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SUMMARY
Background: Cystic fibrosis (CF) is the most serious and fre-
quent hereditary autosomal disease that causes respiratory,
hepatic and pancreatic dysfunction. The aim of the study
was to assess the pharmaceutical and medical cost in CF
outpatients from the Adult Cystic Fibrosis Unit at third level
hospital.
Material and methods: Retrospective observational study in
adult CF patients throughout the year 2017. Demographic
and clinical variables were included. All of the medical va-
riables considered were directly related to the disease. Con-
sidered cost were laboratory selling price notified in
Nomenclator. Medical costs were calculated based on labo-
ratory's price list and hospital medical procedures.
Results: 89 CF patients enter the study, and 57 patients were
finally included. The mean age was 32.5 years, 56.1% were

female. 36.5% patients were homozygous for Phe508del,
40.4% heterozygous, and 22.8% had another mutation. The
average FEV1 was 72.2%. 33.3% patients were colonized
by sensitive Pseudomonas aeruginosa (PA) and 7.0% by mul-
tidrug-resistant PA. Total costs per year was EUR 623,981.3,
(87.6% drug costs and 12.4% medical costs).
Medical, drug and total costs were higher in Phe508del/Phe508del
mutation group than Phe508del/other and other/other
(p<0.05). Microbial colonization increased costs (p<0.05); co-
lonized by sensitive PA had statistically significant higher drug
and total costs, similar in multidrug resistant PA. Medical costs
increase with severity level of lung function (p=0.001), also drug
and total costs with the exception of severe patients. 
CF is a relative costly disease for the healthcare system. In
our study homozygous Phe508del mutation patients, lows
values of FEV1 and colonization had higher cost.
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RESUMEN
Introducción: La fibrosis quística (FQ) es
la enfermedad autosómica hereditaria
más grave y frecuente que cursa con
disfunción respiratoria, hepática y pan-
creática. El objetivo del estudio fue
evaluar el coste farmacéutico y médico
directo en pacientes ambulatorios de
FQ de la Unidad de Fibrosis Quística de
Adultos en un hospital de tercer nivel.
Material y métodos: Estudio observacio-
nal, retrospectivo, en pacientes adultos
con FQ a lo largo del año 2017. Se reco-
gieron variables demográficas y clínicas.
Todas las variables médicas consideradas
estaban directamente relacionadas con la
enfermedad. Los costes considerados
fueron los precios de venta de laboratorio

notificado en Nomenclator. Los costes
médicos se calcularon en base a la lista
de precios del laboratorio y los procedi-
mientos médicos hospitalarios.
Resultados: Se realizó el screening en 89
pacientes con FQ, y finalmente se inclu-
yeron 57 pacientes. La edad media fue
de 32,5 años, el 56,1% eran mujeres. El
36,5% de los pacientes eran homocigo-
tos para Phe508del, el 40,4% heteroci-
goto y el 22,8% tenían otra mutación. El
FEV1 medio fue de 72,2%. El 33,3% de
los pacientes estaban colonizados por
Pseudomonas aeruginosa (PA) sensibles
y 7,0% por PA multirresistentes. Los cos-
tes totales anuales fueron de 623.981,3
euros (87,6% de costes de medicamen-
tos y 12,4% de gastos médicos directos).

Los costes médicos, farmacéuticos y
totales fueron mayores en el grupo de
mutación Phe508del/Phe508del, que
en Phe508del/otro y otros (p<0.05). La
colonización microbiana aumentó los
costes (p<0,05); la colonización por PA
sensibles supuso costes más altos de
fármacos y totales, de manera similar
para PA multirresistentes, todas las di-
ferencias estadísticamente significati-
vas. Los costes médicos aumentaron
con el nivel de gravedad de la función
pulmonar (p<0,001), también los cos-
tes de medicamentos y totales, con la
excepción de los pacientes más graves. 
Conclusión: La CF es una enfermedad
relativamente costosa para el sistema de
salud. En nuestro estudio, los pacientes
con mutación homocigota Phe508del,
los valores bajos de FEV1 y la coloniza-
ción tuvieron un costo más alto.

Tratamiento ambulatorio de fibrosis quística y
costes médicos: un análisis retrospectivo
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INTRODUCTION
Cystic fibrosis (CF) is an inherited, autosomal recessive disease,
with high mortality, which has a significant economic im-
pact on healthcare systems due to its complexity and the
cost of its treatments, especially at present time with the in-
troduction of new medications. In 2014, approximately
70,000 people worldwide had been diagnosed with CF1.
The incidence differs among populations, it is remarkably
more common in the white populations of Europe and
North America than in the Asian and African populations,
with variability within each country. In Europe, the preva-
lence is estimated to be 1-9 cases per 100,000 people2. Ho-
wever, given the unreported cases of this disease, this value
could represent an underestimation3.

CF is produced by a mutation in the gene of the cystic fi-
brosis transmembrane conductance regulator (CFTR) The CFTR
protein functions as a chloride channel, which helps maintain
the proper balance of salt and water within a cell. Mutations
in one or both copies of this gene cause chronic pulmonary,
hepatic, and pancreatic dysfunctions that are responsible for
most of the morbidity and mortality that ensues due to CF4. 

Although this disease still has no cure, life expectancy
has enhanced greatly in recent years. The median survival
age is approximately 51 years for some patients that have
CF5. This fact is related to a premature diagnosis of the di-
sease; a comprehensive multidisciplinary care in specialized
centers; an improvement in nutritional support; an active
treatment of pulmonary and digestive complications; lung
transplant; as well as new inhaled therapies and anti-infec-
tive treatments6. In addition, new therapeutic strategies, in-
cluding CFTR modulating drugs, gene therapy, and mRNA
repair are expected to further increase life expectancy1,3.

As mentioned before in this work, despite its low preva-
lence, CF may have a considerable impact on healthcare
systems expenditures. For instance, an international retrospec-
tive prevalence-based study of adult patients with CF describes
the annual direct cost per patient in Europe, with values bet-
ween EUR 13,798.13 in Poland and EUR 42,381.80 in the
United Kingdom7. Severity of CF disease based on FEV1 values
and chronic Pseudomonas aeruginosa airway infection are re-
lated to higher direct costs8. Furthermore, due to the intro-
duction of CFTR modulators (all of them orphan medicinal
products), an increase in expenditures per patient is expected9. 

The main aim of this work was to perform an economic
assessment of direct medical costs (outpatient medical in-
tervention and outpatient drug costs) of CF patients in an
adult CF Unit at a third level hospital in Spain. The secondary
objective was to evaluate the association between FEV1 va-
lues, chronic infection by main microorganisms, CFTR mu-
tation, and direct medical costs.  

METHODS
1. Literature review
We reviewed relevant literature on costs of CF from the last
15 years. The following databases were employed: ME-
DLINE, Web of Science, and EMBASE. As a mandatory re-
quirement, the search words had to be part of the title or
abstract. The search terms used were ‘cystic fibrosis’, ‘costs
and costs analysis’, ‘economic burden’, ‘comparison of
costs’, ‘costs of illness’, ‘health care costs’, and ‘social im-
pact of cystic fibrosis’. Language was restricted to English.
No other limitations were specified. A search on the refe-
rences cited in the reviewed papers was also performed. 

Inclusion criteria for publications in this review were as
follows: 1) analysis of cost for adult population (>18 years
of age); 2) average value of total CF treatment costs esti-
mated in the study; and 3) cost analysis conducted between
2000 and 2017. 

2. Study design
It was a retrospective observational study throughout the
year 2017. The inclusion criteria were: 1) age above 18
years; 2) diagnosis of CF; 3) follow up by Department of
Pneumology during 2017; and 4) medication collection
from this hospital during 2017. Patients without complete
annual monitoring were excluded. The study was approved
by the Ethics Committee of the hospital. 

3. Demographic and clinical variables
All patient data were collected from electronic history re-
cords and the outpatient electronic prescription system. The
variables studied in this work bestowed demographic and
clinical information. The demographic variables assessed
were age, sex, and body mass index (BMI). Meanwhile, the
studied clinical variables were mutation of CFTR; presence
of mellitus diabetes (MD); pancreatic insufficiency; occu-
rrence of massive haemoptysis; microbial and fungal colo-
nization; forced vital capacity (FVC); FVC in one second
(FEV1); FEV1/FVC relation; exacerbations with oral and in-
travenous antibiotics; number of outpatient pulmonology,
digestive, endocrinology, and physiotherapist visits; number
of spirometrys; number of glucose response curves; number
of blood tests; number of sputum microscopy; number of
ultrasound tests (fibroscan and digestive ultrasonography);
number of radiology tests (chest radiograph and bone den-
sitometry); and number of high resolution computerized
axial tomography (HRCT), and abdominal computerized
axial tomography (CT) scans. All of the medical variables
considered were directly related to the disease.

BMI was calculated as weight [kg] divided by height
squared [m2]. Weight and height were measured during me-
dical consultation.

CFTR mutations were classified in Phe508del/Phe508del
(homozygous for the deletion), Phe508del/other (heterozy-
gous for the deletion) and other mutations. 

Mellitus diabetes was defined as fasting blood glucose
greater than 126 mg/dL and postprandial (at two hours)
greater than 200 mg/dL.

The existence of pancreatic insufficiency was considered
when the patient required the use of complement pancreatic
enzymes with fecal elastase levels lower than 200 μg/g9.

Massive haemoptysis was defined as expectoration of
blood with volume over 240 ml, following the guidelines of
the Pulmonary Therapies Committee of the Cystic Fibrosis
Foundation10. 

Microbiologic colonization was considered as isolation
of one or more microorganisms in 50% or more of sputum
samples recollected in all medical visits during a year, and
analysed by the Microbiology Department (according to
Leeds criteria)11.

Forced vital capacity (FVC) and forced expiratory volume
in 1 second (FEV1) were estimated as part of the respiratory
functional study by a spirometer. One spirometry was done
in each medical consultation, taking as normal FVC and
FEV1 values greater than 80% of the theoretical value. Re-
sults lower than 70% in the FEV1/FVC ratio were indicative
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of obstruction. Patients were stratified according to FEV1
values in dependence of lung function-related severity level,
as follows: normal (FEV1 ≥81%), mild (80.9% to 61%), mo-
derate (60.9% to 40%), and severe (≤39.9%)

Exacerbations in treated patients were grouped as
mild/moderate (with oral antibiotics treatment) and severe
(with parenteral antibiotics). The distinction between intra-
venous or inhaled administration was not considered. 

4. Resource costs
Laboratory test prices were calculated based on hospital labo-
ratory price lists. Outpatient visits and medical tests prices were
calculated based on the price list for medical procedures at the
hospital. Drug prices considered were laboratory-selling prices
notified in Nomenclator (database with drug information
about funding, prices and others). Since Ivacaftor, the drug that
acts directly in the ion transport of defective cell-surface CFTR
protein, was not commercialized in Spain during this study, its
cost was assumed to be zero. To calculate the cost of the 7%
saline solution, formulated at the Hospital Pharmacy, the price
of the components utilized in its preparation was considered.
Hereafter all amounts are specified in Euros.

5. Data analysis
Proportion of patients, means, standard deviation (SD), me-
dians, interquartile range (IQR) of cost were calculated using
SPSS Version 22.0 software. Depending on the type of data,
parametrical or non-parametrical, t-student, ANOVA, or
U-Mann Whitney of Kruskal Wallis models were employed.
Multivariate regression analysis (Generalized linear Model)
were utilized to identify the main cost drivers of total, drug,
and medical costs. Results were considered statistically sig-
nificant if the p-value was less than 0.05. 

6. Compliance with ethics guidelines
The research was reviewed and approved by the Ethics
Committee of La Princesa University Hospital. All procedures
were in accordance with the Helsinki Declaration and its
later amendments or comparable ethical standards. An in-
formed written consent was not necessary because of the
nature of this study.

RESULTS
Eighty-nine CF patients were followed up by Department
of Pneumology during 2017, and finally fifty-seven patients
were included in the analysis. (Figure 1)

Demographic and clinical variables are presented in
table 1. The mean (SD) age was 32.5 (9.2) years and 32
(56.1%) patients were female. The mean (SD) BMI was 22.7
Kg/m2 (3.1). The average (SD) FVC was 84.0% (19.6), FEV1
was 72.2 (21.2), and FEV1/FVC relation was 67.9 (12.3).
The mean (SD) mild/moderate and severe exacerbations
were 2.8 (2.3) and 3 (8.0), respectively.

The total costs per year were EUR 623,981.3, more than
two thirds were attributed to drug costs related to medical
costs (EUR 546,762.9 (87.6%) vs. EUR 77,218.3 (12.4 %)).
The median total cost per patient was EUR 8,845.3, and
ranged from 343.9 to 32,895.6. The mean (SD) medical
cost was EUR 1,354.7 (513.9) and the median (IQR) drug
cost was EUR 7,226.2 (5.5-30,868.0).

Medical costs by categories are shown in table 2. The
main cost was the pulmonology visit, which corresponds to a
mean (SD) cost of EUR 716.6 (309.1), followed by the spiro-

metry mean cost (SD) of EUR 229.3 (99.6), and the digestive
visit, with a mean cost (SD) of EUR 120.5 (74.5). Fibroscans
were not performed to any patient during the study. 

Drug groups with highest costs per year were Bramitob®

(tobramycin) (EUR 58,326.2), Xolair® (omalizumab) (EUR
53,174.9), Promixin® (colistimethate) (EUR 47,559.4), and
others parenteral or inhaled antibiotics (EUR 41,805.0). 

The subgroup analysis is presented in table 3. Medical
costs of females were higher than those of males, and the
difference was statistically significant (EUR 1,525.1 vs. EUR
1,132.7, p=0.003), however drug costs and total costs were
similar in both groups. 

The ANOVA test of the mutation of CFTR groups shows
that differences in medical costs were statistically signifi-
cant, implying greater costs for the Phe508del/Phe508del
mutation group (worst prognosis), as opposed to the
Phe508del/other, and other/other mutation groups (EUR
1,575.0 vs. EUR 1,187.5 vs. 1,294.6, p=0.036); likewise the
drug costs behaved similarly (EUR 12,152.2 vs. EUR 9,176.7
vs. EUR 6,192.5, p=0.050); and, therefore, total costs exhi-
bited a comparable pattern (EUR 13,727.2 vs. EUR 10,364.2
vs. EUR 7,487.1, p=0.040). 

Patients with haemoptysis correlated with higher drug-
and total-costs, as opposed to those who did not exhibit hae-
moptysis (drug cost EUR 15,017.4 vs. EUR 7,654.8, p=0.003
and total cost EUR 16,592.7 vs. EUR 8,930.7, p=0.003, res-
pectively). Some microbial colonizations sharply increased
total costs (EUR 11,817.5 vs. EUR 3,548.1, p=0.008), as well
as medical and drug costs, all differences were statistically
significant. Patients colonized with sensitive Pseudomonas
aeruginosa had statistically significant higher drug costs (EUR
14,532.7 vs. EUR 7,122.1, p=0.001), and total costs (EUR
15,870.9 vs. EUR 8,485.1, p=0.002). A similar scenario en-
sued with the multidrug resistant Pseudomonas aeruginosa
aeruginosa classification (EUR 23,196.9 vs. EUR 7,608.9,
p=0.006 and EUR 24,401.6 vs. EUR 9,931.6, p=0.007, res-
pectively). 

Figure 1. Flow chart of the population. Eighty-nine patients
were followed up by de Department of Pneumology during
the study period. Patients with lung transplant or not resi-
dent in Community of Madrid were excluded; finally fifty-
seven patients were included

13
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When it comes to lung function, medical costs increase
with severity level: the difference between normal (EUR
1,022.5), mild (EUR 1,464.4), moderate (EUR 1,639.6), and
severe (EUR 1,714.9) severity were statistically significant
(p=0.001). Drug costs also increase among lung function
severity, with the exception of severe patients, where ex-

penditure was lower (EUR 5,099.6 vs. EUR
10,992.2 vs. EUR 14,734.6 vs. EUR 9,425.8,
respectively, p=0.006). A similar situation
occurs in total costs (EUR 6,122.1 vs. EUR
12,456.5 vs. EUR 16,374.2 vs. EUR 11,140.7,
p=0.004).

The multiple linear regression model for
medical-, drug-, and total- costs (adjusted
for sex, age, BMI, FVC, FEV1, mild/mode-
rate exacerbations, mutation, haemoptysis
and bacterial colonization) presents a good
explanatory capacity (coefficient of determi-
nation=0.67; F=19.459, p<0.001). It included
the variable “mutation” for medical costs
(β coefficient=-347.0, p=0.006). Drug costs
included Pseudomonas aeruginosa coloni-
zation (β coefficient=5,986.1, p=0.016) and
total costs included Pseudomonas aerugi-
nosa colonization also (β coefficient=5,789.2,
p=0.016) (Table 4).

DISCUSSION
Considering rare diseases, CF represents a
health problem with a significant social im-
pact in first world countries13. The effect of
CF on health, quality of life and the econo-
mic cost of this disease justify the attention
given to the disease by both the society and
its economic experts in medical care14.

To the best of our knowledge, this is the
first attempt to estimate the care cost of pa-
tients with CF in Spain. Due to this fact,
these results cannot be compared with other
national reports. Although there are multiple
studies from other countries, the cost calcu-
lation and regression models are often diffe-
rent in each study and therefore not
comparable15. Taking this fact into conside-
ration, we emphasize that our discussion is
not a direct comparison. Instead it is a des-
cription of results presented against results
from other countries. 

The cost analysis was based on individual
patient care data from a population of 57 CF
patients who were seen systematically bet-
ween January 2017 and December 2017 in
a reference center for CF in Spain, La Prin-
cesa University Hospital in Madrid. According
to a current regulation in Spain (Circular
8/1991, April 23), CF patients are followed
in reference centers and all drugs must be
prescribed and dispensed by the reference
center. This system greatly favoured a reliable
monitoring of drug utilization in our study.

In our work, solely outpatient costs
were taken into consideration. We divided
costs into two groups: 1. “Treatment costs”

including costs associated with drugs and dietetic products;
and 2. “Medical costs” including device prescriptions, me-
dical tests, and medical consultations.

While previous studies have found that patients who
have a mutation of homozygous Phe508del-CFTR are asso-
ciated with high morbidity and mortality, our study was one

Table 1. Demographics and clinical variables 

Variable Patients n (%)

Women 32 (56.1)

Mutation of CFTR 

Phe508del/Phe508del 21 (36.5)

Phe508del/other 23 (40.4)

Other/other 13 (22.8)

Mellitus diabetes 23 (40.4)

Pancreatic insufficiency 40 (70.2)

Haemoptysis 15 (26.3)

Microbial colonization 51 (89.5) 

Sensitive Pseudomonas aeruginosa 19 (33.3) 

Multidrug resistant Pseudomonas aeruginosa 4 (7.0) 

Methicillin-resistant Staphylococcus aureus 6 (10.5) 

Methicillin-sensitive Staphylococcus aureus 31 (54.4) 

Burkholderia cepacia 6 (10.5) 

Haemophilus Influenzae 10 (17.5) 

Achromobacter xylosoxidans 6 (10.5) 

Stenotrophomonas maltophilia 4 (7.0) 

Proteus mirabilis 2 (3.5) 

Mycobacterium abscessus 2 (3.5) 

Fungal colonization 2 (3.5)

Aspergillus fumigatus 1 (1.8) 

Candida 1 (1.8) 

Lung function-related severity level by FEV1 

Normal (FEV1 ≥81%) 21 (36.8)

Mild (FEV180.9% to 61%) 20 (35.1)

Moderate (60.9% to 40%) 13 (22.8)

Severe (≤39.9%) 3 (5.3)

Exacerbations 49 (86.0)

Mild/moderate exacerbations 48 (84.2)

Severe exacerbations 11 (19.3)

Number of hospitalizations 2 (3.5)

Deaths 1 (1.8)

FEV: forced vital capacity. 
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of the first studies to estimate the effect of the genetic pro-
file on the costs. We found that, on average, treating pa-
tients presenting homozygous Phe508del mutation costs
twice as much than treating patients with other mutations
(EUR 13,727 vs. EUR 7,487) (p<0.05). The Phe508del mu-
tation leads to greatly reduced CFTR protein activity owing
to impaired processing and trafficking of CFTR to cell sur-
face, as well as impaired function of the small quantity of
the protein to epithelial membranes4. Similar findings were
previously reported by Jackson et al.6, Mlcoch et al.8, and
Gu et al.16. Genetic profiles are relevant because CFTR mu-
tation grouping is predictive of prognosis17, and the recent
development of mutation-specific therapies to treat the un-
derlying genetic defect have shown promising results18,19.

The results also demonstrate a direct correlation between
chronic bacterial colonization and costs. Furthermore, me-
dical costs were significantly higher with chronic colonization
by Pseudomonas aeruginosa (EUR 14,532 vs. EUR 7,122),
and treatment costs were significantly higher with coloniza-
tion by Burkholderia cepacia (EUR 1,540 vs. EUR 1,332);
both bacteria have been linked to clinical and functional im-
pairment as well as an increase in the number of respiratory

excretions4. The association between chronic bacterial colo-
nization and costs has been well validated6,16,20-22.

As we pointed out previously in our discussion, although
sometimes it is difficult to compare the results between stu-
dies because of the differences in the methodologies, al-
most all studies (including this work) found that FEV1 has a
significant effect on the costs6,7,16,20,23,24. Nevertheless, severe
lung function showed lower medical, drug and total costs
than moderate lung function. This behavior could be due
to the smaller number of patients included in this group. 

In spite of not having a cure for this disease, expected
lifespan has improved significantly recently, being the me-
dian survival age approximately 51 years for some patients
with CF5. Due to this fact it is especially interesting to con-
sider how age impacts the cost of this illness. Jackson et
al.6, Gu et al.16, and Van Gool et al.12 found a positive effect
of age on costs, being lowest in children, peaked in adults
aged in their late twenties, and declining for older patients.
This model is probably related to patients with better health,
who require less medical intervention and therefore imply
less costs, that are likely to live longer. Nevertheless, in our
study we could not demonstrate this correlation.

Table 2. Medical costs by categories

Category 
Units Cost (EUR)

Mean SD Mean SD

Outpatient visit

Pulmonology 5.6 2.5 716.6 309.1

Digestive 1.0 0.7 120.5 74.5

Endocrinology 0.7 1.4 56.2 111.2

Physiotherapists 1.0 2.1 9.2 18.9

Spirometry 5.7 2.5 229.3 99.6

Glucose response curve 0.3 0.5 1.8 3.0

Clinical analysis laboratory

Blood test 1.5 1.6 1.8 2.1

Microbiology laboratory

Sputum microscopy 6.2 3.9 34.5 21.6

Ultrasounds

Fibroscan - - - -

Digestive ultrasonography 0.9 0.5 68.3 40.0

Radiology

Chest radiograph 0.7 0.9 10.5 13.2

Bone densitometry 0.3 0.5 25.5 36.31

Computerized axial tomography (CT)

High resolution CT (HRCT) 0.4 0.6 73.3 106.2

Abdominal CT 0.1 0.2 10.0 42.8

CT: computerized axial tomography; HRCT: high resolution computerized axial tomography.
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Table 3. Costs analysis

n
Medical costs Drug costs Total costs

Mean SD P value Median SD P value Median SD P value

Sex

Females 32 1525.1 460.3
0.003

8950.5 8569.3
0.421

10478.7 8770.0
0.585

Males 25 1132.7 501.0 10413.8 8470.9 11546.5 8772.4

Mutation of CFTR 

Phe508del/Phe508del 21 1575.0 478.8

0.036

12152.2 7857.9

0.050

13727.2 7846.1

0.040Phe508del/other 23 1187.5 537.6 9176.7 9727.2 10364.2 10067.7

Other/other 57 1294.6 421.7 6192.5 5918.0 7487.1 6193.7

Mellitus diabetes (MD)

Not MD 34 1291.3 540.6
0.261

9784.0 9438.2
0.569

11075.4 9694.5
0.526

MD 23 1448.4 467.3 9308.9 7025.7 10757.3 7212.4

Pancreatic insufficiency

Not pancreatic insufficiency 17 1206.9 509.2
0.159

7650.0 7859.3
0.143

8857.0 8228.4
0.125

Pancreatic insufficiency 40 1417.5 509.1 10417.8 8695.6 11835.3 8855.1

Haemoptysis

Not haemoptysis 42 1275.9 522.6
0.052

7654.8 7560.7
0.003

8930.7 7838.1
0.003

Haemoptysis 15 1575.2 430.7 15017.4 8806.5 16592.7 8781.0

Microbial colonization 

Not colonization 6 956.8 741.3
0.044

2591.3 3027.6
0.010

3548.1 3585.9
0.008

Colonization 51 1401.5 468.6 10416.0 8548.8 11817.5 8735.9

Microbial colonization by sensitive Pseudomonas aeruginosa

Not colonization 38 1362.9 569.3
0.866

7122.1 7289.3
0.001

8485.1 7624.1
0.002

Colonization 19 1338.2 393.4 14532.7 8714.8 15870.9 8836.8

Microbial colonization by multidrug resistant Pseudomonas aeruginosa

Not colonization 53 1366.0 529.2
0.550

8565.6 7608.9
0.006

9931.6 7895.2
0.007

Colonization 4 1204.7 202.1 23196.9 8599.9 24401.6 8700.3

Methicillin-sensitive Staphylococcus aureus

Not colonization 26 1332.9 567.6
0.772

10492.5 9789.2
0.773

11825.4 10068.5
0.798

Colonization 31 1373.0 472.9 8837.3 7289.7 10210.3 7474.4

Methicillin-resistant Staphylococcus aureus

Not colonization 51 1388.6 508.2
0.148

9929.9 8583.0
0.336

11318.5 8791.2
0.311

Colonization 6 1066.8 513.5 6723.3 7615.9 7790.0 7951.6

Lung function-related severity by FEV1 [n (%)]

Normal (FEV1 ≥81%) 21 1022.5 462.5

0.001

5099.6 6326.8

0.006

6122.1 6562.1

0.004
Mild (FEV180.9% to 61%) 20 1464.4 365.4 10992.2 7907.5 12456.5 8023.8

Moderate (60.9% to 40%) 13 1639.6 458.5 14734.6 9843.7 16374.2 9857.5

Severe (≤39.9%) 3 1714.9 850.5 9425.8 5930.4 11140.7 6295.1

MD: mellitus diabetes; FEV: forced vital capacity.
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CFTR modulator drugs are changing the FQ therapy. Iva-
caftor (Kalydeco®) was financed in 2014 by EMA (PVL noti-
fied = EUR 18,000) for treatment of patients aged 6 years
and older who have the G551D mutation. Meanwhile, lu-
macaftor/ivacaftor (Orkambi®) was approved in 2016 for
treatment of patients aged 6 years and older who have the
Phe508del mutation, although its funding and price is not
currently established according to the Nomenclator data-
base. Tezacaftor/ivacaftor (Symkevi®) has been demonstra-
ted in clinical trials to improve the benefit-to-risk profile in
patients with homozygous for Phe508del mutation25, and
has been approved in January, 2019. Currently in our hos-
pital, 1 patient is being treated with ivacaftor, 1 with luma-
caftor/ivacaftor, and 2 with tezacaftor/ivacaftor, these last
two combinations are part of an expanded access program. 

The major limitation of the current study is that it was
carried out in a single centre, enrolling a relatively limited
sample size (n=57). Due to this limitation, these results can-
not be projected to the entire population of CF patients in

Spain, and therefore the data obtained have only informa-
tive value. Additionally, in our study we considered solely
outpatient costs, so our results are not comparable with
those of the commented studies that took into account in-
patient and/or indirect costs. 

At the moment, CF is a relatively costly disease for the
Spanish healthcare system. In this study, we have shown
that there are factors that contribute to increase significantly
the cost of the disease. More specifically, we have shown
that patients with the homozygous Phe508del mutation,
decreased values of FEV1, and microbiological colonization
will entail higher medical and drug costs.

We expect that this scenario will change during the up-
coming years, when the CFTR drugs (lumacaftor/ivacaftor,
tezacaftor/ivacaftor and other molecules in research and de-
velopment) will finally be incorporated into routine clinical
practice. A new economic analysis will be necessary to de-
monstrate the impact of such new CF treatments in health-
care system. 

1 female is the reference category; 2 delF508/delF508 is the mutation reference category; 3 the absence is the reference category.

Table 4. Regression analysis

Medical costs Drug costs Total costs 

β ES t p
value β ES t p

value β ES t p
value

(Constant) 2989.4 928.1 3.2 0.003 21278.3 17372.1 1.2 0.227 24005.9 17557.4 1.4 0.179

Sex1 -105.6 184.2 -0.6 0.570

Age -12.5 9.0 -1.4 0.171

BMI -13.2 22.5 -0.6 0.560 -377.2 371.4 -1.0 0.316 -410.3 375.4 -1.1 0.281

FVC -0.3 0.2 -1.7 0.094 -3.1 3.4 -0.9 0.374 -3.4 3.4 -1.0 0.325

FEV1 0.3 0.3 1.0 0.336 6.9 5.7 1.2 0.229 7.3 5.7 1.3 0.212

Oral
treatment
exacerbations

44.6 30.5 1.5 0.151 745.9 554.1 1.3 0.185 792.5 560.0 1.4 0.164

Mutation of CFTR

Phe508del/
Phe508del2 0.0 0.0 0.0

Phe508del/
other2 -347.0 120.8 -2.9 0.006 -694.3 2319.8 -0.3 0.766 -1001.0 2344.6 -0.4 0.672

Other/other2 -295.9 151.7 -2.0 0.058 -3325.8 2885.5 -1.2 0.256 -3517.1 2916.3 -1.2 0.235

Haemoptysis3 3511.3 2415.3 1.4 0.153 3668.7 2441.1 1.5 0.140

Bacterial
colonization3 -4.0 197.3 0.0 0.984 2215.1 3746.9 0.6 0.558 2218.4 3786.9 0.6 0.561

Burkholderia
cepacia3 213.6 186.8 1.1 0.260

Mycobacterium3 554.4 301.3 1.8 0.073

Pseudomonas
aeruginosa3 5986.1 2379.3 2.5 0.016 5789.2 2404.6 2.4 0.021

Coefficient of
determination
(R2) 

0.67 0.51 0.53

Cystic fibrosis outpatient treatment and medical costs: a retrospective analysis
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