporter 1
A A R N R RN S AR AARA AR AR AR 222

RARARARE

Glucose
Glucosé-6-p -Oxidative PPP »Nucleotides
Fructose-6-P

Nucleotides

Fructose-1,6-P, \ and
) v / >  amino acid

Glycerol synthesis < Glyceraldehyde-3-P synthesis
v Serine synthesis pathway .
3-phosphoglycerate »Serine —

Anaerobic ;
S PEP
conditions PR

P.‘-ru‘-ate .................. » .-‘

|

Lactate

-—

Glycolysis

l ' l




Glufose

Glucose transporter

FEEEEEEEE R R R e

—

Aerobic conditions
Warburg effect:
glycolysis is favoured

18x less efficient
ATP production

GLUT-1 upregulated

Glucose
Glucose-6-P -

Fructose-6-P

ructose-1,6-P,

v
reraldehyde-3-P
hosphofglycemte

v
PEP
N2

R

P) ruyv ate .........

l

Lactate

R R R L s s AR AR AR AR AR ARy A A A A A A AR AR AR a A AR AR ARz

/. Reprogrammed energy metabolism

Cancer Cells

Why? Hypothesis:
more building blocks
from glycolytic intermediates

Nucleotides

and
> >  amino acid

synthesis

Serine synthesis pathway

» Serine —

Glycolysis

(= Anaerobic conditions

even more p ronounce d Oxidative phosphorylation




H- 8. Evading immune destruction

e Both the innate and adaptive immune
system operate as a significant barrier to
tumour formation and progression

e Tumours have found ways to avoid this
immune barrier

Universiteit Antwerpen
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H— The immune system and cancer

INNATE IMMUNITY
(napid response) ADAPTIVE IMMUNITY

(slow response)

N\acr&phage B Cell

& (primary white blood cell) P
Natural < [17\23 _
Killer Cell oy T Cell h g Hthedles
R - S O
:} Dendritic cell #H A
Neutrophil Natural Killer /T Cell\
T Cell P
@ - @ Q
‘ i , CD4+  CD8+
Fosinophil - % TCell  TCell
asophil
Thi Cytotoxic
Th2  T-cells

Universiteit Antwerpen
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U- Cancer immunoediting

" . T INtnnsic tumor suppression
Danger Iy (senescence, repair. and/or apoptosis)

Transformed ,, sgnais antigens
cells

Normal

NKR /—'\‘ b
_ tissue

O DO ” (90)
e o B s : Carcinogens { '
( > o Radiation (o ° ‘)
€ : A Viral infections A" 1y (0 Normai ced
Ty Chronic inflammation ‘ - =
Highly immunogenic
transformed call

Inherited genatic mutations

Elimination Equilibrium

. :I Poorty immunogenic

and immuncevasive
transformed cells

. SlL12
@
€ods  « IFNy IL-6, IL-10 =T~ TGF-p
2l . PD-L1 Galectin 1 T DO

Antigen loss

MHC loss

Down-regulation of

Tumor dormancy . :

Innate & | IFNy and editing @ antlgen presentatlon
adaptive IFNaf N"'F(?%%l?
immunity l#N1F2 Perforin CTLAS T .

, - \é@ £}M Expression of

. ) ! - : -
ng:{g ! ®P1 immune checkpoint

Y Tumor growth
o< =ik e molecules
Extrinsic tumor
1 suppression I

Cancer Immunoediting
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B— Immune checkpoint molecules

e Are important gatekeepers of T-cell function
- Prevent self-destruction
- Counteract excessive immune reaction

e Examples of inhibitory checkpoint molecules are
- CTLA-4: cytotoxic T-lymphocyte-associated protein 4
- PD-1: programmed death 1 receptor
- PD-L1 and PD-L2: ligands for the PD-1 receptor

e Tumours have co-opted these gatekeeping
mechanisms to allow immune escape

Universiteit Antwerpen
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Immune escape

PD1 PDL1/PDL2

Activation,
Proliferation,
Cytotoxicity

D8
Teell



Immune checkpoint blockade

PDL1/PDL2

Activation,
Proliferation,
Cytotoxicity

CD 8
Tcell



U- Monoclonal antibodies on the market

Active Company
substance

CTLA-4 Yervoy Ipilimumab 2011 2011

PD-1 Keytruda Pembrolizumab  MSD 2015 2014

PD-1 Opdivo Nivolumab BMS 2015 2015

PD-L1  Tecentriq Atezolizumab Roche 2017 2016

PD-L1  Bavencio Avelumab Merck 2017 2017
Serono

PD-L1  Imfinzi Durvalumab Astra - 2017
Zeneca

Universiteit Antwerpen
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H— Therapeutic use

e Yervoy® (CTLA-4)

- Melanoma: unresectable stage III and stage IV
in patients who have received prior therapy

o Keytruda® (PD-1)
- Advanced melanoma
- Advanced or metastatic NSCLC, expressing PD-L1

- Hodgkin lymphoma after failure of brentuximab
vedotin and autologous stem cell transplant

- Advanced or metatstatic urothelial cancer after
treatment with platinum chemotherapeutics

Universiteit Antwerpen
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H— Therapeutic use

e Opdivo® (PD-1)
- Advanced melanoma, alone or in combination with
Yervoy®

- Advanced or metastatic NSCLC that has previously
been treated with chemotherapy

- Hodgkin lymphoma after failure of brentuximab
vedotin and autologous stem cell transplant

- Advanced or metatstatic urothelial cancer after
treatment with platinum chemotherapeutics

- Advanced renal cell carcinoma in patients who have
been treated before

- squamous cell cancer of the head and neck
(SCCHN) where platinum chemotherapy has not
worked

Universiteit Antwerpen
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H— Therapeutic use

e Tecentrig® (PD-L1)

- Advanced or metastatic NSCLC that has
previously been treated with chemotherapy

- Advanced or metatstatic urothelial cancer after
treatment with platinum chemotherapeutics

e Bavencio® (PD-L1)

- Advanced Merkel cell carcinoma (MCC), a type
of skin cancer (rare disease)

e Imfinzi® (PD-L1)

- Advanced or metatstatic urothelial cancer after
treatment with platinum chemotherapeutics

Universiteit Antwerpen
Farmant 2017 41



0S (%)

Hv Opdivo® vs docetaxel in NSCLC

100 4,

80

60 -+

40

20 -

1-y OS rate = 24%

Sgquamous

Nivolumab Docetaxel
(n =135) (n = 137)

1-y OS rate = 42%

A 15%

Events, No. (%) 110 (81) 128 (93)
Median OS, 9.2 6.0
months (95% CI) | (7.3t0 12.6) | (5.1t0 7.3)
—— Nivolumab
Docetaxel

2-y OS rate = 23%

3 6 9

12 15 18 21

1
1 T

T T

24 27 30 33 36 3
Time (months)

0S (%)

100 4

80 -

60

40

20 -

Nonsquamous

Nivolumab Docetaxel
(n=292) (n = 280)

1-y OS rate = 39%

Events, No. (%) 228 (78) 247 (85)
Median OS, 12.2 9.5
months (95% Cl) | (9.7 to 15.1) | (8.1t0 10.7)
. - Nivolumab
1-y OS rate =51% Docatiiel

2-y OS rate = 29%

I
I T

12 15

1
18 21

24 2

Time (months)

30 33 36 39

Horn, L. et al. CheckMate 017 and CheckMate 057, J. Clin. Oncol. 2017, 35, 3924
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PFS (%)

Hv Opdivo® vs docetaxel in NSCLC

Sgquamous

100 Nivolumab | Docetaxel
(n =135) {n=137)
Events, No. (%) 109 (81) 123 (90)
80 Median PFS, 35 2.8
{ months (95% Cl} | (2.1t0 5.1) (2.1t0 3.5)
60 - \
Nivolumab
40 Docetaxel
1-y PFS = 21%
20 - , 2-y PFS = 16%
: A 14% '
y 1-y PFS =7% :
i :
: T T T

T T 1 T T

0 3 6 9 12 15 18 21
Time (months)

T

24 27 30 33 36 39

PFS (%)

Nonsquamous

100 Nivelumab Docetaxel
(n =292) {n =290)
Events, No. (%) 240 (82) 249 (86)
80 - Median PFS, 2.3 43
months (95% CI) | (2.2 to 3.4) (3.4104.9)
60 -
Nivolumab
40 - Docetaxel
1-y PFS = 19%
20 il 2 2= a/
v -y PFS = 12%
1A 10%
1.1-y PFS = 9% A'11%
T T : T T T T T T T T T
0 6 9 12 15 18 21 24 27 30 33 36 39

Time (months)

Horn, L. et al. CheckMate 017 and CheckMate 057, J. Clin. Oncol. 2017, 35, 3924
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Patients Who Survived (%)

H’ Combination of Opdivo® and Yervoy®

in advanced melanoma

90— “Q*»

80
70+
60
50+
40
30
20+
104

Nivolumab plus ipilimumab
AR Nivolumab

BEBRBEDO |pilimumab

0 | | | | | | | | | | | | | | | 1

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
Months

Wolchok, J.D. et al. CheckMate 067, New Eng. J. Med. 2017, 377, 1345
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Combination of Opdivo® and Yervoy®
in advanced melanoma

3 100-<:_3\
T 904 A,
= & |
§ 804 4
g 704 4
= d
T 604
9
§ 50—
E" 404 399 Nivolumab plus ipilimumab
';.- i LA, 0 i Nivolumab
= 204
ﬂ T o o e
5 10+ > o000 Fpap—-0-0—e®® |Ipilimumab
6_‘ O | | | | | | | | | | | | | | |
0 3 6 9 12 15 18 21 24 7474 30 33 36 39 42 45

Months

Wolchok, J.D. et al. CheckMate 067, New Eng. J. Med. 2017, 377, 1345
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H— Immune-related adverse events

Hypohysitis
\_ Uveitis and . .
Dry mouth orbital inflammation e Pneumonitis, colitis,
\ hepatitis, nephritits,
i %3 Pneumonitis hypothSItIS, rash
Fypothyroldism —1 (3 St e Up to several months
‘g < o after the last
' Adrenal insufficiency .. .
O administration

Hepatitis

e Requires close follow-up
by organ specialists

e (Can be treated with

Rash and vitiligo Enterocolitis

\ glucocorticoids, but this
Pancreatitis and - ..
auto-immune diabetes %\ Can_ diminish the

‘ [ Arthralgia antitumour response

\

[
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& Future: first CAR-T cell immunotherapy
approved, August 30, 2017

A chimeric antigen receptor (CAR) expressed on T cells recognizes
CD-19 on B-cells (MHC-independent), which leads toT cell
proliferation cytokine production, CTL function and tumour lysis

MHC-independent
CD19 antigen engagement

and induction of signalling

7 o,
o] - \
X 5
A 3] ’
' - » ‘
- \ scFv
y v y;
- # & scFv
rd N < I

CD28
or

4-1BB (CD137)
4-1BB

‘[‘ \003 zeta
'.\1 b .? g ‘..

4

- kl iferation, i

cytokine production, \
CTL function,
tumor lysis

TCR complex
[\ A "\

N\
CD3

I

__::::.—:........._._-_:__

+ co-stimulatory
signal unit

CARs are hybrid proteins consisting of an extracelluar single chain fragment
of variable region (scFv) fused to co-stimulatory signaling domains CD28 or
4-1BB (CD137), coupled with CD3( to mediate T-cell activation.
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T cells

4. Preparing the patient. The patient gets chemotherapy
to kill some white blood cells and help the

body accept the modified T cells. 3

3. Expansion. The
modified T cells are
multiplied over three
weeks, frozen, and shipped
back to the hospital.

5. Infusion. L\

The modified i T

T cells are T P

dripped back

into the

patient’s vein N @%@%
{ oS BOL!

\\ ‘ ™ Tcells f}/}@
[T]

.
\ Viral Vector
6. Attackin {:}
e nng 1. Blood filtering. At a 2 Reprogrammmg g

cancer. The ; S =
T cells home in hospital, the patient’s immune Novartis genetically programs =
on and attack B cells, system T cells are extracted from the _T ce_IIs to recognize a '
eradicating the cancer. the blood, frozen, and shipped to distinctive marker on B cells, v’

Novartis’ plant in Morris which turn malignant in leukemia. Tcell
Plains, N.J.

T e aaa HOW T=cell therapy attacks cancer



H’ Kymriah® (Tisagenlecleucel)
Novartis

e Approved for patients up to 25 years of age
with B-cell precursor acute lymphoblastic
leukemia (ALL) that is refractory or in second
or later relapse

e Relapsed patients have a poor prognosis

e 63 patients: overall remission rate at 3
months = 83%

e Adverse events

- Cytokine release syndrome 79%
- Transient neurological events 65%
- Infections 59%
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U’ Future: oncolytic viruses,
dendritic cell vaccines
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A. Oncolytic Viruses B. Dendritic Cell Vaccines

Kamta, J. et al. Frontiers in Oncology, 2017, 7, 64
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U' Future: Bispecific T cell Engagers
(BIiTE)

Tumor Cell
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Part 2

DRUGS TO TREAT
HEPATITIS C INFECTIONS
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U- Content

e Hepatitis C introduction

e HCV: viral cycle and targets
- NS3/4A
- NS5A
- NS5B

e HCV direct-acting antivirals
e Sofosbuvir
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Different human pathogenic virusses
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De Clercg, E. et al. Clinical Microbiology Reviews, 2016, 29, 695



RNA virus
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H- Flaviviridae

Virus Family | Genus ____|Species

West Nile
Yellow fever

Dengue
Flaviviruses Japanese encephalitis disease
Flaviviridae Tick-borne encephalitis

St. Louis encephalitis
Zika
Hepaciviruses Hepatitis C
Pestiviruses Bovine viral diarrhea
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B- Hepatitis C

e A liver diseases caused by the Hepatitis C virus
(HCV)

e A bloodborne virus
e Most common mode of infections through
exporsure to small quantities of infected blood
- injection drug use
- unsafe injection practices
- unsafe health care
- transfusion of unscreened blood and blood products
- Mother-to-child: 4-8% of births
- Sexual transmission: infrequent
e Acute or chronic hepatitis
- mild illness lasting a few weeks
- serious, lifelong illness
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U’ Natural history of an
untreated HCV infection

After 20 years

Chronic
HCV infection infection
(55-85%)

Mild Moderate to Cirrhosis Decompensated
fibrosis severe fibrosis (15-30%) cirrhosis

Hepatocellular
carcinoma
(2-4% per year
in cirrhosis)

Spontaneous
resolution
(15-45%)

WHO, Guidelines HCV, April 2016
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Global incidence of HCV

P Europe 14 million
P brevalence 1.5%

.........................

Prevalence of
HCV-specific antibodies

B High: >3.5%

@ Moderate: 1.5~3.5%
@ Low: <1.5% i
@ Not applicable

PN \\/orid 71 million living with chronic HCV
B {1 75 million new infections in 2015

WHO, Global Hepatitis Report, 2017
Thomas, D.L. et al. Nature Medicine, 2013, 19, 850
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Uv Global distribution of HCV genotypes
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WHO, Guidelines HCV, April 2016

Universiteit Antwerpen
Farmant 2017 61



H— Global annual mortality
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H- Screening, diagnosis, prevention

e Acute infections is usually asymptomatic

e Undiagnosed for decades until symptoms due
to serious liver damage develop

e Prevention
- No vaccine for HCV
- Hand hygiene

- Safe and appropriate handling of needles and
injections

- Testing of donated blood
- Use of condoms
- Training of health care personnel
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H- HCV treatment before 2010
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Development of therapy for chronic hepatitis C is a story of

success. Sustained virological response rates have been improved from
approximately 5% with interferon (IFN) monotherapy in the early
1990s to >60% with the optimised standard therapy of pegylated IFN
(PEG-IFN) and ribavirin in 2006.

Manns, M.P. et al. Gut, 2006, 55, 1350
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H’ Treatment recommendations for
patients with chronic HCV (2006)

HCYV genotype Duration (weeks) PEG-IFN dose (1x/week s¢) Ribavirin dose (daily orally)

Genotype 1 48 180 pg PEG-IFN alpha-2a 1000 mg (<75 kg)
Genotypes 4-6* 1200 mg (=75 kg)
1.5 pg/kg PEG-IFN alpha-2b 800 mg (<65 kg)
1000 mg (65-85 kg)
1200 mg (>85 kg)
Genotypes 2/3 24 180 pg PEG-IFN alpha-2a 800 mg (all)
1.5 pg/kg PEG-IFN alpha-2b 800 mg (<65 kg)
1000 mg (65-85 kg)
1200 mg (>85 kg)

Manns, M.P. et al. Gut, 2006, 55, 1350
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Uv Content

e Hepatitis C introduction

e HCV: viral cycle and targets
- NS3/4A
- NS5A
- NS5B

e HCV direct-acting antivirals
e Sofosbuvir
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HCV viral cycle
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HCV targets
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Uv Content

e Hepatitis C introduction

e HCV: viral cycle and targets
- NS3/4A
- NS5A
- NS5B

e HCV direct-acting antivirals
e Sofosbuvir
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> Direct-acting antivirals

e May 2011
e First direct-acting antivirals were approved

e Incivo® (telaprevir), Janssen
- Withdrawn in 2016

e Victrelis® (boceprevir), MSD
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HCV direct-acting antivirals

Active Company
substance

NS5B Sovaldi Sofosbuvir Gilead 2014 2013
NS5B Exviera Dasabuvir AbbVie 2015 -
NS5A Daklinza Daclatasvir BMS 2014 2015
NS5A Harvoni Ledipasvir Gilead 2014 2014
(+sofosbuvir)
NS5A Epclusa Velpatasvir Gilead 2016 2016
(+sofosbuvir)
NS3/4A Olysio Simeprevir Janssen 2014 2013
NS5A Ombitasvir
Viekirax _ AbbVie 2015 2015
NS3/4A Paritaprevir
NS5A Elbasvir
Zepatier _ MSD 2016 2016
NS3/4A Grazoprevir
NS3/4A Vosevi Voxilaprevir Gilead 2017 2017

(+sofosbuvir,
+velpatasvir)

NS5A Pibrentasvir

Maviret _ AbbVie 2017 2017
NS3/4A Glecaprevir



> NS3/4A inhibitors
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NS3/4A inhibitors
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‘j NS5B inhibitors
A RNA-dependent RNA polymerase (RdRp)

@)
O\ ; 98;: @) //\f
( O om ™
f\ | OO s~
0 N’J*o NS
H _ H O _
Dasabuvir @ Sofosbuvir

Non-nucleoside inhibitor Nucleotide inhibitor of NS5B RdRp

Targets the active site, which is
highly conserved

« Effective against all genotypes
« Less development of resistance
« Triphosphate is the active form
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Uv Content

e Hepatitis C introduction

e HCV: viral cycle and targets
- NS3/4A
- NS5A
- NS5B

e HCV direct-acting antivirals
o Sofosbuvir
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Sofosbuvir is a prodrug targeting the liver
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& The triphosphate inhibits HCV NS5B RdRp
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Treatment results with Vosevi®

Sofosbuvir 400 mg, Velpatasvir 100 mg, Voxilaprevir 100 mg

Genotype 1, 2, 3, 4, 5, or 6 Patients

12 Weeks of Treatment
Genotype Dosing Cure Rates?
1 97%
2 100%
4 One Pill per Day 91%
With Food
5 100%
6 100%
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