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Abstract. — OBJECTIVE: The incidence of
idiopathic pulmonary fibrosis is increasing year
by year in the world, which has a greater im-
pact on the quality of life of patients. In the
past, symptomatic treatment was used in clin-
ical practice, but the overall effect is still not
good. Multiple clinical studies have demonstrat-
ed the efficacy of pirfenidone in the treatment of
idiopathic pulmonary fibrosis; however, adverse
reactions have been reported. We, therefore,
systematically evaluated the effectiveness and
safety of pirfenidone in patients with idiopathic
pulmonary fibrosis.

PATIENTS AND METHODS: Relevant studies
were retrieved from the Embase, PubMed, Web
of Science, Cochrane Library, China National
Knowledge Infrastructure (CNKI), Chinese Bio-
medical Literature (CBM), Wanfang and Weipu
databases between January 1999 and May 2020,
including the keywords “pirfenidone” and “id-
iopathic pulmonary fibrosis”, were included in
our systematic review. Review Manager 5.4 soft-
ware was used for data synthesis, and analyses
of publication bias and sensitivity.

RESULTS: Our systematic review included 13
studies involving a total of 13,247 patients with
idiopathic pulmonary fibrosis. Pirfenidone was
associated with reduced declines in vital ca-
pacity (VC) and forced vital capacity (FVC) from
baseline in patients with hermansky-pudlak syn-
drome (HPS)-related pulmonary fibrosis and to
moderate idiopathic pulmonary fibrosis (IPF).
Pirfenidone treatment was associated with low-
er reductions in FVC, lower reductions in 6-min-
ute walking test distance, lower decreases in
minimum oxygen saturation during the 6-min-
ute walking test, lower all-cause death, lower
relative risk of IPF-related death and increased
progression-free survival compared to placebo.
Progression-free survival was significantly lon-
ger in the pirfenidone group. The incidence of
gastrointestinal, skin, nervous system, and liver

function-related adverse events was significant-
ly higher in the pirfenidone group compared to
the control group.

CONCLUSIONS: Pirfenidone has efficacy in de-
laying the progression of idiopathic pulmonary fi-
brosis. Pirfenidone is well-tolerated by the majority
of patients; however, mild adverse reactions related
to the gastrointestinal tract, skin, nervous system,
and liver function are common. Overall, Pirfenidone
may be an effective and well-tolerated treatment
option for idiopathic pulmonary fibrosis.
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Introduction

Interstitial lung disease (ILD) is a large group
of diseases characterized by diffuse alveolar in-
flammation and diffuse pulmonary fibrosis at an
advanced stage. The pathogenesis of ILD remains
unclear and causative agents are diverse, includ-
ing industrial inorganic dust, chemical, physical,
organic antigens, drugs, and microbial infections.
Idiopathic pulmonary fibrosis (IPF) is a chronic,
progressive, fibrotic interstitial pneumonia of un-
known origin that occurs in adults. Imaging and
histology findings are typically consistent with
usual interstitial pneumonia. IPF is associated
with high morbidity and mortality, with a median
survival time of 3-5 years'. Idiopathic pulmonary
fibrosis represents a substantial public health con-
cern, with increasing worldwide interest in deter-
mining the pathogenesis of idiopathic pulmonary
fibrosis and methods of prevention.
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Pirfenidone,  5-methyl-1-phenyl-2-(1hydro)-
pyridone, is a pleiotropic pyridine compound
with antifibrotic, anti-inflammatory, and antiox-
idant effects. In vitro experiments have demon-
strated a regulatory role for pirfenidone in im-
portant profibrotic and proinflammatory cytokine
cascades, with animal studies demonstrating re-
duced fibroblast proliferation and collagen syn-
thesis in response to pirfenidone'. Pirfenidone
can inhibit fibrosis in various organs, including
lungs, liver, heart, kidney, small intestine, and
skin®3. Pirfenidone has been approved for the
treatment of idiopathic pulmonary fibrosis in
multiple countries, with a number of large clin-
ical trials ongoing. Given the low incidence and
prevalence of IPF, sample sizes may be limited
and inclusion and exclusion criteria, study time,
pirfenidone treatment dose, and primary and sec-
ondary endpoints may differ between studies.
Systematic reviews are therefore required to fully
evaluate the safety and efficacy of pirfenidone.
While many systematic reviews®-** have report-
ed the efficacy and safety of pirfenidone in the
treatment of idiopathic pulmonary fibrosis using
randomized controlled trials (RCTs) from de-
veloped countries, there is a lack of real-world
research and date from developing countries. In
China, pirfenidone has been approved for the
treatment of idiopathic pulmonary fibrosis, and a
number of clinical randomized controlled studies
have been conducted. We, therefore, conducted a
meta-analysis of high-quality studies to evaluate
the effectiveness and safety of pirfenidone in the
treatment of idiopathic pulmonary fibrosis.

Patients and Methods

Data Sources and Searches

A literature search was performed based on
the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis statement. We sys-
tematically searched the bibliographic databases
PubMed, Embase, and Cochrane databases for
randomized controlled studies of pirfenidone for
idiopathic pulmonary fibrosis published between
January, 1999 and May, 2020. Search keywords
used were: “pirfenidone”, “idiopathic pulmonary
fibrosis” and “randomized controlled trial”. The
same terms were used to search Wanfang Med-
ical, China HowNet, and Weipu Medical. The
two authors independently searched and screened
the full texts that met the selection criteria and
resolved differences through discussion.
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Study Selection

Inclusion criteria were: (i) randomized con-
trolled studies of oral pirfenidone monotherapy
compared to placebo or conventional treatment as
controls; (ii) subjects were all patients with idio-
pathic pulmonary fibrosis and hermansky-pudlak
syndrome (HPS)* (iii) outcomes included vital
capacity (VC), forced vital capacity (FVC), mor-
tality, 6-minute walking test shortening distance
and rate of change in minimum oxygen satura-
tion, disease-free survival, and adverse reactions;
(iv) measurable data were presented as mean
(MD), standard deviation (SD), relative risk (RR),
or risk ratio (HR). We excluded reviews and re-
peated publications of previous studies.

Data Extraction

One reviewer (MYJ) performed data extraction
according to a standard protocol, including au-
thor, publication time, country, subject disease,
intervention measures, number of patients, aver-
age age, and outcome measures. Data extraction
was appraised by a second reviewer (ZQ) using a
random subsample of included studies.

Quality Assessment

The methodological quality of the included
studies was evaluated according to the Cochrane
bias risk assessment tool’. The main points of the
evaluation included: whether the random method
is adopted and described in detail; whether the
randomized allocation scheme is well hidden;
whether the blind method is adopted and de-
scribed in detail; and whether the lost follow-up
and withdrawal are described in detail. Scoring
was independently conducted by two researchers,
and differences were resolved through discussion.

Statistical Analysis

Statistical analysis was performed using
RevMan5.3 software. Numerical data are ex-
pressed by RR or HR with 95% CI (confidence
interval). Measurement data were expressed as
MD and 95% CI. A heterogeneity test was per-
formed using /> statistic and y* test. A fixed-ef-
fects model was used where heterogeneity was
small, defined as 2 < 50% or p > 0.1. Random ef-
fects models were used where heterogeneity was
large, defined as 2> 50% or p < 0.1. Qualitative
data were analyzed using a random effect mod-
el. p-values < 0.05 were considered statistically
significant. Publication bias was evaluated using
a funnel chart. Random effect and fixed effect
models were used for sensitivity analyses.
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Results

Literature Search Results

A total of 501 articles were identified by our
database search. A total of 12 articles were in-
cluded after reading the article title, abstract,
and full-text screening. The literature screening
process is shown in Figure 1.

Basic Characteristics and Quality
Evaluation of Included Studies

The basic characteristics of the included stud-
ies are shown in Table I. Baseline data were
similar between experimental and control groups
in each study. The bias risk assessments of in-
cluded studies are shown in Figure 2A and B.
The overall bias risk assessments of each study
demonstrated low bias and high methodological
quality. All included studies were randomized,
placebo-controlled studies. There were five stud-
ies that did not describe a randomization protocol
and five studies that did not describe a blinding
method in detail.

Efficacy Analysis of Pirfenidone

Absolute change in Vital Capacity (V/C)

Two studies™® were included comprising 176
patients in the pirfenidone group and 138 patients
in the placebo group. As the heterogeneity test

demonstrated low heterogeneity (7 = 0%, p =
0.55), a fixed effect model was used demonstrat-
ing a combined MD of 0.08 (95% CI = 0.03, 0.13)
and a combined effect amount, Z, of 3.41 (p =
0.0006; Figure 3). Absolute decrease in VC from
baseline was significantly lower in the pirfeni-
done group compared to the placebo group.

Change in Forced Vital Capacity (FVC) as a
percentage of predicted values

Five studies™®!122% were included comprising
836 patients in the pirfenidone group and 662
patients in the placebo group. As the heteroge-
neity test demonstrated low heterogeneity (/* =
26%, p = 0.24), a fixed effect model was used
demonstrating a combined MD of 4.92 (95% CI
= 3.71, 6.13) and a combined effect amount, Z,
of 797 (p < 0.00001; Figure 4A). The percent
change in FVC from baseline was significantly
lower in the pirfenidone group compared to the
placebo group.

Absolute change in Forced
Vital Capacity (FVC)

Three studies'?'*?! were included comprising
133 patients in the pirfenidone group and 136 pa-
tients in the placebo group. As the heterogeneity
test demonstrated high heterogeneity (7 = 88%,
p = 0.0003), a random effects model analysis
was used demonstrating a MD of 0.25 (95% CI =
0.00, 0.50), and a combined effect, Z, of 1.97 (p
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Table I. Real time PCR primers.

Drug
Study intervention
Study Years Country  Disease type (mg/d) People Male Age
Gabhl et al* 2002 USA HPS RCT-1I 2400 11 5 415+ 12.1
Placebo 10 4 340+92
Azuma et al® 2005 Japan IPF RCT-II 1800 73 62 64.0£7.1
Placebo 36 33 64.3+7.6
Taniguchi et al® 2010 Japan IPF RCT-1I 1800 109 85 654+£6.2
Placebo 107 81 64.7+73
O’Brien et al’ 2011 USA IPF RCT-II 2403 23 8 39.2+10.8
Placebo 12 643.4+ 7.7
CAPACITY004% 2011 Multicenter IPF RCT-III 2403 174 118 657+ 8.2
Placebo 174 128 65.7+8.2
CAPACITY0068 2011 Multicenter IPF RCT-III 2403 171 123 66.8+7.9
Placebo 173 124 67.0+7.8
ASCEND’ 2014 Multicenter IPF RCT-III 2403 278 222 68.4+6.7
Placebo 277 213 67.8+7.3
Alhamad et al' 2015 Saudi IPF 2400 33 22 63.3+£13.3
Placebo 25 11 624+ 15.1
Huang et al'? 2015 China IPF RCT-II 1800 38 33 59.03+59
Placebo 38 38 61.6+6.4
Huiping et al” 2015 China IPF RCT-II 1200 43 36 61.9+6.0
Placebo 44 39 62.6 £6.9
Yan et al? 2018 China IPF 1800 47 44 66.0+9.0
Placebo 47 47 67.0+ 8.0
Zurkova et al'! 2019 Czech IPF 2403 383 281 p=0.52
Placebo 218 150
Fenli et al*! 2019 China IPF 1200 55 30 5792 +4.81
Placebo 55 31 59.83 +£12.5

= 0.05; Figure 4B). Absolute change in FVC from
baseline was reduced in the pirfenidone group
compared to control group.

Forced Vital Capacity (FVC) change
from baseline

Four studies®!! were included comprising 1038
patients in the pirfenidone group and 867 in the
placebo group. As the heterogeneity test demon-
strated low heterogeneity (P = 30%, p = 0.22),
a fixed effect model was used demonstrating a
combined RR of 0.61 (95% CI =0.52, 0.71) and a
combined effect amount, Z, of 6.20 (p < 0.00001;
Figure 5). A significantly lower proportion of
patients had a > 10% decrease in FVC in the pir-
fenidone group compared to the placebo group.
No significant difference was seen in the number
of patients with a >5% in FVC between the pir-
fenidone group and the placebo group.

Rate of change in lowest oxygen
saturations (ASPOZ) during the
6-minute walking test (6 MWD)

Two studies®? were included comprising a
total of 110 patients in the pirfenidone group and
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73 patients in the placebo group. As the heteroge-
neity test demonstrated low heterogeneity (72 = 0,
p = 0.58), a fixed effect model was used for anal-
ysis demonstrating a combined MD of 2.27 (95%
CI = 1.02, 3.51) and a combined effect amount,
Z, of 3.57 (p = 0.0004; Figure 6A). The rate of
change in minimum oxygen saturation during
the 6-minute walking test compared to baseline
was significantly lower in the pirfenidone group
compared to the control group.

6-minute walking test distance
compared to baseline

Three studies®!® were included comprising a
total of 649 patients in the pirfenidone group
and 640 in the placebo group. As the heteroge-
neity test demonstrated low heterogeneity (* =
41%, p = 0.17), a fixed effect model was used
demonstrating a combined RR = 0.71 (95% CI
= 0.61, 0.82) and a combined effect amount, Z,
of 4.59 (p <0.00001; Figure 6B). A significantly
lower proportion of patients had a 6 MWD 50
m or 30 m shorter than at baseline in the pir-
fenidone group compared to the placebo group.
Compared with the placebo group, the RR of
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Figure 2. Risk of bias graph review authors’ judgements about each risk of bias item presented as percentages across all included
studies (A); Risk of bias summary review authors’ judgements about each risk of bias item for each included study (B).

a 6 MWD reduction of >50 m and 30 m from All-cause mortality

baseline in the pirfenidone group was reduced Ten studies*'>?° were included, of which CA-
by 27% and 76%, respectively, during the study PACITY 004 and CAPACITY 006 were com-
period. bined into CAPACITY 004 & 006 2011 in this
Pirfenidone placebo Mean Difference Mean Difference
Study or Subgro Mean SD Total Mean D Total Weight IV, Fixed. 95% CI 1V, Fixed, 95% CI
Azuma 2005 003 022 72 013 019 35 320% 0.10[0.02,0.18] —
Taniguchi 2010 -0.09 0.204 104 -0.16 0.203 103 68.0% 0.07[0.01,0.13] .
Total (95% CI) 176 138 100.0% 0.08 [0.03, 0.13] <&
Heterogeneity: Chiz = 0.36, df = 1 (P = 0.55); I = 0% y t T t t
Rete v 05 0.25 0 0.25 05
Test for overall effect: Z = 3.41 (P = 0.0006) Favours [experimental] Favours [control]

Figure 3. Analysis data of absolute change in vital capacity (VC).
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A Pirfenidone placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
CAPACITY004 2011 -8 165 174 -124 185 174 10.8% 4.40[0.72, 8.08] - -
CAPACITY006 2011 -9 196 171 -96 19.1 173  8.7% 0.60[-3.49, 4.69] - 1
Huang Hui 2015 -0.68 7.66 38 -6.11 77 38 12.3% 5.43[1.98, 8.88] - =
O'Brien 2011 -2 56 23 -3.8 9 12 47% 1.80[-3.78,7.38] -
Yan Yongji 2018 2.3 7 47 33 6.2 47 20.5% 5.60[2.93,8.27] - -
Zurkova 2019 -0.9 107 383 -6.7 11.3 218 43.0% 5.80[3.96, 7.64] —E—
Total (95% CI) 836 662 100.0% 4.92[3.71, 6.13] ’
Heterogeneity: Chi? = 6.77, df = 5 (P = 0.24); I2 = 26% _1‘0 5 o 5 1’0
Test for overall effect: Z = 7.97 (P < 0.00001) Favours [experimental] Favours [control]
Pirfenidone placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random,95% CI IV, Random, 95% CI
Huang Hui 2015 -0.11 0.25 35 -024 0.28 37 35.0% 0.13[0.01, 0.25]
Li Huiping 2015 -0.05 0.35 43 -0.15 037 44  33.5% 0.10[-0.05, 0.25]
Wang Fenli 2019 1.35 0.5603 55 0.8 0.4327 55 31.5% 0.55[0.36, 0.74] -
Total (95% CI) 133 136 100.0% 0.25 [0.00, 0.50]
Heterogeneity: Tau? = 0.04; Chi? = 16.35, df = 2 (P = 0.0003); I = 88% f y ' t f
-1 -0.5 0 0.5 1
Test for overall effect: Z = 1.97 (P = 0.05) Favours [experimental] Favours [control]
P

Figure 4. Analysis of the change in forced vital capacity (FVC). FVC as a percentage of the predicted value (A); Analysis of

Absolute Change in FVC (B).

analysis, comprising a total of 1338 patientAAAs
in the pirfenidone group and 1113 patients in the
placebo group. As the heterogeneity test demon-
strated low heterogeneity (> = 0%, p = 0.91), a
fixed effect model was used for analysis demon-
strating a combined RR of 0.52 (95% CI = 0.43,
0.63) and a combined effect amount, Z, of 6.88 (p
< 0.00001; Figure 7A). The RR of all-cause death
was 48% lower in the pirfenidone group during
the trial period compared to the placebo group.

IPF-related mortality

Three studies®*'? were included, of which CA-
PACITY 004 and CAPACITY 006 were com-
bined into CAPACITY 004 & 006 2011 in this
analysis. There were 661 cases in the pirfenidone
group and 662 in the placebo group. As the het-
erogeneity test demonstrated low heterogeneity
(P = 0%, p=0.75), a fixed effect model was used
demonstrating a combined RR of 0.50 (95% CI =
0.28, 0.89) and a combined effect amount, Z, of

Pirfenidone placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H, Fixed, 95% CI
1.4.1 Decrease =10% from baseline
ASCEND 2014 46 278 88 277 29.8% 0.52[0.38, 0.71] -
CAPACITY004 2011 35 174 60 174 20.3% 0.58[0.41, 0.84] B
CAPACITY006 2011 39 171 46 173 154% 0.86 [0.59, 1.24] ™
Zurkova 2019 65 383 68 218 29.3% 0.54[0.40, 0.73] el
Subtotal (95% CI) 1006 842 94.7% 0.60 [0.51, 0.70] *
Total events 185 262
Heterogeneity: Chi? = 4.79, df =3 (P = 0.19); I2=37%
Test for overall effect: Z =6.13 (P < 0.00001)
1.4.2 Decrease =5% from baseline
Alhamad 2015 14 32 14 25 53% 0.78[0.46, 1.32] T
Subtotal (95% CI) 32 25  53%  0.78[0.46, 1.32] o
Total events 14 14
Heterogeneity: Not applicable
Test for overall effect: Z = 0.92 (P = 0.36)
Total (95% CI) 1038 867 100.0% 0.61[0.52, 0.71] ¢
Total events 199 276
Heterogeneity: Chiz = 5.71, df = 4 (P = 0.22); I = 30% '040 p o? p ] 1'0 p 00‘
Jestioroverall ef‘fe<.:t: 2=620 (P_< 0.00001) Favours [experimental] Favours [control]
Test for subaroup differences: Chiz = 0.93. df = 1 (P = 0.34). 2= 0%

Figure 5. Forced vital capacity (FVC) decreased from baseline by >10% or >5% analysis.
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A Pirfenidone Mean Difference

Study or Subgroup Mean SD Total

placebo
Mean SD Total Weight

1V, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% Cl

Test for overall effect: Z = 4.59 (P < 0.00001)
Test for subaroup differences: Chiz = 4.77. df = 1 (P = 0.03). I = 79.0%

Favours [experimental] Favours [control]

Azuma 2005 0.46 3.9857 72 -1.5909 3.4039 35 73.1% 2.05[0.60, 3.51]
Huang Hui 2015 -3.44 451 38 -6.29 6.06 38 26.9% 2.85[0.45, 5.25] =
Total (95% Cl) 110 73 100.0% 2.27 [1.02, 3.51] -
Heterogeneity: Chiz = 0.31, df = 1 (P = 0.58); 12 = 0% 4 2 5 2 j‘
Test for overall effect: Z = 3.57 (P = 0.0004) Favours [experimental] Favours [control]
B Pirfenidone placebo Risk Ratio Risk Ratio
r Ie Even Total Events Total Weight M-H. Fix % Cl M-H. Fixed. 95% CI
1.5.1 Number of cases in which the 6-minute walking test distance is shorter than the baseline by 50 meters
ASCEND 2014 72 278 99 277 36.3% 0.72[0.56, 0.93] -
CAPACITY004 2011 62 170 80 170 29.3% 0.78 [0.60, 1.00] -
CAPACITY006 2011 56 169 79 168 29.0% 0.70 [0.54, 0.92] -
Subtotal (95% CI) 617 615 94.7% 0.73 [0.63, 0.85] ¢
Total events 190 258
Heterogeneity: Chi? = 0.27, df = 2 (P = 0.87); I = 0%
Test for overall effect: Z = 4.05 (P < 0.0001)
1.5.2 Number of cases in which the 6-minute walking test distance is shorter than the baseline by 30 meters
Alhamad 2015 4 32 13 25 53% 0.24[0.09, 0.65] -
Subtotal (95% CI) 32 25 53%  0.24[0.09, 0.65] g
Total events 4 13
Heterogeneity: Not applicable
Test for overall effect: Z = 2.82 (P = 0.005)
Total (95% Cl) 649 640 100.0%  0.71[0.61, 0.82] ¢
Total events 194 271
e Chi2 = - - 2= 419 ' } + |
Heterogeneity: Chiz = 5.08, df =3 (P = 0.17); 2= 41% 0.01 01 1 10 100

Figure 6. Analysis of the 6-minute walking test distance (6MWD). The rate of change of the lowest oxygen saturation
(ASpO,) (A); The number of cases in 6(MWD is >50 or 30 meters shorter than the baseline (B).

2.37 (p = 0.02; Figure 7B). The RR of IPF-relat-
ed deaths in the pirfenidone group was reduced
by 50% during the trial period compared to the
placebo group.

Disease progression-free survival

Four studies®*%!? were included. As the het-
erogeneity test demonstrated large heterogeneity
(P =75%, p = 0.003) a random effect model was

Test for overall effect: Z = 2.37 (P = 0.02)

Favours [experimental] Favours [control]

A Pirfenidone placebo Risk Ratio Risk Ratio

Study or Subgrou Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed. 95% CI

Alhamad 2015 0 33 1 25 0.8% 0.25[0.01, 6.01]

ASCEND 2014 11 278 20 277  92% 0.55[0.27, 1.12] i

Azuma 2005 0 72 1 35 0.9% 0.16 [0.01, 3.94]

CAPACITY004&006 2011 19 345 29 347 13.2% 0.66 [0.38, 1.15] T

Gahl 2002 3 11 3 10 1.4% 0.91[0.24, 3.51] - 1

Huang Hui 2015 2 38 2 38 0.9% 1.00 [0.15, 6.74]

O'Brien 2011 2 23 1 12 0.6% 1.04 [0.10, 10.37]

Taniguchi 2010 3 108 4 104 1.9% 0.7210.17, 3.15] —

Yan Yongji 2018 1 47 1 47 05%  1.00[0.06, 15.52]

Zurkova 2019 101 383 121 218 70.6% 0.48 [0.39, 0.58] [ |

Total (95% CI) 1338 1113 100.0% 0.52[0.43, 0.63] *

Total events 142 183

Heterogeneity: Chi? = 4.06, df = 9 (P = 0.91); I? = 0% ‘0_0 p o p : 1‘0 p 00‘

Test for overall effect: Z = 6.88 (P < 0.00001) Favours [experimental] Favours [control]
B Pirfenidone placebo Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% Cl M-H, Fixed. 95% CI

ASCEND 2014 3 278 7 277 207% 0.43[0.11, 1.63] L

CAPACITY0048&006 2011 12 345 25 347 73.4% 0.48 [0.25, 0.95] ——

Huang Hui 2015 2 38 2 38 59% 1.00 [0.15, 6.74] ]

Total (95% CI) 661 662 100.0% 0.50 [0.28, 0.89] -

Total events 17 34

Heterogeneity: Chi? = 0.57, df = 2 (P = 0.75); I*= 0% ‘0_0 p of p ] 1‘0 p 00’

Figure 7. All-cause mortality analysis (A); IPF-related mortality analysis (B).
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used demonstrating a HR of 0.79 (95% CI =
0.56, 1.11) and a combined effect amount, Z, of
1.37 (p = 0.17; Figure 8), p > 0.05, there was no
significant difference in progression-free survival
between the two groups.

Safety analysis of pirfenidone
gastrointestinal adverse reactions

All nine studies*!*'2?! included adverse gas-
trointestinal reactions, including abdominal dis-
comfort, nausea, vomiting, indigestion, diarrhea,
and anorexia. CAPACITY 004 and CAPACITY
006 were merged into CAPACITY 004 & 006
2011 in this analysis. A total of 4,777 patients in
the pirfenidone group and 4565 patients in the
placebo group were tested. As the heterogeneity
of each study was large (P = 47%, p = 0.002), a
random effect model was used to demonstrate
that a combined RR was 2.02 (95% CI = 1.69,
2.41), with a combined effect size, Z, of 7.85 (p <
0.00001; Figure 9). The incidence of gastrointes-
tinal-related adverse reactions was significantly
higher in the pirfenidone group compared to the
placebo group.

AdVverse skin reactions

Adverse skin reactions were reported in nine
included studies*!'*!22!, most of which are pho-
tosensitivity and rash. CACAPITY 004 and CA-
PACITY 006 were merged into CAPACITY 004
& 006 2011 in this analysis comprising a total of
1835 patients in the pirfenidone group and 1765
patients in the placebo group. As the heterogene-
ity was small (22 = 27%, p = 0.16), a fixed effect
model was used demonstrating a combined RR of
2.99 (95% CIl =2.47, 3.62) and a combined effect
amount, Z, of 11.24 (p < 0.00001; Figure 10).
The incidence of skin-related adverse reactions
(including photosensitivity and rash) was signifi-
cantly higher in the pirfenidone group compared
to the placebo group.

Nervous system adverse reactions

Seven included studies*!'* reported neurolog-
ical adverse effects including dizziness, fatigue,
insomnia, and lethargy. CACAPITY 004 and
CAPACITY 006 were merged into CAPACITY
004 & 006 2011 in this analysis comprising 2292
patients in the pirfenidone group and 2167 pa-
tients in the placebo group. As heterogeneity was
small (2 = 0%, p = 0.79), a fixed effect model was
used demonstrating a combined RR of 1.57, 95%
CI (1.33, 1.84), and the combined effect amount Z
=545 (p < 0.00001) (Figure 11). The incidence
of neurological-related adverse reactions in the
pirfenidone group was significantly higher than
in the placebo group.

Incidence of upper respiratory
tract infections

Upper respiratory tract infections were report-
ed in five included studies*>*12 comprising 509
patients in the pirfenidone group and 468 patients
in the placebo group. As heterogeneity was small
(P = 37%, p = 0.17), a fixed effect model was
used demonstrating a combined RR of 1.02 (95%
CI = 0.76, 1.36) and a combined effect amount,
Z, of 0.12 (p = 0.90; Figure 12A). There was no
significant difference in the incidence of upper
respiratory tract infections between the pirfeni-
done group and the placebo group.

Incidence of liver dysfunction

All seven included studies®!*!? reported liver
dysfunction, typically mild elevation of trans-
aminases. CACAPITY 004 and CAPACITY 006
were merged into CAPACITY 004 & 006 2011
in this analysis comprising 899 patients in the
pirfenidone group and 842 patients in the pla-
cebo group. As heterogeneity was small (7 =
0%, p = 0.46), a fixed effect model was used
demonstrating a combined RR of 2.45 (95% CI
=1.62, 3.70) and a combined effect amount, Z, of

Study or Subgroup

Test for overall effect: Z=1.37 (P =0.17)

Hazard Ratio
log[Hazard Ratio] SE_Weight IV, Random, 95% ClI

ASCEND 2014 056 015 22.8% 0.57 [0.43, 0.77] -
CAPACITY004 2011 044 02 202% 0.64 [0.44, 0.95] —]
CAPACITY006 2011 017 019 20.7% 0.84 [0.58, 1.22]

Huang Hui 2015 0.6321 0.2776 16.2% 1.88[1.09, 3.24] —
Taniguchi 2010 045 02 202% 0.64 [0.43, 0.94] —

Total (95% Cl) 100.0%

0.79 [0.56, 1.11]
Heterogeneity: Tau? = 0.11; Chi* = 15.73, df = 4 (P = 0.003); I* = 75% f

Hazard Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Figure 8. Analysis of disease progression-free survival.
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Pirfenidone placebo Risk Ratio Risk Ratio
r r Even Total Events Total Weight M-H. Random. 95% CI M-H. Random, 95% ClI
2.1.1 abdominal discomfort
Alhamad 2015 9 33 5 25 25% 1.36 [0.52, 3.57] ]
ASCEND 2014 33 278 18 277  4.9% 1.83[1.05, 3.17] D
Azuma 2005 22 73 3 36 1.9% 3.62[1.16, 11.29] -
CAPACITY0048&006 2011 88 345 38 347 6.9% 2.33[1.64,3.31] -
Gahl 2002 7 11 6 10  3.9% 1.06 [0.54, 2.08] -
Huang Hui 2015 9 38 2 38 1.2% 4.50 [1.04, 19.47] -
O'Brien 2011 1 23 2 12 0.6% 0.26 [0.03, 2.59]
Taniguchi 2010 3 109 0 107 0.3% 6.87 [0.36, 131.48] »
Subtotal (95% CI) 910 852 22.2% 1.88[1.28, 2.75] >
Total events 172 74
Heterogeneity: Tau? = 0.10; Chi* = 11.08, df =7 (P = 0.14); I = 37%
Test for overall effect: Z = 3.22 (P = 0.001)
2.1.2 nausea
Alhamad 2015 5 33 4 25 1.7% 0.95[0.28, 3.17] -1
ASCEND 2014 100 278 37 2717 7.0% 2.69[1.92,3.78] -
Azuma 2005 16 73 2 36 1.3% 3.95[0.96, 16.24]
CAPACITY004&006 2011 125 345 60 347 7.7% 2.10[1.60, 2.74] -
Huang Hui 2015 2 38 2 38 0.8% 1.00 [0.15, 6.74]
O'Brien 2011 4 23 1 12 0.7% 2.09 [0.26, 16.66] -
Wang Fenli 2019 2 55 1 55  0.5% 2.00[0.19, 21.42]
Subtotal (95% CI) 845 790  19.7% 2.25[1.84, 2.76] L 2
Total events 254 107
Heterogeneity: Tau? = 0.00; Chi? = 4.65, df = 6 (P = 0.59); I = 0%
Test for overall effect: Z = 7.85 (P < 0.00001)
2.1.3 vomiting
ASCEND 2014 36 278 24 277 54% 1.49[0.92, 2.44] _'_
Azuma 2005 1 73 0 36 0.3% 1.50 [0.06, 35.93]
CAPACITY0048&006 2011 47 345 15 347 4.8% 3.15[1.80, 5.53] -
O'Brien 2011 0 23 2 12 0.3% 0.11[0.01,2.09] *
Wang Fenli 2019 1 55 0 55  0.3% 3.00[0.12, 72.08]
Subtotal (95% CI) 774 727 11.2% 1.83[0.90, 3.73] -
Total events 85 41
Heterogeneity: Tau? = 0.24; Chiz2 = 7.70, df = 4 (P = 0.10); I = 48%
Test for overall effect: Z = 1.67 (P = 0.10)
2.1.4 indigestion
ASCEND 2014 49 278 17 277 51% 2.87[1.70, 4.86] -
CAPACITY0048&006 2011 66 345 26 347 6.0% 2.55[1.66, 3.92] D
Subtotal (95% CI) 623 624 11.1% 2.68 [1.92, 3.73] <&
Total events 115 43
Heterogeneity: Tau? = 0.00; Chiz2 = 0.12, df = 1 (P = 0.73); I? = 0%
Test for overall effect: Z =5.81 (P < 0.00001)
2.1.5 diarrhea
Alhamad 2015 3 33 0 25 0.3% 5.35[0.29, 99.14]
ASCEND 2014 62 278 60 277 7.2% 1.03[0.75, 1.41] T
CAPACITY004&006 2011 99 345 67 347 7.7% 1.49[1.13, 1.95] -
Huang Hui 2015 3 38 0 38 0.3% 7.00[0.37, 131.06] >
Subtotal (95% CI) 694 687 15.6% 1.31[0.91, 1.88] <
Total events 167 127
Heterogeneity: Tau? = 0.05; Chi2 = 5.25, df = 3 (P = 0.15); 12 = 43%
Test for overall effect: Z = 1.45 (P = 0.15)
2.1.6 anorexia
Alhamad 2015 19 33 10 25  4.8% 1.44[0.82, 2.53] T
ASCEND 2014 44 278 18 277  51% 244 [1.44,411] D
Azuma 2005 23 73 3 36 1.9% 3.78[1.22, 11.76] -
CAPACITY004&006 2011 67 345 23 347 58% 2.93[1.87,4.59] -
Huang Hui 2015 1 38 1 38 0.4% 1.00 [0.06, 15.41]
Taniguchi 2010 18 109 3 107 1.8% 5.89[1.79, 19.41] -
Wang Fenli 2019 1 55 1 55  0.4% 1.00 [0.06, 15.59]
Subtotal (95% CI) 931 885 20.2% 2.45[1.73, 3.47] L 4
Total events 173 59
Heterogeneity: Tau? = 0.05; Chi? = 7.88, df = 6 (P = 0.25); I = 24%
Test for overall effect: Z = 5.04 (P < 0.00001)
Total (95% Cl) 4777 4565 100.0% 2.02[1.69, 2.41] 2
Total events 966 451
Heterogeneity: Tau? = 0.09; Chi? = 60.46, df = 32 (P = 0.002); I = 47% ‘0_0 p of p ; 1’0 ] 00‘

Test for overall effect: Z = 7.85 (P < 0.00001)

3 . Favours [experimental] Favours [control]
Test for subaroup differences: Chiz = 10.18. df = 5 (P = 0.07). I = 50.9%

Figure 9. Analysis of gastrointestinal adverse reactions (abdominal discomfort, nausea, vomiting, indigestion, diarrhea,
anorexia).
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Pirfenidone placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H, Fixed, 95% CI
2.2.1 photosensitivity
Alhamad 2015 7 33 0 25 0.5% 11.47[0.69, 191.83] )
Azuma 2005 32 73 0 36 0.5% 32.50[2.05,516.08] [
CAPACITY0048&006 2011 42 345 6 347 49%  7.04[3.03, 16.35] -
Gahl 2002 1 11 0 10 04%  2.75[0.12, 60.70]
O'Brien 2011 2 23 0 12 05%  2.71[0.14, 52.29]
Taniguchi 2010 56 109 24 107 19.9% 2.29[1.54,3.41] B
Subtotal (95% CI) 594 537 26.8% 3.95[2.76, 5.67] <&
Total events 140 30
Heterogeneity: Chi? = 11.97, df = 5 (P = 0.04); 1> = 58%
Test for overall effect: Z = 7.47 (P < 0.00001)
2.2.2 rash
ASCEND 2014 78 278 24 277 19.8% 3.24[2.11, 4.96] —
CAPACITY0048&006 2011 111 345 40 347 32.8% 2.79[2.01, 3.88] -
Huang Hui 2015 15 38 5 38  4.1% 3.00[1.21, 7.43] -
O'Brien 2011 3 23 3 12 32% 0.52[0.12, 2.20] - 1
Taniguchi 2010 1 108 0 104 04% 289][0.12,70.15]
Wang Fenli 2019 1 55 0 55 0.4%  3.00[0.12, 72.08]
Subtotal (95% CI) 847 833 60.8% 2.83[2.22, 3.61] L 2
Total events 209 72
Heterogeneity: Chi? = 5.70, df = 5 (P = 0.34); 1= 12%
Test for overall effect: Z = 8.38 (P < 0.00001)
2.2.3 pruritus
CAPACITY0048&006 2011 22 345 14 347 11.5% 1.58 [0.82, 3.04] T
Gahl 2002 1 11 0 10 04%  2.75[0.12, 60.70]
Huang Hui 2015 1 38 0 38 04%  3.00[0.13,71.40]
Subtotal (95% CI) 394 395 12.3% 1.67 [0.89, 3.12] -
Total events 24 14
Heterogeneity: Chi? = 0.26, df =2 (P = 0.88); I = 0%
Test for overall effect: Z=1.61 (P =0.11)
Total (95% CI) 1835 1765 100.0% 2.99 [2.47, 3.62]  J
Total events 373 116
Heterogeneity: Chiz = 19.05, df = 14 (P = 0.16); I = 27% ‘0‘ o1 oi ] ] 1‘0 p 00‘
iestioroverall ef‘fef:t: Z=11.24 (F <0.00001) Favours [experimental] Favours [control]
Test for subaroup differences: Chi? = 5.84. df = 2 (P = 0.05). 12 = 65.7%

Figure 10. Analysis of skin adverse reactions (photosensitivity, rash, pruritus).

4.24 (p < 0.0001; Figure 12B). The incidence of
liver dysfunction was significantly higher in the
pirfenidone group compared with the placebo

group.

Discussion

The Efficacy of Pirfenidone in
the Treatment of Idiopathic
Pulmonary Fibrosis

Idiopathic pulmonary fibrosis is a chronic pro-
gressive disease with an unclear pathogenesis.
There are currently no specific therapeutic drugs.
Several studies™'****' have indicated that pir-
fenidone may reduce the rate of decline in lung
function and delay the progression of idiopathic
pulmonary fibrosis. In 2002, Gahl et al* reported
a lower annual decline in FVC with pirfenidone
compared to placebo indicating pirfenidone may
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slow the rate of lung function decline in patients
with HPS-related pulmonary fibrosis.

Azuma et al’> conducted a randomized, dou-
ble-blind, placebo-controlled, phase II clinical
trial of pirfenidone for IPF in Japan in 2005
demonstrating higher blood oxygen saturations
at 6 and 9 months following pirfenidone treat-
ment. Further, decline in VC and the incidence
of acute exacerbations were significantly lower
in the pirfenidone group compared to the pla-
cebo group. Taniguchi et al® conducted a phase
IIT clinical study in 267 IPF patients, reporting
a significantly reduced decrease in FVC and im-
proved progression-free survival after 52 weeks
of pirfenidone treatment compared with placebo.
O’Brien et al’ reported no statistical difference in
rate of FVC decline with pirfenidone compared
to placebo, indicating pirfenidone is unable to
delay the progression of HPS-1 and type 4 related
pulmonary fibrosis.
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Pirfenidone placebo

Study or Subgrou, Events Total Events Total Weight
2.3.1 dizziness

ASCEND 2014 49 278 36 277 17.6%
CAPACITY004&006 2011 63 345 35 347 17.0%
Gahl 2002 3 11 0 10 0.3%
O'Brien 2011 1 23 0 12 0.3%
Taniguchi 2010 8 109 1 107 0.5%
Subtotal (95% Cl) 766 753  35.7%
Total events 124 72

Heterogeneity: Chi? = 4.30, df =4 (P = 0.37); P=7%
Test for overall effect: Z = 3.87 (P = 0.0001)

2.3.2 fatigue

Alhamad 2015 21 33 13 25  7.2%
ASCEND 2014 58 278 48 277 23.5%
Azuma 2005 16 73 1 36 0.7%
CAPACITY004&006 2011 24 345 13 347  6.3%
Gahl 2002 4 11 3 10  1.5%
O'Brien 2011 2 23 0 12 0.3%
Subtotal (95% Cl) 763 707  39.5%
Total events 125 78

Heterogeneity: Chi? = 5.15, df = 5 (P = 0.40); I?=3%
Test for overall effect: Z = 2.79 (P = 0.005)

2.3.3 insomnia

Alhamad 2015 1 33 0 25 0.3%
ASCEND 2014 31 278 18 277  8.8%
CAPACITY004&006 2011 34 345 23 347 11.2%
Subtotal (95% Cl) 656 649  20.3%
Total events 66 41

Heterogeneity: Chi2 = 0.19, df =2 (P = 0.91); 2= 0%
Test for overall effect: Z = 2.47 (P = 0.01)

2.3.4 drowsiness

Azuma 2005 17 73 6 36 3.9%
Gahl 2002 1 11 0 10  0.3%
O'Brien 2011 2 23 0 12 0.3%
Subtotal (95% Cl) 107 58 4.5%
Total events 20 6

Heterogeneity: Chi? = 0.33, df = 2 (P = 0.85); I?=0%

Test for overall effect: Z=1.13 (P = 0.26)

Total (95% CI) 2292 2167 100.0%

Total events 335 197
Heterogeneity: Chi? = 11.38, df = 16 (P = 0.79); I = 0%

Test for overall effect: Z = 5.45 (P < 0.00001)

Test for subaroup differences: Chi? = 0.83. df = 3 (P = 0.84). 2= 0%

Risk Ratio Risk Ratio
M-H. Fixed. 95% Cl M-H. Fixed. 95% Cl
1.36 [0.91, 2.02] .
1.81[1.23, 2.66] -
6.42[0.37, 110.71] »
1.63[0.07, 37.12]
7.85[1.00, 61.72]
1.70 [1.30, 2.23] L 2
1.22[0.78, 1.93] N
1.20 [0.85, 1.70] ™
7.89[1.09, 57.17]
1.86 [0.96, 3.59] —
1.21[0.36, 4.14] — T
2.71[0.14, 52.29]
1.44 [1.11, 1.85] <
2.29[0.10, 54.05]
1.721[0.98, 2.99] —
1.49[0.89, 2.47] D
1.60 [1.10, 2.32] <&
1.40 [0.60, 3.24] R
2.75[0.12, 60.70]
2.71[0.14, 52.29]
1.57 [0.72, 3.42] L
1.57 [1.33, 1.84] ¢
0.01 0.1 1 10 100
Favours [experimental] Favours [control]

Figure 11. Analysis of neurological adverse reactions (dizziness, fatigue, insomnia, drowsiness).

Two pirfenidone III clinical trials (CAPAC-
ITY 004 and 006) were conducted in 110 cen-
ters in Australia, Europe, and North America
comprising 435 and 344 patients with mild to
moderate IPF treated for 72 weeks. CAPACITY
004 demonstrated reduced decreases in FVC as
a percentage of the predicted value with pirfeni-
done compared to placebo; however, CAPAC-
ITY 006 failed to reach the primary endpoint
and did not observe a significant difference in
FVC reductions®. Due to the differing results
between the two studies, the ASCEND study
was conducted in order to further clarify the
effectiveness and safety of pirfenidone in the
treatment of IPF. The study included 555 pa-
tients with IPF and demonstrated pirfenidone for
52 weeks can significantly delay FVC decline,

reduce 6 MWD shortening, and increase disease
progression-free survival (p<0.001)°.

Alhamad et al'® conducted a study of pirfeni-
done in Saudi Arabia comprising 58 patients
with IPF. This study reported patients in the pir-
fenidone group were less likely to shorten their
6-minute walking distance (p = 0.001). Zurkova
et al'! conducted a real-world cohort study of 601
IPF patients in the Czech Republic reported in-
creased 5-year overall and disease-free survival
in the pirfenidone group compared to the pla-
cebo group. Hui et al'? conducted a randomized,
double-blind, placebo-controlled phase II clin-
ical trial of pirfenidone treatment for 21 weeks
and demonstrated reduced declines in FVC and
ASpO2 during the 6-minute walk test with pir-
fenidone compared to control. Huiping et al"
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A Pirfenidone placebo
Study or Subgrou Events Total Events Total Weight
ASCEND 2014 61 278 56 277 77.0%
Azuma 2005 12 73 3 36 55%
Gahl 2002 3 11 3 10 4.3%
Huang Hui 2015 1 38 0 38  0.7%
Taniguchi 2010 1 109 9 107 12.5%
Total (95% ClI) 509 468 100.0%

Total events 78 71
Heterogeneity: Chi = 6.36, df =4 (P =0.17); I?=37%
Test for overall effect: Z=0.12 (P = 0.90)

Test for overall effect: Z = 4.24 (P < 0.0001)

Risk Ratio
M-H. Fixed, 95%

1.09 [0.79, 1.50]
1.97 [0.59, 6.55]
0.91[0.24, 3.51]
3.00 [0.13, 71.40]
0.11[0.01, 0.85]

1.02[0.76, 1.36]

Risk Ratio
M-H. Fixed, 95% CI

0.002 0.1
Favours [experimental]

t

10 500
Favours [control]

B Pirfenidone placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI
Alhamad 2015 1 33 0 25 20% 2.29[0.10, 54.05]
ASCEND 2014 8 278 2 277 72%  3.99[0.85, 18.60] b
Azuma 2005 25 73 9 36 43.3% 1.37[0.72, 2.62] T
CAPACITY004&006 2011 14 345 2 347 72% 7.04[1.61,30.75]
Huang Hui 2015 2 38 0 38 1.8% 5.00[0.25, 100.80] >
O'Brien 2011 1 23 0 12 2.3% 1.63[0.07, 37.12]
Taniguchi 2010 25 109 10 107 36.2% 2.45[1.24, 4.86] —
Total (95% Cl) 899 842 100.0% 2.45[1.62, 3.70] L
Total events 76 23
Heterogeneity: Chi? = 5.71, df = 6 (P = 0.46); I = 0% ‘0'0 ” Of 1 ; 1‘0 , Oo’

Favours [experimental] Favours [control]

Figure 12. Analysis of other side effects. The incidence of upper respiratory infections (A); The incidence of abnormal liver

function (B).

conducted a further multi-center, randomized,
double-blind, placebo-controlled phase II clinical
trial reporting statistically significant differences
in changes in FVC, Forced Expiratory Volume In
Is (FEV)), and walking distance in the 6-minute
walk test. A real-world study indicate pirfenidone
can only delay decline in lung function during
the first six months of treatment'. A 48-week
controlled study showed that pirfenidone did not
delay the decline of FEV . However, another
study'® showed the pulmonary function of pa-
tients treated with pirfenidone remained largely
stable over up to 24 months of follow-up.

Our systematic review and meta-analysis
demonstrate that although pirfenidone was
failed to significantly delay the decline of FEV ,
it was associated with lower reductions in FVC,
lower reductions in 6-minute walking test dis-
tance, lower decreases in minimum oxygen
saturation during the 6-minute walking test,
lower all-cause death, lower RR of IPF-related
death and increased progression-free survival
compared to placebo. Evidence-based medicine
guidelines for the treatment of IPF updated in
2015 conditionally recommend oral pirfeni-
done and nidanib treatment for IPF patients
with mild to moderate pulmonary dysfunction'.
Real-world studies'” have demonstrated pirfeni-
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done can reduce cough symptoms and improve
quality of life among patients with severe IPF.
However, there is currently a lack of studies
of pirfenidone in patients with severe pulmo-
nary dysfunction in IPF. Further large-scale,
multi-center studies are required to determine
whether pirfenidone can delay the progression
of lung function, prolong progression-free sur-
vival, and reduce mortality.

The Safety of Pirfenidone in
the Treatment of Pulmonary Fibrosis

The present systematic review and meta-analy-
sis demonstrates the incidence of gastrointestinal,
skin, nervous system and liver function-related
adverse reactions is increased with pirfenidone.
However, studies>'®2! have found pirfenidone is
well-tolerated by the majority of patients with IPF
and common gastrointestinal, skin, nervous sys-
tem, and liver function-related adverse reactions
are typically reversible and of mild to moderate
severity, of which a decreased appetite and a
photosensitivity reaction were the most frequent
ones. Recommendations to reduce the adverse re-
actions of pirfenidone include a stepwise increase
in drug dose and administration with meals to
protect the skin and avoid rapid absorption lead-
ing to supratherapeutic levels®.
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Limitations

The present study has certain limitations. First,
our search criteria may not have identified all rel-
evant studies. For example, some studies may not
be published in the searched database. Second,
the research subjects included in this meta-anal-
ysis are limited to patients with HPS-related
pulmonary fibrosis and IPF, and there is a lack
of randomized controlled trials of other types
of pulmonary fibrosis using pirfenidone. Fur-
thermore, ILD encompasses many heterogeneous
diseases with differing pathophysiology, patho-
genesis, and treatments. Third, disease severity
may differ between studies. The included studies
include patients with idiopathic pulmonary fibro-
sis with mild and moderate pulmonary dysfunc-
tion, without stratification, and lack patients with
severe and very severe pulmonary dysfunction.
Fourth, heterogeneity was observed in some stud-
ies, which is related to the differences in the in-
clusion criteria, exclusion criteria, duration of the
study, and time nodes for the selection of obser-
vation indicators. We searched relevant domestic
and foreign literature, included multiple random-
ized controlled trial (RCT) studies, real-world
research data, and some studies from developing
countries, and found that the efficacy and safety
of pirfenidone was similar to the results of previ-
ous systematic reviews??4,

Conclusions

Pirfenidone delays the progression of HPS-re-
lated pulmonary fibrosis and IPF as measured
by FVC, PFES, 6-minute walk test, and all-cause
mortality. The majority of study subjects tolerate
pirfenidone well, with most common side effects
being mild and related to the gastrointestinal
tract, skin, nervous system or liver function in-
dicating pirfenidone is generally safe and side
effects are acceptable. Therefore, pirfenidone is
a suitable treatment option for patients with IPF.
Further multi-center, large sample, double-blind,
prospective randomized controlled trials are re-
quired to further define the safety profile and ef-
fects of pirfenidone on overall survival and lung
function in patients with IPF and other different
etiologies of pulmonary fibrosis.
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