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Disclosures
• Our CF Center has been involved in some of the Vertex CFTR modulator clinical trials



Objectives

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

• 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



Symptoms of CF Begin at an Early Age



CF Is a Rare Genetic Disease Primarily 
Affecting Caucasians



Number of Individuals with CF Residing in 
Each State in 2017

~ 30,000 total in US



CF Inheritance Pattern: Autosomal Recessive



What’s happening in the cell?



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, 
GI system and reproductive organs





Effect of CFTR 
Mutations on 

Total CFTR 
Activity



CFTR Genotype of Both Alleles determines
Total CFTR Activity:    CF Phenotype



Pathophysiology 
of CF Lung 

Disease





CFTR Modulators

• High-throughput assays

• Screen small molecules

• Repair mutant CFTR (cell 
assays)

• Potentiators

• Correctors

• Amplifiers



Potentiators

• CFTR gets to the cell surface 
and potentiators open the 
gates!



Potentiators

• Ivacaftor, VX-770 (Kalydeco®) FDA approved 
in 2012

• Target - G551D (Class 3 mutation)

• Recently approved down to the age of 6 
months

• 38 CFTR gene mutations









Correctors

• CFTR is misfolded and cannot reach cell 
surface 

• Correctors assist in protein folding and 
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



1st Corrector 
+ Potentiator

• Lumacaftor + Ivacaftor combination —
Orkambi®

-F508del/F508del mutations

-CF patients as young as 2 years

-Improved clinical outcomes 

-improved FEV1

-reduced symptoms















2nd Corrector 
+ Potentiator

• Tezacaftor/Ivacaftor– Symdeko® 

-F508del/F508del mutations

-CF patients 6 years and older









Theratyping

• Process of matching medications with 
mutations (Personalized Medicine)

• Testing CFTR modulators on cells affected by 
rare CFTR mutations

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



Ivacaftor

38 mutations



Tezacaftor + 
Ivacaftor

26 mutations



Triple Combination 
Modulator

• Elexacaftor + Tezacaftor + 
Ivacaftor 

• 2 correctors + potentiator

• FDA approved October 2019

• 12 years and older









Elexacaftor + 
Tezacaftor + 

Ivacaftor



Adverse 
Reactions

• Elevated liver enzymes

• GI manifestations (transient)

• Increased cough (transient)

• Rash (transient)

• Cataract

• 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 
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Weight

• Measurements (kilograms) 0-3 months before starting Trikafta and 0-
4 months after starting Trikafta
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Amplifiers

• 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 

• Not yet available

• Phase II Trials, PTI-428



Drug 
Development 
Pipeline

2012

FDA approves 
Kalydeco®, G551D 
mutation (> 12yo); 
4% CF population

2014

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

2015

FDA approves 
Orkambi® >12yo 
homozygous F508del

2016

FDA approves 
Orkambi® > 6yo 
homozygous F508del

2017

Kalydeco® approved 
> 2yo with at least 
one of 23 residual 
function mutations



Drug 
Development 
Pipeline

2018

FDA approves Symdeko® 
for homozygous F508del 
or at least one copy of a 
responsive mutation (26 
identified mutations) 
regardless of the other 
mutation

2018

FDA approves Orkambi® 
down to 2yo

2018

FDA approves Kalydeco® 
down to 1yo

2019

FDA approves Symdeko® 
down to 6yo

2019

FDA approves Trikafta ® 
for patients with single 
copy of F508del and any 
other disease causing 
mutation (> 12yo)



https://youtu.be/WWZAJ7PHW4I



Cystic Fibrosis and 
COVID-19



• 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



Study Results

• 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



Why the lower incidence in CF?

• 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



SARS-CoV-2 in 
the US as of 
5/14/19

• CF Registry reported cases (US)

• Tests conducted 600

• Confirmed positive 34

• Pediatric:  5

• Hospitalized:  10

• Advanced lung disease:  6

• Post-lung transplant:  5

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

• UMass Memorial Medical Center 
(Pediatric and Adult) Data

• Confirmed positive 2



CF and 
Intensive Care

• Pre FDA approval of Trikafta:  median 
survival for patients with CF and FEV1 
<30% predicted is over 6.5 years

• Improving critical care outcomes: 
unanticipated survival and functional 
recovery from respiratory failure 
precipitated by influenza and other acute 
infections

• 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



Conclusion

• Cystic Fibrosis is a multisystem disease impacting many organ systems

• 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
• Fei Jamie Dy, MD
• Evan Bailey, MD
• Oren 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
• Patricia Roberts
• Rosie Sanchez


