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ABSTRACT

Objectives To determine the use and expenditure
associated with cystic fibrosis (CF) modulator therapies in
Ireland since their reimbursement in 2013.

Design A retrospective analysis of a national drug claims
database.

Setting The data included in this study are nationally
representative (Ireland).

Participants Data on all persons receiving CF modulator
therapies were included.

Methods We obtained national claims data for CF
therapies from the Health Service Executive’s Primary
Care Reimbursement Service. We determined the use and
expenditure associated with CF therapies from January
2012 to March 2020.

Results The increased prescribing of CF modulator
therapies was associated with an approximate fivefold
increase in expenditure from €23 million in 2013 to €113
million in 2019. Many patients who initiated lumacaftor/
ivacaftor in 2017 went on to receive symptomatic
therapies, and subsequently initiated tezacaftor/ivacaftor
in 2019.

Conclusion Despite none of these modulator therapies
demonstrating value for money when subjected to health
technology assessment, the associated Irish expenditure
reached €113 million in 2019 alone.

INTRODUCTION

Cystic fibrosis (CF) is an inherited autosomal
recessive condition caused by mutations in
the gene encoding the CF transmembrane
conductance regulator (CFTR) protein
leading to reduced CFTR function." CFTR
codes for an epithelial anion channel that
transports chloride and bicarbonate across
epithelial surfaces in areas such as the
respiratory tract, pancreas, gastrointestinal
system and sweat glands, resulting in clinical
manifestations characterised by pancreatic
insufficiency and chronic lung disease with
progressive loss of lung function, repeated
pulmonary exacerbations and increased
mortality.” Molecularly targeted therapies
called CFTR modulators target specific

Strengths and limitations of this study

» This study is one of the first to describe nationwide
use and expenditure associated with the novel cystic
fibrosis (CF) modulator therapies.

» The use of a robust claims database provides an op-
portunity to elicit longitudinal State spending on CF
modulator therapies.

» Unfortunately, the database does not include patient
characteristics or patient outcomes.

defects caused by mutations in CFTR thereby
treating the underlying cause of CF.

The first of the CFIR modulators was
ivacaftor (Kalydeco), a ‘potentiator’ which
increases channel gating of CFTR enhancing
chloride ion transport.” These new therapies
that target the underlying cause of CF were
much awaited by CF patients, given the lack
of targeted therapies available. These drugs
are particularly relevant to the Irish and UK
healthcare systems as Ireland and the UK
have the highest incidence rates of CF in
the world.* A study by Farrell determined
the incidence of CF in the Irish population
at 1:1353; the highest among Western Euro-
pean and North American countries.” An
analysis of the Irish CF Registry has shown
that the direct costs associated with CF have
increased over the last number of years,
with inpatient bed-day costs increasing from
€14026 in 2008 to €17332 in 2012, and
medication costs increasing from €5863 in
2008 to €12467 in 2012.” Vertex Pharma-
ceuticals, through a ‘venture philanthropy’
partnership with the American Cystic Fibrosis
Foundation, hold the licence in the US and
Europe, availing of orphan drug legislation.’
In 2013, the National Centre for Pharma-
coeconomics (NCPE) conducted a health
technology assessment (HTA) of ivacaftor
and determined that reimbursement would
pose a significant budget impact to the
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State, at a cost of over €28 million each year or 40% of

the funding available for all new drug treatments in that

year. However, in March 2013, an agreement was reached
between the Health Service Executive (HSE) and Vertex

Pharmaceuticals and the drug was subsequently approved

from reimbursement.

Following ivacaftor came ‘corrector’ therapies such as
lumacaftor, tezacaftor and elexacaftor, which increase the
amount of functional mutated CFTR.> Following some
degree of media controversy as a result of a negative
HTA from the NCPE, lumacaftor/ivacaftor (Orkambi)
was reimbursed in 2017.7 Tezacaftor/ivacaftor (Symkevi)
was reimbursed in 2019; however, this drug was not
subjected to HTA and was incorporated into a so-called
‘portfolio deal’ with the manufacturer.® Finally, the triple-
combination regimen of elexacaftor, tezacaftor and
ivacaftor (Trikafta), is currently pending European Medi-
cines Agency approval.

These CFTR modulators are reimbursed through the
HSE Primary Care Reimbursement Service (PCRS).
Specifically, the high-tech (HT) drug arrangement,
whereby the State facilitates access to certain high-cost
medicines through community pharmacies. The aims of
this paper are:

» to outline the use and expenditure associated with the
CFTR modulators in the Irish healthcare setting since
their introduction in 2013.

» determine the symptomatic treatment burden in
patients receiving CFTR modulators.

» review the NCPE HTA reports, which outline the cost-
effectiveness of the CFTR modulators.

METHODS

This study was carried out using data from the PCRS HT
drugs arrangement claims database. HT medicines are
purchased by the HSE and supplied through commu-
nity pharmacies for which pharmacists are paid a patient
care fee, with the cost of the medicines and patient care
fees being paid by the PCRS. Once a product is approved
for reimbursement under the HT drugs arrangement, it
is given a unique five-digit code. This code is collected
in the HT claims database and is used to determine the
number of products dispensed and number of patients
in receipt of these products. Unfortunately, there is no
other patient information (such as age, gender and clin-
ical characteristics) or outcome data collected in the data-
base. As these data are collected for the purpose of claims
reimbursement, missing data are negligible. In Ireland,
persons with CF who are ‘ordinarily resident’ can receive
their medicines free of charge, without means testing,
under the HT drugs arrangement. Therefore, it is reason-
able to assume that the claims data included in this study
are representative of the full CF population. As the first
CFTR modulator was approved for reimbursement in
2013, we extracted data from January 2012 to March 2020
for the following drugs; Kalydeco (ivacaftor), Orkambi
(lumacaftor/ivacaftor), Symkevi (tezacaftor/ivacaftor),
Pulmozyme (dornase alfa), nebulised tobramycin,

aztreonam and colistimethate. Using the HT claims data-

base, we investigated the following:

» the use of ivacaftor, lumacaftor/ivacaftor, tezacaftor/
ivacaftor, dornase alfa, nebulised tobramycin, aztre-
onam and colistimethate in terms of number of
prescriptions, and number of patients.

» the State expenditure associated ivacaftor, lumacaftor/
ivacaftor, tezacaftor/ivacaftor, dornase alfa, nebulised
tobramycin, aztreonam and colistimethate in terms
of ingredient cost (cost to the HSE, excluding Value-
added Tax (VAT) and patient care fees).

» the use of dornase alfa, nebulised tobramycin, aztre-
onam and colistimethate in patients who initiated
ivacaftor in 2013.

» the use of tezacaftor/ivacaftor, dornase alfa, nebulised
tobramycin, aztreonam and colistimethate in patients
who initiated lumacaftor/ivacaftor in 2017.

To determine the use of symptomatic therapies in
patients initiating either ivacaftor in 2013, or lumacaftor/
ivacaftor in 2017, we used an individual patient identifier
to extract all claims data for those patients (until March
2020). We used Poisson linear regression to test for trend
over time. Significance at p<0.05 is assumed.

We also conducted a review of cost-effectiveness
reports in relation to ivacaftor and lumacaftor/ivacaftor,
which were obtained from published HTA reports by
the NCPE.”" HTA reports present data such as clinical
outcomes, incremental cost-effectiveness ratio (ICER) in
terms of cost per quality adjusted life year (cost/QALY)
and the estimated 5-year budget impact. Drug use and
expenditure data were extracted from the HT claims
database and imported into SAS V.9.4 software.

Patient and public involvement

Patients and/or the public were not involved in the
design, or conduct, or reporting, or dissemination plans
of this research.

RESULTS

The prescribing of CF modulator therapies increased
eightfold over the time period 2012-2019, from a
prescribing frequency of 1192-9550 prescriptions per
annum associated with the increasing therapeutic indica-
tions for ivacaftor and the introduction of combination
therapies such as lumacaftor/ivacaftor and tezacaftor/
ivacaftor (figure 1). The number of patients receiving
symptomatic therapies including dornase alfa, nebulised
tobramycin, aztreonam and colistimethate remained
largely unchanged. There was an average of 354 patients
in receipt of dornase alfa in 2013, 423 patients in 2017
and 430 patients in 2019. There was an average of 177
patients receiving tobramycin and/or aztreonam in 2013,
210 patients in 2017 and 191 patients in 2019.

The increased prescribing of CF modulator therapy
was associated with an approximate fivefold increase
in expenditure from €23.1 million in 2013 to €113.7
million in 2019 (figure 2). In 2019 alone, €44 105608 was
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Figure 1 The number of prescription claims for each of the CF drugs, from January 2012 to March 2020. CF, cystic fibrosis.

spent on ivacaftor, €61072176 on lumacaftor/ivacaftor
and €8536 355 tezacaftor/ivacaftor.

After initiating ivacaftor in 2013 (n=149), there was a
statistically significant decrease in the number of these
patients receiving the symptomatic therapies dornase alfa
(p<0.001) and tobramycin (p<0.001), as shown in figure 3.
The use of colistimethate was unchanged (p=0.98). There
was also a non-significant increase in the number of
ivacaftor patients receiving aztreonam (p=0.08). However,
this decline is not observed in patients who initiated
lumacaftor/ivacaftor in 2017 (figure 4); the use of tobra-
mycin and aztreonam remained unchanged (p=0.45and
p=0.37, respectively) There was a non-significant decrease
in the number of lumacaftor/ivacaftor patients receiving
dornase alfa (p=0.08). There was also a statistically signif-
icant increase in the number of patients receiving colisti-
methate (p=0.01). Interestingly, the number of patients
(n=82) who initiated lumacaftor/ivacaftor in 2017, went
on to receive tezacaftor/ivacaftor on its introduction in
2019.

The cost-effectiveness of ivacaftor was assessed in
2013, 2016 and 2017 for three-patient cohorts; patients
aged 6 years and older who have the G551D muta-
tion, patients aged 2 years and older and weighing

less than 25 kg who have one of nine gating (class III)
mutations in the CFTR gene, and patients aged 18
years and older who have the R117H mutation in the
CFTR gene, respectively. At the submitted asking price
of €234803 per patient per annum, ivacaftor was not
cost-effective for any of the three-patient cohorts with
the ICER exceeding €400 000/QALY in each case.
The estimated 5-year gross budget impact for the three
ivacaftor indications exceeded €120 million. The cost-
effectiveness of lumacaftor/ivacaftor for patients aged
12 years and older who are homozygous for the F508del
mutation in the CFTR gene was assessed in June 2016.
At an asking price of €158 306 per patient per annum, it
was not cost-effective with an ICER of €649 624/QALY
and an estimated 5-year budget impact of €391 million.
Tezacaftor/ivacaftor was not subjected to HTA prior to
its reimbursement in 2019 due to the introduction of a
‘portfolio deal’. The ‘portfolio deal’ was agreed in June
2017, and it states ‘this innovative long-term agreement
enables rapid access for people with these mutations
if the labels of the existing medicines are expanded to
cover additional age groups and if new Vertex medicines
are approved for these populations’.

Monthly Expenditure (Ingredient Cost) for CFTR Modulators:
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Figure 2 The monthly expenditure associated with each cystic fibrosis drug, based on ingredient cost, from January 2012 to
March 2020. CFTR, cystic fibrosis transmembrane conductance regulator.
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Figure 3 The number of patients (from cohort of patients initiating ivacaftor in 2013, n=149) in receipt of symptomatic

medications.

DISCUSSION

As of March 2020, there are 339 patients being treated
with ivacaftor, which was the first CF modulator to
be reimbursed in Ireland in 2013. This followed the
demonstration that ivacaftor improved lung function in
patients 12 years or older with at least one G551D-CFTR
mutation."”” Low patient numbers, the short duration of
the clinical trial at 48 weeks and the use of a surrogate
marker (per cent predicted forced expiratory volume
in 1 second (ppFEV))) for the primary endpoint were
recognised limitations and long-term data are required
to demonstrate an impact on the deterioration in pulmo-
nary function. Despite the beneficial effects on ppFEVI,
many patients who receive ivacaftor continue to need
other treatments to control CF such as pancreatic enzyme
replacement, inhaled mucolytic drugs and antibiotic
therapies."* This is reflected in our prescribing data.

The asking price for ivacaftor was €234 803 per patient
per year and it was subjected to three NCPE HTAs from
2013 to 2017 to determine its value for money. The
first HTA report on the use of ivacaftor for the treat-
ment of CF patients aged 6 years or older who had the
G551D mutation was published on the 1 January 2013.

It concluded that ivacaftor was not cost-effective with
an ICER of €449 035/QALY, which exceeds the Irish
cost-effectiveness threshold of €45 000/QALY. The esti-
mated 5-year budget impact was just over €28 million
with approximately 120 eligible patients. Ivacaftor was
subjected to two further HTAs; for patients with CF aged
2 years or older who had one of nine gating mutations
and, for CF patients 18 years or older with the R117H
mutation. The drug was not considered cost-effective for
either therapeutic indication with ICERs of €465 546/
QALY and €444 466/QALY, respectively. The estimated
budget impact for these indications is € 90 million over
the next 5 years. A US study by Dilokthornsakul et al esti-
mated the lifetime costs of ivacaftor to be approximately
$3.4 million higher than usual care alone. However, as
CF is a rare disease that only affects about 30 000 patients
(and even fewer with G551D mutation) in the USA, the
cost may be tolerated by some US payers.15

Our study does show a reduction in the use of symp-
tomatic treatments in patients who commenced ivacaftor
in 2013. An Irish longitudinal study has investigated
trends in health outcomes following the initiation of
ivacaftor; in the 36 months following ivacaftor therapy,
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the ppFEV1 improved by 2.26% per year (95% CI, 0.2 to
4.3) for patients aged younger than 12 years, remained
unchanged for 12-18years old (95% CI, -1.9 to 2.9), and
declined in adults by 1.74% per year (95% CI, 23.1 to
20.4). Intravenous antibiotic use decreased by 46% and
oral antibiotic use decreased by 49% in the year after
ivacaftor initiation. This longitudinal study noted that
improvement in clinical outcomes after ivacaftor initia-
tion occurs in the context of concomitant long-term CF
symptomatic therapy use, and there was frequent macro-
lide and mucolytic use at baseline. However, there was
no significant reduction in hospitalisations following
ivacaftor therapy.'® Fiveyear follow-up data from CF
patient registries suggest that ivacaftor-treated patients
had better preserved lung function, improved nutri-
tional status and a lower frequency of pulmonary exac-
erbations and hospitalisations."* ' Up to 90% of people
with CF require pancreatic enzyme replacement therapy
to prevent malnutrition, and as data on these products
are not collected in the HT claims database, we could
not investigate their use in the current study. However,
the PCRS publishes top-level information on products
dispensed via their ‘Reporting and Open Data’ portal,
and suggests that expenditure on these products was
€112000 in May 2020."®

Lumacaftor/ivacaftor is licensed for the treatment of
CF in patients aged 12 years and older who are homo-
zygous for the F508del mutation in the CFIR gene, and
as of March 2020, there are 384 patients being treated.
The pivotal clinical trials (TRAFFIC and TRANSPORT)
reported the mean absolute improvement in the primary
endpoint (ppFEV1) ranged from 2.6% to 4% compared
with placebo over 24 weeks."” A possible reason for the
relatively poor response was the combination of a cyto-
chrome P450 3A enzyme inducer (lumacaftor) with
ivacaftor, a P450 3A substrate.” In our study, 51 of the
345 patients initiating lumacaftor/ivacaftor in 2017, went
on to receive tezacaftor/ivacaftor on its reimbursement
in 2019, suggesting that there was inadequate response
to lumacaftor/ivacaftor. The drug failed to demonstrate
cost-effectiveness as confirmed in the NCPE HTA report
published in June 2016. At an asking price of €158 306
per patient per year, the NCPE preferred ICER was €649
624/ QALY. As the F508del is the most prevalent mutation
of the CFTR gene, it was estimated that the 5-year gross
budget impact would exceed €391 million for the 500+
eligible patients. Lumacaftor/ivacaftor was reimbursed in
2017 and an associated expenditure of €132 million has
been recorded to date.

Two clinical trials on the use of tezacaftor/ivacaftor were
published in November 2017; treatment of patients with
CF homozygous for Phe508del, and for patients heterozy-
gous for the Phe508del and a CFTR mutation associated
with residual CFTR function.”’ * There are 138 patients
receiving this treatment as of March 2020. Tezacaftor/
ivacaftor was not subjected to HTA as it was incorporated
into a so-called ‘portfolio deal’ with the manufacturer.”
Therefore, there is uncertainty as to the value for money

associated with this product, which resulted in an expen-
diture of €8.5 million in its first year of reimbursement in
2019. The portfolio deal, in effect, introduced a budget
cap for CF modulator therapies with perceived advan-
tages, including immediate patient access, the certainty
in relation to budget impact for the payer and the avoid-
ance of previous controversies around CF modulator
therapies. However, the HTA process plays an important
role in containing pharmaceutical expenditure in Ireland
and bypassing this process could have serious long-term
financial implications for the healthcare system.

There are several limitations to this study; the data avail-
able to us did not include patient characteristics, such
as age and gender. The database does not include any
efficacy, outcomes or indication data and thus our study
cannot consider these. However, to our knowledge, this
is the first study to describe the nationwide uptake and
expenditure associated with these high-cost and much-
awaited CF modulator therapies.

In a recent New England Journal of Medicine editorial,
Grasemann states that the clinical efficacy of the current
combination CF modulator therapies for patients with
the most common CFIR genotype is suboptimal and
differs little from established symptomatic therapies
such as nebulised inhaled hypertonic saline or dornase
alfa.? Therefore, the focus will now switch to the new
CF modulator triple therapy, including the two correc-
tors elexacaftor/tezacaftor plus the potentiator ivacaftor
(Trikafta), which has demonstrated efficacy in the treat-
ment of patients with one or two copies of the Phe508del
CFTR mutation, raising the prospect of providing CF
modulator therapy for up to 90% of CF patients.***

CONCLUSION

There has been a significant increase in the prescribing
of CF modulator therapy in Ireland since 2013. As high-
lighted in the NCPE HTA reports, none of these thera-
pies demonstrated value for money when subjected to
HTA, and expenditure increased to over €113 million in
2019. As the opportunity cost is running into millions, it
is vital that research into longer-term clinical outcomes
are realised.
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