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Abstract
Background  Acute exacerbation (AE) in idiopathic 
pulmonary fibrosis and other idiopathic interstitial 
pneumonias (IIPs) are poor prognostic events although 
they are usually treated with conventional therapy with 
corticosteroids and immunosuppressants. Previously, 
we demonstrated the safety and efficacy of recombinant 
human soluble thrombomodulin (rhTM) for AE-IIP in the 
SETUP trial. Here, we aimed to clarify the efficacy of rhTM 
for poor-prognosis cases of AE-IIP.
Methods  In this study, we included 85 patients, in whom 
fibrin degradation product (FDP)/d-dimer was evaluated 
at AE, from the 100 patients in the SETUP trial. The AE-IIP 
patients in the rhTM arm (n=39) were diagnosed using 
the Japanese criteria from 2014 to 2016 and treated with 
intravenous rhTM for 6 days in addition to the conventional 
therapy. The AE-IIP patients in the control arm (n=46) were 
treated with the conventional therapy without rhTM between 
2011 and 2013. The subjects were classified into higher 
and lower FDP/d-dimer groups based on the Japanese 
Association for Acute Medicine Disseminated Intravascular 
Coagulation scoring system. A multivariate Cox proportional 
hazard regression analysis with stepwise selection was 
performed to reveal the prognostic factors of AE-IIP.
Results  We developed a prognostic scoring system using 
two significant prognostic factors, higher FDP/d-dimer at 
AE and prednisolone therapy before AE, with 3 and 2 points 
assigned for each parameter, respectively. The prognostic 
scores ranged from 0 to 5. Survival of AE-IIP patients with 
a prognostic score=0 was significantly better than that of 
patients with score ≥2. Survival was improved with the 
rhTM therapy (p<0.05) in the poor prognostic cases (score 
≥2), but not in the good prognostic cases (score=0).
Conclusions  Treatment with rhTM might improve survival 
in AE-IIP cases with poor prognoses.
Trial registration number
UMIN000014969,date: 28 August 2014.

Introduction
Idiopathic pulmonary fibrosis (IPF) is a lung 
disease with unknown aetiology and a poor 

prognosis. Some patients with IPF experience 
a rapid deterioration resulting in unpredict-
able death;1–5 such an acute deterioration 
with unknown aetiology is called acute exac-
erbation (AE) of IPF (AE-IPF). Acute exac-
erbation is the most common cause of death 
in IPF;6 therefore early diagnosis and proper 
management of AE-IPF are urgently required. 
AE is reported to occur in idiopathic inter-
stitial pneumonias (IIPs) other than IPF 
(non-IPF).7–9 In addition, prognosis of AE 
of unclassifiable IIPs and interstitial lung 
diseases (ILDs), besides IIPs, is similarly poor 
to that of IPF.9 10 Therefore, AE of progres-
sive fibrosing ILDs should be examined for 
appropriate management,10 which can lead 
to a better survival rate of patients.

In the 2011 American Thoracic Society 
(ATS)/European Respiratory Society (ERS)/
Japanese Respiratory Society (JRS)/Latin 
American Thoracic Association (ALAT) 
guidelines for the diagnosis and management 

Key messages

►► Efficacy of recombinant human soluble throm-
bomodulin (rhTM) for acute exacerbation (AE) of 
idiopathic pulmonary fibrosis (IPF) (AE-IPF) was pre-
viously reported and we have also reported efficacy 
of rhTM on AE of idiopathic interstitial pneumonia 
(IIP) (AE-IIP).

►► rhTM improved survival of poor prognostic patients 
of AE-IIP.

►► rhTM might be recommended for poor prognostic 
AE-IIP patients and future studies for efficacy of 
rhTM on AE-IPF and AE-IIP had better be exam-
ined considering the severity of AE-IPF and AE-IIP 
patients.
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of IPF,1 treatment with corticosteroids was weakly recom-
mended for AE-IPF. For some cases of AE-IPF, immuno-
suppressants have also been administered, based on the 
results of small-scale studies.11–13 As an additional treat-
ment, direct haemoperfusion with polymyxin B-immobil-
ised fibre column (PMX-DHP) therapy14 was introduced 
to treat AE-IPF according to the findings of previous 
studies.15 16

The pathophysiology of AE-IPF is unknown; however, 
several recent studies have suggested the importance of 
disordered coagulation and fibrinolysis in AE-IPF.5 The 
survival advantage with low molecular weight heparin 
treatment17 supposedly validates this importance. 
Thrombomodulin (TM), a transmembrane glycoprotein 
expressed on the surface of endothelial cells, is another 
key regulator of coagulation.18 Thrombomodulin also 
inhibits inflammation by suppressing neutrophil adhe-
sion to the endothelium, decreasing the expression of 
adhesion molecules and enhancing the barrier function 
of endothelium and degradation of high-mobility group 
box 1.18

Recently, recombinant human soluble TM, (rhTM; 
Recomodulin, Asahi Kasei Pharma Corporation, Tokyo, 
Japan) composed of only the extracellular domain of 
TM, was developed and approved for the treatment 
of disseminated intravascular coagulation (DIC).19 20 
Its effectiveness only for AE-IPF has been reported by 
several studies.21–25 We recently reported the efficacy 
of rhTM for AE-IIP including AE-IPF in a prospective 
multicentre, single-arm, open-labelled trial by propensity 
score analysis (SETUP trial).26 Previous studies21–26 have 
demonstrated the efficacy of rhTM for AE-IPF or AE-IIP; 
however, whether rhTM can improve the survival of 
patients with severe AE-IPF or AE-IIP and poor prognosis 
remains unknown. Hence, we performed a retrospec-
tive analysis using the SETUP trial data set to answer this 
question. We also assessed the coagulation marker, fibrin 
degradation product (FDP)/d-dimer, as a predictor of 
survival of patients with AE-IIP.

Materials and methods
Subjects
We performed a retrospective analysis of subjects from 
the SETUP trial,26 a recent prospective study. The inclu-
sion and exclusion criteria of patients in the SETUP 
trial were as previously described.26 Briefly, AE-IIP 
patients diagnosed according to the modified JRS diag-
nostic criteria26 and provided written informed consent 
were prospectively enrolled and treated with rhTM and 
conventional therapy from 2014 to 2016. AE-IIP patients 
treated with conventional therapy without rhTM from 
2011 to 2013 were retrospectively registered consec-
utively. AE-IIP patients with severe non-pulmonary 
diseases, life-threatening bleeding, a clinically signifi-
cant infection, actual or possible pregnancy, a history 
of hypersensitivity to rhTM, cerebrovascular disorders 
within the past year and surgery within the past month 

were excluded. All patients were centrally assessed and 
some were excluded from the data set used for analysis. 
AE-IIP patients prospectively treated with rhTM and 
conventional therapy (rhTM arm, n=39) and retrospec-
tively registered AE-IIP patients treated without rhTM 
before enrolment in the rhTM arm (control arm, n=61) 
were included in the SETUP trial to evaluate the effi-
cacy and safety of rhTM.26 To evaluate the importance 
of a coagulation marker, 15 AE-IIP patients, in whom the 
FDP/d-dimer was not evaluated, were excluded from the 
study (online supplementary figure 1).

This study was registered with the University Hospital 
Medical Information Network Center.

Methods
Diagnosis of underlying IIPs and AE-IIPs
The diagnosis of underlying IPF was based on criteria 
from the ATS/ERS/JRS/ALAT guidelines for the diag-
nosis and management of IPF.1 The diagnosis of IIP was 
based on the ATS/ERS/JRS statement,27 and IIP that 
could not be diagnosed as IPF was classified as non-IPF. 
Non-IPF IIP cases did not undergo surgical lung biopsy 
and all non-IPF cases were diagnosed to have unclassifi-
able IIPs and did not include pathologically diagnosed 
non-specific interstitial pneumonia, desquamative inter-
stitial pneumonia or clinically diagnosed organising 
pneumonia.

AE-IIPs were diagnosed based on the following modi-
fied JRS diagnostic criteria for AE-IPF.28 (1) Within 
1 month, the following three conditions should be satis-
fied: (i) progressively worsening dyspnoea; (ii) new 
ground-glass opacities evident in high-resolution CT 
(HRCT) scans superimposed over background reticular 
opacity, traction bronchiectasis, traction bronchiolectasis 
or honeycombing and (iii) a reduction in resting partial 
pressure of oxygen in arterial blood (PaO2) of more than 
10 mm Hg compared with previous measurements. (2) 
Apparent causes of acutely impaired respiratory func-
tions, such as infection, pneumothorax, cancer, pulmo-
nary embolism and congestive cardiac failure should be 
excluded. However, AE triggered by infection5 cannot 
be excluded entirely, and possibly included in this study, 
because bronchoalveolar lavage could not be performed 
in all cases to exclude infection.

Administration of rhTM
Administration of rhTM, at 380 U/kg/day for 6 days, as 
approved for DIC treatment,20 was commenced on the 
day of AE-IIP diagnosis in the hospital.

Conventional treatment for AE-IIPs
Conventional treatments for AE-IIP were started according 
to the decision of each institute in hospital. Briefly, AE-IIPs 
in both the rhTM and control arms were treated with predni-
solone with/without an immunosuppressant after the intra-
venous administration of high-dose methylprednisolone 
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for three successive days. Tapering of prednisolone dose 
was usually started in the hospital; however, prednisolone 
administration was continued in the outpatient depart-
ment in the same hospital and was not stopped until Day 
91. PMX-DHP therapy15 16 was performed using the PMX-
DHP column, Toraymyxin (Toray Medical, Tokyo, Japan), 
which was attached for 4 to 6 hours at a flow rate of 80 mL/
min and was repeated once within 48 hours. Nafamostat 
mesilate (Torii Pharma, Tokyo, Japan) was used to reduce 
intracatheter coagulation. Anticoagulants and antiplatelet 
drugs were used to treat comorbidities. Invasive positive 
pressure ventilation, non-invasive positive pressure ventila-
tion or nasal high flow was introduced to maintain oxygen-
ation in some cases with severe respiratory failure.

Evaluation of AE-IIPs
AE-IIPs were evaluated before and at the onset of AE. 
Briefly, the severity of IIP (stages I-IV, mildest to most 
severe) in a stable state was evaluated according to the 
JRS criteria. This was done using PaO2 at rest and arterial 
oxygen saturation of pulse oximetry (SpO2) in room air 
during a 6 min walk test:28 stage 1, PaO2 at rest ≥80 mm 
Hg; stage 2, PaO2 at rest ≥70 mm Hg and <80 mm Hg; 
stage 3, PaO2 at rest ≥60 mm Hg and <70 mm Hg and 
stage 4, PaO2 at rest <60 mm Hg. Patients with stage 2 or 
3 were re-classified into stage 3 or 4, respectively, if SpO2 
during the 6 min walk test was less than 90%. The severity 
of most of the subjects was evaluated within 6 months 
before the onset of AE-IIP. Shortness of breath before AE 
was evaluated according to a modified Medical Research 
Council (mMRC) score.29 DIC was diagnosed based on 
the Japanese Association for Acute Medicine DIC scoring 
system,30 at AE-IIPs diagnosis. FDP/d-dimer was also 
evaluated based on the DIC scoring system: score 0, FDP 
<10 mg/L; score 1, 10 mg/L≤ FDP <25 mg/L; score 3, FDP 
>25 mg/L. Survival of AE-IIP patients in control arm with 
the FDP scores of 1 and 3 was similar and significantly 
worse than that of patients with FDP score 0 (log-rank 
test, p<0.001 and p=0.039, respectively) (online supple-
mentary figure 2). Hence, FDP was classified into higher 
(‍≥‍10 mg/L) and lower (<10 mg/dL). According to the 
criteria of Akira et al31 after an independent classification 
by a pulmonary radiologist (MA) and a pulmonary physi-
cian (TA), the HRCT pattern at the diagnosis of AE-IIPs 
was classified into one of the following three patterns: 
peripheral, multifocal and diffuse. HRCT patterns were 
then classified as a diffuse or non-diffuse pattern. Oxygen-
ation at AE was evaluated using the PaO2/fraction of 
inspired oxygen (FiO2) ratio, and severely disturbed 
oxygenation cases were defined to have a PaO2/FiO2 ratio 
of ≤200.32 Serum levels of Krebs von den Lungen-6 (KL-6) 
were measured using a commercial ELISA kit (Eisai, 
Tokyo, Japan). The cut-off level of KL-6 was 500 U/mL.33

Safety and causes of death
The subjects in the rhTM arm were the same as those in 
the SETUP trial. Information about safety and causes of 

death of the 100 subjects of the SETUP trial, reviewed by 
a safety committee, has already been reported.26 Safety 
and causes of death were compared between cases of 
poor and good prognostic stages in rhTM arm.

Statistical analysis
All analyses were based on the intention-to-treat prin-
ciple. Continuous and categorical data are presented as 
medians (range) and values (percentages), and they were 
compared between the rhTM and control arms using the 
Wilcoxon rank-sum and Fisher's exact tests, respectively. 
Ninety-day survival was estimated using the Kaplan-Meier 
method and compared using a log-rank test.

A multivariate Cox proportional hazard regression 
analysis with stepwise selection was performed automati-
cally using statistical software according to its algorithm to 
predict the survival of patients with AE-IIP in the control 
arm. A scoring system for prognostication was developed. 
Points for each parameter were determined according to 
the β coefficients of the multivariate Cox proportional 
hazard regression analyses. The ratio of β coefficients of 
each parameter was converted to a ratio of suitable inte-
gral values. We defined the integral values as points of 
each parameter. Total points were defined as prognostic 
scores for each case. The cut-off values for the prognostic 
scores for 90-day survival were determined using receiver 
operation characteristics (ROC) curve analysis. AE-IIP 
cases with high/low prognostic scores were defined as 
poor/good prognostic cases. The survival of AE-IIPs 
patients with high/low points for each parameter and 
with high/low overall prognostic scores was compared 
using a log-rank test.

All reported p values are two-sided, and the results with 
p<0.05 were considered statistically significant. Statistical 
analyses were performed using SPSS, V.24 (IBM, Armonk, 
New York, USA).

Results
Patient demographics
Among the 85 patients with AE-IIP, there were 34 patients 
with of IPF and 51 patients with non-IPF. The survival of 
AE-IPF patients was similar to that of AE-non-IPF patients 
(p=0.691, log-rank test). There were no significant differ-
ences in clinical parameters, treatment for IIP itself at the 
stable state before AE diagnosis, or parameters at AE diag-
nosis between the rhTM and control arms (table 1). The 
management of AE-IIPs was similar in both arms (table 2). 
The frequency of immunosuppressant use for AE-IPF (6 
out of 34 cases) was similar to that for AE-non-IPF (15 out 
of 51 cases) (p=0.306, Fisher’s exact test). Patient survival 
in the rhTM arm tended to be better (figure 1)(p=0.062, 
log-rank test).

The frequency or median (range) is presented for each 
parameter.

The frequency or median of each parameter was 
compared between the two groups using the Wilcoxon 
rank-sum test or Fisher’s exact test, respectively.
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Table 1  Patient demographics

Parameters Control (n=46) rhTM (n=39) P value

Stable state

 � Sex, male/female 37/9 28/11 0.64

 � Smoking, y/n 37/9 27/12 0.65

 � Diagnosis, IPF/non-IPF 22/24 12/27 0.29

 � SLB, y/n 5/41 3/36 0.74

 � Honeycomb on HRCT, y/n 24/22 13/26 0.30

 � mMRC, ≤1/≥2 19/27 15/24 0.84

 � Disease severity, I-III/IV 34/12 24/15 0.25

 � LTOT, y/n 16/30 14/25 1.00

 � Prednisolone, y/n 17/29 15/24 1.00

 � Prednisolone dose, mg/kg/day 0.23 (0.04 to 0.55) 0.16 (0.08 to 0.46) 0.77

 � Immunosuppressant, y/n 6/40 5/34 1.00

 � AZP/CyA/CPA/Tac 2/4/0/0 2/2/0/1 0.74

 � Pirfenidone, y/n 4/42 6/33 0.50

 � Nintedanib, y/n 2/44 1/38 1.00

 � Antifibrotic drugs, y/n 5/41 6/33 0.75

At the onset of AE

 � Age, years 74 (43 to 94) 74 (51 to 88) 0.75

 � Body weight, kg 57.2 (39.0 to 87.8) 59.0 (39.6 to 91.0) 0.86

 � HRCT pattern, diffuse/non-diffuse 20/26 15/24 0.67

 � PaO2/FiO2 ratio 180.0 (36.8 to 388.1) 161.0 (34.3 to 378.8) 0.62

 � PaO2/FiO2 ratio, ≤200/>200 26/20 23/16 0.83

 � WBC, /μL 970 (2900 to 16700) 10 200 (1800 to 19780) 0.28

 � LDH, U/mL 386 (159 to 652) 349 (217 to 771) 0.12

 � KL-6, U/mL 1580 (314 to 3828) 1192 (289 to 5529) 0.36

 � CRP, mg/dL 10.9 (0.2 to 30.7) 12.4 (0.4 to 28.1) 0.80

 � DIC, y/n 4/42 3/36 1.00

 � FDP/d-dimer, lower/higher 32/14 28/11 1.00

 � BAL, y/n 5/41 10/29 0.09

 � Outcomes

 � 90-day survival, y/n 22/24 26/13 0.12

AE, acute exacerbation; AZP, azathioprine; BAL, bronchoalveolar lavage; CPA, cyclophosphamide; CRP, C-reactive protein; CyA, 
cyclosporine A; DIC, disseminated intravascular coagulation; FDP, fibrin degradation product; FiO2, fraction of inspired oxygen; HRCT, 
high-resolution CT; IPF, idiopathic pulmonary fibrosis; KL-6, Krebs von den Lungen-6; LDH, lactate dehydrogenase; LTOT, long-term 
oxygen therapy; mMRC, modified Medical Research Council score; PaO2, partial pressure of oxygen ; rhTM, recombinant human soluble 
thrombomodulin; SLB, surgical lung biopsy; Tac, tacrolimus; WBC, white blood cell counts; y/n, yes/no.

Duration from the last evaluation of disease severity to 
AE was >180 days in nine patients of the control arm and 
six patients of the rhTM arm (p=0.78)

The maximum follow-up periods were 90 days for both 
groups. Follow-up periods for all alive patients were 90 days.

Higher FDP is 10 mg/L≤FDP, and lower FDP is 
<10 mg/L as described in the methodology.

Prognostic factors of AE-IIPs in control arm determined using 
the univariate COX proportional hazard regression analysis
The univariate Cox analysis revealed that prednisolone 
therapy before AE, higher FDP/d-dimer and PaO2/FiO2 

ratio of ≤200 at AE diagnosis were significant prognostic 
factors suggesting a poor prognosis (table 3).

Stepwise selection of parameters for prognostic scoring of 
the control arm
To predict the survival of AE-IIP patients in the control 
arm, the multivariate Cox proportional hazard regres-
sion analysis with stepwise selection was performed. Pred-
nisolone before AE and FDP/d-dimer at AE diagnosis 
were significant poor prognostic factors (table 4A). rhTM 
therapy was a significant predictor of better survival of 
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Table 2  Therapy for AE-IIPs and management of respiratory failure

Parameters
Control
(n=46)

rhTM
(n=39) P value

Therapy for AE-IIPs

 � Steroid pulse, y/n 57/2 36/3 0.66

 � Prednisolone, y/n* 43/3 38/1 0.62

 � Dose of prednisolone†, mg/kg/day 0.9 (0.4 to 1.3) 1.0 (0.5 to 1.1) 0.07

 � Immunosuppressant, y/n 14/32 7/32 0.22

  �  AZP/CyA/CPA/Tac 2/7/5/0 1/1/5/0 0.21

 � Pirfenidone, y/n 2/44 4/35 0.41

 � Nintedanib, y/n 2/44 0/39 0.50

 � Antifibrotic drugs, y/n‡ 3/43 4/35 0.70

 � Empiric antibiotics, y/n 43/3 39/0 0.25

  �  Macrolide, y/n 10/36 9/30 1.00

 � Antacids, y/n 45/1 37/2 0.59

 � PMX-DHP therapy, y/n 3/43 1/38 0.62

 � Anticoagulants, y/n§ 12/34 6/33 0.29

 � Anti-platelet drugs, y/n¶ 11/35 5/34 0.27

Management of respiratory failure

 � IPPV, y/n 4/42 6/33 0.50

 � NPPV, y/n 19/27 15/24 0.83

 � IPPV or NPPV, y/n 22/24 18/21 1.00

 � NHF, y/n 8/38 12/27 0.20

 � NHF without IPPV, NPPV, y/n 5/41 8/31 0.24

 � IPPV or NPPV or NHF, y/n 27/19 26/13 0.51

*AE-IIP patients with deceased and with no administration of prednisolone during a high-dose methylprednisolone therapy.
†Prednisolone dose is described as the median (range) and it was compared between the control and rhTM arms using the Wilcoxon rank-
sum test. All other parameters are presented as frequencies, and they were compared between the control and rhTM arms using the Fisher's 
exact test.
‡Nintedanib and/or pirfenidone.
§Warfarin, unfractionated heparin, rivaroxaban or nafamostat mesilate.
¶Aspirin, clopidogrel, ticlopidine, cilostazol or sarpogrelate.
AE, acute exacerbation; AZP, azathioprine; CPA, cyclophosphamide; CyA, cyclosporine A; IIPs, idiopathic interstitial pneumonias; IPPV, 
invasive positive pressure ventilation; NHF, nasal high flow therapy; NPPV, non-invasive positive pressure ventilation; PMX-DHP, direct 
haemoperfusion with polymyxin B-immobilised fibre column; rhTM, recombinant human soluble thrombomodulin; Tac, tacrolimus; y/n, yes/
no.

AE-IIP patients after adjustment with the two prognostic 
factors using the Cox proportional hazard regression 
analysis (HR; 2.700, 95% CI; 1.398 to 5.215, p=0.003) 
(data not shown).

Association between selected parameters and other 
parameters in the control arm
Prednisolone before AE was associated with mMRC, 
disease severity of IIP and long-term oxygen therapy 
(LTOT) before AE. This suggested that there was respira-
tory dysfunction in IIP patients before AE (table  5). 
FDP/D-dimer was associated with the PaO2/FiO2 ratio 
at AE diagnosis of AE, suggesting AE-IIP disease severity 
(table 5).

The frequency or median (range) is presented for each 
parameter.

The frequency or median of each parameter was 
compared between the two groups by Wilcoxon rank-sum 
test or Fisher’s exact test, respectively.

Higher FDP is 10 mg/L≤FDP and lower FDP is 
<10 mg/L as described in the methodology.

Effect of rhTM on the survival of AE-IIP patients with a better 
and worse prognosis, as evaluated using a single parameter
The survival of AE-IIP patients treated with/without 
rhTM was compared in patients with a better and worse 
prognosis. The AE-IIP patients treated with prednisolone 
before AE (n=32) showed significantly worse survival 
than those without prednisolone before AE (n=53)
(p=0.008, log-rank test, data not shown). The survival of 
AE-IIP patients with lower FDP/d-dimer levels (n=60) was 
better than those with higher FDP/d-dimer levels (n=25)

copyright.
 on A

pril 27, 2024 by guest. P
rotected by

http://bm
jopenrespres.bm

j.com
/

B
M

J O
pen R

esp R
es: first published as 10.1136/bm

jresp-2020-000558 on 17 M
ay 2020. D

ow
nloaded from

 

http://bmjopenrespres.bmj.com/


6 Arai T, et al. BMJ Open Resp Res 2020;7:e000558. doi:10.1136/bmjresp-2020-000558

Open access

Figure 1  Survival curves after the start of therapy for AE 
were assessed by the Kaplan-Meier method. The rhTM 
arm (sold line, n=39) showed a tendency towards improved 
90-day survival compared with the control arm (dotted line, 
n=46; p=0.062, log-rank test). The 90-day survival rate 
was 66.7% (26/39) for the rhTM arm and 47.8% (22/46) for 
the control arm. Except in the case of death, all patients 
underwent follow-up until Day 91. AE, acute exacerbation; 
rhTM, recombinant human soluble thrombomodulin.

(p<0.001, log-rank test, data not shown). rhTM did not 
significantly improve the survival of AE-IIP patients with 
a higher FDP/d-dimer at AE diagnosis (p=0.084, log-
rank test; online supplementary figure 3a) nor those 
treated with prednisolone before AE (p=0.074, log-rank 
test; online supplementary figure 3c). rhTM did not 
significantly improve the survival of AE-IIP patients with 
lower FDP/d-dimer at AE diagnosis (p=0.267, log-rank 
test; online supplementary figure 3b) nor those treated 
without prednisolone before AE (p=0.288, log-rank test; 
online supplementary figure 3d).

Prognostic scoring and survival of AE-IIP patients
Prognostic scoring was performed as shown in table 4B. 
The prognostic score was composed of FDP/d-dimer 
at AE diagnosis and prednisolone therapy before AE, 
which were significant survival predictors, based on the 
multivariate Cox proportional hazard regression analysis 
(table 4A) and according to the ß coefficients of these 
two parameters (table 4A). The parameters were deter-
mined to contribute 3 points and 2 points, respectively 
(table 4B). The prognostic scores of the control arm were 
as follows: 0 (n=21), 2 (n=11), 3 (n=8) and 5 (n=6). The 
90-day survival rates were 76.2%, 36.3%, 25% and 0%, 
respectively.The ROC analysis revealed that a cut-off prog-
nostic score of 2 enabled prediction of the 90-day survival 

of AE-IIP patients in the control arm. The survival of 
AE-IIP patients in the control arm with a prognostic score 
of 0 (n=21, good prognosis stage, 90-day survival: 76.2%) 
was better than those with a prognostic score of 2, 3 or 
5 (n=25, poor prognosis stage, 90-day survival: 24.0%) 
(p<0.001, log-rank test; figure 2A). The survival of AE-IIP 
patients in the rhTM arm with a good prognostic stage 
was also better than those with a poor prognostic stage 
(p=0.021, log-rank test; figure 2B).

Effect of rhTM on the survival of poor prognostic AE-IIP 
patients evaluated using the prognostic score
rhTM therapy significantly improved the survival of 
AE-IIP patients with the poor prognostic stage (p=0.036, 
log-rank test; figure 2C); however, the survival of AE-IIP 
patients evaluated to have a good prognosis according to 
the prognostic score was not significantly improved by 
rhTMtherapy (p=0.338, log-rank test; figure 2D).

Safety and causes of death in rhTM arm
Bleeding was observed only in the rhTM arm (n=2) and 
both patients were in the poor prognostic stage; however, 
its frequency was statistically similar in the poor and good 
prognostic stages (online supplementary table 1, p=0.503, 
Fisher’s exact test). The frequency of all adverse events in 
the poor prognostic stage (five events/23 patients) was 
not significantly different from that in good prognostic 
stage (two events/16 patients) (online supplementary 
table 1, p=0.678, Fisher’s exact test). Causes of death 
in the rhTM arm included infection (n=1), unspecified 
vascular event (n=1, dissection of aorta was suspected) 
and AE (n=11). The autopsy was not performed in any of 
the dead patients (online supplementary table 1).

Discussion
In the present study, we showed that the conventional 
therapy with rhTM improved the survival of AE-IIP 
patients with a poor prognosis, as predicted by the scoring 
system developed based on prednisolone therapy before 
AE and FDP/d-dimer at AE onset. To the best of our 
knowledge, this is the first study to show the possibility 
that rhTM improves outcomes in poor-prognostic patients 
with AE-IIP. Besides, the multivariate Cox proportional 
hazard regression analysis revealed that rhTM improved 
the survival of AE-IIPs patients, in whom FDP/d-dimer 
was evaluated, although the univariate analysis did not 
show a significant improvement. The results of this study 
are consistent with those of the SETUP trial,26 although 
statistical methods employed in the two studies were 
different.

Kataoka et al22 and Sakamoto et al21 reported a survival 
advantage with rhTM treatment. However, the efficacy 
of rhTM for poor prognostic AE-IIP patients has not 
been evaluated. In the SETUP trial,26 we clarified the 
efficacy of rhTM for AE-IIPs using the propensity score 
analysis with various possible parameters that may reflect 
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Table 3  Univariate Cox proportional hazards regression analysis for the survival of AE-IIP patients after the onset of acute 
exacerbation in the control arm

HR* 95% CI P value

Stable state

Sex, male/female 0.570 0.225 to 1.442 0.235

 � Smoking, y/n 0.570 0.235 to 1.442 0.235

 � Diagnosis, IPF/non-IPF 0.966 0.434 to 2.151 0.932

 � Honeycomb on HRCT, y/n 1.234 0.548 to 2.779 0.621

 � mMRC, ≥2/≤1 1.456 0.623 to 3.403 0.386

 � Disease severity, IV/I-III 1.500 0.641 to 3.508 0.350

 � LTOT, y/n 1.453 0.645 to 3.274 0.367

 � Prednisolone, y/n 2.560 1.143 to 5.732 0.022

 � Immunosuppressant, y/n 2.204 0.821 to 5.920 0.117

 � Pirfenidone, y/n 1.514 0.450 to 5.085 0.503

 � Nintedanib, y/n 0.705 0.095 to 5.233 0.733

 � Antifibrotic drugs, y/n† 1.086 0.323 to 3.647 0.894

At the onset of AE

 � Age, years 1.014 0.968 to 1.063 0.545

 � Body weight, kg 1.021 0.987 to 1.056 0.230

 � HRCT pattern, diffuse vs non-diffuse 1.623 0.728 to 3.621 0.237

 � PaO2/FiO2 ratio 0.997 0.993 to 1.001 0.114

 � PaO2/FiO2 ratio, ≤200 vs >200 2.659 1.099 to 6.433 0.030

 � WBC, /μL 1.000 1.000 to 1.000 0.138

 � LDH, U/mL 1.002 0.998 to 1.005 0.276

 � KL-6, x100 U/mL 1.018 0.976 to 1.061 0.408

 � CRP, mg/dL 1.024 0.975 to 1.075 0.350

 � DIC, y/n 0.864 0.203 to 3.677 0.843

 � FDP/d-dimer, lower/higher‡ 4.746 2.072 to 10.870 <0.001

Treatment for AE-IIPs

 � NPPV or IPPV, y/n 1.841 0.815 to 4.155 0.142

 � Macrolide, y/n 0.841 0.314 to 2.254 0.731

 � Immunosuppressant, y/n 1.283 0.549 to 3.001 0.565

 � PMX-DHP, y/n 2.867 0.850 to 9.672 0.090

 � Anticoagulants, y/n 1.772 0.756 to 4.157 0.188

 � Antiplatelet drugs, y/n 0.531 0.181 to 1.558 0.249

*HR >1 indicates worse survival.
†Nintedanib and/or pirfenidone.
‡Higher FDP is 10 mg/L≤FDP and lower FDP is <10 mg/L as described in the methodology.
AE, acute exacerbation; CRP, C-reactive protein; DIC, disseminated intravascular coagulation; FDP, fibrin degradation product; FiO2, fraction 
of inspired oxygen; HRCT, high-resolution CT; IIP, idiopathic interstitial pneumonia; IPF, idiopathic pulmonary fibrosis; IPPV, invasive positive 
pressure ventilation; KL-6, Krebs von den Lungen-6; LDH, lactate dehydrogenase; LTOT, long-term oxygen therapy; mMRC, modified 
Medical Research Council scores; NPPV, non-invasive positive pressure ventilation; PaO2, partial pressure of oxygen; PMX-DHP, direct 
haemoperfusion with polymyxin B-immobilisedfibre column; WBC, white blood cell counts; y/n, yes/no.

prognosis. With this method, we could not classify all the 
cases into two groups. Thus, we developed the prognostic 
score using the factors selected by the multivariate Cox 
proportional hazard regression analysis.

Prednisolone administration before AE is a significant 
predictor of AE34 and it may be associated with a poor 
prognosis after AE. Here, we showed it to be a useful 

predictor of poor prognosis. It is hypothesised that infec-
tion, one of the most important triggering factors of AE in 
IPF, occurs more often in prednisolone-treated patients. 
Bacterial ribosomal RNA copy numbers in the broncheo-
alveolar lavage fluid were elevated in AE-IPF cases at 
the onset of AE compared with stable IPF patients.35 
An increase in the microbiome has been reported to be 
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Table 4  Prognosis scoring model to predict the survival of 
AE-IIP patients in the control arm

(A) Stepwise selection of parameters to predict the 
survival of AE-IIP patients in the control arm using the 
multivariate Cox proportional hazard regression analysis

ß 
coefficient HR* 95% CI P value

FDP/d-dimer, 
higher/lower

1.557 4.949 2.111 to 
11.600

<0.001

Prednisolone 
before AE, y/n

0.969 2.636 1.161 to 
5.984

0.020

(B) Prognostic scoring model

Parameters included in the model Points

FDP/d-dimer, higher/lower 3/0

Prednisolone before AE, y/n 2/0

Total point score: poor/good 
prognostic stage†

5, 3, 2/0

Higher FDP is 10 mg/L≤FDP and lower FDP is <10 mg/L as 
described in the section of Methods.
*HR >1 indicates worse survival.
†Receiver operation characteristics curve analysis was performed 
to reveal the cut-off values to predict cases with a poor prognosis 
with a lower frequency of 90-day survival. AE-IIP patients with a 
prognostic score of ≥2 were supposed to have a poor prognosis 
(poor prognostic stage).
AE, acute exacerbation; FDP, fibrin degradation product; higher/
lower, higher vs lower; IIP, idiopathic interstitial pneumonia; y/n, 
yes vs no.

Table 5  Patient demographics in the control arm for prednisolone-treated patients at the stable state and FDP/d-dimer at the 
AE diagnosis

Parameters

Prednisolone before AE FDP/d-dimer at the AE diagnosis

No Yes P value Lower Higher P value

Number of cases 29 17 32 14

Stable state

 � Sex, male/female 25/4 12/5 0.258 27/5 10/4 0.423

 � Smoking, y/n 26/3 11/6 0.058 27/5 10/4 0.423

 � Diagnosis, IPF/non-IPF 12/17 10/7 0.361 17/15 5/9 0.346

 � Honeycomb on HRCT, y/n 13/16 11/6 0.233 18/14 6/8 0.525

 � mMRC, ≤1/≥2 16/13 3/14 0.016 12/20 7/7 0.522

 � Disease severity, IV/I-III 3/26 9/8 0.004 9/23 3/11 0.729

 � LTOT, y/n 6/23 10/7 0.012 9/23 7/7 0.189

 � Prednisolone before AE, y/n 0/29 17/0 <0.001 11/21 6/8 0.742

At the onset of AE

 � HRCT pattern, diffuse/non-diffuse 11/18 9/8 0.369 11/21 9/5 0.105

 � PaO2/FiO2 ratio, ≤200/>200 13/16 13/14 0.064 14/18 12/2 0.011

 � FDP/d-dimer, lower/higher 21/8 11/6 0.742 32/0 0/14 <0.001

AE, acute exacerbation; FDP, fibrin degradation product; FiO2, fraction of inspired oxygen; HRCT, high-resolution CT; IPF, idiopathic 
pulmonary fibrosis; LTOT, long-term oxygen therapy; mMRC, modified Medical Research Council scores; PaO2, partial pressure of oxygen; 
y/n, yes/no.

associated with disease progression in IPF,36 and it may 
lead to a rapid progression after the occurrence of AE. 
However,the frequency of steroid-treated cases was similar 
in stable IPF and AE-IPF groups in the former study35 
and only several steroid-treated IPF cases were included 
in the latter study.36 These studies cannot directly reveal 
a pathophysiological link between steroids and AE, 
although infection might cause AE in IPF patients. In our 
study, prednisolone administered before AE was associ-
ated with LTOT, the disease severity of IIP and mMRC 
before AE, suggesting the severity of IIP before the onset 
of AE. Hence, disease severity at a stable state, rather than 
prednisolone administered before AE might be associ-
ated with the occurrence of AE. However, the PANTHER 
study,37 which was conducted to evaluate triple therapy, 
comprising prednisolone, azathioprine and N-acetylcys-
teine, clarified the adverse effects of immunosuppressive 
therapy on IPF and poor prognostic significance of pred-
nisolone before AE onset on AE-IPF cannot be neglected. 
Prednisolone before AE was not associated with under-
lying IIPs, IPF or non-IPF in patients in the control and 
rhTM arms (online supplementary table 2). Hence, we 
suppose prednisolone before AE did not reflect patho-
physiological difference of AE-IPF and AE-non-IPF IIP.

Serum FDP/d-dimer21 at AE diagnosis has been shown 
to be elevated. Yamazaki et al38 reported the prognostic 
significance of FDP/d-dimer in patients with AE of IPF 
and non-IPF IIP. Our study also revealed that FDP/d--
dimer is a significant prognostic factor in AE-IIP patients 
treated without rhTM. Sakamoto and Kataoka reported 
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Figure 2  Ninety-day survival of AE-IIP patients with a prognostic score of 0 (good prognostic stage, solid lines) and 
prognostic scores of 2 to 5 (poor prognostic stage, dotted lines) was compared using the Kaplan-Meier method ((A) control 
arm and (B) rhTM arm). The survival of AE-IIP patients with a good prognostic stage was better than that of patients with 
poor prognostic stage in both control arm (A) (p<0.001, log-rank test) and rhTM arm (B) (p=0.021, log-rank test). Survival of 
the AE-IIP patients with the poor prognostic stage (prognostic score 2 to 5) in rhTM arm (solid line, n=23) was better than 
that of patients in the control arm (dotted line, n=25) (log-rank test, p=0.036) (C). However, the survival of the AE-IIP patients 
with the good prognostic stage in the rhTM arm (solid line, n=16) was similar to that of patients in the control arm (dotted line, 
n=21) (log-rank test, p=0.338) (D). AE,acute exacerbation; rhTM, recombinant human soluble thrombomodulin; IIP,idiopathic 
interstitial pneumonia.

the efficacy of rhTM for AE-IPF, similarly to the findings 
of our study; however, FDP/d-dimer was not a significant 
prognostic factor for all AE-IPF treated with/without 

rhTM.21 22 This result does not negate the prognostic 
significance of serum FDP/d-dimer. Sakamoto reported 
that rhTM decreased FDP/d-dimer at 14 days after AE 
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treatment in AE-IPF patients, although the conven-
tional therapy did not reduce it without rhTM.21 If rhTM 
improved the survival of AE-IPF patients by reducing 
blood FDP/d-dimer levels, AE-IPF patients with higher 
FDP/d-dimer at AE diagnosis might survive longer after 
rhTM therapy, and FDP/d-dimer might no longer be a 
significant prognostic factor.

A validated severity grading system for AE-IPF and 
AE-IIP is not present. Kishaba et al also created a grading 
system for the severity of AE-IIPs using the following 
factors: KL-6, LDH, PaO2/FiO2 ratio, the extent of 
ground-glass opacity and consolidation on HRCT.39 All 
parameters included in this scheme were evaluated at the 
time of AE diagnosis and the system was not validated in 
other cohorts in their study. AE-IIPs patients treated with 
rhTM with a good prognostic stage (score 0) survived 
significantly longer than those with a poor prognostic 
stage (score 2 to 5) (p=0.021, log-rank test; figure 2b). 
Hence, our prognostic scoring system developed using 
data of the control arm was also useful for the rhTM 
arm, validating our prognostic scoring system. Besides, 
as mentioned earlier, parameters before AE suggesting 
disease severity at the stable state are also important 
predictors that should be included in the prognostic 
scoring system.

Our study permitted the usage of anticoagulants 
and antiplatelet drugs for the treatment of comorbid-
ities. Adverse events of bleeding did not increase even 
with the use of these drugs, because the two patients 
complicated with bleeding in the rhTM arm did not 
take anticoagulants or antiplatelet drugs. Treatment 
with these two drugs was not a significant prognostic 
factor of AE-IIPs (table 3). Hence, efficacy of rhTM on 
AE-IIPs might have been caused by not only inhibition 
of micro-coagulation, but also anti-inflammatory and 
anti-apoptotic effects.18

This study had some limitations. First, this analysis 
was performed retrospectively using data obtained from 
a limited number of patients from a non-randomised 
trial. Second, patient characteristics and management 
of AE-IIPs between the control and rhTM arms might 
have been different due to the difference in enrolment 
periods between the two arms although there was no 
difference as shown in tables 1 and 2. Third, the prog-
nostic score that we used in this study cannot be used 
in subsequent studies. In our investigation, 14 of the 
34 patients with AE-IPF were treated with prednisolone 
before the diagnosis of AE; however, corticosteroids 
were not recommended by the treatment guidelines 
for IPF.1 In the future, AE-IPF patients might be treated 
with corticosteroids before AE onset less frequently than 
those in our study and we might not be able to use our 
prognostication system in the future. Thus, the system 
should be modified using a parameter corresponding 
to the disease severity of IIPs before the onset of AE, 
instead of prednisolone therapy, for future studies of 
AE-IIPs.

Conclusions
We conclude that treatment with rhTM might improve 
survival in AE-IIP patients with poor prognoses.
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