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Kuotwn lvwan — H guxvotepn kAnpovopoupevn
YEVETIKNA VOO0 atou¢ Kaukaotoug

* [epimou 80.000 nacyovteg Naykoopiwc?!
* H&wapeon enBiwon to 2015 rtav nepinou 41.6 xpovia?

*  Hvooo0g gival MOAU-cUCTNUATLKA Kal KAWVIKEG ekdNAwoeLg epdavilovtal and oAa ta opyava’

Pwikol moAumodeg,
Hratwkn ivwon, evioniopévn

A SLaxutn XOALKN Kippwon

TIAPOPPLVOKOATUTIOEG
Bpoyxtkn Stamunon,
Sus Bpoyxektaoleg,EKMTWon TNG

OVATIVEUOTLKAG AELTOUpylag

MayKPEATLKN AVETIAPKELA KL
Sducamnoppodnon

AvemnadpkeLla evookpLvoUg poipag —
Zakxapwdng AtapnAtng

AbU&non xAwpiou otov WopwTta

Liver 4
EW\ebg AemtoU eviépou,

SUOKOLOTNTA, AVETIAPKAG TIPOCANPIN Fancreas
Bdpoug

ITelpOTNTA, apdOTEPOTAEUPN
QYEVEGCLO TWV OTIEPUATLIKWV
nopwvCBAVD) otoug Avépeg

Gastrointessnal Reprocuctive

ract

1. Cutting GR. Nat Rev Genet. 2015;16(1):45-56; 2. Cystic Fibrosis Foundation (CFF) Patient Registry. 2015 Annual Data Report. Bethesda, MD: CFF, 2016;
3. O’Sullivan BP & Freedman SD. Lancet. 2009;373(9678):1891-904.



H vO0o0¢ KANPOVOUELTAL HE AUTOCWHILKO
UTtOAELITOMEVO TPOTO

Inheritance of Cystic Fibrosis

Parents
-~ " | " |
' CFgene Father
a carrier of CF gene a carrier !CFgene
Children
rﬁ] IIP rw w

Child
healthy a carrier of CF gene a carrier of CF gene with Cystic Fibrosis



H xuotikn ivwon eivat povo-yovidiakn vacog

Xpwuodowpa 7q31

CFTR

(Cystic Fibrosis Transmembrane
condiictance Regulator)

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

CHROMOSOME 7

>2000
HETAAAAEELC
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Cause of Cystic Fibrosis (CF)

 The "CFTR” gene is mutated
—3 base pairs are deleted

* Mutant protein is missing an amino acid
and cannot fold correctly
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CFTR OPEN

CFTR CLOSED

Cell membrane




@uaroloykn Asttovpyia CFTR
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http://www.cfgenetherapy.org.uk/cysticfibr
osis/article/What_causes_Cystic_Fibrosis

Cl- transport across apical epithelial
Low Na+ transport into cells via ENaC.



NaBoAoywn Asttovpyia CFTR

Na+
. Nae Na®  Nae Nas
Na+ i Na+ Na+
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; o Cl- export via X
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http://www.cfgenetherapy.org.uk/cysticfibr
osis/article/What_causes_Cystic_Fibrosis



1. Loo MA, et al. EMBO J. 1998;17(23):6879-87; 2. Cant N, et al. Int J Biochem Cell Biol. 2014;52:15-25; 3. Derichs N, et al. Eur Respir Rev. 2013;22(127):58-65;
4. Lommatzsch ST & Aris R. Semin Respir Crit Care Med. 2009;30:531-8; 5. Lukacs GL & Durie PR. N Eng J Med. 2003;349(15):1401-4;
6. Rowe SM, et al. N Engl J Med. 2005;352(19):1992-2001; 7. MacDonald KD, et al. Paediatr Drugs. 2007;9(1):1-10.
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@uaoloyia tou kavaAiov CFTR

‘Ekdpoaon npwTteivng otnv —
emLPAVELX TWV ETULONALOKWV
Kuttapwv (Expression)

Mestadopa n —]
dwakivnon tng
npwteivng (Trafficing)

Metadpaon kot emefepyaoio tng —
npwteivng (Translation & Processing)

Metaypadn yovidiov —

(Trancription)

Membiane

H CFTR Asttoupyet wg
KOVAAL LOVTWVY 0TV
ETULPAVELN TWV
EMONALOKWY KUTTAPWV

H petadopd tng CFTR givan evéoyevwg avanoteAeopatikn agol povo to 25-30% thg MPwTEivng
$OaveL otnv enipAveLD TWV EMONALAKWV KUTTAPWVL2



Awonafoyévela ¢ Kuotiking ivwong — AugAettoupyia tng

npwrteivng CFTR

To CFTR yovidio kwdikomolei pia mpwteivn — tnv CFTR npwteivn

Tou eival Stapepfpavikd KavaAl LOVIWV

DNA

Xpwpoowpa 7

Kottapol

Muprivag

Ot petaAAagelg oto yovidio tng CFTR
o6nyouv o€ HELWUEVN TTOCOTNTA 1)
AELTOUPYIKOTNTA TNG MPWTEIVNG OTNV
eMLPAVELD TWV EMONALAKWY
KUTTAPWV

AuTo odnyel og maboloykn
HETAPOPA LOVIWV OTOUG MVEU LOVEG,
1o MEX cuoTtnua, To MAYKPEQCG, TO
S€pUa Kal TO avarmapaywyLko
oUOTNUA KaL TLG KALVIKEG EKONAWOELG
e Kl

Defective CFTR protein
[Moogotnta AEeLToUpyLKOTNTA

YuvoAwn dpaoTtikotnta CFTR

1. Rowe SM et al. N Engl ] Med 2005;352:1992-2001; 2. MacDonald KD et al. Paediafr®Drugs 2007;9:1-10



BAsvvokpocoowtn kabapon
H onuagcia ¢ £Uypavaonc twv aspaywywv

Normal
mucociliary transport

Ratjen F NEJM 2006



Adudatwan tn¢ emdpavelakng ocrofadag
Twv agpaywywv otnv Ki

Cystic fibrosis
mucociliary transport
_—

Ratjen F NEJM 2006




H CFTR puBpuilet tnv Asttoupyia kot @dAAwv kavaAtwv
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Ratjen F et al., Nat Rev Dis Prim 2015



Bicarbonate and Mucus Secretion

A Normal Mucin Discharge with Bicarbonate

p Cation Shielding /

Divalent bridging

Condensed Mucin Granule

Intracellular

Extracellular HCO4" HCO4"

Ca?*+ HCO;~ =

H*+ HCO,™ = H,CO, CaHCO,* + CaCO,

Electrostatic Repulsion

B Defective Mucin Discharge without Bicarbonate :
Failed HCO4~ Secretion in CF

Condensed Mucin Granule

Cation Shielding /
Divalent bridging

Intracellular

Extracellular

Incomplete Electrostatic Repulsion / Residual Ca?+ Bridging

&
Quinton P. Am J Physiol 2010




NaBoduarodoyia Nveupovikig vocou

Defective Decreased water in Progressive loss of
CFTR protein ASL thick mucus Bronchiectasis Scarring lung function
Two defective Abnormal CI= permeability Mucus obstruction Inflammation Bacterial infection
CF genes Altered ionic transport

0 ~9 ;’"4'




IHaBo@uacroroyia IIveopovikig voaov

[TaBoAoyikd yovidio CFTR

v

Alatapaxn METAPOPAGS IOVTWYV

\

ApudATWON ETTIPAVEIAKIC OTOIBADdAC AEPAYWYWV

v

Alatapaxn BAevvo-KpooowWTAS KABapong

v

ATTOQpacn atro BAEvvn

£ N

Aoipwgn CD)\aypovr]




Awayvwotika kpteypa Ki

Mia 1 MepLocOTEPEC KAWVLKEC EKONAWOELC
N
lotopko Kl og adeAdo

N
OETLKOC VEOYVLKOC QVLXVEUTLKOC EAeyxoc (IRT)

+

Avo ntaBoloyika test Wopwta
N
AveUpeon U0 petalatswyv Kl

Rosenstein BJ, et al. J Pediatr. 1998



Aoxipaoia YAwPLouxwv Wpwta

e Cl:

>60 mmol/L

e CI7: 30-59 mmol/L

o Cl:

<30 mmol/L

Mo®oAoyLko

AudiBolo

QuaoLoAoyiko

New CF guidelines. J Pediatr. 2017



Awadyvwaon TNV evnAkiwaen

Atunec popdec kuatikng ivwong ) CFTR related disorders

e Yriotportalouoecg mapapPLVOKOATITIOEC
* NOLUWEELC KATWTEPOU AVATIVEUOTLKOU

* Yrotpormtal{ouOoEeC TTAYKPEATITIOEC

e AmodpakTikn alwooTepuia

A@opouv auvniwc aodeveic ue Atyotepo aobapéec

uetaddaéeic




KAdoelg Twv peETAANAEEWV TNC
CFTR

>2000 mutations identified

Class|  Defective synthesis
Class Il  Defective processing
Class lll  Defective regulation

Class IV Defective conductance
ClassV  Reduced quantity

Class VI Increased turnover

Rowe SM et al., NEJM 2005
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wt-CFTR I [ Il v v Vi

Less

Defecttypes ~ No protein No traffic No function Kinofion Less protein  Less stable
G85E
; G542X V520F R17H A455E
apaton — Rosax o SR RIMW  1680886A56 )
P W1282X G551D S1235R 2657+5G>A
N1303K
Pagied Rescue Correct Restore Restore Maturation / Promote
i e protein protein channel channel Correct protein

approaches

synthesis folding conductance  conductance misplicing stability



O pETAAAQEELC LELWVOUV TNV OCOTNTA KOt
Vv Aswtovpykotnta twv CFTR kavaAiwv

OL 8uadopec petaAdaserc mpokaAouv SuoAsttovpyia Twv KavaAiwyv CFTR 1-3

®uotodoyikn rocotnTa MOZOTHTA AEITOYPTIA
& Ae ttoupyla CFTR O aplOpdg twv CFTR kavaAlwyv givat H Aettoupykdtnta twv CFTR kavaAwwv givat
MELWHEVOG MELWHEVN

KavaAia Mepwn CFTR
CFTR SpaotikotTnTa

F508del 3849+10kbC>T

Kuttapiki I6vta Cl G542X

HEUBpavn
Ot petaAAdéelg odnyouv os neplocotepa ano £va eAAeippata otnv Asttoupyia tng CFTR npwrteivng.
1. Zielenski J. Respiration 2000;67(2):117-133.

2. Welsh et al. Cystic fibrosis. In: Valle et al, eds. OMMBID. The McGraw-Hill Companies Inc; 2004:part 21, chap 201.
3. Van Goor F et al. Proc Natl Acad Sci U S A. 2011;108(46):18843-18848.



Na@oduorodoyia CFTR pstaldatswv

MNoootnta CFTR Aewtovpywkotnta CFTR

O apBuoc twv CFTR
KQVOaALwV otV Channel Open Aywylpotnta Twv
eMLdAVELD TWV Probability KaVOaALwY
ETUONALOKWY KUTTAPWV

MetaAAdéelc mou petwvouyv tnv MOZOTHTA MeTaAAAEELC TTOU HELWVOUV TNV
TwV Asttoupylkwv CFTR kavaAlwv otnv AEITOYPIIKOTHTA twv CFTR kavaAlwv otnv
EMLPAVELA TWV KUTTAPWV ETMLPAVELA TWV KUTTAPWV

) - " g

1. Derichs N. Eur Respir Rev 2013;22:58-65 26



Tu kaBopilel tnv “ZuvoAwkn CFTR
Apaoctikotnta’’?

CFTR
Quantity

Number of CFTR
Channels in the
Apical Surface

* Synthesis

* Processing

* Splicing
Surface stability

Channel Open
Probability

* Gating

CFTR
Function

Channel
Conductance

Conductance

Total CFTR

Activity

Total lon Transport

Equation adapted from
Sheppard DN et al. 1993

1. MacDonald KD et al. Paediatr Drugs 2007;9:1-10; 2. Lommatzsch ST & Aris R. Semin Respir Crit Care Med 2009;30:531—-8; 3. Rogan MP et al.
Chest 2011;139:1480-90; 4. Derichs N. Eur Respir Rev 2013;22:58-65; 5. Sheppard DN et al. Nature 1993;362:160-4; 6. Welsh MJ & Smith AE.
Cell 1993;73:1251-4; 7. Zielenski J. Respiration 2000;67:117-33; 8. Rowe SM et al. N Engl J Med 2005;352:1992-2001; 9. Castellani C. J Cyst Fibros
2008;7:179-96; 10. Boyle MP & De Boeck K. Lancet Respir Med 2013;1:158-63 27



Enineda Asttouvpywotnrag CFTR < 10% oxetilovran pe
KAQOOKES EKONAWOCELG KUGTIKIG ivaang

*  Enineda £10% tng puotoroyiknc CFTR dpaotikdtnTag elval to 6plo yla tnv ekdnAwon
KAQLOGIKWV CUMTTTWHATWV Kl amo nmvelpoveg, maykpeag Kat tdpwtomnolol adévect

ExkdnAwoeig Kl ano diadopa opyava kat cuoxétion pe CFTR Asttovpyikdtnra?

Tissue affected CFTR activity
100% (WT protein 9T/9T)

Unaffected 50% (normal protein, CF carrier)

10% (WT protein, 5T/5T)
5% (WT protein/5-95% inactive mutant)
4.5% (60% CFTR with 15% activity, R117H, 7T)

Vans deferens

4% (A455E/severe mutant)
1% (10% CFTR with 15% activity, R117H, 5T)

Sweat duct/airway

<1% (G551D, AF508)

Pancreas

Adapted from Davis PB, et al.?

CBAVD, congenital bilateral absence of the vas deferens.
1. Sosnay PR, et al. Nat Genet. 2013;45(10):1160-7; 2. Davis PB, et al. Am J Respir Crit Care Med.1996,154(5);1229-56.




H tadwounon twv petalAagewv £xel
MEPLOPLOUOUC

e Used extensively to predict the effects of CFTR mutations on CFTR activity and
clinical phenotype!

R117H-CFTR F508del-CFTR E831X-CFTR

Classic classification  IV: Low conductance [I: Processing/trafficking I: Stop codon
defect No synthesis
Other classification [1I: Defective gating? VI: Low surface stability3 V: Alternate splicing

yields some transcripts*

Class IV mutations result Class Il mutations result in different amounts
in different degrees of conductance? of fully processed protein®
*
100 & 100

S 80 5 20

2 60 S 60

2 @

o 40 g 40

_ - _

0 0 [ |

R117H R347P R334W P67L A455F F508del

However some mutations produce defects that fall into
more than one class

C, fully glycosylated protein (C-band); B, partially glycosylated protein (B-band).
1. Welsh MJ & Smith AE. Cell. 1993;73(7):1251-4; 2. Sheppard DN, et al. Nature. 1993;362(6416):160-4; 3.Gentzsch M, et al. Mol Biol Cell. 2004;15(6):2684-96;
4. Hinzpeter A, et al. PLoS Genet. 2010;6(10):e1001153; 5. Sosnay PR, et al. Nat Genet. 2013;45(10)1160-7.
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Muwa CFTR pet@AAagn umopei va eurtintet
O€ MEPLOCOTEPEC QMO Uia KAQOELC

S492F

AF508
N1303K

P67L

W1282X

(G551D
G178R
S549N
G5518
G1244E
S1251N

S1255P
| G1349D

—

Q1411X

Adapted from Veit G, et al. Mol Biol Cell. 2016;27(3):424-33.
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Zuxvotnta twv CFTR petaAAaéswv ot
Hvwpéveg NoAteieg

Ao niepirrou 30,000 aocdeveic ue Kl mou eyouv kataypapei oto US

Patient Registry
Percent of People
With CFe
Heterozygous F508del 86.4
F508del

40% G524X 4.6
G551D 4.4

R117H 2.8

Homozygous
F508del N1303K 2.5
(0]
s W1282X 2.3

3Includes patients with 1 or 2 copies of the mutation.
Cystic Fibrosis Foundation (CFF) Patient Registry. 2013 Annual Data Report to the Center Directors. Bethesda, MD: CFF; 2014.



CFTR yovérutrol atnv Evpwrrn (%)

m F508del/F508del
m F508del/Other
W Other/Other

CFTR yovétutrol atnv EAAGda (%)

m F508del/F508del
m F50del/Other
W Other/Other

Epyaotriplo latpikig Mevetikig - EKMNA



Zuxvotnra CFTR MetaAAagewv (%)-

W G542X

/

W E822X

m N1303K
m 2183AA>G

O1 64 110 KOIVEG METOAAGEEIG TTOU aviXveUovTal oTov EAANVIKS

TTANBUO NS atrd ouvoAo 135 peTaAAGEEWY. 2TO ypAPnUa

TTapoucialovral ol NETOAAGEEIG e ouxvoTnTa 0.1% | HEYAAUTEPN.

W G85E

W 3272-26A>G
W R334W

W R1158X

m R1070Q
mW1282X
mR117C
mD110H

m W496X

W 574delA

W 621+3A>G
m3120+1G>A
W S466X

W 1525-1G>A
m711+3A>G
mL137P

m D110E

|%‘ |
9 ﬁ Epyaotriplo latpikig Mevetikig - EKMNA



Patients homozygous for F508del CFTR
mutation'™

CF-causing mutation CF-causing mutation
(e.g. F508del) > (e.g. F508del)

v

Allele 1 Allele 2

Little to no
4 total CFTR activity

Clinical phenotype: CF disease

Elevated sweat chloride
Multiple chronic lung infections
Low forced expiratory volume test (FEV%)
Dyspnoea and sinusitis
Pancreatic insufficiency
\ Distal intestinal obstructive syndrome )

In addition to CFTR genotype, phenotype is also influenced by non-CFTR modifier genes
and environmental factors

1. Boyle MP & De Boeck K. Lancet Respir Med. 2013;1(2):158-63; 2. Griesenbach U, et al. Thorax. 1999;54(Suppl. 2):519-23;
3. Wilschanski M & Durie PR. Gut. 2007;56(8):1153-63; 4. Castellani C. J Cyst Fibros. 2008;7(3):179-96.



H uetaAAaén F508del emnpealel
SUoHEVWC TNV KAWVIKN OPELQ TNC VOGOV

e Xapaktnpiletal amno:
— TayUTEPN EKMTWON TNG AVOTTVEVOTLKNAG AEltoupyiog (mtwon
FEV1)
—Y{PnAn ocuxvotnta amnowkopol anod Pseudomonas aeruginosa

— YYPnAn cuxvotnta MOyKPEATLKNAC LVETIAPKELOC CUYKPLTIKA LLE TO
oUvoAo Twv acBevwv pe Kl

1. McKone EF, et al. Lancet. 2003;7(9370):288-96; 2. Common CFTR Mutations. F508del homozygous. Available from:
http://www.cftrscience.com/sites/all/themes/cftrscience/images/pages/section-4/CFTR_Mutation_Deck_F508del.pdf. Last accessed April 2018;
3. Boyle MP & De Boeck K. Lancet Respir Med. 2013;1(2):158-63; 4. Griesenbach U, et al. Thorax 1999;54(Suppl. 2):519-23;

5. Wilschanski M & Durie PR. Gut. 2007;56(8):1153-63; 6. Castellani C. J Cyst Fibros. 2008;7(3):179-96.



H uetaAAaén F508del emnpealet
duaopevwe tnv emBiwon

* Estimated median survival according to the status of the F508del mutation using data from the US
Cystic Fibrosis Foundation Patient Registry (CFFPR)

Predicted median survival according to F508del status in the US

2 copies of F508del mutation 37 (35-39) 35 (33-38) 39 (37-41)
1 copy of F508del mutation 40 (39-42) 38 (36—41) 42 (39-45)
No F508del mutation 46 (41-53) 44 (38-57) 49 (40-70)

*  Overall survival of patients with F508del was worse compared with patients without
*  Compared with patients homozygous for F508del mutation, those with:
— 1 copy of the mutation had 14% (Cl: 7-20%) lower adjusted risk for death
— No copies had 25% (Cl: 15—-34%) lower adjusted risk for death
*  Adjusted hazard ratio (HR) for 10-year change in calendar year (2000—-2010) was 0.83 (Cl: 0.75-0.93)

— Equatesto a 17% reduction in mortality for the decade or a 1.8% reduction per year

aAssuming current age-specific mortality rates for a cohort born in 2010.
Cl, confidence interval.
MacKenzie T, et al. Ann Intern Med. 2014;161(4):233-41.



Ow agOeveic pe Kl epdpavilovv etiola EKnTwon
otov FEV, ave§aptnta amnoé tov yovaotumno

— a
100 - Slope =-0.30 F508del
95 - RF all
- =_030b .
90 - Slope =—-0.80 Slope =-0.30 RF excluding R117H
85 - Slope =-1.32 Slope =-1.38°
m Slope =-0.57°
& 80 1 P
>‘_| 75 | \
Slope =-1.85 =— b
L 70 - Slope = —2.37 P Slope =~0.94
2 65 -
o \,: Slope =-1.06°
55 + Slope =-2.52 \
50 A Slope =-1.86
0 1 2 0 1 2 0 1 2 0 1 2
Age group 6-12 13-17 18-24 225
Year following end of baseline
F508del 4244 2195 2628 2849
RF all 313 177 208 544
RF excluding R117H 193 131 165 400

* AoBeveig pe Kl kat urtoAetppatiki Aettoupyia CFTR gpdavilouv taxUTePN EKMTTWON TNC AVATIVEUOTLKNG
Aettoupylag 1o O Lo CUYKPLTIKA pe a.oBeveic tou dépouv TNV F508del ustaAiaén
— Ot evnAikeg aoBeveic pe umoAeppatikn Asttoupyia CFTR epdavilouv opolo pubuo ékmtwong ppFEV1 pe F508del
ouoluyouc¢ ao¥eveic
*  Metal\aéelc mou Sev meplhapBavouv tnv R117H Seixvouv pia otaBepn Taon yla TaxUTEPN EKMTWON TNG
OVOTIVEUOTLKA G AELTOUPYLOC CUYKPLTIKA PE HETAAAAEELC TToU ephapBavouv tnv R117H

2p<0.05 vs F508del; ®p<0.001 vs F508del.
Each data point represents a study year. Bars represent standard errors. Intercept and slopes not adjusted for age.
Sawicki GS, et al. American Thoracic Society 2017 International Conference, May 19-24, 2017, Washington, DC. Poster A4847.



ZUQXETLOT TOU YOVOTUTIOU UE TNV

Ovnrotnta

Lung Function
Classification

CFTR Mutation
Functional Class

Alleles

High risk for early lung
function decline

Class | -l

G542X, R553X, W128X,
R1162X, 621-1G>T,
1717-1G-3A, 1078AT,
3659AC, F508del,
1507del, N1303K,
S549N, G85E, R560T,
G551D

R117H, R334W, R347P,
3849+10KbC—=T,
2789+5g—>A, A455E

o
c. ] ey —]
-— Bt
Lower risk for early lung | Class IV-V
To) function decline
M~ ¥y
o
o
I..q —
o
Lo
c\! —
o :
Genotype Classification
Lower risk  ————- High risk .~
L
Bl [ Unclassified ‘ ~47 yrs ——
l':;! -
o T I | | | | | | T
1 9 17 25 33 41 49 57 65

Age at Death or Discontinuation (years)

Adapted from McKone EF, et al. J Cyst Fibros. 2015;14(5):580-6.




Number of Children and Adults with CF, 1986-2013

Number of Patients

30,000

25,000

3
g

g

g

g

0

CF: A Changing Population

" Adults 18 Years and Older
¥ Children Under 18 Years

B4 B7 BB B9 90 91 92 93 94 95 96 97 98

99 00 01 02 03 04 05 06 O7 08 09 10 11 12 13

Year

People with CF age
18 years or older

A A
18
or older

1986 2013

292% 49.7%




Improved Survival with Treatment Innovation

Incremental Modest Benefits A

Advances in therapy have been incremental Medicine for CF
« Individual benefit is modest but cumulative

ivacaftor

- Colobreathe
e NN o7 T

- Azithromycin
Inhaled Tobramycm
- rhDNase

antipseudomonal antibiotics
antistaphylococcal antibiotics
Airway clearance




Ow acOseveic pe Kl epdavilouv ékttwon ¢
QVATIVEVOTIKNC ASLTOUpYLaC O€ VEQPN) NAWKIa

Data from the Cystic Fibrosis Foundation Database, 2012
(N=27,804)

100 -

90

80

70

60

50

Median FEV, percent predicted of normal

40
6 8 10 12 14 16 18 20 22 24 26 28 30

Age (years)

H xVpla attia Ovnratnrag otnv Kl givatl n avanveuotikiy avenapkela

FEV,, forced expiratory volume in 1 second.
Cystic Fibrosis Foundation (CFF) Patient Registry. 2012 Annual Data Report; Bethesda, MD. CFF; 2013.



Ztoyol tn¢ fepareiac otnv Ki

— AwaTtpnon tTng MVEULOVLKAC Asttoupylac?

— Meilwon twv noapoflvoswv?3

— BeAtlwon Bpemntikng kataotaong (BMI)L4

— [Meploplopog tou Kwvduvou dtapoAuvvonct

— 'Eykatlpn S1ayvwon Kol AVTIMETWIILON TWV ETUTAOKWV 1

— 'EyKapn TaPATTOUTT VLA TIPO-UETAUUOOXEVUTLKO EAEYXO Kal ppovtida
Tou aoBevouc oTo TeALKO otaddlo tng vooou?

— MNpooPBaon os véeg Bepameiec?

1. Cystic Fibrosis Foundation (CFF) 2012 Annual Data Report. CFF; Bethesda, MD; 2013.
2. Flume PA et al. Am J Resp Care Med. 2009; 180:802-808.

3. Bhatt JM. Eur Respir Rev. 2013;22(129):205-16.

4, Stallings VA et al. J Am Diet Assoc. 2008;108(5):832-839.



‘MoAurAokotnta’* twv Oepanelwv

Dietary &
vitamin
supplements
Pancreatic
enzyme
replacement

Chest
physiotherapy

Dail dical / High . Respirat

aily medica - ‘ espiratory

treatments , Treatment medications
Burden /

Bregnballe, et al. Patient Prefer Adherence. 2011;5:507-15. Sawicki, et al. Pediatr Pulmonol.
2012;47(6):523-33.



KaOnuepivec OspameuTikeC MOPEUBACGELG YLOL TOUC
EVAALKEC

Median Number of Therapies Median Number of Minutes

(Total = 108)
Inhaled J 1
Exercise _
Nebulized - 2 29 Nebzlllzed
ora |

Airway
Clearance

29

Sawicki, et al. J Cyst Fibros. 2009;8(2):91-6.




To xapnAo BMI oxetiletan pe xapnio
FEV, atv K

Median ppFEV, vs. median BMI percentile in
patients aged 6 to 19 years

100

FEV, percent predicted

Goal: 50th percentile —» — Men
—— Women

60

<5 10-14 20-24 30-24 40-4450-54 60-64 70-74 80-84 90-94
BMI percentile

ppFEV,, percent predicted FEV,.

FEV, percent predicted

Yo}
il

[0}
T

N
T

(@2}
T

u
T

IS
T

Median ppFEV, vs. median BMI
in patients aged 20 to 40 years

A\

BMI Goals:
22 for female -»
23 for male

— Men
> —— Women

w
o

15 16 17

18 19 20 21 22 23 24 25 26 27 28 29 30
BMI

Cystic Fibrosis Foundation. Patient Registry 2013 Annual Data Report to the Center Directors. CFF. Bethesda, MD. 2014.



O\ nvevpovikEC mapo&uvaelc emBapuvouv
OCNMAVTIKA TNV IPOyvVWwaon TN vooou
Xapaktnpilovtal amno oeia ) vnoteia embeivwon Twv

QVOTTIVEUOTIKWY CUUMTTWHATWYV (Brxag, Suomvola, mapaywyn
NTUEAWV)?!

Au&davovTtol PoodeuTIKA 0 cuxvoTnTa Kat Baputnta otnv
dapkela tnc {wng evoc acBevouc pe Ki?

Odnyouv og onpavtikn KAWIKA emdelvwon:

— Mn avaotpeYiun EKTTWOonN TN¢ AVATIVEUOTIKNC AstToupyioc3°
— Avénon tou kwvduvou yia rtopoéuvoelc oto UEAAoV’

— Znuavtikn entBapuvon otnv rolotnta {wncs

— Avénon tnc Yvntotntoc’ 2

1. Goss CH, Burns JL. Thorax. 2007;62(4):360-367. 2. CFF Patient Registry. Annual Report to the Center Directors, 2013. 3. Sanders DB et al. Am J Resp Crit Care
Med. 2010;182(5):627-632. 4. Sanders DB et al. Pediatr Pulmonol. 2011;46(4):393-400. 5. Waters V et al. J Cyst Fibros. 2012;11(1):8-13. 6. Collaco JM et al. Am J
Respir Crit Care Med. 2010;182(9):1137-1143. 7. Van Devanter et al. J Cyst Fibros. 2015 Mar 5. [Epub ahead of print]. 8. Britto et al. Chest. 2002;121:64-72.9. de
Boer K et al. Thorax. 2011;66(8):680-685. 10. Liou TG et al. Am J Epidemiol. 2001;153(4):345-352. 11. Stephenson AL et al. Eur Resp J. 2015;45(3):670-679. 12.
Buzzetti R. J Cyst Fibros. 2012;11(1):24-29.



O&PAMEVTIKES MAPEUBACELS GTNV MVEVHOVIKI
vaoo

CFTR gene defect Gene therapy
Reduced quantity or function
" CFTR dulat
of CFTR protein (channel) MOCHISEOTS
Defective ion transport lon transport modulators

Airway clearance therapies, L R T E sl el

mucolytic treatment
bronchodilators

Defective mucociliary clearance Anti-inflammatories

vucusobstruction. R tecion | IR Inflammation
el | |

e T

End-stage lung disease Lung transplant

Derived from: 1. O'Sullivan BP & Freedman SD. Lancet. 2009;373(9678):1891-904; 2. Kreindler JL. Pharmacol Ther. 2010;125(2):219-29.
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O CFTR puOuiotég sival atttodoyikn
Oepaneia atnv Ki

Pathophysiologic cascade of CF

CFTR gene mutation

Reduced quantity and/or function of CETR modulators
CFTR protein

Defective ion transport

Fluid and electrolyte imbalance

Airway clearance
Mucolytics
Bronchodilators Lung disease
Anti-infectives
Anti-inflammatories

Gastrointestinal Pancreatic enzymes
manifestations Therapeutic nutrients

Ratjen FA. Respir Care. 2009;54(5):595-605. O’Sullivan BP, Freedman SD. Lancet. 2009;373(9678):1891-1904. Davis et al. Am J Respir Crit Care Med. 1996.
Mogayzel PJ Jr et al. Am J Respir Crit Care Med. 2013;187(7):680-689. Stallings VA et al. J Am Diet Assoc. 2008;108(5):832-839. Kreindler JL. Pharmacol Ther.
2010;125(2):219-229.



CFTR puBpotég: Evioxvouv tnv dpactikdtnra tng
CFTR ko av§@vouv thv petadopd tou Cit2

AopOwteg CFTR (correctors)
Auv€avouv tnv moootnTa TNE MPWTIEIVNG OTNV
ETLPAVELA TWV ETUONALOKWY KUTTAPWV

(Lumacaftor; tezacaftor; FDL169%; GLPG22222; VX-1522; VX-
4402; VX-4452; X-6592; PTI-8012)

@) . Evioxuteg CFTR (potentiators)
O EvioyUouv tnv 6pdon tne mPWTeivng, auEAvovTog
" TNV SUVOTOTNTO TWV KAVOALWY VoL TIOLPAUEVOUV

ol @ ’

L avoLyTA YLa TTIEPLOCOTEPO XPOVO

3Investigational compounds.
1. Van Goor F, et al. Proc Natl Acad Sci USA. 2011;108(46):18843-8; 2. Van Goor F, et al. Presented at ECFS, Lisbon, Portugal, June 15-17, 2013;
3. CFF: Drug development pipeline. Available at: www.cff.org/Trials/pipeline (last accessed April 2018).

49



Zuvéuaopoc CFTR puOotwv:
Zuvepywkn dpaon otnv F508del petalaén

* H puetaAla&n F508del emnpedlel tnv F508del-CFTR
HeTadOPA TNG TPWTELVNG KAl EXEL oAV
OUVETELA EAdXLloTa A KaBOAou
AELTOUPYLKA KOVAALOL OTNV EMLPAVELD TWV

KUTTApWV?! i i

* OLtpormomnowntég CFTR Spouv cuvepyLka
oTNV aAV&NoN TWV AELTOUPYLKWY KOVOALWV
He 2 tpomoucl?

1. OLCFTR SlopBwTtég auédavouy tnv

TOOOTNTA TWV KAVAALWY OTNV
EMLPAVELD TWV KUTTAPWV?!

2.  OLCFTR evioxutég auéavouv tnv
duvatoTnTa TWV KAVAALWY va
TIOPAUEVOUV QVOLYTA YLO TIEPLOCOTEPO
XpOVOo?

H F508del-CFTR
ekppaleTal KAVOVIKA
otnv emidpAveLa TWV
KUTTAPWV

1. Van Goor F, et al. Proc Natl Acad Sci USA. 2011;108(46):18843-8; 2. Van Goor F, et al. Proc Natl Acad Sci USA. 2009;106(44):18825-30.



In vitro entidpaon tov lvacaftor otnv Asttovpyia
tou CFTR kavaAwov

* Invitro, ivacaftor has been shown to increase
chloride ion secretion only after stimulation of the
cAMP/PKA signalling pathway, and acts by increasing the
channel open probability of the CFTR channel

* The ability of ivacaftor to increase the channel open
probability (in excised membrane patches that are
removed from the cytosolic signalling pathways) suggests
that ivacaftor acts directly on CFTR to
increase its gating activity

Action of
ivacaftor

e |vacaftor increased CFTR-mediated chloride ion secretion

in G551D/F508del HBE from =5% to Ivacaftor significantly
a maximum level of *50% of that measured in increases CFTR-mediated
non-CF HBE

chloride ion transport

HBE: Human bronchial epithelia (isolated from the bronchi of CF donor lungs)
1. Van Goor F et al. Proc Natl Acad Sci USA 2009;106:18825-30 51



To lvacaftor avénos tov 0yko tNC EMPAVELOKAC

vypnc ctotBadac twv aspaywywv (ASL)

e Confocal microscope image of
the height of the ASL in cultured
G551D-HBE cells (the dotted line
indicates the location of the cell
monolayer)?!

* The addition of ivacaftor led to an
increased amount of ASL compared
with control cells, indicating less fluid
absorption, more fluid secretion,
or both?

HBE: Human bronchial epithelia (isolated from the bronchi of CF donor lungs)

1. Vertex data on file; 2. Van Goor F et al. Proc Natl Acad Sci USA 2009;106:18825-36 2

-

-

. N
ASL Height?
Untreated Ivacaftor
Ohr
- - ek
20 um
ASL height
U

To 0UPoc tnc ASL av€nOnke pe to Ivacaftor



To lvacaftor avénos TNV KIVNTIKOTNTA TWV KPOGCWV

* Dehydration of the ASL may contribute to the inability of the cilia to extend
and beat normally, decreasing the efficiency of mucus transport!?

* lvacaftor was shown to increase the frequency of ciliary beating upon addition
to G551D/F508del CFTR HBE cultures?

ope 2 . ope .
Ciliary Beat Frequency Traces ASL Height May Impact Ciliary Beating*3
4 )
" lvacaftor h lvacaftor
Cilia beat
within ASL
s Control
L W
-
Lower ASL
E with less
iliary beating
0.2 sec :
Adapted from Van Goor F et al. (2009) * . I .
K ) S Representations of cilia have been added over the ASL image )

HBE: Human bronchial epithelia (isolated from the bronchi of CF donor lungs)
1. Matsui H et al. Cell 1998;95:1005-15; 2. Van Goor F et al. Proc Natl Acad Sci USA Z0©9;106:18825-30; 3. Vertex data on file



CFTR puOpotég: Kipua & dsutepevovta
KQTAANKTIKA ONMUELQ TWV HEAETWV

KUplLo KataAnKTlko onpeio

* MetafoAn otnv amoAutn tun ppFEV, €wg tnv 24" gBdopdada

Agutepeovia KATAANKTIKA onUeia
*  AplBuoc napoflvoewv

* MetafoAn oto BMI

*  MetaBoAn oto teot I6pwta

*  MetafoAn oTIC avanmVveUOTIKEC TtapapETpouc tou Cystic Fibrosis Questionnaire-Revised
(CFQ-R) epwtnuatoAoyiou

AAAa SeutepeliovTa KOTOANKTLKA OnHELo
— Aodalela

— Xpoviko Staoctnua €wg tnv 1" mapofuvon




CFTR puOuwotég: MeAETEC EMEKTAONC

KUplo kataAnKTLIKG onpeio:
* HaodaAela tng pakpoxpovne Beparneiag (2 £tn)

Acutepelovia KATAANKTLKA GNMELQL:
* AmoAutn petaBoAr oto ppFEV,
 AnoAutn petafBoAn oto BMI

e AMOAUTN HETAPBOAN OTNV OVATIVEVOTLKN TTapApeTpo tou CFQ
EpWINUATOAOYiOU




2012

KLD 6 + eTwv

G551D




Absolute Change in Percent

of Predicted FEV,

Ivacaftor
Mvevpovikn Asttovpyia

N=80 N=79

T N=TR
T

lvacaftor

N=g3 N=8l

N=33

Placebo

N=71 N=70! wiign N=68

Day Wk Wk Wk Wk Wk Wk
15 8 16 24 32 40 48

Ramsey et al., NEIM 2011



Sweat Chloride

(mmol/liter)

Ivacaftor
Teot Wpwta

110+ N=69
. N=68 N=64 nN_g7 N=65
100- x —O— —O— x —0
sy Placebo
80-
70—
604 --- N
O L
ol 1 0 —{J
40- N=73 nZ7; N=74 N=76  N=75
304 Ivacaftor
20-
10+
0 | | | | | I I
Day Wk Wk Wk Wk Wk Wk
15 8 16 24 32 40 48

Ramsey et al., NEIM 2011




lvacaftor

Change in Weight
(ke)

BMI / CFQ-R
C
- N=77 N=76 N=
N=79 N=79 N=_’_77 104 N=79 N=80 Nf_78 T Nf_76 - N:74
Nt T T 31 Ivacaftor
N=81 )/n " )/{)\( o St
Ivacaftor M

Score (points)
N
1

Change in CFQ-R Respiratory-Domain

Placebo -2 [lcebo
_4_ N=70 )/0\(
-6
I QO v A VR | M., S T N
N=76 N=75 NZ73 NZ71 N270 N=69 e Nog7 N=65 N=64 N=62
N=68 _10

T T T T T T T

| | | T T
Day Wk Wk Wk Wk Wk Wk o ";" Vl’: ‘;’4" ‘;’2" ‘:’;‘ ‘:4:
15 8 16 24 32 40 48

Ramsey et al., NEIM 2011



Proportion of Event-free Subjects

Ivacaftor
Xpovo¢ ewc tnv 1" mapoéuvon

1.0-
0.9
0.8 Ivacaftor
0.74
|

0.6+ : 50'67 Subjects receiving
0.5~ : : ivacaftor were 55% less
0.4- i Placebo :0 7, likely to havea
0.3~ ! i pulmonary
62 : : exacerbation than were

. I |
i ! ! patients receiving

' ! : placebo, through week
0.0 T T T T T 1 T T T T T 1 48 (P<0.001

0 4 8 12 16 20 24 28 32 36 40 44 48 (P<0.001)

Week

Ramsey et al., NEJIM 2011



Ivacaftor : 2 etiq peAétn eméxraong

207 STRIVE | PERSIST Ivacaftor —» ivacaftor
H Placebo — ivacaftor

=
(¥
|

(% points, mean [SE])
T~
8
HH
e
e
4o
l/’
' /" -
e
-
-0
o
.

Absolute change in % predicted FEV,

ENVISION

207 ENVISION i+ PERSIST

Absdute change in % predicted FEV,
(% points, mean [SE])

-5

I
0 16 24 32 40 43 60 72 8 56 108 120 132 144
Week

Lancet Respiratory Medicine 2014



Absolute change inweight
(kg, mean [SE])

Absolute change inweight
(kg, mean [SE])

STRIVE 2 2 .
Ivacaftor : 2 eTng peAétn eméktaong
16— STRIVE PERSIST acaftor —p ivacaftor
Placebo —P ivacaftor
14—
12 i
10 :
8 —
6
= MH —
2 "{/-H E{/i
0GP0 -—B-—B___R_— B e S
; N Ivacaftor initiated
-2 1 1 ] 1 1 Il 1 1 1 1 1 1 1 1
ENVISION
16 PERSIST

ENVISION :

T T T T T T T T
6 108 120 132 144

Lancet Respiratory Medicine 2014
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Lumacaftor / lvacaftor oe Opoluyoug delF508 agOseveic

A Change from Baseline in Percentage of Predicted FEV,
6

LUM (600 mg/day)-IVA

NS
1

LUM (400 mg every 12 hr)-IVA

Placebo %
-2

— T T T
Base- Day Wk Wk Wk Wk
line 15 4 3 16 24
Visit

(percentage points)
L]
1

o

Absolute Change in Percentage
of Predicted FEV,

N Engl ] Med 2015;373:220-31.



Lumacaftor / lvacaftor oe Opdluyoug delF508 aaBeveic

A Time to First Pulmonary Exacerbation

100
90
g 80
=
s 70 e
ey
= 60—
L
2 504
=
= 40—
8 304
Q
3 20 e LUM (400 mg every 12 hr)—IVA
e LUM (600 mg/day)—IVA
10+ = Placebo
e T I 1 1 1 1 1 1 1 1 1 1 1
Base- Day 4 6 8 10 12 14 16 18 20 22 24
line 15 Weel
B Pulmonary Exacerbations through Wk 24
Events Leading Events Leading to Intravenous
T to Hospitalization Antibiotic Treatment
s 5
0.6 i
2 ! -45% -56%
g 0.5 i P<0.001 P<0.001
= -39% -619% |
= 04 P=0.003 |P<0.001!
£ !
s 037 i
= :
£ o02- :
o |
S 01 i
& :
e \s s '
& o 5
<X = o
o
>
< =
a0
>

N Engl ] Med 2015



Lumacaftor / lvacaftor oe Opdluyoug delF508 agOeveic: 2 eTig

Absolute change in ppFEV, (pexantage
paints), lmst squares mean

Absclute changein BMI (kg/m*),
lomtsquares mean

I ol B = =

HEAETN EMEKTAONG

-9~ Lumacaftor 400 mg every 12 Wivacaftor 250 mgevery 12 b

— TRAFFICand TRANSPORT 1+ PROGRESS -~ TRAFRCand TRANSPORT placeba

-8~ Placebo and lumacattor 400 mg every 12 Wovacattor 250 mgevery 12

.\ Lurnacaftoe and wacaftar initiated

Lancet Respir Medicine 2016



Lumacaftor / Ilvacaftor : NMveupovikég mapo§uvoelrg

WL

D
TRAFFIC and TRAMSPORT
14 - : ] Placeba
I Lumacaftor 400 mg every 12 hivacaftor 250 mg every 12 h
17 - I Flacebo tramsitioned to kmacaftor 400 mag every
E 12 Wivacaftor 250 mg every 12 h
g 107 PROGRESS
B 08 TRAFFIC and TRANSPORT
E —
i TRAFAIC and TRAMNSPORT
L 06+ — PROGRESS
i PROGRESS —
E
B 04 T 1
E
ki
01 4
0 | |

Pulmonary eacerhations Pulmonary exacerbations requiring Pulmonary exacerbations requiring
hospital admission intravenous antibiotic use

Lancet Respiratory Medicine 2016



ppFEV, (GLI) estimate

Lumacaftor /lvacaftor : PUBUOC EKITTWONC TNG AVATIVEVGTIKIG

b5 1

60 -

} 238

F508del-CFTR controls ppFEV,
loss-2-29 per year (95% C1-2-56 to-2-03)

Asttoupyiag
-8~ Lumacaftor 400 mg every
12 iivacaftor 250 mg
every 12 h (n=455)
-8 Control (n=1588)

Lumacaftor/ivacaftor-treated patients
PPFEV, loss -1.33 peryear (85% (1-1-80 t0-0-85)
\\.\‘

e
« Prge 2

55

Start

Year1 Year2

The estimated annual rate of
decline in percent predicted
FEV1 (ppFEV1) in treated
patients was 42% lower than
in matched registry controls

Lancet Respiratory Medicine 2016
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ORK 2 -5 etwv (FDA)
ORK 6 - 11 etwv (EMA)
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EVOLVE: MetaBoAn FEV1% Eéwc tnv 24"
eBéopada

Absolute change from baseline in ppFEV,
(percentage points) LS mean (95% Cl)

BL D15 WKA4 WK8 WK12 WK16 WK24

Study visit

® @ 1:2/IVA (n=248) @—@ Placebo (n=256)

Adapted from: Taylor-Cousar JL, et al. N Engl J Med. 2017;377(21):2013-23.
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EVOLVE: MetaBoAn FEV1% otig urto-katnyopies

N
-
o
®
8

3.9(2.2 55)
4.0 (3.1, 4.9)

4.4 (3.3, 55)

131

126

Sex 1
(Male) ! — @
1
Use of Inhaled :
Antibiotic (Yes) ' —®—
Antibiotic (No) ! ——
8ronchodilator (Yes) . ——
Bronchodilator (No) A *
Hypertonic Saline (Yes) ' @
Hypertonic Saline (No) : ——
Corticosteroids (Yes) ]
1

Ci

izaﬁon of Pseudomonas m

(Positive) E e
(Negative) i ——
-5 0 5 10

Favors Placebo Favors TEZ/IVA

: e &

Values are absolute change from baseline in ppFEV, at Week 24 (LS mean difference [95% Cl]).
Taylor-Cousar JL, et al. N Engl J Med. 2017;377(21):2013-23 (Appendix).

74

37(26.47)
44(32.57)
3.8(29, 4.7)
55(2.9,80)
3.7 (25, 4.9)
42(31,54)
3.6 (2.5, 4.6)
45(3.2.58)

36(26 45)
52(3.7.67)

123

182
74

135
110
219

125
120



EVOLVE: Nveupovikég napoUVoeLg

All PEx events

1-
@
.
D
o o 08
o =
D o
s}
#
S o6
T
c o
I
[
CD(DO,4-
'O';
O ©
T o
E 5 o2
n
L
0

m Placebo

aAbsolute risk reduction = 0.99-0.64 = 0.35 = 35%.
Taylor-Cousar JL, et al. N Engl J Med. 2017;377(21):2013-23.

75

Rate ratio: 0.65
(95% Cl: 0.48-0.88)

®TEZ/IVA

35% reduction? in PEx with TEZ/IVA



o
0

o
o

(per patient, per 48 weeks)
o

Estimated event rate per year

o
~
1

EVOLVE: Nveupovikég mapoUVoELg

All PEx events PEX requiring
hospitalisation/IV antibiotics

Rate ratio: 0.65
(95% Cl: 0.48-0.88)

Rate ratio: 0.53
(95% Cl: 0.34-0.82)

m Placebo ETEZ/IVA

Taylor-Cousar JL, et al. N Engl J Med. 2017;377(21):2013-23.
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EVOLVE: Xpovoc éwe tnv 1" mapouvon

1.00

0.95
TEZ/IVA

0.907 HR=0.64

0.85 (95% Cl: 0.46-0.88)

0.80 A

0.754

0.70 1 Placebo

0.65 - e e

0.60 +

Proportion of Event-Free Patients

0.55 1

0.50-"— 1 T 1 1 1 1 T 1
0 20 40 60 80 100 120 140 160 180

Study Day

Hazard ratio and corresponding p-value are from Cox proportional hazard regression, with the time-to-first pulmonary exacerbation or censoring as the dependent variable, sex, age group at
screening (<18 vs 218 years) and baseline ppFEV, as the covariates.
Adapted from: Taylor-Cousar JL, et al. N Engl J Med. 2017;377(21):2013-23.



EVOLVE: MetaBoAn ato BMI

Absolute Change From Baseline in BMI

057  —@— Tez/1vA (n=248)
~—{— Placebo (n=256)

~ 04 -
O
N
8 0:3 1 Absolute change in Treatment effect vs
T:’ BMI at Week 24 placebo
8 0.2 - LS mean 0.06
= (95% Cl), kg/m? (~0.08-0.19)
« 2p=0.413
& 0:1 7
g L
o |
o

D e e e s

'0.1 T T T Y T T

BL Day Wk4 Wk38 Wk 12 Wk 16 Wk 24

18
Study visit

“Not statistically significant.
Adapted from: Taylor-Cousar JL, et al. N Engl J Med. 2017;377(21):2013-23.
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EVOLVE: MetaBoAn ato CFQ-R

—

o N OB~ O 00 O

17 —@— TEZ/IVA (n=248)
—@— Placebo (n=256)

Absolute change

in CFQ-R Treatment effect vs

placebo

respiratory
domain score at
Week 24

LS mean 5.1
(95% Cl) (3.2-7.0)
p<0.0001, nominal

NN

1
(0)]

BL Wk4 WK8  WK12 WK16 Wk 24

Absolute Change From Baseline in CFQ-R
Respiratory Domain Score, LS Mean (95% ClI)

Study Visit

Adapted from: Taylor-Cousar JL, et al. N Engl J Med. 2017;377(21):2013-23.
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EVOLVE: MetaBoArn ato test Wdpwta

10 1 —@— TEZ/IIVA(N=248)
g A ) - Placebo (N=256)
Absolute change in
sweat chloride at Treatment effect vs
Week 24 Placebo
LS mean -10.1
(95% ClI), mmol/I (-11.4--8.8)

sweat chloride, LS mean (95% Cl)

Absolute change from baseline in

-6 [ [ [ [
BL Wk 4 Wk 8 Wk 12 Wk16 Wk 24

Study visit

Adapted from: Taylor-Cousar JL, et al. N Engl J Med. 2017;377(21):2013-23.

80



EVOLVE: KUpireg averm@uunteg evépyereg2

AEs occurring in 25% of patients in any group, n (%) T::élsle

Subjects with any TEAEs 245 (95.0) 227 (90.4)
Infective pulmonary exacerbation of CF 96 (37.2) 75 (29.9)
Cough 84 (32.6) 66 (26.3)
Headache 37 (14.3) 44 (17.5)
Nasopharyngitis 39 (15.1) 42 (16.7)
Sputum increased 42 (16.3) 36 (14.3)
Pyrexia 32 (12.4) 28 (11.2)
Hemoptysis 35 (13.6) 26 (10.4)
Abdominal pain 22 (8.5) 23 (9.2)
Nausea 18 (7.0) 23 (9.2)
Oropharyngeal pain 29 (11.2) 22 (8.8)
Diarrhoea 23 (8.9) 17 (6.8)
Fatigue 31(12.0) 16 (6.4)
Dyspnoea 18 (7.0) 16 (6.4)
Vomiting 15 (5.8) 13 (5.2)
Abdominal pain upper 17 (6.6) 10 (4.0)
Rhinitis 14 (5.4) 10 (4.0)
Rhinorrhoea 16 (6.2) 8(3.2)
Constipation 16 (6.2) 7 (2.8)
Bacterial test positive 16 (6.2) 8(3.2)
Alanine aminotransferase increased 13 (5.0) 8(3.2)
Rash 13 (5.0) 4 (1.6)

1. Taylor-Cousar JL, et al. N Engl J Med. 2017;377(21):2013-23; 2. Taylor-Cousar JL, et al. N Engl J Med. 2017;377(21):2013-23 (Appendix).

81



AN

01/11/2018

symd{gkO'
kil SYMKEVI 12 + sTwv
© =« | (EMA)
F/F & F/RF
petaAAager (14)




2" yeviac puOuiotéc tne CFTR

> 10% avénon FEV1 %

2 NUavtikn BeAtiwon oto test bpwta
MeA€tec paonc 2

[MOAAEC PAPUAKEUTLKEC ETALPELEC

— Vertex, Galapagos, Proteostasis, Flatley



Absolute Change in Lung Function Over Time

e FEV1%
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& Placebo 6
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VX< .
0
VX659+tez/iva vs placebo DF508/min

Reduced

;

& Placebo

=8~ VX-659 120 mg + TEZ/IVA

4

Day 15

-11.0

-41.6




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

VX-659—Tezacaftor—Ivacaftor in Patients with
Cystic Fibrosis and One or Two Phe508del Alleles

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

VX-445—Tezacaftor—Ivacaftor in Patients with
Cystic Fibrosis and One or Two Phe508del Alleles

EDITORIAL

Triple CFTR Modulator Therapy for Cystic Fibrosis




VX 659 - TEZ/IVA vs Placebo ot F/F kaw F/MF agOeveic

A Phe508del-Minimal Function
15-

—
T

w
|

ne Ki

Absolute Change in
Percentage of Predicted FEV,

o

4

No.

TC, 400 mg
TC, 240 mg
TC, 80 mg
Placebo

22
20
11
10

* TC, 400 mg

B Phe508del-Phe508del
15+
* TC, 400 mg
*TC, 240 mg 5
w
............ *TC, 80 mg e 104
=8
8
D9
8%
Vo 5
8%
3
‘J 3 %
Placebo A g
&
T T -5
15 29 1 15 29
Day Day
No.
22 21 TC, 400 mg 18 18 18
18 18 TEZ-IVA 11 11 11
11 11
9 10

J.C. Davies, et all. NEJIM 18/10/2018



VX 659 - TEZ/IVA vs Placebo o€ F/F kat F/MF acOeveic pe
Ki

10-
Rl gt )] e s — El_ggebo — 0- -,..n---..-,._...T.E_Z _— VA
2 2
= _? £ _.? -10-
8 £ S £
& E s E
O3 Sy
23 23
<= TC, 240 mg <= -40
§ TC, 80 mg § TC, 400 mg
@ TC, 400 mg =50
-60 | | |
1 15 29
Day
No. No.
TC, 400 mg 22 19 20 TC, 400 mg 18 17 18
TC, 240 mg 20 16 16 TEZ-IVA 11 11 11
TC, 80 mg 11 10 11
Placebo 10 10 9

J.C. Davies, et all. NEJM 18/10/2018



VX 659 - TEZ/IVA vs Placebo ot F/F kaw F/MF agOeveic

ne Ki
30+ 304
4 o
S 25 .4 TC,80mg S 25
c.E TC, 400 mg c .E
E,D g 20 TC, 240 mg Eo g 20+ TC, 400 mg
e 9 c 9
80 q5- 80 54
£ £
V] g V] 5‘
§ g 104 g g 104
28 il 2y
22 5+ ———t Placebo 2 5 .
o (4 7
R B NS S R P~ S
rd rd
v v
-5 T T T -5 T T T
1 15 29 1 15 29
Day Day
No. No.
TC, 400 mg 22 22 22 TC, 400 mg 18 18 18
TC, 240 mg 20 18 19 TEZ-IVA 11 11 11
TC, 80 mg 11 11 11
Placebo 10 10 10

J.C. Davies, et all. NEJM 18/10/2018



Ou CFTR puOuotég emiBpaduvouv tnv Ekntwoen
¢ AvVanveLoTikng Asttovpyiag otnv Ki

lvacaftor! Lumacaftor/lvacaftor?

Estimated Annualised Percent Predicted FEV; in

Lumacaftor/lvacaftor-treated Group Compared to
Matched Controls

Estimated Annualised Rate of Decline of Percent Predicted FEV, in
Ivacaftor-treated Group Compared to Propensity Matched Controls

Initial Improvement Based on Rate of Decline Mode
L Through extension week 96
l1 G551D ivacaftor group (n=189) LUM/IVA group (n=455)
03 4:. -8~ F508del control group (n=886) - Control group (n=1588)
1* - >H 65 =
= i ~*x  *p<0.001 i _ LUM/IVA-treated patients (F508del homozygous)
o ™1t ] 5 PPFEV, loss -1.33/year
[ 1 - _T T QO
- 9 i 8.29 T L5 - 1
25 : - 9.09 - £3 2.38
© © 1 : = =
g o 7071} - 9.90 7 o
g -1070 Y E 07
w e T | 3
g . 5
o 659 | &
o .
| € Start of analysis Z F508del controls
H - ppFEV, loss -2.29/year
! 55
60 T r 1 T T -
Year 1 Year 2 Year 3 Start Year 1 Year 2
Baseline
GLI equations. Post-baseline data limited to 2 years. Visits <21 days of
initiation excluded. Slopes are annualised (52-wk) change in ppFEV,
A significant difference between groups in the rate of A significant difference between groups in the rate of
lung function decline was observed (p=0-03). lung function decline was observed (p<0-001).

CF, cystic fibrosis; CFTR, cystic fibrosis transmembrane conductance regulator; FEV,, forced expiratory volume in 1 second
1. Sawicki GS et al. Am J Respir Crit Care Med. 2015;192(7):836—842; erratum Am J Respir Crit Care Med. 2016;193(11):1317-20; 2. Konstan MW et al. Lancet Respir
Med. 2017;5(2):107-118
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O CFTR puOuiotéc avéavouv to BMI

lvacaftor?

G551D ivacaftor group (n=189)

Initial improvement -- F508del control group (n=886)

m
1
— I
& X
H 029 * *  *P<0.001 *
g ‘E T T
o I
o 1
w : - 18
E 0.04 :- --------------------------- -
S : 0.29 0.30 0.30
o : 0.31
©
S q
®
g 029,
=] 1
@ 14— Start of analysis
Year 1 Year 2 Year 3

Baseline

Subjects had G551D mutation on 21 CFTR allele

Estimated BMI Z Scores (+SE)

Lumacaftor/lvacaftor?

LUM/IVA group (n=455)
-®- Control group (n=1588)

0 v o o o O M M M M M R O e
0.1 LUM/IVA-treated patients rate

’ of change +0.028/year T
-0.2- T |

—}0.085 0.153 0.221
-0.31
-0.41 Matched controls rate of change
-0.040/year
-0.5 T T r
Start of Analysis Year 1 Year 2

BMI, body mass index; CF, cystic fibrosis; CFTR, cystic fibrosis transmembrane conductance regulator
1. Sawicki GS et al. Am J Respir Crit Care Med. 2015;192(7):836—842; 2. Konstan MW et al. Lancet Respir Med. 2017;5(2):107-118

Subjects were F508del homozygous



Ivacaftor and Lumacaftor/lvacaftor are Associated
with Short- and Long-Term Benefits in CF

Disease
Acute Effects Long-Term Effects )
Progression
Pulmonary Nutritional Pulmonary Rate of Lun
ppFEV; Exacerbation Measures Exacerbation Rate Fun?:t?o?l Dgcl?ne
Rate (weight/BMI) (active/placebo)
lvacaftor o +4.1 kg 9
(gating mutations) +10.6 J 62% +1.2 kg/m? 0.75/1.34 J 47%
Lumacaftor/ +4.2 kg
(o) ° (o)
lvacaftor +2.8 J 39% +0.96 kg/m? 0.65/1.19 d 42%

(F508del/F508del)

Ivacaftor data from STRIVE and PERSIST. Lumacaftor/Ivacaftor data pooled from Traffic/Transport and PROGRESS

Study differences led to slightly different methods being used to summarise long-term benefits

BMI, body mass index; CF, cystic fibrosis; ppFEV,, percent predicted forced expiratory volume in 1 second




Makponpdfeopa odpéAn tng xopriynong lvacaftor
Asdopéva and US & UK CF Registries

A.US CFFPR # lvacaftor B.UK CFR ® lvacaftor
70, ¥ Comparator 10 # Comparator  p<0.001
—
604 p<0.0001 p<0,0001 6ol P<0.0001 3 56.9%
| I
504 43.1% 43.3% 2 504 45.3%
> 26716200 (28846200 < (9372089
240 9 40
= 27.8% T
3 301 (349/1256) 8 50
: :
q 201 € 20
105 10+
. "
Hospitalisations® PEx Hospitalisations’ PEX’
RR 064 064 RR 057 061

Well 056070 0.56-0.70 Wall 046068 0.93-0.70

Bessonova L, et al. Thorax 2018:0:1-10.



MakponrpoOeopa opEAn tn¢ xopnynone lvacaftor
Agdopéva and US & UK CF Registries

A.US CFFPR # vacaftor B.UKCFR ® lvacaftor
20, P0.0110  ®Comparator 20, ® Comparator
1|6% p=0.3862
(97/6200) 1.4%

319 219 (29/2069)

=10 S10

5 :

: s

Lo < sl

0.0+ 0.

Death Organ transplantation Death Organ transplantation

RR 041 0.15 RR 052 0.56
95%Cl  020-0.4 0.04-0.99 o Cl  0.16-170 NR'

Bessonova | et al Thorax 20180:1-10.



Meiwon erutAokwv BE Tnv xopnynon lvacaftor

A.US CFFPR

50+ _
p<0.0001 p=0.0719 @8 Ivacaftor (n=1256)
,—| p=0.3747 @ Comparator (n=6200)
40- 39.5 39.9 ,_l
E,
8
=
B
s
£ 204
o
10+
CFRD Gastrointestinal® Puln'n:»naryb Bone/joint® Depression Hepatol:biliaryd
RR 0.77 0.93 0.96 0.79 0.83 0.59
95% CI 0.70-0.84 0.86—1.01 0.89-1.05 0.69-0.20 0.71-0.96 0.45-0.77
B. UK CFR
80- _ @ 'vacaftor (n=411)
pP=0.2012 @8 Comparator (n=2069)
65.9
60
=
[<*]
2
& 40{ p=0.0007 p<0.001 p=0.0230
E | 29' 3 p=0.1850 | 1
o - | 1 5
20.7 - 23.4
20+ - i
CFRD Gastrointestinal® Pull’ﬂonaryb Bone/joint” Depression Hepatobiliaryd
RR 0.71 0.86 0.95 0.66 0.74 0.80
95% ClI 0.58-0.87 0.70-1.06 0.88—-1.03 0.53-0.82 0.46—-1.20 0.66—-0.97

Bessonova L, et al. Thorax 2018;0:1-10.



MakponrpoOeopa opEAn tn¢ xopnynone lvacaftor
MuwpoBroloywa dedopéva

Table 2 Pulmonary microbiology, 2014 ivacaftor and comparator cohorts, US CFFPR and UK CFR

US CFFPR UK CFR

Prevalence in patients with bacterial Prevalence in patients with bacterial

cultures, n (%) cultures, n (%)

Ivacaftor Comparator Ivacaftor Comparator
Microorganism (n=1226) (n=5960) 12 P values (n=409) (n=2033) z’ P values
Staphylococais aureus 784 (63.9) 4166 (69.9) <0.0001 122 (29.8) 689 (33.9) 0.1706

MRSA 286 (23.3) 1751 (29.4) <0.0001 11(2.7) 75 (3.7) 0.4166

Pseudomonas aeruginosa 565 (46.1) 3354 (56.3) <0.0001 188 (46.0) 1113 (54.7) 0.0014
Haemophilus influenzae 162 (13.2) 675(11.3) 0.0605 53(13.0) 220(10.8) 0.2105
Stenotrophomonas (Xanthomonas) 133(10.8) 893 (15.0) 0.0002 21 (5.1) 166 (8.2) 0.0522
maltophilia
Mycobacterium™ 66 (9.9) 430 (11.8) 0.1479 1(0.2) 10 (0.5) 1.0000
Aspergillus spp 131 (10.7) 1123 (18.8) <0.0001 42 (10.3) 410(20.2) <0.001
Alcaligenes (Achromobacter) xylosoxidans 68 (5.5) 471 (7.9) 0.0043 18 (4.9) 67(3.3) 03110
Burkholderia cepacia complex 38(3.1) 197 (3.3) 07121 17 (4.2) 104 (5.1) 0.5222
Klebsiella spp 17(1.4) 90 (1.5) 0.7452 4(1.0) 7(0.3) 0.0935
Pandoraea spp 2(0.2) 12(0.2) 1.0000 0(0) 0(0) =

*In the US CFFPR, prevalence of Mycobacterium is based on patients with available cultures (ivacaftor cohort, n=670; comparator cohort, n=3647).
CFFPR, Cystic Fibrosis Foundation Patient Registry; CFR, Cystic Fibrosis Registry; MRSA, methidillin-resistant S. aureus; spp, species (any or all, not specified).

Bessonova L, et al. Thorax 2018:0:1-10.
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PuOuotéc CFTR: adopouv > 90% twv acOevwv pe
Kl

Current US CF genotypes with approved CFTR modul

lumacaftor+

ivacaftor
46.5%

F508del/F508del

R117H )

ivacaftor
fto other gating §

12.3%
GS51D | Untreated Genotypes

5.0%
4.0%
more genotypes

Single F508del allele
36.2%

Cystic Fibrosis Foundation Patient Registry, 2014




Path to Treating All Patients

GENETIC APPROACHES

NEXT-GENERATION
CORRECTORS

68,000 - 75,000
Other Approaches

LABEL EXPANSIONS
441000 -2 68/000 Potential to Treat

Triple Combination All People with CF
Regimens

REIMBURSEMENT Gene Editing

mRNA

Investigational Next-

291000 =2 44'000 Generation Corrector +

Future Label Expansions tezacaftor + ivacaftor

29 OOO Patients L /'—'\ F508del|=/M::rt|iimal CFTR
4 iajl - ka‘ deco unction
Currently Eligible ORKAMBI" ymm

for Treatment fumacafior/vacafton - (vacaftor)fyeiele.ns

~10,000 ~5 000
Patients Patients
<Age 12 Primarily Residual

ORKAMBI kal)/d€CO FS08del/F508del  Function Mutations

fumacaftor/vacaton)  (ivacaftor) e

20009 N2y

~25,000 ~4,000
Patients Patients
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What Do Amplifiers Do?

In mutations that produce some functioning CFTR,
increasing the amount of CFTR proteins may

increase CFTR activity.

CFTR Production
inCF

Not enough functioning
CFTR proteins

iy
% I
2\

L4

Mutated CFTR proteins are
either trafficked into place or

Mutated CFTR proteins
are made

27

Mutated CFTR gene

CFTR Production With
O Amplifier

Wi W
i

More mutated CFTR proteins
available to be trafficked into
place or degraded

2 yo By

More mutated CFTR proteins
are made

%

Mutated CFTR gene

Artist’s rendition

In mutations that result in defective CFTR,

increasing the amount of CFTR proteins may give

potentiators and correctors more to work with.

CFTR Production With
A Potentiator +
2 Corrector

/4

Mutated CFTR protelnsd
are present and open

o ok e

Mutated CFTR proteins
are trafficked

U

Mutated CFTR proteins
are made

G

Mutated CFTR gene

CFTR Production With
& Potentiator +
[ Corrector +

O Amplifier

are present and open

A o o U

More mutated CFTR proteins
are trafficked

¥ yo X o
More mutated CFTR proteins
are made

@)

Mutated CFTR gene




CFTR amplifier

e Works in

addition to §~
other §§
modulators Eg

* Part of §;§
Proteostasis [
pipeline

DMSO potentiator corrector potentiator
+ corrector

- without amplifier + with amplifier




Amplifier works across all classes of
defect

|
Stop Codon
Mutation

!
Processing
Mutation

i
Gating
Mutation

v
Conductance
Mutation

Protein translation
prematurely stopped

Misfolded protein
fails to reach surface

Abnormal regulation
of ion flow

Faulty channel
conductance slows
ion flow

potentiator potentiator
+ comector + camector
+ amplifier

T WJILJ
A r et o

R Y ) gy {
EFERNABAl/FRNA ]
e b~ ¢
)

potentiator potentiator
+ comector + comector
+ amplifier

potentiator potentiator
+ amplifier

G551D/F508del-CFTR protain activity
(% of potentiator)

!
=

potentiator potentiator
+ amplifier

R117H/F508del-CFTR protain activity
(% of potantiator)




Cystic Fibrosis Foundation Therapeutics Pipeline

2018
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Adult lung transplantation by
year and disease type

I BCF oILD o COPD BA1ATD BIPAH @Retx

Total N of transplants in 1990-2012 = 45,711

2,000 -

1,500 -

1,000 -

Number of Transplants

500 |

0
S @"' q"’qg & @*"99 & “9'»@'9“'\9& »° Q’:‘?o" @.‘@&o‘@@@»@@(‘@ﬂ
Transplant Year




Survival (%)

Survival after lung Tx (ISHLT)

40

20 |

v ATATD (N=2,624) = CF (N=6,164) = COPD (N=12,914)
w— ILD (N=8,528) — PAH (N=1,400) — Sarcoidosis (N=934)

Median survival (years): ATATD=6.3; CF=7.8, COPD=5.4; .
ILD=4 5; IPAM=5.2; Sarcoidosis=5.4

All pair-wise comparisons with CF were
significant at p < 0.0001

AI1ATD vs. COPD: p < 0.0001

ATATD vs. ILD: p < 0,0001

COPD vs, ILD: p < 0.001

15
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DNA editing

A DNA editing technique, called CRISPR/Cas3, works like a biological version

of aword-processing programme's “find and replace” function
HOW THE TECHNIQUE WORKS

BAML ~0 ¥ T
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sude . anZyms
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Delective

DNA trand

" ’1.'1

; \L‘.' ’l“c”‘\l’
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NIOMosSome = j

A cellis transtected A specially de d:,:{l’u(l An enzyme cuts off The defective DNA
with an enzyme synthetic guide the target DNA strand is replacad
omplex containing  molecule finds the strand with a healthy copy

- 7 Jgat 1 A G ancd
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, Healthy DNA copy
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