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ABSTRACT
Objectives  Idiopathic pulmonary fibrosis (IPF) has been 
defined as a distinctive type of chronic fibrotic disease, 
characterised by a progressive decline in lung function and 
a common histological pattern of interstitial pneumonia. 
To analyse the efficacy and safety of pirfenidone in the 
treatment of IPF, a systematic review and meta-analysis 
was performed.
Design  This is a meta-analysis study.
Participants  Patients were diagnosed as IPF.
Interventions  Use of pirfenidone.
Primary and secondary outcome  Progression-free 
survival (PFS), acute exacerbation and worsening of IPF 
and Impact on adverse events.
Measures  The inverse variance method for the random-
effects model was used to summarise the dichotomous 
outcomes, risk ratios and 95% CIs.
Results  A total of 9 randomised controlled trials with 
1011 participants receiving pirfenidone and 912 controls 
receiving placebo were summarised. The pooled result 
suggested a statistically significant difference inall-cause 
mortality after pirfenidone use, with a summarised relative 
ratio of 0.51 (p<0.01). Longer PFS was observed in 
patients receiving pirfenidone compared with those who 
were given placebo (p<0.01). The IPF groups presented 
a high incidence of adverse events with a pooled relative 
ratio of 3.89 (p<0.01).
Conclusions  Pirfenidone can provide survival benefit 
for patients with IPF. Pirfenidone treatment was also 
associated with a longer PFS, a lower incidence of acute 
exacerbation and worsening of IPF.

INTRODUCTION
Idiopathic pulmonary fibrosis (IPF) has 
been defined as a distinctive type of chronic 
fibrotic disease, characterised by progres-
sive decline in lung function and a usual 
histological pattern of interstitial pneu-
monia.1 2 The prevalence of IPF was estimated 
to be 2–43/100 000 people in the general 
population based on studies adopting various 
designs and a wide range of populations.3–5 
The median survival time of IPF patients was 

approximately 3–5 years after diagnosis,6 and 
the course of the disease was unpredictable 
and highly variable.6 However, the pathogen-
esis of IPF remains unknown, and multiple 
genetic and environmental factors may play 
a role in the occurrence and progression of 
pulmonary fibrosis.7 8

Recent national guidelines on IPF diag-
nosis and treatments from Spain, Germany, 
Denmark, Sweden, Austria and Ireland have 
recommended pirfenidone as the thera-
peutic agent for IPF patients.9 In addition, 
the UK National Institute for Health and 
Care Excellence recommends pirfenidone 
as a treatment option for IPF patients with a 
predicted forced vital capacity (FVC) value of 
between 50% and 80%.10

The choice of first-line treatment is best 
addressed by a direct comparison of treat-
ment regimens in high-quality studies. 
Several randomised controlled trials (RCTs) 
compared the clinical outcomes of patients 
treated with pirfenidone vs placebo and 
confirmed that the balanced use of pirfeni-
done was beneficial for IPF patients.11 12 A 
meta-analysis encompassing five studies high-
lighted significant differences in physiological 

Strengths and limitations of this study

	► Larger sample size studies were included com-
pared with previous meta-analyses, and the find-
ing were concluded based on more representative 
populations.

	► Most studies had a limited number of patients.
	► Most studies did not report the severity degree of 
the patients, and also, the follow-up period varied, 
causing heterogeneity of the results.

	► Potential language bias might exist because the lit-
erature search considered only studies published in 
English.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-1703-0797
http://orcid.org/0000-0002-0588-9908
http://dx.doi.org/10.1136/bmjopen-2021-050004
http://dx.doi.org/10.1136/bmjopen-2021-050004
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-050004&domain=pdf&date_stamp=2021-11-30


2 Wu W, et al. BMJ Open 2021;11:e050004. doi:10.1136/bmjopen-2021-050004

Open access�

and clinically relevant outcomes.13 However, several 
recent RCTs have provided novel evidence and suggested 
that the use of pirfenidone may cause more adverse 
events in comparison to the placebo control.11 14 The 
newly published studies were included in the present 
meta-analysis to conduct an updated systematic review 
and meta-analysis.

This systematic review and meta-analysis based on 
well-conducted and adequately powered RCTs aimed to 
explore the efficacy and safety of pirfenidone in treating 
IPF.

METHODS
Patient and public involvement
Patients or the public were not involved in the design, 
conduct, reporting or dissemination plans of our research.

Literature search
PubMed, Medline, Cochrane Library and Embase were 
employed to search targeted studies published up to 
29 July 2020. Target studies were selected following the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses statement.15 The joint and individual 
keywords comprising “pirfenidone’, “Anti-Inflammatory 
Agents”, “idiopathic pulmonary fibrosis OR IPF” AND 
“randomized controlled trial OR RCT” were used for 
literature search. We also conducted a manual search 
of reference lists of the eligible studies to identify other 
potential relevant articles.

Eligibility criteria
The inclusion criteria were as follows: (1) RCTs; (2) 
patients diagnosed as IPF; (3) use of pirfenidone as 
an intervention and use of placebo as the control; (4) 
reporting at least one or more clinical outcomes; (5) 
necessary data extracted from original studies; (6) studies 
published in English and (7) for studies with duplicate 
population, only the one providing detailed information 
were selected.

Reviews, case reports, observational studies, non-
randomised experimental studies, studies focused on 
animals or in vitro experiments, and studies in languages 
other than English were excluded from this meta-analysis.

Data extraction
All relevant studies from the databases were reviewed, 
and the data from included studies were extracted inde-
pendently by two investigators using a standardised form, 
and the consensus was reached on all items by a discussion 
with a third reviewer. The extracted information included 
the following: study characteristics (authors, year of publi-
cation, sample size, follow-up period and general informa-
tion of the study population), intervention characteristics 
and outcomes. The study outcomes included mortality, 
progression-free survival (PFS), distance change in 6 min 
walk test (6-MWT), aminotransferase secondary to treat-
ment, and >10% of FVC.

Acute exacerbation of IPF was defined as unexplained 
worsening of dyspnoea in the past 30 days among cases 
with previous or concurrent diagnosis of IPF, with 
evidence of new bilateral ground glass opacities or consol-
idation excludingalternative causes. The worsening of 
IPF was defined as shortened time to acute exacerbation, 
death, lung transplantation or admission to hospital for 
respiratory problems.

Risk-of-bias assessment
The seven-category Review Manager risk-of-bias tool from 
RevMan (V.5.3, The Cochrane Collaboration, Oxford, 
UK) was used to assess the risk of bias of the included 
studies as either high, unclear or low, according to the 
Cochrane Handbook for RCTs.16

Quality of studies assessment
Two reviewers evaluated the quality of evidence using 
the Jadad scale, which also named the Oxford quality 
scoring system, to independently assess the methodolog-
ical quality of a clinical trial.17 Similarly, the consensus 
was reached by discussion with another reviewer. The 
studies were scored according to the presence of three 
key methodological features: randomisation, blinding 
and accountability of all patients. One point or two points 
were added for a ‘yes’ answer to each of the randomisa-
tion and blinding domain, and one point was added for 
a ‘yes’ to the accountability of all patients domain. The 
overall score ranged from 0 to 5, and the score  >3 was 
deemed as high quality.

Statistical analysis
The inverse variance method for the random-effects 
model was used to summarise the dichotomous outcomes, 
risk ratios (RRs) and 95% CIs. The heterogeneity among 
included studies was assessed using the I2 and Q tests and 
defined as low, moderate and high when the values of I2 
were 25%, 50% and 75%, respectively.18 The publication 
bias was assessed using the Begg rank correlation19 and 
Egger weighted regression methods.20 A funnel plot was 
generated, and the Begg’s and Egger’s tests were carried 
out using Stata V.15.0 (Stata). Statistical analyses were 
performed using RevMan. A p<0.05 was considered statis-
tically significant for all analyses.

Patient and public involvement
It was not appropriate or possible to involve patients or 
the public in the design, conduct, reporting or dissemi-
nation plans of our research.

RESULTS
Study selection
As shown in online supplemental figures 1, 774 studies 
were identified by database searching using different 
keywords combinations after eliminating overlaps. 
Following the above inclusion and exclusion criteria, 479 
abstracts and titles were reviewed initially. After retrieving 
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25 full-length manuscripts, ultimately, 9 RCTs11 12 14 21–25 
were included in this meta-analysis.

Study characteristics
The characteristics of the included studies are summarised 
in table  1. A total of 9 studies with 1011 participants 
receiving pirfenidone and 912 placebo controls were 
summarised. These studies were published between 2005 
and 2019, and the sample size varied from 20 to 555. The 
majority of the studies (n=6) were conducted in Western 
countries and three in Asian countries. The study period 
was 36–72 weeks, and the majority of the studies showed 

the change in the predicted FVC from baseline to week 
52 as the primary outcome.

Risk of bias and quality of studies
The overall risk of bias and quality of the included 
RCTs is presented in online supplemental figure 2 and 
online supplemental table 1. None of the included RCTs 
was judged to have a high risk, and six studies used a 
randomised and double-blinded method to include the 
participants. Moreover, the Jadad scale score of all RCTs 
was ≥4 points (online supplemental table 1).

Table 1  Characteristics of study participants

Studies 
included Country

Sample 
size (P/C)

Age (mean±SD, years)
Males (%, 
P/C)

Study 
period 
(weeks)

Intervention
Primary 
outcomePirfenidone Controls Pirfenidone Controls

Azuma et 
al, 200522

Western 72/35 64.0±7.1 64.3±7.6 62 
(86.1%)/33 
(94.3%)

36 Pirfenidone 
1800 mg/day

Placebo 
pills

Change in the 
lowest SpO2 
during 6MWT

Taniguchi 
et al, 
201023

Asian 108/55/104* 65.4±6.2/63.9±7.5* 64.7±7.3 85 
(78.7%)/47 
(85.4%)/81 
(77.9%)*

52 Pirfenidone 
1800 or 
1200 mg/day*

Placebo 
pills

Change from 
baseline to 
week 52 in 
predicted 
FVC

Noble et al, 
2011 (PIPF 
004)12

Western 174/87/174* 65.7±8.2/68.0±7.6* 66.3±7.5 118 
(67.8%)/65 
(74.7%)/128 
(73.6%)*

72 Pirfenidone 
2403 or 
1197 mg/day*

Placebo 
pills

Change from 
baseline to 
week 72 in 
predicted 
FVC

Noble et al, 
2011 (PIPF 
006)12

Western 171/177 66.8±7.9 67.0±7.8 123 
(71.9%)/124 
(70.1%)

52 Pirfenidone 
2403 mg/day

Placebo 
pills

Change from 
baseline to 
week 72 in 
predicted 
FVC

Kind et al 
201424

Western 278/277 68.4±6.7 67.8±7.3 222 
(80.0%)/213 
(76.9%)

48 Pirfenidone 
2403 mg/day

Placebo 
pills

Change from 
baseline to 
week 52 in 
predicted 
FVC

Huang et 
al, 201511

Asian 38/38 59.0±5.9 61.6±6.4 33 
(86.8%)/38 
(100.0%)

48 Pirfenidone 
1800 mg/day

Placebo 
pills

Change from 
baseline to 
week 48 in 
predicted 
FVC

Furuya et 
al, 201721

Asian 20/27 76 (66–82) 73 (64–84) 18 
(90.0%)/24 
(88.9%)

52 Pirfenidone 
1200–
1800 mg/day

Placebo 
pills

3 month 
survival and 
adverse 
events

Nathan et 
al, 201914

Western 90/80 70 (46–80) 69 (40–80)† 74 
(82.2%)/59 
(73.8%)

52 Pirfenidone 
1800 mg/day

Placebo 
pills

Change from 
baseline to 
week 52 in 
predicted 
FVC

Vianello et 
al, 201925

Western 11/9 62 (52–78) 74 (50–87)† 9 (81.8%)/6 
(66.7%)

52 Pirfenidone 
2403 mg/day

Placebo 
pills

Change from 
baseline to 
week 52 in 
predicted 
FVC

*Data for two trial groups and one control group.
†Range of age.
C, control group; FVC, forced vital capacity; 6MWT, 6 min walk test; NA, not available; P, pirfenidone group.
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Impact on mortality
A total of 6 studies including 1484 subjects reported all-
cause mortality (pirfenidone, n=744; placebo, n=740). 
The pooled result suggested significant differences in 
the effect of pirfenidone on all-cause mortality with a 
summarised RR of 0.51 (95% CI 0.36 to 0.73, p<0.01), 
without heterogeneity detected (I2=0%). Of these studies, 
3 provided IPF-related mortality. Similar to all-cause 
mortality, the IPF-related mortality presented a signifi-
cant difference with a pooled RR of 0.31 (95% CI 0.13 to 
0.72, p<0.01, I2=0%). The data and forest plots are shown 
in figure 1.

Progression-free survival
The pooled PFS is presented in figure  2. Among the 
studies, four RCTs reported the effect of pirfenidone 
and PFS. The pooled analysis included 786 cases treated 
with pirfenidone and 728 controls treated with placebo. 
Furthermore, the result indicated a higher PFS for 
pirfenidone as compared with placebo (RR 0.85, 95% CI 
0.76 to 0.95, I2=0%).

Acute exacerbation and worsening of IPF
As shown in figures 3 and 4 RCTs reported the outcome 
on worsening and acute exacerbation of IPF. The pooled 
results indicated suppression of IPF deterioration with an 
RRs of 0.64 (95% CI 0. 49 to 0.84, I2=7%).

Change in 6-MWT distance, aminotransferase secondary to 
treatment and >10% of FVC
As shown in figure 4, two, three and eight studies provided 
detailed data on 6MWT, aminotransferase secondary to 
treatment, and >10% of FVC, respectively. All the changes 
differed significantly between the IPF and placebo group 
(6-MWT: RR 0.74, 95% CI 0.64 to 0.86, p<0.01; amino-
transferase secondary to treatment: RR 2.26, 95% CI 1.38 
to 3.69, p<0.01).

Impact on adverse events
All included studies provided data on adverse events, 
such as nausea, rash, dyspepsia, vomiting, photosensi-
tivity, anorexia, elevation in aminotransferase level, upper 
airway infection, asthenia and weight loss. The pooled 
results on adverse events for IPF and placebo groups were 
3.89 (95% CI 2.09 to 7.24, I2=47%). The result for skin-
related adverse events was similar between the two groups 
(RR 1.04, 95% CI 0.95 o 1.14, p=0.38, I2=37%; online 
supplemental figure 3).

Publication bias
No potential publication bias was observed among the 
included trials, according to Begg’s rank correlation and 
Egger’s weighted regression analyses (all p>0.05, (online 
supplemental table 2).

Figure 1  Summarised all-cause mortality and idiopathic pulmonary fibrosis-related mortality. M-H, Mantel-Haenszel.

Figure 2  Summarisedpfs of pirfenidone among idiopathic pulmonary fibrosis cases. M-H, Mantel-Haenszel.

https://dx.doi.org/10.1136/bmjopen-2021-050004
https://dx.doi.org/10.1136/bmjopen-2021-050004
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DISCUSSION
A total of nine RCTs were included and summarised in 
the present meta-analysis addressing the treatment effi-
cacy and safety of pirfenidone in IPF cases. The quality 
of all included studies was acceptable. The use of pirfeni-
done was beneficial to IPF patients by lowering all-
cause and IPF-related mortality. Moreover, IPF patients 
could exhibit prolonged PFS, low prevalence of acute 

exacerbation, worsening of IPF, and low proportion of 
overall adverse events.

One previous meta-analysis26 included five trials 
focusing on the same topic and observed significant 
differences in the physiological and clinically relevant 
outcomes, such as a reduction in all-cause mortality, IPF-
related mortality and worsening and exacerbation of IPF 
and PFS. In the current meta-analysis, we includedupdated 

Figure 3  Summarised acute exacerbation and worsening idiopathic pulmonary fibrosis among the participants. M-H, Mantel-
Haenszel.

Figure 4  Summarised changes in >10% of forced vital capacity, change in 6 min walk test distance, and aminotransferase 
among the placebo and intervention groups. M-H, Mantel-Haenszel.
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eligible studies up to 29 July 2020, doublingthe number 
of included trials. Based on appropriate and more repre-
sentative target populations, we obtained a similar conclu-
sion. The all-cause mortality was commonly deemed as 
one of the most robust endpoints in therapeutic clinical 
trials in IPF.27 The characterisation of mortality related 
to IPF was vital to supplement the analysis of all-cause 
mortality, as it is the most specific endpoint for treatment 
efficacy.6 However, deaths unrelated to IPF also occur in 
this patient population and could potentially confound 
all-cause mortality findings. Pirfenidone is a bioavailable 
synthetic molecule, administered orally, with antifibrotic 
and anti-inflammatory properties. Pirfenidone therapy 
was associated with an approximately one-third reduction 
of death for the treated and hospitalised AE-IPF patients, 
which was yet unexplained. Other clinically relevant 
outcomes in this analysis were investigated with respect 
to the prospective of acute exacerbation and worsening 
of IPF. The adverse events often occurred among patients 
in the control group, and similar results were observed 
in the high-dose and low-dose pirfenidone groups.28 This 
might be partially due to the phenomenon that patients 
were well-informed regarding the side effects of rashes. 
Despite the manifestation of the anticipated skin rash, 
pirfenidone was generally well tolerated in IPF patients.

The findings in the current study are strengthened by 
the high rate of study completion and treatment adher-
ence, as well as the consistentency magnitude of treat-
ment effects across the primary and secondary endpoints. 
The current study demonstrated the difference in the 
primary endpoint and also a significant difference in 
secondary endpoints including change in acute exacerba-
tion. Pirfenidone treatment suppressed the decrease in 
oxygenation during exercise in the subset of patients who 
did not demonstrate SpO2 <80% during 6-MWT.8 29 The 
decrease in SpO2 of 4% or  >6 min of walking has been 
demonstrated to predict survival in IPF patients.30 31

Nevertheless, the limitations of the present meta-analysis 
should be considered while interpreting the results. First, 
most studies included a small number of patients. Due to 
the limited number of patients in each study, subgroup or 
sensitivity analyses were difficult to perform. Second, due 
to small sample size, the mean age and sex ratio of the 
patients varied significantly, which might lead to hetero-
geneity and reduced stability of the results. Thirdly, most 
studies did not report the severity of adverse events, and 
also, the follow-up period varied, causing heterogeneity of 
the results. Fourth, the primary and secondary outcomes 
were strikingly different, and sufficient studies were not 
available to summarise the outcomes. Fifth, potential 
selection bias might exist because only publications in 
English were included.

CONCLUSIONS
The present meta-analysis explored the efficacy and safety 
of pirfenidone therapy in IPF cases. Pirfenidone was 
found to be beneficial to IPF patients as it lowered the 

mortality. In addition, the IPF cases obtained a prolonged 
PFS, low incidence of acute exacerbation, and worsening 
of IPF. Pirfenidone might also be associated with a lower 
incidence of overall adverse events. In the future, large-
size RCTs matched for age, sex and degree of severity in 
IPF patients should be conducted to detect critical differ-
ences in treatment outcomes.
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