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On 12 January 2012, the US Food and
Drug Administration (FDA) licensed
Ivacaftor for use in patients with cystic
fibrosis (CF) aged 6 years and over, who
carry at least one copy of the class 111
mutation G551D. The cost per patient
year in the USA will be a staggering US
$294 000. Given that patients with G551D
account for around 5% of the total CF
population, and assuming that the price
will be similar in the UK, if these patients
are to receive this medication, there will be
a hole in someone’s budget to the extent of
£60 million, because the one absolute
certainty is that the government will not
be making any more money available to
cover the costs of this medication. To give
contextdthe total national budget for CF
care is of the order of £110 million. This is
certainly a ‘wow-factor ’ price; is it a wow-
factor medication? What are the ethics of
having a 50% hike in the CF drug budget
driven by 5% of the population? And
where do we go from here?

The history of CF treatment has been
by any standards a major success story.
Median survival has risen from less than
a year in 1938 to a predicted value for
current newborns of around 50 years.1

This has arisen from advances in the
multidisciplinary treatment of the condi-
tion, and latterly with earlier diagnosis
through newborn screening. Although
standard treatment is increasingly
successful, it leads to considerable burdens
on the patients and their families, and
largely comprises firefighting, namely
treating the downstream consequences of
the CF transmembrane regulator (CFTR)
gene dysfunction, such as airway infec-

tion. However, Ivacaftor represents
a stupendous paradigm shift, the first
licensed CF medication actually
addressing the primary consequences of
CFTR dysfunction and therefore poten-
tially truly disease modifying. Table 1
summarises the different classes of muta-
tions, their consequences and the poten-
tial gene class specific therapies. Clearly
these sorts of approaches, correcting the
basic defect before any downstream
consequences appear, must be the future
goals of CF treatment.
There are a number of class 111 muta-

tions, of which the commonest is G551D.
The mutated CFTR reaches its normal
billet on the apical cell membrane, but the
ion channel has a reduced open time.
Ivacaftor acts directly to increase channel
opening, thus correcting at least one of the
abnormal functions of G551D CFTR. It
was first developed as the result of
a highly expensive programme, screening
millions of compounds for in vitro effi-
cacy, without bothering too much about
the nuances of the exact molecular
mechanisms, which to this day are unde-
termined. A recent phase III study2 (in
<200 patients) showed that over
48 weeks, the active compound led to an
increase in forced expiratory volume in 1 s
(FEV1) of 10.6%; a 55% reduction in CF
lung attacks; improvement in quality of
life; a weight gain of 2.7 kg more than
placebo; and staggeringly, a halving of
sweat chloride values, a reduction of
a magnitude never approached by any
other medication. There were no increased
adverse effects compared with placebo.
Clearly, if Ivacaftor was cheap and of
proven safety, everyone with CF and at
least one copy of G551D would want
a therapeutic trial. At US$294 000 a year,
and given neither presupposition is known
to be correct, should this happen, and if
so, how? Patients with severe disease and
limited therapeutic options are under-
standably already requesting a trial. They
may benefit the least due to irreversible
downstream damage but is it fair to deny
them the opportunity? However, patients
identified with G551D at newborn

screening may benefit the most over their
lifetime, including, theoretically, a reduc-
tion in the need for other long-term
treatments, but is taking the drug over
decades safe and is it financially viable?
In these days of monstrously inflated

bonuses for bankers and civil servants, it is
worth considering whether the fiscal cost
is justified. Ivacaftor was developed as
a result of an enormously expensive
process, and the bulk of the risk was born
by Vertex Pharmaceuticals (Cambridge,
Massachusetts, USA), the company
making the medication. Their share prices
rose by 50% in the aftermath of the FDA
licensing the product. It is right that they
should recoup their costs, and right that
a profit-making company should be
allowed to make a profit, otherwise they
will abandon the field to academia and
governments, neither of which would have
been likely to produce the present result.
Furthermore, in the USA the company is
endeavouring to ensure that poverty is not
a barrier to receiving the medication, which
is commendable. However, what is unclear
to us is exactly what business model has
been used to calculate costs, and how big
the profits will actually be. Is this legiti-
mate profit or a huge gravy train powered
by the hopes and fears of people with a life-
shortening illness? People are justly suspi-
cious when colossal sums of money change
hands without proper clarity and justifica-
tion, and more openness from Vertex
Pharmaceuticals is needed.
So, is this a ‘wow-factor ’ medication?

The two wow factors are that it is active
at the level of the basic mutation, rather
than downstream, and it has halved sweat
chloride, an effect never seen before with
any other intervention. However, does
this translate at the present time to a real
clinical benefit? The changes in spirom-
etry, CF lung attacks and weight are
similar in magnitude to the effects
obtained with rhDNase,3 hypertonic
saline4 and azithromycin,5 6 at a fraction
of the cost. Furthermore, CFTR is
a multifunctional protein, and there is at
least some evidence that CF lung disease
relates to loss of regulation of the sodium
transporter ENaC by CFTR, rather than
being due to chloride transport abnormal-
ities.7 8 The change in FEV1 is certainly
encouraging, but there are many
unknowns; does Ivacaftor affect the
airway microbiome and airway inflam-
mation, and in what way? How safe is it?
A serious adverse event with a frequency
as high as 1% would have been missed by
the present study.2 The key question that
all patients want to know is, will this
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increase my life expectancy?We simply do
not know, and unlike cancer drugs, we are
not able to balance out months of exten-
sion of life versus cost, nor are we ever
likely to be able to do so.

Is buying Ivacaftor at this colossal price
worthwhile? It has been argued elsewhere
that rationing is inevitable under any
healthcare system,9 given the ever-
increasing cost and complexity of medi-
cations and therapeutic interventions. For
the price of a year of Ivacaftor, we could
employ perhaps four specialist physio-
therapists, nurses and dieticians. The
asthma literature is very clear that
increasing interactions between patients
and professionals, attention to detail and
getting the basics right leads to big
improvements in outcomes.10 11 Would
a patient with G551D do better with
a full-time personal CF nurse than with
Ivacaftor? Perhaps commencing Ivacaftor
early enough may offset some of this cost
by reducing the overall burden of treat-
ment, but it is difficult to see beyond
a huge financial burden even if no other
CF treatment was needed (highly unlikely
to be the case).

Overall, despite the negative comments
above, the data suggest that we should
explore the use of Ivacaftor if we possibly
can. If ever there was a time when this
should be done in a protocolised manner,
it is now. Merely adding Ivacaftor on the
end of the prescription list, without
making a detailed efficacy and safety
assessment, is unwarranted. We suggest
that there should be a pre-trial run-in
period of at least 3 months, with every
effort made to optimise therapy, perhaps
using aspects of the protocol that we have
advocated for ‘challenging CF’.12 There
should be mandatory, protocolised follow-
up visits at least monthly initially, with
measurements of spirometry at least,
bacteriology, and relevant biomarkers.
Surely this should be the case even for
those given access to Ivacaftor on

compassionate grounds. Subgroups could
be tested in a more sophisticated manner,
for example, using transepithelial poten-
tial differences. An obvious and important
question is whether twice daily treatment
is needed. This question could easily be
addressed in a crossover or parallel group
study built into the introduction of
Ivacaftor. Is it unreasonable to make
participating in randomised controlled
trials of treatment, when there is genuine
uncertainty, a pre-condition of receiving
this medication? This sort of strategy
would allow the collection of important
data, including safety, and allow us to
refine the use of the medication.
The issue of expensive medications for

chronic conditions will not go away, and
indeed will get worse. If, as seems likely,
Ivacaftor is efficacious in other CFTR
mutations, or in other diseases charac-
terised by CFTR dysfunction (which may
even include chronic obstructive pulmo-
nary disease13!), how will this be funded?
Trials are underway investigating
compounds for other mutation classes,
including the most common allele,
ΔF508.14 As 50% of patients with CF in
the UK are homozygous for this muta-
tion, the cost implications are potentially
staggering. Will the price come down at
all? The immediate future looks likely to
be characterised by fights between
desperate patients with CF with very high
hopes, and equally desperate regulators
already coping with potential NHS finan-
cial meltdown (aka ‘efficiency savings’,
those popular Coalition weasel words).
The regulators will probably say (rightly)
that the 10% increase in FEV1 is at a price
many fold greater than that of standard
therapies3e6 which have the same effects
(correct), and that no-one has shown that
a fall in sweat chloride has translated into
a survival benefit (also correct). It seems
likely that very few patients, and only the
sickest, will have a chance to trial
Ivacaftor. But a wake-up call for Vertex

Pharmaceuticals is that, if Ivacaftor is
beyond the nation’s pocket for well
infants with CF, it could be argued that
the planned further testing of the medi-
cation in this group in the UK is uneth-
ical, and contrary to the Helsinki
convention, because they will never
benefit from it. And the same will be said
about other genotype-specific therapies in
the pipeline unless guarantees about
affordability can be given. (Did the very
honourable clinicians investigating
Ivacaftor realise that the price would be
as high as quoted? And would they have
been just as keen to organise trials if they
had known?) All concerned must be
heartily congratulated on the production
of a designer medication, targeting a basic
gene dysfunction, with very promising
results. However, for those who have to
balance the books, this is a loud and
strident wake-up call.

Contributors AB conceived the article and wrote the
first draft, NS reviewed and edited it, and both take full
responsibility for the final version.

Competing interests None.

Provenance and peer review Commissioned;
internally peer reviewed.

Thorax 2012;-:1e3.
doi:10.1136/thoraxjnl-2012-201798

REFERENCES
1. Dodge JA, Lewis PA, Stanton M, et al. Cystic

fibrosis mortality and survival in the UK: 1947e2003.
Eur Respir J 2007;29:522e6.

2. Accurso FJ, Rowe SM, Clancy JP, et al. Effect of
VX-770 in persons with cystic fibrosis and the G551D-
CFTR mutation. N Engl J Med 2010;363:
1991e2003.

3. Fuchs HJ, Borowitz DS, Christiansen DH, et al. Effect
of aerosolized recombinant human DNase on
exacerbations of respiratory symptoms and on
pulmonary function in patients with cystic fibrosis.
The Pulmozyme Study Group. N Engl J Med
1994;331:637e42.

4. Elkins MR, Robinson M, Rose BR, et al; National
Hypertonic Saline in Cystic Fibrosis (NHSCF) Study
Group. A controlled trial of long-term inhaled
hypertonic saline in patients with cystic fibrosis.
N Engl J Med 2006;354:229e40.

5. Equi A, Balfour-Lynn IM, Bush A, et al. Long term
azithromycin in children with cystic fibrosis:
a randomized, placebo-controlled crossover trial.
Lancet 2002;360:978e84.

6. Saiman L, Anstead M, Mayer-Hamblett N, et al;
AZ0004 Azithromycin Study Group. Effect of
azithromycin on pulmonary function in patients with
cystic fibrosis uninfected with Pseudomonas
aeruginosa: a randomized controlled trial. JAMA
2010;303:1707e15.

7. Knowles M, Gatzy J, Boucher R. Increased
bioelectric potential difference across respiratory
epithelia in cystic fibrosis. N Engl J Med
1981;305:1489e95.

8. Mall M, Grubb BR, Harkema JR, et al. Increased
airway epithelial Na+ absorption produces cystic
fibrosis-like lung disease in mice. Nat Med
2004;10:487e93.

Table 1 Classes of CFTR mutations, their effects and potential treatments

Class
number Consequence

Exemplar
genotype

Potential
therapies
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Class VI CFTR reaches apical cell membrane, but has
a shortened half life due to more rapid turnover

1811+1.6kbA>G

CFTR, cystic fibrosis transmembrane regulator.
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