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TaggedH1Changes in exercise endurance and
inspiratory capacity after
lumacaftor/ivacaftor therapy in
cystic fibrosis TaggedEnd

TaggedPDear Editor, TaggedEnd
TaggedPThe long-term positive effects of the combination of the

corrector lumacaftor (LUM) with the potentiator ivacaftor

(IVA) on physical activity and oxygen uptake values obtained

during a symptom-limited incremental cardiopulmonary

exercise test (CPET) in cystic fibrosis (CF) have been

described.1 Among available exercise-testing protocols, con-

stant work-rate exercise tests, such as a cycle endurance

test, deliver a reliable assessment of changes in exercise

capacity following intervention (both pharmacologic and

nonpharmacologic).2 As previously demonstrated, one-

month LUM/IVA therapy did not increase exercise endurance

or modify dyspnea or leg discomfort in adult CF patients3

and no data are available on the longer-term effects of such

modulator therapy on exercise endurance and symptoms of

exertion. The aim of this study was to examine the potential

impact of LUM/IVA therapy (400 mg/250 mg administered

orally every 12 h) on exercise endurance time (EET) and

symptoms of exertion during constant work-rate cycle ergo-

metry (CWRCE) after six months treatment. This was a pro-

spective, observational, multicenter study, involving three

CF centers in Italy (Rome, Milan, Orbassano). The study

(number 853/18) was approved by the ethics committee of

Policlinico Umberto I Hospital, Sapienza University of Rome,

Italy, and other local ethics committees. All patients pro-

vided written informed consent for this study. During the

study period from April 2019 to March 2020, we recruited

three stable adult CF patients (� 18 years old, homozygous

for Phe508del) who were about to initiate LUM/IVA treat-

ment. We used a protocol consisting of two visits: 3-4 weeks

prior to initiation of LUM/IVA treatment (visit 1) and 6

months afterwards (visit 2). During each visit, in the morning

patients performed spirometry and a symptom-limited

incremental CPET using cycle ergometry to determine peak

work rate (defined as the highest work rate maintained for

> 30 s). In the afternoon, all subsequent symptom-limited

CWRCE tests were conducted at 80% of peak work rate.

Inspiratory capacity and intensity of breathing discomfort

and leg discomfort (Borg scale4) were measured prior to

exercise, every 2 min during exercise and at the point of

TaggedEndTaggedPsymptom limitation (end-exercise). Minute ventilation (VˈE)

and oxygen uptake (V'O2) were measured using a calibrated

metabolic system (Cosmed K5). After completing each exer-

cise test, patients identified the primary reason for stopping

(due to leg and/or breathing discomfort or another reason).

Patients were asked to continue any respiratory-related

medications before the visits. Assessment was conducted at

the same place and time of day for all subjects. The number

of pulmonary exacerbations were prospectively collected

throughout the 6- month period. For each patient we calcu-

lated the percentage of change between “pre” and “post”

the start of LUM/IVA therapy for each variable. TaggedEnd
TaggedPPatient 1 is a 28 - year-old man of Caucasian origin diag-

nosed with CF at birth (Table 1). He commenced LUM/IVA

treatment in May 2019. During six months treatment, he pre-

sented with one pulmonary exacerbation, which was treated

with oral antibiotics. He reached his peak exercise at a higher

oxygen uptake than that measured prior to therapy (Table 2).

Patient 1 showed an improvement in oxygen pulse (VꞌO2/HR)

following treatment, as well as slightly higher values of ventila-

tion (VˈEpeak), while mean maximal ventilation was less than

the predicted MVV (208 L) and breathing reserve (BR) was

reduced (Table 2). Ventilatory efficiency (V'E/V'CO2 slope) and

partial pressure of end-tidal CO2 (PETCO2) were slightly lower.

After six month treatment, there was an increase in EET (344 s

vs 644 s, 87%) and an improvement in inspiratory capacity prior

to exercise of 520 mL, +17% (Table 2). The improvements in

inspiratory capacity were sustained during exercise and end-

exercise (160 mL, 4%, Table 2). There was a reduction in

breathing discomfort and leg fatigue.TaggedEnd
TaggedPPatient 2 is a 34-year-old man of Caucasian origin diag-

nosed with CF at birth (Table 1). He commenced LUM/IVA

treatment in July 2019. During six months treatment, the

patient did not have exacerbations. He reached peak exer-

cise at a higher oxygen uptake uptake than prior to treat-

ment (+5%, Table 2). There was an improvement in VꞌO2/

HR by + 6%. We observed lower values of VˈEpeak, a mean

maximal ventilation less than the predicted MVV (130 L) and

a higher BR following treatment, suggesting that ventilation

limit was not a limiting factor. V'E/V'CO2 slope and PETCO2

were slightly reduced. There was an increase in EET (416 s

vs 635 s, 52%) and an improvement in inspiratory capacity

prior to exercise of 350 mL, 16% (Table 2). The improvement

in inspiratory capacity was sustained during exercise and

end-exercise (540 mL, 23%, Table 2). There was a reduction

in breathing and leg discomfort as indicated in Table 2. TaggedEnd
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TaggedPPatient 3 is a 30-year-old man of Caucasian origin diag-

nosed with CF at birth (Table 1). He commenced LUM/IVA

treatment in June 2019. During the following 6 months, the

patient had one pulmonary exacerbation requiring IV anti-

biotic therapy. He reached peak exercise at a lower oxygen

uptake (17% less, Table 2) and there was a marked reduc-

tion in VꞌO2/HR of 29%. He showed lower VˈEpeak and BR

values, with maximal ventilation less than the predicted

MVV (107 L). The V'E/V'CO2 slope improved marginally.

There was an increase in EET (371 s vs 460 s, 23%).

TaggedEndTaggedPAlthought the patient showed dynamic hyperinflation both

before and after treatment (ICD pre � 0.37 L, post � 0.3

L), there was an improvement in inspiratory capacity prior

to exercise of 180 mL (+6%) and at end-exercise 250 mL

(+10%; Table 2). There was a reduction in breathing and leg

discomfort (Table 2). TaggedEnd
TaggedPResults from these case series demonstrate a longer EET

after six months LUM/IVA treatment. Improvements in exer-

cise endurance were accompanied by improvements in inspi-

ratory capacity prior to exercise and additional serial

TaggedEnd Table 1 Anthropometric and clinical characteristics of adult CF patients.

Characteristics Patient 1 Patient 2 Patient 3

Pre Post % change Pre Post % change Pre Post % change

BMI, Kg/ m2 24.2 25.1 +4 23.9 24.6 +3 21.3 21.1 -0.93

Pseudomonas aeruginosa colonization no no 0 yes yes 0 yes yes 0

Staphylococcus aureus colonization yes yes 0 yes yes 0 yes yes 0

Burkholderia cepacia colonization no no 0 no no 0 no no 0

Pancreatic insufficiency yes yes 0 yes yes 0 yes yes 0

CF-related diabetes no no 0 no no 0 no no 0

FEV1, % predicted 106 109 +3 75 82 +10 72 65 -9.7

FVC, %predicted 123 118 -4 102 101 -0.9 98 84 -14.2

Definition of abbreviations: BMI = body mass index; FEV1 = Forced expiratory volume in 1 second; FVC = forced vital capacity; CF = Cystic

Fibrosis.

TaggedEnd Table 2 Measurements at peak symptom-limited incremental cycle exercise and at constant work-rate cycle ergometry

(CWRCE) of adult CF patients.

Variables at Peak CPET Patient 1 Patient 2 Patient 3

Pre Post % change Pre Post % change Pre Post % change

Work rate, watt 180 172 -4.4 180 210 +16.6 120 125 +4.1

V’O2, ml/min 2084 2328 +11.7 2650 2786 +5.1 1699 1384 -18.5

V’O2, ml/min/Kg 25.41 27.39 +7.8 38.41 39.24 +2.1 26.97 22.14 -17.9

V’O2, % predicted maximum 67 69 +3 97.6 102.2 +5 62.2 51.3 -17.5

HR, beats¢min�1 179 175 -2.2 150 148 -1.3 134 156 +16.4

VꞌO2/HR, ml O2/beat 11.6 13.3 +15 17.7 18.8 +6.2 12.7 8.9 -29

DSpO2 0 0 0 -1 -1 0 0 0 0

VT peak (l) 2.6 2.5 -3.8 3.84 3.7 -3.6 1.9 1.7 -10.5

V’E, l/min 88.4 96 +8.6 86.5 81.4 -5.8 50.5 48.3 -4.3

BR (%) 115 112 -2.6 28.3 49 +73 64.7 59.3 -8

V’E /VꞌCO2 slope 36.9 35.4 -4 30.3 28.9 -4.6 27.5 30.5 +10

PETCO2 peak (mmHg) 34 32 -5.8 42 41 -2.3 43 38 -11.6

Dyspnea, Borg scale 8 7 -12.5 7 8 +14.2 5 4 -20

Leg discomfort, Borg scale 9 7 -22.2 7 8 +14.2 8 7 -12.5

Variables at CWRCE

EET,s 445 644 +87 416 635 +52 371 460 +23

IC baseline, l 3.05 3.57 +17 2.1 2.45 +16 2.82 3 +6

IC end-exercise, l 4.31 4.47 +4 2.36 2.9 +23 2.45 2.7 +10

Dyspnea, Borg scale 6 5 -17 6 5 -17 5 4 -20

Leg discomfort, Borg scale 9 7 -22 9 7 -22 9 8 -11

Definition of abbreviations: V’O2 = oxygen uptake; HR = heart rate; VꞌO2/HR = oxygen pulse; DSpO2 = arterial oxygen saturation delta

from rest to peak exercise; VT= tidal volume; V’E =minute ventilation; BR= breathing reserve; V’E/V’CO2 = ventilatory equivalent for car-

bon dioxide. CWRCE = constant work-rate cycle ergometry; EET = exercise endurance time; IC = inspiratory capacity; Pre = Measurements

pre treatment with lumacaftor/ivacaftor; Post = measurements after 6 months treatment with lumacaftor/ivacaftor.
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TaggedEndTaggedPassessment of inspiratory capacity during exercise demon-

strated that these improvements were maintained at end-

exercise. All three patients experienced less dyspnoea and

less leg discomfort, while exercise limitation was often

related to peripheral muscle fatigue and not to ventilatory

constraints. Finally, in two patients we observed improve-

ments in oxygen uptake values obtained during an incremen-

tal CPET, which is an important result as V0O2 peak is an

excellent general predictor of survival in CF.5 TaggedEnd
TaggedPAs a wide variety of exercise testing protocols is currently

available with their own strengths and weaknesses, the deci-

sion about the most appropriate exercise test should be

guided by the objective of the measurement. Incremental

exercise protocols (incremental cycle or treadmill exercise

tests) are more appropriate in the evaluation of the degree

of exercise limitation, in the assessment of mechanisms of

exercise limitation and/or in the prescription of training

programs. Constant work-rate exercise test (CWRET) tLIM is

considered more responsive for detecting improvement in

exercise tolerance after an intervention.2,6 In COPD

patients, exercise training and interventions designed to

improve ventilatory function (i.e. bronchodilators) showed

an increase in endurance time.2,6 TaggedEnd
TaggedPImproving dyspnoea and exercise tolerance are recog-

nised as important goals in the treatment of CF, with the

measurement of exercise endurance also considered a valu-

able component of CF assessment, particularly in response

to treatment interventions with new drugs as modulators. In

this case series we found evidence that LUM/IVA can

increase inspiratory capacity, reduce exertional breathless-

ness and improve EET in patients with CF. Slowed increases

in operating lung volume provided reductions in exertional

breathlessness and improvements in symptom-limited exer-

cise endurance. These improvements include sustained lung

volume reduction as a result of enhanced tidal expiratory

flow rates and lung emptying, with reduced resting and exer-

cise lung hyperinflation observed in patient 3, together with

a delay in the mechanical limitation to ventilation. Conse-

quently, exertional dyspnoea was alleviated, leading to

increases in EET. In addition to changes in dyspnoea, our

patients who showed an increase in endurance time also

experienced less leg discomfort. Although we recognize that

both peripheral muscle dysfunction and deconditioning

could be related to exercise limitation in CF, we did not eval-

uate muscle function in this study. We acknowledge that this

is a case series with no control arm, so only interesting

observations can be made. Constant work-rate exercise

test, such as a cycle endurance test, confirmed its utility to

assess change in exercise capacity following longer-term

therapy with modulators. TaggedEnd

TaggedH1CRediTauthorship contribution statement TaggedEnd

TaggedPConception and design: DS. Acquisition of data: DS, AG, MV,

MDP, BM. Analysis and interpretation: DS, MDP. Drafting the

article: DS, AG, MV. All authors revised the intellectual con-

tent of the work and gave final approval of the version to be

submitted. TaggedEnd

TaggedH1Funding TaggedEnd

TaggedPThere is no funding for this study. TaggedEnd

TaggedH1Availability of data and materials TaggedEnd

TaggedPAvailable upon request. TaggedEnd

TaggedH1Declaration of Competing Interest TaggedEnd

TaggedPThe authors declare that they have no financial and personal

relationships with other people or organisations that could

inappropriately influence their work.TaggedEnd

TaggedH1Acknowledgements TaggedEnd

TaggedPThe authors would like to express their gratitude to medical

student Alessandro Porcella for the stimulating discussion

we had on this case report. TaggedEnd

TaggedH1References TaggedEnd

TaggedP1. Savi D, Schiavetto S, Simmonds NJ, Righelli D, Palange P. Effects

of Lumacaftor/Ivacaftor on physical activity and exercise toler-

ance in three adults with cystic fibrosis. J Cyst Fibros.

2019;18:420�4.TaggedEnd

TaggedP2. Borel B, Provencher S, Saey D, Maltais F. Responsivesess of vari-

ous exercise-testing protocols to therapeutic interventions in

COPD. Pulm Med. 2013;2013:410748. TaggedEnd

TaggedP3. Quon BS, Ramsook AH, Dhillon SS, Mitchell RA, Boyle KG, Wilcox

PG, et al. Short-term effects of Lumacaftor/Ivacaftor (Ork-

ambiTM) on exertional symptoms, exercise performance, and

ventilatory responses in adults with cystic fibrosis. Respiratory

Res. 2020;21:135. TaggedEnd
TaggedP4. Borg GA. Psychophysical basis of perceived exertion. Med Sci

Sports Exerc. 1982;14:377�81. TaggedEnd

TaggedP5. Nixon PA, Orenstein DM, Kelsey SF, Doershuk CF. The prognostic

value of exercise testing in patients with cystic fibrosis. N Engl J

Med. 1992;327(25):1785�8.TaggedEnd

TaggedP6. Puente-Maestu L, Palange P, Casaburi R, Laveneziana P, Maltais F,

Neder JA, et al. Use of exercise testing in the evaluation of inter-

ventional efficacy: an official ERS statement. Eur Respir J.

2016;47:429�60.TaggedEnd

D. Savia,*, A. Gramegnab,c, M. Vicenzid,e, M. Di Paoloa, B.

Messoref, P. Palangea, F. Blasib,c

a Department of Public Health and Infectious Diseases,

Sapienza University of Rome, 00185 Rome, Italy
b Department of Pathophysiology and Transplantation,

University of Milan, Italy
c Respiratory Unit and Cystic Fibrosis Adult Center,

Fondazione IRCCS Ca' Granda Ospedale Maggiore Policlinico

Milano, Italy
d Fondazione IRCCS Ca’ Granda Ospedale Maggiore

Policlinico, Internal Medicine Department, Cardiovascular

Disease, University of Milan, Milan, Italy

340

TaggedEndD. Savi, A. Gramegna, M. Vicenzi et al.

http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0001
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0001
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0001
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0001
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0001
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0002
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0002
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0002
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0003
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0003
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0003
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0003
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0003
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0003
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0004
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0004
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0004
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0005
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0005
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0005
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0005
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0006
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0006
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0006
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0006
http://refhub.elsevier.com/S2531-0437(22)00222-7/sbref0006


e Dyspnea Lab, Department of Clinical Sciences and

Communty Health, University of Milan, Italy
f Adult Cystic Fibrosis Center, Pulmonology Dept, Azienda

Ospedaliera Universitaria San Luigi Gonzaga, 10043

Orbassano, Italy

* Corresponding author at: Department of Public Health and

Infectious Diseases, Sapienza University of Rome, 00185

Rome, Italy.

E-mail addresses: daniela.savi@uniroma1.it (D. Savi),

gramegna.med@gmail.com (A. Gramegna), marco.

vicenzi@unimi.it (M. Vicenzi), marcello.dipaolo@uniroma1.

it (M. Di Paolo), barbara.messore@gmail.com (B. Messore),

paolo.palange@uniroma1.it (P. Palange), francesco.

blasi@unimi.it (F. Blasi).

Received 21 July 2022; Accepted 24 September 2022

Available online 21 October 2022

341

TaggedEndPulmonology 29 (2023) 338�341

mailto:daniela.savi@uniroma1.it
mailto:gramegna.med@gmail.com
mailto:marco.vicenzi@unimi.it
mailto:marco.vicenzi@unimi.it
mailto:marcello.dipaolo@uniroma1.it
mailto:marcello.dipaolo@uniroma1.it
mailto:barbara.messore@gmail.com
mailto:paolo.palange@uniroma1.it
mailto:francesco.blasi@unimi.it
mailto:francesco.blasi@unimi.it

	Changes in exercise endurance and inspiratory capacity after lumacaftor/ivacaftor therapy in cystic fibrosis
	CRediT authorship contribution statement
	Funding
	Availability of data and materials
	Declaration of Competing Interest
	Acknowledgements
	References


