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Idiopathic pulmonary fibrosis (IPF) is one of the major challenges for 
respiratory medicine, since prognosis is particularly poor and few 
therapeutic options are available – in fact, at present the only approved 
drug is pirfenidone. Overcoming this challenge will be dependent on 
successful design and completion of randomized clinical trials. The last 
decade witnessed an unprecedented increase in quality and quantity of 
trials in IPF; however, most have been negative and potential obstacles 
have emerged. In particular, the choice of the best end point; that is, one 
that is both clinically meaningful and at the same time feasible, as well 
as the management of missing data still represent issues are not fully 
resolved. The increasingly competitive environment and the heterogeneity 
in approach by different regulatory agencies also need to be considered. 
During the next few years, more and more trials will be designed and 
completed in the hope of developing quicker and safer treatments to IPF 
patients.

Keywords: end point • fibrosis • lung function • missing data • mortality • randomized 
• statistical analysis • trials

Idiopathic pulmonary fibrosis (IPF) is a specific form of interstitial lung disease of 
unknown etiology limited to the lungs and characterized by progressive accumu-
lation of extracellular matrix and fibroblasts within the pulmonary interstitium. 
This ultimately results in complete distortion of the lung architecture leading to 
respiratory failure and death [1]. It has been known since its first description that the 
disease is progressive and irreversible and its reported median survival time from the 
diagnosis is approximately 2–5 years. However, very little is known about the actual 
natural history of the disease and no validated measures are currently available to 
predict which course the disease will take at the time of diagnosis. In the last decade 
many large, randomized, placebo-controlled clinical trials have been completed; 
follow-up data from the patients enrolled in the placebo groups of these trials have 
provided precious insights into the natural history of the disease. A lesson learnt 
from the experience in clinical trials is that the clinical course of the disease may 
vary considerably even among homogenously selected groups of patients (identified 
by specific predefined inclusion criteria). While disease progression seems to be the 
rule for the majority of cases, it is becoming well acknowledged that patients with 
preserved pulmonary function over time and prolonged survival can be encountered 
[2,3]. On the other end of the ‘clinical spectrum’, some patients experience rapid 
progression and much shorter survival time than averagely observed [4]. Whether 
these different clinical courses identify different disease phenotypes is still largely 
unknown and certainly there are no ‘a priori’ measurements that allow assigning a 
possible clinical course to an individual patient at the time of diagnosis. In addition, 
at any time acute exacerbations of the disease represent unpredictable events that 
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suddenly deteriorate clinical conditions and can be fatal 
in the majority of cases [5,6]. 

The last decade in IPF research has seen an increased 
interest in the design and accomplishment of large, 
well-conducted, international, multicenter, random-
ized, placebo-controlled clinical trials exploring the 
efficacy of different drugs. The input in performing 
well-designed clinical trials in IPF pairs with the new 
interest of pharmaceutical companies for the develop-
ment of more effective drugs for this disease, targeting 
specific pathways, and with the progresses in under-
standing the pathogenesis mechanisms. As a result, the 
number of randomized clinical trials (RCTs) and the 
number of patients enrolled in each trial has increased 
and rigorous criteria for patient selection and outcome 
measures have been adopted.

The aim of this paper is to deliver suggestions for the 
design of future clinical trials in IPF, focusing on study 
design and methodology including selected outcomes, 
sample size, inclusion criteria and patient selection, sta-
tistical analysis and management of missing data. To 
this end, we performed a systematic literature review 
of published RCTs in IPF by extending the previously 
used search strategy 2012 up to December [7]; we then 
assessed the issues concerning design and methodology, 
to provide our opinions for the design of future trials. 

Study design 
■■ Single center versus multicenter RCTs

Double-blinded, placebo-controlled RCTs represent the 
best study design to assess the efficacy of new drugs. In 
a disease with low prevalence, the collaborative efforts 
in the context of international multicenter studies are 
mandatory to ensure the enrolment of relatively large 
numbers of patients who have been homogeneously 
selected. Among the 20 RCTs included in our review 
(Table 1), three were single center [8–10] and 17 were mul-
ticenter [2,3,11–25]. As has happened in previous trials, it 
is highly likely that future clinical trials will continue 
to target patients with mild-to-moderate disease, which 
inevitably limits eligibility and requires having mul-
tiple centers involved to be able to enrich the popula-
tion enrolled. On the other hand, while relying on an 
international global network may have its advantages (in 
terms of numbers of patient and speed of enrolment), 
some limitations of such an approach might be taken 
into account. For example, as therapies targeting specific 
pathogenic pathways are being developed, it should be 
considered that different genetic backgrounds might 
have an impact on the effects of the drug itself. Further-
more, it should be highlighted that different standards 
of care across countries might affect relevant outcomes 
such as hospitalizations or acute exacerbations. How-
ever, despite possible limitations, it is likely that the 

involvement of multiple centers across the world will 
continue to be the preferred choice for all Phase II and 
III RCTs in the future. 

■■ The importance of including a true placebo arm
From our review, four RCTs did not include a placebo 
arm [8,10,14,17], two compared active intervention versus 
placebo on top of standard therapy [9,13], while 14 were 
true placebo-controlled studies [2,3,11,12,15,16,18–25]. The 
importance of having a true placebo arm in IPF clini-
cal trials has been recently highlighted by the results 
of the PANTHER trial conducted by the IPF-NET in 
the USA [21]. In 2005, Demedts et al. published the 
results of the IFIGENIA trial in which the triple ther-
apy with prednisone, azathioprine and N-acetylcysteine 
was compared with the so-called standard treatment of 
prednisone and azathioprine and placebo [13]. This study 
showed that the triple therapy resulted in a statistic
ally significant reduction in lung-function decline over 
12 months [13]. The results of this study were largely 
criticized because of the lack of a true placebo arm and 
because of the statistical methods (in particular the least 
square last observation carried forward [LOCF]) used 
to impute the large number of missing measurements 
due to the high dropout rate; it was also questionable 
whether N-acetylcysteine alone had any effect in IPF. 
Therefore, the IPF-NET designed a three-arm RCT 
assessing the efficacy of the triple therapy as compared 
with N-acetylcysteine alone or placebo. The results of 
a predefined interim analysis, showing a significant 
increase in all-cause mortality and hospitalization 
among patients receiving the triple therapy as compared 
with the placebo, led to the early termination of the 
triple therapy treatment, while the other two arms are 
continuing [21]. The lesson learnt from this trial raise the 
question of whether a true placebo arm should always 
be included in RCTs in IPF, which will allow potential 
harmful effects from any given treatment to be assessed. 

The use of a true placebo arm might become an issue 
in the near future, as new drugs are being approved 
by regulatory agencies and becoming available on the 
market. Pirfenidone is the first drug being approved in 
Europe for the treatment of mild-to-moderate IPF. The 
drug is already marketed in Japan and India and was 
also recently approved in Canada. Based on a meta-
analysis of the results from the three RCTs, pirfenidone 
was shown to confer a 30% benefit in terms of progres-
sion-free survival (PFS), compared with the placebo [7]. 
In the USA, the US FDA denied approval of the drug 
and an additional RCT is on going. Additional drugs 
with positive results in Phase II trials are currently being 
investigated in Phase III trials, with results expected 
within a few years. The approval of new drugs for the 
treatment of IPF will raise the question of whether no 
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treatment will still be a valuable option in IPF. Until 
now, none of the available treatments (such as corti-
costeroids and immunosuppressive agents) was proven 
to be efficacious in IPF and, therefore, there were no 
strong recommendations for the use of any drug. As 
such, among many experts, no treatment was considered 
to be less harmful than any other therapeutic option. If 
different regulatory agencies apply different standards 
and approaches to the approval of new drugs, we could 
create a paradoxical situation in which placebo-con-
trolled RCTs are feasible in some countries and not in 
others. It appears reasonable to think that, until new 
drugs are strongly recommended for the treatment of 
IPF based on robust evidence, it will continue to be 
ethically acceptable to design studies with a placebo 
as a comparator. A valuable alternative option would 
be to allow the use of approved treatments during the 
trial in patients reaching predefined criteria for disease 
progression. 

Outcomes in IPF
■■ Primary & secondary end points

Until now, despite quite uniform criteria for patient 
selection among different clinical trials, the choice of 
primary and secondary outcomes in published RCTs 
has been largely heterogeneous. Table 2 summarizes pri-
mary and secondary outcomes in all RCTs in IPF. Taken 
collectively, lung function changes, survival or disease 
progression measures, and patient-reported outcomes 
(such as quality of life or symptom scores) are almost 
invariably taken into account in all RCTs; however, 
definition of each individual outcome and its priority 
can vary considerably between trials. Overall survival 
has actually been considered a secondary outcome in the 
majority of RCTs already published, given the intrin-
sic impracticalities linked to this end point, although 
mortality studies in IPF are theoretically feasible [26]. 

Lung function decline, as assessed mainly by 
repeated measurements of forced vital capacity (FVC) 
over time, is one of the major outcome measures used 
both in clinical trials and in routine clinical practice 
to assess disease status and progression. The definition 
of change in FVC that has been used to assess drug 
efficacy in clinical trials is not univocal as well as the 
statistical analysis applied to measure the effect. Such 
heterogeneity in outcome measurements produce dif-
ficulties in pooling results from two or more studies in 
a systematic review. Some studies have chosen to look 
at FVC as a continuous variable and express the out-
come in terms of absolute change; other studies have 
preferred to look at categorical changes of percent values 
above a predefined threshold. Categorical changes in 
FVC% predicted ≥10% over 6–12 months consistently 
appear to be strongly correlated with poor outcomes 

[27]. Additionally, a recent retrospective analysis on two 
large cohorts of patients with IPF showed that a relative 
decline ≥10% in FVC % predicted (e.g., from 70 to 
63% predicted) at 12 months, while occurring almost 
twice as often as the absolute change, is equally able 
to predict 2-year transplant-free survival, as compared 
with an absolute decline ≥10% (e.g., from 70 to 60% 
predicted) [28]. This means that by using a 10% decline 
in FVC as a time-to-event end point, it could be possible 
to substantially decrease the number of patients needed 
to show an effect of a treatment when using a relative 
change instead of an absolute one. Only one trial chose 
to assess the efficacy of the study drug on lung func-
tion by looking at the annual rate of FVC decline [23]. 
This type of measurement allows modeling of a linear 
decrease of lung function for every patient, based on all 
FVC measurements available and does not imply impu-
tation of missing data, given the a priori assumption of 
the progressive nature of the disease.

The pros and cons of different primary outcomes in 
IPF have already been discussed above and elsewhere 
in the literature [26,29]. While nobody could argue that 
mortality is a clinically meaningful outcome, several 
obstacles appear to limit the feasibility of RCTs that 
would like to use mortality as a primary outcome. On 
the other hand, if regulatory agencies will specifically 
require that any new drug should demonstrate a sur-
vival benefit, this might raise important questions in the 
design of future trials. Furthermore, for trials already 
designed with a different primary outcome (such as 
decline in FVC) and currently ongoing and recruiting 
patients, a decision of pretending to provide a mortal-
ity signal would possibly imply significant changes in 
the study design, particularly concerning the sample 
size, the duration of follow up and planned statistical 
analyses.

■■ Clinically meaningful outcomes 
A major area of criticism in IPF research concerns 
which outcome measure should be regarded as clini-
cally meaningful and, should therefore become the pri-
mary outcome in all future clinical trials on this disease. 
While the choice of the primary outcomes matter, in 
the design of RCTs it should always be kept in mind 
that the adoption of a scientifically rigorous and patient-
centered methodology is highly likely to produce an 
output that will be translated in a significant improve-
ment of the quality of healthcare for all stakeholders, 
such as patients, physicians and policy makers [30].

A further element of complexity is related to whether 
the term clinically meaningful can have the same weight 
from a patient’s perspectives as compared with physi-
cians’ or even regulatory agencies’ perspectives. One 
group of authors has recently proposed that all-cause 
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mortality and all-cause nonelective hospitalization 
should be regarded as the desirable primary outcome in 
all clinical trials in IPF research, arguing that they are 
the only outcomes that meet the definition of clinically 
meaningfulness [29]. 

The definition of clinically meaningful outcome 
implies that the selected end point should directly pro-
vide a measure on how a patient feels, functions or sur-
vives [31]. Based on this definition, nobody could argue 
that mortality is in fact a clinically meaningful outcome 
and that FVC can only be considered a surrogate end 
point: this does not automatically mean that FVC is 
not clinically relevant. Whether mortality should be 
considered the only valuable end point in IPF is a matter 
of debate.

Another distinction that can be made in IPF studies 
is among all-cause mortality and disease-specific mor-
tality. If we think of the disease itself, which affects 
adults with a median age of 65 years – who might suf-
fer from relevant comorbidities – it is not unlikely that 
patients might die of other causes rather than IPF. From 
the experience gained in large RCTs, all-cause mor-
tality rate among patients randomized in the placebo 
arm can be variable (ranging from 6.2 to 17%), but 
is generally low (11% on average). It is possible that 
patient selection criteria, which specifically targets mild-
to-moderate disease, can explain the low mortality rates 
observed in clinical trials. The recently published results 
from the PANTHER trial, showed a very low mortality 
rate in the placebo arm (1%) at 32 weeks of follow up 
[21]. Although the reasons for this observation remain 
unclear, because the trial was prematurely stopped at 
approximately 50% of the predefined follow-up time, 
it would have been reasonable to expect that deaths 
would have been concentrated in the second part of 
the study and, therefore, that the estimate of mortality 
as based on this prematurely discontinued trial could 
be artificially low. However, based on this data, any 
trial that would use mortality as a primary outcome, 
will have to either increase the sample size, or ensure 
a longer follow up, or both, with an increased risk of 
capturing more deaths from other causes rather than 
IPF. Moreover, a longer follow-up time might turn out 
to be impracticable because it will pose the ethical issue 
of keeping those patients whose disease is progressing 
in a trial and for whom alternative treatments might 
become available, given the increasing number of drugs 
that are currently entering in Phase II and III trials. 
Additionally, in any RCTs, it should also be taken into 
account that the treatment under investigation might 
actually cause unexpected mortality for other causes, 
which may also become an argument against the use 
of mortality in clinical trials. In such a situation, mor-
tality will turn out to be a harm signal rather than an 

efficacy signal and, therefore, it will be more suitable as 
a secondary outcome.

Disease-specific mortality might be a more suitable 
outcome, but still it will require larger numbers of 
patients to be enrolled and longer follow up.

Despite the undoubted clinical meaningfulness of 
mortality as a primary outcome, its intrinsic limits have 
raised the question of whether other outcome measures 
should be preferred instead. Among others, change in 
FVC appears to have the characteristics to be used as 
a primary outcome in RCTs in IPF. It is a matter of 
debate whether FVC could be considered a clinically 
meaningful end point per se or a surrogate (although 
not fully validated) end point for mortality. Both views 
have pros and cons, which have already been discussed 
in two recently published papers [26,29]. There is consis-
tent data that have shown that FVC can be considered 
the most clinically reliable measure of disease progres-
sion. The measurement itself is highly reliable, as dem-
onstrated by the high correlation (r = 0.93) between 
two consecutive FVC measurements taken less than a 
month apart (at screening visit and at randomization) 
in patients enrolled in a large RCT [27]. From the data 
set of the same clinical trial, which was powered on 
mortality and did not show any statistically significant 
difference between the placebo and the treatment arms 
[3], it has also been demonstrated that absolute changes 
in percentage predicted FVC at 24 weeks were the stron-
ger predictors of mortality in the subsequent year, with 
a risk of death approximately fivefold higher in patients 
with a FVC decline greater than 10%, as compared to 
patients with more stable lung function. An absolute 
decline in percentage predicted FVC between 5 and 
10% also conferred an increase of more than twofold 
in the risk of death after 1 year [27].

The use of a composite index such as PFS, has recently 
been proposed as a valid outcome for IPF RCTs [32]. As 
discussed by Vancheri and du Bois, many similarities 
exist between IPF and cancer, not only at the patho
biological level, but also in terms of the magnitude of 
the effect that can be realistically expected as a response 
to treatment on disease progression [32]. Therefore, as 
PFS is largely being used in oncology RCTs, it should 
not be unrealistic to consider using PFS as a primary 
outcome in future trials in IPF.

Generally, more attention should be given to the 
selection of appropriate outcomes when RCTs have to 
be designed to compare the effects of different inter-
ventions, as the risk of outcome reporting bias can be 
minimized. Outcome reporting bias is recognized to be 
an important problem in RCTs [33] and, consequently, 
it has effects on systematic reviews [34].

In order to make a good choice about the main out-
comes that should be included in all trials on IPF, we 
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suggest following the principles of the Core Outcome 
Measures in Effectiveness Trials Initiative [101]. The 
Core Outcome Measures in Effectiveness Trials Initia-
tive aims to promote and support the identification of 
a minimum core outcome set (COS), which should be 
evaluated in all trials for a specific clinical area. This 
initiative is based on a rigorous methodology used to 
develop standardized sets of outcomes. Following this 
methodology, to better identify the COS in each spe-
cific clinical area, investigators need firstly to define 
the scope (e.g., different outcomes could be important 
for different type of patients or treatments included), 
then to involve different stakeholders (e.g., research-
ers, healthcare practitioners, industry representatives, 
patients) and then to collect information from all of 
them using a consensus method in order to achieve, 
at the end of the process, an agreement on the COS. 
Therefore, if this methodology is implemented, it is 
expected to find one of the selected outcomes within the 
COS as the primary outcome to be used in most trials. 
It is important to mention here that the use of such an 
approach does not limit the possibility to include other 
outcomes in a particular study [35].

Sample size
As shown in Table 1, which summarizes inclusion cri-
teria, sample size and duration of all RCTs on IPF, 
the number of patients randomized in each trial has 
increased over time. The smallest trial was conducted 
in 1999 where only 18 patients were enrolled [10], whilst 
the largest involved 826 patients with IPF and was 
published in 2009 [3]. Generally, after 2008, all trials 
enrolled more than 100 patients on average. With regard 
to the methodologies used for sample size calculation, 
they have been different in different trials and changed 
based on the year of publication. In more recent trials, 
attention has been taken on reporting the criteria used 
for the calculation of the sample size; such rigor in fact 
was not adopted in previous trials where this informa-
tion was not available. In general, the estimation of the 
sample sizes has been based on the primary end point 
and a power between 80 and 90% has been chosen. A 
criterion that could be taken into account for the cal-
culation of the sample size of a future study is to base 
the estimation on the evaluation of the potential impact 
of this new study on the results of a meta-analysis in 
which it would be included. Recent researches have 
identified the statistical methods to be applied for 
this purpose [36,37]. The rationale for this suggestion 
is that meta-analysis of RCTs provides high evidence 
compared with a single trial, but sometimes it turns 
out to be inconclusive, as the confidence interval of the 
pooled effect size includes the situation of no effect of 
a treatment. Therefore, it should be more reasonable to 

plan the sample size estimation from results obtained 
in a meta-analysis than from previous single studies, 
taking into account the information from pre-existing 
evidence. Such criteria also allow a proper allocation of 
funds and of patients, especially considering the high 
medical need related to IPF. 

Inclusion criteria & patient selection
As shown in Table 1, patient selection appears to be more 
uniform in clinical trials published in the last decade 
as opposed to studies performed in the late 1980s and 
1990s. Starting from the study published by Raghu in 
2004 [2], the internationally accepted criteria for diag-
nosing IPF described in the first American Thoracic 
Society (ATS)/European Respiratory Society (ERS) 
Consensus Statement [38] have been adopted in selecting 
eligible patients. The ATS/ERS Consensus Statement 
published in 2000 represented the reference document 
for the diagnostic criteria of IPF up to March 2011 
when the new ATS/ERS/Japanese Respiratory Society/
Latin American Thoracic Association Guidelines were 
published [1]. The adoption of international standards 
for the diagnosis of IPF has ensured the inclusion in 
clinical trials of patients with a more precise definition 
of the disease than what happened in the past.

With regard to disease severity, the vast majority 
of large, randomized, multicenter clinical trials that 
have been published in the last decade, with few excep-
tions, have specifically targeted patients with mild-to-
moderate disease, as defined by lung function criteria 
(essentially FVC, percentage predicted, ≥50 or 55% 
and carbon monoxide diffusing capacity, percentage 
predicted, ≥30 or 35%). History of disease progres-
sion or clinical deterioration is no longer a mandatory 
inclusion criteria in more recent clinical trials, with 
the exception of the Zisman [25] and Noth [20] studies, 
which specifically enrolled more severe patients with 
progressive disease in 2010 and 2012, respectively. 

Therefore, in general, the inclusion criteria appear 
to reflect the expected magnitude of the effect on the 
selected primary and secondary outcomes, as well as 
the natural history of the disease itself. The exclusion 
of severe patients from trials might, therefore, impact 
the labeling of approved drugs, limiting their use to the 
mild-to-moderate group and thus reducing the thera-
peutic chances for the group of severe patients (who 
are also those more in need of an effective treatment). 
The lack of evidence on the efficacy of any given drug 
among severe patients will possibly result in the exclu-
sion of such patients from the recommendations for 
treatment with new drugs. On one hand, one could 
argue whether it would be ethical to expose severe 
patients to the risks of participating in RCTs; on the 
other, it is difficult to imagine that the response to 
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an effective drug would be worse in more advanced 
patients. The respiratory disease field is not new to such 
issues: if we think of a more common disease such a 
chronic obstructive pulmonary disease, many of the 
drugs currently in use have been separately tested in 
patients with different levels of disease severity. 

Another reason that would justify the choice of select-
ing patients with mild-to-moderate disease for the enrol-
ment in RCTs might be related to the need to retain 
patients able to provide valid FVC measurements during 
the whole study duration. In fact, we know that the dis-
ease is progressive and irreversible, and treatments cur-
rently available or under investigation will not be able 
to reverse the process, but only to slow down the disease 
progression at best. Therefore, if any given treatment 
shows a positive effect, it is thought to be more likely 
that such effect should be seen and be clinically relevant 
in early disease rather than in a more advanced one. In 
addition, given that the majority of patients with IPF tend 
to have a progressive clinical course, all RCTs are designed 
to expect significant results in primary and secondary 
outcomes within a standard time frame (e.g., 1 year). In 
fact, as reported in Table 1, the study durations in recent 
trials range between 48 and 72 weeks, with the excep-
tion of the study published by Zisman in 2010, which 
was specifically looking at short-term outcomes in severe 
IPF patients [25]. This reflects the fact that patients with 
a more severe disease (e.g., FVC, percentage predicted, 
<50%), have a significantly shorter survival [39] and higher 
risk of mortality at 1 year [40], as compared with patients 
with mild-to-moderate impairment of lung function. 
Therefore, for the purposes of the majority of clinical tri-
als currently ongoing or under design, severe IPF patients 
are consistently excluded since they are more likely to die 
prior to the completion of a clinical trial. Whether the 
exclusion of severe patients would limit the population of 
patients in which a drug can be used, remains to be seen.

In the future, it is possible that knowledge accu-
mulated on genomics, biomarkers and a better under-
standing of disease pathogenesis and natural history, 
will allow for the improvement of patient selection in 
RCTs, particularly for those studies that will evaluate 
the effect of molecules targeting specific biochemical 
pathways. A similar transition has happened in the lung 
cancer field: in recent years, the appraisal of the occur-
rence of particular genetic mutations among otherwise 
similar histopathologic diseases have allowed research-
ers to identify subsets of patients who can benefit from 
targeted treatments rather than conventional therapies.

Statistical analysis & management of missing data
The use of different methods of statistical analysis 
among different trials to measure the effect of any given 
treatment on a similar outcome may represent an issue 

when data are combined in meta-analyses. One demon-
stration of such a limit is shown in the meta-analysis of 
the clinical trials on pirfenidone. In fact, in a recently 
published Cochrane review, the results of the four RCTs 
on pirfenidone have been combined in a meta-analysis 
[7]. However, although change in FVC was considered 
as either a primary or a secondary outcome in all four 
studies, and met statistical significance in three of them 
[11,19,24], the use of different methods for statistical anal-
ysis did not allow the results on lung function of all four 
trials to be combined in a single meta-analysis.

Another important issue in RCTs is related to the 
method used to adjust for missing data. Any imputation 
of missing data virtually introduces a statistical bias; 
depending on the natural history of the disease and 
on the effect of treatment, the management of missing 
data might have a significant impact on the measured 
effect on prespecified outcomes. As shown in Table 2, 
many trials in IPF have used the LOCF method for the 
imputation of missing data, usually this method should 
never be considered appropriate. In particular, when 
analyzing FVC change over time, the LOCF method 
implies to assume that the last measurement available is 
the one used to calculate the effect at the end of trial. In 
a progressive disease such as IPF, the closer the measure-
ment is taken to the end of the study, the higher the like-
lihood that the change from baseline reflects the actual 
outcome. However, if a study suffers from high dropout 
rates, particularly when this happens in the treatment 
arm, the use of the LOCF method might result in an 
over-estimation of the effect of the study drug. There-
fore, the method used for imputation of missing data 
should always be carefully chosen and predefined.

Future perspective
IPF is a challenging disease in terms of designing a clini-
cal trial to assess the effect of any intervention. This 
is mainly a consequence of the low prevalence of the 
disease and of many existing gaps in knowledge, first of 
all the lack of causative agent(s). However, it is reason-
able to expect in the future that the wide availability of 
chest high-resolution computed tomography, coupled 
with precisely defined and possibly simplified diagnostic 
algorithms as identified in guideline documents, will 
increase the number of patients identified and poten-
tially participant in clinical trials. In addition, the par-
ticipation of large countries, such as China and India, 
will expand the target population, thus increasing the 
feasibility of trials. This will also allow the assessment 
of the effect of different genetic backgrounds.

Hopefully, more effective drugs will be identified and 
registered for use: one molecule has already reached this 
stage in Europe. This may become a potential obstacle 
to the enrolment of patients in placebo-controlled trials, 
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although there will probably be room for well-designed 
trials with ‘rescue’ options and studies designed with mul-
tiple arms. The identification of subgroups of ‘responders’ 
will become more and more of a priority, with the final 
aim of increasing the clinical benefit to patients, while 
reducing costs and time required for completion of trials.  

Clinically relevant primary end points will be identi-
fied and more precisely measured,  although it is possible 
that trials based on overall mortality will be designed and 
completed, nonetheless, such studies will require enor-
mous investments and efforts. For this reason, clinical 
research will help with the identification of meaningful 
and feasible end points, which are more likely be based 
on lung function (IPF being a disease limited to the 
lungs) and quality of life. Innovative ways of measur-
ing these end points, such as daily home measurement 
of lung function or handheld-based recording of qual-
ity of life components, will increase both accuracy and 
feasibility.

Statistical analyses will need to be homogenized and 
improved, although the only effective way of avoiding 

biases would be avoiding any missing value; however, in 
the real world, dropouts will always happen in an IPF 
trial. Better strategies to address key factors in study 
design, such as duration, prespecified statistical analyses 
and imputation of missing data, will be identified.

All of the above components will contribute to 
increasing feasibility and ‘clinical meaningfulness’ of 
clinical trials in IPF, thus leading to the final aim of 
delivering the most effective and safest treatments to 
patients in a reasonable timeframe.
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Executive summary

Study design
■■ Collaborative efforts in the context of international multicenter studies are mandatory to ensure the enrolment of large numbers 
of patients with idiopathic pulmonary fibrosis (IPF).

■■ The use of a true placebo arm might become an issue in the near future, as new drugs are being approved by regulatory 
agencies and becoming available in the market.

Outcomes in IPF
■■ When defining a ‘clinically meaningful’ outcome, the different perspectives of patients, physicians and regulatory agencies 
should be considered and possibly integrated.

■■ A minimum core outcome set should be identified following a proper methodology.

Sample size
■■ The number of patients randomized in each trial has increased over time.
■■ The calculation of sample size for a future trial should take into account the effect of this new trial on the results of already 
existing meta-analyses.

Inclusion criteria & patients’ selection
■■ The exclusion of severe patients from trials is likely to impact the labeling of approved drugs, thus reducing the therapeutic 
chances for this group of patients.

■■ The adoption of international standards for the diagnosis of IPF helped with the identification of IPF populations similar across 
studies, while, mostly, only patients with mild-to-moderate disease have been enrolled so far in clinical trials.

Statistical analysis & management of missing data
■■ Different statistical analyses have been used to reduce the potential bias related to missing data from dropout studies.
■■ Many trials in IPF have used the last observation carried forward method for the imputation of missing data: usually this method 
should never be considered appropriate.
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