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ARTICLE INFO ABSTRACT

Introduction: Recombinant thrombomodulin (rTM), which degrades factors Va and Vllla by activating protein
C, has been developed as a new drug for treating disseminated intravascular coagulation (DIC).

Materials and methods: Since July 2009, we have treated 25 children with DIC using rTM (380 U/kg/day, or
130 U/kg/day for newborns) as a first-line therapy. Median duration of rTM administration was 5 consecu-
tive days (range, 2-13 days). We employed DIC criteria of the Japan Welfare and Health Ministry. The first
day on which rTM treatment was given was defined as day 1.

Results: Median patients age was 3 years. Underlying diseases were hematological disorders (n=13) and
severe infection (n=12). Overall, 20 of the 25 patients had recovered from DIC by day 7 and 22 of the 25
patients remained alive at day 28. Median Pediatric Logistic Organ Dysfunction score improved from 11 on
day 1 to 2 on day 7 (p=0.009). Laboratory data (median) on day 7 (prothrombin time (PT) ratio, 1.15; fibrin
and fibrinogen degradation products (FDP), 9.6 mg/l; D-dimer, 1.6 mg/] FEU; antithrombin, 112%; protein C,
105%) were significantly improved compared to results on day 1 (PT ratio, 1.39; FDP, 21.6 mg/l; D-dimer,
6.4 mg/l FEU; antithrombin, 86%; protein C, 54%). Whereas, 5 patients failed to respond and serious bleeding
events were observed in 2 newborns.

Conclusion: The efficacy of :'TM cannot be assessed from the present dataset, due to several limitations such as
the small heterogenous patient cohort, and the lack of age- and disease-matched controls. Nevertheless, this
case-series remains important in terms of enabling further prospective control studies to evaluate the efficacy
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Introduction

Disseminated intravascular coagulation (DIC) is a serious compli-
cation in patients with hematological malignancies or severe infection
[1,2]. The pathophysiology of DIC is hyperactivation of the coagulation
system and inappropriate inhibition of fibrinolysis, often leading
to severe organ damage. Updated British and Japanese guidelines

Abbreviations: ALL, acute lymphocytic leukemia; AML, acute myelocytic leukemia; APL,
acute promyelocytic leukemia; AT, antithrombin; DIC, disseminated intravascular coagula-
tion; FDP, fibrin and fibrinogen degradation product; FEL, familial erythrohemophagocytic
lymphohistiocytosis; FFP, fresh frozon plasma; JXG, juvenile xanthogranuloma; PELOD,
Pediatric Logistic Organ Dysfunction; PT, prothrombin time; rAPC, recombinant activated
protein C; 1TM, recombinant thrombomodulin; TMD, transient myeloproliferative
disorder.

* This study was presented at the XXIII Congress of the International Society on Throm-
bosis and Haemostasis in Kyoto, July 23~29, 2011.

* Corresponding author at: Department of Pediatrics, Nihon University 30-1 Ohyaguchi-
kamicho, Itabashi-ku, Tokyo 173-8610, Japan. Tel.: +81 3 3972 8111; fax: +81 3 3957
6186.

E-mail address: yagasaki@med.nihon-u.acjp (H. Yagasaki).

0049-3848/% ~ see front matter © 2012 Elsevier Ltd. All rights reserved.
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suggest anticoagulant therapy in addition to treatment of the under-
lying disease in patients with DIC [3,4].

Generally accepted treatment for DIC comprises transfusion of
platelets or fresh frozen plasma (FFP). Although other agents such
as natural anticoagulants (antithrombin (AT), recombinant activated
protein C (rAPC), and tissue factor pathway inhibitor) have been
developed over the last 20 years, their efficacy has not yet been con-
firmed. Recombinant thrombomodulin (rTM) was developed as a
new type of natural anticoagulant with a similar pharmacological
mechanism to rAPC [5,6]. The rTM structure contains the active extra-
cellular domain of thrombomodulin, and the rTM/thrombin complex
degrades factors Va and VIila by activating protein C. A phase-III ran-
domized study demonstrated that rTM was more effective in resolv-
ing DIC than heparin in adults with hematological malignancy or
severe infection (success rate: 66.1% in rTM treatment group versus
49.9% in heparin treatment group) [7]. Although that study did not
show any superiority of survival and subjects included only adults,
rTM was authorized for use in both adults and children with DIC
in Japan in 2008. We have already reported the case of a child
with acute myelogenous leukemia in whom DIC was dramatically
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improved by rTM [8]. Following that case, we began to use rTM as a
first-line therapy for children with DIC. The present study represents
an analysis of the outcomes for 25 children with DIC who were treat-
ed with rTM in our institute.

Materials and methods

This retrospective study was approved by the institutional review
board of Nihon University, and clinical and hematological data were
collected after informed consent was obtained in accordance with
the Declaration of Helsinki.

Criteria of DIC and anti-DIC treatment

We employed the DIC criteria of the Japan Welfare and Health
Ministry in the current study [9].

Since July 2009, we have used rTM (Recomodulin®; Asahi Kasei
Pharma, Tokyo, Japan) as a first-line therapy for children with DIC
in our institute. All except 1 of the 25 patients received rTM on the
day of DIC diagnosis; the remaining patient received 1TM 2 days
after diagnosis. Median duration of rTM administration was 5 con-
secutive days (range, 2-13 days). FFP and platelets were transfused
to maintain a fibrinogen level of 4.4 umol/l and a platelet count of
20x10%1. No other anti-DIC treatments, including heparin, low-
molecular-weight heparin, rAPC, plasma-derived activated protein C,
AT or synthetic protease inhibitor, were used concomitantly or prior
to treatment with rTM, except in 1 patient (Case 7) who received AT
during r'TM treatment.

Definition of the unit and dosage of rTM

A standard method for determining the activity of human
thrombomodulin has been established [10]. A phase II study demon-
strated a significant relationship between dosage (38 U/kg, 130 U/kg,
380 U/kg) and response. Based on these results, a dosage of 380 U/kg/day
is generally recommended, with 130 U/kg/day recommended for pa-
tients with impaired renal function in the prescribing information. As
renal function tends to relatively low in newborns, 130 units/kg/day
of 1'TM was given intravenously (30-min drip infusion) to 2 newborn
patients (Case 10 and 11), while 380 units/kg/day was administered to
the remaining patients (n=23).

Treatment of underlying diseases

Appropriate antibiotics were given to patients with sepsis or men-
ingitis (n=11) and generally accepted chemotherapies were given to
patients with hematological malignancy (n=11). Cyclosporine and
steroids were given to a patient with familial hemophagocytic
lymphohistiocytosis (Case 12). Supportive care alone was provided
for 2 patients in whom no disease-specific therapy was available
(Case 13 and 25).

Laboratory measurements

Coagulation tests were performed 3 or 4 times/week during DIC,
including determination of prothrombin time (PT) ratio (Quick's
test), fibrin and fibrinogen degradation products (FDP) (latex immu-
noassay), D-dimer (latex immunoassay), fibrinogen (Clauss assay),
AT (chromogenic assay), and protein C (chromogenic assay). The
first day on which rTM treatment was given was defined as day 1.
Laboratory data on day 1 reflect data collected just before starting
ITM.

Evaluation of clinical status and treatment response

We evaluated survival at day 28 after rTM treatment, the cumula-
tive rate of DIC resolution and clinical status score on day 7, and the
incidence of bleeding events during DIC. Clinical status was scored
according to the Pediatric Logistic Organ Dysfunction (PELOD) sys-
tem, where the severity of illness and organ dysfunction is estimated
using a score from 0 (mild) to 71 (severe) points [11]. Treatment fail-
ure was defined as either sustained DIC on day 7 or death within
28 days after rTM treatment.

Statistical analysis

Survival at day 28 was calculated using the Kaplan-Meier method.
DIC resolution rate by day 7 was analyzed using the cumulative inci-
dence function by treating deaths as a competing risk. The Wilcoxon
signed rank test was used to compare coagulation parameters on
day 1 with those on day 4 and day 7, and to compare PELOD scores
on days 1 and 7. The Mann-Whitney exact test was used to identify
factors associated with unfavorable response to rTM. All values
of p<0.05 were considered statistically significant, while values of
0.05 to 0.1 were considered marginally significant. All analyses were
conducted using R version 2.11.1 software.

Results
Patient characteristics (Table 1)

From July 2009 to December 2011, 25 patients (15 boys, 10 girls;
median age, 3 years (range, 1 day to 14 years)) were enrolled in
the current study. Underlying diseases were hematological disease
(n=13) or severe infection (n=12). No patients had been treated
for the underlying disease prior to the diagnosis of DIC. No active
bleeding except skin purpura or petechia was observed in any pa-
tients at diagnosis.

Treatment response (Tables 1, 2)

Overall, 20 of the 25 patients (80%; 95% confidence interval (Cl),
63.4-96.6%) had recovered from DIC by day 7 (Fig. 1), and 22 (88%;
95% (I, 76.1-100%) were still alive on day 28. Median PELOD score im-
proved significantly from 11 on day 1 to 2 on day 7 (p = 0.009). Coag-
ulation parameters at diagnosis of DIC were as follows: median PT
ratio, 1.39 (normal, 0.9-1.1); median FDP level, 21.6 mg/l (normal,
<4.0 mg/l); median D-dimer level, 6.4 mg/l FEU (normal, <0.5 mg/l
FEU); median fibrinogen level, 8.9 pmol/l (normal, 4.4-11.8 umol/1);
median AT level, 86% (normal, 70-130%); and median protein C
level, 54% (normal, 70-140%). Laboratory data on day 4 (PT ratio,
1.16; FDP, 12.9 mg/l; AT, 94%) were significantly improved compared
to those on day 1, and were further improved by day 7 (PT ratio, 1.15;
FDP, 9.6 mg/l; D-dimer, 1.6 mg/l FEU; AT, 112%; protein C, 105%).
A normal AT level was achieved in 16 of 18 patients by day 7 without
AT supplementation, whereas fibrinogen levels did not change
despite supplementation with FFP.

Treatment failure

Five patients showed no response to rTM by day 7. One patient
(Case 7) with T cell acute lymphocytic leukemia (ALL) recovered
from DIC by day 11. In two newborns (Case 10 and 11) diagnosed
with congenital ALL with mixed-lineage leukemia gene rearrange-
ment and Down syndrome-associated transient myeloproliferative
disorder, respectively, fibrinogen levels did not reach 1.5 pmol/l
despite intensive FFP supplementation. Subsequently, pulmonary
and intracranial bleeding occurred and these patients died of liver
dysfunction at 21 and 19 days old, respectively. One patient (Case
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Table 1
Patient profile, treatments and outcomes.
Case Sex Age Underlying Days from diagnosis  Days of ITM Other Resolution  Status at Bleeding symptom Cause of
disease of DIC to treatment  administration  treatment of DIC day 28 death
with rTM
1 F 10 years AML 0 3 platelet day 3 alive no
2 F 2 years AML 0 5 FFP and day 4 alive no
platelet
3 M 6 years APL 0 3 FFP and day 4 alive no
platelet
4 M 6 years T-ALL 2 6 FFP and day 5 alive no
platelet
5 M 10 years T-ALL 0 6 FFP and day 6 alive no
platelet
6 M 3 years T-ALL 0 5 FFP and day 5 alive no
platelet
7 M 14 years T-ALL 0 9 FFP and AT day 11 alive no
8 M 2 years B-ALL 0 6 FFP day 6 alive no
9 M 11 years pre B-ALL 0 4 none day 2 alive no
10 F 1 day congenital ALL 0 12 FFP and no dead at pulmonary liver
platelet day 21 bleeding at day 9 failure
intracranial
bleeding at day 19
11 M 1 day Down-TMD 0 3 FFP no dead at intracranial liver
day19 bleeding at day 4 failure
pulmonary bleeding
at day 15
12 F 5 months FEL 0 5 platelet day 3 alive no
13 F 1 month IXG 0 13 FFP and platelet no alive no
14 M 7 years sepsis 0 4 platelet day 3 alive no
15 F 12 years sepsis 0 5 platelet day 3 alive no
16 M 1 year sepsis 0 9 platelet day 7 alive no
17 F 3 years sepsis 0 2 FFP no dead atday2 no septic shock
18 F 6 years sepsis 0 6 none day 5 alive no
19 M 6 months sepsis 0 5 none day 5 alive no
20 F 14 years sepsis 0 11 platelet day 3 alive no
21 M 4 years sepsis 0 10 FFP and platelet day 3 alive no
22 M 2 years meningitis 0 3 platelet day 4 alive no
23 M 3 months meningitis 0 6 platelet day 5 alive no
24 F 1 year meningitis 0 4 none day 4 alive no
25 M 10 months  rotavirus 0 7 FFP day 3 alive no
infection

rTM; recombinant thrombomodulin, DIC; disseminated intravascular coagulation, PELOD score; Pediatric Logistic Organ Dysfunction score, AML; acute myelocytic leukemia, APL;
acute promyelocytic leukemia, ALL; acute lymphocytic leukemia, TMD; transient myeloproliferative disorder, FEL; familial erythrophagocytic lymphohistiocytosis, JXG; juvenile

xanthogranuloma, FFP; fresh frozen plasma, AT; antithrombin.

13) presented with large ascites, severe thrombocytopenia, and
hemolytic anemia with DIC. Definitive diagnosis was difficult, and cu-
rative treatment could not be conducted. DIC subsequently resolved
by day 120 without any treatment. Bone marrow and liver biopsies
resulted in a diagnosis of a variant of histiocytosis, systemic juvenile
xanthogranuloma. One patient (Case 17) with asplenia presented
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Fig. 1. Cumulative incidence of DIC resolution by day 28 after rTM treatment.

with pneumococcal sepsis and, despite vaccination against pneumo-
coccus, failed to respond to antibiotics and rTM and died on day 2.

Unfavorable response factors (Table 3)

To identify factors associated with unfavorable response, we com-
pared pretreatment laboratory parameters between rTM-response
(n=20) and treatment-failure groups (n=>5). Fibrinogen, AT, and
protein C levels in the treatment-failure group (median values:
2.9 umol/l, 43.5%, and 19.5%, respectively) were significantly lower
than those in the rTM-response group (median values: 10.9 umol/],
93%, and 73.5%; p=10.034, p =0.030, and p = 0.048, respectively). In
contrast, PT ratio and FDP and D-dimer levels were not associated
with response to rTM.

Discussion

The efficacy of natural anticoagulants for DIC remains controver-
sial. Although the PROWESS study demonstrated that rAPC effectively
lowered mortality rates in adults with sepsis [12], the subsequent
PROWESS-SHOCK trial failed to show any efficacy of rAPC in terms
of survival (mortality rate at day 28: 26.4% in rAPC group, 24.2% in
placebo group), then the recommendation for the use of rAPC in DIC
was recently withdrawn from the revised British guideline [13,14].
However, the RESOLVE trial showed that rAPC reduced mortality by
day 28 in children with DIC (rAPC group, 14.4% versus placebo,
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Table 2
Comparison of laboratory data at day 1 vs day 4 and at day 1 vs day 7.

Normal range Day1*

Day 4 *

Day 7 * p p

Day 1 vs day 4 Day 1 vs day 7

PT ratio 0.9-1.1 1.39 (1.04-4.34) 1.16 (0.93-3.02) 1.15 (0.90-1.78) <0.001 <0.001
FDP (mg/1) <4 21.6 (5.0-408.0) 129 (5.1-79.1) 9.6 (5.0-28.1) 0.014 <0.001
D-dimer (mg/! FEU) <05 6.4 (0.5-193.3) 3.7 (0.5-40.4) 1.6 (0.5-9.3) 0.066 <0.001
Fibrinogen (umol/l) 44-118 8.9 (1.5-38.2) 7.0 (1.8-39.7) 6.5 (1.5-36.9) 0302 0.982
AT (%) 70-130 86 (25-137) 94 (25-144) 112 (25-150) 0.015 <0.001
Protein C (%) 70-140 54 (10-99) 61 (10-157) 105 (21-156) 0.039 0.063

* Each parameter is shown as the median (range). The day when 1TM was first administered is defined as day 1.
Day 1 indicates the laboratory data just before treatment with rTM. PT; prothrombin time, FDP; fibrin degradation product, AT; antithrombin.

22.2%; p=10.05) [15]. In addition, post hoc analyses using the dataset
of the PROWESS trial and the KyberSept trial demonstrateded prom-
ising effects of rAPC and AT in patients with DIC, respectively [16,17].
These findings support the efficacy of natural anticoagulants includ-
ing r'TM against DIC.

Currently, i'TM is commercially available only in Japan, and a glob-
al randomized control trial (phase IIl) for adults with severe sepsis
and coagulopathy is ongoing. Since 2008, rTM has been widely used
in Japan for thousands of patients with DIC, and at least three
small-sized studies have suggested the high anti-DIC activity of rTM
in clinical hematology and critical care medicine for adults [18-20].
Consistent with these studies, the current cohort study showed favor-
able responses of rTM in children; 88% of patients survived at day 28
and 80% recovered from DIC by day 7 after rTM treatment, along with
the appearance of significant improvement in PELOD scores and lab-
oratory data. Such results are encouraging for children with DIC.

The risk of -ITM-associated bleeding is considered to be attenuated
because the production of APC induced by rTM is limited by the
production of thrombin [21]. In the current study, however, fatal
bleeding was observed in two newborns and outcomes were thus
unfavorable. Although no determination was reached regarding
whether the observed bleeding events were adverse events associat-
ed with rTM or complications associated with DIC, treatment with
r'TM, FFP, and platelet transfusion was suboptimal in both these new-
borns with hematological malignancy. Generally levels of both coag-
ulants and anticoagulants are low in newborns. Since the two
newborns with unfavorable outcomes in this cohort also had low
levels of protein C, on which the action of rTM depends, r'TM might
not have worked well. As the RESOLVE trial also showed that the in-
cidence of serious bleeding was higher in infants less than 2 months
old [15], we consider that rTM should be applied carefully in this
age group until further data are available. Clearly, more effective
treatments to prevent life-threatening bleeding in newborns must
be explored, as also described in a recent review [22],

This is the first case-series that r'TM was applied in children with
DIC. While the outcomes seem promising, the efficacy of r'TM cannot
be assessed from this dataset because of several limitations including
the small heterogenous patient cohort, the use of multiple therapies,

Table 3
Unfavorable response factors.

Pretreatment rTM-response group  Treatment failure group  p
parameters * (n=20) (n=5)

PT ratio 1.45 (1.04-3.08) 1.35 (1.11-4.34) 0.779
FDP (mg/1) 22.1 (5.0-408.0) 13.4 (13.0-105.5) 0.83
D-dimer (mg/1) 6.6 (0.5-193.3) 4.9 (0.5-184.7) 0.974
Fibrinogen (umol/1)  10.9 (2.0-38.2) 2.9 (1.5-9.0) 0.034
AT (%) 93 (57-137) 43.5 (25-89) 0.03
Protein C (%) 73.5 (24-99) 19.5 (10-67) 0.048

* Median and range were noted.
rTM; recombinant thrombomodulin, PT; prothrombin time, FDP; fibrin and fibrinogen
degradiation product, AT; antithrombin.

coagulation tests performed only 3-4 times weekly, and the lack of
age- and disease-matched controls. Nevertheless, the present study
remains important in terms of enabling further prospective control
studies to evaluate the efficacy of 'TM in children and determine suit-
able indications.
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