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ABSTRACT

Objectives To evaluate the survival of patients with cystic

fibrosis whose lung function has deteriorated to a forced

expiratory volume in one second (FEV1) below 30%

predicted in the recent treatment era and to explore

factors associated with any change in survival.

Design Cohort study.

Setting Adult cystic fibrosis unit in London.

Participants 276 patients (147 (53%) male) whose FEV1
was first observed to be less than 30%predicted between

1 January 1990 and 31 December 2003.

Main outcome measure Survival during follow-up to 31

December 2007 in two year sub-cohorts.

ResultsMedian survival improved from 1.2 years in the

1990-1 group to 5.3 years in the 2002-3 group, with a

marked improvement in survival from 1994. The use of

nebulised recombinant human DNase was significantly

associated with a reduced risk of death (hazard ratio

0.59, 95% confidence interval 0.44 to 0.79). Significantly

increased risks were associated with a body mass index

under 19 (hazard ratio 1.52, 1.10 to 2.10), long term

oxygen therapy (3.52, 2.49 to 4.99), and nebulised

antibiotics (1.84, 1.05 to 3.22).

Conclusion A marked improvement has occurred in the

survival of patients with cystic fibrosis with an FEV1 less

than 30% predicted. Secondary analyses suggest that

some of this improvement may be due to use of

recombinant human DNase.

INTRODUCTION

Cystic fibrosis is a multi-organ inherited disease char-
acterised by chronic pulmonary infection, resulting in
progressive airways disease with an inexorable decline
in lung function. Overall, outcomes in cystic fibrosis
are improving, and estimates made in the early 1990s
that median life expectancy would double from 20 to
40 years of age are being realised.12Whether this is also
true for patients with late stage disease is less clear. On
the basis of work by Kerem et al in 1992, a forced
expiratory volume in one second (FEV1) of less than
30% predicted has been generally accepted as the level
of lung function at which median mortality within two
years is greater than 50%.3 As a consequence, this

threshold is widely used as an appropriate trigger for
consideration of lung transplantation,4 although, more
recently, predictive survivorship models have been
developed to facilitate this process.5

In the past 20 years, several factors have contributed
to preserving the lung function of patients with cystic
fibrosis, and a threshold of FEV1 below 30% predicted
may no longer have the same clinical relevance. A
more developed understanding of the importance of
nutrition and its relation to lung function has led to a
greater emphasis on intensive nutritional
management.6 7 Many new treatments have been
developed during this time, including inhaled
tobramycin,8 nebulised recombinant human DNase,9

hypertonic saline,10 and azithromycin.11 Recombinant
human DNase has been used widely since the mid-
1990s and has resulted in improved airway clearance,
improved lung function, and fewer exacerbations.9 12

Non-invasive ventilation in chronic type 2 respiratory
failure has been practised more extensively, including
as a bridge to transplantation, to palliate troublesome
symptomsof hypercapnoea, andpossibly to extend life
in patientswith the lowest level of lung function.13Mul-
tidisciplinary clinical teams in specialised cystic fibro-
sis centres have also contributed to improved care.14

Since the study by Kerem et al, evidence has emerged
to show that median survival may not be as low as two
years,15 especially if other clinical factors (such as rate
of decline in lung function) are considered.16However,
no study has re-evaluated the survival of patients with
cystic fibrosis whose lung function has deteriorated to
an FEV1 below 30% predicted in the recent treatment
era. We set out to do this, hypothesising that most
patients with an FEV1 at this level are now surviving
considerably longer than two years.3 As a secondary
aim, we explored factors associated with any change
in survival.

METHODS

Since 1965, details of all patients referred to the adult
cystic fibrosis unit at Royal Brompton Hospital and
confirmed to have cystic fibrosis have been systemati-
cally recorded; until 2003, information on 1358
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patients had been collected in this way. The diagnosis
of cystic fibrosis was based on clinical features and a
positive sweat sodium (>70 mmol/L) or chloride
(>60 mmol/L) result or, in cases with a borderline or
negative sweat test result, the presence of a known dis-
ease causing mutation on each CFTR gene or of an
abnormal nasal potential difference measurement.
Clinical and demographic details were collected at
the first consultation and subsequently updated at
annual review, during clinical stability.
We included in the study all such patients whose

FEV1, during clinical stability, was first observed to
be less than 30% of the predicted value for their height,
sex, and age between1 January 1990 and 31December
2003,17 and we examined their survival through to 31
December 2007. Deaths and the dates of death came
from clinic records; in the 13 cases for which we could
not verify vital status to the end of the study (“lost to
follow-up”), we censored survival at the time of their
last clinic attendance. We excluded patients who sub-
sequently had lung transplantation (n=77), as censor-
ing their survival at the date of their operation would
have introduced variations in survival. This is because
the length of time spent on a transplant list is highly
variable, as factors other than clinical severity are con-
sidered (for example, donor shortages and tissue
matching).
At point of entry into the cohort, we collected infor-

mation on age, sex, percentage of predicted FEV1,
body mass index, sputummicrobiology (chronic Pseu-
domonas aeruginosa and Burkholderia cepacia infection;
two positive samples in the preceding six month per-
iod), pancreatic exocrine function status (use of pan-
creatic enzymes), diabetes status (cystic fibrosis
related diabetes: positive oral glucose tolerance test
and glucose monitoring), use of nebulised antibiotics
(any), use of nebulised recombinant human DNase,
use of long term oxygen therapy (>16 hours a day),
and use of non-invasive ventilation. We categorised
patients as being underweight if their body mass
index was below 19.18 All patients had given informed
written consent for their anonymised clinical details to
be used for research purposes.

Statistical analysis

We used Stata (version 10.1) statistical software to ana-
lyse data.Wepresent categorical datawith percentages
and quantitative data by mean values with standard

deviations. Before analysis, we elected to compare sur-
vival in two year sub-cohorts with estimates of median
survival and by Kaplan-Meier survival curves. We
derived unadjusted hazard ratios for death in each
sub-cohort by using Cox’s proportional hazards
regression, having verified the proportionality of
hazards by using an option in Stata that plots survival
curves for each category of a covariate versus time ana-
lysis (“log-log” plots). The proportional hazards
assumption is not violatedwhen the curves are parallel,
which was the case for our data.
We used a multivariate Cox regression model to

examine clinical and demographic factors that might
be associated with survival; we included in the model
all factors that we thought relevant on clinical grounds,
irrespective of their statistical effect on survival. As
very few patients were regularly using non-invasive
ventilation (n=2) or were chronically infected with B
cepacia (n=18), we did not include these factors in the
survival model.

RESULTS

We analysed 276 patients, and table 1 summarises
their characteristics. Overall, 53% (n=147) were male;
at entry to the cohort, the mean age was 25.9 (SD 7.9)
years, the mean FEV1 was 23.9% (4.6%) of the pre-
dicted value, and 92.3% (n=253) of patientswere taking
pancreatic supplements.
Table 1 also shows measures of survival of patients

in each two year sub-cohort. Median survival
improved from 1.2 years in the 1990-1 sub-cohort to 5.

Table 1 | Characteristics and measures of survival for each two year sub-cohort

Yearofsub-cohort No No (%) male
Mean (SD)
age (years)

Mean (SD) FEV
1

(% predicted)
Total follow-up

(months)
Median survival

(years)
Crude hazard ratio

(95% CI)

1990-1 33 19 (58) 27.2 (10.1) 23.0 (5.5) 107.8 1.2 1.00

1992-3 66 30 (45) 24.7 (7.5) 22.3 (4.9) 189.6 1.7 1.01 (0.66 to 1.56)

1994-5 44 24 (55) 25.6 (5.6) 24.6 (4.2) 182.9 3.8 0.60 (0.37 to 0.98)

1996-7 54 24 (44) 24.5 (7.6) 25.1 (3.5) 288.1 5.0 0.40 (0.25 to 0.65)

1998-9 27 14 (52) 25.4 (7.7) 25.1 (3.5) 149.3 6.7 0.43 (0.24 to 0.76)

2000-1 22 14 (64) 29.2 (10.0) 23.7 (4.3) 100.1 4.0 0.37 (0.19 to 0.72)

2002-3 30 22 (73) 27.7 (7.6) 24.0 (5.7) 113.7 5.3 0.38 (0.20 to 0.71)

FEV1=forced expiratory volume in one second.
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Fig 1 | Kaplan-Meier survival curves subdivided into seven two

year sub-cohorts from 1990 to 2003, showing survival up to

31 December 2007
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3 years in the 2002-3 sub-cohort, with a marked
improvement in survival from 1994 to 1997 but little
change thereafter. This pattern is reflected in the unad-
justed hazard ratios for each sub-cohort and in the sur-
vival curves shown in figure 1.
Figure 2 summarises, for each sub-cohort, some

measures of disease status and important treatment
modalities at the time of entry to the cohort; also
included are the unadjusted hazard ratios for death in
each sub-cohort. From1994 onwards, a “step” increase
occurred in the use of nebulised recombinant human
DNase; across the entire study period a more gradual
reduction occurred in the proportion of patients who
were, at entry to the cohort, markedly underweight
(body mass index <19). Other parameters, including
the use of nebulised antibiotics and P aeruginosa infec-
tion rates, remained stable over the 13 year period of
study. The beginning of the improvement in survival
coincided with the increase in the proportion of
patients who were using recombinant human DNase
at entry to the cohort.
Table 2 shows the modelled associations between

survival and these parameters. In a multivariate
model, the use of nebulised recombinant human
DNase was significantly associated with a reduced
risk of death (hazard ratio 0.59, 95% confidence inter-
val 0.44 to 0.79). Significantly increased risks were
associated with a body mass index below 19 (hazard
ratio 1.52, 1.10 to 2.10) and the use of both long term
oxygen therapy (3.52, 2.49 to 4.99) and nebulised anti-
biotics (1.84, 1.05 to 3.22). After the inclusion of a bin-
ary term for entry into the cohort pre-1996/post-1995
(hazard ratio 0.62, 0.43 to 0.89), the use of recombinant
human DNase was no longer significantly associated
with improved survival (0.78, 0.55 to 1.11) but the
other associations were essentially unchanged.

DISCUSSION

Our findings show an important improvement in the
average survival of patients with cystic fibrosis whose
lung function (forced expiratory volume in one sec-
ond) has fallen below 30% of their predicted value.
Median survival for patients who entered the cohort
most recently (2002-3) was 5.3 years, more than twice

that for those who entered the study in the early 1990s,
when median survival was less than two years, similar
to the value published by Kerem et al in 1992.3 Inter-
estingly, survival did not increase steadily over the per-
iod of our study; rather, an obvious stepwise
improvement occurred from 1994 to 1997 with little
further change thereafter. Over the same period, we
recorded important changes in disease status and
some treatment modalities. Nebulised recombinant
human DNase first received a UK licence in 1994,
which explains the striking increase in its use from
this year; 80% of the subsequently enrolled cohort
received it. A steady improvement in nutritional status
also occurred, from 73% of patients underweight in
1990 to around 50% in the early 2000s. Other para-
meters included in our study were relatively
unchanged over this time.

Comparison with other studies

Since the studybyKeremet al,3 twootherNorthAmer-
ican studies from the late 1990s have suggested that the
median survival of patients with a forced expiratory
volume in one second below 30% predicted is better
than two years, showing survival of at least 3.9 years
in their centres.15 16 Our study included a much larger
study population, examining survival from 1990 for a
further 17 years, thus incorporating a more contem-
porary era of management and treatment. A median
survival of 5.3 years confirms a further step improve-
ment and highlights the difficult challenge of determin-
ingwhenpatients are genuinely “end stage” and should
thus be referred for transplantation. This was also
shown by a study that used predictive survivorship
models and concluded that five year survival varied
between 6% and 94% when forced expiratory volume
in one second was below 30% predicted and that survi-
val was superior for non-transplanted patients for the
first 2.5 years of follow-up.5

An independent association of nebulised recombi-
nant human DNase with improved survival was evi-
dent on regression analysis, which suggested that its
use was related to a 41% reduction in mortality. Of
the other treatments we examined, both were asso-
ciated with an increase in mortality, presumably

Table 2 | Multivariate Cox regression analysis of some measures of disease status and important treatment modalities at time of entry to cohort. Values are

numbers (percentages) unless stated otherwise

Variable Alive (n=65) Dead (n=211)

Univariate model Multivariate model*

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Mean (SD) age (years) 26.7 (7.5) 25.6 (8.1) 0.98 (0.97 to 1.00) 0.07 0.99 (0.97 to 1.01) 0.54

Male sex 46 (71) 101 (48) 0.74 (0.57 to 0.98) 0.03 0.89 (0.66 to 1.18) 0.41

Body mass index <19 35/63 (56) 144/208 (69) 1.70 (1.26 to 2.29) <0.001 1.52 (1.10 to 2.10) 0.011

Pancreatic insufficiency 56/65 (86) 197/209 (94) 1.63 (0.91 to 2.92) 0.10 0.91 (0.46 to 1.80) 0.79

Chronic Pseudomonas aeruginosa infection 39/61 (64) 189/209 (90) 2.16 (1.39 to 3.37) 0.001 1.18 (0.79 to 1.76) 0.41

Cystic fibrosis related diabetes 10/64 (16) 62 (29) 1.58 (1.78 to 2.13) 0.003 1.28 (0.92 to 1.79) 0.14

Use of recombinant human DNase 50 (77) 111 (53) 0.57 (0.44 to 0.75) <0.001 0.59 (0.44 to 0.79) <0.001

Use of nebulised antibiotics 43/60 (72) 177/211 (84) 2.22(1.40 to 3.54) 0.001 1.84 (1.05 to 3.22) 0.033

Use of long term oxygen therapy 2/62 (3) 60/207 (29) 4.47 (3.27 to 6.16) <0.001 3.52 (2.49 to 4.99) <0.001

*Includes all variables listed in table.
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reflecting their use, at that time, in particularly sick
patients. Our study is observational, and, as very few
patients were prescribed recombinant human DNase
before 1994 and almost all were after this date, disen-
tangling its effects from other (unmeasured) factors
with a temporal trend across the period of our study
is statistically difficult. However, the ecological rela-
tion between the use of recombinant human DNase
and the improvement in survival and the magnitude
of its effect in the regression analysis are compelling
observations. Nebulised recombinant human DNase
has been shown in controlled trials to improve lung
function, reduce pulmonary exacerbations, and mod-
ulate airway inflammation in cystic fibrosis, but it has
not previously been shown to improve survival.9 19 A
recent Cochrane systematic review also confirmed
these findings.20 The rapidity with which survival
improved after the widespread use of this treatment
in our cohort is, in our view, biologically plausible, as
studies of the drug have shown benefits on lung func-
tion fromas early as oneweek and continuingup to two
years.9 12 21

Underweight patients were at significantly greater
risk of death; those whose body mass index was less
than 19 at entry, a commonly used trigger for escalat-
ing nutritional intervention in cystic fibrosis,18 had an
independent increase in mortality of 52%. This finding
supports a well established concept but importantly
also shows its clinical significance when lung function
is poor. Since the introduction of enteric coated pan-
creatic enzymes in the 1980s, huge progress has been
made in the nutritional status of patients with cystic
fibrosis.22 Other factors, including chronic infection
with P aeruginosa, cystic fibrosis related diabetes, and
sex, were significant only on univariate analysis. The
first two are widely accepted to be associated with a
worse outcome in cystic fibrosis.6 23-25 Female sex has
also been shown to have a deleterious effect,26 although
some people argue that this is a reflection of confound-
ing by other factors, such as a worse nutritional state.6

Strengths and limitations of study

We recognise several limitations to our study. Our
patients were recruited from a single centre, and a

small number were lost to follow up. Although we
doubt that this detracts from the generalisability or
accuracy of our findings, other cystic fibrosis centres
need to examine survival in this population of espe-
cially sick patients. We examined determinants of sur-
vival only at entry to the cohort rather than during the
period of follow-up.We did this because we wanted to
consider the prognostic value of these factors at the
point at which lung function fell below 30% predicted;
in fact, a time dependent analysis would probably have
made little difference to our findings, as most if not all
of the variables we examinedwould be unvarying over
time. We could not examine the benefits of treatments
for cystic fibrosis such as azithromycin and hypertonic
saline, asmost of the cohort pre-dates their widespread
use after the publication of large randomised con-
trolled trials.10 11 Hypertonic saline is an effective neb-
ulised mucolytic, but unlike recombinant human
DNase it cannot be said to lead to an improvement in
lung function in the long term.27 Finally, for reasons
given earlier, we excluded from analysis those patients
in the cohort who had had lung transplantation. We
consideredwhether changes in the selection of patients
for transplant over the period of the study might have
resulted in a non-transplant group with more favour-
able survival.We think that this is unlikely, as we know
of no such systematic change in approach during the
period of our study; moreover, the proportion of
cohort patients who had transplantation fell steadily
from 28% (n=13) in the 1990-1 sub-cohort to 14%
(n=5) in the final (2002-3) sub-cohort.
This study highlights the importance of, and neces-

sity for, usingwell conductedobservationalmethods in
chronicmedical conditions forwhich large prospective
controlled trials with outcome measures such as mor-
tality are almost impossible to do effectively. No inter-
ventional study in cystic fibrosis has yet shown a
benefit on mortality, and even large trials in chronic
obstructive pulmonary disease have been hampered
by insufficient statistical power and have failed to
reach their primary end point.28 We believe the sys-
tematic collection of patients’ data through registries
with carefully constructed analysis will continue to
play a vital role in informing clinicians’ practice and
optimising patients’ outcomes.

Conclusions and policy implications

The implications of our study are several. Short of
developing a cure for cystic fibrosis, improved survival
is a principal goal, and treatment strategies aim to do
this. The threshold of 30% predicted for forced expira-
tory volume in one second should no longer be consid-
ered in isolation as the start of end stage lung disease
and consideration for lung transplantation. The
reasons for the improvement in survival are almost cer-
tainly multifactorial, but providing a multidisciplinary
approach, with attention to details such as nutrition
and airway clearance, is likely to be a key element in
maintaining health even at low levels of lung function.
In conclusion, we have shown that the survival of
patients with cystic fibrosis whose lung function
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declines below 30% of predicted has improved mark-
edly, with a median predicted survival now of 5.
3 years. This finding will help to inform patients and
relatives, assist clinicians in managing their individual
patients appropriately, and inform policy makers on
timing of interventions with implications on resource
allocation.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

A forced expiratory volume in one second (FEV1) below 30% of the predicted value is
generally considered the threshold at which 50% of patients with cystic fibrosis survive two
years or less

Modern cystic fibrosis management over the past two decades may have led to improved
outcomes, but this has not been shown in patients with severely impaired lung function

Certain clinical factors, such as a higher body mass index, are associated with better
outcomes

WHAT THIS STUDY ADDS

Median survival of patients with cystic fibrosis and FEV1 below 30% increased from 1.2 years
in the 1990-1 sub-cohort to 5.3 years in the 2002-3 sub-cohort

A clear stepwise improvement from 1994 to 1997 (with little further change thereafter)
coincided with the introduction of nebulised recombinant human DNase

A steady improvement in body mass index also occurred; body mass index below 19 was
associated with an increased risk of death
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