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Preface

Dear Friends,

We take great pleasure in presenting the 2016 data from the Cystic Fibrosis Registry of Ireland
(CFRI) to you.

Our CF population continues to grow and mature. The annual hospital census carried out

by the registry showed that 1,339 people with cystic fi brosis (PWCF) were attending CF clinics
in the Republic of Ireland and that 94.5% were registered with the registry. 2016 is the first

time that the median age for PWCF has reached 20 years i.e. half of the population is over

20 years and half under. Iti salso interesting to note that 8.9 % of the PWCF population is over
40 years old. This illustrates the importance of patient registries in identifying changes in the
population and informing planners where resources will be required in the future. The Cys tic
Fibrosis Registry of Ireland plays its role not just in providing data and participating in scientific
research but plays an important role in contributing to the Clinical Directorate Working Group

for Cystic Fibrosis.

Internationally, the number of pa  tient disease registries are increasing and being recognised

as valued resources that support clinical patient management, quality assurance, research,

health technology assessments, clinical trials, pharmacovigilance and post -market research.
The Europea n Medicines Agency (EMA) has established a Patient Registry Initiative that
recognises that high quality registries can make important contributions to the evaluation
and monitoring of medicines for public health benefit, especially in relation to their sa fety.
During 2015 CFRI migrated from annual assessment to encounter based data and now plans

are in place to upgrade our technology so that it can meet the requirements to support
pharmacovigilance and clinical trials. We expect to deploy this technology i n 2018.

There will be many challenges going forward for CFRI into 2017 and 2018 that will incorporate
everything from financial to legislative challenges. Without the dedication of the registry staff

and the multi -disciplinary teams it would be impossible to maintain a quality registry. In
addition, without the generosity of the patients who give consent to access their data there

would be no registry. We thank you all for your valued contribution.
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Summary registry data, 2010 -2016

The table below provides general information about
registered with the Cystic Fibrosis Registry of Ireland.

people with cystic fibrosis (CF)

The number of people living with CF increases annually because life expectancy has

increased in recent years.

Table 1. Summary of the CF Reg istry of Ireland, 2010 -2016

2010
Cumulative no. of registered individuals 1 1,136
Live registered individuals 2 1,043
Median age (years) 18.9
IQRS3 10.5-27.0
Median age at diagnosis (years) 0.36
Newly diagnosed individuals 43
Detected by NBS 4 n/a
Children (<18 years) 496
% 47.6%
Adults (018 vyears) 547
% 52.4%
Adults 040 years 45
% 4.3%
Males 598
% 57.3%
Females 445
% 42.7%
Number of deaths 16

1 Living, deceased and lost to follow  -up.
2 Registered and alive on the last day of the reporting year.

2012
1,276

1,139
19.0
10.0-28.3
0.37

49
28

546
47.9%
593
52.1%
61
5.4%

654
57.4%
485
42.6%

18

3 Interquartile range (IQR) is a measure of the spread of data. It shows the mid
percent of the data, or the difference between the upper (Q3) and lower quartiles (Q1).

4 Diagnosed with CF as a result of the  National Newborn Bloodspo

(commenced July 2011).

2014
1,348

1,183
19.5
10.4-29.8
0.34

40
32

542
45.8%
641
54.2%
85
7.2%

683
57.7%
500
42.3%

20

2016
1,461

1,266
20.2
10.7-31.3
0.33

22
25

565
44.6%
701
55.4%
113
8.9%

734
58.0%
532
42.0%

13

-spread or middle fifty

t Screening Programme
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Registry coverage of the CF population

At the start of each year, the CF Registry of
of hospitals known to provide CF care to people with CF in the Republic of Ireland.

The survey seeks to establish the number of people living with CF in Ireland. Eac h hospital is

asked to provide information on new and existing patients attending their hospital for CF

care during the previous year, those who transitioned from paediat ric to adult services,

transferred between hospitals, received  a transplant, emigrated  or died. This information

alowsus to establish the registryds rate of coverag

The census determined that 1,339 people were living with CF in Ireland in 2016. Most
patients attended one hospital for CF care (n=1,107, 82 . 7%), whereas 17.3% (23

cared (attended two or more hospitals to receive |

There were 1,266 individuals with CF on the registry on the last day of 2016, representing
94.5% of people living with CF in Ireland in that year.

The registry operates on an opt  -in basis. Parents/guardians of children with CF and adults

with CF are invited to participate. Consenting participants have information about their CF
care collected by the registry. Their information is put together with information on other
registry participants and analysed. The information can be used to get a better

understanding of the health of all people in Ireland with CF and the treatment they are

receiving.

Most, but no t all, individuals are on the registry, and coverage of the CF population by the
registry is discussed below. Twelve adults or parents/guardians of children with CF have
declined to participate in the registry since 2002.

If you are an individual with CF, ora  parent/guardian of a child(ren) with CF, and wish to
join the registry, you can contact the CFRI (contact details are on the last page) or your CF
care team.
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Demography

The registry has gathered information on people with CF  since 2002. This sectio n
provides information on the age, gender, and geographic distribution of people
living with CF in 201 6.

The number of adults with CF outnumber children with CF. In 2016, 1,266 people were in
the registry; 565 children and 701 adults. In 2016, the medi an age of a person with CF was
20.2 years. In other words, half of the 1,2 66 individuals were under 20 years of age, and the
other half were aged 20 years or older. The age range is from birth to over 80 years. In
2016, there were 57 individuals with CF aged 45 years or older .

Figure 1: Age distribution of people  living with CF in 201 6
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Over h alf of individuals with CF were located in Leinster, approximately a third in Munster,
and the remainder (1 4.6%) in Ulster and Connaught.

Table 2: Distribution of people living with CF by province in 2016

Number %
Connaught 125 9.9%
Leinster 662 52.3%
Munster 416 32.9%
Ulster (Cavan, Donegal, Monaghan) 59 4.7%
Unknown 4 <1%
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The counties with the largest numbers of individuals include Dublin (n=354), Cork (n=165),
Limerick (n=76), Galway (n=59) and Tipperary (n=59). These figures reflect the home
address provided by patients/parents/guardians at registration, and is updated by the
registry where p ossible.

Figure 2: Distribution of people living with CF by county in 2016
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As reported in other years, there were more males (58.0%) living with CF than females
(42.0%). This is duein part to historically poorer survival of females with CF . This pattern has
been observed in other countries

Median age for females was 18. 3 years (IQR 9.4-30.1) and 21.4 years for males (IQR 12.0 -
31.5). The difference in median age between the sexes was statistically significant
(p=0.026).

Patients were grouped into four  -year age bands. The age -band with the greatest number
of individuals was the 16 -19 year old category (n=139), followed the 8 -11 (n=130) and 12 -15
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year old categories (n=129). T he number of males exceeded females in each age band,
with the exception of the 0 -3 category.

Figure 3: Age distribution of males and females living with CF in 2016
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Diagnosis

Early diagnosis of CF provides opportunities for earlier medical intervention.
Providing infants with the best possible care may result in better nutritional and lung
function outcomes later in life. In this section, we examine how and when patients
are diagnosed with CF, and how these trends compare to previous years.

Between 2008 and 2016, an average of 38 individuals were diagnosed with CF each year
(range 22 -49). The number of people  (children and adults) diagnosed in 2016 (n=22) and
2015 (n=28) is likely to be an underestimate, which can result from a delay in joining the
registry. Future reports are adjusted to include new registry participants.

In 2016, 16 of the 22 new CF diagnoses (72.7%) were made following newborn screening.
From 2011 onw ards, approximately one quarter of new patients have been diagnosed
following symptomatic presentation each year.

Figure 4: Number of new CF diagnoses , 2010-2016
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The majority of individuals on the registry were diagnosed with CF prior to the introduction

of CF newborn screening. Most were diagnosed in the first six months of life (59.0%, n= 744),
although 21.8% (n=275) were diagnosed after their third birthday.
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Figure 5: Age at diagnosis of people  with CF in 2016
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The circumstances or symptoms leading to a CF diagnosis can vary. While some individuals

were diagnosed following screening, others experience several of the symptoms or

circumstances listed in Table 3. Those who had meconium ileus and who underwent

newborn screening were diagnosed earlier in life. Individuals who experienced respiratory

symptomsorst eat orr hea had a median age at diagnosis of

Table 3: Mode sand median age  of diagnosis in 201 6

Frequency 1 9% of patients  Median age IQR
living in 2016  at diagnosis
(n=1,266) (year)
Respiratory symptoms 473 37.4% 1.18 (0.38-5.02)
Failure to thrive/malnutrition 291 23.0% 0.49 (0.21-1.52)
Family history 273 21.6% 0.14 (0.04-1.0)
Steatorrhea +/ - abnormal 264 20.9% 0.98 (0.25-3.42)
stools +/ - malnutrition
Newborn screening 169 13.3% 0.04 (0.03-0.06)
(in Ireland/other country)
Meconium ileus:
treated surgically 103 8.1% 0.04 (0.02-0.08)
medically managed 65 5.1% 0.04 (0.02-0.10)
management unknown 13 1.0% 0.08 (0.05-0.32)
Other? 125 9.9% 2.39 (0.17-7.73)
1 Multiple categories may apply to a single individual. 2 Includes sinus disease, rectal prolapse, other
neonatal intestinal/bowel obstruction, heaptorbiliary disease, prenatal screening, prolonged
jaundice, pancreatitis, electrolyte imbalance/dehydration, diabetes, infertility/genito -urinary

abnormalities, clubbing.
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In 2016, 37.3% of people living with CF  experienced respiratory symptoms prior to diagnosis,
22.9% failed to thrive due to malnutrition in infancy and 21.5% reported that someone in
their family had CF.

The National Newborn Bloodspot Screening Programme (NNBSP)reported that 25
newborns in 2016 were diag nosed with CF . (By the end of 2016 , parents/guardians of 16
newborns had consented to participate i n the registry).

Since the introduction of the NNBSP in July 2011, 156 individuals have been diagnosed asa
result of t he National Newborn Bloodspot Scree  ning Programme .

Table 4: Summary of National Newborn Screening Programme outcomes, July 2 011-2016

Number of screened newborns
diagnos ed with CF

2011 (Jul-Dec) 16
2012 28
2013 34
2014 32
2015 21
2016 25
Total 156

*Source: Prof P Mayne /Dr Ingrid Borovickova, National
Newborn Bloodspot Screening Laboratory, Temple Street.
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CFTR gene mutations

CF is a genetic condition, and people with CF inherit one copy of a faulty CF gene
from each parent. About 2,000 CFTR gene  mutations have been identified to date.
Genetic testing provides important information to assist the diagnosis and treatment
of CF. This section examines the most common CF causing mutations.

F508del is the most commonly detected CFTR mutation in people living with CF in 2016;
91.6% have at least one copy, 15.2% have at least one copy of G551D, and 5.8% have at
least one copy of R117H. All other CFTR mutations affect less than 5% of the CF population.
CFTR allele frequencies are shown below.

Table 5: CFTRallele frequency , 2016

Legacy name cDNA name Protein name % Allele frequency
N=2,532
F508del .1521_1523delCTT  p.Phe508del 73.6%
G551D c.1652G>A p.Gly551Asp 8.2%
R117H - p.Argl17His 2.9%
R560T €.1679G>C p.Arg560Thr 1.5%
621+1G->T c.489+1G>T - 1.1%
1717-1G->A €.1585-1G>A - 0.9%
G542X €.1624G>T p.Gly542X 0.7%
V520F c.1558G>T p.Val520Phe 0.5%
I1507del €.1519 1521delATC p.lle507del 0.5%
Other 7.5%
Unknown 2.5%

Fifty-five percent of patients (55.6%) living with CF in 2016 had two copies of the F508del
mutation (F508del homozygous). This compares with 46.1% in the United States and 50.3% in
the United Kingdom (in 2015). Thirty -six percent (36.0%) of people had just one copy of the
F508del mutation (F508del heterozygous). The F508del homozygous mutation is the most
common CFTR gene mutation in people under 40 years. In those over 40, F508del
heterozygous mutations are most common.
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Figure 6: Prevalence of F508del mutations by age, 201 6
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Lung function

The health of the lungs is an important indicator of the overall condition of a person

with CF. Itis measured using FEV1; the Forced Expiratory Volume of air in the first
second of an exhaled breath . Although this is measured in litres, it is expressed as a
percentage of the expected value from people without cystic fibrosis of the same
age, gender, height, and ethnicity (hence percent predicted). An FEV1% predicted
(pp FEW) of 100 indicates that the lung function is the same as the mean lung

function of people without CF

International CF registries are working together to harmonise the collection, presentation

and interpretation of registry data. It has been agreed that the Global Lung Functi on
Initiative (GLI) equations should be used to standardise the prediction of lung function

relative to the general population. In this report, for the first time, we report CFRI data on

lung function using GLI equations. Individuals who completed a lung function test(s) at age
five or younger or who had a lung transplant, are not reported on here.

The CFRI recorded 5,761 lung function measurements in individuals aged six years and
olderin 2016. Median pp FEMof p at i e(m=884)dest lung function mea surementwas
77.7% (IQR: 58.6:94.4%).

In female s with CF, median best FEV1% predicted was 80.1 % (IQR:58.2-95.1%) and 76.6%
(IQR: 58.7-93.6) for males . An independent samples median test of pp FEM showed no
significantly significant difference between males and females.

Figure 7: Median best pp FEM by age group and gender, 2016*
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Table 6: Median best pp FEV:1 by age and gender, 2016

All Female Male
Age N Median IQR N Median IQR N Median IQR
6-7 62 96.4 88.6,106.9 34 98.2 89.7,108.6 28 94.1 82.9,102.1
8-11 113 95.6 81.9,1053 50 93.1 82.8,103.2 63 97.3 81.0,106.8
12-15 106 85.9 76.9,96.0 43 84.5 71.2,95.1 63 86.1 77.0,96.5
16-19 123 83 68.4,949 52 85 62.9, 94.6 71 83 69.5,95.6
20-23 100 73.2 51.8,88.8 34 69.5 56.0, 87.3 66 73.7 51.1,91.9
24-27 90 71.2 50.0,86.2 43 72.1 45.8, 88.5 47 70.3 54.4,8338
28-31 94 60.3 408,729 31 63.1 47.4,72.8 63 53,5 39.0,73.1
32-35 71 62.9 439,889 30 53.9 41.7,77.2 41 66.2 48.1,79.2
36-39 47 67.5 46.4,85.0 18 64.4 41.7,91.9 29 67.5 59.1,80.1
40+ 75 57.4 36.0,75.3 32 60 40.6, 72.6 43 415 27.1,73.5
Total 881 77.7 58.6,94.4 367 80.1 58.2,95.1 514 51.1 304,779

In children , 86.1% of best lung function measurements were in the normal to mild lung
disease range. This compares to 45.0% in adults.  Sixteen percent of adults had severe lung
disease.

Table 7: Severity of lung disease, 2016

Severe ppFEM Moderate pp FEM Mild/normal pp FEM

<40% 40-69% 070
Children (6 -17 years) 1.7% 12.2% 86.1%
Adult (018 16.3% 38.8% 45.0%
All 10.4% 28.1% 61.4%

Over time, improvements in lung health have been observed in CF children at the age of 6

and 16 years, and in adults at the age of 26 and 36 years. In 2016, median pp FEM was
93.6% in all recorded lung function tests performed by six year olds, 72.4% in 1 6 year olds,
72.9% in 26 year olds and 64.2% in 36 year olds.
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Figure 8: Me an best pp FEM over time
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Table 8: Mean best pp FEM over time

2010
2016

p-values
(t-test)*

6-7
94.8
96.1
0.72

8-11
90.6

94
0.12

12-15
78.6
83.9
0.06

16-19

2010

16-19
70.5
81.4

<0.001

*|f the p -value is below 0.05, then the difference in
are highlighted in bold.

20-
Age -

23  24-27 28-31 32-35 36-39 40+
band (years)

—0—=2016

20-23 24-27 28-31 32-35 36-39
64.4 61.3 59.5 61.5 51.3
71 68.7 58.6 62.7 66.6
0.058 0.03 0.83 0.78 0.02

pp FEW is statistically significant. Significant values
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Microbiology

Individuals with CF may develop lung infections because bacteria may not be
cleared easily from the thickened mucus of the lung. Infections can result in
reduced lung function.

Organisms detected in  the airways of individuals with CF in 2016 are shown below.
Staphylococcus aureus (5 4.7%) and Haemophilus influenza ( 29.0%) were most found
frequently in children . Pseudomonas aeruginosa was detected in at | east one respiratory
sample of 60.3 % of adults in 2016.

Figure 9: Prevalence of P aeruginosa, S aureus , MRSA and H influenzae by age group in 2016
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=@=—P aeruginosa 6.4% 11.9% 8.7% 22.0% 28.9% 52.8% 56.6% 61.4% 68.2% 50.8% 63.8% 45.3%
S aureus 20.2% 55.1% 75.7% 67.0% 63.3% 61.3% 53.8% 36.8% 31.8% 39.0% 27.7% 32.1%
MRSA 6.4% 3.4% 52% 11.0% 8.6% 9.4% 57% 96% 59% 34% 21% 1.9%

=@=—H influenzae  16.0% 41.5% 41.7% 26.6% 27.3% 18.9% 12.3% 4.4% 4.7% 85% 43% 1.9%

Age -band (years)

Burkholderia cepacia complex was detected  in throat/cough swabs or sputum samples of
30 people in 2016 (23 were B. multivorans ). Twenty -five patients had culture positive non -
tubercular mycobacterium isolate ( M. abscessus, M. avium complex , M. ¢ helonae ) in 2016.
Non -tuberculous mycobacteria was detected in 25 individuals in 2016.
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Figure 10: Prevalence of Achromobacter species, A fumigatus and S maltophilia by age
group, 201 6
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=0==A fumigatus 1.1% 5.9% 3.5% 11.0% 23.4% 17.0% 17.9% 13.2% 5.9% 13.6% 10.6% 17.0%

S maltophilia 5.3% 3.4% 10.4% 13.8% 14.8% 13.2% 8.5% 6.1% 5.9% 8.5% 8.5% 15.1%

Age -band (years)

Lung infections caused by Pseudomonas aeruginosa and Staphylococcus aureus can

become 6chwhamrcihcdmeans they canot be removed from t
irreversible reduction in lung function. In this report, chronic status is defined as three or

more positive reports in - a 12-month period preceding the last reported positive culture in

the reporting year.

In 2016, 250 adults ( 43.9%) and 47 children ( 8.3%) had chronic P. aeruginosa infection.
Chronic S. aureus infection was report ed in 155 adults ( 27.2%) and 1 97 children ( 34.9%).
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Figure 11: Chronic P aeruginosa (Pa) and chronic S aureus (Sa) infection, 201 6
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Pulmonary exacerbations

A pulmonary exacerbation (PEX) is the development of a new symptom(s) or

worsening of existing symptoms, which  requires the treatment of intravenous (V)

antibiotics at home or in hospital.

In 2016, 406 (35.8%) individuals had at least one pulmonary exacerbation, for which they

received IV antibiotics; 21.1% of children (n=119) and 50.4% of adults (n=287).

Figure 12: Pulmonary exacerbations, 201 6
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Of those who experienced  pulmonary exacerbation (s) in 2016, 50.5% (h=205) had two or

more .

Table 9: Recurrence of pulmonary exacerbations , 2016

Courses of IV antibiotics Children Adults
N=565 N=569

0 78.9% 49.6%

1 12.4% 23.0%

2 3.4% 12.7%

03 5.3% 14.8%

All
N=1,134
64.2%
17.7%
8.0%
10.1%
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In 2016, the number of days spent on IV antibiotics for a pulmonary exacerbation

summed for all people with CF

pulmonary exacerbation treatment was

days (IQR: 13-15 days).

Table 10: Duration of pulmonary exacerbation

Cumulative days on IV antibiotics

Mean duration of PEX treatment (SD)

Median duration of PEx treatment

(IQR)

(PEXx)treatment , 2016

Children
N=119
3,627

15.4 (£7.9)
14 (13, 15)

Adults
N=287
10,389

16.8 (x17.5)
14 (14, 15)

(s)

came to atotal of 1 4,084. The average (mean) duration of
16.4 days (SD £15.4) and median duration was

14.0

Al

N=406
14,016

16.4 (+15.4)
14 (13, 15)
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Hospitalisations

Hospitalisation srecorded by the registry reflect admission for a variety of reasons,
both CF and non -CF related.

In 2016, 954 hospitalisations were recorded  in 497 individuals. Over seventy percent of
hospitalisations (71.3%) were for the purpose of treating a pulmonary exacerbation.

Reason for hospitalisation Number of %
hospitalisations

CF pulmonary exacerbation 680 71.3

Other - CF related * 183 19.1

Other - not CF related 68 7.1

Unknown 23 2.4

Total 954 100.0

*Most common o ther CF-related hospitalisations include d: planned

elective admission for IV antibiotics, day case admissions for bronco -
alveolar lavage, bronchoscopy, insertion/change/removal of gastrostomy

tube, portacath, haemoptysis and pneumothorax , amongst o ther reasons .

In 2016, 363 individuals (32.1% of individuals attending CF centres/clinics in that year) were
hospitalised for treatment of a pulmonary exacerbation ; 20.8% of children (n=1 06) and
41.1% of adults (n=25 7).

Table 11: Hospitalisation for treatment of pulmonary exacerbation (PEXx), 2016
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Of those hospitalised for treatment of a pulmonary exacerbation in 2016, 44.4% (n=161)
were admitted to hospital two or more times in the year.

Table 12: Frequency of hospitalisation for pulmonary exacerbation, 201 6

Frequency of hospitalisation per patient Children Adults All
N=508 N=625 N=1,133

No hospitalisation 79.2% 58.9% 68.0%

1 13.8% 21.1% 17.8%

2 3.3% 10.4% 7.2%

03 3.7% 9.6% 7.0%

The aver age (mean) duration of a hospital stay was 14.0 4 days (SD +21.6) and median was
14 days (IQR: 8-15).

Table 13: Duration of hospital stay for pulmonary exacerbation treatment , 2016
Children Adults All
N=106 N=257 N=363
Mean duration of a hospital stay (SD) 9.4 (£6.6) 15.7 (x24.8) 14.04 (£21.6)
Median duration of a hospital stay (IQR) 10 (3-14) 14 (9-15) 14 (8-15)

In 2016, the cumulative total number of days spent in hospital by individuals with CF  for
treatment ofa pulmonary exacerbation  was 9,278 days in 2016; 1,689 days for paediatric
patients, 7,589 for adult patients.
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Outpatient h ospital visits

The registry collect s some information on care delivered to

outpatient setting.

patients in a hospital

In 2016, the CFRI recorded 6,792 outpatient visitsto CF specialist centres and CF clinics
across the country by 1,13 3 individuals with CF . Hospital encounters reported here do not

reflect all activity at CF centres and clinics. Clinical trial study visits

are excluded for

example. CF day -unit reviews and drop -in visitsare also likely to be underestimated.

Table 14: Type of hospital visits, 2016

Outpatient a ppointment
CF day -unit review

Other*
Annual assessment

CF day -unit drop -in

Unknown
Total

Number of outpatient %
hospital visits

3,030 44.6

1,889 27.8

890 13.1

805 11.9

125 1.8

53 0.8

6,792 100.0

*Most common other visits i nclude : review of annual assessment results, first

dose or level -check of IV or nebulised medication,
pulmonary function testing, weight check, physiotherapy re

a-cath flush .

The CFRI recorded CF specialist centre/CF clinic outpatient visit

approximately 90% of individuals
percent either

gastrointestinal issues,
view and port -

attendance for
in 2016. No visit was recorded for the remaining t

did not attend for care in the reporting year

Table 15: CFRIrecorded outpatient

hospital visitsin 2016

No recorded 01 recc

hospital visit hospital visit
Children (<18 years) 10.1% 89.9%
Adult (018 10.7% 89.3%
All 10.4% 89.6%

en

because there was no access to hospital records or because the individual
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Long -term medications

Certain medications are recommended for long -term use (typically for more than 3
months), to maintain health.

Table 16: Long-term medications , 2016

Children <6 Children 6 - Adult All

years 17 yrs

N=146 N=362 N=625 N=1,133
Pulmonary
Oral antibiotic 65.1% 44.2% 72.8% 62.7%
Inhaled antibiotic 7.5% 26.5% 74.7% 50.7%
Mucolytic 61.6% 89.5% 62.7% 71.1%
Bronchodilator 41.1% 65.7% 73.6% 66.9%
Inhaled steroid 2.1% <1% 9.4% 5.6%
Nasal medication 0.0% <1% 9.9% 5.6%
Gastrointestinal
H2 receptor antagonist 6.2% 1.1% 7.7% 5.4%
Proton pump inhibitors 17.8% 31.5% 63.8% 47.6%
CF-related liver disease
Ursodeoxycholic acid - 6.9% 17.1% 11.7%
CF-related diabetes
Insulin - 5.2% 26.1% 16.1%
CFTR modulator
Kalydeco ™ - 18.2% 14.9% 14.0%
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Airway clearance

Airway clearance aids the clearance of mucus from the lungs

Autogenic drainage is  the most commonly adopted airway clearance technique in adults,
and p ositive expiratory pressure (PEP) in children. A combination of techniques can often
employed.

Table 17: Airway clearance techniques, 201 6

Child ren Adult All

N=508 N=625 N=1,133

Any form of PEP 47.4% 33.8% 39.9%
Autogenic drainage 14.0% 61.9% 40.4%
Acapella 34.8% 19.4% 26.3%
Active cycle of breathing techniques 4.9% 9.0% 7.1%
Age appropriate activity 19.5% - 8.7%
Flutter 3.0% 3.0% 3.0%
Vest 3.0% 0.8% 1.8%

Table 18: Oxygen and non -invasive ventilation , 2016

Child Adult All

N=508 N=625 N=1,133

Home oxygen therapy 2.0% 9.1% 5.9%
Non -invasive positive pressure ventilation 2.6% 7.7% 5.4%
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Lung transplant

Lung transplantation is an option for some people with severe lung disease.

The Irish National Lung Transplant Programme operates out of the Mater Misericordiae
University Hospital. In 2016, 7 individuals with CF underwent a bilateral lung transplant.

Table 19: Lung transplant

Individuals with CF receiving a
bilateral lung transplant

2011 6
2012 7
2013 10
2014 20
2015 10
2016 7
Total (2011-2016) 60
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Nutrition

Nutritional outcomes height, weight and BMI are an important measure of health in

people with CF and can be expressed using a Z score. The Z score is measurement

of the relationship between an individual 06s
averageofag roup of Ohealthy® individual s.
To examine the profile of nutritional health in 2016, we considered highest nutritional
measurements recorded in the year.
Figure 13: Median best height Z scores in children and young adults
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Table 20: Median best height Z scores in children and young adults
Overall Female Male
Age N Median IQR N Median IQR N Median IQR
2-3 61 0.24 (-0.6,0.9) 33 -0.24 (-0.8,0.9) 28 0.4 (-0.5,1.0)
4-7 115 -0.25 (-1.1,0.5) 59 -0.17 (-0.9,0.4) 56 -0.34 (-1.4, 0.6)
8-11 111 -0.17 (-0.7,0.5) 49 -0.11 (-0.7,0.6) 62 -0.28 (-0.7,0.5)
12-15 106 -0.32 (-0.8,0.4) 43 -0.35 (-1.3,0.4) 63 -0.27 (-0.7,0.4)
16-19 122 -0.43 (-1.0,0.3) 51 -0.43 (-1.1,0.3) 71 -0.41 (-0.9,0.3)
All 515 -0.25 (-0.9,0.5) 235 -0.25 (-0.9,0.5) 280 -0.26 (-0.8,0.5)
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Figure 14: Median best weight Z scores in children and young adults
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Table 21: Median best weight Z scores in children and young adults
Overall Female

Age N Median IQR N Median IQR N
2-3 61 0.34 (-0.6,1.0) 33 -0.15 (-0.9,0.7) 28
4-7 114 0.04 (-0.7,0.6) 58 0.21 (-0.6,0.7) 56
8-11 108 -0.02 (-0.6,0.7) 50 -0.04 (-0.8,0.9) 58
12-15 102 -0.13 (-0.7,0.6) 42 -0.05 (-0.9,0.9) 60
16-19 111 -0.26 (-1.1,0.4) 47 -0.15 (-0.9,04) 64
All 496 -0.8 (-0.7,0.6) 230 -0.35 (-0.8,0.6) 266

16-19

Male
Median IQR
0.7 (-0.3, 1.3)
-0.17 (-0.9, 0.6)
0.4 (-0.5, 0.6)
-0.17 (-0.6 ,0.6)
-0.27 (-1.2,0.5)
-0.09 (-0.7,0.7)

Figure 15: Median best Body Mass Index (BMI) Z scores in children and young adults
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Table 22: Median best Body Mass Index (BMI) Z scores in children and young adults

Overall

Age N Median

2-3 49 0.33
4-7 115 0.33
8-11 108 0.19
12-15 103 -0.03
16-19 110 -0.29
All 485 0.1

Female
IQR N Median
(-0.5,1.3) 28 0.12
(-0.3,0.8) 59 0.45
(-0.5,0.8) 50 0.13
(-0.6,0.6) 43 -0.06
(-1.0,0.5) 47 -0.07
(-0.5,0.7) 227 0.18

IQR
(-0.6, 0.9)
(-0.1, 0.8)
(-0.6,0.7)
(-0.6, 0.7)
(-0.6, 0.6)
(-0.5,0.7)

BMI describes the weight/height relationship and is considered a good
nutritional status in adults . The ECFS Standards of Care 1 recommend B MI of greater than 20
n adul ts

kg/(m 2)
20.4-24.4).

wi t h

CF.

I n

Figure 16: Median best Body Mass Index (BMI) in adults
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Male
N Median IQR
21 0.84 (-0.2, 1.4)
56 0.18 (-0.5, 1.0)
58 0.22 (-0.3,0.8)
60 -0.03 (-0.6, 0.6)
63 -0.32 (-1.2,0.2)
258 0.06 (-0.6, 0.7)
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Journal of CF 2014;13, S23S42.
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Table 23: Median best Body Mass Index (BMI) in adults

Age
20-23
24-27
28-31
32-35
36-39
40-44
45+
All

Pancreatic enzyme replacement therapy (PERT)
due to pancreatic

vitamin deficiencies

IQR
(20.3, 23.3)
(20.4, 24.4)
(20.1, 24.1)
(20.2, 25.0)
(20.9, 25.5)
(21.0, 24.3)
(23.2, 25.6)

Overall
N Median
84 21.82
81 22.02
82 22.04
62 22.6
39 23.09
27 22.73
37 24.2
412 22.29

N
26
36
28
25
14
11
17

(20.4, 24.4) 157

Female
Median IQR
21.2 (28.0,22.7)
21.47 (19.7, 22.8)
21.26 (19.2,22.9)
20.28 (19.4,22.7)
20.91 (18.9,23.0)
22.54 (21.0,24.2)
23.15 (20.2, 26.8)
21.37 (21.1,24.9)

Male

N Median IQR
58 22.1 (20.2,23.7)
45 22.46 (20.8, 25.0)
54 22.55 (20.7,24.6)
37 23.95 (21.7,26.4)
25 23.46 (22.3,26.7)
16 23.39 (21.1, 24.6)
20 25.11 (22.3, 28.8)
255 23.04 (21.1, 24.9)

insufficiency. When the exocrine pancreas no longer functions
adequately, the production of pancreatic enzymes is reduced, leading to fat
malabso rption. The consequences of this include

Table 24: Pancreatic

0-3
4-7
8-11
12-15
16-19
20-23
24-27
28-31
32-35
36-39
40-44
45+
Total

insufficiency , 2016 (n=1,145)

Pancreatic insufficiency

treated with PERT*

83.0%
97.5%
95.7%
96.3%
89.8%
97.2%
92.5%
93.9%
89.4%
89.7%
91.5%
64.2%
91.4%

* Pancreatic enzyme replacement thera

py

steatorrhea, malnutrition, and fat
. Ninety -one percent of patients received PERT in 2016.

is required by almost all individuals with CF ,

-soluble
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Supplementary feeding can be required due to continued weight loss . Nearly 38% of

individuals with CF required supplemental feeding in 2016. Approaches to supplemental
feedings included oral supplementation, g astrostomy tube/button feeding, nasogastric
tube feeding and total parenteral nutrition . Multiple approaches were adopted by some

patients in the reporting year

Table 25: Supplemental f eeding, 201 6 (n=1,116)

Any Oral Gastrostomy
supplemental  supplements  tube/button
feeding
0-3 16.3% 10.9% 1.1%
4-7 29.7% 24.6% 5.1%
8-11 30.7% 21.9% 5.3%
12-15 38.9% 24.1% 15.7%
16-19 49.6% 29.9% 17.3%
20-23 49.0% 38.5% 15.4%
24-27 45.1% 34.3% 13.7%
28-31 47.7% 36.9% 9.9%
32-35 36.9% 33.3% 3.6%
36-39 36.8% 29.8% 8.8%
40-44 34.0% 23.4% 6.4%
45+ 26.9% 25.0% 1.9%
Total 37.8% 28.0% 9.4%
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Complications

Complications of CF affect many organ systems
health and quality of life.

The pre valence of complications affecting individuals in 2016 is shown below. Gastro-
oesophageal reflux disease  (60.2%), symptomatic s inus disease (43.8%), diet and/or insulin
controlled CF-related diabetes (31.5%), osteoporosis (27.8%) and osteopenia (23.0%) are
common in adults.

Table 26: Complications, 201 6

Child Adult All

N=508 N=625 N=1,133
Respiratory related
Allergic Bronchopulmonary Aspergillosis 5.5% 7.5% 6.6%
Nasal polyps 2.8% 4.5% 3.7%
Asthma 1.8% 9.0% 5.7%
Symptomatic sinus disease 7.9% 43.8% 27.7%
Other respiratory -related complications 1.2% 9.3% 5.6%
Hepatobiliary & pancreas
Elevated liver enzymes 3.0% 0.8% 1.8%
Liver disease other than cirrhosis 7.3% 9.9% 8.7%
Cirrhosis with portal hypertension 1.6% 4.8% 3.4%
Cirrhosis without portal hypertension
/hypertension status unknown 0.4% 0.6% 0.5%
Impaired OGT 4.7% 6.4% 5.6%
CF related diabetes (CFRD) 4.5% 31.5% 19.4%
Gastrointestinal
Gastro -oesophageal reflux disease 27.2% 60.2% 45.4%
Distal intestinal obstructive syndrome 1.6% 2.9% 2.3%
Musculo -skeletal
Osteopenia 1.4% 23.0% 13.3%
Osteoporosis 0.4% 27.8% 15.5%
Arthritis/arthropathy 0.6% 2.6% 1.7%
Other
Depression - 8.5% 4.7%
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Survival

The number of deaths in CF individuals varies from year to year. Since 2000, an
average of 18 individuals died annually (range: 7 to 31).

The deaths of 13 people with CF occurred in 201 6 (9 female, 4 male ). These individuals
died betweent he agesof 11 and 59 years, with a media n age of death of 3 2.5 years. As
median age of death  is based only on the length of lifeinp  eople with CF who died  during
the year , it is an underestimate of life expectancy for those who are living.

Of the 13 deaths in 2016, deaths were due to respiratory/cardio -pulmonary causes (n= 9),
transplant -related issues (n= 2) and the cause of death in 2 individuals was not known to the
registry at the time of reporting

Figure 17: Deaths, 2006-2016
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One percent (1.0%) of the  CF population died in 2016. Compared to the US and UK, we
observed a slightly lower annual mortality rate in Ireland (1.3% and 1.5% 3 respectively). In
countries where the number of CF deaths is small, accurately predicting median age of

survival can be d ifficult. Recommended statistical approaches to deriving these estimates

are flawed in small CF populations, and can underestimate true life expectancy. 4

2 UK CF Registry Annual Data Report 2016
3 CF Foundation 2016 Patient Registry Annual Data Report
4 Jackson, AD et al. 2011 J Cyst Fibros, 10(1); p62 -5. Sykes, J et al 2016 J Clin Epidemiol, (70) p206 -13.
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Arolling five -year predicted age of survival has been estimated and is presented below , as
grouping several years of data together can give more robust estimates. Half of the people
born today with CF are predicted to live to at least 37 .5 years. However, the statistical
method used to estimate median predicted age of survival makes the assumption that

mortality rate will not change over time. As such, the approach does not take into account

any potential benefits from improved CF care and new CF therapies that may emerge in

the coming years. Caution should be exercised in interpreting estimates of medi an age at
survival reported below.

Table 27: Median predicted age of survival

Years N Deaths Median predicted survival age

(95% ClI)
2007-2011 1187 96 34.6 (31.2-38.2)
2008-2012 1209 101 34.9 (31.7-39.5)
2009-2013 1219 101 37.1 (33.8-40.0)
2010-2014 1245 101 37.3 (33.9-40.0)
2011-2015 1277 116 36.0 (32.1-38.3)
2012-2016 1295 104 37.5 (34.4-41.2)
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Applications for CFRI data

One ofthe CF r e g fosndimgyringples isto promote and facilitate the use of
clinical data in approved research projects.

Requests for information held by the registtyar e assessed by the registry
committee. If approved, data provided to third parties are ano nymised (all identifi able

data such as name, date of birth, home address, is r emoved) . This means that individuals in

the registry cannot be identified from the data shared with third parties. In 2016, 7 data

applications were approved

Table 28: CFRI data applications in 2016

Applicant Co-investigator  Institution  Study title
Ms D Daly - UHL CFRI patients attending UHL
Ms O Ryan -Fox - UHG CFRI patients attending UHG
Dr A Alkharusi Dr M Hannan MMUH  Prevalence of atypical mycobacteria
DrEOG6 Regan Dr M Hannan MMUH Aspergillus infection/colonisation pre
and post lung transplantation
Ms H Ni Choncuibhar Prof K Conlon AMNCH Epidemiological, clinical and genetic
aspects of chronic pancreatitis
Mr S Flanagan HSE A study to validate real-world

evidence that the expectations which
underpinned the decision to
reimburse ivacaftor in 2013 are being
met in Ireland
Mr D Walsh Vertex Vertex CF medicines HTA submissions

The Irish CF registry contributes annually to the European CF Socie  ty Patient Registry
(ECFSPR) The registry
collaborate swith Irish researchers on a number of ongoing research studies.

Table 29: Ongoing CFRIresearch collaboration sin2016

Principal Investigators Project title Start End
1 Prof P Fitzpatrick, UCD Early evaluation of the clinical and 2013 2016
Dr B Linnane, UHL economic effects of CF NBS
2 Dr M Rowland, UCD Cystic fibrosis liver disease* 2005 Ongoing
3 Ms EReece & Co -infecting microbes: implications 2013 2016
Dr P Greally, AMNCH for cystic fibrosis airways disease**
4 Irish CF microbiology group Epidemiology of Burkholderia ** 2015 2016

*Study participants authorise d the release of their CFRI record to the study investigators
*Anonymised datasets provided
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CFRI esearch

Research projects were undertaken by the CF Registry of Ireland in 2016.

Table 30: CFRI research projects, 201 6

Funding body Project title
2014-2017 Vertex Ivacaftor Long -Term Safety Study
2015-2017 VIA Evaluating outcomes in  European cystic fibrosis

patients with access to their health records: a
randomised control trial of a Registry Patient Portal

2016-2017 Vertex A study of the clinical and health service burden of
illness and survival of cystic fibrosis patients with an
f508del Cystic Fibrosis Transmembrane
Conductance Regulator mutation

The CFRI participates alongside other European countries in a long -term safety study of CF

therapy ivacaftor.  Summarised, anonymous information is provided by the CFRI for the

purposes of ongoing medicine safety monitoring ,asper Ver t ex Phar maceutical o
agreement with  the European Medicines Agency

Research papers and presentations made in 2016 are as follows:

1. Rodman J, Krivec U, JacksonA. D.6WS2 3. 6 Patient perspectives on
registry health records: anlrish -S| ovene online surveyd, Journal o]
S36. Available at:

2. Jackson, A.D. @Jsing registries to innovate and directly impact patient care 6 Ilrish Pati

Platform for Patient Organisations, Science and Industry (IPPOSI)4 % October 2016 .

3. Jackson, A.D. 6An online registry portal for people with cystic fibrosis 6 Health I nform
Society of Ireland (HISI) 16 ™ November 2016 .

4. P Jeleniewska, Jackson, AD.6 ARl ectronic Registry Portal for C

Winter Meeting of the Faculty of Public Health Medicine 7 th December 2016 .
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Financial information

Financial information for the Cystic Fibrosis Registry of Ireland for 201 6 is shown below.

Table 31: Financial information, 201 6

Income & Expenses 2016 0
Income
Core Funding 140,000
Unrestricted Grants 5,000
ECFS VIA Research Award 110,880
Commissioned Research 85,184
Deferred income released 0 Vertex Grant 24,500
Sundry income 117
Total income 365,681
Expenses
Wages & salary 229,600
Empl oyer s PRSI 19,605
Rent payable 6,073
Staff training 3,065
Insurance 465
Computer network & server costs 10,716
Registry software development cost 18,450
Software development cost for patient portal 27,060
Telephone & fax 229
Printing, postage and stationery 1,346
Travelling & subsistence 9,351
Audit 984
Bank charges 347
Subscriptions 350
Depreciation on equipment 527
Total expenses 328,168
(Deficit)/Surplus 37,513
The full audited accounts were prepared Hayden Brown, Chartered Accountants, Grafton

Buildings, 34 Grafton Street, Dublin 2 and copies are available upon written request to CFRI.
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Appendix 1. Glossary

Abbreviation
AA
ABPA
AMCNH
BMI
BMT
CFRD
CFRI
CFTR
CHILD
CRA
DIOS
ECFS
FEM
FEMpp
HSE
IRT

v

IQR
MRSA
NBS
NCMG
OLCH
PEP MASK
PERT
PEX
RCSI
SVUH
TCD
UCD
UHG
UHL
VIA

Annual Assessment

Allergic Bronchopulmonary Aspergillosis

Adel ai de and Meath Hospital Il nc. the
Body Mass Index

Beaumont Hospital

Cystic fibrosis -related diabetes

Cystic Fibrosis Registry of Ireland

Cystic Fibrosis Transmembrane conductance Regulator (mutation)
Aged under 18 years (<18)

Clinical Research Associate

Distal Intestinal Obstruction Syndrome

European Cystic Fibrosis Society

Forced Expiratory Volume in one second

FEV1percent predicted

Health Service Executive

Immunoreactive trypsinogen

Intravenous

Interquartile range

Methicillin Resistant Staphylococcus aureus

Newborn screening

National Centre for Medical Genetics

Our Lachyidsdrends Hospital, Crumlin
Positive expiratory pressure mask

Pancreatic enzyme replacement therapy

Pulmonary exacerbation

Royal Coll ege of Surgeonds I reland
St Vincentds University Hospital
Trinity College Dublin

University College Dublin

University Hospital Galway

University Hospital Limerick

Vertex Innovation Award
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Appendix 2: Technical notes

Data collection sites

In 2016, the CFRI gathered data from the eight HSE  -designated CF specialist centres
(Beaumont Hospital, StVi ncent 6 s Uni v the Adeldidg antl Meath Hospitdl
Dublin, Incorporating th e National Children's Hospital , Our Lady's Children's Hospital,
Crumlin, Temple Street Children's University Hospital, University Hospita | Galway, Cork
University Hospital and University Hospital Limerick ), and five shared care CF centres (Cavan
General Hospital, Mayo  University Hospital, Our Lady of Lourdes Hospital, Drogheda, Sligo
University Hospital, and University Hospital Waterford).

Lung function

As spirometry cannot reliably be performed until the age of 6 years, only reported values

for CF individuals aged 6 and older were considered. For individuals who were reported to
have had a lung transplant in or before 201 6, their FEV1% predicted values in the year of
transplant and post -transplant were excluded. The best value of the year was considered.
The Global Lung Function Initiative equations described by Q uanjer PH et al. > was used.

Nutrition

Heightsandweight s recorded at the patientds best FEV1%®%

included in the analysis. Where no spirometry was performed, the nutrition record with the
best weight measurements in the yea  rwas considered. The reference group used to
estimate Z score s was the Centre for Disease Control (CDC) 2000 reference charts 8

p

Z scores are a statistical measur ement of the rel .

height/weight/BMI, and the mean of a group of reference individuals. A z -score of 0
means that the measur ement (e.g. height/weight/BMI) is equal to the mean measurement

of individuals of the same age and sex in the reference (i.e. healthy population). A z -score
of -2 means that the value is two standard deviations below the mean of people of the

same age and sex in the reference population, and a score of +2 means that the value is

two standard deviations. The average score for a healthy population is typically zero.

5 Multi -ethnic reference values for spirometry for the 3 -95 year age range: the global lung
function 2012 equationsad. Report of the Gl obal
to establish improved Lung Function Reference Values, Eur Respir J. 2012; 40(6): 1324043.

6 Kuczmarski RJ, Ogden CL, Guo SS, et al. 2000 CDC Grow th Charts for the United States
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Cystic f ibrosis is an inherited condition that affects many body functions such as breathing,
digestion, and reproduction. This lifelong condition usually becomes more severe with age

and affects both males and females in equal proportions. The symptoms and severi ty of
cystic fibrosis vary from person to person. The majority of people have both respiratory and
digestive problems. There is no cure for cystic fibrosis. Life expectancy has increased

steadily over the past 20 years, and today cystic fibrosis is no long er exclusive to childhood.

Better treatment strategies help to improve the length and quality of life of people with CF

by controlling their symptoms. Improved treatments can be developed using patient

registries. Cystic fibrosis registries gatherinforma t i on on al | aspects of a
They act as information storehouses for infection and treatment statistics. Detailed analysis

of this information can yield significant findings about the most effective treatments for CF.

It is through these a nalyses that better management of CF may be achieved.
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