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ABSTRACT Real-world studies include a broader patient population for a longer duration than
randomised controlled trials (RCTs) and can provide relevant insights for clinical practice.

PASSPORT was a multicentre, prospective, post-authorisation study of patients who were newly
prescribed pirfenidone and followed for 2 years after initiating treatment. Physicians collected data on
adverse drug reactions (ADRs), serious ADRs (SADRs) and ADRs of special interest (ADRSI) at baseline
and then every 3 months. Post hoc stepwise logistic regression models were used to identify baseline
characteristics associated with discontinuing treatment due to an ADR.

Patients (n=1009, 99.7% with idiopathic pulmonary fibrosis) had a median pirfenidone exposure of
442.0 days. Overall, 741 (73.4%) patients experienced ADRs, most commonly nausea (20.6%) and fatigue
(18.5%). ADRs led to treatment discontinuation in 290 (28.7%) patients after a median of 99.5 days. Overall,
55 (5.5%) patients experienced SADRs, with a fatal outcome in six patients. ADRSI were reported in 693
patients, most commonly gastrointestinal symptoms (38.3%) and photosensitivity reactions/skin rashes
(29.0%). Older age and female sex were associated with early treatment discontinuation due to an ADR.

Findings were consistent with the known safety profile of pirfenidone, based on RCT data and other
post-marketing experience, with no new safety signals observed.
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Introduction
Idiopathic pulmonary fibrosis (IPF) is a debilitating, progressive and fatal lung disease characterised by a
chronic refractory cough, shortness of breath and exercise limitation [1, 2]. The prognosis for patients with
IPF is poor, with a median survival of 2–3 years [1].

Pirfenidone is recommended for the treatment of the majority of patients with IPF in international
treatment guidelines and is approved in many countries, including in the European Union (EU), the USA
and Japan [3–6]. The safety and tolerability of pirfenidone have been well characterised [7–9], and the
most common adverse events associated with pirfenidone are gastrointestinal and skin-related events,
which are largely mild to moderate in severity and responsive to dose modification [8].

Real-world studies typically include a broader patient population treated in an uncontrolled environment
for a longer duration than in a randomised controlled trial (RCT) setting, and can therefore provide some
relevant insights for clinical practice [10] and a comprehensive understanding of a drug’s benefit–risk
profile [11]. Following the European marketing authorisation for pirfenidone, and as requested by the
European Medicines Agency (EMA), a post-authorisation safety study (PASSPORT) [12] was conducted to
collect and monitor adverse drug reactions (ADRs) in patients who received pirfenidone in a real-world
setting. Here, we present the results from PASSPORT.

Methods
Study design
PASSPORT (ClinicalTrials.gov identifier NCT02699879) was a multicentre, prospective, observational,
post-authorisation study that evaluated long-term safety in patients who were prescribed pirfenidone. The
study was conducted in accordance with the pre-defined protocol and all applicable laws and regulations
(including Good Pharmacoepidemiology Practices, ethical practices with an origin in the Declaration of
Helsinki and applicable national guidelines). All patients provided informed consent according to local
regulations for study eligibility.

PASSPORT included patients who had been prescribed pirfenidone (within 30 days of enrolment) as part
of clinical practice in one of the following European countries: Austria, Denmark, Finland, France,
Germany, Ireland, Italy, Norway, Sweden, Spain or the UK. Pirfenidone was prescribed to patients by the
treating physicians (investigators) in accordance with the local access rules. Patients continued to receive
pirfenidone at their physician’s discretion and were followed for 2 years after treatment initiation (no
minimum pirfenidone exposure was required to be considered a study completer) or until they
discontinued the study.

The study population for the safety analysis included any patient who received one or more doses of
pirfenidone, regardless of the duration of follow-up for that patient. Patients were excluded if they were
receiving an investigational agent, had received pirfenidone treatment >30 days before the current
treatment course or had absolute contraindications for treatment according to section 4.3 of the
pirfenidone Summary of Product Characteristics [3]. If a physician, in collaboration with the patient, made
a clinical decision to prescribe pirfenidone outside the terms of the Summary of Product Characteristics,
patients who met the other criteria could be included in PASSPORT.

Pre-specified patient data were collected at baseline and every 3 months (±4 weeks) thereafter for the
duration of participation in the study. Baseline data included patient demographics, medical and IPF
history, lung function (at treatment initiation), concurrent diseases and medications, reason for
pirfenidone treatment, initial prescribed dose of pirfenidone, and liver function tests (LFTs). Follow-up
data were collected, including safety assessments, changes to pirfenidone treatment (including treatment
discontinuation) and the reasons for change. Only deaths that were an outcome of an ADR or were the
primary reason for study discontinuation were collected. Patients who had dose reductions and
interruptions during the course of the study were also monitored.

Safety assessments
ADRs that occurred during PASSPORT were self-reported by patients at follow-up visits every 3 months.
Training was provided to physicians on how to document the patient-reported events that qualified as
ADRs. When events were reported, appropriate measures were taken to follow-up as needed; physicians
could retrieve medical record information from their own clinic/practice. All serious ADRs (SADRs) and
ADRs of special interest (ADRSI) were recorded. ADRSI comprised any important identified/potential
risks listed in the EMA’s Committee for Medicinal Products for Human Use (CHMP) assessment report
for pirfenidone [12]. ADRSI included all related preferred terms from the Medical Dictionary for
Regulatory Activities version 19.0 (www.meddra.org), e.g. the ADRSI of fatigue included the preferred
terms of fatigue, asthenia, lethargy, somnolence and listlessness.
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ADRs and ADRSI were analysed in the overall population and in the pre-specified patient subgroups,
listed in the EMA’s CHMP assessment report [12], which met the following criteria for baseline
comorbidities or specific concurrent medication use: forced vital capacity (FVC) % pred <50%, use of
concomitant immunosuppressives or other therapies for IPF, pirfenidone use for other conditions,
predisposing conditions for liver dysfunction, pre-existing QT prolongation, secondary causes of
pulmonary fibrosis, specific cardiac events and underlying severe cardiac, hepatic or pulmonary disease
(excluding IPF). Other pre-specified subgroups in PASSPORT included patients who took warfarin at
baseline and patients aged <18 years at enrolment.

Statistical analyses
A sample size of 1000 patients was planned to give sufficient statistical precision when expressed by a
two-sided 95% confidence interval calculated around the expected incidence of ADRs. The expected
incidence of ADRs was taken from observations made during 75 weeks of exposure among 789 patients
treated with pirfenidone in five previous studies (incidence ranged from 2.5% to 22.0%). Precision was
defined as half the width of the 95% confidence interval derived from normal approximation; therefore,
the precision of estimates varied according to the rate of the ADR. For example, in a sample size of 1000,
if the ADR had an expected rate of 2.5%, precision would be 0.97%; if the ADR had an expected rate of
5.0%, precision would be 1.35%.

Frequencies of ADRs were summarised and included calculation of drug exposure-adjusted reported event
rates. Exposure summaries were based on prescribed dosing data rather than on actual pirfenidone intake,
as the latter information was not collected. Exposure-adjusted event rates per 1000 person-years of
exposure were calculated as: 1000×(number of reported events/total person-years of exposure).
Person-years of exposure were calculated from the date of the first dose to the date of the last dose of
pirfenidone in the study, summed over all patients.

All cases of and reasons for treatment discontinuation during the study period were recorded at 3-monthly
follow-up visits. Post hoc stepwise logistic regression models were used to determine the odds of discontinuing
treatment (after 6, 12 or 24 months) due to an ADR as a function of baseline patient characteristics. The
model was built using forward/backward stepwise logistic regression models, with variables entered into the
model at each step at the 0.15 significance level and removed at the 0.20 significance level.

Patients consented

n=1009

Patients excluded: none

Discontinuations n=655 (64.9%)

AE not related to pirfenidone n=18 (1.8%)

ADR# related to pirfenidone n=282 (27.9%)

Withdrawal of consent n=46 (4.6%)

Lost to follow-up n=19 (1.9%)

Death n=160 (15.9%)

Other n=130 (12.9%)

Disease progression n=65 (6.4%)

Lung transplantation n=19 (1.9%)

Doctor/patient decision n=13 (1.3%)

Medication change n=2 (0.2%)

Other comorbidities n=18 (1.8%)

Transfer to other clinical trial n=13 (1.3%)

Safety population

n=1009

Completed

n=354 (35.1%)

FIGURE 1 Patient disposition. AE: adverse event; ADR: adverse drug reaction. #: an ADR was defined as any
safety event with a possible causal relationship to pirfenidone (the treating physician (investigator) made a
clinical judgement to decide if the ADR was related to pirfenidone).
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TABLE 1 Patient demographics and baseline characteristics

Patients who provided data# Result

Age years 1009 69.6±8.47
Male 1009 807 (80.0)
Ethnicity 758
White 753 (99.3)
Other¶ 5 (0.7)

BMI kg·m−2 1006 27.8±4.57
Smoking status 1004
Current smoker 25 (2.5)
Ex-smoker 602 (60.0)
Never-smoker 377 (37.5)

Patients with IPF 1009 1006 (99.7)
Time since IPF diagnosis years 1006 1.7±3.0
Patients with other reason for pirfenidone prescription+ 1009 3 (0.3)

Supplementary oxygen use 1006 277 (27.5)
FVC L 970
Mean±SD 2.6±0.78
Median (range) 2.5 (0.7–5.0)

FVC % pred 968
Mean±SD 66.0±16.1
Median (range) 64.8 (21–121)

FVC% pred <50% 968 144 (14.9)
FEV1 L 975
Mean±SD 2.1±0.6
Median (range) 2.1 (0.0–4.3)

Liver function test
ALT 961
<1.5×ULN 947 (98.5)
1.5–<3.0×ULN 14 (1.5)
⩾3.0×ULN 0 (0.0)

AST 745
<1.5×ULN 736 (98.8)
1.5–<3.0×ULN 9 (1.2)
⩾3.0×ULN 0 (0.0)

Total bilirubin 847
<1.5×ULN 842 (99.4)
1.5–<3.0×ULN 5 (0.6)
⩾3.0×ULN 0 (0.0)

One or more ongoing medical conditions§ other than IPFƒ 1009 921 (91.3)
Hypertension 423 (41.9)
Gastro-oesophageal reflux disease 166 (16.5)
Hypercholesterolaemia 121 (12.0)
Coronary artery disease 106 (10.5)
Diabetes mellitus 97 (9.6)
Type 2 diabetes mellitus 87 (8.6)
Sleep apnoea syndrome 81 (8.0)
Osteoarthritis 63 (6.2)
Cough 56 (5.6)
Benign prostatic hyperplasia 55 (5.5)
Hypothyroidism 55 (5.5)
Atrial fibrillation 53 (5.3)
Hyperlipidaemia 52 (5.2)
Obesity 52 (5.2)
Depression 50 (5.0)

Pre-baseline exposure to pirfenidone
Patients 319 (31.6)
Days 15.0±9.3

Data are presented as n, mean±SD or n (%), unless otherwise stated. BMI: body mass index; IPF: idiopathic pulmonary fibrosis; FVC: forced
vital capacity; FEV1: forced expiratory volume in 1 s; ALT: alanine aminotransferase; ULN: upper limit of normal; AST: aspartate
aminotransferase. #: number of patients who had values for select parameters; ¶: includes Asian, Black or African-American, or any other
ethnicities reported; +: includes two patients with extrinsic allergic alveolitis and one patient with nonspecific interstitial pneumonia; §: each
medical condition was recorded by investigators using the Medical Dictionary for Regulatory Activities version 19.0 (www.meddra.org) system
organ class and preferred term; ƒ: occurring in ⩾5% of patients in PASSPORT.
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Results
Patient disposition
Overall, 1009 patients (1006 with IPF (99.7%)) were enrolled from 99 pulmonary clinics across Europe:
Germany (n=452), France (n=214), UK (n=184), Denmark (n=39), Italy (n=27), Norway (n=25), Finland
(n=20), Ireland (n=19), Austria (n=17) and Sweden (n=12). In total, 655 (64.9%) patients discontinued
PASSPORT early (i.e. prior to the end of 2-year follow-up); the most common reasons for permanent
discontinuation were an ADR related to pirfenidone (n=282 (27.9%)) or death (n=160 (15.9%)) (figure 1).
The UK had the highest proportion of patients discontinuing treatment early (n=146 (79.3%))
(supplementary table S1).

Most patients were male (n=807 (80.0%)), current/ex-smokers (n=627 (62.5%)), with a mean age of
69.6 years and a mean duration of IPF since diagnosis of 1.7 years. The mean FVC % pred at baseline was
66.0% and 144 (14.9%) patients had FVC % pred <50% at baseline (table 1). The majority of patients had
at least one comorbidity, most commonly hypertension (n=423 (41.9%)) (table 1); chronic obstructive
pulmonary disease and emphysema were found in 3.7% and 2.7% of patients, respectively. Among patients
with a baseline LFT, most had values that were <1.5×upper limit of normal for alanine aminotransferase
(98.5%), aspartate aminotransferase (98.8%) or total bilirubin (99.4%) (table 1).

Pirfenidone exposure
The median (interquartile range (IQR)) duration of pirfenidone exposure for all patients in PASSPORT was
442.0 (126.0–729.0) days. This included 319 (31.6%) patients who had received pirfenidone prior to the
enrolment visit (table 1). Among the 354 patients who completed the 2-year study, the median (IQR)
pirfenidone exposure was 741.5 (722.0–767.0) days. For the 655 patients who discontinued the study early, the
median duration of pirfenidone exposure was 200.0 (73.0–426.0) days (due to an ADR: 99.5
(55.0–227.0) days; due to death: 303.0 (119.0–492.0) days; due to another reason: 304.0 (142.0–544.0) days).

ADRs and SADRs
As shown in table 2, 741 (73.4%) patients experienced 2167 ADRs, most commonly nausea (20.6%) and
fatigue (18.5%). ADRs experienced by patients from different countries ranged from 69.5% to 82.2%
(supplementary table S2). 373 (37.0%) patients had at least one dose adjustment (supplementary table S3).

Overall, 290 (28.7%) patients experienced an ADR that resulted in permanent discontinuation of
pirfenidone, most commonly nausea (4.1%), decreased weight (3.2%) and rash (3.2%) (table 2). In total,
55 (5.5%) patients experienced 78 SADRs (table 3); six (0.6%) patients experienced an SADR that led to a
fatal outcome (supplementary table S4).

Similar proportions of patients with an ADR had a dose adjustment versus no dose adjustment (48.3%
versus 51.7%, respectively). More patients completed treatment following a dose adjustment (38.8%) than
those who had no dose adjustment (26.1%) (figure 2).

TABLE 2 Adverse drug reactions (ADRs)# in the overall population¶

Total
events

Patients
with event

Exposure-adjusted
event rate+

Patients with
event in first

30 days

Patients with events
resulting in permanent

discontinuation of
pirfenidone

Any ADR 2167 741 (73.4) 379 (37.6) 290 (28.7)
Most common ADRs (⩾5% of patients)
Nausea 227 208 (20.6) 181.2 113 (11.2) 41 (4.1)
Fatigue 194 187 (18.5) 154.9 101 (10.0) 15 (1.5)
Decreased appetite 172 163 (16.2) 137.3 69 (6.8) 17 (1.7)
Decreased weight 172 161 (16.0) 137.3 59 (5.8) 32 (3.2)
Rash 135 123 (12.2) 107.8 15 (1.5) 32 (3.2)
Diarrhoea 111 96 (9.5) 88.6 44 (4.4) 21 (2.1)
Dizziness 69 65 (6.4) 55.1 30 (3.0) 5 (0.5)
Photosensitivity reaction 61 59 (5.8) 48.7 5 (0.5) 15 (1.5)

Data are presented as n or n (%). #: an ADR was defined as any safety event with a possible causal relationship to pirfenidone (the treating
physician (investigator) made a clinical judgement to decide if the ADR was related to pirfenidone); ¶: n=1009 (person-years of
observation=1252.8); +: exposure-adjusted event rate per 1000 person-years of exposure is calculated as: 1000×(number of reported events/
total person-years of exposure).
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In the overall population, 693 (68.7%) patients experienced ADRSI (table 4), with the most commonly
reported special interest categories being gastrointestinal symptoms (38.3%) and photosensitivity reactions/
skin rashes (29.0%). In the pre-specified subgroups, the ADRSI rates were generally consistent (table 5).

In the overall population, factors associated with early discontinuation due to an ADR during the first
6 months of the study were older age, steroid use prior to the study and female sex (table 6). These factors
remained associated with discontinuation during the first 12 months. When the entire study period
(24 months) was included in this analysis, significant risk factors for discontinuation due to an ADR were
older age, female sex, lower body mass index (BMI) and patients recruited from the UK (table 6).

Cumulative probability of survival
The cumulative probability of survival is shown in supplementary figure S1. After 1 and 2 years, the
percentages of patients surviving were 89.0% and 76.0%, respectively. The 10th percentile of time to death
was 10.6 months and the 20th percentile was 19.6 months.

TABLE 3 Serious adverse drug reactions (SADRs)# in the overall population¶

Total
events

Patients with
event

Exposure-adjusted
event rate+

Any SADR 78 55 (5.5)
Most common SADRs (⩾2 patients)
Diarrhoea 6 6 (0.6) 4.8
Decreased weight 5 5 (0.5) 4.0
Nausea 4 4 (0.4) 3.2
IPF 3 3 (0.3) 2.4
Erythema 3 3 (0.3) 2.4
Decreased appetite 2 2 (0.2) 1.6
Dyspnoea 2 2 (0.2) 1.6
Pulmonary embolism 2 2 (0.2) 1.6
Photosensitivity reaction 2 2 (0.2) 1.6
Vomiting 2 2 (0.2) 1.6

Data are presented as n or n (%). IPF: idiopathic pulmonary fibrosis. #: an SADR was defined as an
adverse drug reaction at any dose that resulted in death, disability or a congenital anomaly/birth defect,
was life-threatening, required in-patient hospitalisation or prolonged an existing hospitalisation, but based
upon appropriate medical judgement could have jeopardised the patient or may have required intervention
to prevent one or more of the outcomes listed (the treating physician (investigator) made a clinical judgement
to decide if the SADR was related to pirfenidone); ¶: n=1009 (person-years of observation=1252.8);
+: exposure-adjusted event rate per 1000 person-years of exposure is calculated as: 1000×(number of
reported events/total person-years of exposure).

Patients with an ADR#

n=741 (100.0%)

No dose adjustment

n=383 (51.7%)

Dose adjustment

n=358 (48.3%)

(Reduction n=248/358 (69.3%);

interruption n=158/358 (44.1%))

Discontinued

n=219/358 (61.2%)

(ADR n=114 (31.8%);

death/other n=105 (29.3%))

Discontinued

n=283/383 (73.9%)
Completed

n=100/383 (26.1%)

Completed

n=139/358 (38.8%)

(ADR n=168 (43.9%);

death/other n=115 (30.0%))

FIGURE 2 Dose adjustment and retention in patients who experienced an adverse drug reaction (ADR). #: an
ADR was defined as any safety event with a possible causal relationship to pirfenidone (the treating physician
(investigator) made a clinical judgement to decide if the ADR was related to pirfenidone).
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TABLE 4 Adverse drug reactions of special interest (ADRSI)# in the overall population¶

Total events Patients with event

Any ADRSI 1577 693 (68.7)
Gastrointestinal symptoms 591 386 (38.3)
Photosensitivity and skin rashes 388 293 (29.0)
Fatigue 257 244 (24.2)
Weight loss 173 162 (16.1)
Dizziness 79 72 (7.1)
Abnormal LFTs 54 36 (3.6)
Angioedema 10 9 (0.9)
Specific cardiac events 9 7 (0.7)
Falls 6 6 (0.6)
Blood dyscrasias 4 4 (0.4)
Severe skin infections 4 4 (0.4)
Drug interactions (including smoking) 2 2 (0.2)
Increased platelet count 0 0 (0.0)

Data are presented as n or n (%). LFT: liver function test; EMA: European Medicines Agency; CHMP:
Committee for Medicinal Products for Human Use. #: ADRSI included any important identified/potential
risks identified in the EMA’s CHMP assessment report for pirfenidone (important identified risks:
photosensitivity reactions/skin rashes, abnormal LFTs, dizziness, weight loss, gastrointestinal symptoms,
fatigue and angioedema; important potential risks: falls, drug interactions (particularly cytochrome P450
CYP1A2 inducers/inhibitors such as cigarette smoke and ciprofloxacin), increased platelet counts, specific
cardiac events (including supraventricular tachyarrhythmia, atrioventricular block and sick sinus
syndrome, ventricular arrhythmia, bundle branch block and aortic or pulmonic valvular incompetence))
[12]; in addition to these ADRSI included in the EMA’s CHMP, this study also included angioedema, blood
dyscrasias (specifically agranulocytosis, leukopenia and neutropenia), severe skin reactions and warfarin
interactions as important/potential risks (the treating physician (investigator) made a clinical judgement to
decide if the ADRSI was related to pirfenidone); ¶: n=1009.

TABLE 5 Adverse drug reactions of special interest (ADRSI)# in the pre-specified subgroups

Pre-specified subgroup Patients Total events Patients with event

All patients 1009 (100.0) 1577 693 (68.7)
Baseline FVC % pred <50% 144 (14.3) 213 91 (63.2)
Concomitant immunosuppressive therapies 272 (27.0) 436 190 (69.9)
Concomitant other therapies for IPF 586 (58.1) 938 419 (71.5)
Pirfenidone use for conditions other than IPF 3 (0.3) 2 2 (66.7)
Predisposing conditions for liver disease 190 (18.8) 246 120 (63.2)
QT prolongation 14 (1.4) 18 11 (78.6)
Underlying specific cardiac events 176 (17.4) 326 126 (71.6)
Underlying hepatic disease 43 (4.3) 83 31 (72.1)
Underlying other forms of pulmonary disease 271 (26.9) 421 181 (66.8)
Warfarin use 48 (4.8) 76 34 (70.8)
Paediatric patients 0 (0.0)
Secondary causes of pulmonary fibrosis 0 (0.0)

Data are presented as n (%) or n. FVC: forced vital capacity; IPF: idiopathic pulmonary fibrosis; EMA:
European Medicines Agency; CHMP: Committee for Medicinal Products for Human Use. #: ADRSI included
any important identified/potential risks identified in the EMA’s CHMP assessment report for pirfenidone
(important identified risks: photosensitivity reactions/skin rashes, abnormal liver function tests, dizziness,
weight loss, gastrointestinal symptoms, fatigue and angioedema; important potential risks: falls, drug
interactions (particularly cytochrome P450 CYP1A2 inducers/inhibitors such as cigarette smoke and
ciprofloxacin), increased platelet counts, specific cardiac events (including supraventricular
tachyarrhythmia, atrioventricular block and sick sinus syndrome, ventricular arrhythmia, bundle branch
block and aortic or pulmonic valvular incompetence)) [12]; in addition to these ADRSI included in the
EMA’s CHMP, this study also included angioedema, blood dyscrasias (specifically agranulocytosis,
leukopenia and neutropenia), severe skin reactions and warfarin interactions as important/potential risks
(the treating physician (investigator) made a clinical judgement to decide if the ADRSI was related to
pirfenidone).
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Discussion
This prospective, real-world, post-authorisation study aimed to assess the long-term safety and tolerability
of pirfenidone. PASSPORT also monitored for any potentially unidentified safety or tolerability signals in
a large population of patients. In this analysis of the final study data for PASSPORT, no new safety signals
were identified and the safety profile was in line with that expected from clinical trials [7–9].

Entry criteria for PASSPORT were minimally restrictive, with patients enrolled from multiple countries,
such that the results of the study could apply to a broad population. Generally, baseline characteristics of
patients in PASSPORT were similar to those in the RCTs. However, the PASSPORT population included
144 (14.9%) patients with baseline FVC % pred <50%, whereas these patients were excluded from the
RCTs at screening [7, 9]. In PASSPORT, the ADRSI rate was similar between patients with FVC % pred
<50% (63.2%) and the overall population (68.7%). Additionally, the regression analysis did not identify
FVC % pred <50% as a significant risk factor for discontinuation due to an ADR after 6, 12 or 24 months,
although it is possible the inclusion of patients with a FVC % pred <50% led to a higher discontinuation
due to death, as previously suggested in the interim analyses [13].

PASSPORT also differed from the RCTs in that self-reported ADRs were collected, with an ADR defined
as any safety event with a possible causal relationship to pirfenidone, whereas all adverse events (regardless
of their relationship to pirfenidone) were reported in the RCTs [7, 9]. The studies also differed in
treatment duration and drug exposure: PASSPORT followed patients for 2 years (median exposure to
pirfenidone 442.0 days), whereas the duration of the ASCEND trial was 52 weeks, and patients enrolled in
CAPACITY received pirfenidone for between 72 and 120 weeks [7, 9]. Furthermore, PASSPORT included
patients with a wider range of comorbidities than those who were included in the RCTs. These differences
did not result in identification of any new safety issues.

Approximately half of patients with an ADR in PASSPORT experienced an ADR within the first 30 days
(379 out of 741 (51.1%)). This corresponds with the RCT data, which demonstrated that adverse events
tended to occur within the first 3 months of initiating treatment [14] and reinforces the need for close
monitoring during the initial treatment phase. Approximately 29% of the patients in PASSPORT
experienced ADRs leading to discontinuation after a median of 99.5 days. The ADRs that led to
discontinuation of pirfenidone in this study were mostly gastrointestinal and skin-related, notably nausea
(4.1%), decreased weight (3.2%) and rash (3.2%), as observed in the pirfenidone RCTs [7, 9]. Previous

TABLE 6 Risk factors associated with discontinuation of pirfenidone due to an adverse drug
reaction (ADR)# in the overall population

Predictor of early discontinuation¶ Comparison OR (95% CI) p-value

At 6 months
Age Continuous 1.06 (1.03–1.08) <0.0001
Female sex Yes versus no 1.59 (1.06–2.33) 0.0228
Steroid use prior to study Yes versus no 1.64 (1.10–2.43) 0.0148

At 12 months
Age Continuous 1.06 (1.04–1.08) <0.0001
Female sex Yes versus no 1.52 (1.04–2.17) 0.0288
Steroid use prior to study Yes versus no 1.48 (1.02–2.17) 0.0406
Underlying pulmonary disease+ Yes versus no 0.72 (0.50–1.03) 0.0748

During entire study
Age Continuous 1.03 (1.01–1.05) 0.0009
Female sex Yes versus no 1.54 (1.08–2.22) 0.0193
BMI Continuous 0.96 (0.92–0.99) 0.0127
UK patients Yes versus no 1.65 (1.14–2.39) 0.0081
Current alcohol use Yes versus no 0.73 (0.53–1.01) 0.0555
Years since IPF diagnosis Continuous 1.04 (0.99–1.09) 0.1245
Ex-/current smoker Yes versus no 1.30 (0.94–1.79) 0.1111

BMI: body mass index; IPF: idiopathic pulmonary fibrosis; FVC: forced vital capacity. #: an ADR was
defined as any safety event with a possible causal relationship to pirfenidone (the treating physician
(investigator) made a clinical judgement to decide if the ADR was related to pirfenidone); ¶: following
analysis of early discontinuation due to an ADR, the following baseline variables were included in the
stepwise logistic regression model-building process: age, sex, BMI, smoking/alcohol status, steroid/
azathioprine exposure, UK patient, alanine aminotransferase, FVC, years since IPF diagnosis, FVC % pred
<50% and other pulmonary/hepatic/cardiovascular disease; +: other than IPF.
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real-world studies reported similar pirfenidone discontinuation rates (21–29%); however, it should be
noted that these numbers may not be directly comparable due to the differing lengths of follow-up [15, 16].
The real-world discontinuation rates tend to be higher than those observed in the pirfenidone RCTs [7, 9],
although rates were still relatively low (<5%) for any single gastrointestinal-related ADR term or any single
skin-related ADR. It is possible that the variation in discontinuation rates may have been due to inherent
differences in study design. For example, compared with real-world studies, RCTs may be expected to have
more stringent inclusion criteria that could favour a healthier population and more frequent follow-up visits
to support continuation. Additionally, real-world studies tend to be of a longer duration versus RCTs.

Mitigation strategies to reduce the incidence and/or manage gastrointestinal and skin-related ADRs
include taking pirfenidone during/after a meal, reducing/interrupting pirfenidone dose, avoiding sun
exposure, wearing protective clothing and applying an ultraviolet A/B broad-spectrum sunscreen [3, 17].
An analysis of dose adjustment and discontinuation in patients with an ADR in PASSPORT found that
fewer patients who had a dose adjustment discontinued treatment than those without a dose adjustment
(61.2% versus 73.9%). This effect was primarily driven by a lower rate of discontinuation due to an ADR
in patients with a dose modification.

In the regression analysis, factors found to be significantly associated (p<0.05) with early treatment
discontinuation due to an ADR after 6 and 12 months were older age, use of steroids prior to the study
and female sex. In the entire 2-year study, older age and female sex remained significantly associated with
early treatment discontinuation. Furthermore, patients recruited in the UK and patients with a lower BMI
were more likely to have discontinued treatment during the study. Patients aged ⩾80 years have been
shown to experience more adverse events when treated with pirfenidone versus patients aged <80 years
[14, 18]. Older females tend to experience more adverse events of weight loss, nausea and vomiting,
whereas older males tend to experience more adverse events of rash [18]. Similarly, older patients with
BMI <25 kg·m−2 experienced greater frequency of fatigue, gastrointestinal and nutritional disorders than
those with BMI ⩾25 kg·m−2 [18]. It is therefore likely that older females, particularly those with a lower
than average BMI, are at greater risk of pirfenidone ADRs and should be monitored closely. The reasoning
behind UK patients being more likely to discontinue pirfenidone treatment due to ADRs is unclear and it
is possible that this is an accidental finding. The cause for earlier discontinuation in patients with prior
steroid use is also unclear, but may reflect heterogeneity of practice by centre or physician.

PASSPORT was conducted at the request of the EMA as a follow-up measure to the EU marketing
authorisation received for pirfenidone in 2011 [3]. The study systematically monitored for potential new
safety signals associated with pirfenidone, particularly among the pre-specified subgroups based on
baseline comorbidities or concomitant medication use listed previously [12]. A large proportion of patients
were included in the pre-specified subgroups based on baseline comorbidities and use of concomitant
medications, such as immunosuppressive therapies and warfarin. Generally, the rate of ADRSI was similar
in these pre-specified subgroups and the general population. Pirfenidone was used for the treatment of IPF
in all except three patients and so PASSPORT was unable to provide evidence of safety in other
conditions. A number of clinical trials are currently underway to assess the use of pirfenidone in other
diseases, including unclassifiable interstitial lung disease (ILD) (ClinicalTrials.gov identifier NCT03099187),
ILD associated with systemic sclerosis (ClinicalTrials.gov identifier NCT03221257) and ILD associated with
rheumatoid arthritis (ClinicalTrials.gov identifier NCT02808871).

PASSPORT was an observational, open-label, single-arm study, which limits interpretation of the results.
Moreover, ADRs were self-reported and only collected at 3-monthly visits, potentially leading to patient
recall bias. Furthermore, 319 out of 1009 patients initiated pirfenidone up to 30 days prior to the baseline
visit, meaning that some measurements collected at the baseline visit were not taken prior to the
commencement of pirfenidone. It is also possible that ADRs resulted in discontinuation of therapy prior
to patient enrolment in the study, thereby introducing a bias in the population recruited and ADRs being
underreported. Other than warfarin use, medications for IPF and concomitant medications information
was limited to medications taken at baseline or within 28 days prior to the onset of an ADR. Additionally,
only deaths that were an outcome of an ADR or those that were the primary reason for discontinuation
from the study were collected. Finally, data regarding efficacy (e.g. lung function or exercise capacity) were
not collected in PASSPORT, as the study objective was to evaluate safety and tolerability.

In summary, no new safety signals were observed in PASSPORT when compared with the pirfenidone
RCTs and other post-marketing experience. The safety findings in this study are consistent with the
established safety profile of pirfenidone. Furthermore, dose adjustment had a favourable effect on
treatment persistence. This study also provides new data on the safety findings of patients within
pre-defined subgroups that support the established safety profile of pirfenidone. Identification of predictors
of early treatment discontinuation due to an ADR, including older age, female sex and prior steroid use,
allows better targeting of patient information to help manage ADRs in these patients.
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