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Abstract

Background: KL-6 and surfactant proteins A and D are the only established serum

biomarkers of idiopathic pulmonary fibrosis (IPF). We have previously shown that serum

levels of periostin, a unique matricellular protein, are elevated and correlated with

pulmonary function in patients with IPF.

We sought to determine whether the serum periostin levels correlate with overall

survival (OS) and time-to-event (TTE), as a parameter reflecting long-term outcome, and

with the extent of abnormality on chest high-resolution computed tomography (HRCT)

scores in patients with IPF.

Methods: Twenty-nine patients with IPF were analyzed retrospectively. The mean

observation period was 1035.2 + 663.1 days (range, 112-1800 days). High-resolution

computed tomography (HRCT) scores were calculated based on the extent of abnormality

evidenced by HRCT. We evaluated if there were any correlations between the serum

periostin levels and clinical parameters, including HRCT score, using Spearman’s rank

correlation coefficients and analyzed predictors of OS and TTE using the log-rank tests.

Results: We showed that the serum periostin levels significantly correlated with the

increase of honeycombing score on HRCT during a 6-month period. Log-rank tests showed



that a higher serum periostin level was a predictor of a shortened OS and TTE. Greater
extents of fibrotic lesions on HRCT scan were predictors of shortened OS and TTE.
Conclusions: In IPF patients, the serum periostin level may be a good predictive

biomarker for an increase in the radiological fibrotic area and long-term outcome.

Key words: periostin, idiopathic pulmonary fibrosis, biomarker, high-resolution computed

tomography



1.1 Introduction

Idiopathic pulmonary fibrosis (IPF), pathologically usual interstitial pneumonia (UIP), is

the most common idiopathic interstitial pneumonia (11P) of unknown etiology [1]. Previous

studies have indicated that pulmonary function, 6-minute walk distance, and the serum

levels of KL-6 and surfactant proteins A and D (SP-A and SP-D) can be biomarkers for

predicting survival and/or disease activity in IPF patients [2-9]. High-resolution computed

tomography (HRCT) is used clinically for differentiating IPF from other 1IPs [10, 11].

Several studies have attempted to correlate abnormal HRCT findings with disease activity

in IPF/UIP [12-15]. For example, Sumikawa et al. have reported that the prognosis of IPF

is influenced by the extent of the fibrotic area on HRCT [12].

Periostin, an extracellular matrix (ECM) and matricellular protein, is composed of an EMI

domain in its N-terminal portion, four tandemly lined fasciclin-1 (FAS1) domains in the

middle, and an alternative splicing domain in the C-terminal portion [16, 17]. Periostin

interacts with several integrin molecules (i.e., avB1/B3/Bs) on the cell surface, playing an

important role in the maintenance and development of bones and teeth and contributing to

the progression of several tumor types [17, 18]. Many studies have shown that periostin is

involved in the pathophysiology of fibrosis during the healing of myocardial infarction,

bone marrow fibrosis, systemic sclerosis, allergic rhinitis, chronic rhinosinusitis, and atopic



dermatitis [16, 19-22]. We have previously reported that periostin is secreted from lung

fibroblasts stimulated with interleukin (IL)-4 or 1L-13, and contributes to subepithelial

fibrosis in patients with bronchial asthma [23, 24]. Following treatment with the anticancer

drug bleomycin, the expression of periostin has been shown to be up-regulated in the lungs

of mice [25] and its expression has also been shown to be increased in the lungs and serum

of patients with 1IPs [26]. It has been reported that serum periostin levels in IPF patients (n

= 37; 107.1 = 11.9 ng/mL) are significantly higher than those in control subjects (n = 66;

39.1 £ 3.0 ng/mL) and that the serum periostin level correlates significantly with declines

of vital capacity (VC) and diffusing capacity for carbon monoxide (Dirco) during a 6-month

period [26]. It is also well known that declines of VC or Dico are indicative of poor

prognosis in IPF patients [2, 3]. Taken together, these findings suggest that the serum

periostin level may be a prognostic predictor in IPF patients. Moreover, Naik, et al. have

reported that the serum periostin level was a predictor of a decline in pulmonary function at

48 weeks in IPF [27]. However, it is still unclear whether the serum periostin level is

correlated with long-term survival and/or HRCT abnormality in IPF patients. In the present

study, we analyzed IPF patients for whom long-term observation was possible. We defined

time-to-event (TTE) as a parameter reflecting the long-term outcome of IPF, as has been

reported previously [28]. We analyzed the serum periostin levels, overall survival (OS),



TTE, and the extent of abnormal findings on HRCT (HRCT scores) in patients with IPF.



1.2 Materials and Methods

1.2.1 Study subjects

The patient characteristics are shown in Table 1. We included 29 patients (27 males, aged

66.8 = 9.0 years) for whom long-term observations were possible. These patients had been

reported previously [26] and had been under observation between 2004 and 2014 at our

hospital. All patients were diagnosed with IPF in accordance with the recent official

consensus statement on the diagnosis [1]. Other diseases such as connective tissue diseases,

infections, and malignant diseases were excluded. All patients had been clinically stable

with no disease exacerbations for more than 3 months prior to the first observation day.

Diagnosis of acute exacerbation (AE) of IPF was defined in accordance with the criteria

detailed in a previous report [29].

We defined the first observation date as the day of measurement of the serum periostin

level. We observed the study subjects for at least 2 years, and for up to 5 years, after the

first observation day. OS was defined as the period from the first to the final observation

day (March 31, 2014). TTE was defined as the period from the first to the final observation

day or the first day indicative of the event of IPF. We defined the events of IPF as a

complicating AE or a decline from the VVC baseline equal to or more than 10%, as reported

previously [28]. Any patients who died of cancer were counted as censored cases.
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Although 24 of 29 cases received no drug therapy at the same time on the first observation

day, 5 cases received prednisolone in combination with cyclosporine A. All doses of

prednisolone were equal to or less than 20 mg/day. In this study, none of the IPF patients

received anti-fibrotic drugs during the follow-up period.

We received specific approval for all procedures from the Institutional Review Board (IRB)

of Kurume University School of Medicine in accordance with the ethical standards of the

Helsinki Declaration of 2008 (Approval date: August 2, 2008 and March 3, 2011;

Approved #: 08067 and 10289, respectively) . Written informed consent was obtained from

all patients.

1.2.2 HRCT image and score interpretation

HRCT examinations without contrast medium were performed at the time of the first

observation day using a variety of scanners. The protocol consisted of end-inspiration in

the supine position, and 0.5- to 1.5-mm collimation sections reconstructed with a

high-spatial-frequency algorithm at 1-cm or 2-cm intervals. Images were interpreted at a

window setting appropriate for viewing the lung parenchyma (window level, -600 to -700

Housfield units [HU]; window width, 1200 to 1500 HU).

We diagnosed IPF patients by HRCT, as reported previously [1]. Briefly, the HRCT
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findings were classified as showing a definite UIP pattern when honeycombing with a

predominantly peripheral and basal distribution was evident. The HRCT findings were

classified as possible UIP pattern when a reticular pattern with a predominantly peripheral

and basal distribution was evident, but with no honeycombing.

Two board-certificated diagnostic radiologists, who specialize in diffuse lung diseases

with 24 and 22 years of experience in chest CT interpretation, evaluated the HRCT

findings independently. The radiologists were blinded to the clinical information.

The two radiologists evaluated the presence, extent, and distribution of the CT features,

which included the presence of ground-glass attenuation (GGA), airspace consolidation,

reticulation, honeycombing, and emphysema. The lungs were divided into six zones (upper,

middle, and lower on both sides), as reported previously [11-15]. The extents of all

radiologic abnormalities were expressed as the percentage of lung parenchyma affected in

each of the six zones, to the nearest 5% and were averaged. We defined total, fibrosis and

inflammation score consisting of each of the radiologic abnormalities. We counted the

scores for honeycombing, reticulation, GGA and airspace consolidation with traction

bronchiectasis (TBE) into a fibrosis score. Similarly, we counted the scores of GGA and

airspace consolidation without TBE into an inflammation score. The fibrosis and

inflammation scores were then counted into a total score. The grade of TBE was quantified
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by assessing the levels of the most proximal bronchial branches that were involved. TBE

was scored as follows: 0 = none, 1 = bronchial dilatation involving bronchi distal to the

fifth generation, 2 = bronchial dilatation involving fourth-generation bronchi, and 3 =

bronchial dilatation involving bronchi proximal to the third-generation bronchi [12]. These

TBE scores were assessed in each of the six lung zones and were averaged. HRCT images

of subjects are shown in Figure 1. Disagreements with respect to the extent of the HRCT

findings and the score of the TBE grade between the two radiologists were resolved by

consensus after assessing the inter-observer agreement.

1.2.3 Measurement of periostin by ELISA

Serum samples were obtained from subjects and then stored at -80° C for human

periostin ELISA assay, which we had established previously [20-26]. Duplicated samples

were assayed.

1.2.4 Statistical analysis

Data were expressed as the mean = standard deviation (SD). Correlations between the

two parameters were evaluated using Spearman’s rank correlation coefficient. Survival

curves were obtained by the Kaplan-Meier method and differences in OS and TTE between
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subgroups were analyzed using the log-rank test. The cut-off values were defined as the

values with the highest Youden index (i.e., sensitivity + specificity — 1) on a

receiver-operating characteristic (ROC) curve for distinguishing survivors from

non-survivors [14]. P <0.05 was taken to represent statistical significance. All statistical

analyses were performed using the JMP 10.0 (SAS Institute Japan, Tokyo, Japan).
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1.3 Results

1.3.1 Inter-Observer agreement

Inter-observer agreement of radiologists is shown in Table 2. The agreement of the

presence of HRCT abnormalities between the two observers was moderate to perfect

(kappa = 0.56-1.0, all P < 0.001). The correlations between the two observers, in respect to

the extent of the various radiologic abnormalities, were statistically significant (Spearman

rank correlation coefficient, r = 0.79-0.97, all P < 0.001).

1.3.2 Characteristics and outcome of patients with IPF

The clinical data and histories of the 29 IPF patients are shown in Table 1. As we

previously reported [26], the mean serum level of periostin was 98.0 = 41.5 ng/mL.

Sixteen of the 29 subjects died during the follow-up period due to causes other than

malignant disease. Two patients who died of cancers (bladder cancer and lung cancer) were

counted as censored cases. Six patients were complicated AE and this was the cause of

death in 3 of them. Causes of death included AE of ILD [n = 3], gradual deterioration of

ILD [n = 4], infection [n = 2], heart disease [n = 3], and unknown [n = 4]. The mean

observation period was 1035.2 + 663.1 days (range 112-1800).
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The observation period for the high serum periostin (=106 ng/mL) group was shorter

than that for the low serum periostin (<106 ng/mL) group (P = 0.048*). There was no

difference in other variables between the high and low serum periostin groups.

1.3.3 Correlations among clinical parameters and histories in IPF patients

We analyzed whether the serum periostin level was correlated with clinical parameters

and histories (Table 3). The serum periostin level was significantly correlated with the

change in the honeycombing score (P = 0.045) on HRCT during the 6 months from the

baseline but not the other HRCT scores.

Analyses of inter-group differences using the Fisher’s exact test showed that the serum

level of periostin was not correlated with gender, smoking status, or history of AE. Also,

the serum periostin level was not correlated with the Brinkman index (data not shown).

The baseline serum periostin level was not correlated with the baseline levels of KL-6 and

LDH. Analysis of 12 patients whose serum periostin levels were measured at 6 months

after the first observation day showed that the change in the serum periostin level (25.3 £

32.9 ng/mL) was also not correlated with that of KL-6 (29.6 + 571.8 IU/mL, r=0.18, P =

0.59), and LDH (28.3 + 87.6 IU/mL, r = 0.61, P = 0.060).

Our present results indicated that the serum periostin level was associated with an
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increase in the area of fibrosis on HRCT scans in IPF patients.

1.3.4 Log-rank test for overall survival and time-to-event

The results of log-rank tests are shown in Table 4. Predictors of shortened OS identified

0.0072), a higher

as significant in log-rank test were a higher serum periostin level (P

total (P = 0.0081), fibrosis (P = 0.014) and inflammation scores (P = 0.045), and TBE
grade (P = 0.018) on HRCT. Similarly, significant predictors of shortened TTE were a
higher serum periostin level (P = 0.0011) and a higher fibrosis score (P = 0.043) and TBE
grade (P = 0.044) on HRCT scan (Table 4, Fig. 2). KL-6 was not a significant predictor if
the cut-off level was set at 500 or 1000 IU/mL, based on the previous reports (data not
shown) [5, 6]. Interestingly, honeycombing and reticulation scores were not significantly
correlated with OS or TTE (data not shown). On the basis of analyses of other variables by
log-rank test, a decline in VC and Dico of more than 10% was each a predictor of
shortened OS and age, gender, smoking status, and emphysema score on HRCT were not
associated with OS and TTE (data not shown). We did not analyze the change in HRCT
score during 6 months as a predictor of OS and TTE because the number of subjects who

underwent HRCT scans, at 6 months after the first observation day, was insufficient for a

log-rank test. These results suggested that the serum periostin level, pulmonary function,
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and the extents of the fibrotic areas on HRCT scans could be used to predict OS and TTE

in IPF patients.
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1.4 Discussion

In IPF patients, the need for biomarkers obtained by non-invasive and simple examinations

has been highlighted. KL-6, SP-A, and SP-D are clinically used as serum biomarkers for

IPF. However, there is little evidence to support their association with survival and

response to therapies [6, 9]. In the present study, we show for the first time that the serum

periostin level can be a predictor of shortened OS and TTE in IPF patients. The serum

periostin level can be a predictor of long-term outcome in IPF patients. In contrast, serum

KL-6 and LDH levels had no prognostic value for IPF. In addition, the serum periostin

level might reflect a different mechanism of KL-6 release in IPF patients because there was

no significant correlation between the two parameters. IPF patients with emphysema were

thought to have different survivals from those without emphysema [30]. However, the

extent of emphysema might not influence the results of the present study because the

emphysema score on HRCT (mean value; 5.8 + 5.6%) was not correlated with serum

periostin level, OS, and TTE.

In addition, the extents of fibrotic areas and TBE grade on HRCT were significant

predictors of shortened OS and TTE in the present study. These results are thought to be

consistent with the previous study [12]. Although the honeycombing score was not a

predictor of OS and TTE in the present study, this result might have been influenced by the
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small sample size. These results suggested that the serum periostin level and the extent of

the fibrotic lesion on HRCT were predictors of long-term outcome in IPF patients.

The honeycombing on HRCT scan may reflect the presence of histopathological fibrotic

lesions in IPF [11-15]. Fibroblastic foci (FF) consisting of myofibroblasts and ECM

proteins are thought to be key factors in the fibrotic process of IPF [31, 32]. King, et al.

reported that FF represented the earliest manifestation of ongoing lung fibrosis and was

correlated with survival in IPF patients [33]. In our previous study, we had shown that

periostin was strongly expressed in FF but not in regenerative alveolar epithelium or

macrophages, small airways, areas showing established fibrosis, or inflammatory cells in

lung tissues obtained from IPF patients [26]. Moreover, serum periostin level significantly

correlated with the 6-month changes in VC (n = 26, Spearman r = -0.498, P <0.01) and

Dico (n = 21, Spearman r = -0.467, p <0.05), previously [26]. Moreover, our present

study showed that the serum level of periostin was associated with an increased extent of

honeycombing, reflecting marked fibrosis in IPF patients. Taken together, these findings

suggest that periostin may play an important role in ongoing fibrosis and disease

progression in IPF.

Tenascin-C is one of the ECM proteins produced mainly by myofibroblasts. The expression

level of tenascin-C in the lungs is correlated with survival in IPF patients [34, 35]. No
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previous report has indicated that the serum level of ECM protein can be a biomarker of

IPF. Periostin has unique functions in promoting the epithelial-mesenchymal transition

(EMT) and development of various cancers via the integrin / phosphatidylinositol

3-kinase/Akt pathway [36]. As the EMT is one origin of lung fibroblasts and is associated

with the fibrotic process in IPF [31], periostin may contribute to the fibrotic process via the

EMT in IPF.

The first limitation of this study is the small sample size because of a study in a single

center. We will analyze the significance of this biomarker in a further study of larger

populations. The second limitation is that drug therapy on the first observation day might

have influenced the serum periostin levels. However, we believe that any such influence

would likely have been small because the doses of prednisolone were relatively low.

In conclusion, the serum periostin level can be a good biomarker for predicting an increase

in the radiological fibrotic area and long-term outcome in patients with IPF.
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Figure legends
Figure 1. HRCT findings.

Images of HRCT scans of a 59-year-old woman show GGA (A, black arrow) and
airspace consolidation (B, black arrows). Those of a 67-year-old man show reticulation (C,
black arrow) and honeycombing (D, black arrow). Figures 1E and G show images of a
77-year-old man with grades 1 (E, white arrows) and 3 (G, black arrow) TBEs. Figure 1F

shows an image of 59-year-old woman with grade 2 (F, white and black arrows) TBEs.

Figure 2. Survival curves for overall survival and time-to-event using the

Kaplan-Meier Method

TBE; traction bronchiectasis



