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Abstract 

Background:  Idiopathic pulmonary fibrosis (IPF) is a progressive, fatal disorder with a variable disease course. The 
recent advancement of antifibrotic therapy has increased the need for reliable and specific biomarkers. This study 
aimed to assess alveolar epithelial biomarkers as predictors for the efficacy of the antifibrotic drug pirfenidone.

Methods:  We conducted a post-hoc analysis of the prospective, multicenter, randomized, placebo-controlled, phase 
3 trial of pirfenidone in Japan (total, n = 267; pirfenidone, n = 163; placebo, n = 104). Logistic regression analysis was 
performed to extract parameters that predicted disease progression, defined by a ≥ 10% relative decline in vital 
capacity (VC) from baseline and/or death, at week 52. For assessment of serum surfactant protein (SP)-D, SP-A and 
Krebs von den Lungen (KL)-6, all patients were dichotomized by the median concentration of each biomarker at base-
line to the high and low biomarker subgroups. Associations of these concentrations were examined with changes in 
VC at each time point from baseline up to week 52, along with progression-free survival (PFS). Additionally, the effect 
of pirfenidone treatment on serial longitudinal concentrations of these biomarkers were evaluated.

Results:  In the multivariate logistic regression analysis, body mass index (BMI), %VC and SP-D in the pirfenidone 
group, and BMI and %VC in the placebo group were indicated as predictors of disease progression. Pirfenidone treat-
ment reduced the decline in VC with statistical significance in the low SP-D and low SP-A subgroups over most of the 
treatment period, and also prolonged PFS in the low SP-D and low KL-6 subgroups. Furthermore, SP-D levels over time 
course were reduced in the pirfenidone group from as early as week 8 until the 52-week treatment period compared 
with the placebo group.

Conclusions:  Serum SP-D was the most consistent biomarker for the efficacy of pirfenidone in the cohort trial of IPF. 
Serial measurements of SP-D might have a potential for application as a pharmacodynamic biomarker.

Trial registration The clinical trial was registered with the Japan Pharmaceutical Information Center (JAPIC) on Septem-
ber 13, 2005 (registration No. JapicCTI-050121; http://Clini​caltr​ials.jp)
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Background
Idiopathic pulmonary fibrosis (IPF) is a chronic, progres-
sive disease of unknown cause [1]. The prognosis is poor, 
with a median survival time of 3–5  years from diagno-
sis [2, 3]. The pathology of the disease is characterized 
by excessive extracellular matrix (ECM) deposition and 
remodeling, which is thought to result from repeated epi-
thelial injury and subsequent aberrant wound healing [4]. 
The heterogeneity in the etiology of IPF is likely to lead to 
variations in disease progression.

This unpredictable disease course and a lack of reliable 
biomarkers pose challenges for the clinical management 
of IPF. Therefore, there is an urgent need for biomark-
ers that can predict disease progression precisely and 
early in the clinical course, aid in treatment decisions, 
and reflect treatment response in individual patients. 
Furthermore, circulating blood biomarkers can reflect 
disease processes across the total lung tissue, which also 
help in the identification of specific biologic pathways for 
treatment. The PROFILE trial [5–7], a prospective, mul-
ticenter, observational cohort study for patients with IPF, 
performed a sequential evaluation of > 100 serum protein 
biomarkers, and consequently demonstrated that bio-
markers of the alveolar epithelial dysfunction and ECM 
turnover were important in patients with IPF who were 
naive to antifibrotic treatments. The investigators identi-
fied serum biomarkers of epithelial dysfunction, namely 
surfactant protein (SP)-D, cancer antigen (CA) 19–9, and 
CA-125, that might be prognostic of disease progression 
and mortality in patients with IPF [6].

Pirfenidone is an effective antifibrotic drug con-
firmed by pivotal clinical trials for IPF, CAPACITY and 
ASCEND [8, 9]. The recent advancement of effective 
antifibrotic therapy has accelerated studies for the iden-
tification of high-performance biomarkers [10]. Neigh-
bors et  al. [11] assessed the prognostic, predictive, and 
pharmacodynamic properties of 12 protein biomarkers 
related to the pathogenesis and progression of IPF, using 
blood samples from patients in the pirfenidone trials, and 
consequently identified some biomarkers associated with 
prognosis, including CC-chemokine ligand (CCL) 18; 
however, they were unable to identify biomarkers which 
predicted the efficacy of pirfenidone on pulmonary func-
tion consistently or reflected an appreciable pharmaco-
dynamic response to pirfenidone. Unfortunately, their 
study did not include biomarkers associated with epi-
thelial dysfunction such as SP-D, CA19-9 and CA-125 
shown in the PROFILE trial [6, 12].

SP-D, SP-A and Krebs von den Lungen (KL)-6 are 
mainly produced by alveolar epithelial cells and secreted 
into the alveolar space [13–16]. Some of these proteins 
leak into the circulating blood, with only low concentra-
tions usually detected in the sera in states of health [15, 
16]. Results from previous studies have suggested that 
the levels of these serum proteins rise substantially in 
patients with IPF, and these levels might be used to dis-
tinguish IPF from other interstitial lung diseases [15–21]. 
In addition, increased serum concentration of these bio-
markers was associated with disease progression and 
mortality in patients with IPF [15–19, 22–25]. Thus, these 
biomarkers were referenced in the updated international 
guideline for the idiopathic interstitial pneumonias [26] 
and have been used widely in the clinical management of 
IPF in Japan [13, 27]. We recently discovered that serum 
SP-D is a potential prognostic biomarker in patients with 
IPF receiving pirfenidone in our Japanese cohort study 
[28]. However, this investigation was based on a retro-
spective analysis of a small, single-center cohort; hence, 
because of the lack of a placebo control, it was not pos-
sible to examine whether SP-D predicted the efficacy of 
pirfenidone.

To solve the issues remaining in the previous studies 
and validate the predictive property of the three lung-
specific epithelial biomarkers, we sought to conduct a 
post-hoc analysis of the phase 3 trial of pirfenidone in 
Japan [29].

Methods
Study design and participants
Our phase 3 trial of pirfenidone was a prospective, dou-
ble-blind, randomized, placebo-controlled trial con-
ducted at 73 centers to determine the efficacy and safety 
of pirfenidone over 52  weeks, prior to the approval for 
the treatment of IPF in Japan in 2008 [29]. The efficacy 
and safety results were reviewed by the independent Data 
and Safety Monitoring Board (DSMB). Patient eligibil-
ity, demographic and clinical characteristics, as well as 
methods, have been described previously [29]. The diag-
nosis of IPF was in accordance with the American Tho-
racic Society (ATS)/European Respiratory Society (ERS) 
consensus statement in 2000 and the “Clinical diagnostic 
criteria for idiopathic interstitial pneumonia (IIP)” (4th 
edition) in Japan [30, 31]. Eligible patients were allocated 
into the following three groups: high dose (1800 mg/day), 
low dose (1200 mg/day), and placebo, at a ratio of 2:1:2, 
respectively. In this post-hoc analysis, the high and low 
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dose groups were analyzed together as the pirfenidone 
group, for simplification.

Serum sample collection and measurements
Peripheral blood samples were collected at weeks 0, 2, 
4, 8, 12, 16, 28, 40 and 52. Serum SP-D, SP-A and KL-6 
were measured by ELISA using commercial assay kits 
(SP-D ELISA, Yamasa, Tokyo, Japan; SP-A Test Koku-
sai-F, Sysmex, Kobe, Japan; ED046, Eizai, Tokyo, Japan, 
respectively).

Identification of predictors of disease progression
The primary endpoint of the original study was the 
change in vital capacity (VC) at week 52 from baseline. 
In this post-hoc analysis, the associations between clini-
cal parameters at baseline and disease progression at 
week 52 were examined in each treatment group. These 
parameters included patient characteristics, physiologi-
cal measurements and serum biomarker concentrations. 
Disease progression was defined by a ≥ 10% relative 
decline in VC from baseline and/or death. When the 
VC data could not be obtained because of worsening of 
respiratory symptoms, including acute exacerbation, the 
case was also classified as disease progression.

Predictive property
In these analyses, all patients were dichotomized by the 
median concentration of each biomarker at baseline to 
the high and low biomarker subgroups. The difference 
of changes in VC between the pirfenidone and placebo 
groups at each time point from baseline was investigated 
by the high and low biomarker subgroups. In addition, 
we examined the association between biomarker concen-
trations at baseline and disease progression at week 52, 
along with progression-free survival (PFS) time, defined 
as the time from baseline to disease progression.

Pharmacodynamic property
The effect of pirfenidone on changes in biomarker con-
centrations at each time point from baseline was assessed 
using a serial longitudinal measurement of the biomark-
ers. Serial changes were expressed as relative changes 
from baseline. In addition, in order to determine whether 
early changes in biomarker concentrations could predict 
outcomes, the association of changes in biomarker con-
centrations at week 16 with disease progression at week 
52 and PFS time was investigated. In these analyses, all 
patients were dichotomized by changes in biomarker 
concentrations at week 16 to the increase and stable 
(equal and decrease) biomarker subgroups.

Statistical analysis
We performed logistic regression analysis to explore the 
association between clinical parameters at baseline and 
disease progression at week 52. In this analysis, all param-
eters were analyzed as continuous variables, except for 
gender, smoking history (nominal variable), and dyspnea 
scale (ordinal variable). Factors with a p-value of < 0.10 
in the univariate analysis were used as candidates of 
prognostic factors in the multivariate analysis. We used 
Fisher’s exact test for the comparisons of the proportion 
of patients with disease progression at week 52 between 
the pirfenidone and placebo groups and between the 
increase and stable biomarker subgroups. In these analy-
ses, patients with worsening respiratory status in which 
pulmonary function testing could not be conducted and/
or who died were classified as disease progression, and 
other missing data of VC at week 52 were input by the 
last observation carried forward (LOCF). A mixed model 
for repeated measurements (MMRM) was applied to cal-
culate the adjusted mean of changes in VC at each time 
point from baseline. The MMRM consisted of treatment 
group, time point, interaction between them, and base-
line VC as explanatory variables. We plotted survival 
curves using the Kaplan–Meier method, and the compar-
ison of PFS time between groups was performed using 
the log-rank test. Summary statistics were calculated for 
the relative change in biomarker concentrations at each 
time point, and the comparison between the pirfenidone 
and placebo groups was performed by Wilcoxon rank-
sum test. p values < 0.05 were considered an indication of 
statistical significance. Because this study was an explora-
tory post-hoc analysis of a clinical trial, we did not adjust 
the multiplicity of statistical tests. All statistical analyses 
were performed with SAS software version 9.2 or higher 
(SAS Institute Inc., Cary, NC, USA).

Results
Identification of predictors of disease progression
The full analysis set of 267 patients were examined in 
this post-hoc analysis of the phase 3 trial of pirfeni-
done. The flow diagram was reported previously [29]. 
Baseline characteristics and clinical data are shown in 
Table  1, and the number of patients with and without 
disease progression at week 52 is shown in Additional 
file 1: Table S1. The result of logistic regression analy-
sis to extract factors that predict disease progression at 
week 52 is shown in Table  2. In the univariate analy-
sis of the pirfenidone group, body mass index (BMI), 
smoking history, alveolar–arterial oxygen difference 
(AaDO2), %VC and SP-D were extracted with p < 0.10. 
From the multivariate analysis, BMI, %VC and SP-D 
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were indicated as prognostic factors. In the univari-
ate analysis of the placebo group, BMI, lowest periph-
eral capillary oxygen saturation (SpO2) and %VC were 
extracted with p < 0.10. From the multivariate analysis, 
BMI and %VC were indicated as prognostic factors.

Serum biomarker concentrations
The distributions of serum concentrations of each bio-
marker at baseline are shown in Fig. 1. Median concen-
trations for all patients were as follows: SP-D 202.0 ng/
mL (interquartile range [IQR], 138.5–287.0), SP-A 
83.0  ng/mL (IQR, 60.9–112.0), and KL-6 1100 U/mL 
(IQR, 785–1635). There were no numerical differences 
in these biomarker concentrations between the pirfeni-
done and placebo groups.

Predictive property
In the original trial, pirfenidone significantly reduced 
the decline in VC at week 52 and prolonged the PFS 
time, compared with placebo [29].

The transition of VC over 52 weeks in the pirfenidone 
and placebo groups by the high and low biomarker 
subgroups is shown in Fig.  2. Pirfenidone treatment 
reduced the decline in VC compared with placebo in 
the low SP-D subgroup; the statistically significant 
difference was observed from as early as week 16 and 
continued until week 52, while the high SP-D subgroup 
showed little difference from placebo. Similar to SP-D, a 
statistically significant difference was observed between 
the pirfenidone and placebo groups in the low, but not 
high, SP-A subgroup from week 16 to 52. In contrast, 
the high and low KL-6 subgroups did not show any 
difference.

Table  3 shows the relationship between biomarker 
concentrations at baseline and disease progression at 
week 52. Pirfenidone treatment tended to associate 
with decreased risk of disease progression, compared 
to placebo in the low SP-D subgroup (p = 0.0949). 
Consistent results were also obtained using a marginal 
decline in VC, defined by a ≥ 5% relative decline, in an 
attempt to achieve more sensitive detection of disease 
progression (Additional file 1: Table S2) [32].

Figure  3 shows Kaplan–Meier PFS plots created by 
dichotomizing the patients according to the median 
concentration of each biomarker at baseline. In the low 
SP-D subgroup and the low KL-6 subgroup, pirfeni-
done prolonged PFS.

Pharmacodynamic property
Figure 4 shows the transition of serum biomarker lev-
els in the pirfenidone and placebo groups. The SP-D 
level was statistically significantly decreased in the pir-
fenidone group from week 8 to 52, although the level 
changed little over time in the placebo group. The SP-A 
level did not change much over time, and the KL-6 level 
was numerically elevated in both groups. The levels of 
SP-A and KL-6 in the pirfenidone group were not sig-
nificantly different from those in the placebo group.

Table 1  Baseline characteristics and  clinical data 
of the study population

Data are presented as n (%), or mean (SD)

BMI body mass index, PaO2 partial pressure of oxygen in arterial blood, AaDO2 
alveolar–arterial oxygen difference, SpO2 peripheral capillary oxygen saturation, 
6MET 6-min steady-state exercise test, VC vital capacity, DLCO diffusion capacity 
of the lung for carbon monoxide, SP surfactant protein, KL Krebs von den 
Lungen

Parameter All patients Pirfenidone Placebo
(n = 267) (n = 163) (n = 104)

Gender

 Male, n (%) 213 (79.8%) 132 (81.0%) 81 (77.9%)

 Female, n (%) 54 (20.2%) 31 (19.0%) 23 (22.1%)

Age, year 64.8 (6.9) 64.9 (6.7) 64.7 (7.3)

(n = 267) (n = 163) (n = 104)

BMI 24.3 (3.0) 24.1 (2.9) 24.6 (3.2)

(n = 267) (n = 163) (n = 104)

Smoking

 Current and former, 
n (%)

212 (79.4%) 129 (79.1%) 83 (79.8%)

 Never, n (%) 55 (20.6%) 34 (20.9%) 21 (20.2%)

Dyspnea scale (modified by Fletcher)

 1, n (%) 53 (19.9%) 33 (20.2%) 20 (19.2%)

 2, n (%) 143 (53.6%) 80 (49.1%) 63 (60.6%)

 3, n (%) 71 (26.6%) 50 (30.7%) 21 (20.2%)

 4 and 5, n (%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

PaO2, Torr 80.7 (9.6) 80.5 (9.6) 81.0 (9.5)

(n = 265) (n = 161) (n = 104)

AaDO2, Torr 17.7 (10.3) 17.9 (10.7) 17.4 (9.7)

(n = 265) (n = 161) (n = 104)

Lowest SpO2 during a 
6MET, %

89.0 (2.2) 89.0 (2.3) 89.0 (2.0)

(n = 266) (n = 162) (n = 104)

VC, L 2.44 (0.67) 2.41 (0.65) 2.47 (0.70)

(n = 265) (n = 161) (n = 104)

%VC, % 77.8 (17.4) 76.9 (17.4) 79.1 (17.4)

(n = 265) (n = 161) (n = 104)

%DLCO, % 53.6 (17.8) 52.6 (17.6) 55.2 (18.2)

(n = 264) (n = 161) (n = 103)

Serum SP-D, ng/mL 238.8 (156.8) 231.6 (140.8) 250.1 (179.1)

(n = 267) (n = 163) (n = 104)

Serum SP-A, ng/mL 93.2 (51.6) 92.5 (43.8) 94.3 (62.0)

(n = 267) (n = 163) (n = 104)

Serum KL-6, U/mL 1317.0 (800.3) 1318.2 (803.1) 1315.0 (799.6)

(n = 267) (n = 163) (n = 104)
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Conversely, changes in these three biomarker con-
centrations at week 16 were not associated with the 
risk of disease progression at week 52 in both the 
pirfenidone and placebo groups (Additional file  1: 
Table  S3). Similarly, no statistical significance was 
observed for the association of changes in biomarker 
concentrations at week 16 with PFS time in both the 
pirfenidone and placebo groups, except KL-6 in the 
placebo group (Additional file 2: Fig. S1).

Discussion
In our present post-hoc analysis of the phase 3 trial 
of pirfenidone in Japan, we used serum samples from 
our study patients to assess the predictive and phar-
macodynamic properties of the three protein biomark-
ers related to progression of IPF. As a result, we found 
that single-point measurement of serum SP-D pro-
vided valuable information in estimating the efficacy 
of pirfenidone therapy (predictive biomarker). To our 

Table 2  Predictors of IPF disease progression at week 52

The disease progression was defined by a > 10% relative decline in vital capacity from baseline and/or death. Logistic regression analysis

IPF idiopathic pulmonary fibrosis, CI confidence interval, BMI body mass index, PaO2 partial pressure of oxygen in arterial blood, AaDO2 alveolar–arterial oxygen 
difference, SpO2 peripheral capillary oxygen saturation, 6MET 6-min steady-state exercise test, VC vital capacity, DLCO diffusion capacity of the lung for carbon 
monoxide, SP surfactant protein, KL Krebs von den Lungen

Univariate analysis Multivariate analysis

Parameter Odds ratio 90% CI p-value Parameter Odds ratio 95% CI p-value

(A) Pirfenidone group

Gender; male vs. female 0.529 0.260, 1.077 0.1407 Gender; male vs. female

Age 0.968 0.927, 1.011 0.2223 Age

BMI 0.822 0.734, 0.921 0.0047 BMI 0.849 0.723, 0.998 0.0469

Smoking; current and former vs. 
never

0.444 0.224, 0.880 0.0510 Smoking; current and former vs. 
never

0.831 0.305, 2.266 0.7172

Dyspnea scale (modified by 
Fletcher)

1.359 0.884, 2.089 0.2413 Dyspnea scale (modified by 
Fletcher)

PaO2 1.016 0.984, 1.050 0.4188 PaO2

AaDO2 0.968 0.940, 0.998 0.0806 AaDO2 0.969 0.932, 1.007 0.1069

Lowest SpO2 during a 6MET 1.011 0.888, 1.151 0.8881 Lowest SpO2 during a 6MET

%VC 0.939 0.918, 0.960  < 0.0001 %VC 0.943 0.916, 0.971  < 0.0001

%DLCO 1.011 0.995, 1.029 0.2653 %DLCO

Serum SP-D 1.004 1.002, 1.006 0.0059 Serum SP-D 1.003 1.000, 1.006 0.0278

Serum SP-A 0.997 0.989, 1.004 0.4486 Serum SP-A

Serum KL-6 1.000 0.999, 1.000 0.2321 Serum KL-6

(B) Placebo group

Gender; male vs. female 0.700 0.317, 1.546 0.4589 Gender; male vs. female

Age 0.995 0.950, 1.042 0.8616 Age

BMI 0.791 0.690, 0.908 0.0053 BMI 0.833 0.704, 0.985 0.0323

Smoking; current and former vs. 
never

0.509 0.222, 1.166 0.1803 Smoking; current and former vs. 
never

Dyspnea scale (modified by 
Fletcher)

1.187 0.696, 2.025 0.5979 Dyspnea scale (modified by 
Fletcher)

PaO2 0.973 0.937, 1.011 0.2349 PaO2

AaDO2 1.005 0.971, 1.041 0.8057 AaDO2

Lowest SpO2 during a 6MET 0.839 0.708, 0.994 0.0889 Lowest SpO2 during a 6MET 0.908 0.723, 1.141 0.4084

%VC 0.949 0.925, 0.973 0.0006 %VC 0.957 0.927, 0.987 0.0049

%DLCO 0.981 0.962, 1.001 0.1139 %DLCO

Serum SP-D 1.001 0.999, 1.002 0.6032 Serum SP-D

Serum SP-A 1.001 0.996, 1.007 0.7249 Serum SP-A

Serum KL-6 1.000 1.000, 1.000 0.9441 Serum KL-6
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knowledge, this is the first multicenter large-scale study 
to show that the measurement of serum protein could 
predict the efficacy of antifibrotic therapy as meas-
ured by VC. Furthermore, based on the result shown 
in Fig.  4, serial longitudinal measurement of serum 
SP-D might address the crucial unmet need in the field 
of IPF research regarding the identification of specific 
molecular pathways for treatment (pharmacodynamic 
biomarker).

Our multivariate analysis revealed that SP-D was indi-
cated as a predictive biomarker, independent of other 
clinical parameters, including respiratory physiological 
evaluation. Previous sub-nalyses of this clinical trial indi-
cated the benefit of pirfenidone for patients evaluated 
as mild grade based on respiratory physiology [33, 34]. 
The independence of SP-D in the multivariate analysis 
suggested that biomarkers reflecting pathobiology are 
important, along with respiratory physiology. Next, we 
attempted to evaluate the association between biomarker 
concentrations and various outcome indicators in IPF. 
Table 3 and Additional file 2: Table S2 analyze the binary 
response of the presence or absence of disease progres-
sion at week 52 as determined using LOCF. Figure  2 
analyze the continuous response of changes in VC over 
time using MMRM, and Fig. 3 analyze the time-to-event 
response of PFS using the Kaplan–Meier method. The 
results indicated that serum SP-D was the most consist-
ent single baseline biomarker for the prediction of the 
efficacy of pirfenidone. On the other hand, SP-A and 
KL-6 showed some inconsistency between the different 
methods of analysis, leaving a challenge for robustness.

In a recent study by Neighbors et al. [11], the efficacy 
of pirfenidone was consistent regardless of baseline bio-
marker concentrations, and pirfenidone treatment had 
no meaningful pharmacodynamic effect on the serum 
levels of the prespecified biomarkers. On the other hand, 
baseline SP-D evaluated in our present study predicted 
the efficacy of pirfenidone therapy. This result confirms 
our discovery with our previous study [28]. Increasing 
serum concentrations of SP-D could identify the phe-
notype of IPF characterized by alveolar epithelial dys-
function, and its degree might determine the success of 
pirfenidone therapy. Therefore, SP-D could be of use in 
clinical practice and in future trials to identify individuals 
who are more likely to benefit from pirfenidone therapy.

The serial measurements of SP-D demonstrated its 
pharmacodynamic response to pirfenidone in the pre-
sent study. Serum concentrations of SP-D in the pirfeni-
done group had decreased from early in the treatment, 
whereas these remained relatively constant in the pla-
cebo group over 52  weeks. Thus, SP-D may be useful 
for observing changes in pathobiology caused by treat-
ment with pirfenidone. Changes in circulating biomarker 
concentrations might predict the progression of fibrosis 
earlier than the apparent decline displayed by physiologi-
cal parameters such as VC and diffusion capacity of the 
lung for carbon monoxide (DLCO), and thus might be of 
use in determining response to therapy in clinical prac-
tice [35–37]. However, the decrease in the concentra-
tions of SP-D at week 16 in patients receiving pirfenidone 
was not associated with outcomes in our present study. 
These data appear to be inconsistent, but they suggest 
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that improvements in epithelial function alone did not 
result in improved outcomes based on the change in VC. 
In IPF with heterogeneous and complex pathobiology, 

linking short-term changes in a single biomarker to pre-
dicting the efficacy of treatment remains a challenge. 
Multiple biomarker panels, including those of epithelial 

Ch
an

ge
s 

in
 v

ita
l c

ap
ac

ity
 fr

om
 b

as
el

in
e 

(L
)

High biomarker

Treatment (weeks)

Low biomarker 

b SP-A 

a SP-D 

c KL-6 

0 0 408 16 24 32 52 408 16 24 32 52

Fig. 2  Relationship between serum concentrations of biomarkers at baseline and the efficacy of pirfenidone on changes in vital capacity from 
baseline. All patients were dichotomized by the median concentration of a SP-D, b SP-A and c KL-6 at baseline to the high and low biomarker 
subgroups. Blue lines, pirfenidone; black lines, placebo. Mean ± SE. Mean changes were calculated with the mixed model for repeated 
measurement (MMRM). *p < 0.05, **p < 0.01
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dysfunction, ECM turnover and immune dysregulation, 
need to be developed.

The elevation of the serum concentrations of SP-D, 
SP-A, and KL-6 in IPF could be attributable to their 
abundant production by regenerating type II alveolar epi-
thelial cells, and/or to the enhanced permeability of the 
air–blood barrier. Because of its molecular weight and 
biochemical properties, SP-D has been shown to eas-
ily leak into the blood from the alveolar space, and it is 
considered to be a sensitive biomarker for vascular per-
meability, as compared with SP-A and KL-6 [38, 39]. In 
our cohort, pirfenidone reduced serum concentrations 
of SP-D. On the other hand, Ronan et al. [40] evaluated 
the impact of pirfenidone on potential biomarkers of 

disease progression in blood, bronchoalveolar lavage flu-
ids (BALF) and lung tissue. They identified six key bio-
markers in BALF, namely three angiogenesis cytokines, 
two anti-inflammatory cytokines, and SP-D, which 
seemed to increase significantly during the treatment 
of pirfenidone. These findings and our data suggest that 
SP-D secreted from the alveolar epithelial cells to the 
alveolar space might leak less into the circulating blood 
upon treatment with pirfenidone.

As shown in our present study, pirfenidone is likely to 
exert a strong clinical effect in the pathological condi-
tion in which the epithelial damage, reflected by serum 
SP-D, remains at a minimal change. To preserve VC in 
the disease course, it might be better to start pirfeni-
done when the integrity of the epithelium could still be 
retained. Measurement of SP-D could allow clinicians to 
inform patients about the critical importance for early 
treatment. We believe that alveolar epithelial biomarkers, 
including SP-D, have the potential to address an urgent 
unmet need in the management of IPF. Our findings sup-
port continued evaluation of epithelial biomarkers with 
predictive and pharmacodynamic potential in future tri-
als of IPF. The INMARK trial [41], which is assessing the 
effect of nintedanib on biomarkers found in the PROFILE 
trial in patients with IPF, might provide further valuable 
insights into the utility of alternative biomarkers related 
to epithelial dysfunction, as well as ECM turnover.

Our study has some limitations. First, this study was 
a post-hoc and exploratory analysis of the clinical trial. 
Second, the cohort of the presented study was not rep-
resentative of real-world patients with IPF because the 
clinical trial excluded very mild or severe cases from 
enrolment. Meanwhile, our previous study included very 
mild or severe patients in real-world clinical conditions 
[28]; therefore, it might complement this limitation. 
Third, the treatment effect measured by LOCF might 
be overestimated and biased in favor of the pirfenidone 
group, because there might be more or earlier dropouts 
in the pirfenidone group than in the placebo group due 
to adverse events. However, similar tendency to LOCF 
were retained even if patients with missing values of 
VC at week 52 were excluded (data not shown). Finally, 
our study was a regional investigation with only Japa-
nese patients, and it could not be ruled out that racial 
and regional differences might affect the results. Thus, 
an additional validation might be required before any 
of these epithelial biomarkers are employed clinically in 
other regions.

Table 3  Relationship between  serum concentration 
of biomarkers at baseline and disease progression at week 
52

All patients were dichotomized by the median concentration of each biomarker 
at baseline to the high and low biomarker subgroups. The disease progression 
was defined by a > 10% relative decline in vital capacity from baseline and/or 
death. Fisher’s exact test

SP surfactant protein, KL Krebs von den Lungen

Biomarker Concentration 
at baseline

Treatment Disease 
progression 
at week 52

p-value

Yes No

SP-D Low Pirfeni-
done

15 
(19.2%)

63 
(80.8%)

0.0949

Placebo 17 
(33.3%)

34 
(66.7%)

High Pirfeni-
done

26 
(32.5%)

54 
(67.5%)

0.3605

Placebo 21 
(40.4%)

31 
(59.6%)

SP-A Low Pirfeni-
done

23 
(28.0%)

59 
(72.0%)

0.4394

Placebo 17 
(34.7%)

32 
(65.3%)

High Pirfeni-
done

18 
(23.7%)

58 
(76.3%)

0.0807

Placebo 21 
(38.9%)

33 
(61.1%)

KL-6 Low Pirfeni-
done

19 
(26.0%)

54 
(74.0%)

0.2430

Placebo 20 
(37.0%)

34 
(63.0%)

High Pirfeni-
done

22 
(25.9%)

63 
(74.1%)

0.2397

Placebo 18 
(36.7%)

31 
(63.3%)
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Fig. 3  Relationship between serum concentrations of biomarkers at baseline and the efficacy of pirfenidone on progression-free survival. All 
patients were dichotomized by the median concentration of a SP-D, b SP-A and c KL-6 at baseline to the high and low biomarker subgroups. Blue 
lines, pirfenidone; black lines, placebo. The disease progression was defined by a > 10% relative decline in vital capacity from baseline and/or death. 
Progression-free survival was estimated using the Kaplan–Meier method and compared using the log-rank test
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Conclusions
We have shown that serum SP-D reflecting alveolar 
epithelial dysfunction in IPF is an informative bio-
marker for the efficacy of pirfenidone in patients with 
IPF. Serial measurements of epithelial biomarkers over 
treatment course had the potential to be used as phar-
macodynamic and biologic indicators; however, it is 
challenging to estimate future changes in disease sever-
ity by short-term changes in biomarkers. Further vali-
dation of these findings in future prospective studies is 
warranted.
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