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Abstract: Cystic fibrosis (CF) is a disease caused by a mutation in the cystic fibrosis transmem-

brane conductance regulator protein in the epithelial membrane, and affects at least 30,000 people 

in the USA. There are between 900 and 1000 new cases diagnosed every year. Traditionally, CF 

has been treated symptomatically with pancreatic enzymes, bronchodilators, hypertonic saline, 

and pulmozyme. In July 2015, the US Food and Drug Administration approved Orkambi (luma-

caftor/ivacaftor), a combination drug that works on reversing the effects of the defective cystic 

fibrosis transmembrane conductance regulator protein. Orkambi and mucolytics decrease the 

viscosity of mucous secretions, leading to an accumulation of hypoviscous fluid in the alveoli, 

resulting in dyspnea. This presentation can be mistaken for an infective exacerbation. We pres-

ent a case in which a young female with CF recently started on Orkambi therapy presented to 

her primary care physician with dyspnea and increased respiratory secretions and was admitted 

to the hospital for 2 weeks of intravenous and inhaled antibiotic therapy for a presumed CF 

exacerbation. We highlight this case to bring awareness and educate patients and clinicians of 

the side-effect profile of Orkambi therapy with an intent to avoid unnecessary hospitalizations, 

inpatient antibiotics, and other costly medical services.

Keywords: cystic fibrosis, lumacaftor/ivacaftor, dyspnea, CFTR protein, pulmozyme, hyper-
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Introduction
Cystic fibrosis (CF) is caused by a mutation in the gene that codes for cystic fibrosis 

transmembrane conductance regulator (CFTR) protein, which is most commonly 

present in the epithelial membrane (Figure 1). It is a disease known for multisystem 

dysfunction of organs such as the lungs and the pancreas, leading to premature death 

in affected patients. The most common CFTR mutation is Phe508del gene, which is 

present in almost 70% of patients, while about 45% of patients with CF are homo-

zygous for this gene mutation.1,2 Traditionally, CF has been treated symptomatically 

with pancreatic enzymes for digestion, and bronchodilators, mucolytics, and DNase 

for airway congestion. In July 2015, the US Food and Drug Administration (FDA) 

approved Orkambi (lumacaftor/ivacaftor), a combination drug that works to help restore 

the function of the defective CFTR protein in CF patients.3

Lumacaftor is an FDA-approved drug that corrects the processing of Phe508del 

gene, subsequently increasing CFTR protein availability at the cell surface, while 

ivacaftor increases the duration of the opening of the CFTR channels.4 While the two 

drugs individually have not been shown to improve clinical outcomes, when these 

two medications were combined they have been shown to improve forced expiratory 
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volume in one second (FEV
1
), reduce the rate of pulmonary 

exacerbations, increase body mass index, and decrease sweat 

chloride in patients with CF who were homozygous for the 

Phe508del gene mutation.5

Previous studies have shown that Orkambi therapy has 

a side-effect profile that has generally been well tolerated 

by patients.1 Adverse effects include chest tightness, dys-

pnea, diarrhea, nausea, upper respiratory tract infection 

symptoms, and elevated liver enzymes.1 While long-term 

side effects of the drug remain unknown at this time, it has 

been suggested that these drugs may counteract each other, 

and eventually the benefit may be lost.1 We present a case 

of a patient with a homozygous Phe508del CF mutation 

on Orkambi therapy with a reflection on management of 

her symptoms, and recommendations to improve clinical 

outcomes.

Case report
A 31-year-old female with a history of CF (genotype homo-

zygous ΔF508) who had been started by her primary care 

provider on Orkambi (lumacaftor/ivacaftor) six weeks earlier, 

presented to our hospital with complaints of experiencing 

increased fatigue and feeling “more winded”. At baseline, 

the patient stated that she was an active individual who ran 

up to a mile comfortably. More recently, she noticed an 

increase in sputum and sinus secretions, and felt as if she 

were “drowning” in her secretions. She was admitted to the 

hospital for dyspnea and a concern for a CF exacerbation as 

she grew multidrug resistant (MDR) Pseudomonas aerugi-

nosa in previous sputum cultures. New pulmonary function 

studies showed a decreased FEV
1
/FVC (forced vital capac-

ity) of 56% of predicted from 61% from 3 months prior. Her 

FEV
1
 also significantly decreased to 0.99 L, 34% of predicted 

from 58%. A computed tomography scan of her chest showed 

bilateral upper, right middle and lower lobe bronchiectasis, 

mucous plugging, cavitary lesions, fibrous scarring, and an 

atrophic pancreas. The patient was treated with meropenem 

(2 g q 8 h) and tobramycin (IV 700 mg qd and inhaled 300 mg 

bid) for 14 days as repeat sputum cultures during the admis-

sion grew three strains of MDR P. aeruginosa sensitive only 

to meropenem. Her CF exacerbation was also treated with 

albuterol and hypertonic saline nebulization, Advair, and 

(A)

(B)

(C)

Figure 1 Alveoli and respiratory epithelium of (A) normal lung (B) Cystic Fibrosis lung, and (C) Orkambi Therapy lung.
Notes: (A) CFTR is expressed at the apical membrane  and allows the flow of chloride and water in and out of the cell. (1) Normally it is tranlated, folded, and processed, 
then sent to the apical membrane. (2) Normal CFTR allows for the efflux of chloride and water to produce a thin mucus gel layer. (B) Cystic fibrosis is caused by mutations 
which result in a deficiency in and dysfunctional CFTR. (1) The F508del mutation results in impaired cellular processing. (2) Other  mutations affect the conductance of the 
channel. (C) Orkambi is a combination drug that has a corrector and a potentiator. (1) Lumacaftor acts as a chaperone and aids in cellular processing. (2) Ivacaftor potentiates 
CFTR that is at the membrane. It keeps the channel open and allows chloride to flow through.
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Orkambi daily along with aggressive pulmonary rehabilita-

tion. Pulmonary function tests showed serial improvement in 

FEV
1
 from 34% predicted to 42% predicted. Her respiratory 

status improved to near baseline and she was discharged after 

2 weeks of inpatient therapy.

Written informed consent was obtained from the patient 

for the case details to be published.

Discussion and review
The advancement in therapy for CF is truly one of the suc-

cess stories in medicine. This disease was first described in 

1938 by Dr Dorothy Andersen. At that time, life expectancy 

with CF was only around 6 months, while in 2013, this had 

increased to 40.7 years.5,6 This success is attributed to a 

multidisciplinary approach in the management of CF. This 

approach focuses on nutrition repletion, relieving airway 

obstruction, infection management, and suppression of 

inflammation. Nutrition repletion is crucial, as more than 

85% of affected patients have pancreatic insufficiency at 

birth.7 This has been addressed with the advent of pan-

creatic enzymes, which have been shown to significantly 

improve nutrition status in patients.6 Mucous plugging is 

a key feature of CF, and with the biotechnology of human 

DNase, hypertonic saline, B-agonist inhalers, and chest vest 

therapies (high frequency chest wall oscillation), there have 

been improvements in mucous clearing, thus relieving airway 

obstruction.6 Infections are managed by the use of oral, IV, 

and inhaled antibiotics chronically and acutely with a goal of 

treatment and prevention of respiratory tract infections.6 The 

final approach deals with suppression of inflammation, and 

this is done with steroids and nonsteroidal anti-inflammatory 

drugs; however therapy may often be limited due to side 

effects of these drugs.6

Orkambi therapy may now be thought of as another cru-

cial approach under the umbrella of CF management. This 

is the first drug that has been FDA approved that works on 

the actual mechanism of action of the disease.8 This tablet 

contains fixed doses of lumacaftor and ivacaftor. Defects in 

CFTR chloride channel in CF impairs transport of salt and 

water, thus resulting in defective gland fluid secretion and 

reduced secreted fluid volume, increased protein concen-

tration, and a viscous dehydrated air surface liquid, which 

causes reduced oxygen diffusion and a relatively hypoxic 

environment.9 The submucosal glands become hypertro-

phied as the disease progresses, with mucosal plugging of 

the airways.9 These hyperviscous secretions reduce airway 

mucociliary clearance and normal defense to antimicrobial 

infections.9 Ivacaftor has been studied to bind directly to 

and open the CFTR chloride channel via ATP-dependent 

mechanisms, while lumacaftor increases the quantity of 

CFTR protein present on the cell surface.10,11 This, in turn, 

increases the chloride flux through these channels, resulting 

in an increased amount of thin, watery fluid secretions.12 

We believe that Orkambi and mucolytics work together in 

these patients to cause a decrease in viscosity of secretions, 

leading to an accumulation of fluid in the alveoli that results 

in respiratory distress and shortness of breath, mirroring a 

congestive heart failure exacerbation. This is an interest-

ing observation that we have noticed at our CF clinic and 

more research needs to be done to validate this hypothesis. 

Dyspnea and respiratory chest tightness have been reported 

in 14% and 9.8% of the patients on Orkambi in a 24-week 

trial period.2

Our patient historically felt more on the dry side with 

regard to respiratory secretions. She was an active individual 

who liked to walk and run outdoors, and on a good day she 

was able to run a mile without difficulty. However, when 

started on Orkambi, she reported malaise, respiratory dis-

tress, and feeling that “she was drowning in her secretions”. 

Orkambi was continued along with aggressive pulmonary 

rehab and pulmonary toilet using the multidisciplinary 

approach, and her symptoms eventually improved.

In the PROGRESS trial (which extended for a 96-week 

period), the most common reported adverse effects were 

cough, increased sputum production, and infective pulmonary 

exacerbations.13 The classification of “infective pulmonary 

exacerbations” was based on the Modified Fuchs Criteria in 

which a patient is treated with parenteral antibiotics if they 

have 4 of 12 identified respiratory signs or symptoms.14 How-

ever, these respiratory symptoms can be nonspecific, and we 

believe that an individual presenting with just four of these 

symptoms may not actually have an active infection, as seen 

in our patient, who experienced dyspnea, malaise, change in 

sinus discharge, and a decrease in pulmonary function tests 

(PFTs) (4 of the 12 modified Fuchs Criteria). In reality, the 

individual may actually be experiencing a drug side effect 

that can be mistaken as an infective pulmonary exacerbation.

Thus, from our clinical experience, we would like to 

emphasize that patients started on Orkambi should be edu-

cated about this side-effect profile, and they should continue 

to be involved in pulmonary rehab and pulmonary toilet. The 

dyspnea they may be experiencing, we believe, is primar-

ily due to increased secretions from the therapy itself, and 

not an exacerbation of the disease. However, due to these 

presenting symptoms, they will be hospitalized unnecessar-

ily, and treated for a presumed “CF exacerbation”, while in 

reality what is being treated is a “drug-induced dyspnea” 

with unnecessary IV and inhaled antibiotics. Many of these 
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individuals are chronically colonized with Pseudomonas 

and other bacteria in their respiratory cultures and may get 

exposed to more unnecessary antibiotics.

While the mean annual health cost for CF patients is 

based on severity and progression of the disease, the majority 

of costs are accounted for by hospitalized inpatients (58%), 

medications (29%), medical services (10%), complications 

(2%), and diagnostic testing (1%).15 Our patient underwent 

aggressive pulmonary rehab and toilet along with education 

about the expected side-effect profile. She was subsequently 

continued on Orkambi with a favorable outcome. Her PFTs 

and respiratory status improved when continuing Orkambi 

along with Pulmozyme, albuterol, and Advair daily. We bring 

this case up to highlight the importance of awareness of the 

side-effect profile of Orkambi therapy. Doing so will allow 

clinicians and patients to maintain the multidisciplinary 

approach to CF management in the setting of possible adverse 

side effects of Orkambi therapy, and at the same time, avoid 

unnecessary hospitalizations, inpatient antibiotics, and other 

costly medical services.

Another point to be made with regard to management in 

these patients is to be aware of the effect of Orkambi in con-

jugation with Pulmozyme and hypertonic saline nebulization 

therapy. We believe that starting Orkambi while already on 

the other two drugs can actually cause an excessive amount 

of thin watery secretions, rather than its intent to break up 

hyperviscous secretions. Patients on Orkambi therapy may 

benefit from Pulmozyme alone, rather than a combination 

of Orkambi, Pulmozyme, and hypertonic saline. This, in 

turn, may limit these hypoviscous secretions. Further studies 

of this regimen may be of benefit for patients on Orkambi 

therapy.

More studies are underway to assess the effects of 

 Orkambi on dyspnea and exercise performance (Clinical 

trials.gov).
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