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ABSTRACT

Background. Patients’ and families’ expectation that a cue dystic fibrosis (CF) will be
found is high. In other debilitating conditionsghiexpectation has been shown to drive a
strong placebo response (PR). Therefore, our gasltwevaluate PR on objective continuous
outcomes (FEY, BMI) and the CF Questionnaire Revised-Respiraoynain (CFQR-RD)
monitored during randomised clinical trials (RCTa) CF. Methods. We conducted a meta-
analysis after a systematic review of the literatoarried out to identify RCTs with FEV
CFQR-RD and BMI as outcome measures. The staneédrdisean difference (SMD) was
calculated to estimate the PR. A meta-regressialysis was conducted to assess other
contributing factors on PR such as study desigal tturation, patient age and disease
severity.Results Out of 289 RCTs found in the search, we iderdifed articles (published
from 1987 to 2017) with respectively 59, 17 anaparting FEV, CFQR-RD and BMI at the
start and at the end of the RCTs. No significant W& found on FEY or CFQR-RD.
However, a small but significant PR was found onIE8MD, 0.09 (95% CI (0.01; 0.17);
p=0.03).Conclusion The PR seems higher when measuring BMI. Howevas, fiiot clear

whether this improvement can be explained by alBRea
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ABBREVIATIONS

BMI : body mass index

Cl: confidence interval

CF: cystic fibrosis

CFTR: cystic fibrosis conductance transmembrane regulat
CFQR-RD: Cystic-Fibrosis Questionnaire Revised-Respiradoynain
FEV: forced expiratory volume in one second

FVC: functional vital capacity

HRQOL : health-related quality of life

PPE: perceived placebo effect

PR: placebo response

RCTs: randomised controlled trials

REML : restricted maximum likelihood estimator
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1. Introduction

Because of the progressive and lethal nature ofigease, patients with CF and their families
have high expectations that a cure will be found [ diverse medical disorders ranging
from Alzheimer disease to asthma, high expectdiesbeen shown to drive a strgrigcebo

respons€PR) (2).

The true placebo effect is known as “any effedisbaitable to a pill, potion or procedure but
not to its pharmacodynamics or specific propertig8), with possible benefit and
improvement of symptoms. While some evidence ilates that a true placebo effect is
biologically modulated by neurotransmitters (2,a4pociated with specific brain structures
(4), its psychological contributors could be expéad by both conscious and subconscious

mechanisms (5, 6).

Since 1955 with Beecher’s statement on the “trdatgbo effect, this term has regularly been
misinterpreted and confounded with the “perceivieetgbo effect” or the “placebo response”
(7). The PR, the term we will use in this articddeawvoid any confusion with the placebo effect,
equals the “true” placebo effect (8) plus othertdex that may explain the improvement or
worsening of the patients’ outcomes in the placaino of clinical trials. This includes (1) the
disease’s natural history and its possible spooize=gression (i.e. regression to the mean or
intra-subject variability), (2) concomitant treatm® (3) experimental subordination (the
subject learns the expected effects and thusttedlexpected response) and (4) conditioned

responses (5).

In CF, patients and family’s expectations may if@er with the PR on several of the above
listed factors. However, a systematic evaluatioRRfin CF has never been addressed (9, 10).
This may be of importance for clinicians to bettlatermine the “true” magnitude of the

clinical benefit they may expect for their patienfshis may also be important for CF
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researchers for methodological purposes (powewulzdion, study design, outcome measure

selection).

The aim of this study was therefore to determireeRR based on three continuous outcomes
considered as particularly relevant in CF: respmatfunction measured with forced
expiratory volume in one second (FBVquality of life with the respiratory domain diet
Cystic-Fibrosis Questionnaire Revised (CFQR-RD) amdfritional status with body mass

index (BMI).

2. Material and methods

2.1.Literature search
We performed a literature search using PubMed (EdfoNal Library of Medicine, Bethesda,
MD, USA) and the Cochrane Library (John Wiley amth§ Chichester, UK) focusing on
placebo-controlled RCTs in patients with CF. Thst laibliographic search was done on
December 1%, 2018. We used the following terms: “placebo ANfstic fibrosis AND
randomised controlled trial” as well as “cysticrbsis AND placebo” and filtered the type of

study (“clinical trial” for PubMed and “trial” fothe Cochrane Library).

2.2.Selection of meta-analyses
Criteria for inclusion were randomised double-blpldcebo-controlled trials in patients with
CF of any age and without a lower limit for the elaf publication. The age limit between
adults and children was set at 18 years old. Hégibterventions were all pharmacological

treatments excluding homeopathic treatments, spetiéts and vitamin supplementation.

Our research was restricted to studies publish&hglish or French.
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2.3.Data extraction

For each study included, the following informatiwas extracted and entered in the database:
(1) date of publication, (2) design of the studgn@omisation, blinding, parallel group or
cross-over), (3) duration of the study, (4) pasémharacteristics (adults, children or both;
sex, age, number of patients included in placelbteeatment arms), (5) the drug assessed
and its therapeutic class, (6) drug doses, (7) gindrom baseline to the end of the study for
three continuous outcomes in the placebo and tesdtrarms: FEY, BMI, health-related
quality of life outcomes with the respiratory domaif the CF questionnaire revised (CFQR-
RD), (8) percentage of exacerbations during thdysfor each arm when available, (9) CF
lung disease severity based on baseline FEslue when available, (10) CFTR gene
mutations if given, (11) any adverse event in kaths if available as well as withdrawals for

any adverse event and (12) concomitant treatments.

Data were extracted independently by two authofs &hd VV) and then compared.

Inconsistencies were resolved by consensus.

2.4.RCT quality assessment
The quality of the RCTs was estimated with the Cack assessment risk of bias (15) and the

five-point scoring instrument developed by Jadadi Bnkin (11-13).

2.5.Type of pharmacological interventions
We classified pharmacological interventions dufR@Ts into one of the five drug categories
(the first three being the most frequently exploi@dRCTs in CF): pulmonary (P), nutrition

(N), microbiology/anti-infective (M), basic defe@D) and other (O).

2.6.0utcome measures
We extracted the change from the start (participhatacteristics at study entry) to the end of

the trial (even if it did not correspond to the éimoint evaluation of the study’s primary

6
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endpoint) for the three continuous outcomes mostrgonly used in CF RCTs: FEVBMI
and CFQR-RD. FEYand BMI were considered as “objective” outcome sneas and the

CFQR-RD as a continuous “subjective” outcome measur

2.7.Dealing with missing data
Since we considered continuous outcomes, whentdinelard deviation (SD) was missing, we

estimated it from the standard error (SE) or canfak interval (Cl) (14).

2.8.Statistical analysis
The PR was defined as the difference in the outcoreasured in the patients of the placebo
arm between baseline and the “end-of-study” timmtgo To anticipate heterogeneity in the
continuous data reporting (FEMBMI and CFQR-RD), we calculated the standardisedn
difference (SMD) for each outcome instead of the.MDpositive SMD value indicates an

improvement under placebo and inversely for a meg&MD value.

Since heterogeneity was expected, a meta-analgtidom effects model (inverse variance
method) was used, rather than a fixed-effects m¢tg). The heterogeneity of the SMD
across the studies was assessed using’ tetlstical tesfwhich can be interpreted as the
proportion of the observed discrepancy in the esion of the effect, within a group of trials,
which cannot be accounted for by random variat{@6). Publication bias was assessed by a

visual funnel plot.

We conducted a univariate restricted maximum lik@dd estimator (REML) meta-regression
analysis to assess potential contributors to thgJHRR The following explanatory variables
were defined beforehand: (1) type of treatment (uynvariables created, pharmacological
intervention of interest coded as 1 and others @¢@de0); (2) year of publication; (3) disease
severity (dummy variables created); (4) age; (3uytation (adults versus children); (6) trial

duration; (7) design of the study (cross-over desigded O and parallel design coded 1). A
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QE-test was performed to assess residual heteribgevieen moderators were included. QM
was the statistical test for omnibus test coeffitse The coefficients were expressed using the
B letter. All analyses were performed with R (R-stuthc; Version 3.4.4; https://www.r-

project.org/).

3. Results

3.1.Description of studies

We identified 1417 reviews. After screening théesitand abstracts, and the exclusion of
irrelevant and duplicate studies, 250 reviews vgereenedKigure 1). Sixty-one RCTs (from

1987 to 2017) were finally analysé@iable S1supplemental material). Respectively 59, 17

and 9 RCTs reported results for FE\CFQR-RD and BMI.

There were 58 trials with a parallel design andéhwith a cross-over design. When the
literature search was conducted, there were 291243 and 3 RCTs categorised into the
pulmonary, microbiology/anti-infective, basic ddfeautrition and “other” categories,
respectively. There was a low risk of bias (Cochrassessment: 1 and Jadad score between 4
and 5) for 29 RCTs (47.5%). It remained undeterohifog the others (Cochrane assessment:

2).

Concomitant treatments were specified in 46 RCEs4b). Adverse effects (of any type)

were reported in 32 studies (52.5%) with no sigaifit difference between the placebo and
treatment arms (p > 0.05). Placebo arms contair@tB 4atients (2242 males) and the
treatment arms included 4917 patients (53.9% malé¢® mean age in the placebo arm was

19.3 (range, 2.3-32.7) years. The mean trial duratias 207.8 days.
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3.2.PR evaluated on FEY
PR SMD was estimated at —0.16 in a random effeaeh(®5% CI (-0.24; —0.08); p < 0.000
1) (Figure 2), indicating a trend toward deterioration of REN the placebo group. A signific
ant heterogeneity across studies was identiffed 81.9%, Q (df = 58) = 319.16, p < 0.0001).

The funnel plot was not asymmetrickiqure S1-A; supplemental material).

Univariate meta-regression was then performed $sesssthe influence of disease or study-
related factors on PR assessed on FH¥ble 1). Year of publication did not affect FEVh

the placebo group (QM (df = 1) = 2.58= 0.01, p = 0.1), nor did age of the participaatts
inclusion (QM (df = 1) = 0.233 = -0.003, p = 0.63). The PR on FE¥d not differ between
adults and children (QM (df =1) = 0.23; p = 0.63)r did trial duration (QM (df = 1) = 0.02,

B =0 p =0.88) as well as the type of the interieen{QM (df = 4) = 1.63, p = 0.80) influence
PR. Given that the number of studies varied betwsallel group (n = 56) and cross-over
studies (n = 3), it was not possible to evaluageitiiluence of study design on PR on REV
Finally, patients’ FEY baseline value did not influence PR (QM (df = 2.68, p = 0.26).

3.3.PR evaluated on CFQ-RD

The overall SMD for CFQR-RD was estimated at —q93% CI (-0.34; 0.11); p = 0.32Fig
ure 3). Wide heterogeneity across studies was found 93.6%, p < 0.0001). The funnel plot

was not asymmetricaF{gure S1-B,supplemental material).

Using univariate meta-regression (Table 1), a gre@R was observed on CFQR in older pati
ents (QM (df = 1) = 16.9 = 0.04, p-value < 0.0001) with one outlier whigipaared to driv

e the effect. Once removed, the effect of age wasmger significant (QM (df = 1) = 0.9p,

= -0.009, p-value = 0.32). PR assessed on CFQRdlidiffer between adults and children ((
QM (df = 1) =0.89, p = 0.34). Year of publicatig@M (df = 1) = 0.007p = 0.003, p = 0.93),
the type of intervention (QM (df = 2) = 1.13, pwal= 0.57), patients’ baseline FE{QM (d

f=2) =2.76, p-value = 0.25) did not influence B§sessed on CFQR. Trial duration was fou

9



10

11

12

13

14

15

16

17

18

19

20

21

22

23

nd to influence PR assessed on CFQR as well (QM @f= 79.78 = -0.002, p-value < 0.00
01). The longer the trial duration, the more theQ®-RD deteriorated in the placebo group.
As observed with age, an outlier drives this effetrtce after removal the result was no longe
r significant (QM (df = 1) = 0.803 = 0.0006, p-value = 0.37. Finally, assessing stlelign

on PR using the CFQR-RD was not possible givenalvenumber of trials in each group.

3.4.PR evaluated on BMI

The SMD assessed on BMI was estimated at 0.09ram@m effect model (95% CI (0.01;
0.17); p = 0.03), indicating a trend toward impnonant of BMI in the placebo groyfigure

4).

The funnel plot was not asymmetrigqéddigure S1-Csupplemental materialBecause of the

small number of RCTs reporting BMI, we were unabl@erform meta-regression to explore
the contribution of other factors such as age atusion, study design or the type of
intervention. Moreover, we were unable to analys¢éa dorm children and adults apart,

because BMI results were not given separately.

4. DISCUSSION

To our knowledge, this is the first meta-analysis$sess PR in patients with CF investigated
in RCTs. The research question behind this work h@ase implications on the interpretation
of the therapeutic effect of past, ongoing and raitRCTs for both clinicians and CF

researchers.

PR is the combination of the true placebo effect ather factors that may alter the response
measured on certain outcomes in patients undepldwebo arm of a RCT (18). In a meta-
analysis we recently showed that PR was not foonket stronger in children than in adults

(19). In the present study, no PR difference wamdoin patients with CF when assessing

10
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continuous outcomes such as RE®¥nd CFQR-RD. However, a weak but statistically

significant PR was found on BMI.

We conducted this meta-analysis on PR by choosiigpmes that were commonly reported
and the most relevant regarding CF. CFQR-RD, F&Wl BMI are three continuous variables
largely used in RCTs and the two latter outcomeS§Hnclinics. They explore the three most
important dimensions of CF disease (i.e. CF-reldied) disease with FEY the patient’s
quality of life with CFQR-RD and nutritional statusith BMI) (20-22). Despite the
limitations of both FEY and BMI in properly tracking a therapeutic effettsome patients,
particularly the youngest patients whose kFEvid BMI may be within normal ranges, they
remain the outcomes on which clinicians, the FDA #re European Medicine Agency base

their decisions to assess the therapeutic effemh aftervention.

We found that there was no evidence of a PR irepttiwith CF when looking at FE\or
CFQR-RD. Both tended to deteriorate between thet atal the end of the trials. We found
that FEV, decreased in the placebo group during RCTs indigpely of patient- or trial-
related factors. With the CFQR-RD the deterioraiiothe placebo group was influenced by
the patient's age and the trial duration mainlyause of an outlier trial. These results likely
reflect both the progressively deteriorating natoir¢he CF but also a possible regression to
the mean. The genetic origin of the disease andtient standard of care, which mainly
treats symptoms, explain that CF remains a slowbgessive medical condition without
potential for remission (23). If the deterioratioh FEV; and CFQR-RD had been mainly
driven by the disease progression, a “time-depehdfaterioration would have been found.
This was not the case, and the meta-regressiogsamahowed these two outcomes were not
impacted by trial duration. We therefore believattit reflects the regression to the mean of
FEV; and CFQR-RD. At the start of the trial, it is likehat patients are selected at their best

clinical condition and “regress” to their usual @n¢ outcome measures. Regression to the

11
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mean is a well-known factor explaining PR and netedise considered in order to properly

interpret the results observed in placebo arms (18)

However, a small (SMD 0.09; 95% CI 0.01-0.17) hatistically significant PR was detected
on BMI. By comparison, but in a very different paltbgical condition, a PR was observed in
young patients with intellectual deficiency witt6&D of 0.468 (SE: 0.150; p = 0.002) (24).
Patients with CF are more at risk of stunted growith low BMI. Our results seem to
indicate that patients with CF tended to improveirttBMI (i.e. nutritional status) in the
placebo group during RCTSs. It is not clear whetinés improvement can be explained by a
PR alone. There are several other reasons exmaihat patients improve their BMI during
RCTs. Firstly, a 0.09 standardised mean differemc8MI between the two arms of an RCT
indicates a very small absolute change in weightvben the two groups of patients.
Secondly, the improvement of BMI in the placebougranay also reflectl) the the natural
increases of BMI with age (especially among chiljiré&5), (2) regression to the mean (as
discussed above) or the impact of other factorsnvknto be part of the PR such as (3)
conscious expectancy (the subject learns the exgeeffects and alters his/her eating
behaviour) or (4) conditioned responses or asseei&arning (26)Retrospectively, it was
not possible to distil out true placebo effect fronese other factor8ecause of the low
number of trials included in the meta-regressioalysis, we were also unable to explore a
number of important contributing factors, particiyaage at study entry and the class of the
investigational drug tested. Regarding age, seggaaips have reported that the PR was more
pronounced in children suffering neurological ourglevelopmental conditions (24, 27),
probably through a placebo-by-proxy process (28, B®wever, it seems from our group that
the magnitude of the PR of children is essentiadlged on disease, age, study design and the

outcome studied (19).

12
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Improving our knowledge on placebo responses imepiat with CF may have pragmatic
implications for both clinicians and CF trialistsr clinicians, when looking at the results of
RCTs and in the perspective of using the tested drdheir patients, to better determine the
magnitude of the therapeutic effect they may expectal life; for CF researchers, this may
be of importance for outcome selection, power datmns and study design when using
outcomes potentially submitted to placebo resporidsing a “placebo-run-in-period” during

RCTs could be useful but it may overestimate tleeapeutic benefit (30).

The potential influence of PR on BMI in patientswCF may deserve attention even if BMI
is not usually used as a primary endpoint in CF RGEDbr 10 years, the basic defect of CFTR
can be partially restored using CFTR potentiataraplifiers and activators, alone or in
combination (31). More than a dozen RCTs using CRIdRlulators have been experimented
in patients with CF to date. The results of thes€T® have consistently shown an
improvement in patients’ BMI while sometimes shogvia less convincing functional

respiratory benefit when looking at FE@hanges. The higher “nutritional” benefit can be
guestioned, and several possible explanations &lawady been discussed abovwéoreover,

it is uncertain whether the observed PR for BMI {dobe consistent across different age

groups and how it can be translated in clinic touaately evaluate clinical benefit.

The main strengths of this study are the origipaiitthe research question and the rigorous
method of meta-analysis and meta-regression coedwdter an exhaustive literature search.
There are a number of limitations, however. Firstlgspite being exhaustive, the number of
RCTs available for analysis was relatively low dasthe high number of RCTs conducted in
patients with CF to date. Indeed, a significant hanmof RCTs (65 RCTs with missing data at
the start and/or at the end of the study and artiadal 63 RCTs that reported data as
abstracts only) could not be included in the firalalysis. Secondly, other respiratory

outcome such as pulmonary exacerbation, which ismgortant patient-related outcome

13



measure, should be explored because F¥he does not capture the entire spectrum of CF
lung disease. Unfortunately, this analysis was passible because there were no data
available at baseline, making the evaluation of BiR between the start and the end

impossible.

In conclusion, this work indicates that patientslengoing RCTs may be submitted to a small
but significant PR on BMIIt is not clear whether this improvement can kelaned by a PR
alone. This study emphasizes the importance omigaappropriate control groups in clinical

trials.

14
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Figure 1 — Trial flow chart
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Figure 2 — Forest plot of placebo responses evalaat on FEV;
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Individual standardised mean differences (SMD) weeulated for each study and are
indicated separately on each line. A positive SMilug indicates an improvement under
placebo and a negative SMD value a deterioratiaeuplacebo. Overall perceived placebo
effect SMD was estimated at —0.16 in a random effesdel (95% CI, 0.24; —0.08);

p=0.0002, indicating a trend toward deterioratibfFBV; under placebo arm.
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Figure 3 — Forest plot of placebo responses evalaat on CFQR-RD

Study | 95%-C1 Weight
Saiman 2003 —'— -0.01 [-0.21; 0.18] 5.4%
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Wainwright 2011 - 010 [-0.12; 0.32] 6.3%
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Perceived placebo effect standardised mean diiferédMD) was estimated to —0.11 (95%
Cl, (-0.34; 0.11); p=0.32). It was statisticallymsignificant, indicating an absence of PPE

on this outcome measure.
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Figure 4 — Forest plot of placebo responses evaleaat on BMI
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Rowe 2017 : 0.0%
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T 1

Hesteraxgernsity: I" = Fa, p = 072

Perceived placebo effect standardised mean diferdBMD) was estimated at 0.09 in a
random effects model (95% CI, 0.01; 0.17); p=0.DB@licating a small but statistically

significant improvement of BMI under placebo arm.
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Table 1 Univariate meta-regression of the potentiahfluence of trial- and patient-

related factors on perceived placebo effect assedgbrough FEV;, CFQR-RD and BMI
in RCTs conducted in patients with CF

Variables Categorical data Continuous data
(k = number of studies) QM (df) (p-value) B (p-value)
FEV;

Year of publication (k = 5¢ - 0.01 (0.1)
Trial duration (k = 59) - 0 (0.88)
Age (k =57 - —0.003 (0.63)
CF lung disease severity 2.68 (df=2) (0.26 -
Classification of drug 1.63 (df=4) (0.8) -

Trial design NP -
CFQR-RD

Year of publication (k = 17) - 0.007 (0.93)

Trial duration(k = 17,
Age (k=17)
CF lung disease severi

Classification of drug
Trial design

2.76 (df=2) (0.25
1.13 (df=2) (0.57)
NP

~0.002(<0.0001
0.04 (0.0001)

BMI

NP

NP

Univariate meta-regression analysis was used tlu@teathe influence of the above factors on
PPE through FEY and CFQR-RD: year of publication, trial duraticage, lung disease

severity and classification. Trial design could hetintegrated into the meta-regression. The
meta-regression could not be performed for BMI beeahe number of available studies was

under 10 (k = 9).

Abbreviations: k corresponds to the number of add trials for the outcome of interept.
corresponds to the coefficient of meta-regressiwrefich continuous variable tested. NP: not

performed.
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CFQR SMD

Funnel plot of standardised mean difference (SMIDFEV; (A), CFQR-RD (B) and BMI

(C). Funnel plots were not asymmetrical, indicatiagpublication bias.
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Table S1: Studies characteristics

First author Year of Investigational drug Drug Patients (n) Male (n) Patient Study Trial
publication classification age design duration
ranges (days)
Aaron 2012 Itraconazol Microbiology 17 9 Ch/Ad Parallel 681
Accurso 2010 Ivacaftor Basic Defect 4 3 Ch/Ad Parallel 28
Accurso 2011 Denufosol Pulmonary 174 85 Ch/Ad Parallel 168
Alton 2015 pGM169/GL67A Basic defect 54 29 Ch/Ad Parallel 365
Bisgaard 1997 Budesonide Pulmonary 25 NS Ch/Ad Parallel 1.2
Bowler 1995 Amiloride Other 14 5 Ch/Ad Parallel 15
Bowman 2002 Tobramycin Microbiology 262 132 Ch/Ad Parallel 140
Bradley 2014 Tiotropium Pulmonary 168 96 Ch/Ad Parallel 84
Clancy 2013 Arikace Microbiology 36 16 Ch/Ad Parallel 28
Clancy 2012 Lumacaftor Basic defect 17 11 Ad Parallel 28
Clement 2006 Azithromycin Pulmonary 42 22 Ch Parallel 365
Davies 2013 Ivacaftor Basic defect 26 16 Ch Parallel 168
De Boeck 2007 Fluticasone Pulmonary 15 9 Ch Parallel 365
De Boeck 2014 Ivacaftor Basic defect 39 22 Ch/Ad Cross- 56
over
Deterding 2007 Denufosc Pulmonar 21 15 Ch/Ad Paralle 28
Donaldson 2013 Hypertonic saline Pulmonary 9 5 Ch Parallel 28
Dovey 2007 Prednison Pulmonar 12 9 Ch/Ad Paralle 28
Eigen 1995 Prednisone Pulmonary 95 47 Ch Parallel 1460
Flume 201z Ivacaftol Basic defec 28 1€ Ch/Ad Paralle 112
Fuchs 1994 hrDNAse Pulmonary 325 168 Ch/Ad Parallel 168
Galeva 2013 Tobramycit Microbiology 32 13 Ch/Ad Paralle 29
Greally 1994 Prednisolone Pulmonary 12 6 Ch Parallel 84
Jensen 1987 Colistine Microbiology 20 11 Ch/Ad Paralle 90
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First author Year of Investigational drug Drug Patients (n) Male (n) Patient Study Trial
publication classification age design duration
ranges (days)
Kerem 2014 Ataluren Basic defect 116 58 Ch/Ad Parallel 6 33
Konstan 1995 Ibuprofen Pulmonary 43 24 Ch/Ad Parallel 365
Lands 2007 Ibuprofen Pulmonary 72 NS Ch Parallel 365
Laube 1996 hrDNAse Pulmonary 10 3 Ad Parallel 6
Mc Coy 2008 Aztreonam Microbiology 76 45 Ch/Ad Parallel 28
Mc Coy 1996 hrDNAse Pulmonary 162 82 Ch/Ad Parallel 91.25
Moran 2009 Repaglinide Nutrition 16 8 Ad Parallel 365
Moran 2009 Repaglinide Nutrition 9 7 Ad Parallel 365
Moss 2015 Ivacaftor Basic defect 35 15 Ch/Ad Parallel 816
Moss 2005 IFNgamma Other 21 9 Ch/Ad Parallel 84
Nahrlich 2013 Amitriptylin Other 18 8 Ch/Ad Parallel 28
Quan 2001 hrDNAse Pulmonary 235 121 Ch Parallel 672
Ramsey 1999 Tobramycin Microbiology 262 132 Ch/Ad Parallel 140
Ramsey 1993 Tobramycin Microbiology 35 16 Ch/Ad Cross- 28
over
Ramsey 2011 Ivacaftor Basic defect 78 38 Ch/Ad Parallel 816
Ramsey 199¢ hrDNAse Pulmonar 48 26 Ch/Ad Paralle 42
Ranasinha 1993 hrDNAse Pulmonary 35 20 Ad Parallel 10
Ratjen 201t Tiotropium Pulmonar 15¢ 9C Ch/Ad Paralle 84
Ratjen 2012 Denufosol Pulmonary 233 126 Ch/Ad Parallel 336
Retsch-Bogart 200¢ AZLI Microbiology 84 45 Ch/Ad Paralle 28
Robinson 2005 hrDNAse Pulmonary 14 8 Ch Parallel 91.25
Rosenfeld 2012 Hypertonic salin Pulmonar 163 92 Ch Paralle 146(
Rowe 2017 Ivacaftor-Lumacaftor Basic defect 63 32 Ad ditar 56
Saiman 201( Azithromycir Pulmonar 12¢ 7C Ch Paralle 16€
Saiman 2003 Azithromycin Pulmonary 98 52 Ch/Ad Parallel 816
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First author Year of Investigational drug Drug Patients (n) Male (n) Patient Study Trial
publication classification age design duration
ranges (days)
Schnabel 2007 Somatotropin Nutrition 21 NS Ch Parallel 168
Serisier 2007 Albuterol Pulmonary 20 9 Ad Cross- 0.29
over
Shah 1995 hrDNAse Pulmonary 35 16 Ch/Ad Parallel 15
Shah 199¢ hrDNAse Pulmonar 21 NS Ch/Ad Paralle 15
Sheldon 1993 Ciprofloxacin Microbiology 16 10 Ad Parallel 63
Steinkamp 200¢ Azithromycir Pulmonar 17 7 Ch/Ad Paralle 56
Taylor-Cousar 2017 Tezacaftor-lvacaftor Basic defect 256 131 @h/A Parallel 168
Tramper- 201( Colistin + Ciprofloxacit ~ Microbiology 31 15 Ch Paralle 109¢
Stranders
Trapnell 2012 Fosfomycin/Tobramycin Microbiology 40 27 Ad Parallel 28
Tullis 2014 Aztreonam Microbiology 52 35 Ch/Ad Parallel 816
Wainwright 2011 Aztreonam Microbiology 81 44 Ch/Ad Parallel 28
Wainwright 2015 Lumacaftor/ivacaftor Basic defect 371 187 Gh/A  Parallel 168
Wolter 2002 Azithromycin Pulmonary 30 20 Ad Parallel 91.25

Descriptive features of the studies included inglaeebo-controlled trials of the meta-analysis. €tildren; Ad: adult; IFN: interferon;

hrDNAse: human recombinant DNAse; pGM169/GL67A: mavhthe liposomal vector
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