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Abstract
Introduction Cystic fibrosis (CF) is a multisystem
disorder. Treatment is complex and evidence for
treatment decisions may be absent. Characterising
gaps in the research evidence will highlight treatment
uncertainties and help prioritise research questions. We
systematically identified the evidence gaps for treatment
decisions in CF.
Methods We searched for systematic reviews and
guidelines on treatment interventions in CF. Two
researchers identified eligible reviews with arbitration
from a third. Using a structured framework, we extracted
and characterised evidence gaps.
Results There were 73 reviews and 21 guidelines that
met our inclusion criteria. From these, we identified
148 evidence gaps across a range of treatment areas.
We found 111 evidence gaps through systematic
reviews and a further 37 from guidelines. The reason
for an evidence gap could only be reliably characterised
for systematic reviews. In most cases, there was
more than one explanation—most commonly few
or no trials (97/111 evidence gaps). Other important
factors leading to evidence gaps were small sample
size (49/111), inadequate duration of follow-up
(38/111) or intervention (37/111) and factors relating
to outcomes (35/111). Evidence gaps from both
systematic reviews and guidelines fell into the following
categories: Respiratory (91); Gastrointestinal (20);
PhysiotherapyandExercise (16); Musculoskeletal (6);
Endocrine (4); Basic defect of CF (8); Psychosocial (2);
Ears, Nose and Throat (1).
Conclusions We have compiled an up-to-date list of
treatment uncertainties in CF and the reasons for these
uncertainties. These can be used as a resource to aid
researchers and funders when planning future trials.
PROSPERO registration number Pre-results;
CRD42015030111.
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Life expectancy in cystic fibrosis (CF) is improving,
with current best estimate of median survival being
greater than 50 years for those born in the year
2000.1 The cost of this improvement in mortality is
a high treatment burden, leading to a huge impact
on daily activities and significant effect on quality
of life.
Doctors, other members of the CF multidisciplinary team, people with CF and their families
should be guided by best evidence when making
treatment decisions in CF. Systematic reviews are
undertaken to identify the evidence for benefit

Key messages
What is the key question?

►► What are the evidence gaps in treatment

decisions for cystic fibrosis?

What is the bottom line?

►► We have identified 148 gaps in the evidence

for treatment decisions in cystic fibrosis. We list
these in full and characterise the reasons for
the gaps.

Why read on?

►► These evidence gaps provide a systematic

evidence-based starting point for the next
generation of patient-centred, clinical research
studies in cystic fibrosis.

(or harm) from an intervention in order to inform
guidelines and guide clinical practice. However,
systematic reviews may be unable to reach a strong
conclusion due to insufficient clinical trials, few
participants or poor trial methodology. One recent
study found that only 96 of 283 (34%) systematic reviews in paediatric respiratory medicine
were able to make a strong conclusion relevant to
clinical practice.2 Conversely, ‘empty’ systematic
reviews have been shown to demonstrate evidence
gaps, which can focus the attention of the research
community and lead to trials which answer these
questions.3
CF is a multisystem disorder and is the focus of
intense research interest, particularly in the area of
drugs which modulate CF transmembrane conductance regulator (CFTR). While it is hoped that
the CFTR modulators will provide transformative
therapy for many people with CF, it is likely that
other ‘conventional’ treatments will still be necessary. Pragmatic clinical research on conventional
treatments is therefore still needed. The clinical
research budget is finite and the pool of patients
eligible for trials is limited (10 000 UK,4 28 000
USA).5 Therefore, the research effort should be
focused on providing clear answers to important
treatment uncertainties which will in turn guide
evidence-based practice. Identifying the important
knowledge gaps in the treatment of CF will allow
limited resources to be used appropriately.
Here, we have identified these gaps by reviewing
the evidence base for treatment decisions in CF
through a systematic review of systematic reviews
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Methods

Our full protocol can be found on PROSPERO
(CRD42015030111). Systematic reviews and guidelines which
included treatment interventions in people of any age with a
formal diagnosis of CF were eligible for inclusion.
We undertook a search for systematic reviews of the following
databases in December 2015: Embase, MEDLINE, CINAHL,
The Cochrane Library and PubMed. Search strategies were
devised iteratively and search terms kept broad to increase sensitivity (online supplementary S1). No date or language limits were
applied to the search, although we only included reviews which
were available in English. We conducted an additional search of
the Cochrane database in February 2017. We excluded reviews
covering diagnosis, newborn screening or those concerning diagnostic test accuracy as these did not fall under our definition of
treatments. We also excluded those concerning policy, training of
physicians or organisation of care (eg, specialist CF clinics versus
general clinic care). However, systematic reviews including trials
of timings and duration of intervention, combinations of interventions and stopping interventions were considered. Earlier
versions of the same review were excluded.
The ROBIS tool (risk of bias in systematic reviews) was used
to assess risk of bias and quality of non-Cochrane reviews.6 Only
reviews deemed to be at low risk of bias were included. Several
studies have reported that Cochrane reviews are of a very high
quality, so we accepted these reviews without assessing risk of
bias and quality.7 8 Search results were downloaded to Endnote
(V.X7) and checked for duplicates. The online program Covidence9 was used for screening by two reviewers.
Two reviewers (NJR, SS) individually extracted data from all
included reviews. ‘Google’ forms adapted from ‘Framework for
Determining Research Gaps During Systematic Review’10 (online
supplementary S2 and S3) were devised and piloted prior to data
extraction. Results were compared and an agreed set of extracted
data produced for each review. Evidence gaps were defined as
an area of treatment where available information limited the
ability of the review authors to form conclusions about effect.
We extracted the main reason plus any additional reasons for
each uncertainty. Reasons were categorised as follows:
A. Insufficient or imprecise information
1. No studies.
2. Limited number of studies.
3. Sample sizes too small.
4. Estimate of effect imprecise from meta-analysis.
B. Risk of bias
1. Inappropriate study design.
2. Major methodological limitations.
C. Inconsistency or consistency uncertain
1. Only one study.
2. Inconsistent results across studies.
D. Not the right information
1. Wrong population.
2. Inadequate duration of intervention.
3. Inadequate duration of follow-up.
4. Important outcomes not reported.10
We also recorded population and intervention studied,
comparator used, outcomes measured and setting for the study.
Any discrepancies were mediated by a third reviewer (AS). Data
were collated using Excel. We identified themes and compiled
a table of known treatment uncertainties with reason for each.
230

Gaps identified from more than one review of the same topic
were merged.
We searched the following for CF treatment guidelines: US
National Guideline Clearing House (www.guideline.gov); UK
National Institute for Health and Care Excellence (www.nice.
org.uk); US CF Foundation (www.cff.org); UK CF Trust (www.
cysticfibrosis.
org.
uk); European CF Society (http://www.
ecfs.
eu); Cystic Fibrosis Federation of Australia (www.cysticfibrosis.
org.
au) and ‘Open Grey’ (
www.
opengrey.
eu). Our search of
guidelines was for the period 2005–2015. We used the same
inclusion and exclusion criteria as with systematic reviews.
Guidelines were read in their entirety and areas highlighted by
authors as evidence unclear or uncertain were identified and
recorded using form online supplementary S4. We were not
able to fully characterise the gaps identified through our review
of treatment guidelines because the documents did not always
include the underlying evidence for each guideline recommendation (including which pieces of evidence were missing and why).

Results
Description of studies

The searches identified 1042 articles (after duplications were
removed), of which 73 met our inclusion criteria (see online
supplementary S5 for references). We excluded 691 on title and
abstract alone, and 278 from the full-text article with reasons
described (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses chart figure 1A). Two non-Cochrane reviews met
the inclusion criteria, one of which was excluded on ROBIS tool
assessment due to high risk of bias (online supplementary S6).
Within the included systematic reviews, there were a total of
466 trials, with 23 591 participants ranging in age from newly
diagnosed infant to adult (online supplementary S7). Fourteen
systematic reviews found there were no trials for their topic
area. Two reviews covered the same topic area (CFTR modulators). Within the systematic reviews, 460 of the included trials
were randomised controlled trials (RCTs) of which 263 were of
parallel group design, 195 were cross-over and 2 were unknown.
The guidelines searches identified 102 guidelines (after duplicates were removed), of which 21 met our inclusion criteria
(figure 1B, see online supplementary S8 references).
Due to unclear diagnostic criteria, 37 reviews were excluded.
The date range for these reviews is 1998–2015 with only six
being published before The European Working Group proposing
diagnostic criteria in 2006.11 An additional analysis of these 37
excluded reviews showed that only 13 would have met all inclusion criteria and passed ROBIS assessment. Of these, four were
covered by already included reviews, but nine could have added
more gaps (online supplementary S9). Only two non-Cochrane
reviews met our inclusion criteria and only one of these was
deemed sufficient quality to be included.12
The included reviews covered a wide variety of treatment
interventions across the field of CF. Figure 2A shows the proportional representation of areas covered in this study. The majority
of the systematic reviews (55%) covered respiratory interventions, followed by gastroenterology (15%). Figure 2B shows
further breakdown of respiratory intervention reviews by type
with 43% of respiratory reviews focusing on antibiotic treatment. From the 73 included reviews, there was sufficient goodquality evidence to identify 30 statements which can robustly
support treatment decisions in CF (‘known knowns’) (table 1).
When looking at funding sources for trials that fed into these
known knowns, 27% were funded by pharma, 31% by charity
and 14% by governments (online supplementary S10).
Rowbotham NJ, et al. Thorax 2019;74:229–236. doi:10.1136/thoraxjnl-2017-210858
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and CF guidelines. We have characterised the reasons for the
uncertainties to inform future trial design.
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Description of evidence gaps

We identified and characterised 111 individual evidence gaps
from the 73 included systematic reviews as highlighted by their
authors (see supplementary table S11). Duplicate gaps noted
from separate reviews on the same topic area were combined.
The interactive ‘Prayle plot’2 (figure 3) illustrates the evidence
gaps and their source systematic review.
Many of these gaps can be split further to include subquestions, for example patient groups, intervention comparisons
and differing drug regimens. Figure 2C shows the proportional
distribution of these 111 ‘known unknowns’ across different
areas of CF. As one would expect, in areas where there are more
systematic reviews, we were able to identify more evidence gaps.
We found 74 gaps from the 21 included guidelines, of which
37 were novel (see online supplementary S12). As guidelines did
not always include the underlying evidence for each recommendation, we have been unable to characterise these to the same
degree as the gaps identified from systematic reviews.
Evidence gaps (148), from both systematic reviews and
guidelines, fell into the following categories: Respiratory (91);
Gastrointestinal (20); Physiotherapy and Exercise (16); Musculoskeletal (6); Endocrine (4); Basic defect of CF (8); Psychosocial
(2); Ears, Nose and Throat (1). See online supplementary figures
S9 and S10.

More than 87% of the 111 evidence gaps, identified through
systematic reviews, existed due to few (n=62) or no studies
(n=35). Small sample size was a factor in 49 gaps (44%) and
meta-analysis showed imprecise estimate of effect for three
gaps (3%). Inappropriate study design contributed towards 12
gaps (11%) and major methodological limitations were implicated in 41 gaps (37%). With four gaps (4%), consistency was
unknown, as there was only one study. Inconsistent results across
studies was a contributing factor for a further nine gaps (8%).
The wrong population was studied in six gaps (5%), inadequate
duration of interventions accounted for 37 gaps (33%) and inadequate duration of follow-up contributed to 38 gaps (34%).
Factors relating to outcomes caused 35 gaps (32%). There
were a number of concerns with outcomes: trials did not report
outcomes the review authors deemed important; discrepancies
in the type of outcomes measured in trials; variation in measurement techniques for the same outcomes. In over a third of these
gaps (n=12, 34%), review authors identified issues with all three
of these outcome categories.
Although most guideline gaps could not be characterised to
the level of the review gaps, 11 of these novel gaps were due
to no trials and four due to limited studies (38%). Many stated
‘insufficient evidence’ or ‘lack of evidence’, so it is unclear if this
is due to no trials or limited number.

Reason for evidence gaps

Discussion

In the case of gaps identified from systematic reviews, we classified why each one occurred, as described above. The interactive
figure 3 and online supplementary table S11 show the reasons
for each gap. Most of the gaps existed for more than one reason.
The bar chart in figure 2D shows all contributing factors.
Rowbotham NJ, et al. Thorax 2019;74:229–236. doi:10.1136/thoraxjnl-2017-210858
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in treatment decisions in CF. We have identified and characterised 111 unique evidence gaps from the 73 systematic reviews
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we found an additional 37 uncertainties. Our results show that
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Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagrams to show selection of studies for inclusion.
(A) Selection of systematic reviews. (B) Guideline selection.

Cystic fibrosis

the reasons for gaps in the evidence are multifaceted and range
from no studies to reasons relating to the methodology of the
underlying trials. Understanding the reasons for evidence gaps
will allow us to investigate ways to plan future research to specifically address the evidence gaps.
Insufficient or imprecise information caused by no underlying
trials, limited number of trials or small sample sizes was a major
reason for our evidence gaps. For some gaps identified as having
‘no trials’, there are trials now in progress. An example of this is
the Stop2 trial (NCT02781610), looking into duration of antibiotic treatment for exacerbations (G9, online supplementary S11).
Arguably, the problem of ‘insufficient or imprecise information’
(category A above) can be addressed with a single, adequately
powered trial or with a meta-analysis of several smaller trials.
Gap G1 (online supplementary S11) ‘Does elective IV antibiotic
therapy improve clinical status and survival in people with CF in
comparison to symptomatic treatment’ could be addressed with
one large trial. Unfortunately, the single large study to address
this question failed to recruit its planned sample size.13 The pool
of people with CF to participate in trials is relatively small and the
daily regimen of treatments is onerous, making trial recruitment
232

and retention difficult. Where the concern is around rare organisms such as non-tuberculous mycobacterium (NTM), the pool
of eligible participants is even smaller. The one review that we
included on NTM had no trials included.14 The same was true for
Stenotrophomonas maltophilia15 and Burkholderia cepacia.16 17 A
further reason for small numbers of participants is where one of
the treatment arms is unattractive to the participant, for example
home versus hospital care. The review of this topic is limited by a
small number of eligible trials and small sample sizes.18
One way to overcome the problem of recruiting adequate
numbers is to use a cross-over design. It can be argued that as
CF is a chronic progressive disease, a cross-over design may be
inappropriate.19 However, with a limited pool of patients with
CF to take part in research, compromises will have to be made
in order to answer the important questions. Three quarters of
the trials included in our review were of a cross-over design.
With increasing numbers of people with CF gaining access to
CFTR modulators, it will be important to ensure that trials are
designed that allow participation of patients on these medications, so that trial participants are representative of those seen
routinely in clinic.20
Rowbotham NJ, et al. Thorax 2019;74:229–236. doi:10.1136/thoraxjnl-2017-210858

Thorax: first published as 10.1136/thoraxjnl-2017-210858 on 9 October 2018. Downloaded from http://thorax.bmj.com/ on June 28, 2022 by guest. Protected by copyright.

Figure 2 Themes of systematic reviews and evidence gaps. (A) Categories of the included systematic reviews with the percentage of reviews falling
in each category. (B) Number of included reviews in each sub category of the respiratory reviews. (C) Relative percentage of evidence gaps falling
within each category. (D) Reasons for the evidence gaps with number attributable to each reason. ABPA, allergic bronchopulmonary aspergillosis; ENT,
ear, nose and throat; NIV, non-invasive ventilation.

Cystic fibrosis
‘Known knowns’ treatment questions where there is good evidence, from randomised controlled trials, to guide practice
Review

Respiratory
Antibiotic therapy
 There is evidence for the use of long intravenous lines over short intravenous lines in terms of participant preference and lifespan of the device in children with cystic 53
fibrosis (CF)
Exacerbation management
 Combination of antibiotic agents is more effective at improving lung function than single agents in treatment of pulmonary exacerbations

29

Pseudomonas aeruginosa
 Antibiotic treatment clears P. aeruginosa from respiratory secretions in children with CF

37

 Nebulised antibiotics (or a combination of inhaled and oral antibiotics) were better than no treatment in treating early infection with P. aeruginosa

37

Specific antibiotics
 There is evidence of less nephrotoxicity with once-daily dosing of tobramycin in children

61

 There is no significant difference in efficacy (improvement in lung function) or ototoxicity between once-daily and thrice-daily dosing of tobramycin

61

Antibiotic prophylaxis
 Anti-staphylococcal antibiotic prophylaxis in the first 6 years of life results in significantly fewer children with CF having S. aureus isolated from their upper
respiratory secretions. The clinical significance of this is uncertain

62

Inhaled antibiotics
 Inhaled antibiotics improve lung function and reduce frequency of exacerbations of respiratory infection in people with CF, but duration of benefit is unknown

59

Viral infections
 All types of influenza vaccines currently used are able to generate a satisfactory immune response in people with CF. The clinical benefit of this remains unknown

19

Inflammation
 Azithromycin therapy is associated with a small but consistent improvement in respiratory function at 6 months

65

 The use of ibuprofen can slow the rate of decline in lung function in people with mild CF lung disease

36

 Withdrawal of inhaled corticosteroids is safe

6

 High-dose inhaled corticosteroids can affect long-term growth in children

6

 There is a high risk of occurrence of side effects (growth retardation) with 2 mg/kg oral prednisolone on alternate days

13

Mucoactive agents
 When compared with placebo, therapy with dornase alfa improves lung function in adults and children with CF with non-severe lung disease in trials lasting 1 month 35
to 2 years
 Inhaled mannitol (400 mg) gives improved lung function at 2, 4 and 6 months in those adults with CF who can tolerate it (both dornase alfa users and non-users)

46

 There is a small improvement in lung function for people with CF over 6 years old at 2 to 4 weeks with treatment with hypertonic saline

70

 Nebulised hypertonic saline has been shown to reduce the frequency of pulmonary exacerbations in people with CF over 6 years old

70

Oxygen
 Short-term oxygen therapy during sleep and exercise results in modest improvement of oxygenation in hypoxaemic people with CF but also results in mild
hypercapnia

20

 Short-term oxygen therapy in people with CF results in a modest enhancement of exercise capacity and duration

20

Gastrointestinal
Pancreatic enzymes
 People with CF taking enteric coated microsphere pancreatic enzyme supplements show improvement in bowel-related outcomes (stool frequency, abdominal pain
and faecal fat excretion) when compared with enteric coated tablets

64

Nutritional supplements
 Use of oral protein energy supplements does not improve nutritional status in moderately malnourished children with CF when compared with dietary advice and
monitoring

63

 In patients receiving vitamin D supplementation, 25-hydroxyvitamin D levels are significantly higher. The clinical significance of this remains unknown

23

 Vitamin E supplementation (both water-soluble and fat-soluble preparations) improves serum vitamin E levels in people with CF. The clinical significance of this is
unknown

47

Physiotherapy and exercise
Physiotherapy
 Active cycle of breathing technique is comparable with other therapies in outcomes such as patient preference, lung function, sputum weight, oxygen saturation and 41
number of pulmonary exacerbations
 Airway clearance techniques have short-term effects in terms of increasing mucus transport

71

 Vibrating mesh technology and adaptive aerosol delivery nebuliser systems dramatically reduce treatment time and improve drug deposition

17
Continued
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Table 1

Treatment area, known known

Cystic fibrosis
Continued
Review

 Use of positive expiratory pressure physiotherapy leads to a significant reduction in exacerbations in people with CF over high-frequency chest wall oscillation

40

Musculoskeletal
Osteoporosis
 Oral and intravenous bisphosphonates increase bone mineral density in people with CF (shown in spine, femoral and hip)

15

 Severe bone pain is common with the use of intravenous bisphosphonates

15

Endocrine
Growth hormone
 There are modest improvements in height, weight and height velocity and lean tissue mass with recombinant human growth hormone therapy in people with CF

67

Correction of basic defect
 Adults treated with ivacaftor showed improvements in lung function, quality of life, sweat chloride and weight compared with placebo

50, 73

 In children over 6 with the G551D CF mutation, ivacaftor has been shown to be beneficial in terms of lung function

50, 73

Not all the gaps we have identified are likely to be closed
through conventional clinical trials. An example is G42 ‘Can
long-term inhaled corticosteroids slow decline in lung function
and improve survival in people with CF?’ This gap has been partly
addressed through a novel study design. The CFWISE study21
found that stopping inhaled corticosteroids does not result in
earlier onset of exacerbations. A trial randomising participants
to start inhaled steroids (or a comparator) is therefore unlikely.
CFWISE looked at a short-term outcome measure (exacerbations). The majority of information gathered in this review
came from RCTs. These are not always practical to perform, so
it may be that other approaches may be more appropriate. Study
designs other than RCTs (such as cohorts derived from CF registries) could provide valuable evidence of the long-term safety
and effectiveness of treatment.22
Risk of bias can lead to gaps in the evidence, for example when
the study design of underlying trials is inappropriate or there
are major methodological limitations to the available studies. A
large proportion of the studies included in a review of positive

Figure 3 Gaps in the evidence base for treatment decisions in
cystic fibrosis. Prayle plot to show the links between systematic review
and evidence gaps. Each individual evidence gap is represented by a
purple node and each systematic review by a green node. A solid line
connecting an evidence gap to a systematic review indicates that there
are trials that have occurred to try and answer the question. A broken
line indicates that there have been no relevant trials included in the
systematic review. An interactive web-based version of the Prayle plot
(which loads in all recent major browsers) is available online (https://
www.nottingham.ac.uk/~mszap3/gaps_review_figure.html) and allows
the reader to explore the underlying data further including reasons for
each evidence gap and to break the plot down to view by topic area.
234

expiratory pressure physiotherapy for CF airway clearance were
reported only in abstract form which meant that the risk of bias
across the domains was unclear. The same review found that
many of the included trials were of a cross-over design with the
inherent problems of carry-over effect. So, although there were
26 included trials, the authors were still unable to provide goodquality evidence for clinicians and people with CF.23
We excluded reviews which did not state the diagnostic criteria
for CF to ensure that we could be confident that findings related
only to people with a confirmed CF diagnosis. An additional 13
systematic reviews could have been included in our study had the
authors stated more clearly how the diagnosis of CF was made.
Clear, detailed protocols, with up-to-date diagnostic criteria for
both trials and systematic reviews, will prevent such data being
wasted.
Outcome measures included in underlying trials accounted
for 30% of missing evidence. Individual trials may measure the
same outcome in different ways, making meta-analyses impossible. Outcomes widely used in trials of antimicrobials (such as
resistance) show no relationship to clinical response in people
with CF.24 Trials may be designed with short-term or surrogate
outcomes for reasons of feasibility. Had included trials measured
the same outcomes in the same way, some of the evidence gaps
may have been filled. Thirty-nine of the uncertainties existed
because outcomes deemed to be important to the review authors
were not measured in any of the included trials. In the current
era of CFTR modulator use becoming increasingly available, and
with these hopefully less rapid decline in lung function, we may
need to step away from FEV1 and look towards other outcome
measures and in other body systems.25–28 This highlights the
need for core outcomes to be identified for clinical trials in CF.
A project to develop a core outcome set for CF is underway
through the COMET initiative (https://www.
comet-
initiative.
org).
There have been few previous attempts to identify evidence
gaps in CF. A pilot systematic review of five CF foundation
guidelines found similar reasons for treatment uncertainties,
to those we have described in our review.29 This earlier review
reported that no studies, or a limited number of studies, was the
explanation for almost 80% of evidence gaps.
We identified evidence gaps through systematic reviews and
guidelines. It follows that if no systematic review of an intervention has been done and there is no treatment guideline, we will
not have identified an evidence gap in that area. The number
of gaps identified in different treatment areas is not therefore
Rowbotham NJ, et al. Thorax 2019;74:229–236. doi:10.1136/thoraxjnl-2017-210858
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Table 1

Treatment area, known known

Cystic fibrosis

Conclusions

We have produced an up-to-date list of treatment uncertainties in
CF, and we have elaborated the reasons for these evidence gaps
and made some suggestions about how these obstacles might
be overcome. This information can be used by researchers and
funders to ensure that future research focuses on areas where
there is little or no evidence to inform treatment decisions. We
believe that our results will help to influence the research agenda
in CF and reduce research waste. This methodology will be suitable for other areas of respiratory disease.
Rowbotham NJ, et al. Thorax 2019;74:229–236. doi:10.1136/thoraxjnl-2017-210858
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indicative of the burden of treatment or the importance of disease
area. Domains with few systematic reviews such as mental health
interventions, end-of-life care or lung transplantation may also
contain important ‘unknown unknowns’. Furthermore, where
an ‘umbrella’ question has not been answered, we have not listed
more detailed and specific questions as further gaps. An example
of this in the area of NTM, G21 (online supplementary S11):
‘Does antibiotic treatment of NTM improve clinical outcomes in
people with CF’.14 We have not identified further questions, such
as particular antibiotic regimens.
We limited our searches to English publications. Only six articles were excluded on language grounds, but it is possible there
are further gaps that could have been identified if these had been
translated and included.
Well-designed, adequately powered studies measuring
outcomes that are important to patients are needed. From 466
trials involving 23 591 people, we could demonstrate only 30
‘known knowns’ to inform clinical practice (table 1). Many clinical trials in CF remain unpublished.30 Were this not the case,
then more trials would contribute to the evidence base. It is estimated that 85% of all health-related research is wasted—through
non-publication, lack of completeness of reports, unnecessary
duplication or poor study design.31 Our list of evidence gaps
provides a resource for CF researchers to use, to help minimise
the risk of future research waste in CF.
Prior to any future studies, we recommend that investigators
perform an interim review of the topic area to find trials which
have been completed since the systematic review described here.
Furthermore, clinical trial registries (such as ClinicalTrials.gov)
should be searched for trials which are in progress. This will
be particularly important in fast-moving areas such as CFTR
modulators that have the potential to profoundly modify disease
course.32
Presently, the direction of clinical research is guided
by researchers and funders, including the pharmaceutical
industry. We have identified gaps in the evidence which can
be used as a resource for both researchers and funding bodies,
to focus research on areas of persisting uncertainty in CF care.
Trials capacity in CF has been increased through clinical trial
networks in the USA33 and Europe.34 However, the number
of evidence gaps still exceeds the capacity of the research
community, the available funding and the number of eligible
participants with CF. Therefore, prioritisation is needed. We
have recently undertaken a priority-setting exercise with clinicians, patients and families through the James Lind Alliance.35
This has in turn led to a funding call by the UK National Institute for Health Research.36 These evidence gaps informed this
process. We encourage researchers to co-produce research
studies with the CF community in order to ensure the research
questions are relevant and the study design is acceptable. This
will in turn encourage patient participation and minimise
research waste.37
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