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ABSTRACT

Introduction: Pirfenidone film-coated tablets
were developed to offer an alternative to the
marketed capsule formulation. This study
assessed the bioequivalence of the tablet and
capsule formulations under fed and fasted
states.
Methods: A Phase I, open-label, randomized,
four-treatment-period, four-sequence, crossover
pharmacokinetics study (NCT02525484) was
conducted. Each subject received an 801-mg
single dose of pirfenidone as three 267-mg

capsules or one 801-mg tablet under fasted and
fed conditions. Pirfenidone plasma Cmax,
AUC0–t and AUC0–? were used to assess
bioequivalence.
Results: Forty-four subjects were randomized
to treatment. The 801-mg tablet in the fasted
state met bioequivalence criteria [90% confi-
dence intervals (CI) 80.00–125.00%] for the
GLSM ratios of natural log-transformed Cmax,
AUC0–t and AUC0–?. Under fed conditions, the
801-mg tablet met the bioequivalence criteria
for AUC0–t and AUC0–?, but slightly exceeded
the bioequivalence criteria for the Cmax (90% CI
of 108.26–125.60%). The tablet Cmax was
approximately 17% higher than that of the
capsules. In the fed state, the tablet Cmax, and
both AUC0–t and AUC0–? were reduced by 39%
and 17%, respectively, relative to the fasted
state. The tablet and capsules had accept-
able tolerability profiles.
Conclusions: The pirfenidone 801-mg tablet
met bioequivalence criteria when compared
with three 267-mg capsules in the fasted state.
The tablet Cmax was slightly higher relative to
capsules in the fed state, but this is not expected
to have a clinically meaningful impact on the
benefit–risk profile of pirfenidone.
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INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a debili-
tating, progressive and fatal lung disease [1–3].
Pirfenidone (as a 267-mg capsule) is approved
by the European Medicines Agency (EMA) and
the US Food and Drug Administration (FDA),
and is recommended in international treatment
guidelines for the treatment of IPF in the
majority of patients [2, 4, 5].

Although the mechanism of action has not
been fully established, pirfenidone is an antifi-
brotic agent that affects multiple biological
pathways in vivo. Pirfenidone attenuates
fibroblast proliferation and production of
fibrosis-associated proteins and cytokines, and
decreases biosynthesis and accumulation of
extracellular matrix in response to cytokine
growth factors [6–8].

Clinical studies in patients with IPF have
shown that pirfenidone reduced the decline in
forced vital capacity and the risk of all-cause
mortality versus placebo at 1 year [9, 10]. Pir-
fenidone is generally well tolerated; however,
gastrointestinal and skin-related adverse events
(AEs) can affect tolerability in some patients,
particularly within the first 6 months of treat-
ment [11, 12].

Clinical pharmacokinetic (PK) studies have
demonstrated that, after oral administration of
pirfenidone in various oral formulations, peak
plasma pirfenidone concentration (Cmax) and
area under the plasma concentration versus
time curve (AUC) are significantly higher in a
fasted versus a fed state [13–15]. The observed
reduction in Cmax in the fed state is of clinical
benefit as pirfenidone-related side effects were
associated with Cmax [14, 15]. Therefore, pre-
scribing information recommends taking pir-
fenidone with food [4, 5].

Gradual dose titration on initiation of pir-
fenidone can help with the management of AEs
and prevent treatment discontinuation [11, 12].
Currently, the pirfenidone capsule is available
as a 267-mg capsule and the flexibility offered
by the capsule formulation is key to facilitating
tailored dosing until patients are established on
a stable dose of pirfenidone. The recommended
starting dose is 1 9 267-mg capsule three times

daily (tid) for 1 week, followed by 2 9 267-mg
capsules tid for 1 week, followed by the main-
tenance dosage of 3 9 267-mg capsules tid
[5, 11]. If AEs occur during pirfenidone treat-
ment, temporary dose reduction followed by
re-escalation can help to resolve AEs [11].

Once patients are on a stable maintenance
dose of 2403 mg/day, they may benefit from
having fewer pills to take daily. This could
improve medication adherence, which is
defined as the degree to which patients follow
recommendations on the timing, dosage and
frequency of their medications [16]. Poor
adherence may be associated with worse health
outcomes [17–20] and the prescribed number of
dose units of medication daily may be an
important factor in influencing adherence, with
an increasing number of doses associated with
poorer adherence [20–22].

Pirfenidone film-coated 801-mg tablets were
developed to provide patients who are tolerat-
ing the recommended daily maintenance dose
with an alternative to the 267-mg capsule for-
mation. The reduced pill burden of taking
1 9 801-mg tablet tid has the potential to
increase adherence in these patients.

The aim of this study was to assess the
bioequivalence of pirfenidone after a
single-dose oral administration of 1 9 801-mg
tablet compared with a single-dose of
3 9 267-mg capsules under fasted and fed states.

METHODS

Study Design

This single-dose, Phase I, open-label, random-
ized, four-treatment-period, four-sequence,
crossover PK study (NCT02525484) was
designed to determine the bioequivalence of
pirfenidone when administered via a tablet
versus a capsule formulation in the fed and
fasted states (Fig. 1).

Following a screening period of up to
28 days, healthy volunteers aged 18–55 years
were randomized to one of four treatment
sequences, during which the following treat-
ments were administered as single oral doses
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(i.e. there was no dose titration as is normally
used in patients with IPF; Fig. 1):
• Treatment A = pirfenidone 3 9 267-mg

capsules in the fed state.
• Treatment B = pirfenidone 1 9 801-mg

tablet in the fed state.
• Treatment C = pirfenidone 3 9 267-mg

capsules in the fasted state.
• Treatment D = pirfenidone 1 9 801-mg

tablet in the fasted state.
Knowledge of the dosage form (i.e. tablet or

capsule) would not influence the PK assessment;
hence, the study was not blinded to simplify the
study conduct. However, persons involved in
analyzing the PK datawere blinded as towhether
the sample was following tablet or capsule
administration until the PK parameters were
determined. A 4 9 4 Williams study design was
used, with the four possible treatment sequences
being ACBD, BADC, CDAB and DBCA (Fig. 1).
Subjects remained at the clinic for 12 nights,
from the day before the first dose of the study
drug until 48 h after the last dose of the study
drug following completion of safety assessments.
Study drug was administered on Days 1, 4, 7 and
10, with a 72-h washout period between the
administration of doses to ensure sufficient
washout based on a half-life of 2–3 h (Fig. 1).

Under fed conditions, pirfenidone was
administered after a high-fat and high-calorie
meal, consumed after an overnight fast as per

guidance from global regulatory agencies
[23, 24]. Each high-fat breakfast consisted of
approximately 840 calories, provided from 32 g
of protein, 54 gof fat, and57 gof carbohydrate. A
typical breakfast included two fried eggs, two
strips of bacon, two slices of toast, two pats of
butter, four ounces of hash brown potatoes, and
eight fluid ounces of whole milk. Under fasting
conditions, pirfenidone was administered after
an overnight fast of at least 10 consecutive hours.

To be eligible for participation in the study,
subjects were required to be non-smokers, in
good health, and with no significant medical
history (in the opinion of the investigator). Par-
ticipants also agreed to abstain from alcohol,
caffeine, cruciferous vegetables and strenuous
exercise for the duration of the study. The study
was conducted in accordance with the Interna-
tional Conference on Harmonisation Guideli-
nes, the Declaration of Helsinki and relevant
local legal and regulatory requirements. Written
informed consent was obtained from each sub-
ject before any study procedureswere performed.

Sample Collection

Blood samples (4 mL) for the harvesting of
plasma to determine plasma pirfenidone con-
centrations and PK calculations were drawn in
EDTA vacutainer tubes on Days 1, 4, 7 and 10:

Fig. 1 Study design. ICF informed consent, PK pharmacokinetic a Discharge after completion of PK blood draws and
assessments
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up to 3 h pre-dose and 0.25, 0.5, 1, 1.5, 2, 3, 4, 6,
8, 10, 12, 16 and 24 h post-dose.

Bioanalytical Methods

A validated liquid chromatography tandem
mass spectrometric (LC–MS/MS) method was

used to determine the concentration of pir-
fenidone in K2EDTA-treated plasma samples.
Pirfenidone and the deuterium-labeled internal
standard, pirfenidone-d5, were extracted from
plasma, by means of supported liquid extrac-
tion. The LC–MS/MS analysis was carried out
with a Phenomenex (Torrance, CA, USA)

Table 1 Summary of subject demographics at baseline

Treatment sequencea

ACBD n5 11 BADC n 5 11 CDAB n5 11 DBCA n5 11 Total n5 44

Median (min, max) age, years 33.0 (20, 53) 28.0 (21, 49) 41.0 (25, 54) 38.0 (20, 50) 33.0 (20, 54)

Male, n (%) 5 (45.5) 8 (72.7) 9 (81.8) 6 (54.5) 28 (63.6)

Race, n (%)

White 6 (54.5) 6 (54.5) 5 (45.5) 7 (63.6) 24 (54.5)

Black or African American 5 (45.5) 5 (45.5) 4 (36.4) 3 (27.3) 17 (38.6)

Other 0 0 2 (18.2) 1 (9.1) 3 (6.8)

Mean (SD) weight (kg) 73.9 (13.0) 71.2 (13.4) 85.3 (14.1) 77.8 (11.0) 77.0 (13.6)

Mean (SD) height (cm) 168.6 (7.1) 168.8 (8.4) 177.4 (11.4) 170.0 (10.3) 171.2 (9.8)

Mean (SD) BMI (kg/m2) 25.9 (3.3) 24.9 (3.7) 26.9 (2.3) 26.9 (2.9) 26.1 (3.1)

BMI body mass index, SD standard deviation
a Treatment A = 3 9 267-mg capsules in the fed state; treatment B = 1 9 801-mg tablet in the fed state; treatment
C = 3 9 267-mg capsules in the fasted state; treatment D = 1 9 801-mg tablet in the fasted state

Table 2 PK parameters of pirfenidone following single-dose administration in the fed and fasted states

PK parameter Geometric mean (CV%)

Fed state (n5 43) Fasted state (n 5 42)

33 267-mg capsules 1 3 801-mg tablet 33 267-mg capsules 1 3 801-mg tablet

Cmax (ng/mL) 6560 (25.5) 7640 (27.9) 12,500 (27.9) 12,600 (32.8)

AUC0–t (ng h/mL) 39,500 (36.6) 40,600 (35.0) 49,500 (34.5) 49,200 (35.1)

AUC0–? (ng h/mL) 39,800 (37.0) 40,900 (35.5) 49,700 (34.9) 49,400 (35.5)

tmax (h)
a 3.00 (0.50, 6.00) 2.05 (1.00, 6.00) 0.75 (0.25, 2.00) 1.00 (0.25, 3.00)

t1/2 (h) 2.75 (0.585) 2.74 (0.579) 2.77 (0.589) 2.77 (0.571)

AUC0–? area under the plasma concentration versus time curve from time zero to infinity, AUC0–t area under the plasma
concentration versus time curve from time zero to the time of the last quantifiable concentration, Cmax peak plasma
concentration, CV coefficient of variation, PK pharmacokinetic, t1/2 terminal elimination half-life, tmax time to peak plasma
concentration
a Median (minimum, maximum)
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Gemini� C18 column on a Shimadzu (Kyoto,
Japan) Prominence� HPLC system coupled with
a Sciex (Framingham, MA, USA) API 4000TM

triple quadrupole mass spectrometer. Pir-
fenidone concentrations were calculated using a
1/x2 weighted linear regression over a range
from 5.00 to 3000 ng/mL. This method offered
acceptable accuracy and precision. Validation
methods confirmed that study samples with a
pirfenidone concentration above 3000 ng/mL
could be measured following dilution, with a
dilution quality control sample of 50,000 ng/
mL accurately measured after a 100-fold dilu-
tion with blank human plasma. There was no
evidence of carryover that could adversely affect
the quantitation of pirfenidone.

PK and Bioequivalence Analyses

Primary PK parameters in this study included
the observed maximum plasma concentration
(Cmax), area under the plasma concentration
versus time curve from time zero to the time of
the last quantifiable concentration (AUC0–t) and
AUC from zero extrapolated to infinity
(AUC0–?.). Secondary PK parameters included
observed time to reach peak concentration
(tmax), and elimination half-life (t1/2). PK
parameters for pirfenidone were estimated from
individual plasma concentration versus time
profiles using a non-compartmental approach
with Phoenix� WinNonlin� 6.3 (Certara USA,
St. Louis, MO, USA).

Bioequivalence between the test treatment
(1 9 801-mg pirfenidone tablet) and the refer-
ence treatment (3 9 267-mg pirfenidone cap-
sules) was assessed by calculating two-sided 90%
confidence intervals (CIs) for the geometric
least-squares means (GLSM) ratio between the
two treatments for both the fed and fasted
states. An analysis of variance (ANOVA) was
performed on the natural log-transformed pri-
mary PK measurements: Cmax, AUC0–t and
AUC0–?. The 90% CIs of the GLSM ratio of the
test treatment to the reference treatment were
calculated by taking the anti-log of the corre-
sponding 90% CIs for the differences between
the means on the log scale. Bioequivalence was
established if the 90% CI for the ratio was

within bioequivalence limits of 80.00% to
125.00% [23, 24].

Power calculations indicated that a total of
36 subjects would provide 85% power to

Fig. 2 Mean plasma concentrationa versus time profiles
with a linear and b semi-logarithmic scales. Plasma
concentration values below limit of quantitation (BLOQ)
were set to zero except when a BLOQ fell between two
quantifiable values, in which case it was treated as missing
data. One subject who was fasted and fed and one subject
who was fasted only were excluded from descriptive
statistics calculations because of vomiting within 6 h of
dosing a Mean concentration calculated from individual
plasma concentration at the same time point
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conclude bioequivalence if the true ratio
between the pirfenidone capsule and tablet was
0.95 to 1.05 and the intra-subject coefficient of
variation was 0.26. The intra-subject coefficient
of variation value was selected based on the
largest value reported in a previous PK study of
the pirfenidone capsule formulation [14]. To
ensure that at least 36 subjects would complete
all study periods with adequate PK data, 44
subjects were enrolled in the study.

Safety Evaluation

All AEs (including those leading to treatment
discontinuation and of special interest) that
occurred on or after the first dose of study

medication were recorded using Medical Dic-
tionary for Regulatory Activities Version 18.0 and
listedbydosing condition.Changes frombaseline
in laboratory parameters and vital signs were also
recorded [please refer to the online supplement
for details]. A graphical examination of the
exposure–response relationshipwas conducted to
explore a potential relationship between drug
exposure and the occurrence of AEs.

RESULTS

Subjects

Of 97 subjects screened for inclusion, a total of
44 subjects were randomized to one of the four
treatment sequences (Fig. 1). All subjects com-
pleted treatment and had blood samples col-
lected at a minimum of 10 time points per
treatment period, with at least one sample
C16 h post-dose. One subject was excluded
from the PK analysis for all treatments due to
emesis following administration of pirfenidone
1 9 801-mg tablet in the fed state and pir-
fenidone 3 9 267-mg capsules in the fasted
state. Another subject experienced emesis fol-
lowing administration of pirfenidone
1 9 801-mg tablet in the fasted state and was
excluded from the PK analyses in the fasted
state. Therefore, a total of 43 subjects were
included in the PK population in the fed state,
and 42 subjects were included in the PK popu-
lation in the fasted state. All 44 subjects were
included in the safety population. Subject
demographics are presented in Table 1.

Table 3 Statistical assessment of bioequivalence comparing pirfenidone 3 9 267-mg capsules and 1 9 801-mg tablet in the
fed and fasted states

PK parameter Tablet vs. capsules, % GLSM ratio (90% CI)

Fed state (n5 43) Fasted state (n5 42)

Cmax (ng/mL) 116.61 (108.26, 125.60) 101.26 (94.41, 108.60)

AUC0–t (ng h/mL) 103.06 (99.55, 106.69) 99.63 (96.66, 102.69)

AUC0–? (ng h/mL) 103.05 (99.54, 106.69) 99.61 (96.64, 102.68)

AUC0–? area under the plasma concentration versus time curve from time zero to infinity, AUC0–t area under the plasma
concentration versus time curve from time zero to the time of the last quantifiable concentration, CI confidence interval,
Cmax peak plasma concentration, GLSM geometric least-squares mean, PK pharmacokinetic

Table 4 Statistical assessment of bioequivalence compar-
ing pirfenidone 1 9 801-mg tablet in the fed and fasted
states

PK parameter Feda vs. fastedb, % GLSM
ratio (90% CI)

Cmax (ng/mL) 60.54 (55.82, 65.67)

AUC0–t (ng h/mL) 82.56 (80.03, 85.17)

AUC0–? (ng h/mL) 82.68 (80.14, 85.29)

AUC0–? area under the plasma concentration versus time
curve from time zero to infinity, AUC0–t area under the
plasma concentration versus time curve from time zero to
the time of the last quantifiable concentration, CI confi-
dence interval, Cmax peak plasma concentration, GLSM
geometric least-squares mean, PK pharmacokinetic
a n = 43
b n = 42
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PK Analyses

In the fasted state, pirfenidone PK, measured
using the geometric mean AUC0–t, AUC0–?, and
Cmax, was similar between the tablet and cap-
sules (Table 2). Mean pirfenidone plasma con-
centration–time profiles stratified by treatment
are presented in Fig. 2. Median tmax were similar
between the tablet and capsules (Table 2).

In the fed state, pirfenidone PK, as measured
using the geometric mean AUC0–t and AUC0–?,
was similar between the pirfenidone 1 9 801-mg
tablet and the pirfenidone 3 9 267-mg capsules
(Table 2). The geometric mean Cmax for the pir-
fenidone tablet was approximately 17% higher
compared with the capsules [geometric mean (%
coefficient of variation)= 7640 (27.9) vs. 6560
(25.5) ng/mL, respectively) (Table 2). Median
tmax was approximately 1 h shorter with the
tablet than the capsules [median (min,
max)= 2.05 (1.00, 6.00) vs. 3.00 (0.50, 6.00) h,
respectively] (Table 2).

Bioequivalence Analysis

Under the fasted state, standard bioequivalence
criteria were met for the GLSM ratios of natural

log-transformed Cmax, AUC0–t and AUC0–? for
the pirfenidone 1 9 801-mg tablet (Table 3). In
the fed state, the 90% CI values for the GLSM
ratios of natural log-transformed AUC0–t and
AUC0–? met standard bioequivalence criteria
(Table 3). The upper CI value for the natural
log-transformed Cmax for the tablet slightly
exceeded the standard bioequivalence criteria
(by 0.6%), with a value of 125.60% compared
with capsules (Table 3).

Food Effect

Following administration of the pirfenidone
1 9 801-mg tablet, pirfenidone PK, as mea-
sured by AUC0–t and AUC0–?, was approxi-
mately 17% lower in the fed state compared
with the fasted state, with 90% CI values of
80.03–85.17% and 80.14–85.29%, respectively
(Table 4). Following administration of the
tablet, Cmax values were approximately 39%
lower in the fed state compared with the fas-
ted state, with 90% CI values of 55.82–65.67%
(Table 4). The effect of food on pirfenidone PK
was consistent between the tablet and capsule
formulations.

Table 5 Adverse events

n (%) Fed state Fasting state Totala

33 267-mg
capsules n5 44

1 3 801-mg
tablet n5 44

3 3 267-mg
capsules n5 44

1 3 801-mg
tablet n5 44

Nausea 0 3 (6.8) 8 (18.2) 10 (22.7) 13 (29.5)

Dizziness 0 1 (2.3) 4 (9.1) 6 (13.6) 8 (18.2)

Headache 0 2 (4.5) 2 (4.5) 3 (6.8) 4 (9.1)

Constipation 0 3 (6.8) 0 1 (2.3) 4 (9.1)

Vomiting 0 1 (2.3) 1 (2.3) 1 (2.3) 2 (4.5)

Dyspepsia 0 0 1 (2.3) 1 (2.3) 2 (4.5)

Oral paresthesia 0 0 1 (2.3) 0 1 (2.3)

Pollakiuria 0 1 (2.3) 0 0 1 (2.3)

Vulvovaginal pruritus 0 0 0 1 (2.3) 1 (2.3)

Hot flush 1 (2.3) 0 0 0 1 (2.3)

a Total counts are provided for the entire study with each subject counted only once
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Fig. 3 Distribution of a Cmax and b AUC0–? in the fed
treatment period by subjects with and without AEs.
Box and whisker plot defines the interquartile range; center
line is the median; symbol is the mean; whiskers are the
upper and lower limits of 1.5 times the interquartile range.

Each subject is presented once within each treatment, for
all subjects and by AE, reported or not. AE adverse event,
AUC0–?, area under the plasma concentration versus time
curve from time zero to infinity, Cmax peak plasma
concentration
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Safety

A total of 22 (50.0%) subjects experienced at least
one AE during the study. All AEs were rated as
mild, and no serious AEs, deaths or AEs of special
interest (cases of potential drug-induced liver
injury and suspected transmission of an infec-
tious agent by the study drug) were reported.

The most frequently (C2) reported AEs were
nausea [13 (29.5%)], dizziness [8 (18.2%)],
headache [4 (9.1%)], constipation [4 (9.1%)],
vomiting [2 (4.5%)] and dyspepsia [2 (4.5%)]
(Table 5). A smaller proportion of subjects
experienced AEs in the fed state versus the fas-
ted state for both the tablet [7 (15.9%) vs. 16
(36.4%), respectively] and the capsules [1 (2.3%)
vs. 14 (31.8%), respectively]. There was no
apparent relationship between drug exposure
and AEs based on a graphical examination of
the exposure–response relationship (Fig. 3).

DISCUSSION

The EMA bioequivalence guideline suggests that
testing under fasted conditions is more sensitive
in detecting differences between formulations
than under fed conditions. However, the
guidelines also suggest that bioequivalence
studies should generally be conducted under
fed conditions for products recommended for
administration with food [23]. Similarly, the
FDA recommends conducting bioequivalence
studies under fasting and fed conditions for all
orally administered immediate-release drug
products [24].

In a previous PK study of the pirfenidone
capsule formulation in healthy volunteers, the
presence of food was associated with a reduction
in Cmax value versus the fasted state, which was
correlated with a reduction in gastrointestinal
AEs [14]. This finding reflects clinical practice,
with patients advised to take pirfenidone with or
after a meal; therefore, this study also investi-
gated the PK and bioequivalence of the pir-
fenidone tablet formulation under fed
conditions. Consistent with the previous study,
our results indicate that the presence of food
reduces the rate and extent of pirfenidone
absorption from the tablet formulation. A

statistically significant reduction in pirfenidone
Cmax was observed in the fed state versus the
fasted state; whereas no statistically significant
differences were observed for AUC0–t and AUC0–?

measurements. The results of this study demon-
strate that, in the fasted state, the pirfenidone
19 801-mg tablet is bioequivalent to 39 267-mg
capsules. In the fed state, the bioequivalence cri-
teria were met based on AUC0–t and AUC0–?

measurements, whereas the upper bound of the
90% CI values for Cmax (125.6%) was slightly
outside the bioequivalence limits (by 0.6%).

The higher Cmax and shorter median tmax

with the tablet formulation compared with the
capsules suggest that pirfenidone undergoes fas-
ter absorption following administration of the
tablet compared with the capsules when food is
present. It is possible that release of pirfenidone
from the capsule at the site of absorption is
delayed following a high-fat meal. One hypoth-
esis is that multiple lighter capsules may float in
the fed stomach, whereas a single heavier tablet
may sink and mix more readily, ultimately
delaying gastric emptying for the more buoyant
capsules compared with the tablet [25].

The high-fat meal consumed during this
study represented extreme dietary conditions,
with subjects consuming approximately 800–
1000 calories, of which 50% were from fat. EMA
and FDA guidelines recommend conducting fed
bioequivalence studies using a high-fat,
high-calorie meal to provide the greatest effect
on gastrointestinal physiology, thereby a max-
imum food effect on systemic drug bioavail-
ability could be investigated [23, 24]. In
practice, dietary conditions would likely be
intermediate to the fasted and fed states utilized
in this study, and, therefore, the 17% increases
in Cmax between the tablet and capsule formu-
lations are not expected to have a clinically
meaningful impact on the benefit–risk profile of
pirfenidone in patients with IPF.

During this study, all AEs were mild, with no
discontinuations, serious AEs or deaths repor-
ted. The results are consistent with the known
safety profile of pirfenidone [4, 5]. Overall, a
smaller proportion of subjects experienced AEs
in the fed state compared with the fasted state
with both the tablet and capsule formulations.
The observed food effect on the AE profile is
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consistent with that observed in previous stud-
ies for pirfenidone capsules [14], and reinforces
the importance of taking pirfenidone with food,
as has been noted previously [11]. However, it is
notable that, in the fed state, only one AE of hot
flush was reported with the capsule. This is in
contrast to previous studies of the capsule in the
fed state in which more AEs, including nausea
and dizziness, were observed [14].

Previous studies suggested that Cmax and risk
of adverse gastrointestinal events were correlated
[14]. In this study, under the fasted state, both
formulations had similar incidences of AEs and a
similar Cmax was observed between the two
dosage forms. In the fed state, a greater propor-
tion of subjects experienced AEs with the tablet
formulation compared with the capsule formu-
lation. Although Cmax was slightly higher with
the tablet versus the capsule formulation, there
was no apparent relationship between drug
exposure and AEs based on a graphical exami-
nation of the exposure–response relationship.
For the tablet under fed conditions, the mean or
median Cmax (or AUC0–?) values for the subjects
who experienced AEs were trending higher;
however, the overall distribution of individual
exposure values for these subjects when com-
pared with the subjects without AEs is similar.
Taken together, these observations indicate that
the slightly higher Cmax observed with the tablet
relative to the capsules in the fed state in this
study is not expected to have a clinically mean-
ingful impact on safety.

Clinical studies in patients with IPF have
shown that pirfenidone reduces the decline in
forced vital capacity and the risk of all-cause
mortality versus placebo at 1 year [9, 10]. How-
ever, IPF is a chronic, progressive condition that
requires long-term treatment. The simplified
dosing regimen offered by the pirfenidone
801-mg tablet formulation may enhance long-
er-term adherence in patients once they are
established on the recommended maintenance
dose. Additional dose strengths, including 267-
and 534-mg tablets, will accommodate the rec-
ommended dose titration and flexible dose
modification until treatment is stabilized.
Assessing the bioequivalence of the highest single
dose is in accordance with the EMA and FDA
guidelines, which state that it is sufficient to

establish bioequivalence with the highest dose
[23, 24]. Therefore, the results from this bioe-
quivalence study, together with in vitro dissolu-
tion testing, support a biowaiver request for the
267- and 534-mg strengths of pirfenidone tablets.

Although our study was conducted in
accordance with EMA and FDA guidelines on
the investigation of bioequivalence [23, 24], the
limitations of our methodology should be
acknowledged. The subjects included in our
study were healthy volunteers aged 18–55 years;
however, in clinical practice, IPF is most com-
monly diagnosed in the seventh or eighth dec-
ade of life [3, 26, 27]. Patients with IPF have also
been shown to have a high burden of comor-
bidities and concomitant medication [26, 28].
Therefore, it is possible that the AE profile
observed in our study might not be representa-
tive of the real-world setting. However, it
should be noted that the safety profile of the
pirfenidone capsule formulation has been
extensively characterized [29], and no signifi-
cant differences in safety profile between the
capsule and tablet formulation are anticipated.

CONCLUSION

In conclusion, the results from this study
demonstrated bioequivalence between the pir-
fenidone 19 801-mg tablet and pirfenidone
39 267-mg capsules in the fasted state in healthy
adult volunteers. The small difference in Cmax

between the tablet and the capsules observed in
the fed state is not expected to have a clinically
meaningful impact on the benefit–risk profile of
pirfenidone, while the simplified dosing regimen
with tablets may increase adherence to treatment.
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