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CYSTIC FIBROSIS TRANSMEMBRANE 

CONDUCTANCE REGULATOR (CFTR)

Á Functions

- Chloride Channel

- Bicarbonate 

Channel

- Regulates ENaC



CaCC: Ca2+-activated alternative Cl- channel;  ENaC: epithelial Na+ channel  

Boucher RC. Eur Respir J. 2004.

ABNORMAL ION TRANSPORT 

AND MUCUS STASIS IN CF



INSERT NEW VIDEO HERE
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Vankeerberghen A, et al. J Cyst Fibros. 2002.

http://www.genet.sickkids.on.ca/cftr/  

CFTR
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IVACAFTOR FOR GATING MUTATIONS

Ramsey, B et al.  New Engl J Med (2011), 365: 1663-1672

FEV1 APEx

G551D patients: STRIVE results: N=161 (>12 yr); FEV1 = 63.6%; RDBPC

A new óbenchmarkô

Class 3

gating
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DEVELOPMENT OF CO-THERAPIES

15

VX-661 phase 3 program (Vertex)

F508/F508 F508/gating F508/function F508/nonfunction

Ivacaftor/VX-661

Different designs, common co-therapy

www.clinicaltrials.gov



EFFECT OF 28 DAYS OF VX-661/ IVACAFTOR 

ON FEV1 IN F508DEL HOMOZYGOTES 

Donaldson, Pilewskié.Rodman, et al. ECFS 2013

CFTR Corrector: VX-661

Ç Works with similar mechanism to 

lumacaftor to traffick F508del-CFTR    

to cell surface

Ç Longer Half-life; Less drug-drug 

interactions than lumacaftor;                

No evidence of early chest tightness



PREMATURE TERMINATION CODONS
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ÅThere are over 1,000 CFTR mutations which five or less 

people with CF in the world carry.1

ÅTraditional clinical trials designs are not possible for these 

rare mutations.

The Challenge of Rare Mutations

1 CFTR2 database; Garry Cutting and Karen Raraigh



1) Better therapies for those already on modulators

2) Residual function mutations treatment 

3) Ability to assess rare mutations

4) Single F508del mutation treatment

5) Class I mutations treatment

Modulator Needs Headed Into 2017



Å Studied 509 people with two copies of F508del >age 12 for 6 months

Å After 6 months, compared to placebo, those on Tezacaftor/Ivacaftor:

╖ Absolute FEV1 improved 4.0% (p<0.0001)

╖ Exacerbation frequency reduced by 35% (p=0.005)

╖ Quality of life score improved (+5.1 CFQR points, p<0.001)

╖ Had similar side effect profile to those on placebo

╖ Less drug-drug interactions

Poster #247; Oral presentation Nov. 3, 10:35 a.m. (Taylor-Cousar)

March 2017: Tezacaftor (VX-661)/Ivacaftor 

Shows Benefit in Those with Two F508del MutationsMarch 2017:

Tezacaftor/Ivacaftor likely 

an improved version of 

Lumacaftor/Ivacaftor

for those with two F508del mutations.



1) Better therapies for those already on modulators

2) Residual function mutations treatment 

3) Ability to assess rare mutations

4) Single F508del mutation treatment

5) Class I mutations treatment

2017: A Breakthrough Year for Modulators



May 2017: FDA Approves Ivacaftor for 23 

Missense Residual Function Mutations



August 2017: FDA Approves Ivacaftor for Five 

Additional Splice Residual Function Mutations



FDA Opens the Door to Use of In-Vitro Testing to 

Assess Rare Mutations Modulator Response 

FDA Press Release 

May 17, 2017 



1)Pathway for expansion of an approved drug only

2)Well-established track record of safety and efficacy for the drug

FDA decision opens a

new era of personalized CF medicine, 

allowing laboratory evaluation 

of rare CFTR mutations 

unable to be studied in clinical trials.



Theratyping: 

Laboratory testing of CFTR mutations 

using cell lines to determine which available 

modulators they respond to 



Normal

I II III IV

(G542X) (G551D) (D1152H)(F508del)

Synthesis Processing Conductance Gating

87% 5% 5%

Clï

V

(3849+10kbCï>T)

Low amounts

of CFTR

5%

Mutation Class:

Potentiator Alone

(Ivacaftor)
Corrector/Potentiator

(Lumacaftor/Ivacaftor)

(Tezacaftor/Ivacaftor)

Good framework 

for understanding, 

but oversimplified.

Scientific reality 

is more complicated.

Theratyping:

Do CF cells with the 

mutation in question respond 

to a specific modulator 

or combination of modulators?



March 2017: Tezacaftor (VX-661)/Ivacaftor Shows 
Benefit for F508del/Ivacaftor Approved RF 

Mutation

p<0.0001

Studied 250 patients with F508del/Ivacaftor responsive RF mutation

Å After 2 months, compared to placebo:

╖ Ivacaftor alone: Absolute FEV1 improved 4.7% (p<0.0001)

╖ Ivacaftor alone: Quality of life improved (+9.7 CFQR, p<0.0001)

╖ Tezacaftor/Ivacaftor: Absolute FEV1 improved 6.8% (p<0.0001)

╖ Tezacaftor/Ivacaftor: Quality of life improved (+11.1 CFQR, p<0.0001)

Poster #273. Oral presentation Nov. 3, 10:55 a.m. (Rowe)

For those with 

one Ivacaftor-approved 

residual function mutation 

and

one F508del mutation,

Tezacaftor/Ivacaftor likely more 

beneficial than Ivacaftor alone.



ÅLumacaftor/Ivacaftor (Orkambi) and Tezacaftor/Ivacaftor     

only showed benefit in those with two F508del mutations

ÅStudy of Tezacaftor/Ivacaftor in patients with a single 

F508del and a second mutation that does not make 

protein

╖Enrolled 150 participants

╖Stopped by DSMB after 8 weeks of therapy for futility

Much Work Still to Do for Single F508del


