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ABSTRACT. Background: Patients with idiopathic pulmonary fibrosis (IPF) often do not tolerate pirfenidone in
the recommended dose of 2400 mg/day. The proportion of patients requiring dose reduction and its impact on
survival in the real-world remain unclear. Methods: Consecutive subjects with IPF were enrolled between March
2017 and June 2019. The maximum tolerated dose of pirfenidone (primary outcome) and adverse drug reactions
(ADRs) were recorded. A post hoc logistic regression analysis was performed to evaluate the predictors of drug
discontinuation due to ADRs. We also compared survival between the full-dose (2400 mg/day), reduced-dose
(< 2400 mg/day), and the no-pirfenidone groups, with age and percentage of the predicted forced vital capacity
(%pred FVC) as covariates. Results: Of the 128 subjects (mean age, 67.4 years; 77.3% men) included, 115 were
initiated on pirfenidone. Forty-nine (42.6%) and 51 (44.3%) subjects tolerated the full dose and reduced doses,
respectively. Ninety-six (83.5%) subjects developed at least one ADR; anorexia dyspepsia, and nausea being
the most common. Twenty-two subjects discontinued the drug; 15 of them due to ADRs. Body mass index
< 20 kg/m* was the only predictor of drug discontinuation due to ADRs. Among subjects newly initiated on
treatment during the study period (n = 80), survival was longer (hazard ratio [interquartile range], 0.19 [0.04-
0.96]; p = 0.045) in the full-dose but not the reduced-dose group (p = 0.08) compared with the no-pirfenidone
group, after adjusting for covariates. Conclusion: Pirfenidone was tolerated in the full dose in a minority of pa-
tients with IPF and appears to improve survival only with the full dose. (Sarcoidosis Vasc Diffuse Lung Dis 2020;
37 (2): 148-157)
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INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a diffuse
lung disease associated with a reduced survival.(1, 2)
The disease advances inexorably with deteriorating
lung function due to progressive lung fibrosis. The
antifibrotic agents pirfenidone and nintedanib are
the only drugs that benefit patients with IPF.(3, 4)
Pirfenidone was found to reduce the rate of decline
in the forced vital capacity (FVC) in two of the three
phase 3 multinational, randomized trials (CAPAC-
ITY 1, CAPACITY 2, and ASCEND).(3, 5) In a
pooled analysis of these studies, pirfenidone was also
found to reduce the risk of death at one year.(3) The
dose of pirfenidone associated with a survival advan-
tage was 2403 mg/day.

Several studies have reported the use of pir-
fenidone in IPF in clinical practice.(6-11) These
studies indicate that the full dose of pirfenidone is
poorly tolerated in a large number of patients and
frequently requires dose reduction.(9) The discon-
tinuation rates are also high in the real-world like
that in the clinical trial setting.(3, 6, 9) The effect of
pirfenidone on survival is inconsistent among real-
world studies.(12-17) One reason for this inconsist-
ency could be the varying doses of pirfenidone that
patients tolerate in clinical practice. In an analy-
sis of the pooled data from the CAPACITY and
ASCEND trials, as compared to placebo, pirfeni-
done did not change the outcome of progression or
death at one year when used in reduced doses.(18)
Unfortunately, there is a dearth of prospective real-
world data on the effect of reduced doses of pirfeni-
done on survival in IPF.

Herein, we describe our experience with the
dosing and tolerability of pirfenidone in patients
with IPF. We analyze the factors associated with the
discontinuation of pirfenidone due to adverse drug
reactions (ADRs). We also compare the survival of
subjects receiving the full dose or reduced doses of

the drug.
MATERIAL AND METHODS

This prospective, observational study was per-
formed between March 2017 and June 2019 at the
Chest Clinic of this Institute. The Institutional Eth-
ics Committee approved the study protocol, and all
subjects provided a written informed consent.

Study subjects

We included consecutive subjects presenting to
the Chest Clinic if they (1) were diagnosed to have
IPF; and, (2) consented to participate in the study.
Subjects newly diagnosed during the study period
formed the prospective cohort. We also included pa-
tients diagnosed before the study period and already
following up in the clinic (whether or not taking
pirfenidone), whom we designated as the retrospec-
tive cohort. The following subjects were excluded: (1)
subjects who opted for nintedanib; and, (2) subjects
who refused consent for the study. A diagnosis of
IPF was made based on the 2011 American Thoracic
Society/European  Respiratory ~ Society/Japanese
Respiratory Society/Latin American Thoracic As-
sociation criteria, as described previously.(1, 19) A
lung biopsy (either a surgical lung biopsy [SLB] or
a transbronchial lung cryobiopsy [TBLC]) was con-
sidered, wherever the clinician, in consultation with
the radiologist, considered the diagnosis of IPF to be
in doubt after reviewing the clinical and radiologic
data. The biopsy was performed if the subject was
willing and fit for the procedure. The degree of confi-
dence in the diagnosis (confident, or provisional with
high or low confidence) was assigned in each case
by the multidisciplinary discussion (MDD) team, ac-
cording to a proposed classification.(20)

Study procedure

We recorded the demographic details and co-
morbid illnesses of the included subjects, the spiro-
metric findings (FVC, percentage of the predicted
FVC [% predicted FVC], forced expiratory volume
in one second [FEV.], % predicted FEV,, FEV/
FVC ratio, and the type of spirometric abnormality),
diffusion capacity of the lung for carbon monoxide
(DLCO), resting oxygen saturation, and the six-
minute walk distance. Subjects were started on pirfe-
nidone, after being explained the risks and benefits of
the medication.(2) We initiated pirfenidone at a dose
of 600 mg/day in three divided doses and gradually
escalated the daily dose to 2400 mg. The ADRs were
recorded. In the case of intolerable ADRs, titration
to the maximum tolerated dose was performed. If
a subject did not tolerate a minimum dose of 600
mg/day, the drug was stopped.(21) We offered the

option of switching to nintedanib to subjects who
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discontinued pirfenidone due to ADRs, did not
tolerate the full-dose, or had disease progression
on pirfenidone. We followed the subjects longitu-
dinally during the study period at planned intervals
of six months between visits. An acute exacerbation
of IPF (AE-IPF) was defined as an acute (over < 1
month) worsening of respiratory symptoms and/or
lung function in the absence of an alternate diag-
nosis (such as respiratory tract infection, aspiration,
drug toxicity, heart failure, pulmonary embolism, and
other such conditions).(22) We recorded the out-
comes of all study subjects. For the survival analy-
sis, we first divided the study population into two
groups: pirfenidone group (those who were started
on pirfenidone and continued the drug until death or
last follow up) and the no-pirfenidone group (those
who did not receive pirfenidone or discontinued it
within six months). For the second analysis, the pir-
fenidone group was divided into the full-dose group
(those receiving a stable dose of 2400 mg/day of pi-
rfenidone) and reduced-dose group (those receiving
less than 2400 mg/day), and was compared with the
third group (the no-pirfenidone group).

Study Outcomes

The primary outcome of the study was to identify
the actual tolerated doses of pirfenidone in subjects
with IPF in a real-world situation. The secondary
outcomes included the assessment of the adverse ef-
fects of pirfenidone and the eflicacy of the drug (lung
function decline). Post hoc exploratory analyses of
the predictors of discontinuation of pirfenidone due
to ADRs and of survival in the different pirfenidone
dosing groups were performed.

Statistical analysis

Data were analyzed using the statistical package
SPSS (version 23.0, IBM Inc., Armonk, NY, United
States). Statistical significance was assumed at a p-
value < 0.05. A sample size calculation was not per-
formed at study initiation as the study was planned
as an observational study. The data are expressed as
number with percentage, mean with standard de-
viation, or median with interquartile range (IQR),
as appropriate. The differences between categorical
variables were analyzed using the chi-square test (or
the Fisher’s exact test) while the differences between

continuous variables were analyzed using the one-
way analysis of variance or the Kruskal-Wallis test.
The annualized decline in % predicted FVC was
calculated by dividing the decrease in the absolute
value of % predicted FVC by the interval (in years)
between the measurements. A missing-value analysis
was not performed. A logistic regression analysis was
performed to identify the predictors for the discon-
tinuation of pirfenidone due to ADRs. A multivariate
Cox regression analysis was performed to study the
factors associated with survival in the study groups
in the prospective cohort. Age, % predicted FVC (at
the start of the maximum tolerated dose), and the
study group were entered as covariates. Percentage
predicted FVC was assumed as 25% as a worst-case
scenario (only for the survival analysis), for subjects
who could not perform an acceptable spirometric
maneuver at the initiation of the maximum tolerated
dose. The hazard ratio (HR) with 95% confidence
intervals (CI) were calculated. We also performed
secondary analyses for survival for the entire cohort
and a survival analysis with additional covariates for
the prospective cohort.

REesurts

Of the 139 subjects screened, 128 (mean age,
67.4 years; 77.3% men) were enrolled (Table 1). Nine
refused consent, while two opted for nintedanib. The
definite, probable, and indeterminate patterns for
UIP were present in 93 (72.7%), 26 (20.3%), and 9
(7.0%) subjects, respectively on the HRCT of the
chest. A confident diagnosis on MDD was made in
108 (84.4%) subjects, while 20 received a provisional
diagnosis (16 [12.5%] with high confidence, and
4 [3.1%] with low confidence). Only four subjects
underwent a lung biopsy (three TBLC, one SLB).
Among the nine subjects with an indeterminate pat-
tern on HRCT, two underwent TBLC and received
a confident and provisional (with high confidence)
MDD diagnosis, respectively. In the remaining
seven subjects (median age, 74 years), a provisional
‘clinical best-fit diagnosis’ of IPF (three high con-
fidence and four low confidence) was made by the
MDD team in view of age, clinical presentation, and
the absence of any history of connective tissue dis-
orders, and exposure to offending drugs or environ-
mental dusts. Four subjects were lost to follow up. Of
the included subjects, 80 constituted the prospective
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Table 1. Baseline characteristics of study subjects (n = 128)

Table 2. Tolerated dose/dose range of pirfenidone (primary

All values represent mean + standard deviation, median (interquar-
tile range), or number (percentage). DLCO-diffusion capacity of
the lung for carbon monoxide, FEV1-forced expiratory volume
in one second, FVC-forced vital capacity, HRCT-high resolution
computed tomography

cohort, with a median (IQR) duration of follow up
of 15 (6-20) months. There were 48 subjects in the
retrospective cohort with a median (IQR) follow up
of 40 (25-53) months from their initial clinic visit.

outcome) and reasons for discontinuation among study subjects
Parameter Value started on pirfenidone (n = 115)
Age, years 074+ 7.8 Tolerated dose/dose range Number (percentage)
Men, Number (%) 99 (77.3) 2400 mg 49 (42.6)
Body mass index, kg/m? 24.2 + 4.5 1800 mg to < 2400 mg 34 (29.6)
Any smoke exposure 71 (55.5) 1200 mg to < 1800 mg 12 (10.4)
Tobacco smoking 59 (46.1) 600 mg o < 1200 mg 5 (43)
Biomass smoke exposure 13 (102) Reasons for discontinuation (n = 22) | Number (percentage)
Comorbid illnesses Discontinued due to an adverse drug 15 (68.2)

Hypertension 45 (35.2) reaction

Diabetes mellitus 25 (19.5) Patient’s choice 4(18.2)

Coronary artery disease 17 (13.3) Progression prompting a switch to 2(9.1)

Chronic obstructive pulmonary disease 8(6.3) nintedanib

Hypothyroidism 7(.5) Financial constraint 1(4.5)

Chronic liver disease 3(2.3)

Cerebrovascular disease 108) They had been receiving pirfenidone for a median
Gastroesophageal reflux 43 (33.6) (IQR) duration of 18 (11-34) months before enrol-
Duration of symptoms, months 10.5 (6-24) ment into the study
Oxygen saturation, % 95 (92-97) Pirfenidone was initiated in 115 (89.8%) sub-
Spirometric abnormality (n = 115) jects; the reasons for not starting the drug in the

Obstructive defect 8(6.3) remaining were patient’s choice (n = 7), advanced

Restrictive defect 50 (62.5) disease (n = 3),'ﬁnan?ia1 constraints (n = 2), and de-

compensated cirrhosis (n = 1), respectively. Forty-

Normal 27(21.1) nine (42.6%) subjects tolerated the full dose and 51

Could not perform 13 (10.2) (44.3%) tolerated a reduced-dose (primary outcome;
Spirometric parameters (n = 115) Table 2). The drug was discontinued in 22 (19.1%)

FVC, litres 2.14 +0.65 subjects; in 12, it was within six months of initiation.

FVC, % predicted 70.0 + 17.5 Among the 22 subjects who discontinued the drug,

FEVT, litres 175 + 049 15 were due to ADRS, four due tto patient’s choi‘ce,

FEV1, % predicted 62178 two h'ad progression anF1 were switched over to nin-

: tedanib; one subject discontinued due to financial
DLCO, % predicted (n - 81) 488+193 constraint. Table 3 depicts the ADRs due to the drug;
Six-minute walk distance, meters (n = 103) 37279 96 (83.5%) subjects experienced at least one ADR.
Presence of emphysema on HRCT chest 25 (19.5) In the univariate and multivariate logistic regression
Presence of pulmonary hypertension 29 (22.7) analyses, bOdy mass index (BMI) < 20 kg/ 'm? was the
Use of domiciliary oxygen during the 29 (22.7) only factor that predicted drug discontinuation due
clinical course to ADRs, amongst other factors including age, gen-

der, % predicted FVC, presence of any comorbidity,
and presence of gastroesophageal reflux (Table 4).
The median (IQR) annualized fall in % pre-
dicted FVC was not significantly different (p = 0.32)
between the full-dose (4.5 [-1.3, 8.7]) and reduced-
dose (5.5 [3.0, 10.1]) groups (secondary outcome).
Twenty-nine (22.7%) subjects had at least one AE-
IPF; 11 (22.0%), 13 (24.5%) and 5 (20.0%) subjects
in the full-dose, reduced-dose, and no-pirfenidone
groups, respectively. The occurrence of AE-IPF was
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Table 3. Adverse drug reactions on pirfenidone treatment (n = 115)

Adverse drug reaction Number (percentage)
Any adverse drug reaction 96 (83.5)
Anorexia 48 (41.7)
Dyspepsia 34 (29.6)
Nausea 22 (19.1)
Uneasiness 20 (17.4)
Rash 20 (17.4)
Weight loss 17 (14.8)
Itching 16 (13.9)
Insomnia 16 (13.9)
Giddiness 13 (11.3)
Flushing 9(7.8)
Raised liver transaminases 8(7.0)
Vomiting 8 (7.0)
Dry mouth 7 (6.1)
Others* 25 (21.7)

*Other adverse drug reactions each with a frequency of < 5% in-
cluded abdominal pain, chest congestion, constipation, diarrhea,
drowsiness, fatigue, forgetfulness, headache, hoarseness of voice,
increased cough, irritability, mucositis, nasopharyngitis, numbness,
paraesthesia, slurred speech, somnolence, and vertigo.

not significantly different between the study groups
(p = 0.89). Overall, 40 (31.3%) subjects died dur-
ing the study period; 23 in the prospective cohort. A
comparison of baseline characteristics of the subjects
in the full-dose, reduced-dose, and the no-pirfeni-
done groups in the prospective cohort is provided in
Supplementary Table 1. In the prospective cohort,
subjects in the pirfenidone group survived longer
(HR [IQR], 0.33 [0.12-0.88]; p = 0.03) than in the
no-pirfenidone group (Table 5; Figure 1A). When
analyzed separately for the full-dose and reduced-
dose groups, the hazards for death were reduced (HR
[IQR],0.19[0.04-0.96]; p = 0.045) only with the use
of the full dose (Table 5; Figure 1B). With the use of
additional covariates, the % predicted FVC and the
number of comorbidities were also found to be as-
sociated with lower hazards for death apart from the
use of full-dose pirfenidone (Supplementary Table 2).
When analyzed for the entire population (prospec-
tive and retrospective cohorts), the survival was
significantly improved in both the full-dose and re-
duced-dose groups compared to the no-pirfenidone

group (Table 5).

Table 4. Univariate and multivariate logistic regression analyses of factors predicting discontinuation of pirfenidone due to adverse drug

reactions
OR (95% CI) p-value Adjusted OR (95% CI) p-value
Age 1.03 (0.96-1.10) 0.46 1.05 (0.97-1.14) 0.23
Female gender 0.84 (0.22-3.22) 0.79 0.53 (0.10-2.76) 0.45
Body mass index < 20 kg/m? 4.05 (1.17-14.02) 0.03 5.29 (1.22-23.06) 0.03
% predicted FVC 1.00 (0.97-1.04) 0.83 1.01 (0.98-1.04) 0.63
Any comorbidity* 1.33 (0.44-1.02) 0.61 1.63 (0.45-5.87) 0.46
Gastroesophageal reflux 1.86 (0.62-5.57) 0.27 1.82 (0.51-6.47) 0.35

*The comorbidities considered were as listed in Table 1. CI-confidence intervals, FVC-forced vital capacity, OR-odds ratio

Supplementary Table 1. Comparison of baseline characteristics between subjects in different pirfenidone groups in the prospective cohort

(n=80)
Parameter Full-dose group Reduced-dose group | No-pirfenidone group p-value
(n=24) (n=35) (n=21)
Age, years 65.5+79 67.9 £ 8.5 704 +73 0.13
Men, Number (%) 20 (83.3) 24 (68.6) 17 (81.0) 0.36
Body mass index, kg/m? 24.4+52 243+ 4.1 23.7x6.1 0.89
Any smoke exposure 16 (66.7) 20 (57.1) 12 (57.1) 0.73
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Parameter Full-dose group | Reduced-dose group | No-pirfenidone group p-value
(n=24) (n=35) (n=21)
Tobacco smoking 15 (62.5) 16 (45.7) 10 (47.6) 0.42
Biomass smoke exposure 1(4.2) 5(14.3) 2(9.5) 0.44
Comorbid illnesses
Any comorbidity 13 (54.2) 23 (65.7) 14 (66.7) 0.60
Hypertension 5(20.8) 15 (42.9) 12 (57.1) 0.04
Diabetes mellitus 8 (33.3) 6(17.1) 3(14.3) 0.22
Coronary artery disease 3(12.5) 5(14.3) 3(14.3) 0.98
Chronic obstructive pulmonary 2(8.3) 3(8.6) 1(4.8) 0.86
disease
Hypothyroidism 4(16.7) 0 0 0.007
Chronic liver disease 1(4.2) 1(2.9) 1(4.8) 0.93
Cerebrovascular disease 0 0 0 0.46
Gastroesophageal reflux 13 (54.2) 12 (34.3) 9 (42.9) 0.32
Duration of symptoms, months 12 (5-23) 10 (6-24) 10 (6-30) 0.93
Pattern on HRCT chest
Definite UIP 18 (75.0) 24 (68.6) 19 (90.5) 0.35
Probable UTP 4(16.7) 6(17.1) 209.5)
Indeterminate for UIP 2 (8.3) 5(14.3) 0
Presence of emphysema on HRCT chest 8 (33.3) 7 (10.0) 6 (28.6) 0.50
Presence of pulmonary hypertension 5(20.8) 7 (20.0) 3(14.3) 0.83
Level of confidence of MDD diagnosis
Confident 20 (83.3) 25 (71.4) 19 (90.5) 0.25
Provisional with high confidence 4(16.7) 7 (20.0) 2(9.5)
Provisional with low confidence 0 3 (8.6) 0
Use of domiciliary oxygen 4(16.7) 8(22.9) 5(23.8) 0.80
Baseline oxygen saturation, % 95 (92-97) 95 (93-97) 94 (91-97) 0.69
Spirometric parameters (n=21) (n=31) (n=16)
Type of spirometric abnormality
Obstructive defect 2(9.5) 3(9.7) 1(6.3) 0.93
Restrictive defect 16 (76.2) 23 (74.2) 11 (68.8)
Normal 3 (14.3) 5(16.2) 4(25.0)
FVC, litres 1.96 + 0.44 1.99 £ 0.61 2.04 + 0.64 0.92
FVC, % predicted 70.6 £ 19.2 71.7 £ 16.9 72.6 £ 16.2 0.67
FEV1, litres 1.69 £ 0.36 1.63 £ 0.49 1.67 £ 0.49 0.91
FEV1, % predicted 70.6 £ 19.2 71.7 £16.9 72.6 £ 16.2 0.94
DLCO (n=19) (n=18) (n=10)
% predicted 48.7 + 21.7 46.2 +18.4 58.3+235 0.34
Six-minute walk test (n=21) (n=30) (n=12)
Distance, meters 360 + 85 345 + 52 377 + 80 0.39

All values represent mean * standard deviation, median (interquartile range), or number (percentage). DLCO-diffusion capacity of the
lung for carbon monoxide, FEV1-forced expiratory volume in one second, FVC-forced vital capacity, HRCT-high resolution computed

tomography
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Table 5. Cox regression for survival among study subjects

Covariates HR (95% CI) | p-value
Prospective cohort (n = 80)

Pirfenidone group 0.33(0.12-0.88) | 0.03
Age 1.02 (0.96-1.08) | 0.55
% predicted FVC at start of dose | 0.98 (0.95-1.00) | 0.05
Prospective cohort (n = 80)

Full-dose group 0.19 (0.04-0.96) | 0.045
Reduced-dose group 0.40 (0.14-1.12) | 0.08
Age 1.01 (0.95-1.08) | 0.74
% predicted FVC at start of dose | 0.98 (0.95-1.00) | 0.06
Entire cohort (n = 126)*

Pirfenidone group 0.31(0.13-0.70) | 0.01
Age 1.01(0.96-1.05) | 0.79
% predicted FVC at start of dose | 0.97 (0.95-0.99) | <0.001
Entire cohort (n = 126)*

Full-dose group 0.29 (0.12-0.74) |  0.01
Reduced-dose group 0.32(0.13-0.78) |  0.01
Age 1.01(0.96-1.05) | 0.81
% predicted FVC at start of dose | 0.97 (0.95-0.99) | < 0.001

*Two subjects, who switched to nintedanib were excluded from
the analysis. CI-confidence intervals, FVC-forced vital capacity,

HR-hazard ratio

Discussion

The results of this study suggest that a large pro-
portion of our patients with IPF did not tolerate the
tull dose of pirfenidone. Pirfenidone improved sur-
vival, compared to those who did not receive the drug,
only when used in the maximum approved dose of
2400 mg/day. A lower BMI (< 20 kg/m2) was associ-
ated with discontinuation of the drug due to ADRs.

We found that only about 42% of the study
subjects tolerated the full dose of pirfenidone like in
previous studies, wherein 41-45% subjects required
dose reduction.(9, 23) In fact, in real-world studies
from Japan, the usual targeted and tolerated dose
was only 1800 mg.(6, 24) In contrast, in studies from
Italy, Germany and the United States, 83-89% of the
patients were compliant with a dose of 2403 mg/day.
(7, 8, 10) Thus, ethnicity and body weight (with Eu-
ropeans generally having a higher body weight than
Asians) might be potential factors affecting the tol-
erated dose. The most common ADRs in our study
were anorexia, dyspepsia and nausea, again mimick-
ing the observations in previous real-world stud-
ies.(9, 25) A significant proportion of our subjects
also complained of a feeling of marked ‘uneasiness’

Survival probability (%)

Numbers at risk
Pirfenidone 59 43
No pirfenidone 21 12

T

12 18

Time to death (months)
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24

0
]

3 by =
£ 70+ A
g i
3 60
©
2
o 50+
g
§ "9
2
S 30 -
a
20
10 ~
0 T T T T
0 6 12 18 24
Time to death (months)
Fulldose 24 17 13 3 0
Reduced dose 35 26 19 6 0
No pirfenidone 21 12 7 2 0

Fig. 1. Cox regression analysis for survival in the prospective cohort. A. Two-group analysis (pirfenidone vs. no-pirfenidone); B. Three group
analysis (full-dose pirfenidone, and reduced-dose pirfenidone vs. no-pirfenidone). The covariates were age, and % predicted forced vital

capacity.
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encountered due to the drug, which could not be
characterized any further.

We found that the hazards for death were sig-
nificantly reduced with the use of pirfenidone in the
real-world, similar to the results of the phase 3 tri-
als.(3, 5) Other real-world studies have been more
equivocal about the survival advantage with pirfe-
nidone use in IPF (Table 6).(12-17) In the Czech

Supplementary Table 2. Cox regression for survival among the
prospective cohort (n = 80) of study subjects with the inclusion of
additional covariates

Covariates HR (95% CI) p-value
Full-dose group 0.16 (0.03-0.85) 0.03
Reduced-dose group 0.41 (0.14-1.21) 0.11
Age 1.01 (0.94-1.07) 0.87
Male Gender 1.76 (0.37-8.31) 0.47
Smoke exposure 0.92 (0.33-2.58) 0.88
Number of comorbidities 0.45 (0.21-0.95) 0.04
Presence of pulmonary 0.37 (0.07-1.88) 0.23
hypertension

% predicted FVC at start 0.97 (0.94-0.99) 0.03
of dose

EMPIRE registry, pirfenidone increased the overall
survival of patients with IPF at five years over no-
antifibrotic treatment.(17) In the Spanish SEPAR
registry, however, the median survival of subjects re-
ceiving pirfenidone was similar to the entire cohort.
(14) While Margaritopoulos et al. found improved
survival with pirfenidone compared to a retrospective
cohort, in the Finnish IPF registry analysis, the sur-
vival advantage with pirfenidone disappeared after
adjustment for age.(13, 16) In our study, the hazards
for death were lower, even after adjusting for age and
% predicted FVC. Importantly, when analyzed sepa-
rately for the full-dose and reduced-dose groups, we
found improved survival only in the full-dose group.
These findings are similar to a post hoc analysis of the
pooled data from the CAPACITY and ASCEND
trials.(18) In that study, the outcome of progression
or death at one year was decreased for subjects who
received the full dose of pirfenidone vs. placebo, but
not so, with a reduced dose intensity (< 90% of the
full dose). Moreover, in an earlier phase 3 trial from
Japan, Taniguchi et al. also found a significantly
better survival (p = 0.03) with a higher dose (1800
mg/day) of pirfenidone compared to a lower dose

Table 6. Real-world studies of survival with the use of pirfenidone in subjects with IPF

a dose reduction)

Authors (Year) Number | Number treated | Dose of pirfenido- | Comparator Findings
with pirfenidone | ne used

Natarajan, et al. 46 17 1200-1800 mg/day | Triple therapy No significant difference in

(2015)(12) survival

Margaritopoulos, 294 82 2403 mg/day Historical cohort not | Survival improved with

et al. (2018)(13) receiving pirfenidone; HR: 0.32 (95% CI,

pirfenidone 0.19-0.53; p < 0.0001)

Ferndndez-Fabrellas, 608 231 NA Entire cohort Median survival of subjects

et al. (2019)(14) receiving pirfenidone
similar to the entire cohort
(5.8 years)

Jouneau, et al. (2019) 192 192 2403 mg/day None Median progression-free

(15) (32.3% subjects had survival: 18.4 months

2400 mg/day

< 2400 mg/day

Reduced-dose group:

any antifibrotic

Kaunisto, et al. 453 82 (13 received | NA Subjects not receiving | Survival not different; HR: 0.67

(2019)(16) nintedanib) any antifibrotic (95% CI, 0.43-1.05; p = 0.078)

Zurkova, et al. 841 383 2403 mg/day (dose | Subjects not receiving | Pirfenidone increased five year

(2019)(17) reduction NA) any antifibrotic overall survival over no-antifi-
brotic treatment (55.9% vs 31.5%
alive, p = 0.002)

Current study 128 100 Full-dose group: Subjects not receiving | Full-dose group HR: 0.19

(95% CI, 0.04-0.96; p = 0.045)
Reduced-dose group HR: 0.40
(95% CI, 0.14-1.12; p = 0.08)

Cl-confidence intervals, HR-hazard ratio, NA-not available
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(1200 mg/day).(26) None of the previous real-world
studies have separately analyzed the survival of sub-
jects receiving full-dose or reduced-dose pirfenidone.

In contrast to the findings in the prospective
cohort alone, in the entire population (comprising
of both the prospective and retrospective cohorts),
the subjects in both the full-dose and the reduced-
dose groups had better survival than the no-pirfe-
nidone group (Table 5). One explanation for this
phenomenon may be the longer duration of follow
up in the full cohort compared to the prospective
cohort alone. It is possible that the survival advan-
tage is similar with a reduced dose of pirfenidone to
that with a full dose, when used over a longer-term.
However, a more likely explanation is the attrition
bias. Retrospective cohorts are susceptible to include
subjects having a favorable response to the therapy
of interest. Thus, patients with a good response to
pirfenidone are more likely to remain under follow
up compared to those who deteriorate.

We also performed a Cox proportional hazards
analysis in the prospective cohort using additional
covariates (pirfenidone dose group, age, male gen-
der, smoke exposure, number of comorbidities, pres-
ence of pulmonary hypertension, and % predicted
FVC at initiation of dose) (Supplementary Table 2).
The essential finding of a survival advantage in the
full-dose pirfenidone group remained unchanged.
Additionally, we found that a higher % predicted
FVC was associated with significantly lower haz-
ards for death. Interestingly, a higher number of co-
morbidities was associated with reduced hazards for
death. This counterintuitive finding is likely due to
chance and also because adjusting for the ‘number’
of comorbidities does not permit an adjustment for
the severity of such comorbidities.

We found that BMI < 20 kg/m2 was a signifi-
cant predictor of drug discontinuation due to ADRs
in a multivariate logistic regression analysis. Age was
not a predictive factor in our study, in contrast to the
findings of Galli, et al. who found age >70 years old
to be a predictor apart from a history of congestive
heart failure. (10) Our findings are, however, in con-
formity with the study by Uehara, et al., who found
that subjects who received a higher dose of pirfeni-
done per kilogram of body weight had a higher inci-
dence of adverse events.(27) Interestingly, a BMI <
22 kg/m? has also been found to be associated with

a higher incidence of hepatotoxicity with the use of
nintedanib in IPF.(28)

What are the clinical implications of our study?
It is not uncommon for physicians to prescribe lower
doses of pirfenidone in clinical practice.(29, 30) As
pirfenidone offers survival advantage mainly with the
full dose, it is imperative that an attempt be made to
achieve this dose by slow dose escalation. In case, a
patient is unable to tolerate the full dose, the option
of switching to nintedanib may be discussed. In case,
a patient does not opt for or tolerate nintedanib, one
can still administer a lower dose of pirfenidone as
the survival in the reduced-dose group also showed
a trend towards improvement in our study (though
statistically non-significant). Importantly, titration
to the maximum tolerated dose should be performed,
even in this scenario.

Our study has a few limitations. It is a single-
center study with a small sample size and a relatively
short duration of follow up. Therefore, the findings
of the regression analysis should be interpreted cau-
tiously. We did not plan an imputation analysis due
to a large number of randomly missing values. This
is because, in the real-world, patients present for fol-
low up at variable intervals. Further, several of our
subjects with advanced disease were unable to per-
form an acceptable spirometric maneuver. The sur-
vival analysis was a post hoc exploratory analysis in
a cohort with varying follow-up durations and thus
may suffer from an inadvertent immortal time bias. It
is also possible that the small group of study subjects
who did not receive pirfenidone showed a worse sur-
vival independent of the lack of treatment but rather
due to a selection bias. Thus, this study offers only a
preliminary insight into the effects of dose reduction
of pirfenidone on survival in IPF, especially from the
developing world. Larger, prospective, and preferably
multicenter real-world studies, with longer duration
of follow up, are required to confirm our findings.
Studies of dosing are also needed for other potential
indications of using pirfenidone, such as other fibro-
sing interstitial lung diseases.(31, 32)

In conclusion, the results of this study suggest
that in actual clinical practice, pirfenidone is not tol-
erated in the full recommended dose of 2400 mg/day
in a large proportion of patients. However, it appears
that it offers a significant survival advantage, only

when used in the full dose.
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