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Abstract
The aims of this study were to analyze the clinical features of a large number of cases with disseminated intravascular coagulation (DIC)
associated with acute leukemia and to assess the safety and efficacy of thrombomodulin alfa (TM-α) using the French-American-British
(FAB) classification of hematological malignancies. We retrospectively examined 644 patients with acute leukemia in postmarketing
surveillance for TM-α. M3, M2, M4, M1, and M5 subtypes of acute myeloid leukemia (AML) and L2 and L1 subtypes of acute lympho-
blastic leukemia (ALL) have been found more frequently among patients with DIC. Bleeding symptoms at baseline were more frequent
in M3 and M7 subtypes. Fibrinogen concentrations were lower, and plasmin-plasmin inhibitor complex values were higher in M3 and
Philadelphia-positive (Ph+) ALL. Overall DIC resolution rate was 60.2%, higher in L1 and Ph+ ALL, lower in M1, and generally higher in
ALL than in AML. Overall survival rate was generally high, at 79.8%, with higher rates in L3, Ph+ALL, and M3. Regardless of FAB
subgroup, TM-α showed improved bleeding symptoms and DIC scores in clinical practice for DIC patients with acute leukemia.

Keywords
disseminated intravascular coagulation, hematological malignancy, French-American-British classification, thrombomodulin,
postmarketing surveillance

Date received: 28 August 2021; revised: 29 September 2021.

Introduction
Disseminated intravascular coagulation (DIC) associated with
hematological malignancy is understood as a type of DIC that
exhibits hemorrhagic tendencies with hypercoagulation and
hyperfibrinolysis.1,2 However, hematological malignancies
include a wide variety of diseases, such as leukemia, malignant
lymphoma, and multiple myeloma. In addition, various patho-
logical conditions such as acute, chronic, myeloid, and lym-
phoid types are included under the concept of leukemia. DIC
associated with hematological malignancy should therefore be
considered by disease subtype.
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The French-American-British (FAB) classification3 and the
World Health Organization (WHO) classification have both
been used to classify hematological malignancy. The WHO
classification has been widely used in clinical practice, but the
FAB classification is also still used. Within the field of DIC
research into hematological malignancies, analysis according
to the FAB classification has been historically reported.4–6

The FAB classification is still useful, when cytogenetic infor-
mation of acute myeloid leukemia (AML) has not been fully
obtained for the WHO classification.

The frequency of DIC appears higher in AML than in acute
lymphoblastic leukemia (ALL).4 Within AMLs, the frequency
of DIC is known to be particularly higher in M3, such as
acute promyelocytic leukemia (APL).4 APL is most frequently
associated with hyperfibrinolytic-type DIC and presents with
bleeding manifestations, due to the overexpression of annexin
II on APL cells. Among AMLs (other than APL), M5, M1,
M4, and M2 subtypes have been found more frequently in
patients with DIC.4 AML-FAB subtypes correlated with DIC
risk, in particular, DIC was more frequent in M5.5 Among
ALLs, the frequency of DIC was higher in T-cell ALL than
in non-T-cell ALL and higher in L2 than in L1.4 Among chil-
dren, L2 in ALL and M3, M4, and M5 in AML were found
more frequently in patients with DIC.6 Although some reports
have described the incidence and clinical significance of DIC
using FAB classifications like these, all such reports have
included only limited numbers of DIC cases. Few recent com-
prehensive epidemiological studies on DIC have thus focused
on hematological malignancies.

Thrombomodulin alfa (TM-α) is a recombinant human
soluble thrombomodulin. We have previously investigated the
efficacy and safety of TM-α in a multicenter, randomized, clin-
ical trial in Japan.7 We showed that both resolution rate and dis-
appearance rate of bleeding symptoms were significantly better
in the TM-α group than in the heparin group among patients
with DIC associated with hematological malignancy.7 TM-α
gained approval for the indication of DIC in 2008 in Japan.
An all-case registered postmarketing surveillance (PMS) of
TM-α has since been conducted.8 Asakura et al9 reported the
safety and effectiveness of TM-α, with a focus on patients
with DIC associated with hematological malignancy according
to underlying diseases such as AML, APL, ALL, lymphoma,
myelodysplastic syndrome (MDS), and others. This study
investigated the clinical features of DIC associated with each
acute leukemia group as subdivided by the FAB classification,
and the safety and efficacy of TM-α according to detailed clas-
sifications based on the FAB classification.

Patients and Methods

Design and Data Collection
We conducted a cohort study using data from 644 patients with
AML and ALL from the PMS database for TM-α (from 2008 to
2010). The PMS for TM-αwas conducted in accordance with the
Japanese Society on Thrombosis and Hemostasis PMS

Committee for Recomodulin Injection and the guidelines for
Good Postmarketing Study Practice, as required by the
Japanese Ministry of Health, Labour, and Welfare. We used
existing data without personally identifiable information
throughout our study. This study was therefore exempted from
local institutional review and formal approval, as well as the
requirement for informed consent. The original PMS study
was an open-label, multicenter, noninterventional, prospective,
observational cohort study of patients with DIC who received
TM-α.8 The study included a total of 4342 patients with hetero-
geneous underlying diseases treated using TM-α. The subject
cohort population in the present analysis was restricted to all
patients with DIC associated with hematological malignancy.

Patients were diagnosed at the participating institutions. The
subtype of hematological malignancy was classified based on
the description provided on the case report form. AML and
ALL patients were classified based on the FAB classification
or Philadelphia chromosome status as determined at an initial
stage of diagnosis or treatment as far as possible. Patients
were consecutively registered at the initiation of TM-α treat-
ment and were prospectively monitored during the observation
period. All patients received TM-α for the treatment of DIC
according to the package insert for Recomodulin Injection.
The standard dose of TM-α was 380 U/kg/d, the same dose
used in the previous phase III trial (0.06 mg/kg/d).7 No limita-
tion was placed on either the administration period of TM-α or
the concomitant use of other anticoagulant drugs, blood prepa-
rations, or any drugs for the treatment of complications.

Evaluation
We investigated the clinical features of DIC associated with
hematological malignancy and the safety and efficacy of TM-α
by detailed classification. In 644 patients associated with acute
leukemia in the PMS, DIC resolution rates, DIC improvement
rates, 28-day survival rates, underlying disease improvement
rates, clinical course of bleeding symptoms, changes in coagula-
tion and fibrinolytic markers, and rates of adverse drug reaction
(ADR) and bleeding-related ADR were investigated by detailed
classification based on the FAB classification.

The degree of coagulopathy was evaluated by calculating the
DIC score according to the diagnostic criteria of the Japanese
Ministry of Health and Welfare (JMHW) or that of the
International Society of Thrombosis and Hemostasis (ISTH)
(Supplementary Table 1).10,11 DIC resolution rates and DIC
improvement rates were evaluated at the end of TM-α adminis-
tration. Resolved DIC status was defined according to JMHW
DIC criteria or ISTH DIC criteria. DIC improvement and under-
lying disease improvement were both evaluated by the attend-
ing physician. The 28-day survival rates were evaluated on
day 28 from the start of TM-α administration. The clinical
course of bleeding symptoms was evaluated at the end of
TM-α administration, as previously described.7,9 In brief, the
severity of symptoms was evaluated in 4 grades (+++, ++,
+, −) based on the evaluation criteria established for each
symptom. Changes in the grade of each symptom from the
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start of TM-α administration to the day after last administration
were collectively evaluated on a scale of i to iv: (i) “disap-
peared”, all symptoms disappeared; (ii) “improved”, total
number of improved symptoms was higher than the total
number of exacerbated or new symptoms; (iii) “unchanged”,
the only confirmed symptom remained unchanged, or total
number of improved symptoms was comparable with the total
number of exacerbated or new symptoms; or (iv) “exacer-
bated”, total number of improved symptoms was lower than
the total number of exacerbated or new symptoms.

Fibrin and fibrinogen degradation products (FDPs),
D-dimer, platelet count, fibrinogen, prothrombin time (PT)
ratio, activated partial thromboplastin time (APTT),
thrombin-antithrombin complex (TAT), plasmin-α2 plasmin
inhibitor complex (PIC), and antithrombin (AT) were measured
at each institute. Changes in coagulation and fibrinolytic
markers before and after TM-α administration were evaluated.

Rates of ADR and bleeding-related ADR were evaluated
from the start of TM-α administration to day 28 after the end
of TM-α administration. Safety data were coded using preferred
terms from the Japanese version of the Medical Dictionary for
Regulatory Activities.

Data Analysis
In the descriptive analysis of baseline characteristics, numerical
data are expressed as medians (Q1, Q3; interquartile range).
Changes in DIC score from baseline to that of the day after
the last administration were examined using the Wilcoxon
signed-rank test. Statistical significance was determined with
a two-sided P-value < 0.05. P-values were calculated for
sample sizes of six or more. All analyses were performed
using SAS version 9.4 software (SAS Institute, Cary, NC) by
EPS Corporation (Tokyo, Japan) according to the statistical
analysis plan. Approval for this study (approval no. 30-019)
was obtained from the appropriate ethics committees and insti-
tutional review boards.

Results

Patient Characteristics
A total of 644 patients with DIC associated with acute leukemia
from the PMS study cohort for TM-α (May 2008 to April 2010)
were analyzed (Figure 1). Of these, 509 patients had AML and
135 patients had ALL (Table 1). AML was subdivided into 9
subtypes: M0 (n= 24); M1 (n= 52); M2 (n= 133); M3 (n=
168); M4 (n= 54); M5 (n= 48); M6 (n= 12); M7 (n= 7); and
MDS-overt AML (n= 11). ALL was subdivided into 4 sub-
types: L1 (n= 37); L2 (n= 72); L3 (n= 9); and
Philadelphia-positive (Ph+) ALL (n= 17). The main treatments
for AML were based on anthracyclines and cytarabine. The
main treatment for APL contained all-trans retinoic acid,
arsenic trioxide, tamibarotene, and/or anthracycline. The main
treatment for ALL contained vincristine, anthracycline, cyclo-
phosphamide, and/or breakpoint cluster region-abelson

(BCR-ABL) tyrosine kinase inhibitors. Baseline characteristics
of the 644 patients are shown by underlying disease in Table 1.

The proportion of male patients was higher (≥ 70%) as com-
pared to females in M0, M5, M6, M7, MDS-overt AML, L1,
and L3. Median age for most of these diseases was around 52
to 68 years, with the exceptions of M7 (4 years), L1 (26
years), and L3 (44 years). Frequency of bleeding symptoms
at baseline ranged from about 20% to 35% for many subtypes
and was low in Ph+ ALL (17.6%) and MDS-overt AML
(18.2%), and high in M7 (57.1%) and M3 (56.5%). Median
duration of DIC before TM-α administration was 0 days; that
is, TM-α was administered on the same day as DIC diagnosis,
except for M7 (5 days). Median duration of TM-α administra-
tion was 6 to 7 days, except for M6 (5.5 days). Median dose
was near 380 U/kg/d.

Clinical Features at Baseline
Clinical features at baseline are shown in Table 1. Markedly
abnormal values of each hemostatic marker were as follows.
Median concentration of FDP at baseline was at least 40 μg/
mL (defined as 3 points in the JMHW DIC scoring system)
for M3 (67.4 μg/mL), L3 (61.4 μg/mL), M1 (58.5 μg/mL),
M5 (55.7 μg/mL), M6 (46.0 μg/mL), M4 (44.6 μg/mL), M7
(40.6 μg/mL), and Ph+ALL (40.5 μg/mL). Median concentra-
tion of fibrinogen (reference range is usually 150-350 mg/dL)
at baseline was less than 150 mg/dL for M3 (127 mg/dL) and
more than 400 mg/dL for M7 (466 mg/dL). Median PT ratio
at baseline was at least 1.25 (defined as 1 point in the JMHW
DIC scoring system) for M5 (1.32), MDS-overt AML (1.29),
M4 (1.26), and M1 (1.26). Median APTT at baseline was
more than 40 s (reference range, 26-38 s) for M7 (41.7 s) and
MDS-overt AML (40.8 s). Median AT at baseline was 70%
or less (lower limit of normal) for L3 (66.8%) and
MDS-overt AML (67.5%). Although the number of cases was
small, median TAT at baseline was high for L3 (47.6 ng/mL)
and M3 (31.7 ng/mL), and median PIC at baseline was high
for M3 (12.7 μg/mL) and Ph+ALL (11.4 μg/mL).

Safety
Safety outcomes are shown in Table 2. The ADR rate was high
in M6 (16.7%), L3 (11.1%), and L1 (10.8%). The serious ADR
rate was high in L3 (11.1%). The bleeding-related ADR rate
was >5% for L3 (11.1%), L1 (8.1%), Ph+ALL (5.9%), M1
(5.8%), M4 (5.6%), and M2 (5.3%). The serious bleeding-
related ADR rate was >5% for L3 (11.1%) and L1 (8.1%).

Efficacy
Efficacy outcomes are shown in Table 3. JMHWDIC resolution
rates ranged from 45.5% to 94.7%. The DIC resolution rate was
over 70% for L1 (94.4%) and Ph+ALL (88.9%) and under 50%
for M1 (45.5%). The 28-day survival rate was over 80% for L3
(100%), Ph+ALL (88.2%), M3 (86.9%), L2 (86.1%), L1
(83.3%), and M1 (82.7%) and under 60% for MDS-overt
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AML (54.5%) and M7 (57.1%). The improvement rate of the
underlying disease was over 60% for L3 (77.8%), M6 (75%),
M3 (74.9%), L2 (68.1%), M1 (67.3%), M4 (66.7%), and L1
(62.2%) and under 40% for MDS-overt AML (18.2%). In M3
and M7, in which the frequency of pre-existing bleeding was
high (at 56.5% and 57.1%, respectively, Table 1), the ratios
of disappeared, improved, or unchanged symptoms in the clin-
ical course of bleeding symptoms after administration of TM-α
were 94.7% and 100%, respectively. The ratio of disappeared,
improved, or unchanged symptoms in the clinical course of
bleeding symptoms after administration of TM-α was over
70% for all subtypes. The ratio of exacerbated symptoms was
over 20% for M5 (28.6%) and M4 (21.4%) (Table 3).

Changes in Coagulation and Fibrinolysis Markers
Changes in DIC score during TM-α administration are shown in
Figure 2. Although median JMHW DIC score at baseline was
higher for M1, M3, and M5, the postadministration DIC
scores for each subtype were significantly improved compared
with those preadministration, except in M6, M7, and
MDS-overt AML. A comparison of changes in coagulation
and fibrinolysis markers that could be measured both before
and after TM-α treatment by subtype is presented in
Supplementary Table 2. Maximum median values of FDP
before TM-α administration were 67.2 μg/mL, 62.9 μg/mL,
and 61.4 μg/mL for M3, M5, and L3, respectively, decreasing
to 8.6 μg/mL, 10.6 μg/mL, and 8.5 μg/mL, respectively, after
TM-α administration. High median values of D-dimer before
TM-α administration were 34.1 μg/mL, 32.2 μg/mL, 30.0 μg/

mL, 26.9 μg/mL, and 37.9 μg/mL for L3, Ph+ALL, M1, M3,
and M5, respectively, decreasing to 11.9 μg/mL, 4.7 μg/mL,
5.2 μg/mL, 4.0 μg/mL, and 7.2 μg/mL after TM-α administra-
tion. Abnormal fibrinogen before TM-α administration was
125 mg/dL for M3, but normalized to 243 mg/dL after TM-α
administration. High median value of PT ratio before TM-α
administration was 1.32 for M5, respectively, decreasing to
1.11 after TM-α administration. Minimum median value of
AT before TM-α administration was 66.8% for L3, increasing
to 90.4% after TM-α administration. High median values of
TAT before TM-α administration were 37.6 ng/mL and
31.4 ng/mL for M1 and M3, respectively, but decreased to
8.5 ng/mL and 4.8 ng/mL after TM-α administration. High
median values of PIC before TM-α administration were
16.4 μg/mL, 13.2 μg/mL, and 12.5 μg/mL for L1, M1, and
M3, respectively, decreasing to 0.6 μg/mL, 2.6 μg/mL, and
2.1 μg/mL after TM-α administration.

Discussion
DIC associated with hematological malignancy is understood to
be a type of DIC that exhibits a hemorrhagic tendency with
hypercoagulation and hyperfibrinolysis,1,2 but no reports
appear to have investigated the characteristics of DIC by
detailed classification regarding disease type. We investigated
the clinical features of DIC associated with hematological
malignancy, especially acute leukemias, and the safety and effi-
cacy of TM-α by detailed classification based on the FAB
classification.3

Figure 1. Patient disposition.
Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; ATL, adult T-cell leukemia/lymphoma; CLL, chronic
lymphoblastic leukemia; CML, chronic myeloid leukemia; DIC, disseminated intravascular coagulation; MDS, myelodysplastic syndromes; ML,
malignant lymphoma; MM, multiple myeloma; HPS, hemophagocytic syndrome. a, leukemia group according to JMHW DIC criteria (markedly
decreased number of megakaryocytes due to hematological malignancy, aplastic anemia, or antitumor agent administration); JMHW, Japanese
Ministry of Health and Welfare; PMS, postmarketing surveillance; TM-α, thrombomodulin alfa.

4 Clinical and Applied Thrombosis/Hemostasis

https://journals.sagepub.com/doi/suppl/10.1177/10760296211054094


T
ab

le
1.

Ba
se
lin
e
D
em

og
ra
ph
ic
s
an
d
T
M
-α

A
dm

in
is
tr
at
io
n
R
eg
im
en
s
by

Su
bt
yp
e.

Su
bt
yp
e

A
M
L
(N

=
50
9)

M
0

M
1

M
2

M
3

M
4

M
5

M
6

M
7

M
D
S-
O
ve
rt

A
M
L

n
24

52
13
3

16
8

54
48

12
7

11
A
ge

(y
ea
rs
),
n

67
.5

(3
1.
5,

77
),
24

61
(4
9.
5
,7
1.
5)
,5

2
64

(5
5,

70
),
13
3

58
(4
4,

70
),
16
7

63
(4
8,

72
),
54

57
(2
9,

71
),
48

58
.5

(5
3,

67
),
12

4
(1
,6

0)
,7

68
(5
2,

77
),
11

Se
x:

m
al
e

21
(8
7.
5)

29
(5
5.
8)

77
(5
7.
9)

96
(5
7.
1)

35
(6
4.
8)

35
(7
2.
9)

9
(7
5.
0)

5
(7
1.
4)

8
(7
2.
7)

Se
ve
ri
ty

of
un
de
rl
yi
ng

di
se
as
e:
m
ild
/

m
od

er
at
e/
se
ve
re
/u
nk
no

w
n

2/
7/
15
/0

5/
12
/3
5/
0

7/
32
/9
3/
1

10
/4
6/
11
2/
0

2/
10
/4
2/
0

2/
14
/3
2/
0

0/
0/
12
/0

0/
0/
7/
0

1/
2/
8/
0

D
IC

du
ra
tio

n
be
fo
re

T
M
-α

(d
),
n

0
(0
,1

.5
),
24

0
(0
,1

),
52

0
(0
,1

),
13
3

0
(0
,1

),
16
8

0
(0
,1

),
54

0
(0
,1

.5
),
48

0
(0
,1

),
12

5
(1
,8

),
7

0
(0
,2

),
11

Bl
ee
di
ng

sy
m
pt
om

s
at

ba
se
lin
e

7
(2
9.
2)

18
(3
4.
6)

35
(2
6.
3)

95
(5
6.
5)

17
(3
1.
5)

14
(2
9.
2)

4
(3
3.
3)

4
(5
7.
1)

2
(1
8.
2)

O
rg
an

sy
m
pt
om

s
at

ba
se
lin
e

6
(2
5.
0)

5
(9
.6
)

23
(1
7.
3)

28
(1
6.
7)

10
(1
8.
5)

17
(3
5.
4)

3
(2
5.
0)

6
(8
5.
7)

4
(3
6.
4)

D
os
e
of

T
M
-α

(U
/k
g/
d)
,n

37
9
(2
77
,3

81
),
24

38
0
(3
72
,3

82
),
52

38
0
(3
63
,3

80
),
13
3

38
0
(3
70
,3

81
),
16
8

38
0
(3
51
,3

80
),
53

37
3
(3
30
,3

80
),
48

38
0
(3
59
,3

80
),
12

34
8
(3
20
,4

22
),
7

37
3
(2
75
,3

80
),
11

D
ur
at
io
n
of

T
M
-α

us
e
(d
),
n

6
(5
,7

),
24

6
(4
.5
,7

),
52

6
(5
,7

),
13
3

7
(6
,8

.5
),
16
8

6
(6
,7

),
54

6
(3
.5
,6

),
48

5.
5
(3
,6

.5
),
12

6
(3
,1

2)
,7

7
(6
,8

),
11

Pl
at
el
et

co
un
t
(×

10
4 /
μL
),
n

3.
85

(2
.2
,5

.6
),
24

3.
65

(2
.0
,5

.5
),
50

3.
0
(2
.0
,6

.1
),
13
3

3.
0
(1
.5
,5

.5
),
16
7

3.
35

(1
.8
,8

.0
),
54

3.
8
(2
.1
,6

.6
5)
,4

8
2.
05

(0
.8
5,

3.
3)
,1

2
4.
5
(1
.1
,5

.3
),
7

2.
2
(1
.4
,3

.7
),
11

FD
P
(μ
g/
m
L)
,n

31
.9
(2
1.
6,
99
.6
),
24

58
.5
(2
6.
3,
13
0.
3)
,4
8

39
.9

(2
1.
0,

10
7.
0)
,

12
2

67
.4

(3
8.
7,

11
2.
4)
,1

59
44
.6
(1
9.
9,
11
2.
0)
,4
9

55
.7

(2
9.
3,

95
.9
),
44

46
.0

(2
8.
0,

85
.0
),
9

40
.6

(2
1.
0,

63
.2
),
4

41
.5
(1
2.
6,
12
0.
0)
,1
1

D
-d
im
er

(μ
g/
m
L)
,n

18
.1

(7
.7
,3

8.
6)
,1

4
28
.9

(7
.0
,6

9.
6)
,3

6
20
.0

(8
.6
,3

9.
1)
,9

3
26
.0

(9
.5
,5

4.
2)
,1

38
22
.0

(7
.2
,4

5.
0)
,3

3
24
.6

(1
5.
3,

55
.2
),
33

8.
6
(1
.5
,2

9.
3)
,9

10
.2

(4
.7
,4

5.
0)
,6

16
.5

(9
.9
,6

0.
0)
,1

0
Fi
br
in
og
en

(m
g/
dL
),
n

27
3
(1
46
,4

36
),
23

29
2
(1
42
,4

66
),
49

28
1
(1
89
,3

96
),
12
7

12
7
(8
4,

21
6)
,1

66
27
5
(1
67
,3

90
),
52

17
3
(1
05
,3

38
),
47

37
8
(2
82
,4

59
),
12

46
6
(4
35
,5

00
),
7

16
1
(1
33
,2

26
),
11

PT
ra
tio

,n
1.
23

(1
.1
8,
1.
34
),
24

1.
26

(1
.1
5,

1.
41
),
46

1.
25

(1
.1
4,
1.
39
),
12
1

1.
25

(1
.1
4,

1.
44
),
15
8

1.
26

(1
.1
2,

1.
43
),
48

1.
32

(1
.1
8,

1.
63
),
41

1.
21

(1
.1
7,

1.
40
),
11

1.
11

(1
.0
2,

1.
14
),
7

1.
29

(1
.2
1,

1.
44
),
10

A
PT

T
(s
),
n

36
.0
(2
8.
7,
45
.3
),
21

33
.6

(2
8.
6,

38
.1
),
47

34
.1
(3
0.
0,
40
.0
),
12
6

29
.6

(2
7.
0,

33
.8
),
16
1

36
.4

(3
2.
2,

42
.3
),
51

37
.0

(3
2.
6,

41
.5
),
46

35
.1

(3
1.
4,

41
.6
),
12

41
.7

(3
1.
5,

53
.9
),
6

40
.8

(3
6.
1,

52
.2
),
11

T
A
T
(n
g/
m
L)
,n

3.
8
(1
.2
,6

.4
),
2

16
.7

(9
.6
,5

5.
7)
,1

4
16
.1

(7
.7
,3

0.
9)
,3

9
31
.7

(1
6.
8,

48
.5
),
63

17
.5

(1
1.
3,

35
.3
),
19

18
.3

(1
0.
8,

29
.6
),
16

6.
5
(3
.4
,2

4.
7)
,3

17
.2

(1
0.
6,

23
.7
),
2

17
.6

(8
.8
,4

6.
2)
,6

PI
C
(μ
g/
m
L)
,n

5.
2
(3
.1
,1

3.
6)
,4

9.
4
(3
.8
,1

3.
2)
,1

5
4.
6
(2
.4
,8

.4
),
33

12
.7

(9
.4
,1

6.
3)
,5

9
4.
4
(2
.1
,9

.2
),
18

5.
0
(3
.1
,1

6.
4)
,1

5
8.
7
(5
.5
,1

4.
9)
,4

3.
5
(0
.0
,6

.9
),
2

2.
4
(1
.3
,4

.6
),
5

A
T
(%

),
n

70
.0
(6
4.
0,
82
.1
),
13

84
.6

(7
4.
0,

97
.6
),
30

86
.0

(7
0.
4,

97
.0
),
90

10
5.
0
(8
9.
0,

11
4.
0)
,1

23
81
.8

(7
1.
0,

93
.0
),
37

88
.0

(8
1.
0,

10
4.
0)
,3

3
86
.0

(5
8.
2,

10
2.
1)
,7

75
.8

(7
0.
0,

87
.0
),
6

67
.5

(4
9.
9,

81
.6
),
8

Su
bt
yp
e

A
LL

(N
=
13
5)

L1
L2

L3
Ph

+
A
LL

n
37

72
9

17
A
ge

(y
ea
rs
),
n

26
(1
0,

59
),
37

52
(2
8.
5,

66
),
72

44
(2
6,

64
),
9

56
(3
5,

67
),
17

Se
x:

m
al
e

22
(5
9.
5)

36
(5
0.
0)

8
(8
8.
9)

8
(4
7.
1)

Se
ve
ri
ty

of
un
de
rl
yi
ng

di
se
as
e:
m
ild
/

m
od

er
at
e/
se
ve
re
/u
nk
no

w
n

3/
12
/2
2/
0

2/
22
/4
8/
0

0/
3/
6/
0

3/
2/
12
/0

D
IC

du
ra
tio

n
be
fo
re

T
M
-α

(d
),
n

0
(0
,1

),
37

0
(0
,1

),
72

0
(0
,1

),
9

0
(0
,1

),
17

Bl
ee
di
ng

sy
m
pt
om

s
at

ba
se
lin
e

9
(2
4.
3)

26
(3
6.
1)

2
(2
2.
2)

3
(1
7.
6)

O
rg
an

sy
m
pt
om

s
at

ba
se
lin
e

7
(1
8.
9)

17
(2
3.
6)

3
(3
3.
3)

4
(2
3.
5)

D
os
e
of

T
M
-α

(U
/k
g/
d)
,n

38
0
(3
66
,3

84
),
37

38
0
(3
72
,3

80
),
72

37
6
(3
42
,3

80
),
9

38
0
(3
66
,3

86
),
17

D
ur
at
io
n
of

T
M
-α

us
e
(d
),
n

6
(4
,7

),
37

6
(6
,8

),
72

6
(5
,6

),
9

6
(6
,7

),
17

Pl
at
el
et

co
un
t
(×

10
4 /
μL
),
n

3.
9
(1
.8
,5

.6
),
35

3.
3
(1
.7
5,

6.
85
),
72

2.
3
(1
.8
,3

.1
),
9

2.
8
(2
.1
,3

.6
),
17

FD
P
(μ
g/
m
L)
,n

36
.2
(2
1.
5,
87
.4
),
30

39
.4

(2
1.
2,

94
.2
),
64

61
.4

(3
5.
4,

76
.2
),
6

40
.5

(2
7.
5,

14
9.
0)
,1

6
D
-d
im
er

(μ
g/
m
L)
,n

11
.7

(2
.5
,2

1.
7)
,2

1
18
.2

(5
.8
,3

6.
7)
,5

3
34
.1

(2
6.
9,

54
.5
),
7

30
.0

(6
.7
,1

11
.8
),
15

Fi
br
in
og
en

(m
g/
dL
),
n

27
0
(1
34
,3

95
),
34

25
9
(1
45
,4

03
),
71

25
2
(1
26
,4

13
),
9

19
6
(1
31
,3

10
),
16

PT
ra
tio

,n
1.
23

(1
.1
2,
1.
37
),
31

1.
22

(1
.1
0,

1.
41
),
66

1.
19

(1
.0
7,

1.
32
),
9

1.
14

(1
.0
9,

1.
28
),
16

A
PT

T
(s
),
n

33
.5
(2
7.
1,
43
.4
),
35

34
.7

(2
8.
1,

42
.2
),
67

32
.8

(2
6.
6,

43
.2
),
9

26
.2

(2
4.
4,

32
.2
),
15

T
A
T
(n
g/
m
L)
,n

6.
2
(4
.6
,5

5.
6)
,6

20
.4

(1
4.
5,

27
.1
),
20

47
.6

(4
7.
6,

47
.6
),
1

29
.8

(1
8.
7,

50
.2
),
6

PI
C
(μ
g/
m
L)
,n

1.
3
(1
.3
,3

.9
),
5

5.
5
(3
.2
,7

.3
),
22

5.
5
(1
.4
,9

.6
),
2

11
.4

(6
.1
,1

3.
0)
,6

A
T
(%

),
n

86
.5

(7
5.
0,

10
3.
5)
,

24
91
.0
(7
6.
0,
10
5.
0)
,5
0

66
.8

(5
3.
0,

89
.1
),
5

10
9.
5
(9
5.
0,

12
0.
9)
,1

2

N
ot
e:
D
at
a
ar
e
gi
ve
n
as

n
(%

)o
r
m
ed
ia
n
(in

te
rq
ua
rt
ile

ra
ng
e)
.N

or
m
al
an
d
up
pe
r/
lo
w
er

lim
it
va
lu
es

w
er
e
<5

μg
/m

L
fo
r
FD

P,
<1

.0
μg
/m

L
fo
r
D
-d
im
er
,1
55

to
41
5
m
g/
dL

fo
r
fi
br
in
og
en
,2
5
to

36
s
fo
r
A
PT

T
,<

3.
0
ng
/m

L
fo
r
T
A
T
,<

0.
8
μg
/m

L
fo
r

PI
C
,a
nd

81
%

to
12
3%

fo
r
A
T
(M

its
ub
is
hi

C
he
m
ic
al
M
ed
ie
nc
e
C
or
po

ra
tio

n,
T
ok

yo
,J
ap
an
).

A
bb
re
vi
at
io
ns
:A

LL
,a
cu
te

ly
m
ph
ob

la
st
ic
le
uk
em

ia
;A

M
L,

ac
ut
e
m
ye
lo
id

le
uk
em

ia
;A

PT
T
,a
ct
iv
at
ed

pa
rt
ia
lt
hr
om

bo
pl
as
tin

tim
e;
A
T
,a
nt
ith

ro
m
bi
n;

C
N
S,
ce
nt
ra
ln

er
vo
us

sy
st
em

;D
IC
,d

is
se
m
in
at
ed

in
tr
av
as
cu
la
r
co
ag
ul
at
io
n;

FD
P,

fi
br
in

an
d

fi
br
in
og
en

de
gr
ad
at
io
n
pr
od

uc
t;
M
D
S,
m
ye
lo
dy
sp
la
st
ic
sy
nd
ro
m
es
;P

IC
,p

la
sm

in
α
2-
pl
as
m
in

in
hi
bi
to
r
co
m
pl
ex
;P

h+
,P

hi
la
de
lp
hi
a-
po

si
tiv
e;

PT
,p

ro
th
ro
m
bi
n
tim

e;
T
A
T
,t
hr
om

bi
n-
an
tit
hr
om

bi
n
co
m
pl
ex
;T

M
-α
,t
hr
om

bo
m
od

ul
in

al
fa
.

5



T
ab

le
2.

Sa
fe
ty

O
ut
co
m
es

of
T
M
-α

in
D
IC

Pa
tie

nt
s
A
ss
oc
ia
te
d
W

ith
H
em

at
ol
og
ic
al
M
al
ig
na
nc
y
by

Su
bt
yp
e.

Su
bt
yp
e

A
M
L

A
LL

M
0

M
1

M
2

M
3

M
4

M
5

M
6

M
7

M
D
S-
O
ve
rt

A
M
L

L1
L2

L3
Ph

+
A
LL

A
D
R
ra
te

0.
0
(0
/2
4)

7.
7
(4
/5
2)

6.
0
(8
/1
33
)

7.
1
(1
2/
16
8)

7.
4
(4
/5
4)

4.
2
(2
/4
8)

16
.7

(2
/1
2)

0.
0
(0
/7
)

0.
0
(0
/1
1)

10
.8

(4
/3
7)

1.
4
(1
/7
2)

11
.1

(1
/9
)

5.
9
(1
/1
7)

Bl
ee
di
ng
-r
el
at
ed

A
D
R
ra
te

0.
0
(0
/2
4)

5.
8
(3
/5
2)

5.
3
(7
/1
33
)

3.
6
(6
/1
68
)

5.
6
(3
/5
4)

4.
2
(2
/4
8)

0.
0
(0
/1
2)

0.
0
(0
/7
)

0.
0
(0
/1
1)

8.
1
(3
/3
7)

1.
4
(1
/7
2)

11
.1

(1
/9
)

5.
9
(1
/1
7)

Se
ri
ou

s
A
D
R

ra
te

0.
0
(0
/2
4)

1.
9
(1
/5
2)

3.
0
(4
/1
33
)

2.
4
(4
/1
68
)

3.
7
(2
/5
4)

4.
2
(2
/4
8)

0.
0
(0
/1
2)

0.
0
(0
/7
)

0.
0
(0
/1
1)

8.
1
(3
/3
7)

1.
4
(1
/7
2)

11
.1

(1
/9
)

0.
0
(0
/1
7)

Se
ri
ou

s

A
bb
re
vi
at
io
ns
:A

D
R
,a
dv
er
se

dr
ug

re
ac
tio

n;
A
LL
,a
cu
te

ly
m
ph
ob

la
st
ic
le
uk
em

ia
;A

M
L,

ac
ut
e
m
ye
lo
id

le
uk
em

ia
;D

IC
,d

is
se
m
in
at
ed

in
tr
av
as
cu
la
r
co
ag
ul
at
io
n;

M
D
S,
m
ye
lo
dy
sp
la
st
ic
sy
nd
ro
m
es
;P

h+
,

Ph
ila
de
lp
hi
a-
po

si
tiv
e;
T
M
-α
,t
hr
om

bo
m
od

ul
in

al
fa
.

T
ab

le
3.

Ef
fi
ca
cy

O
ut
co
m
es

of
T
M
-α

in
D
IC

Pa
tie

nt
s
A
ss
oc
ia
te
d
W

ith
H
em

at
ol
og
ic
al
M
al
ig
na
nc
y
by

Su
bt
yp
es
.

Su
bt
yp
e

A
M
L

A
LL

M
0

M
1

M
2

M
3

M
4

M
5

M
6

M
7

M
D
S
O
ve
rt

A
M
L

L1
L2

L3
Ph

+
A
LL

JM
H
W

D
IC

re
so
lu
tio

n
ra
te

66
.7

(1
2/
18
)
45
.5

(1
5/
33
)
57
.0

(4
5/
79
)

57
.7

(7
5/
13
0)

58
.8

(2
0/
34
)
60
.7

(1
7/
28
)
50
.0

(3
/6
)

50
.0

(2
/4
)

50
.0

(4
/8
)

94
.4

(1
7/
18
)
65
.3

(3
2/
49
)
66
.7

(4
/6
)
88
.9

(8
/9
)

28
-d

su
rv
iv
al
ra
te

70
.8

(1
7/
24
)
82
.7

(4
3/
52
)
78
.2

(1
04
/1
33

)
86
.9

(1
46
/1
68
)
72
.2

(3
9/
54
)
63
.8

(3
0/
47
)
66
.7

(8
/1
2)

57
.1

(4
/7
)

54
.5

(6
/1
1)

83
.8

(3
1/
37
)
86
.1

(6
2/
72
)

10
0
(9
/9
)
88
.2

(1
5/
17
)

C
lin
ic
al

im
pr
ov
em

en
t
ra
te

of
un
de
rs
ta
nd
in
g

di
se
as
es

45
.8

(1
1/
24
)
67
.3

(3
5/
52
)
56
.4

(7
5/
13
3)

74
.9

(1
25
/1
67
)
66
.7

(3
6/
54
)
47
.9

(2
3/
48
)
75
.0

(9
/1
2)

42
.9

(3
/7
)

18
.2

(2
/1
1)

62
.2

(2
3/
37
)
68
.1

(4
9/
72
)
77
.8

(7
/9
)
58
.8

(1
0/
17
)

C
lin
ic
al
co
ur
se

of
bl
ee
di
ng

sy
m
pt
om

s
(i)

D
is
ap
pe
ar
ed

28
.6

(2
/7
)

38
.9

(7
/1
8)

40
.0

(1
4/
35
)

57
.4

(5
4/
94
)

64
.3

(9
/1
4)

35
.7

(5
/1
4)

0.
0
(0
/4
)

25
.0

(1
/4
)

0.
0
(0
/1
)

33
.3

(3
/9
)

52
.0

(1
3/
25
)

0.
0
(0
/1
)
66
.7

(2
/3
)

(ii
)
Im

pr
ov
ed

0.
0
(0
/7
)

22
.2

(4
/1
8)

8.
6
(3
/3
5)

13
.8

(1
3/
94
)

7.
1
(1
/1
4)

0.
0
(0
/1
4)

0.
0
(0
/4
)

0.
0
(0
/4
)

0.
0
(0
/1
)

22
.2

(2
/9
)

12
.0

(3
/2
5)

10
0
(1
/1
)

0.
0
(0
/3
)

(ii
i)
U
nc
ha
ng
ed

57
.1

(4
/7
)

22
.2

(4
/1
8)

42
.9

(1
5/
35
)

23
.4

(2
2/
94
)

7.
1
(1
/1
4)

35
.7

(5
/1
4)

10
0
(4
/4
)

75
.0

(3
/4
)

10
0
(1
/1
)

22
.2

(2
/9
)

24
.0

(6
/2
5)

0.
0
(0
/1
)
33
.3

(1
/3
)

(i)
+
(ii
)+

(ii
i)

85
.7

(6
/7
)

83
.3

(1
5/
18
)
91
.4

(3
2/
35
)

94
.7

(8
9/
94
)

78
.6

(1
1/
14
)
71
.4

(1
0/
14
)

10
0
(4
/4
)

10
0
(4
/4
)

10
0
(1
/1
)

77
.8

(7
/9
)

88
.0

(2
2/
25
)

10
0
(1
/1
)

10
0
(3
/3
)

(iv
)
Ex

ac
er
ba
te
d

14
.3

(1
/7
)

16
.7

(3
/1
8)

8.
6
(3
/3
5)

5.
3
(5
/9
4)

21
.4

(3
/1
4)

28
.6

(4
/1
4)

0.
0
(0
/4
)

0.
0
(0
/4
)

0.
0
(0
/1
)

22
.2

(2
/9
)

12
.0

(3
/2
5)

0.
0
(0
/1
)

0.
0
(0
/3
)

A
bb
re
vi
at
io
ns
:A

LL
,a
cu
te

ly
m
ph
ob

la
st
ic
le
uk
em

ia
;A

M
L,
ac
ut
e
m
ye
lo
id
le
uk
em

ia
;M

D
S,
m
ye
lo
dy
sp
la
st
ic
sy
nd
ro
m
es
;D

IC
,d
is
se
m
in
at
ed

in
tr
av
as
cu
la
r
co
ag
ul
at
io
n;
JM

H
W

,J
ap
an
es
e
M
in
is
tr
y
of

H
ea
lth

an
d
W

el
fa
re
;P

h+
,P

hi
la
de
lp
hi
a-
po

si
tiv
e;
T
M
-α
,t
hr
om

bo
m
od

ul
in

al
fa
.

6



Clinical Features of DIC Among FAB Subgroups
Among AML, M3 was the most common in this cohort, and
TM-α was used for many cases of DIC with bleeding. Next,
TM-α was used for DIC associated with M2, M4, M1, and
M5; DIC can therefore be seen to be widely associated with
AML subtype. Among ALL, L2 was the most common in
this cohort, followed by L1. These results were consistent
with reports that DIC is frequently associated with M3, M5,
M1, M4, M2 of AML, and L2 of ALL.4,5 Furthermore, this
study revealed that many cases of DIC are seen in other L1.

Among coagulation and fibrinolysis markers, FDP or
D-dimer was high in almost all DIC associated with hematolog-
ical malignancy, indicating that DIC associated with hemato-
logical malignancy is characterized by hypercoagulation and
hyperfibrinolysis. Ribeiro and Pui5 showed that DIC was asso-
ciated with a decrease in the remission rate of acute leukemia,
reducing outcomes in children, and Fenaux12 reported that
lethal bleeding due to DIC associated with APL was a major
cause of remission failure. Uchiumi et al13 reported that the

survival period tended to be longer in the non-DIC group
than in the DIC group among cases of AML (except for
APL), although the difference was not significant. Dixit
et al14 considered that careful monitoring for DIC was neces-
sary in all cases, because DIC associated with leukemia
showed bleeding symptoms in 40.3% and leukemia patients
developed DIC associated with bleeding or infection after day
7 from start of chemotherapy. These are important data that
DIC or coagulopathy associated with hematological malig-
nancy and during chemotherapy are directly linked to treatment
results and the prognosis of patients.

M3 and Ph+ALL showed typical hyperfibrinolytic DIC
characteristics with high PIC and low fibrinogen level. In
most DIC pathologies, FDP and D-dimer increase in parallel.
However, in hyperfibrinolytic DIC, not only fibrin degradation
but also fibrinogen degradation progresses and a dissociation
between FDP and D-dimer values (that is, a significant FDP
increase and slight D-dimer increase) are observed. Avvisati
et al15 reported that M3 patients with hyperfibrinolysis
showed sufficiently increased plasmin activity to develop

Figure 2. Changes in JMHW DIC scores during TM-α treatment by subtype. Data are shown as box plots with lower extreme, lower quartile,
median, upper quartile, and upper extreme values. Rectangles represent lower and upper limits of the interquartile range, and median values are
demarcated inside rectangles. Vertical lines (whiskers) represent the spread of data. Upper line represents the upper, or third quartile, plus 1.5
× (interquartile range), and lower line represents the lower, or first quartile, minus 1.5× (interquartile range). Outliers are not indicated.
P-values from the Wilcoxon signed-rank test are indicated. Cross symbols represent mean values.
Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; DIC, disseminated intravascular coagulation; JMHW, Japanese
Ministry of Health and Welfare; MDS, myelodysplastic syndromes; Ph+ , Philadelphia-positive; TM-α, thrombomodulin alfa.
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acquired α2-antiplasmin deficiency. Also in this cohort, in M3,
a dissociation between FDP and D-dimer values was observed.
On the other hand, no such dissociation between FDP and
D-dimer values was observed in Ph+ALL, because annexin
II expression on these cells appeared to be not as high as in
M3. In M7, APTT was prominently extended, and bleeding
symptoms at baseline were frequent.

In this cohort, the frequency of bleeding symptoms at base-
line ranged from about 30% to 40% for acute leukemia and
from about 10% to 30% for nonleukemia. Frequency of bleed-
ing symptoms at baseline was >50% for M7 (57.1%) and M3
(56.5%). The most common pathological classification
causing fatal cerebral hemorrhage was M3 (43.9%), which
requires treatment and hemostasis management.16,17

Fibrinogen <100 mg/dL was a risk of bleeding in studies on
adult ALL.18 Bleeding was often severe in adults with L2 and
L1.19 Serious bleeding during induction of M3 was significantly
associated with low fibrinogen and high white blood cell counts
of ≥20,000/μL in addition to PT prolongation.20,21 The findings
of the present study are consistent with these reports.

Safety and Efficacy of TM-α Among FAB Subgroups
Asakura et al9 reported the safety and effectiveness of TM-α
focusing on patients with DIC associated with hematological
malignancy according to underlying diseases such as AML,
APL, ALL, lymphoma, MDS, and “other” in the same cohort
as this study. In that report, the overall JMHW DIC resolution
rate was 55.9%, the overall 28-day survival rate was 70.7%, the
overall ADR rate was 6.3%, and the bleeding-related ADR rate
was 4.6%.9

The DIC resolution rate ranged from 45.5% to 94.4%, and
the 28-day survival rate ranged from 54.5% to 100% among
subtypes. The DIC resolution rate increased in the order of
L1 and Ph+ALL, all of which exceeded 70%, indicating that
the DIC resolution rate was generally high for lymphoid
tumors and generally low for M6, M7, and MDS-overt AML.
The 28-day survival rate increased in the order of L3, Ph+
ALL, M3, L2, L1, and M1, indicating that the survival rate
was generally high for lymphoid tumors and myeloid tumor
such as M3 and M1, and generally low for M7 and
MDS-overt AML. The DIC resolution rate and the 28-day sur-
vival rate approximate the percentage improvements in the
underlying disease. Thus, supportive therapy such as DIC treat-
ment becomes important with the appropriate chemotherapy in
the early days of AML and ALL.

In M3 and M7, in which the frequency of pre-existing bleed-
ing was high, the total ratios of disappeared, improved, or
unchanged symptoms in the clinical course of bleeding symp-
toms after TM-α administration were 94.7% and 100%, respec-
tively, indicating that TM-α, which has both anticoagulant and
antifibrinolytic effects, may represent a good treatment for those
types of DIC that exhibit hemorrhagic tendencies with hyper-
coagulation and hyperfibrinolysis. Except in M6, M7, and
MDS-overt AML, for which there were relatively few cases,

DIC scores were significantly decreased for most of the treat-
ments in all subgroups.

For a recent historical cohort, gabexate mesilate (FOY) and
nafamostat mesilate (FUT) were compared for DIC with hema-
tological malignancies.22 DIC resolution rates on day 7 of FOY
and FUT were approximately equal at the end of TM-α admin-
istration of the study, at 40.3% and 45.5%, respectively. Our
data for DIC overall resolution rate at the end of TM-α admin-
istration showed a rate of 55.9%, superior to the DIC resolution
with protease inhibitors. In particular, many disease types
showed a DIC resolution rate of at least 80%.

Limitations
Some limitations need to be considered when interpreting the
results obtained from the present investigation. The PMS data
used in this study lacked a control arm. As all patients in this
study were treated with TM-α, investigation of the incidence
of DIC and the current status of treatment intervention in
Japan were not completely possible. In addition, detailed anal-
yses of the onset of DIC in leukemia, such as whether DIC was
due to leukemic disease including kinds of cytogenetic abnor-
malities or instead due to treatments such as chemotherapy,
could not be examined. However, this investigation was con-
ducted by the continuous registration format and under condi-
tions of actual clinical usage. The FAB classification does not
include cytogenetic judgments but may be applicable in most
clinical cases in the DIC treatment of leukemia, which provides
many opportunities for determination at an initial stage of diag-
nosis or treatment. This investigation also provides new useful
information about the efficacy and safety profile of TM-α with
regard to types of acute leukemia that could not be sufficiently
obtained from previous studies.

Epidemiological studies of DIC with leukemia remain
limited to old reports. In the future, we must investigate and
clarify the incidence, severity, and causes of DIC in true clinical
practice and clarify the characteristics of DIC patients who
should be treated using anticoagulant therapy.

Conclusions
This study showed the clinical features of DIC associated with
acute leukemia according to FAB classifications and also pro-
vided safety and efficacy profiles of TM-α by detailed classifi-
cations based on the FAB classification in clinical practice. M3,
M2, M4, M1, and M5 subtypes of AML and L2 and L1 sub-
types of ALL have been found more frequently among patients
with DIC who were treated with TM-α. Regardless of the FAB
subgroup, TM-α was associated with improved bleeding symp-
toms and DIC scores in clinical practice for DIC patients with
acute leukemia.
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