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Background: Acute exacerbation (AE) is known as a leading
cause of morbidity and mortality in chronic fibrosing group
includes idiopathic pulmonary fibrosis (IPF) and nonspecific
interstitial pneumonia (NSIP). There is no standardizes drug
therapy with comparative studies. The clinical application of
recombinant human soluble thrombomodulin (rhTM) has
recently been expected against AE-IPF/NSIP, however, the
impact of rhTM remains unestablished. Thus, this review
assessed the impact of rhTM on mortality in patients with
AE-IPF/NSIP.

Methods: PubMED database was investigated for studies in
English on May 2017 by two independent reviewers. The
investigated period was restricted to previous 10 years.
Studies was included adults with AE of IPF or idiopathic
interstitial pneumonias, and treatment with
thrombomodulin. Key data on study design, patient
characteristics, outcome measures and adverse events were
extracted for the review. We pooled mortality using
random-effects meta-analysis

Results: Three prospective and two retrospective studies
were included. The five studies recruited a total of 77
patients receiving rhTM treatment (rhTM group).
Corticosteroid therapy was examined in all studies for both
rhTM groups and non-rhTM group. Mortality at 28 days or
one month was evaluated in all three prospective studies,
and was significantly lower in the rhTM group than in non-
rhTM group. The pooled 1-month mortality was significantly
lower in rhTM group (Odds Ratio (OR): 0.25 (95% Cl,
0.08-0.77)). Mortality at 3 months was also lower in rhTM
group. In patients with AE-IPF/NSIP, rhTM administration
was of significant prognostic value of 3-month mortality by
univariate analysis and by multivariate analysis. Two
retrospective studies reported adverse effect in rhTM group
and/or non-rhTM group.

Conclusion: In this study, a decline in mortality was
confirmed when rhTM was administered in treating AE-IPF/
NSIP, in conjunction with steroid therapy and

immunosuppressive drugs. It indicated a possibility of rhTM
administration being effective against AE-IPF/NSIP.

Keywords: Pulmonary Fibrosis; Idiopathic Interstitial
pneumonias; Acute exacerbation; Pneumonia

Background

The idiopathic interstitial pneumonias (IIPs) are diffuse
parenchymal lung diseases with unknown etiology. The updated
American Thoracic Society (ATS) and European Respiratory
Society (ERS) IIPs Classification 2013 distinguished major IIPs
from rare IIPs and unclassifiable cases [1]. Major IIPs are
grouped by clinical disease behavior, and chronic fibrosing group
includes idiopathic pulmonary fibrosis (IPF) and nonspecific
interstitial pneumonia (NSIP). Most of them follow progressive
irreversible course.

Acute exacerbation is a clinical condition of rapidly
progressing respiratory failure accompanied by new
developments of infiltrative shadows in both lungs observed
during the chronic course of progressive interstitial pneumonia
[2]. Acute exacerbation is known to develop during IPF clinical
course, and, in 2011 evidence-based IPF guidelines, it is clearly
stated as “acute exacerbation” [3]. In 2016, “An International
Working Group Report” on acute exacerbation has been
published [4]. In this report, new definitions and diagnostic
criteria of acute exacerbation were proposed. Also in this report,
subcategories of “triggered acute exacerbation” and “idiopathic
acute exacerbation” were proposed. The number of reports of
acute exacerbation in other chronic progressive interstitial
pneumonias besides IPF is also increasing. The frequency of the
acute exacerbation in IPF varies in reports, but it is reported to
be around 5-15% annually [5].

Acute exacerbation is one of the decisive factors of prognoses
of interstitial pneumonia itself. The mortality of the acute
exacerbation of IPF (AE-IPF) is considered to be 70-80%, and it is
a clinical condition with extremely adverse prognosis [5]. There
has been no established drug therapy for acute exacerbation so
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far that has been proven by comparative studies. In the actual
clinical treatments, steroid therapies such as pulse therapy are
sometimes conducted. Developments of effective drug therapies
for this pathological condition are much anticipated.

Recombinant human soluble thrombomodulin (rhTM) not
only exerts antithrombin action by bonding to thrombin but also
has anticoagulant activity by acting on thrombomodulin-Protein
C (PC)-PC receptor system. It is expected to be developed as a
new remedy for disseminated intravascular coagulation (DIC)
[6]. Japanese Clinical Practice Guidelines for Sepsis 2016 didn’t
announce clear recommendation on rhTM pharmaceutical
preparations toward septic DIC patients [7]. However, the
systematic review having carried out in these guidelines stated
that the effect estimation value of therapeutic intervention of
rhTM in septic DIC was Relative Risk (RR): 0.81 (95% confidence
interval (Cl), 0.62-1.06), whose result was that the benefit
probably would exceed the damage [7]. In recent years, rhTM
has been known to have not only anticoagulant action but also
anti-inflammatory action [8]. In AE-IPF, neutrophils accumulated
in the lung injures vascular endothelium, which causes
inflammation, congealing fibrinogenolysis system abnormality
and fibrillation. The clinical application of rhTM is thus expected
against AE-IPF and a few prospective and retrospective studies
have been reported gradually in recent years.

The objective of this paper was to summarize and evaluate
the available evidence of the use of rhTM for acute
exacerbations in patients with chronic progressive fibrosing
interstitial pneumonias such as IPF and to provide suggestion for
its role in the treatment of acute exacerbation.

Methods

We conducted a systematic literature search for study
publications using National Institutes of Health PubMed

Table 1: The characteristics of five reviewed studies.
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database. The key search terms were “pulmonary fibrosis” AND
thrombomodulin, or “interstitial pneumonia” AND
thrombomodulin, by two independent reviewers. We didn’t
include the word of “acute exacerbation” in PubMed search, on
the grounds that the terminology related to AE-IPF or idiopathic
interstitial pneumonias differs among reports. The searched
period was restricted to previous 10 years. The searches were
performed on May 2017, for studies in English.

The results from the search were assessed based on titles and
abstracts. Studies had to include adults with AE-IPF or idiopathic
interstitial pneumonias, and treatment with thrombomodulin.
After that, those relevant publications were obtained and
evaluated in the review. An overlapped study was excluded from
the review.

Key data on study design, patient characteristics (eg, age, sex,
and the oxidation capability), outcome measures and adverse
events were extracted for the review. We pooled mortality using
random-effects meta-analysis

Results

A total of 11 citations were identified, and after screening,
five publications were included in the review [9-13]. All studies
were reported from Japan.

All enrolled studies are listed in Table 1. Of enrolled five
studies, three were prospective, historical control studies
[9,10,13] and two were retrospective studies (11,12). The five
studies recruited a total of 77 patients receiving rhTM treatment
(rhT™M group).

Study Study design Year Objectives Size Dose of rhTM Other Treatment
Tsushima [13] prospective historical 2010-2012 AE-IPF rhTM group:20 0.06 mg/kg/day for 6 *CS pulse therapy for 3 days,
control non-rhTM days followed by maintenance treatment
group:6 with a tapered dose of CS
*NIPPV or mechanical ventilation
(if necessary)
Abe [10] prospective historical 2012-2014 AE-IPF/NSIP rhTM group: 11 0.06 mg/kg/day for 6 *CS pulse therapy for 3 days,
control non-rhTM days followed by maintenance treatment
group: 11 with a tapered dose of CS
*cyclophosmide and/or
cyclosporine
*NIPPV
Hayakawa [9] prospective historical 2012-2014 AE-IPF rhTM group: 10 380 Ul/kg/day for 7 *CS pulse therapy for 3 days,
control non-rhTM days followed by maintenance treatment
group: 13 with a tapered dose of CS
*mechanical ventilation (if
necessary)

Isshiki [12] retrospective 2006-2013 AE-IPF rhTM group: 16 0.06 mg/kg/day for 6 *CS pulse therapy for 3 days,
non-rhTM days followed by maintenance treatment
group: 25 with a tapered dose of CS

*cyclosporine  (for almost all
patients)
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*LMWH (for some patients in
control group)
*NIPPV or mechanical ventilation
(if necessary)

Kataoka [11] retrospective 2009-2011 AE-IPF

historical control

0.06 mg/kg/day for 6
days

(followied by LMWH
administration)

*CS pulse therapy for 3 days,
followed by maintenance treatment
with a tapered dose of CS
*cyclosporine

*LMWH (for non-rhTM group)
*NIPPV or mechanical ventilation
(if necessary)

rhTM group: 20
non-rhTM
group: 20

AE: Acute Exacerbation; IPF: Idiopathic Pulmonary Fibrosis; NSIP: Non-Specific Interstitial Pneumonia; rhTM: Recombinant Human Soluble Thrombomodulin; LMWH:
Low-Molecular-Weight Heparin; CS: Corticosteroid; NPPV: Noninvasive Positive-Pressure Ventilation.

The mean age of rhTM group in the studies was similar
(ranged from 69 to 76 years old), and the number of male
patients included in total were approximately sextuple the
number of female patients (130:22). Patients in rhTM group had
lower SOFA score (3.3,7.3) and/or APACHE Il score (9.0-12), but
there was no significant difference in these scores between
rhTM group and patients treated without rhTM (non-rhTM
group). Patients in rhTM group had also lower PaO,/FIO, (PF)
ratio, meanwhile the range of PF ratio was relative wide
(107-258) among studies. In rhTM group, higher coagulation
markers such as thrombin—antithrombin complex and D-dimer
were noted in all studies.

For rhTM group, the administration of rhTM was started at a
dose of 0.06 mg/kg/day once daily for six days, in four of five
studies [10-13]. The treatment with rhTM was followed by
continuous intravenous infusion of low-molecular weight
heparin (LMWH) (750,000 IU/kg/day) in one study [11].
Remaining one prospective study adopted a different dose and
duration of rhTM, as at a dose of 380 |U/kg/day once a day for
seven days [9]. Corticosteroid therapy was examined in all
studies for both rhTM groups and non-rhTM group.

All studies evaluated mortality, but the difference of mortality
between the rhTM and non-rhTM group was seen in the periods
after beginning treatment with rhTM.

Mortality at 28 days or one month was evaluated in all three
prospective studies, and was lower in the rhTM group than in
non-rhTM group (7/20 (35%) vs 5/6 (83%), 2/11 (18%) vs 6/11
(54%) and 3/10 (30%) vs 6/13 (46%), respectively) [9,10,13]. As
shown in Figure 1, the pooled 1-month mortality was
significantly lower in rhTM group (Odds Ratio (OR): 0.25 (95% Cl,
0.08-0.77)).
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Figure 1: The pooled one-month mortality. The pooled one-
month mortality of reports which submitted by Tsushima, Abe
and Hayakawa was significantly lower in the group with
recombinant human soluble thrombomodulin (rhTM)
administration (Odds Ratio: 0.25 (95% Cl, 0.08-0.77)).

Mortality at 3 months was evaluated in four of five studies
[9-12]. It was lower in the rhTM group than in non-rhTM group
in all studies. As shown in Figure 2, the pooled 3-month
mortality was also significantly lower in rhTM group in two
prospective studies (OR: 0.08 (95% Cl, 0.02-0.46)) [9,10], and in
two retrospective studies (OR: 0.26 (95% Cl, 0.10-0.68)) [11,12].
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Figure 2: The pooled three-month mortality. The pooled
three-month mortality of reports which submitted by Abe,
Hayakawa, Isshiki and Kataoka was significantly lower in the
group with recombinant human soluble thrombomodulin
(rhTM) administration (Odds Ratio: 0.20 (95% Cl, 0.09-0.46)).

In patients with AE-IPF/NSIP, rhTM administration was of
significant prognostic value of 3-month mortality by univariate
analysis in three of three studies [10-12] and by multivariate
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analysis in two of two studies [10,11]. Higher lactate
dehydrogenase (LDH) was of significant prognostic value by
univariate analysis in one study [12]. Higher C reactive protein
(CRP) was of prognostic significance in another study by
univariate analysis [11].

Two retrospective studies reported adverse effect in rhTM
group and/or non-rhTM group [11,12]. There was one patient
with mild hemoptysis and hematuria in rhTM group, but no
patient with severe bleeding in one study [12]. Another study
reported one patient with hemoptysis and one patient with
acute deep vein thrombosis in rhTM group [11]. This study also
reported two patients with bleeding in non-rhTM group, who
received LMWH administration. There was no adverse event
attributable to rhTM in two prospective studies [9,10].

Discussion

Three prospective and two retrospective studies were
included. The five studies recruited a total of 77 patients
receiving rhTM treatment. Corticosteroid therapy was examined
in all studies for both rhTM and non-rhTM groups. Mortality at
28 days or one month was evaluated in all three prospective
studies, and was lower in the rhTM group than in non-rhTM
group. The pooled 1-month mortality was significantly lower in
rhTM group (OR: 0.25 (95% Cl, 0.08-0.77)). Mortality at three
months was also lower in rhTM group, and the pooled 3-month
mortality was also significantly lower in rhTM group in two
prospective studies (OR: 0.08 (95% Cl, 0.02-0.46)), and in two
retrospective studies (OR: 0.26 (95% Cl, 0.10-0.68)). In patients
with AE-IPF/NSIP, rhTM administration was of significant
prognostic value of 3-month mortality by univariate analysis and
by multivariate analysis. Two retrospective studies reported
adverse effect in rhTM group and/or non-rhTM group, but there
was no adverse event attributable to rhTM in two prospective
studies.

In this analysis, pretreatment coagulation abnormality but not
DIC was observed in all studies. In the two studies that followed
the time course of coagulation abnormality, it was observed that
the abnormality improved after rhTM treatment. It has been
suggested that, in terms of the pathological physiology of AE-IPF,
various factors such as alveolar epithelial injury, inflammation,
cytokine and matrix metalloproteinase are involved, and
coagulation abnormality is one of them [14]. There have been
several papers reporting on acute exacerbation and coagulation
abnormality as well [14,15]. The clinical trial that evaluated the
effectiveness of warfarin against IPF did not prove effectiveness
of the administration of warfarin, but instead, the warfarin-
administered group showed increased fatality rate comparing
with the placebo group, and the trial was suspended [16].
However, in study conducted in Japan, warfarin and LWMH
showed favorable effects against IPF [17]. Administration of
anticoagulant drug against IPF is currently evaluated negatively,
but as the association of coagulation abnormality with AE-IPF
has been reported as mentioned above, the necessity of
controlling coagulation function is indicated against such cases
[18].
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In Japan, rhTM is widely used as anticoagulant drug against
DIC. A systematic review and a meta-analysis were conducted on
septic DIC [6]. In this study, although the relative risk of fatality
in RCT did not show significant decreasing trend (RR, 0.81; 95%
Cl, 0.62-1.06), the observation study observed its significant
decrease (RR, 0.59; 95% CI, 0.45-0.77). The meta recurrence
analysis in each study design observed a significant negative
correlation between the effective amount of rhTM treatment
and the baseline mortality (p=0.012).

The use of rhTM has contributed to anti-inflammatory effect
of thrombomodulin in addition to that of active protein which
has been indicated since before [8]. Therefore, rhTM may be
superior than anticoagulant such as warfarin to AE-IPF in which
inflammation is associated with clinical condition. Tsushima
mentioned the anti-inflammatory action by rhTM contributed to
the efficacy in AE-IPF [13]. It has been reported about its side
effect that no significant difference was observed in severe
hemorrhagic complication between rhTM group and control
group [6]. Even though hemorrhage in small number of cases in
retrospective studies was reported in the current consideration
[11,12], no severe hemorrhage was recognized. In addition, any
adverse event was not reported in prospective studies [9,10].
Therefore, administration of rhTM is believed to be a therapy
with tolerability.

Limitations

First, all the study cases we selected into this study happened
to be reports from Japan. The possibility of Japanese being more
subject to AE-IPF compared to other races has been pointed out
[19]. The possibility of genetic factor for AE-IPF is also
speculated. Secondly, in the study cases included in this analysis,
steroid therapy, and in many cases, immunosuppressive drugs
were used. In such combination therapies, no difference was
observed between rhTM group and non-rhTM group (in one
study case, immunosuppressive drugs were administered in only
non-rhTM group [9]), and this could have influenced the
outcomes. Thirdly, all the study cases of this study were small-
scale clinical studies. Also, the prospective studies were
conducted as historical control, and the rest are all retrospective
studies. Currently, the phase Ill trial is being conducted in
collaboration of multiple facilities, and its outcomes need to be
compared to the results of this analysis. Fourthly, although the
mortality selected as outcome measures was clinically
important, there were differences in the period of mortality
after the start of rhTM treatment, among studies. The analysis
observed effectiveness of rhTM administration at both one-
month and three-month periods. However, it may require
setting a common endpoint in the future.

Conclusion

In this study, a decline in mortality was confirmed when rhTM
was administered in treating AE-IPF/NSIP, in conjunction with
steroid therapy and immunosuppressive drugs. This was
confirmed through five small-scale studies, which indicated a
possibility of rhTM administration being effective against AE-IPF/
NSIP. Since the selected studies were small-scale prospective/
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retrospective studies, the effectiveness of rhTM must be further
examined through comparing the results from the randomized
control trial being conducted at present and the results from this
study.
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