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* Establish that defective Cystic Fibrosis
Transmembrane Conductance Regulator
(CFTR) protein is the underlying cause of
cystic fibrosis (CF)

O bJ - Ctlves * Review current CFTR modulator therapies

and supporting data

* Consider the impact a novel viral pathogen
(SARS-CoV-2) may have on individuals with
Cystic Fibrosis




CF is a Life-Shortening Disease With Clinical

Manifestations Throughout the Body

Sinus infections

Nasal polyps

Exocrine pancreatic insufficiency
and resulting malnutrition

Endocrine pancreatic insufficiency : 2
and resulting CF-related diabetes

Failure to thrive/gain weight A

due to pancreatic insufficiency, |
digestive problems, and intestinal
blockages

Reduced lung function

Frequent lung infections,
inflammation, and progressive
lung disease

Elevated Sweat Chloride

Reproductive Tract
 Infertility

+ Congenital bilateral absence
of the vas deferens (CBAVD) in
men



Symptoms of CF Begin at an Early Age

Lung infection (P. aeruginosa ~18%)?

k
Infﬂncy I—V Lung structural changes (e.g. bronchiectasis)?

Meconium ileus / other intestinal obstruction (13.1%)?

Lung structural changes (increasing prevalence with age) *
Nasal polyposis (25%)°
Childhood/ k CF-related diabetes (CFRD) (~2.5% of children require insulin)®*
I—/ CF liver disease!
adolescence Gastroesophageal reflux disease (36.1%)?
Depression (3.6%)2 and anxiety disorders (4.1%) 2

Chronic lung infection (P. aeruginosa ~80%)"
Distal intestinal obstructive syndrome (2.6%)?
Lung structural changes®
Severe lung disease (~25% with FEV, <40%)*
CFRD (~30%; ~16% require insulin)*

|
Adulthood I_V Gastroesophageal reflux disease (39.6%) 2

Bone disease (~20%-30%)?
CF liver disease?
Infertility”
Depression (26.8%) and anxiety disorders {20.6%) 2
End-of-life management*

1. Wilschanski M, Durie PR. Gut. 2007;58(8):1153-1163. 2. Cystic Fibrosis Foundation (CFF) Patient Registry. 2017 Annual Data Report. Bethesda, MD: CFF; 2018.
3. Stick 5M et al. J Pediatr. 2009; 135(3):623-628. 4 Yankaskas JR et al. Chest. 2004;125(1 suppl):15-395. 5. Davis PB et al. Am J Resp Crit Care Med.
1996;154(5):1229-1256. 6.de Jong et al. Thorax.2006;51:80-55. 7. O'Sullivan BP, Freedman SD. Lancet. 2009;373(9675):1891-1904.



CF Is a Rare Genetic Disease Primarily
Affecting Caucasians

Worldwide Incidence Trends'

A

~70,000 individuals worldwide

US CF 2016 Racial Demographics!

People with CF in US
N=29,887

Race (not mutually exclusive)

White 93.6%
African American 4.6%
Other race 3.6%

Hispanic (any race) 8.7%
Incidence: 1 CF Caze/ N Births
@ US, Western-Central EU, Australia: N= 1-4999
@ Central, S America, S Africa: N= 5000-9999
@ N- 1000049999
© N=>50000
() Data Unknown

1. Graphic adapted from World Health Organization. The molecular genefic epidemiclogy of cystic fibrosis. Report of a joint meeting of WHOECFTHMACF(MWAECFS, June 2002
2. Cystic Fibrosis Foundation (CFF) Patient Registry. 2017 Annual Data Report. Bethesda, MD: CFF; 2018.



Number of Individuals with CF Residing in

Each State in 2017 ~ 30,000 total in US
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Cyestic Fibrogis Foundation; 2017 Cystic Fibrosis Foundation Patient Highlights; hitps: seearch/i
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CF Inheritance Pattern: Autosomal Recessive

* Each copy of the CFTR Carrier Father Carrier Mother
gene must carry a disease-
causing mutation for CF to
develop'

F508del Mutation Prevalence?

I Unaffected
Child

Affected Carrier Carrier
n Child n Child 1 Child

1. HNational Institutes of Health. Genetics Home Reference Handbook. hitpighr.nim.nih.govhandbook/inheritance.pdf. Published November 9, 2015
2. Cystic Fibrosis Foundation (CFF) Patient Registry. 2017 Annual Data Report. Bethesda, MD: CFF; 2018.



What's happening in the cell?
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Loss of CFTR

Protein
Activity: the

Underlying
Cause of CF
Disease

» Cystic fibrosis transmembrane conductance regulator (CFTR) gene encodes
CFTR protein that functions at the cell surface of epithelial cells as a channel
to transport chloride and bicarbonate

* CF caused by a reduction in quantity and/or function of CFTR channels

* Impaired chloride ion transport leads to fluid and electrolyte imbalances in
epithelial tissues resulting in thickened mucosal secretions: lungs, pancreas,
Gl system and reproductive organs

Normal? CFTR CFTR with impaired chloride transport

and/or mt_;g

Decreased function Decreased quantity

aNormal CFTR channels open and close in a dynamic process.
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Quantity Function
. CFTR at cell surface CFTR at cell surface

Eﬁce Ct Of C FTR [ Little to No CFTR Quantity }"""""""I [ Little to No CFTR Function }-------------~
: at cell surface resulting in Little to No Total CFTR Activity I : at cell surface resulting in Little to No Total CFTR Activity
! i
. I
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Zielenski J. Respiration 200067:117-33; Castellani C et al. .J Cyst Fibros 2008717996



CFTR Genotype of Both Alleles determines

Total CFTR Activity: CF Phenotype

100%

No CF Disease

CFTR-related Disorder
Total

CFTR
Activity

Cystic Fibrosis

v

0%

Total CFTR Activity _ | g _ v : 3 B to None Al

Allele 2 Normal Residual Little

Total CFTR Activity




CFTR gene mutation

Reduced quantity or function of
CFTR protein (channel)

Defective ion transport

Airway surface liquid depletion

Pathophysiology
of CF Lung

Defective mucociliary clearance

W Inflammation Mucus obstruction

BIN=EN=

Scarring

il

End-stage lung disease



Median Predicted Survival Age, 1986-2017
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CFTR Modulators

High-throughput assays
Screen small molecules

Repair mutant CFTR (cell
assays)

Potentiators
Correctors
Amplifiers

DESCRIPTION

Normal

CFTR protein is
created, mov
the celi surface and
allows transfer of
chloride and water.

% of people with CF
who have at least one
mutation in that class
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mutation

Class |

No functional
CFTR is created

G542X
w1282X
R553X

aka "praduction
mutations,” which
inchude nonsense
mutations, same

Read-through
compounds may
allow production

of fulldength CFTR
for nonsense
mutations

Class Il

CFTR protein
s created,
but misfolds,
keeping it from
moving to the
cell surface.

88%

F508del
N1303K
1507del
aka "processing
mutatians”

Correctors such
as lumacaftor or
tezacaftor help
defective CFTR
fold corractly

Class I

CFTR protein
is created and
moves to the cell
surface, but the
channel gate does
not open properly.

G551D
S549N

aka "gating
mutations”

Class IV

CFTR protein

is ed and
the cell

ut the

function of the
channel is faulty.

D1152H
R347P
R117H

aka “conduction
mutations”

Class V

Normal CFTR
protein is created
and moves

cell surf:

n insufficent

quantities.

3849+10kbC~T
2789+5G~A
A455E

includes some
splice mutations

Potentiators such as ivacaftor help open the CFTR channel,
and also help increase the function of normal CFTR




Potentiators
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lvacaftor, VX-770 (Kalydeco®) FDA approved
in 2012

Target - G551D (Class 3 mutation)

Recently approved down to the age of 6
months

Potentiators

38 CFTR gene mutations




e NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 NOVEMBER 3, 2011 VOL. 365 NO. 18

A CFTR Potentiator in Patients
with Cystic Fibrosis and the G551D Mutation

Bonnie W. Ramsey, M.D., Jane Davies, M.D., M.B., Ch.B., N. Gerard McElvaney, M.D., Elizabeth Tullis, M.D.,
Scott C. Bell, M.B., B.S., M.D., Pavel Drfevinek, M.D., Matthias Griese, M.D., Edward F. McKone, M.D.,
Claire E. Wainwright, M.D., M.B., B.S., Michael W. Konstan, M.D., Richard Moss, M.D., Felix Ratjen, M.D., Ph.D.,
Isabelle Sermet-Gaudelus, M.D., Ph.D., Steven M. Rowe, M.D., M.S.P.H., Qunming Dong, Ph.D., Sally Rodriguez, M.S.,
Karl Yen, M.D., Claudia Ordofiez, M.D., and J. Stuart Elborn, M.D., for the VX08-770-102 Study Group*
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Change in Sweat Chloride

(mmol/liter)

Placebo

Ivacaftor

N=65 NTGG N=61 N=63 N=62

Wk Wk Wk Wk Wk
16 24 32 40 48

Sweat Chloride

(mmol/liter)

110+
1004

N=73 N=74
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Placebo

T
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e CFTR is misfolded and cannot reach cell
surface

e Correctors assist in protein folding and

CO rre Cto rS processing to help reach the cell surface

* Used for the most common type of CFTR
mutation; F508del




Correctors

Lumacaftor (VX-809) and
Tezacaftor (VX-661)

Help CFTR protein fold
correctly and reach the cell
surface

Not approved as
monotherapy for CF

Combining a potentiator
with a corrector can improve
CFTR activity

CFTR Potentiator:lvacaftor

Potentiates the channel-open probability
(channel gating) of CFTR at the cell surface

CFTR Corrector:Lumacaftor
Facilitates the processing and trafficking of
CFTR to increase the amount of CFTR at the
cell surface




15t Corrector

+ Potentiator

Lumacaftor + Ivacaftor combination —
Orkambi®

-F508del/F508del mutations

-CF patients as young as 2 years

-Improved clinical outcomes
-improved FEV1

-reduced symptoms



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Lumacaftor—Ivacaftor in Patients with Cystic
Fibrosis Homozygous for Phe508del CFTR

C.E. Wainwright, J.S. Elborn, B.W. Ramsey, G. Marigowda, X. Huang, M. Cipolli,
C. Colombo, J.C. Davies, K. De Boeck, P.A. Flume, M.W. Konstan, S.A. McColley,
K. McCoy, E.F. McKone, A. Munck, F. Ratjen, S.M. Rowe, D. Waltz,
and M.P. Boyle, for the TRAFFIC and TRANSPORT Study Groups*



A Change from Baseline in Percentage of Predicted FEV,
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A Time to First Pulmonary Exacerbation
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Lancet Respir Med 2017,
5 107-18

Assessment of safety and efficacy of long-term treatment with
combination lumacaftor and ivacaftor therapy in patients with
cystic fibrosis homozygous for the F508del-CFTR mutation
(PROGRESS): a phase 3, extension study

Michael W Konstan, Edward F McKone, Richard B Moss, Gautham Marigowda, Simon Tian, David Waltz, Xiaohong Huang, Barry Lubarsky, Jaime Rubin,
Stefanie | Millar, David | Pasta, Nicole Mayer-Hamblett, Christopher H Goss, Wayne Morgan, Gregory 5 Sawicki
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Event rate per patient-year (48 weeks)

1.2 =

1-0 4

0.8 —

0-6 -

0-4 -

0-2

TRAFFIC and TRANSPORT

PROGRESS
| P —

TRAFFIC and TRANSPORT
e 3

1 Placebo
Bl Lumacaftor 400 mg every 12 h/ivacaftor 250 mg every 12 h
Il Placebo transitioned to lumacaftor 400 mg every

12 h/ivacaftor 250 mg every 12 h

TRAFFIC and TRANSPORT

PROGRESS

PROGRESS r 1

Pulmonary exacerbations

Pulmonary exacerbations requiring

hospital admission

Pulmonary exacerbations requiring
intravenous antibiotic use



* Tezacaftor/Ivacaftor— Symdeko®
-F508del/F508del mutations

+ Pote ntlator -CF patients 6 years and older

2nd Corrector




he NEW ENGLAN D
JOURNAL of MEDICINE

ESTABLISHED IN 1812 NOVEMBER 23, 2017 VOL. 377 NO. 21

Tezacaftor-Ivacaftor in Patients with Cystic Fibrosis
Homozygous for Phe508del

Jennifer L. Taylor-Cousar, M.D., Anne Munck, M.D., Edward F. McKone, M.D., Cornelis K. van der Ent, M.D., Ph.D.,
Alexander Moeller, M.D., Christopher Simard, M.D., Linda T. Wang, M.D., Edward P. Ingenito, M.D., Ph.D.,
Charlotte McKee, M.D., Yimeng Lu, Ph.D., Julie Lekstrom-Himes, M.D., and J. Stuart Elborn, M.D.
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* Process of matching medications with
mutations (Personalized Medicine)

* Testing CFTR modulators on cells affected by
rare CFTR mutations

Theratyping

* Application to FDA to expand drug to new
mutation without clinical trials




Gating Mutations

E1TER GT2A4E L349F
&G551D 513490 L1251M
G5515 L5490 L1255P

Residual Function Mutations

AASSE E193K g
A108TT P0say FEATH
|Va Cafto r D110E F1074L 3557
D110H G1089R RIOTOQ
O5Ta5 K1080T RO

38 mutations D1152H L20EW §3a5L
DZTON PETL STTF

ESGk R4y

Lplice Mutations
T11=-3A—: 3T 2BA E&31X

ITEI-EE A FBAG-10kC T

Conduwction Mutation

R117TH



Tezacaftor +
lvacaftor

26 mutations

Protein Processing Mutations

F508del + F508del

Residual Function Mutations

A455E E56K R74W
A1067T E193K R117C
D110E  F1052v R347H
D110H F1074L R3520Q
D579G K1060T R1070W
D1152H L206W 59451
D1270N P&7L S877F

Splice Mutations

711+3A—G 3272-26A—G E&31X

2789+5G—A 3849+10kbC—T



Triple Combination
Modulator

* Elexacaftor + Tezacaftor +
Ivacaftor

* 2 correctors + potentiator
* FDA approved October 2019

e 12 years and older

Targeting F508de/-CFTR brings more active CFTR proteins to
the cell surface?

DEFECTIVE TEZACAFTOR and ELEXACAFTOR, TEZACAFTOR,
F508del-CFTR PROTEIN IVACAFTOR and IVACAFTOR
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* Patients with an F508del- » Tezacaftor improves * Binding to a different site
CFTR mutation have cellular processing than tezacaftor, elexacaftor
decreased CFTR activity and trafficking of has an additive effect in
at the cell surface F508def-CFTR proteins improving cellular

processing and trafficking
of FS08del-CFTR proteins:

» [vacaftor potentiates the
channel-open probability
of CFTR proteins at the

cell surface



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Elexacaftor-Tezacaftor-Ivacaftor for Cystic
Fibrosis with a Single Phe508del Allele

P.G. Middleton, M.A. Mall, P. Dfevinek, L.C. Lands, E.F. McKone, D. Polineni,
B.W. Ramsey, J.L. Taylor-Cousar, E. Tullis, F. Vermeulen, G. Marigowda,
C.M. McKee, S.M. Moskowitz, N. Nair, J. Savage, C. Simard, S. Tian, D. Waltz,
F. Xuan, S.M. Rowe, and R. Jain, for the VX17-445-102 Study Group*




A Percentage of Predicted FEV;, According to Visit

Elexacaftor-tezacaftor—ivacaftor
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A Sweat Chloride Concentration, According to Visit
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E | exd CaftO r + Protein Processing Mutations

Tezacaftor +
lvacaftor

F508del + F508del

F508del + any other mutation




* Elevated liver enzymes
e Gl manifestations (transient)

Ad Verse * Increased cough (transient)

e Rash (transient)

Reactions  C

* Medication interactions: antifungals,
antibiotics




CF patients at UMass

* 43 patients started on Trikafta between November
2019 and March 2020

* Follow-up available for 21 patients (aged 13 to 54)

* Decreased cough

Decreased sputum production

Improved energy

Improved exercise tolerance

Less nasal congestion

Better tolerance of respiratory infections

Thank you Diane Waitkevich and Fei Jamie Dy!!!




PFT data

* FEV1 values 0-3 months before starting Trikafta and 0-4 months after starting Trikafta

Patients with <1 month use) Patients with 1-2 month use
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Weight

* Measurements (kilograms) 0-3 months before starting Trikafta and O-
4 months after starting Trikafta

Patients with <1 month use) Patients with 1-2 month use
90 90 a
85 85 /
80 80 80 79.8
75 75 733
70 =70.9 70 70:6
65 67 65
60 606" 59 8 60
> 52.7 > Mg
50 495 50 49 h
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Patients with 2-3 month use Patients with 3-4 month use
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* Increase the amount of CFTR protein that
the cell makes

 Many CFTR mutations produce insufficient
CFTR protein

* If more CFTR protein, potentiators +
correctors may allow more chloride to cross
the cell membrane

Amplifiers

* Not yet available
 Phase Il Trials, PTI-428




Drug

Development
Pipeline

Kalydeco® >6yo with
9 other mutations
and later down to
age 2yo; 8% CF
population

Kalydeco® approved

FDA approves
Kalydeco®, G551D FDA approves > 2yo with at least
mutation (> 12yo); Orkambi® >12yo one of 23 residual
4% CF population homozygous F508del function mutations
| 2014 | 2016
2012 1 2015 | 2017
FDA approves FDA approves

Orkambi® > 6yo
homozygous F508del



FDA approves Symdeko®

for homozygous F508del

or at least one copy of a FDA approves Trikafta ®
responsive mutation (26 for patients with single
identified mutations) copy of F508del and any

FDA Kalydeco® .
regardless of the other E[IReEs LElT other disease causing

mutation LT ED 42 mutation (> 12yo)
Drug
2018 2019
D eve ‘ O p me ﬂt e e o o o
. . 2018 2018 2019
Pipeline
FDA approves Orkambi® FDA approves Symdeko®

down to 2yo down to 6yo




Cystic Fibrosis Foundation Launches
$500 Million Path to a Cure

Nonprofit issues challenge to accelerate treatments for every person with CF

https://youtu.be/WWZAJ7PHW4I

START HERe

WHAT DO WE NEED
TO FIGURE OUT?

Repair CFTR protein Restore CFTR protein

WHAT'S THE PLAN?

CFTR MODULATORS

R




- Cystic Fibrosis and

COVID-19
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A MULTINATIONAL REPORT TO
CHARACTERISE SARS-CoV-2 INFECTION IN
PEOPLE WITH CYSTIC FIBROSIS
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Report on the outcomes of 40 people
with CF positive for SARS-CoV-2

Cohort is heterogeneous and includes
11 lung transplant patients

Data collected through Registries of 8
participating countries

Clinical course of SARS-CoV-2 in CF
appears similar to the general
population

Outcomes of early cases have been
better than predicted
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Eight countries: Australia, Canada, France, Ireland,
Netherlands, New Zealand, UK and U.S.

40 people with CF infected with SARS-CoV-2

0.07 percent in CF compared to 0.15 percent in general
population

Mean age 33 yrs (range 15-59 yrs)

Mean FEV1pp 70 (range 18-114)

FEV1pp <40 (5 patients)

31 (78%) had symptoms when tested, and 24 (60%)had fever
15 (38%) with CFRD

14 patients on CFTR modulators

11 patients post lung transplant

1 patient pregnant — delivered healthy baby

13 (33%) needed oxygen and 1 required ventilation (transplant
patient)

70% recovered, 30% unresolved at time of reporting, and no
deaths
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* Earlier and more effective “shielding”, “protective self-isolation” or “cocooning”

* ‘Primed’ for reducing risk of exposure due to learned behaviors or standard of care
therapies



* CF Registry reported cases (US)
* Tests conducted 600
* Confirmed positive 34
e Pediatric: 5
Hospitalized: 10
Advanced lung disease: 6
Post-lung transplant: 5

Deaths: 2 (1 transplant, 1
advanced lung disease)

SARS-CoV-2 In

the US as of
5/14/19

e UMass Memorial Medical Center
(Pediatric and Adult) Data

e Confirmed positive 2
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* Pre FDA approval of Trikafta: median
survival for patients with CF and FEV1
<30% predicted is over 6.5 years

* Improving critical care outcomes:
C F dn d unanticipated survival and functional
recovery from respiratory failure
precipitated by influenza and other acute
infections

Intensive Care

e 2020 CF Foundation consensus guidelines
for the care of individuals with advanced
CF recommend individuals be considered
eligible for intensive care

Improved Prognosis in Cystic Fibrosis: Consideration for Intensive Care During the COVID-19
Pandemic. Am J Resp Crit Care Med. April 2020




 Cystic Fibrosis is a multisystem disease impacting many organ systems

e CFTR quantity and dysfunction lead to disease
* New CFTR modulators impacting outcomes and likely survival
* CF and SARS-CoV-2 outcomes hopeful



Thank-you to our Cystic Fibrosis Care Team!

* Physicians
* Ted Kremer, MD
* Michelle Trivedi, MD
* FeiJamie Dy, MD
* Evan Bailey, MD
* QOren Schaefer, MD
* David Fish, MD
* Christine Bielick-Kotkowski, MD
* Amy Darukhanavala, MD (Endocrine)

* Psychologist
* Stella Lopez, PsyD

* Nurse Practitioners/RN
* Melissa Condren, PNP
* Diane Waitkevich, PNP
* Emily Young, PNP
* Chris Dell’Erba, RN

* Social Work
* Connie Kazarian, LCSW

Pharmacy Liaison
* Melissa Chelotti, CPhT

Nutrition
* Sarah Derry, RD
* Kattia Corrales—Yauckoes, RD

Research Staff
* Karen Longtine, RN, BS, CCRC
* Jaclyn Longtine, BA, CCRC
* Carol Ciccarelli, RN

Respiratory Therapists
*  Maura Burke, RRT
* Tina Ducasse-Jablonski, RRT
* Pam LeClaire, RRT
* Jean May, RRT
* John Carew, RRT

Secretaries
e Patricia Roberts
* Rosie Sanchez



