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Pirfenidone in idiopathic pulmonary fibrosis

Editorial

Idiopathic pulmonary fibrosis (IPF) is a severe, chronic, irreversibly pro-
gressive fibrosing disease of the lungs, which leads to death in all patients 
affected and for which there is no effective treatment1,2. The most recent 
guidelines for the diagnosis and management of IPF conclude that there 
is no effective treatment and recommend avoidance of the use of steroids 
and immunosuppressants, which are commonly administered by physi-
cians, but that could be toxic for the lung parenchyma or predispose to 
severe infections1,3. Immunosuppression may be responsible for the most 
devastating of complications in the clinical course of IPF, which is the acute 
exacerbation of IPF,i.e., the development of acute lung injury and acute 
respiratory distress syndrome (RDS), presenting histologically as diffuse 
alveolar damage on the substrate of usual interstitial pneumonia (UIP)4.

Pirfenidone (5-methyl-1-phenyl-2-[1H]-pyridone, PFD) is a substance 
with proven antioxidant, anti-inflammatory and antifibrogenic proper-
ties. Its mechanism of action is by inhibition of tumour necrosis factor α 
(TNFα) and tumour growth factor β (TGFβ), through inhibition of collagen 
synthesis and release of reactive oxygen intermediates, and through activa-
tion of collagenases and matrix metalloproteinases5. PFD has been used 
successfully in animal models of fibrosis and thus appears promising for 
the treatment of IPF.

Raghu and coworkers published in 1999 the findings of the first phase 
II study of PFD in 54 patients with advanced IPF, which showed some 
encouraging results regarding control of the rate of decline of respiratory 
function and the degree of oxygenation6. In 2002 Nagai and coworkers 
published a similar study of 10 patients, 8 with IPF and 2 with UIP caused 
by systemic sclerosis7.

Azuma and coworkers reported in 2005 the first double blind, placebo 
controlled, phase II study of PFD in 107 patients with IPF8. The primary 
endpoint was defined as the lowest oxygen saturation by pulse oxymetry 
(SpO2) during a 6-minute exercise test (6MET). The study was aborted pre-
maturely because the Data Safety Monitoring Board (DSMB), in an interim 
analysis, found a significant difference in the incidence of acute exacerba-
tions between the PFD and placebo groups: 14% in the placebo group and 
none in the PFD group during the first 9 months of the study (p = 0.0031). In 
addition, at 9 months the difference in decline of vital capacity (VC) between 
the placebo group (-0.13 L) and the PFD group (-0.03 L) was statistically 
significant (p = 0.0366). Neither the other secondary endpoints nor the 
primary endpoint were validated. This study was criticized for its choice of 
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primary endpoint which is unvalidated and not of proven 
value in the assessment of IPF, and for the methodology 
that required the patients to perform a 6MET which is a 
non-standardized variant of the 6-minute walk test. 

Taniguchi and coworkers published in 2010 the first 
double blind, randomized, placebo controlled, phase III 
study of PFD in 275 patients with IPF9. The patients were 
divided into 3 groups, a high-dose and a low-dose PFD 
group, and a placebo group. The primary endpoint, which 
was the change in VC, was -0.16 L in the placebo group, 
-0.09 L in the high-dose PFD group (p = 0.0416) and -0.08 
L in the low-dose PFD group (p = 0.0394). Progression-free 
survival time (PFS), one of the secondary endpoints, was 
also validated between the high-dose and the placebo 
groups (p = 0.028). The rate of acute exacerbations was 
similar in all 3 groups. The major criticism of this study was 
the change of the prespecified primary endpoint, which 
had originally been decided to be the lowest SpO2 during 
a 6MET (as in the Azuma study)10. This change was recom-
mended by the DSMB while the trial was ongoing, after 
a discussion of blinded interim comparative data11. This 
means that the members of the DSMB had knowledge 
of whether there were significant differences between 
study groups with respect to the primary and secondary 
endpoints). In addition, the handling of the missing data 
by the authors (incomplete data were obtained for a full 
one-third of subjects) was by the method of last observa-
tion carried forward analysis, which may underestimate 
the true variability of the missing data and inflate the 
type 1 error rate (i.e., finding a statistically significant 
difference when a difference does not truly exist)11. In 
studies such as this, with a small treatment effect and 
marginal p-value, estimated significance may hinge on 
the method of statistical adjustment used.

In 2011 the findings of the most recent trials of the use 
of PFD in IPF were published. These were the CAPACITY 
trials, two concurrent, double blind, randomized trials, 
the 004 and the 006 trials12,13. The 004 trial involved 
435 patients with IPF randomized into high-dose PFD, 
low-dose PFD and placebo groups, while in the 004 trial 
344 patients with IPF were randomized into high-dose 
PFD and placebo groups. These two trials had the same 
design and endpoints and their data were analysed and 
presented both separately and pooled. The primary 
endpoint was the change in percentage predicted forced 
vital capacity (FVC). In the 004 trial the mean decline of 
percentage predicted FVC was 8% in the high-dose group 
and 12.4% in the placebo group (p= 0.001). In the 006 
trial there was no such significant difference between 

groups. In the pooled data a mean decline of percentage 
predicted FVC of 8.5% was observed in the combined 
high-dose group, while in the combined placebo group 
the decline was 11% (p= 0.005). Regarding the second-
ary endpoints that were validated, in the 004 trial there 
was a significant difference in the proportion of patients 
presenting a categorical change in FVC (>10% decline) 
between the high-dose group and the placebo group (p 
=0.001) and also in the PFS time (p = 0.023). In the 006 
trial no differences were observed, but in the pooled 
data the same differences were validated, with p-values 
of 0.003 and 0.025 respectively.

The trials of PFD in IPF reveal many of the meth-
odological issues faced by researchers. Some of these 
are very apparent, such as the choice of an unvalidated 
primary endpoint in the study of Azuma, and the change 
of the primary endpoint in the study of Taniguchi while 
the study was ongoing and after analysis of some of the 
data8,9. In the CAPACITY trials the choice of the change 
of FVC as a primary endpoint appears to be logical and 
it was well justified by many studies that have shown a 
strong relationship between the decline of VC and both 
the decline of lung function and the prognosis of IPF14. A 
decline of more than 10% in VC is commonly considered 
to indicate progression of IPF, but more recent data sug-
gest that even a decline of 5-10% should be regarded 
as a progression of the disease15,16. The CAPACITY trials 
showed a statistically significant difference in the change 
of FVC between PFD and placebo group (4.4% and 2.5%, 
respectively) which should not, however, be considered 
as clinically significant17,18. Moreover, the 8% decline of 
FVC in the high-dose PFD group of the 004 trial does not 
surpass the threshold of the minimal clinically important 
difference of either 10% or 5% as described above and 
cannot possibly be interpreted as evidence of the clinical 
effectiveness of PFD17,18.

It is obvious that no convincing data in support of the 
use of PFD in IPF have yet been documented, and it is 
quite peculiar that the Japanese and European authorities 
have approved PFD, in contrast with the US Federal Drug 
Administration (FDA). The cardinal sin in all IPF studies 
is the obsession with marginal statistical significances 
of parameters that sometimes are not even validated 
endpoints for IPF, instead of using the only reliable and 
universally acceptable endpoint, which is the overall 
mortality19-21. It is our belief that a truly effective treatment 
for IPF should prolong the duration of life of patients with 
IPF, rather than merely attenuating the rate of decline 
of certain parameters of doubtful clinical significance. 
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If this is difficult to achieve for a disease such as IPF that 
has a short median survival and low prevalence, then 
we should be very careful not to confuse statistical with 
clinical significance22.
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