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1  |  INTRODUCTION

Elexacaftor/tezacaftor/ivacaftor (ETI) is a cystic fibrosis 
(CF) transmembrane conductance regulator modulator 
indicated for the treatment of people with CF (pwCF) 
aged ≥6 years who have at least one F508del (F) mutation 
or (only in the USA) any of 177 other mutations that have 
been shown to be responsive in vitro. Clinical trials have 
demonstrated that it leads to significant and sustained im-
provement in lung function, nutrition, and the quality of 
life of pwCF with two F (F/F), or one F and one minimal 
function mutation (F/MF), or one gating mutation (F/G), 
or one residual function mutation (F/RF).1- 3

We here describe a case demonstrating the effectiveness 
of ETI as rescue therapy in a woman with the CF genotype 
F508del/G1244E (genotype F/G) and advanced lung disease.

2  |  CASE REPORT

FG is now a 50- year- old woman who was diagnosed as hav-
ing CF at the age of 23.3 years. Her CF was characterized 

by severe lung disease (37% of predicted forced expiratory 
volume in the 1st second [pFEV1], resting SaO2 95% on 1 L/
min of oxygen via a nasal cannula), chronic Burkholderia 
cenocepacia (Bcc) infection, pancreatic insufficiency, and 
CF- related diabetes mellitus. She started treatment with 
the potentiator ivacaftor at the age of 45 years and, dur-
ing the first year of treatment, gained 3.2  kg in weight, 
experienced fewer pulmonary exacerbations (PEx), and 
required less antibiotic therapy; furthermore, her pFEV1 
increased from 33% to 41%, and her sweat chloride (swCl) 
level was 37 mmol/l. Three years later, her health status 
worsened (weight loss, increased PEx, a progressive de-
cline in pFEV1 to 27%, and a resting oxygen requirement 
of 5 L/min via a nasal cannula), but Bcc colonization ex-
cluded a lung transplantation.

In November 2020, she was hospitalized for 24  days 
because of PEx, and in December of the same year, she 
was re- hospitalized because of another severe PEx. Upon 
re- admission, she was febrile, dyspneic, and suffering. Her 
C- reactive protein level was 43.7 mg/L (normal <5 mg/L); 
arterial blood gas (ABG) analysis showed a pH of 7.45, 
PCO2 70 mmHg, PO2 61 mmHg, and HCO3 48.7 mEq/L, 
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Abstract
Elexacaftor/tezacaftor/ivacaftor (ETI) is a cystic fibrosis (CF) transmembrane 
regulator (CFTR) modulator. It is known to be efficacious in stable patients with 
severe pneumopathy, but there are few data concerning its effectiveness during 
acute exacerbations. We here describe its use in a woman with CF and respiratory 
failure.
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with 88% O2 saturation on 10 L/min of oxygen via a nasal 
cannula. Bi- level positive airway pressure (BiPAP) ventila-
tion was started with an FiO2 of 50% in order to obtain 92% 
O2 saturation. A chest X- ray showed diffuse bronchiecta-
sis and fibrotic changes with infiltrates in all lung lobes. 
Blood cultures and a molecular SARS- CoV- 2  swab test 
were negative, but a sputum culture was positive for Bcc. 
Intravenous (i.v.) meropenem and ceftazidime, i.v. methyl-
prednisolone, and intensive airway clearance were started 
in addition to ivacaftor and standard therapies. During the 
first two weeks, her respiration slightly improved but, as 
she remained BiPAP dependent, an urgent request for in-
dividual compassionate access to ETI treatment was sent 
to Vertex Pharmaceutics.

She started ETI on hospitalization day 22, when 
she was unable to perform spirometry and had a 
body mass index (BMI) of 22.18  kg/m2. Within a 
few days, her thick and sticky mucus became more 
fluid and abundant, and her respiration improved. 
Methylprednisolone was tapered and discontinued, 
and she was discharged 19 days after starting ETI. Her 
discharge ABG analysis showed a pH of 7.46, PCO2 
61 mmHg, PO2 58 mmHg, and HCO3 39.6 mEq/L with 
91.6% O2 saturation on 6 L/min of oxygen via a nasal 
cannula. She required less time on BiPAP and, during 
the day, received 5 L/min of oxygen via a nasal can-
nula. Spirometry showing her forced vital capacity 
(FVC) was 0.76 L (29.02% of predicted) and FEV1 0.65 
L (30.47% of predicted). Her mucus became increas-
ingly transparent and scarce.

Three months after starting ETI, her oxygen require-
ment had decreased; ABG analysis showed a pH of 7.47, 
PCO2 45 mmHg, PO2 60 mm Hg, and HCO3 32.8 mEq/L 
with 92.2% O2 saturation on 4 L/min oxygen via a nasal can-
nula; her FVC was 0.92 L (35.18% of predicted) and FEV1 
0.73 L (34.29% of predicted), and swCl was 31  mmol/L. 
The respiratory domain of the revised CF Questionnaire 
(CFQ- R) increased by 11 points in comparison with the 
discharge value (minimum important difference 4). Her 
BMI was 23.63 kg/m2 (a weight gain of 3.0 kg). The walked 
distance in 6 minutes increased from 360 m at discharge 
to 415 m after the three months of treatment (Table 1). She 
had not required antibiotic therapy during the previous 
three months, and no treatment- related adverse events 
were reported.

3  |  DISCUSSION

The clinical trials of ETI in pwCF who were F/F or het-
erozygous for F and MF, RF, or G involved patients 
with mild- moderate lung disease,1- 3 but improvements 
have also been obtained in pwCF with advanced lung 

disease, and these have often obviated the need for lung 
transplantation.4- 8

Our patient had an F/G genotype and had been previ-
ously treated with ivacaftor but, after an initial improve-
ment, experienced rapid disease progression (as has been 
previously described in ivacaftor- treated adults with G 
mutations),9 possibly aggravated by Bcc colonization.10 
During her subsequent hospitalization, she did not im-
prove significantly until ETI was administered, and, as all 
her other treatments remained unchanged, this suggests 
it played a role in her recovery. Furthermore, her lung dis-
ease continued to improve after she was discharged: There 
was no recurrence of PEx, no need for antibiotics, and her 
lung function and ABG parameters improved.

An ex vivo study has recently shown that elexacaftor is 
at least an additive co- potentiator with ivacaftor for F and 
two gating mutants (G551D and G1244E), thus increasing 
its functional effectiveness.11 Other studies have shown 
that ex vivo models, based on nasal brushing, have a high 
predictive power of the pharmacological response of CF 
patients, even regardless of the patient's genotype.12- 14 Our 
case highlights the potential of ETI in patients with severe 
CF- related lung disease, particularly those for whom lung 
transplantation is contraindicated. It seems to stabilize 
and partially reverse progressive lung disease even in the 
presence of risk factors for an adverse prognosis such as a 
requirement for supplementary oxygen, complex Bcc in-
fection, frequent exacerbations, CF- related diabetes, and 
female sex.10
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T A B L E  1  Comparison of change over treatment period with 
elexacaftor/tezacaftor/ivacaftor.

Characteristics Baseline*
After 
3 weeks

After 
12 weeks

Sweat chloride 
(mmol/L)

37 n.a. 31

ppFEV1 26.41 30.47 34.29

BMI (Kg/m2) 22.18 23.15 23.63

6MWT (m) n.a. 360 415

PaCO2 70 61 45

CFQ- R respiratory 
domain

50.0 72.2 83.3

Abbreviations: 6MWT, 6- minute walking test; BMI, body mass index; n.a, 
not available; PaCO2, Partial pressure of carbon dioxide in the arterial blood; 
ppFEV1, percentage of predicted forced expiratory volume in the 1st second.
*treatment with ivacaftor; 12 weeks before hospitalization



   | 3 of 3SALVATORE et al.

CONFLICT OF INTEREST
DS has been a Principal Investigator of Vertex trials and 
has received fees from the same company for speaking 
engagements. CC, MD, GM, and DP have no competing 
interests to declare.

AUTHOR CONTRIBUTIONS
DS: involved in conceptualization, writing the original 
draft, supervision. CC: involved in conceptualization, 
investigation, formal analysis, writing the original draft. 
MD and GM: involved in investigation, formal analysis, 
manuscript review & editing. DP: involved in investiga-
tion, formal analysis.

ETHICAL APPROVAL
The collection of data for the patient was an integral 
part of the approval by the local Ethic Committee (Ethic 
Committee of Region Basilicata on December 28, 2020) of 
the compassionate use program.

ORCID
Donatello Salvatore   https://orcid.
org/0000-0003-2432-415X 

REFERENCES
 1. Middleton PG, Mall MA, Dřevínek P, et al. Elexacaftor– 

Tezacaftor– Ivacaftor for Cystic Fibrosis with a Single Phe508del 
Allele. N Engl J Med. 2019;381(19):1809– 1819. https://doi.
org/10.1056/NEJMo a1908639

 2. Heijerman HGM, McKone EF, Downey DG, et al. Efficacy and 
safety of the elexacaftor plus tezacaftor plus ivacaftor combi-
nation regimen in people with cystic fibrosis homozygous 
for the F508del mutation: a double- blind, randomised, phase 
3 trial. The Lancet. 2019;394(10212):1940– 1948. https://doi.
org/10.1016/S0140 - 6736(19)32597 - 8

 3. Positive Phase 3 Study Results for TRIKAFTA® (elexacaftor/
tezacaftor/ivacaftor and ivacaftor) in People Ages 12 and Older 
With Cystic Fibrosis Who Have One Copy of the F508del 
Mutation and One Gating or Residual Function Mutation. 
2020. https://inves tors.vrtx.com/node/27601/ pdf. Accessed 
June 15, 2021.

 4. O'Shea KM, O'Carroll OM, Carroll C, et al. Efficacy of elex-
acaftor/tezacaftor/ivacaftor in patients with cystic fibrosis and 
advanced lung disease. Eur Respir J. 2021;57(2):2003079.

 5. Burgel PR, Durieu I, Chiron R, et al. French Cystic Fibrosis 
Reference Network study group. 2021. Rapid Improvement 

After Starting Elexacaftor- tezacaftor- ivacaftor in Patients with 
Cystic Fibrosis and Advanced Pulmonary Disease. Am J Respir 
Crit Care Med. Online ahead of print.

 6. Djavid AR, Thompson AE, Irace AL, Gusman E, Altman K, 
DiMango EA, Keating CL. Efficacy of Elexacaftor/Tezacaftor/
Ivacaftor in Advanced Cystic Fibrosis Lung Disease. Ann Am 
Thorac Soc. 2021;https://doi.org/10.1513/Annal sATS.20210 2- 
220RL. Epub ahead of print

 7. Martin C, Burnet E, Ronayette- Preira A, et al. Patient perspec-
tives following initiation of elexacaftor- tezacaftor- ivacaftor 
in people with cystic fibrosis and advanced lung disease. 
Respiratory Medicine and Research. 2021;80:100829. https://doi.
org/10.1016/j.resmer.2021.100829

 8. Bermingham B, Rueschhoff A, Ratti G et al. Short- term effect of 
elexacaftor- tezacaftor- ivacaftor on lung function and transplant 
planning in cystic fibrosis patients with advanced lung disease. 
2021. J Cyst Fibros. https://doi.org/10.1016/j.jcf.2021.05.009. 
Epub ahead of print.

 9. Kirwan L, Fletcher G, Harrington M, et al. Longitudinal Trends 
in Real- World Outcomes after Initiation of Ivacaftor. A Cohort 
Study from the Cystic Fibrosis Registry of Ireland. Ann Am 
Thorac Soc. 2019;16:209- 216.

 10. Ramos KJ, Quon BS, Heltshe SL, et al. Heterogeneity in Survival 
in Adult Patients With Cystic Fibrosis With FEV1 <30% of 
Predicted in the United States. Chest. 2017;151(6):1320- 1328.

 11. Veit G, Vaccarin C, Lukacs GL. Elexacaftor co- potentiates the 
activity of F508del and gating mutants of CFTR. J Cyst Fibros. 
2021. https://doi.org/10.1016/j.jcf.2021.03.011

 12. Di Lullo AM, Scorza M, Amato F, Comegna M, Raia V, Maiuri 
L, Ilardi G, Cantone E, Castaldo G, Iengo M. An “ex vivo model” 
contributing to the diagnosis and evaluation of new drugs in 
cystic fibrosis. Acta Otorhinolaryngol Ital. 2017;37(3):207– 213. 
https://doi.org/10.14639/ 0392- 100X- 1328

 13. Terlizzi V, Amato F, Castellani C, et al. Ex vivo model predicted 
in vivo efficacy of CFTR modulator therapy in a child with rare 
genotype. Mol Genet Genomic Med. 2021;9(4):e1656.

 14. Comegna M, Terlizzi V, Salvatore D, et al. Elexacaftor– 
Tezacaftor– Ivacaftor Therapy for Cystic Fibrosis Patients with 
the F508del/Unknown Genotype. Antibiotics. 2021;10(7):828.

How to cite this article: Salvatore D, Colangelo 
C, D’Andria M, Marsicovetere G, Passarella D. 
Elexacaftor/tezacaftor/ivacaftor as rescue therapy 
in a patient with the cystic fibrosis genotype 
F508DEL/G1244E. Clin Case Rep. 2021;9:e04713. 
https://doi.org/10.1002/ccr3.4713

https://orcid.org/0000-0003-2432-415X
https://orcid.org/0000-0003-2432-415X
https://orcid.org/0000-0003-2432-415X
https://doi.org/10.1056/NEJMoa1908639
https://doi.org/10.1056/NEJMoa1908639
https://doi.org/10.1016/S0140-6736(19)32597-8
https://doi.org/10.1016/S0140-6736(19)32597-8
https://investors.vrtx.com/node/27601/pdf
https://doi.org/10.1513/AnnalsATS.202102-220RL
https://doi.org/10.1513/AnnalsATS.202102-220RL
https://doi.org/10.1016/j.resmer.2021.100829
https://doi.org/10.1016/j.resmer.2021.100829
https://doi.org/10.1016/j.jcf.2021.05.009
https://doi.org/10.1016/j.jcf.2021.03.011
https://doi.org/10.14639/0392-100X-1328
https://doi.org/10.1002/ccr3.4713

