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ARTICLE INFO ABSTRACT

Introduction: Disseminated intravascular coagulation (DIC) is a lethal complication in patients with hematologic
malignancies (HMs). DIC can be induced by the HM itself, but also by HM-associated secondary infection;
however, whether difference of triggering factor impacts the outcome of DIC in HM patients remains unknown.
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;rhfronjnbomodulin The objective of this study is to clarify the difference between HM-induced DIC and infection-induced DIC in HM
nfection : . :
Mortality patients regarding treatment response and prognosis.

Methods: HM-induced DIC (158 episodes) and infection-induced DIC in HM patients (83 episodes) from a single
center were retrospectively analyzed. Recombinant human thrombomodulin (thTM) was administered in 149
episodes, while the remaining received conventional therapies.

Results: In HM-induced DIC, improvement by day 7 was 46% (95% confidence interval [CI], 38-54), and rhTM
enhanced the improvement (hazard ratio [HR], 1.7; 95% CI, 1.1-2.4). In contrast, improvement of infection-
induced DIC was significantly worse (29%; 95% CI, 20-39 on day 7), and this was not influenced by rhTM (HR,
1.0; 95% CI, 0.50-2.2). Thirty-day survival in HM-induced DIC and infection-induced DIC was 87% (95% CI,
81-92) and 53% (95% CI, 42-63), respectively, and was not affected by treatment. A DIC score (Japanese
Ministry of Health and Welfare criteria) of =5 was a predictor of worse survival in both types of DIC (HR, 2.5;
95% CI, 1.5-3.9).

Conclusions: This study showed the inadequacy of current therapeutic strategies for secondary infection-induced
DIC, the prognosis of which was significantly worse than HM-induced DIC, and the limited efficacy of rhTM only
in the improvement of HM-induced DIC.

1. Introduction

Disseminated intravascular coagulation (DIC) is a potentially lethal
complication in patients with hematologic malignancies (HMs). DIC
occurs in around 30% of acute myeloid leukemia cases [1,2], and 78%
of acute promyelocytic leukemia cases [3]. A major cause of HM-in-
duced DIC is the activation of extrinsic coagulation via tissue factor
produced by malignant cells and the associated bleeding symptoms
tend to be severe due to fibrinolytic activation and consumption coa-
gulopathy [4]. Furthermore, HM is often associated with severe sec-
ondary infection related to the immune deficiency brought on by the
HM and its treatment, which can, in turn, provoke DIC. Such infection-
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induced DIC in HMs, however, has been relatively neglected in the
literature and has not been fully characterized, despite the possibility
that its prognosis and treatment response could differ from those of
infection-induced DIC in non-HM patients or HM-induced DIC without
infection. Moreover, the standard therapy for these 2 types of HM-as-
sociated DIC has yet to be established.

Recombinant soluble human thrombomodulin (rhTM) has a dif-
ferent anti-DIC activity from conventional DIC treatment agents. rhTM
binds to thrombin and activates protein C, prompting anticoagulant
activity through protein C activation [5]. This agent has been approved
for use in Japan through a phase 3 study that demonstrated a significant
improvement in resolution of both infection- and HM-induced DIC,
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compared with heparin therapy [6]. In contrast to the subsequent ac-
cumulating evidences of rhTM's efficacy for treating infection-induced
DIC [7-10], its efficacy for DIC in HM patients remains unclear because
of the lack of evidence [11]; each previous report containing no more
than 100 cases of HM-associated DIC treated with rhTM [6,12-14].

In order to clarify the clinical differences between HM-induced DIC
and infection-induced DIC in HM patients, we retrospectively analyzed
a total of 241 DIC episodes in 215 patients with HMs and compared the
outcomes of treatment with thTM versus conventional agents.

2. Patients and methods
2.1. Patients, study design, and the diagnostic criteria

We retrospectively analyzed 241 DIC episodes that occurred in 215
consecutive adult patients with HMs who were hospitalized between
January 2004 and February 2018 in the University of Tsukuba Hospital,
Japan. The data were collected from medical records. The episodes for
which anticoagulant therapies were started within 2 days of DIC onset
were included in the analysis. In all the DIC episodes, the diagnosis was
based on the DIC scoring system proposed in the Japanese Ministry of
Health and Welfare (JMHW) criteria, in which neither bleeding symp-
toms nor platelet count was scored [15]. Bleeding tendency was defined
as presence of hemorrhagic manifestations described by Kobayashi
[15]. DIC improvement was defined as decrease of the DIC score to 2 or
less. DIC episodes were categorized based on the triggering factors. HM-
induced DIC was defined as DIC induced by HM without infection. In-
fection-induced DIC was defined as DIC induced by infection secondary
to HM, which included cases retrospectively fulfilling the criteria of
sepsis according to Sepsis-3 criteria [16], or cases in which DIC was
obviously triggered by infection, such as infection during the period of
cytopenia after chemotherapy. We excluded patients in which the
dominant DIC-triggering factor could not be identified and those with
comorbid severe liver dysfunction. The median period of follow-up was
155 days (range, 1-2998). The study protocol was reviewed and ap-
proved by the institutional review board of the University of Tsukuba
Hospital.

2.2. Treatment

This study includes only DIC episodes treated within the framework
of the expert consensus for the treatment for DIC [17] and its addition
[18] provided by The Japanese Society of Thrombosis and Hemostasis
(JSTH). In 149 episodes treated after 2009, 380 units/kg/day of rhTM
was administered intravenously for a median of 6 (range, 1-14) days.
rhTM administration was usually continued for 6 days or until im-
provement of the DIC. Other DIC episodes were treated with either of
the following “conventional” anticoagulant therapies for a median of 11
(range, 1-30) days until improvement of the DIC: low molecular weight
heparin at 75 units/kg/day, gabexate mesilate at 20-39 mg/kg/day,
unfractionated heparin (the therapeutic range for activated partial
thromboplastin time [APTT] ratio was 1.5 to 2.0), danaparoid sodium
at 2500 units/day, or nafamostat mesilate at 0.06—-0.20 mg/kg/h. Con-
current to the anticoagulant therapy, patients also received treatment
for the DIC-causing disease. Platelet concentrate, fresh frozen plasma,
and anti-thrombin were transfused depending on the respective levels.

2.3. Statistical analysis

Comparisons between qualitative variables were carried out using
the Mann-Whitney U test and the results were expressed as box-whisker
plots, in which the rectangles represent the lower and upper limits of
the interquartile range (IQR), and the median values are demarcated
inside the rectangles. The upper lines represent the third quartile plus
1.5 X IQR, and the lower lines represent the first quartile minus
1.5 X IQR. Outlying values are indicated as circles. Correlation
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between anti-thrombin and DIC score was analyzed using Spearman
rank correlation. Cumulative incidence of DIC improvement and he-
morrhagic events were assessed with the Gray test [19], and the com-
peting risk factors contained the following: deaths in the analysis of DIC
improvement, and deaths plus discontinuation of anticoagulant thera-
pies due to other causes in the analysis of hemorrhagic events. Survival
probabilities were estimated using the Kaplan-Meier method, and dif-
ferences in survival distributions were evaluated using the log-rank test.
The age, pretreatment DIC score, bleeding tendency, diagnoses, and
febrile neutropenia were selected as potential biases. To compensate for
them, multivariate analyses were performed with the Cox proportional
hazard regression model for mortality, and the Fine and Gray propor-
tional hazards regression model for DIC improvement and hemorrhagic
events, in which the age and the DIC score were grouped according to
the median values. All P-values were two-sided with type I error fixed at
0.05. Cases with missing data were excluded from the analysis. Statis-
tical analyses were performed using EZR (Saitama Medical Center, Jichi
Medical University, Saitama, Japan) [20], and a graphical user inter-
face for R (R Foundation for Statistical Computing, Vienna, Austria;
Version 3.1.1).

3. Results
3.1. Characteristics of DIC

From a total of 7827 patients, hospitalized at the Department of
Hematology, University of Tsukuba Hospital between 2004 and 2018,
315 episodes were extracted in which there was elevated plasma fi-
brinogen/fibrin degradation product (FDP; above the normal limit) and
anti-DIC therapy was performed. Finally, 241 DIC episodes were ana-
lyzed after excluding those that did not harbor HM (7 episodes), those
which did not fulfil the DIC criteria (16 episodes), those which were
treated beyond the guidelines [17,18] (6 episodes), those in which
anticoagulant therapy was not started within 2 days of the onset (13
episodes), those with missing data (4 episodes), and those in which
either the dominant DIC-triggering factor could not be identified (28
episodes) (flow diagram is shown in Fig. S1). The characteristics of the
causes and treatments are summarized in Table 1. There were 158 HM-
induced DIC episodes and 83 infection-induced DIC episodes in HM
patients. Pretreatment FDP levels and DIC scores of HM-induced DIC
were higher than those of infection-induced DIC: FDP, 65 ug/ml (IQR,
32-111) and 30 pg/ml (IQR, 21-64) (P < 0.001); DIC score, 4 (3-9)
and 4 (range, 3-6) (P = 0.003), respectively. Bleeding tendency at di-
agnosis tended to be more frequent in HM-induced DIC (41%; 95% CI,
33-49) than infection-induced DIC (29%; 95% CI, 10-40) (P = 0.07).
Median anti-thrombin level of infection-induced DIC was 72% (IQR,
59-85), which was significantly lower than that of HM-induced DIC
(92%; IQR, 76-105) (P < 0.001). There was a weak correlation be-
tween anti-thrombin and DIC score in infection-induced DIC
(rs = —0.3, P = 0.01), but not in HM-induced DIC (rs = 0, P = 0.9).

3.2. The courses of FDP levels and DIC scores

In HM-induced DIC, reduction of FDP levels was rapid (Fig. 1A). The
median FDP level on day 7 in HM-induced DIC patients was 21 pg/ml
(IQR, 13-71) in the conventional therapy group and 13 pug/ml (IQR,
7-42) in thTM group (P = 0.02). The median FDP on day 9 was 17 ug/
ml (IQR, 8-35) and 10 pg/ml (IQR, 6-24), respectively (P = 0.03). The
difference between the therapy groups was balanced on day 14 in HM-
induced DIC patients: 8 ug/ml (IQR, 5-17) and 9 ug/ml (IQR, 5-16),
respectively (P = 0.9). On the contrary, in HM patients with infection-
induced DIC, FDP levels slowly decreased after anticoagulant treat-
ment, despite pretreatment FDP levels being much lower than those of
HM-induced DIC. Difference in treatment modality for infection-in-
duced DIC had no impact on FDP levels through the entire courses
(Fig. 1B).
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Table 1
Patient characteristics.
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Hematologic malignancy-induced DIC

Infection-induced DIC

Conventional therapy rhTM P-value Conventional therapy rhTM P-value

No. of DIC episodes 62 96 30 53
Year, median (range) 2006 (2004-2009) 2013 (2009-2018) 2006 (2004-2010) 2013 (2010-2018)
Age, median (range) 61 (16-83) 60 (18-85) 0.5 58 (21-82) 62 (17-81) 0.7
Male sex, no. (%) 36 (58) 60 (63) 0.6 17 (57) 27 (51) 0.7
Previous DIC episode, no. (%) 8 (13) 12 (13) 1 103 5(09) 0.4
Pre-existing bleeding tendency, no. (%) 29 (47) 36 (38) 0.3 7 (23) 17 (32) 0.5
Pretreatment FDP, median (IQR), pg/ml 63 (33-96) 70 (36-120) 0.3 26 (22-50) 35 (21-66) 0.8
Pretreatment anti-thrombin, median (IQR), % 72 (63-84) 72 (58-85) 0.8 91 (73-124) 92 (79-145) 0.3
Pretreatment CRP, median (IQR), pg/dl - - - 12 (6.9-22) 14 (9.0-22) 0.3
Pretreatment DIC score, median (range) 4 (3-8) 4 (3-9) 0.5 4 (3-6) 4 (3-6) 0.2
SOFA score, median (range) - - - 7 (2-15) 6 (2-18) 0.5
Hematologic malignancy, no. (%)

AML except for APL 22 (36) 37 (39) 0.1 6 (20) 27 (51) 0.06

APL 14 (23) 21 (22) 0 (0) 12

ALL 6 (10) 21 (22) 6 (20) 509)

Lymphoma 14 (23) 15 (16) 6 (20) 10 (19)

Myeloma 12 0(0) 6 (20) 5(9)

MDS 12 0 (0) 2(7) 3(6)

Others 4(6) 2(2) 4 (13) 24
Infection focus, no. (%)

Lung - - - 13 (43) 16 (30) 0.5

Gastrointestinal tract - - - 3 (10) 4 (8)

Skin/soft tissue - - - 13 24

No obvious focus - - - 11 (37) 29 (55)

Others - - - 2(7) 24
Febrile neutropenia, no. (%) - - - 18 (60) 35 (66) 0.6
Treatment, no. (%)

rhTM 0 (0) 96 (100) < 0.001 0(0) 53 (100) < 0.001

Low molecular weight heparin 48 (77) 0 (0) 22 (73) 0 (0)

Gabexate mesilate 8 (13) 0 (0) 8 (27) 0 (0)

Unfractionated heparin 30 0 (0) 0 (0) 0 (0)

Danaparoid sodium 2(3) 0 (0) 0 (0) 0 (0)

Nafamostat mesilate 1(2) 0 (0) 0 (0) 0 (0)
Anti-thrombin administration, no. (%) 8 (13) 9 (9.4) 0.6 6 (20) 12 (23) 1.0

DIC, disseminated intravascular coagulation; rhTM, recombinant human thrombomodulin; AML, acute myeloid leukemia; APL, acute promyelocytic leukemia; ALL,

acute lymphoblastic leukemia; MDS, myelodysplastic syndrome.

The DIC score was improved after treatment in both HM-induced
DIC and infection-induced DIC in HM patients (Fig. 2). Improvement
was the most rapid in the rhTM-treated HM-induced DIC group. Median
DIC score in HM-induced DIC on day 7 was 3 (range, 1-8) in the con-
ventional therapy group and 2 (range, 1-8) in the rhTM group
(P = 0.03). No difference was seen in the score on day 14 in connection
with DIC treatment modality.

3.3. DIC improvement

The cumulative incidences of DIC improvement (decrease of DIC
score to 2 or less) are shown in Fig. 3. The rate of DIC improvement on
day 7 was 46% (95% confidence of interval [CI], 38-54) in HM-induced
DIC (P < 0.001), and 29% (95% CI, 20-39) in infection-induced DIC in
HM patients. Although the treatment modality did not influence in-
fection-induced DIC improvement (P = 0.9), treatment with rhTM sig-
nificantly ameliorated HM-induced DIC (P = 0.01), in which the rate of
DIC improvement on day 7 was 32% (95% CI, 21-44) in the conven-
tional therapy group and 55% (95% CI, 45-65) in the rhTM group. The
median days of improvement were days 11 and 7, respectively.

Multivariate analyses were performed to take into account the in-
fluence of background variables that might affect DIC improvement;
factors such as treatment, age, pretreatment DIC score, pre-existing
bleeding tendency, diagnosis, and febrile neutropenia (Table 2). The
results showed that rhTM was an independent factor that enhances DIC
improvement in HM-induced DIC (hazard ratio [HR], 1.7; 95% CI,
1.1-2.4; P = 0.01), although no statistical significance was found for
the effect of rhTM on infection-induced DIC in HM patients (HR, 1.0;
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95% CI, 0.50-2.2; P = 0.9). In addition, a DIC score of =5 was a factor
that deteriorated both infection-induced DIC and HM-induced DIC im-
provement.

3.4. Survival

Day 30 survival after treatment was 87% (95% CI, 81-92) in HM-
induced DIC (P < 0.001) and 53% (95% CI, 42-63) in infection-in-
duced DIC in HM patients. thTM had no significant impact on the
survival of both HM-induced DIC (P = 0.8) and infection-induced DIC
(P =1) (Fig. 9.

Multivariate analyses showed that DIC score (=5) was the only
independent risk factor for the mortality rate in both infection-induced
DIC and HM-induced DIC, but not the DIC treatment modality
(Table 3). The HR of DIC score (=5) for the mortality rate was 2.5 (95%
Cl, 1.5-3.9; P < 0.001) among the whole DIC episodes.

3.5. Hemorrhagic events

Cumulative incidence of hemorrhagic events that led to dis-
continuation of anticoagulant therapy on day 14 was 8.2% (95% CI,
4.6-13) in the HM-induced DIC (P = 0.2), and 4.8% (95% CI, 1.6-11)
in the infection-induced DIC in HM patients. In HM-induced DIC, dis-
continuation of therapy due to hemorrhagic events was significantly
less with rhTM compared to conventional therapies (P = 0.005), but
not in infection-induced DIC (P = 0.7) (Fig. 5).

After multivariate analysis, thTM was shown to be a reducing factor
of bleeding (HR, 0.23; 95% CI, 0.07-0.78; P = 0.02; Table S1), whereas
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Fig. 1. Fibrinogen/fibrin degradation product (FDP) levels after treatment for
hematologic malignancy-induced DIC (A) and infection-induced DIC in hema-
tologic malignancy patients (B).

rhTM (closed column) reduced FDP more promptly than conventional antic-
oagulant therapy (open column) in hematologic malignancy-induced DIC. The
reduction of FDP was slower and no difference was seen between the conven-
tional therapy-treated group and rhTM-treated group in infection-induced DIC.
*P = 0.03, **P = 0.02.

pretreatment DIC score (=5), and pre-existing bleeding tendency were
selected as increasing factors in HM-induced DIC. The frequency of
hemorrhagic events in infection-induced DIC was too few to evaluate by
multivariate analyses.

4. Discussion

We found a significant difference between HM-induced DIC and
infection-induced DIC in HM patients in terms of survival and treatment
response. The survival rate of infection-induced DIC was almost half
that of HM-induced DIC. Although rhTM promoted early improvement
of HM-induced DIC, the novel agent had no significant impact on in-
fection-induced DIC.

DIC is a frequent complication of sepsis, and DIC is associated with
increased mortality in these patients [21,22]. Previous studies revealed
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that the 1-month survival rate of sepsis-induced DIC was 60-80% in the
absence of malignancy [7-10], and efficacy of rhTM was shown not
only on its control of such DIC, but also on survival [9,10]. However, in
our study, 1-month survival of infection-induced DIC associated with
HM was no more than 53% and rhTM ameliorated neither infection-
induced DIC improvement nor survival. Given that the principle dic-
tating DIC management is the treatment of the underlying cause(s)
[23], our findings regarding infection-induced DIC outcome may be
attributed to the difficulty of controlling the underlying severe infection
in the presence of HM-induced and/or therapy-related im-
munosuppression. For example, in neutropenic patients admitted to
intensive care units, hospital mortality was shown to reach as high as
45% [24] and exceed > 50% when limited to patients who underwent
allogeneic stem-cell transplantation [25], although our result might
suggest that neutropenia is not the sole factor that deteriorates the
clinical outcomes of infection in patients with HM. The mechanisms of
rhTM in infection-induced DIC are thought to be an anti-inflammatory
effect through the inactivation of high mobility group box 1 protein
[26] and an anticoagulation effect through thrombin downregulation
and protein C activation [27]; however, the findings of our study sug-
gest that these mechanisms are not sufficient to improve clinical out-
comes in the presence of uncontrollable infection related to HMs.

Anti-thrombin is a physiological anticoagulant similar to thrombo-
modulin. Some studies have suggested that administration of anti-
thrombin may be effective not only for shortening the duration of DIC
symptoms, but also for improving the outcome of sepsis-induced DIC
[28-30]. Combination therapy using anti-thrombin and rhTM may be a
treatment option [31,32], although we could not observe a difference in
clinical outcomes with anti-thrombin administration in our cohort be-
cause of the insufficient number of patients to whom anti-thrombin was
given.

The recommendation level of rhTM treatment was not so high ac-
cording to guidance from the International Society on Thrombosis and
Haemostasis [33] and the expert consensus from JSTH [18], because of
the insufficiency of evidence. Evidence has been particularly lacking for
HM-induced DIC. Some small-scale retrospective studies, such as a
study of 17 cases of acute promyelocytic leukemia [12] and that of 47
cases of acute myeloid leukemia [13], have suggested the superior
survival of rhTM group compared to the control group, while the sub-
group analysis of a phase 3 trial of rhTM could not prove survival
benefit [6]. In our study, rhTM rapidly reduced FDP and DIC scores and
accordingly contributed to earlier improvement (by 4 days) from HM-
induced DIC than conventional therapy. Nevertheless, better DIC im-
provement did not lead to better survival. Even though the survival
benefit was not proved, the prompt DIC recovery brought on by thTM
could be still clinically beneficial. Firstly, Libourel et al. reported that
acute myeloid leukemia cases with higher DIC scores developed
thrombosis more frequently than those with lower DIC scores [34].
Given that more than half of such thrombosis occurred early (median
8days after start of the first chemotherapy course) in their study,
prompt amelioration of the coagulation abnormality may have con-
tributed to the reduction of thrombotic risks. Secondly, shorter duration
of DIC and subsequent earlier discontinuation of the anticoagulant
therapy may minimize the risk of bleeding as was shown in the present
study. The fewer bleeding events could also be attributed to the wider
safety margin of rhTM than other anticoagulants [5].

Although there are no standardized diagnostic criteria for DIC in
HM patients, we selected the JMHW criteria because its sensitivity and
specificity have been validated for patients with severe thrombocyto-
penia [1]. In this study, a JMHW DIC Score of =5 was the most im-
portant predicting factor for failure of DIC improvement and early
mortality in both the infection-induced DIC and HM-induced DIC
groups, which was consistent with previous reports [35,36]. The pa-
tients in whom elevated FDP level (=40 pg/ml) is the only DIC sign can
fulfil the JMHW criteria. Such cases accounted for more than half of
participants with a DIC score of 4 in our study, whereas a DIC score of
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=5 requires at least one of the following signs: organ dysfunction,
decreased fibrinogen, or elongation of prothrombin time. In other
words, participants with a DIC of =5 necessarily have secondary im-
pacts of activated blood coagulation. Accordingly, there may be pa-
thophysiological discrepancy between the patients with DIC scores of 4
and those of =5, which, in this study, was observed as difference of DIC
improvement and survival. Recently, a novel DIC scoring system was
proposed, in which a patient with FDP elevation alone does not fulfil
the criteria [37]. Therefore, results could change depending on the
scoring system.

Some limitations of our study are its retrospective nature and
modest sample size; thus, we could not exclude potential selection bias.
Accordingly, multivariate analyses were performed to adjust for the
differences in patient characteristics between the groups; however,
there may have been some uncompensated biases that influenced the
outcomes. There was variation in terms of the proportion of background
diseases, and long-term survival can vary according to each disease.
Short-term survival (up to 60 days after the onset of DIC), however, did
not differ in our cohort, and its influence on our conclusion was thought
to be minimal. Although the statistical difference of survival was not
observed in the rhTM/conventional therapy groups, the sample size was
insufficient to determine equality. So, further investigation with a
larger sample size is needed. The difference of time period between the
treatment groups (rhTM versus conventional therapies) was another
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limitation. Since 2009, the conventional anticoagulant therapies for
DIC were gradually replaced with thTM at our hospital. Therefore the
updated sepsis care bundles [38] and some new agents for DIC-trig-
gering diseases (such as antifungals and agents for myeloma) could
have influenced the outcome, although the number of DIC cases that
benefited from these new agents was small. In order to ensure external
validity, we extracted data from all the patients hospitalized in the
hematologic ward. However, the applicability is limited in the popu-
lation in which the triggering factor could not be identified due to co-
existence of infection and active HM, because such cases were excluded
from this study.

5. Conclusions

This retrospective study shows that thTM prompts early improve-
ment of HM-induced DIC (but not infection-induced DIC in HM pa-
tients) without exacerbating bleeding tendency. It also revealed that the
outcome of HM-associated infection-induced DIC is poor compared to
HM-induced DIC or infection-induced DIC in the absence of HMs.
Improvements in treatment for DIC-triggering infection or HMs, as well
as for DIC itself, are needed for better treatment outcomes in cases of
HM-associated DIC.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.thromres.2018.11.014.

Fig. 3. Cumulative incidence of improvement of
hematologic malignancy-induced DIC (A) and in-
fection-induced DIC in hematologic malignancy pa-
tients (B).

rhTM enhanced the improvement significantly in
hematologic malignancy-induced DIC (P = 0.01).
The treatment modality did not influence the im-
provement of infection-induced DIC (P = 0.9).

— rhT™M
--- conventional
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Table 2

Multivariate analysis of DIC improvement.
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Factors Level Hematologic malignancy-induced DIC Infection-induced DIC
Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value
Treatment Without rhTM 1 - 1 -
With thTM 1.7 1.1-2.4) 0.01 1.0 (0.50-2.2) 0.9
Age <60 1 - 1 -
=60 0.85 (0.59-1.2) 0.4 1.7 (0.76-3.6) 0.2
Pretreatment DIC score <5 1 - 1 -
=5 0.61 (0.42-0.89) 0.01 0.31 (0.11-0.86) 0.02
Pre-existing bleeding tendency No 1 - 1 -
Yes 0.61 (0.41-0.90) 0.01 1.3 (0.59-3.0) 0.5
Diagnosis AL except for APL 1 - 1 -
APL 1.9 (1.2-2.9) 0.006 - -
Lymphoma 0.63 (0.37-1.1) 0.09 0.81 (0.32-2.1) 0.7
Others 1.1 (0.22-5.7) 0.9 1.1 (0.42-2.6) 0.9
Febrile neutropenia No - - 1 -
Yes - - 1.3 (0.62-2.8) 0.5

DIC, disseminated intravascular coagulation; rhTM, recombinant human thrombomodulin; AL, acute leukemia; APL, acute promyelocytic leukemia.

HM-induced DIC

1.01 P=0.8

o
@

o
@

o
e

— rhTM
--- conventional

o
™

Survival probability

o
2

10 20 30 40 50 60
Days after treatment

o

Fig. 4. Survival plot.

The treatment modality did not influence the improvement of both hematologic
malignancy (HM)-induced DIC (P = 0.8) and infection-induced DIC in HM
patients (P = 1).

Table 3
Multivariate analysis of mortality after DIC.
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Factors Level Hematologic malignancy-induced DIC Infection-induced DIC
Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value
Treatment Without thTM 1 - 1 -
With rhTM 0.92 (0.42-2.0) 0.9 1.0 (0.57-1.9) 0.9
Age < 60 1 - 1 -
=60 1.1 (0.49-2.4) 0.9 0.88 (0.45-1.7) 0.7
Pretreatment DIC score <5 1 - 1 -
=5 3.3 (1.4-7.8) 0.007 2.0 (1.1-3.6) 0.02
Pre-existing bleeding tendency No 1 - 1 -
Yes 1.6 (0.69-3.5) 0.3 1.3 (0.70-2.5) 0.4
Diagnosis AL except for APL 1 - 1 -
APL 0.42 (0.13-1.3) 0.1 - -
Lymphoma 1.5 (0.61-3.8) 0.4 1.4 (0.69-3.1) 0.3
Others 2.5 (0.29-21) 0.4 1.2 (0.55-2.7) 0.6
Febrile neutropenia No - - 1 -
Yes - - 0.58 (0.26-1.3) 0.2

DIC, disseminated intravascular coagulation; rhTM, recombinant human thrombomodulin; AL, acute leukemia; APL, acute promyelocytic leukemia.
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Fig. 5. Hemorrhagic events that led to discontinuation of
anticoagulant therapy of hematologic malignancy-in-
duced DIC (A) and infection-induced DIC in hematologic
malignancy patients (B).

A higher rate of deterioration of bleeding tendency was
seen in the conventional therapy-treated group than in
the rhTM-treated group in hematologic malignancy-in-
duced DIC (P = 0.005), but not in infection-induced DIC
(P =0.7).
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