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of percent predicted forced vital capacity after treatment 
start (0.7 ± 10.9%) compared to the pretreatment period 
(6.6 ± 6.7%, p = 0.098). Sixty-two percent of the patients had 
stable disease on pirfenidone treatment. Adverse events af-
fected 85% of the patients, leading to discontinuation of pir-
fenidone in 20%. Adverse events and treatment discontinu-
ation were seen more frequently in patients with concomi-
tant CCS and/or NAC treatment.  Conclusions:  Adverse events 
affect the majority of patients treated with pirfenidone, but 
are mostly manageable with supportive measures. In this 
heterogeneous patient group, a nonsignificant effect of pir-
fenidone treatment on pulmonary function was seen, under-
lining the need for more data on patient selection criteria 
and efficacy of pirfenidone, particularly in patients with co-
existent emphysema and concomitant NAC/CCS treatment. 

 © 2014 S. Karger AG, Basel 

 Introduction 

 Idiopathic pulmonary fibrosis (IPF) is a chronic dis-
ease that ultimately leads to death by causing progressive 
decline of lung function. It is the most common disease 
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 Abstract 

  Background:  Pirfenidone is a novel antifibrotic drug for the 
treatment of mild-to-moderate idiopathic pulmonary fibro-
sis (IPF). However, adverse events may offset treatment ben-
efits and compliance.  Objectives:  To assess recent course of 
disease, adverse events and compliance in patients who 
started pirfenidone.  Methods:  In an observational cohort 
study, 63 patients with mild-to-moderate IPF who started 
pirfenidone between May 2011 and June 2013 were re-
viewed. Pulmonary function, adverse events and treatment 
compliance were recorded at each clinic visit. Disease pro-
gression was defined as a reduction of vital capacity  ≥ 10% 
and/or diffusion capacity (DLCO)  ≥ 15%. Results: Follow-up 
time on pirfenidone treatment was 11 (±7) months. Sixty-six 
percent of the patients continued with pirfenidone mono-
therapy and 34% of the patients received pirfenidone com-
bined with corticosteroids (CCS) and/or N-acetylcysteine 
(NAC). There was a nonsignificant reduction in mean decline 
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among the idiopathic interstitial pneumonias and carries 
the worst prognosis with a median survival of only 2–3 
years  [1] . The estimated prevalence of IPF in the Western 
world ranges between 2 and 40/100,000  [2] . Men in their 
6th or 7th decade of life are predominantly affected. The 
etiology of the disease is largely unknown, but ample evi-
dence suggests that an initial insult to the alveolar epithe-
lium sets off a complex cascade of repair mechanisms 
which ultimately results in abundant deposition of extra-
cellular matrix within the pulmonary interstitium  [3, 4] .

  Numerous trials with immunomodulatory and immu-
nosuppressive drugs have been carried out in the past in 
order to identify an effective treatment that can stop the 
progressive course of the disease  [5] . Until recently, how-
ever, no effective pharmacological intervention was avail-
able. Pirfenidone is a novel antifibrotic agent that has re-
cently been licensed by the European authorities for the 
treatment of mild-to-moderate IPF. It is the first sub-
stance with proven clinical efficacy in the treatment of 
IPF  [6] . In vitro and in vivo studies have shown that pir-
fenidone exhibits anti-inflammatory and antifibrotic 
properties by inhibiting fibroblast proliferation, inflam-
matory cell accumulation, and profibrotic and proin-
flammatory cytokine production, and by reducing extra-
cellular matrix deposition  [7, 8] . Various clinical trials 
including one phase II and three phase III trials have 
shown a clinically meaningful effect of pirfenidone on 
markers of disease progression such as forced vital capac-
ity (FVC) decline, progression-free survival and distance 
in the 6-min walk test  [9–11] . A Cochrane meta-analysis 
on the cumulative data of these phase II and III trials in-
volving a total of 1,155 patients showed that pirfenidone 
slows down the decline of FVC and reduces the risk of 
disease progression by 30%  [12] . Consequently, pirfeni-
done was given a weak positive treatment recommenda-
tion in the German guideline for the diagnosis and man-
agement of IPF  [13] . In addition, the British National In-
stitute for Health and Care Excellence (NICE) approved 
pirfenidone as a treatment option for mild-to-moderate 
IPF in a recent technology appraisal guidance  [14] . How-
ever, support in favor of pirfenidone is not unanimous, in 
part due to an inconsistency in the primary endpoint re-
sults of two large clinical trials, while in a pooled analysis 
a significant treatment effect for pirfenidone versus pla-
cebo was observed  [11, 15, 16] . In addition, there is the 
perception that a rather modest treatment benefit comes 
at the cost of significant adverse events which are experi-
enced by a considerable proportion of patients and which 
may affect treatment compliance  [17] . In view of the data 
available at that time, pirfenidone was given a weak nega-

tive recommendation by the consensus statement of the 
ATS/ERS/JRS/ALAT on the diagnoses and management 
of IPF  [1] . The ongoing ASCEND trial is expected to pro-
vide further valuable information on the safety and effi-
cacy profile of pirfenidone.

  As a tertiary referral center for interstitial lung diseas-
es (ILDs), we have treated patients with mild-to-moder-
ate IPF with pirfenidone since its German approval in 
2011. The aim of this study was to evaluate drug tolerabil-
ity, treatment compliance and efficacy in patients treated 
with pirfenidone outside the tightly controlled conditions 
of a clinical trial.

  Methods 

 Patients 
 Clinical records of all patients with mild-to-moderate IPF who 

were treated with pirfenidone in our ILD center between May 2011 
and June 2013 were analyzed retrospectively. Prior approval from 
the local ethics committee was obtained. At first presentation in 
our ILD outpatient clinic, a full medical history including smoking 
history, occupational and drug history, comorbidities, oxygen re-
quirements and previous IPF-specific treatment was recorded. In 
addition, a clinical examination, laboratory tests, full pulmonary 
function testing and arterial blood gas sampling were performed. 
A thin-section multislice computed tomography (MSCT) of the 
lungs was performed on all patients as part of the routine diagnos-
tic workup in suspected interstitial lung disease. No patient re-
ceived additional MSCT for the purpose of the study. Pulmonary 
function tests included body plethysmography with FVC, forced 
expiratory volume in 1 s (FEV 1 ), total lung capacity (TLC) in ad-
dition to carbon monoxide diffusion capacity of the lung (DLCO).

  IPF was diagnosed according to the consensus statement of the 
ATS/ERS/JRS/ALAT on the diagnosis and management of IPF 
which includes the following criteria: (1) exclusion of other known 
causes of ILD, (2) the presence of a UIP pattern on MSCT in patients 
not subjected to surgical lung biopsy (SLB) and (3) specific combi-
nations of MSCT and SLB patterns in patients subjected to SLB  [1] .

  Every patient was reviewed individually, including medical his-
tory, comorbidities, radiological findings and serological markers, 
in our weekly multidisciplinary ILD (pulmonology, radiology and 
pathology) board, and pirfenidone treatment was started only after 
a consensual decision was achieved. Initially (from May 2011 to 
mid-September 2011), patients received pirfenidone within a 
named patient access program that was set up as an interim solu-
tion to facilitate access to therapy as pirfenidone was not yet com-
mercially available after its approval by the European authorities.

  Pirfenidone treatment was started according to the manufac-
turer’s instructions by increasing the dose gradually over a 2-week 
period from 801 mg daily to 2,403 mg daily divided into 3 doses. 
Subsequently, patients followed standard care in our ILD depart-
ment, which includes regular follow-up clinic visits at 1- to 
3-month intervals with liver function monitoring, full pulmonary 
function testing and arterial blood gas sampling. In addition, treat-
ment-related adverse events and treatment compliance were re-
corded at each clinic visit.
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  Data Evaluation and Statistical Analysis 
 Patients had to have >3 months of follow-up in order to be in-

cluded in the analysis of pulmonary function data. Patients lost to 
follow-up after the initial presentation were not included in the 
evaluation of treatment-related adverse events, compliance and 
lung function data. Disease progression was defined as a reduction 
of FVC  ≥ 10% predicted and/or diffusion capacity (DLCO)  ≥ 15% 
predicted  [1, 18] . Normal data distribution was tested using the 
Shapiro-Wilk normality test, and data are presented as means ± 
SD unless stated otherwise. A paired t test was used to compare 
pulmonary function data before and after the start of treatment. 
p < 0.05 was considered statistically significant. GraphPad Prism 6 
software (San Diego, Calif., USA) was used for statistical analysis.

  Results 

 Patient Characteristics 
 Demographic data, comorbidities, diagnostic criteria 

and pulmonary function data of the study population (n = 
63) are shown in  table 1 . Patients were mostly in their 7th 
or 8th decade of life when pirfenidone treatment was start-
ed. The majority of patients were male (n = 47, 75%) and 
ex-smokers (n = 40, 64%). Comorbidities were frequent 
with a predominance of cardiovascular diseases. In addi-
tion to MSCT, more than half of the patients (n = 34, 54%) 
had SLBs as part of their diagnostic workup. Fifteen of the 
34 (44%) patients who underwent SLB had a definitive UIP 
pattern on MSCT, but were diagnosed before the release 
of the 2011 ATS/ERS/JRS/ALAT consensus statement and 
underwent diagnostic procedures according to the previ-
ous statement  [19] . The mean time from diagnosis to ini-
tiation of pirfenidone treatment was 21 (±24) months. Pul-
monary function of the study population was restrictive 
with moderate reduction of diffusion capacity.

  Thirty-eight (60%) patients had a trial of immunosup-
pressive or anti-inflammatory treatment before starting 
pirfenidone treatment ( table  2 ). Combined treatment 
with corticosteroids (CCS) and N-acetylcysteine (NAC) 
was the most common (n = 14, 22%) treatment followed 
by single use of NAC (n = 10, 16%) or CCS (n = 8, 12%) 
and triple therapy including azathioprine, CCS and NAC 
(n = 6, 10%). Two patients (3%) had participated in the 
ARTEMIS trial  [20] . Once started on pirfenidone, the 
majority of patients (n = 40, 66%) continued on pirfeni-
done as monotherapy. The remaining patients were treat-
ed concomitantly with NAC (n = 12, 19%), CCS (n = 4, 
7%) or a combination of both (n = 5, 8%;  table 2 ). Patients 
on pirfenidone monotherapy had a higher percent pre-
dicted FVC and DLCO at baseline compared to patients 
on combined pirfenidone treatment (FVC 74 ± 22% vs. 
64 ± 11%, DLCO 43 ± 15% vs. 35 ± 11%).

 Table 1.  Demographic data, comorbidities, diagnostic criteria and 
pulmonary function data of the study population

Patients 63
Sex, male/female 47/16 (75/25)
Age, years 68±7
Comorbidities

Arterial hypertension
CAD
Gastroesophageal reflux disease
Diabetes mellitus
Pulmonary emphysema
Malignancy
Obstructive sleep apnea
Cerebrovascular accident
Depression

33 (52)
28 (44)
17 (27)
16 (25)
11 (17)

9 (14)
5 (8)
4 (6)
4 (6)

Smoking history
Never smoker
Ex-smoker
Current smoker

20 (32)
40 (64)

1 (1.6)
Pack-years 24±25

Diagnosis
Definite UIP pattern on MSCT
SLB

46 (73)
34 (54)

Time from first diagnosis to treatment 
start, months 21±24

Lung function
FVC (% predicted)
FEV1 (% predicted)
TLC (% predicted)
DLCO (% predicted)

70±19
78±20
65±18
40±14

Blood gas analysis
PaO2 (mm Hg)
AaDO2 (mm Hg)

68±11
37±16

Oxygen therapy 14 (22)

 Data are presented as absolute number of patients (%) or means ± 
SD.

 Table 2.  Treatment of IPF prior to starting pirfenidone and coexist-
ing IPF treatment of the study population while taking pirfenidone

Prior to pirfenidone treatment (n = 63)
None
CCS
NAC
CCS and NAC
AZT, NAC and CCS
Clinical trial1

25 (40)
8 (12)

10 (16)
14 (22)

6 (10)
2 (3)

While on pirfenidone treatment (n = 61)2

Pirfenidone alone
Pirfenidone and NAC
Pirfenidone, NAC and CCS
Pirfenidone and CCS

40 (66)
12 (19)

5 (8)
4 (7)

 Values represent n (%). AZT = Azathioprine. 1 Two patients 
participated in the ARTEMIS trial before pirfenidone treatment 
was started. 2 Two patients were lost to follow-up after treatment 
start and were not included in subsequent analysis.
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  Treatment Effect on Pulmonary Function 
 Pulmonary function data of patients with clinical fol-

low up for >3 months after starting pirfenidone treatment 
(n = 39) were analyzed and the number of patients with 
progressive and stable disease was assessed. The mean de-
cline in percent predicted FVC from baseline at 6 and 12 
months after treatment start with pirfenidone was 0.3 ± 
9% and 3 ± 11%, respectively ( fig. 1 ). Percent predicted 
DLCO declined by 4 ± 10% after 6 months and 9 ± 9% 
after 12 months of treatment. Most patients (n = 24, 62%) 
had stable disease during pirfenidone treatment; howev-
er, 15 patients (38%) showed a decline of percent predict-
ed FVC and/or DLCO that indicated disease progression 
( table 3 ). Five of these patients (33%) developed progres-
sion of disease as early as 3 months after treatment start 
but remained stable afterwards. The rate of disease pro-
gression in patients with pirfenidone monotherapy was 
20% (n = 8) and 33% (n = 7) in those with concomitant 
CCS and/or NAC treatment. Mean time to progression 
while on pirfenidone treatment was 8 ± 5 months.

 Table 3.  Follow-up course of the study population (n = 61)

Follow-up time on treatment, months 11±7
Progress while on treatment1 15 (38)
Time to progress on treatment, months 8±5
Termination of treatment 28 (46)

Side effect 12 (20)
Death 7 (11)
Disease progression 5 (8)
Patient wish 2 (3)
Lung transplantation 1 (2)
Other 1 (2)

Death 12 (20)
IPF-related 5 (8)
Cardiovascular 4 (7)
Multimorbidity 2 (3)
Not known 1 (2)

Time to death from first diagnosis, months 31±20

 Data are presented as means ± SD or absolute patient number 
(%). 1  Only patients with pulmonary function data available >3 
months after starting pirfenidone treatment were included in this 
analysis (n = 39). 
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  Fig. 1.  Change of percent predicted FVC ( a ) and DLCO ( b ) 6 and 
12 months after pirfenidone treatment was started. Course of FVC 
( c ) and DLCO ( d ) decline in patients with progressive disease (n = 

15, circle) compared to patients with stable disease (n = 24, open 
squares) with follow-up time >3 months (dotted line) after pirfeni-
done treatment was started. Data are presented as means ± SD. 
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  In a subgroup of patients who had technically compa-
rable pulmonary function data available 3–12 months be-
fore and >3 months after starting pirfenidone therapy 
(n = 17), the change of percent predicted FVC before and 
after treatment start was compared ( fig. 2 ). There was a 
tendency towards a reduced decline of mean FVC% pre-
dicted after treatment was started (0.7 ± 10.9%) compared 
to the pretreatment period (–6.6 ± 6.7%); however, this 
difference was not statistically significant (p = 0.098).

  Treatment Compliance, Adverse Events and 
Termination 
 Two patients, who were lost to follow-up after treat-

ment with pirfenidone was commenced, were excluded 
from analysis of treatment compliance and adverse 
events. Mean follow-up time on pirfenidone treatment 
in  the remaining study population (n  = 61) was 11 ± 
7 months ( table 3 ). Treatment compliance was high with 
54 (89%) patients taking pirfenidone at the prescribed 
dose of 2,403 mg per day ( table  4 ). Seventeen patients 
(28%) noted decreased coughing after starting pirfeni-
done treatment. However, adverse events were common, 
affecting 52 (85%) patients. In order of frequency, the re-
ported adverse events were gastrointestinal symptoms 
(n = 36, 59%), fatigue (n = 33, 54%), weight loss (n = 18, 
30%), skin reactions (n = 17, 28%), raised transaminases 
(n = 12, 20%) and sleep disturbance (n = 4, 7%). Trans-
aminases were only mildly elevated (<3 times the upper 
limit of normal) in all but one patient  [21] . Preexistent 
mildly elevated transaminases in 3 patients remained sta-
ble after treatment start with pirfenidone and were not 
considered to be drug-related adverse events. Most pa-

tients (n = 36, 59%) experienced more than one category 
of adverse events. Adverse events were usually mild and 
manageable with supportive measures such as temporary 
dose reduction, prokinetic agents, skin lotion or close ob-
servation. Temporary interruption of treatment due to 
adverse events was necessary in 12 patients (20%). In ad-
dition, one patient stopped treatment temporarily be-
cause of planned surgery (not excluded). Intolerable ad-
verse events caused treatment termination in 12 patients 
(20%). More patients on combined treatment with pir-
fenidone and CCS and/or NAC experienced adverse 
events (n = 20, 95%) and had to stop pirfenidone treat-
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  Fig. 2.  Change of percent predicted FVC in patients with >3 
months of follow-up clinic attendance and pulmonary function 
data available 3–12 months prior to starting pirfenidone treat-

ment (n = 17). Data are shown as individual data points ( a ) and 
means ± SD ( b ). n.s. = Not statistically significant (p > 0.05; paired 
t test). 

 Table 4.  Summary of reported adverse events of the study popula-
tion while on pirfenidone treatment

Adverse events (total) 52 (85)
Gastrointestinal 36 (59)
Fatigue 33 (54)
Weight loss 18 (30)

Skin
Phototoxicity
Nonphototoxicity
Both

17 (28)
7 (11)
8 (13)
2 (3)

Raised transaminases1 12 (20)
Sleep disturbance 4 (7)
Full-dose treatment 54 (89)
Interruption2 13 (21)

 Data given as n (%). 1 Termination of treatment due to a raised 
liver function test (>5 ULN) required in 1 patient. 2 Interruption 
due to adverse events in 12 patients and stopped perioperatively in 
1 patient.
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ment due to these (n = 8, 38%) compared to patients on 
pirfenidone monotherapy (n = 32, 80% and n = 4, 10%, 
respectively).

  Overall, 28 (46%) patients stopped pirfenidone thera-
py during the observation period. Apart from adverse 
events, reasons for treatment discontinuation were death 
(n = 7, 11%), disease progression (n = 5, 8%), individual 
patient wish (n = 2, 3%) and lung transplantation (n = 1, 
2%;  table 3 ). Twelve patients (20%) died during the ob-
servation period. Of these, 7 patients died during pirfeni-
done treatment and 5 patients had stopped treatment be-
tween 2 weeks and 5 months before their death. The most 
common reasons for death were progression or acute ex-
acerbation of IPF (n = 5, 8%) and cardiovascular diseases 
(n = 4, 7%).

  Pirfenidone in Patients with Coronary Artery Disease 
 Coronary artery disease (CAD) was a frequent comor-

bidity in the study population (n = 28, 44%). In order to 
assess treatment tolerance and outcome in this subgroup 
of patients, the rate of adverse events, treatment discon-
tinuation and deaths were compared to patients without 
CAD (n = 35;  table 5 ). Two patients with CAD were lost 
to follow-up and therefore excluded from this analysis. 
Patients with CAD less frequently reported adverse 
events compared to non-CAD patients (n = 19, 77% and 
n = 32, 91%, respectively). The rate of treatment discon-
tinuation (CAD n = 12, 46%; non-CAD n = 16, 46%) and 
the rate of treatment discontinuation due to adverse 
events (CAD n = 5, 19%; non-CAD n = 7, 20%) were sim-
ilar in both groups. However, there was a higher death 
rate during the observation period in the CAD group 
(n  = 8, 31%) compared to non-CAD patients (n  = 4, 
12%). Death was related to CAD in 3 (12%) patients of 
the CAD group compared to none in the non-CAD 
group.

  Pirfenidone in Patients with IPF and Coexistent 
Emphysema 
 Patients with IPF and coexistent emphysema on MSCT 

(n = 11, 17%) had a more extensive smoking history com-
pared to nonemphysematous patients (45 ± 37 and 11 ± 
15 pack-years, respectively). Comparison of pulmonary 
function data at the time pirfenidone treatment was start-
ed, including FVC, FEV 1 , TLC and DLCO, showed mild-
ly elevated FVC and TLC and mildly decreased DLCO in 
patients with emphysema compared to nonemphysema-
tous patients ( fig.  3 ). Three patients with emphysema 
(27%) had evidence of disease progression compared to 
12 patients without emphysema (24%).

  Discussion 

 This study summarizes the experience of a tertiary 
referral center for ILDs with pirfenidone, a novel drug 
for the treatment of mild-to-moderate IPF. The results 
show that the majority of patients, including those with 
cardiovascular comorbidities and emphysema, tolerated 
pirfenidone well and had a stable course of disease on 
treatment. Adverse events were mostly manageable with 

 Table 5.  Adverse events, treatment discontinuation and death rate 
of IPF patients with and without CAD

CAD Non-CAD

Patients, n 26 35
AE 19 (77) 32 (91)

Termination 12 (46) 16 (46)
AE 5 (19) 7 (20)
Death 4 (15) 3 (9)
Progress 1 (4) 4 (11)
Other 2 (8) 2 (6)

Death 8 (31) 4 (12)
IPF-related 2 (8) 3 (9)
CAD 3 (12) 0
Multimorbidity 3 (12) 0
Unknown 0 1 (3)

 Data are presented as absolute number of patients (%). AE = 
Adverse events.
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  Fig. 3.  Pulmonary function data at start of treatment with pirfeni-
done of IPF patients without emphysema (n = 50) and with coex-
istent emphysema (n = 11). Data are presented as means ± SD. 
Lung function parameters were not significantly different between 
patients with and without emphysema (p > 0.05; unpaired t test).     
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 supportive measures, dose reductions or temporary in-
terruption of treatment. Patients with concomitant treat-
ment with CCS and/or NAC had worse baseline lung 
function, reported more adverse events and had a higher 
rate of disease progression than patients on pirfenidone 
monotherapy. The effect of pirfenidone on FVC decline 
after the start of treatment compared to the pretreatment 
period was not significant.

  The demographic characteristics, including gender 
distribution, age and smoking status, of our study popula-
tion were very similar to two previous phase III clinical 
trials  [11] . A higher rate of patients in our study had SLB 
as part of their diagnostic process, and half of these had a 
definitive UIP pattern on MSCT. The explanation for this 
is that these patients were diagnosed prior to publication 
of the new ATS/ERS IPF guidelines which now obviate 
the need for SLB if diagnostic radiological criteria are 
present on MSCT  [1] . A significant proportion of our 
study population had echocardiographic evidence of pul-
monary hypertension (30%) and/or radiological features 
of emphysema (17%), which may account for the lower 
percent predicted DLCO and the higher alveolar-arterial 
oxygen tension gradient (AaDO 2 ) in our study popula-
tion compared to the CAPACITY trials  [11, 22] .

  It is generally accepted that a decline of FVC reflects 
disease progression and is a reliable predictor of mortal-
ity in IPF  [18] . A decline in FVC of 10% or more over a 
6-month period is associated with a more than fourfold 
increased risk of mortality  [18] . Similarly, a decline in 
DLCO indicates disease progression and an increased 
risk of death. Analysis of lung function data in our study 
population showed that the rate of FVC decline before the 
start of pirfenidone treatment was comparable to the ex-
pected average FVC decline in untreated IPF patients, 
taking into consideration the pooled placebo group lung 
function data of the CAPACITY program and other clin-
ical trials  [11, 23] . Following the start of treatment, a re-
duced FVC decline similar to the FVC decline of the 
pooled high-dose CAPACITY treatment group was seen 
 [11] . A higher rate of disease progression on pirfenidone 
treatment was seen in our study population (38%) com-
pared to previous phase III trials. It is important to note, 
however, that a third of these patients developed progres-
sion of disease as early as 3 months after the start of treat-
ment start, but remained stable afterwards, indicating 
that these patients stabilized on pirfenidone treatment. 
This is consistent with results from previous clinical trials 
which show a time interval of at least 3 months before the 
clinical benefits of pirfenidone treatment become appar-
ent  [11] .

  A small proportion of patients in our study group had 
coexistent radiological features of IPF and emphysema. 
This coexistence is increasingly recognized in patients 
with an extensive smoking history and associated with 
pulmonary hypertension and severely impaired gas ex-
change  [24] . Not much is known about the efficacy of 
pirfenidone in this group of patients. Our results show 
that patients with IPF and emphysema had a similar rate 
of disease progression compared to patients without em-
physema.

  A high number of patients in the CAPACITY trials 
experienced pirfenidone-related adverse events (98%), 
which led to dose reduction and treatment discontinua-
tion in a significant number of patients (46 and 15%, re-
spectively). Two recently published retrospective analy-
ses on the experience of pirfenidone in the treatment of 
IPF reported adverse events in 58 and 84% of their study 
population and treatment discontinuation rates of 18 and 
13%  [25, 26] . In our study population, the number of pa-
tients complaining of adverse events (85%) and the treat-
ment discontinuation rate (20%) was at the high end of 
this spectrum. The adverse event profile was very similar 
to previous reports and included gastrointestinal symp-
toms, fatigue, weight loss, skin reactions, raised liver 
function tests and sleep disturbance. Similarly to Bonella 
et al.  [25]  and Okuda et al.  [26] , patients in our study 
noted weight loss more frequently than in the  CAPACITY 
program  [11] . In addition, fatigue was an early and fre-
quent complaint that affected more than half of the pa-
tients. Skin reactions were seen less frequently in our 
study population, probably a result of strict sun protec-
tion carried out by most patients following our advice. 
The mortality rate on pirfenidone treatment in our study 
group (11%) was only minimally higher than in the 
 CAPACITY trials  [11] .

  In contrast to the CAPACITY trials, a third of our 
study population was concomitantly treated with CCS 
and/or NAC. Most of these patients were unable to com-
pletely discontinue preexisting CCS treatment. Others 
started CCS and/or NAC treatment while on pirfenidone 
treatment because of increased symptoms or acute exac-
erbation of IPF  [27] . Baseline pulmonary function in this 
group of patients was worse than patients on pirfenidone 
monotherapy, which is partially due to the fact that some 
patients started pirfenidone treatment while still recover-
ing from an acute exacerbation of IPF. Patients with con-
comitant CCS and/or NAC treatment in our study expe-
rienced more adverse events than patients on pirfenidone 
monotherapy and had a higher rate of disease progres-
sion. This is an important finding that raises questions 
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about the safety of combining CCS and/or NAC with 
 pirfenidone. Results of an ongoing trial on the safety 
and  tolerability of combined NAC and pirfenidone 
( PANORAMA) should provide further valuable infor-
mation on this issue.

  Despite a considerable rate of adverse events, treat-
ment compliance was high at 89%, and a significant num-
ber of patients noted a clinical meaningful improvement 
of cough symptoms within a few weeks of starting pirfeni-
done treatment. A beneficial effect of pirfenidone treat-
ment on cough and dyspnea scores was noted before in a 
subgroup analysis of a Japanese phase III clinical trial 
 [28] . The exact mechanisms of the cough-suppressing ef-
fect of pirfenidone are not known, but may be linked to 
reduced prostaglandin and leukotriene release as shown 
in a recent animal model where pirfenidone reduced cap-
saicin-induced cough  [29] .

  There are clearly some limitations to our study. Most 
importantly, this is a retrospective data analysis of a het-
erogeneous group of patients. Interpretation of lung 
function data in our study is limited in view of the small 
patient number in the subgroup analysis and in the ab-
sence of a placebo group. In addition, patients with a 
broad spectrum of comorbidities and cotreatments were 
included which almost certainly had an impact on drug 
tolerance and effectiveness. However, this is a scenario 
that is frequently encountered in the daily routine of an 
ILD center where most patients do not fit the specific cri-
teria of a controlled clinical trial.

  Among clinicians from all over the world, support for 
pirfenidone treatment in IPF is not unanimous, and the 
ongoing debate concerning clinical efficacy and safety is 
fueled further by the high expenses associated with pir-
fenidone treatment. This was also demonstrated in a re-
cent cost-effectiveness analysis which showed unfavor-
able cost ratios for any quality-adjusted life year gained 

by pirfenidone treatment  [30] . Nonetheless, it has to be 
acknowledged that the advent of pirfenidone has brought 
about a series of clinical trials with novel drugs that spe-
cifically interfere with cellular and molecular pathways 
implicated in the fibrosing process in IPF  [4] . This is an 
important step forward towards a targeted therapy in IPF, 
and hopefully in the future there will be a range of phar-
macological interventions to choose from when having to 
decide on appropriate treatment strategies for patients 
with IPF.

  In conclusion, our results show that pirfenidone is tol-
erated well in the majority of patients with mild-to-mod-
erate IPF, including those with significant comorbidities. 
Adverse events are common, but mostly manageable with 
supportive measures. Within the limitations of this retro-
spective observational cohort study, no significant effect 
of pirfenidone on lung function decline was observed. 
Along with the substantial costs and adverse events asso-
ciated with pirfenidone treatment, this finding has to be 
balanced carefully against the clinical benefits when con-
sidering starting pirfenidone treatment. In this respect, 
results of ongoing trials (ASCEND, PANORAMA and 
PASSPORT) are expected to provide additional valuable 
information on the efficacy and safety of pirfenidone, 
particularly in patients with concomitant NAC treat-
ment. In addition, future research should aim at identify-
ing selection criteria that will help to predict which pa-
tient may benefit from pirfenidone treatment.

  Financial Disclosure and Conflicts of Interest 

 U.O., K.P. and S.E.-T. have received an educational travel grant 
from InterMune. M.K. has received fees for speaking and consul-
tancy and research funding from InterMune. P.S. has received 
speaker fees from InterMune. C.P.H. has received fees for consul-
tancy and speaking from InterMune. 

 References 

  1 Raghu G, Collard HR, Egan JJ, Martinez FJ, 
Behr J, Brown KK, Colby TV, Cordier JF, Fla-
herty KR, Lasky JA, Lynch DA, Ryu JH, 
Swigris JJ, Wells AU, Ancochea J, Bouros D, 
Carvalho C, Costabel U, Ebina M, Hansell 
DM, Johkoh T, Kim DS, King TE Jr, Kondoh 
Y, Myers J, Müller NL, Nicholson AG, Richel-
di L, Selman M, Dudden RF, Griss BS, Protz-
ko SL, Schünemann HJ; ATS/ERS/JRS/ALAT 
Committee on Idiopathic Pulmonary Fibro-
sis: An official ATS/ERS/JRS/ALAT state-
ment: idiopathic pulmonary fibrosis: evi-
dence-based guidelines for diagnosis and 

management. Am J Respir Crit Care Med 
2011;   183:   788–824. 

  2 Raghu G, Weycker D, Edelsberg J, Bradford 
WZ, Oster G: Incidence and prevalence of id-
iopathic pulmonary fibrosis. Am J Respir Crit 
Care Med 2006;   174:   810–816. 

  3 Günther A, Korfei M, Mahavadi P, von der 
Beck D, Ruppert C, Markart P: Unravelling 
the progressive pathophysiology of idiopathic 
pulmonary fibrosis. Eur Respir Rev 2012;   2:  
 152–160. 

  4 Borensztajn K, Crestani B, Kolb M: Idiopath-
ic pulmonary fibrosis: from epithelial injury 

to biomarkers – insights from the bench side. 
Respiration 2013;   86:   441–452. 

  5 Jones MG, Fletcher S, Richeldi L: Idiopathic 
pulmonary fibrosis: recent trials and current 
drug therapy. Respiration 2013;   86:   353–363. 

  6 Kreuter M: Pirfenidone – an update on clini-
cal trial data and insights from everyday prac-
tice. Eur Respir Rev 2014;   23:   111–117. 

  7 Iyer SN, Gurujeyalakshmi G, Giri SN: Effects 
of pirfenidone on transforming growth factor-
beta gene expression at the transcriptional lev-
el in bleomycin hamster model of lung fibro-
sis. J Pharmacol Exp Ther 1999;   291:   367–373. 

http://dx.doi.org/10.1159%2F000363064


 Pirfenidone in IPF Respiration 2014;88:199–207
DOI: 10.1159/000363064

207

  8 Schaefer CJ, Ruhrmund DW, Pan L, Seiwert 
SD, Kossen K: Antifibrotic activities of pir-
fenidone in animal models. Eur Respir Rev 
2011;   20:   85–97. 

  9 Raghu G, Johnson WC, Lockhart D, Mageto 
Y: Treatment of idiopathic pulmonary fibro-
sis with a new antifibrotic agent, pirfenidone: 
results of a prospective, open-label phase II 
study. Am J Respir Crit Care Med 1999;   159:  
 1061–1069. 

 10 Azuma A, Nukiwa T, Tsuboi E, Suga M, Abe 
S, Nakata K, Taguchi Y, Nagai S, Itoh H, Ohi 
M, Sato A, Kudoh S: Double-blind, placebo-
controlled trial of pirfenidone in patients with 
idiopathic pulmonary fibrosis. Am J Respir 
Crit Care Med 2005;   171:   1040–1047. 

 11 Noble PW, Albera C, Bradford WZ, Costabel 
U, Glassberg MK, Kardatzke D, King TE Jr, 
Lancaster L, Sahn SA, Szwarcberg J, Valeyre 
D, du Bois RM; CAPACITY Study Group: 
Pirfenidone in patients with idiopathic pul-
monary fibrosis (CAPACITY): two random-
ized trials. Lancet 2011;   377:   1760–1769. 

 12 Spagnolo P, Del Giovane C, Luppi F, Cerri S, 
Balduzzi S, Walters EH, D’Amico R, Richeldi 
L: Non-steroid agents for idiopathic pulmo-
nary fibrosis. Cochrane Database Syst Rev 
2010;   9:CD003134. 

 13 Behr J, Günther A, Ammenwerth W, Bitt-
mann I, Bonnet R, Buhl R, Eickelberg O, Ew-
ert R, Gläser S, Gottlieb J, Grohé C, Kreuter 
M, Kroegel C, Markart P, Neurohr C, Pfeifer 
M, Prasse A, Schönfeld N, Schreiber J, Sitter 
H, Theegarten D, Theile A, Wilke A, Wirtz H, 
Witt C, Worth H, Zabel P, Müller-Quern-
heim J, Costabel U: German guideline for di-
agnosis and management of idiopathic pul-
monary fibrosis (in German). Pneumologie 
2013;   67:   81–111. 

 14 Landells LJ, Naidoo B, Robertson J, Clark P: 
NICE guidance on pirfenidone for treating 
idiopathic pulmonary fibrosis. Lancet Respir 
Med 2013;   1:   191–192. 

 15 Raghu G, Thickett DR: Pirfenidone for IPF: 
pro/con debate; the ‘con’ viewpoint. Thorax 
2013;   68:   605–608. 

 16 Jenkins G: Pirfenidone should be prescribed 
for patients with idiopathic pulmonary fibro-
sis. Thorax 2013;   68:   603–605. 

 17 Jiang C, Huang H, Liu J, Wang Y, Lu Z, Xu Z: 
Adverse events of pirfenidone for the treat-
ment of pulmonary fibrosis: a meta-analysis 
of randomized controlled trials. PLoS One 
2012;   7:e47024. 

 18 du Bois RM, Weycker D, Albera C, Bradford 
WZ, Costabel U, Kartashov A, Lancaster L, 
Noble PW, Raghu G, Sahn SA, Szwarcberg J, 
Thomeer M, Valeyre D, King TE Jr: Ascer-
tainment of individual risk of mortality for 
patients with idiopathic pulmonary fibrosis. 
Am J Respir Crit Care Med 2011;   184:   459–
466. 

 19 American Thoracic Society. Idiopathic pul-
monary fibrosis: diagnosis and treatment. In-
ternational consensus statement. American 
Thoracic Society (ATS), and the European 
Respiratory Society (ERS). Am J Respir Crit 
Care Med 2000;   161:   646–664. 

 20 Raghu G, Behr J, Brown KK, Egan JJ, Kawut 
SM, Flaherty KR, Martinez FJ, Nathan SD, 
Wells AU, Collard HR, Costabel U, Richeldi 
L, de Andrade J, Khalil N, Morrison LD, 
 Lederer DJ, Shao L, Li X, Pedersen PS, 
Montgomery AB, Chien JW, O’Riordan TG; 
 ARTEMIS-IPF Investigators: Treatment of 
idiopathic pulmonary fibrosis with ambris-
entan: a parallel, randomized trial. Ann In-
tern Med 2013;   158:   641–649. 

 21 Victor JN, John R: Drug-related hepatotoxic-
ity. N Engl J Med 2006;   354:   731–739. 

 22 Kimura M, Taniguchi H, Kondoh Y, Kimura 
T, Kataoka K, Nishiyama O, Aso H, Sakamo-
to K, Hasegawa Y: Pulmonary hypertension 
as a prognostic indicator at the initial evalua-
tion in idiopathic pulmonary fibrosis. Respi-
ration 2013;   85:   456–463. 

 23 Ley B, Collard HR, King TE Jr: Clinical course 
and prediction of survival in idiopathic pul-
monary fibrosis. Am J Respir Crit Care Med 
2011;   183:   431–440. 

 24 Jankowich MD, Rounds SI: Combined pul-
monary fibrosis and emphysema syndrome: a 
review. Chest 2012;   141:   222–231. 

 25 Bonella F, Wessendorf TE, Costabel U: Clini-
cal experience with pirfenidone for the treat-
ment of idiopathic pulmonary fibrosis (in 
German). Dtsch Med Wochenschr 2013;   138:  
 518–523. 

 26 Okuda R, Hagiwara E, Baba T, Kitamura H, 
Kato T, Ogura T: Safety and efficacy of pir-
fenidone in idiopathic pulmonary fibrosis in 
clinical practice. Respir Med 2013;   107:   1431–
1437. 

 27 Antoniou KM, Wells AU: Acute exacerba-
tions of idiopathic pulmonary fibrosis. Respi-
ration 2013;   86:   265–274. 

 28 Azuma A, Taguchi Y, Ogura T, Ebina M, 
Taniguchi H, Kondoh Y, Suga M, Takahashi 
H, Nakata K, Sato A, Kudoh S, Nukiwa T; Pir-
fenidone Clinical Study Group in Japan: Ex-
ploratory analysis of a phase III trial of pir-
fenidone identifies a subpopulation of pa-
tients with idiopathic pulmonary fibrosis as 
benefiting from treatment. Respir Res 2011;  
 12:   143. 

 29 Okazaki A, Ohkura N, Fujimura M, Kataya-
ma N, Kasahara K: Effects of pirfenidone on 
increased cough reflex sensitivity in guinea 
pigs. Pulm Pharmacol Ther 2013;   26:   603–
608. 

 30 National Centre for Pharmacoeconomics 
(NCPE Ireland): Cost-effectiveness of pir-
fenidone (Esbriet) for the treatment of idio-
pathic pulmonary fibrosis. 2013. http://www.
ncpe.ie/drugs/pirfenidone-esbriet.   

http://dx.doi.org/10.1159%2F000363064

