
Abstract. Disseminated intravascular coagulation (DIC) that
occurs during cancer therapy prevents continuation of therapy,
contributing to a worse prognosis. While recombinant human-
soluble thrombomodulin (rhTM), a new DIC drug, has
occasionally shown its efficacy in DIC associated with infection
and blood cancer, its efficacy in patients with solid tumors has
been unproven. This review presents the results on the efficacy
and safety of rhTM as a DIC drug in patients with solid tumors
that have been confirmed by the clinical data of three previous
reports. The number of cases in each study was 101, 123 and
40. The respective DIC resolution rate was 34.0%, 35.2% and
32.5%, and the 28-day survival rate was 55.4%, 52.0% and
40.0%. Although comparison with other anti-DIC therapies is
required, rhTM therapy is considered one of the treatment
options of DIC in patients with solid tumors.

Cancer patients are in a chronic hypercoagulable state and
are more likely to develop disseminated intravascular
coagulation (DIC) from infection and anticancer therapy
(such as chemotherapy and surgical treatment) (1, 2). DIC

that occurs during cancer therapy makes it difficult to
continue treatment, contributing to poor prognosis (3, 4).
Therefore, treatment and systemic management aimed at
early DIC withdrawal are needed.

On the other hand, while recombinant human-soluble
thrombomodulin (rhTM), which is attracting attention as a
new DIC therapeutic agent (5), has occasionally shown its
efficacy in DIC associated with infection and blood cancer
(6), its usefulness in patients with solid tumors has not been
proven (7-9). In this paper, we describe the efficacy and
safety of rhTM as DIC treatment in solid tumor patients.

Cancer Patients and Disseminated 
Intravascular Coagulation (DIC)

DIC is a clinical condition in which fibrin clots form within
the blood vessels due to the increased coagulation activity
throughout the body, eventually clogging the small blood
vessels (10, 11). Clinical symptoms include multiorgan
failure caused by organ hypoperfusion due to vascular
occlusion and bleeding tendency caused by the consumption
of platelets and coagulation factors (2).

In 1865, Trousseau reported that there was a high
incidence of venous thrombosis in gastric cancer cases
(Trousseau’s syndrome), and since then, an association
between cancer patients and thrombosis/hypercoagulable
state has been suggested (12, 13). Cancer patients are in a
hypercoagulable state (1), which can contribute to
thrombophlebitis, venous thrombosis, and also DIC (3, 13).

To evaluate the underlying disease of DIC in Japan, a
questionnaire survey at University Hospitals has been
conducted by the Study Group on Blood Coagulation
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Abnormalities under the Specified Disease Program (14).
This survey showed that 2,193 cases of DIC occurred
annually at 243 facilities. These included 608 cases (29%)
of solid tumors and 513 cases (20%) of hematopoietic
neoplasms, suggesting that half of the cases were caused by
malignancy. The frequency of patients with solid tumors
presenting DIC was 142 (23.4%) with hepatocellular cancer,
which was the highest rate, 99 with lung cancer (16.3%), 93
with gastric cancer (15.3%), and 65 (10.7%) with colon
cancer. The incidence of DIC was higher in bile duct cancer
(7.3%) and pancreatic cancer (5.7%).

Pathogenic Mechanism of DIC in Solid Tumors

Malignancy results in a hypercoagulable state by the
production/release or cell surface expression of procoagulant
factors by tumor cells, by the release of procoagulant factors
into the blood associated with disintegration of tumor
cells/tissue cells, and by the expression of procoagulant
factors in the lymphocytes/monocytes/macrophage lineage
cells stimulated by the host immune response to tumor cells
(12) (Figure 1). Tissue factor (TF) is an important
procoagulant factor (15, 16). TF expressed on the cell
membrane, activates coagulation factor VII in the presence
of activated coagulation factor X. Many tumor cells in
hematopoietic tumors and solid tumors express a large
amount of TFs, and TFs released following the disintegration
of these tumor cells are considered to cause a general
hypercoagulable state (17). It has been demonstrated that
TFs are expressed not only in cancer cells, but also in tumor-
associated macrophages existing in cancer tissue stroma,
where they affect the cancer microenvironment. Furthermore,
in a tumor-bearing state, inflammatory cytokines (such as
tumor necrosis factor alpha and interleukin) increase the
expression of TFs in the monocytes and vascular endothelial
cells, contributing to a hypercoagulable state. Additionally,
development of infection and sepsis lead to further activation
of inflammatory cytokines and worsens DIC.

DIC Treatment in Cancer Patients

The cornerstone of DIC treatment of cancer patients includes
treatment of the underlying disease, anticoagulant therapy,
replacement therapy, and systemic control (18-20). Treatment
of the underlying disease means chemotherapy, radiation
therapy, endocrine therapy, or surgical treatment, depending
on the type of cancer. Treatment of the underlying disease is
the most important, and success in the treatment of the
primary disease contributes to withdrawal from DIC (21, 22).
In chemotherapy and radiation therapy, however, TFs
released by rapid disintegration of cancer cells have the risk
of causing or worsening DIC, and as such, cautious treatment
is required. In surgical treatment, inflammation caused by

invasion and mechanical stimulation can possibly worsen the
hypercoagulative state and induce DIC by stimulating a
blood-clotting reaction. As for anticoagulant therapy, there is
a report that using chemotherapy for solid tumors in
combination with low-molecular-weight heparin reduces the
mortality rate (19, 20).

In DIC, overproduction of thrombin is caused by the
abovementioned mechanisms. As a result, a frequent
occurrence of fibrin clots within the microvessels throughout
the body causes ischemic organ damage, and decrease in
platelets and clotting factors due to the overproduction of
thrombin and excessive activation of the fibrinolytic system
leads to a tendency to bleed. Thrombomodulin (TM) is a
glycoprotein present on vascular endothelial cells and is a
physiological anticoagulant factor responsible for regulating
vascular coagulation in living organisms (23). Recombinant
soluble TM ectodomain that includes the active parts of
human TM is produced in animal cells by genetic
engineering, and it is used to improve the symptoms of DIC
by a novel vascular coagulation regulating mechanism
through protein C (5).

DIC Treatment with Recombinant Human-soluble
Thrombomodulin in Patients with Solid Tumors

While reports on the efficacy and safety of rhTM for
infectious DIC are scattered (6), there have been few studies
on solid tumor DIC (7-9) (Table I), for example, a
prospective cohort study by Tamura K et al. (7). The latter
study was conducted on 101 patients who developed DIC
associated with a solid tumor, and the duration of
administration of rhTM was 6-14 days. The DIC resolution
rate after the administration of rhTM was 34.0% (Table II).
A total of 90.9% of patients who responded to rhTM
survived beyond the 28th day of treatment (28-day outcome).
On the other hand, 59.4% of the patients who did not respond
to rhTM died by the 28th day. Regarding efficacy, in 34.0%
of patients DIC was resolved, and the 28-day survival rate was
55.4%. With regard to the test values, a significant reduction
in fibrin degradation product (FDP), thrombin-antithrombin
complex (TAT), plasmin-α 2 plasmin inhibitor complex (PIC),
and D-dimer was shown after the administration of rhTM.
Additionally, a multicenter retrospective observational study
of 123 cases has shown that the causes of DIC were cancer in
38.2% of cases, and infection in 51.2%, and also gastric
cancer and colorectal cancer were the most frequent (8).
Regarding efficacy, in 35.2% of patients DIC was resolved,
and the 28-day survival rate was 52.0%. In the survival
analysis, cancer-related DIC had a significantly poorer
prognosis compared to infection-related DIC (p=0.016, log-
rank test). Furthermore, a significant reduction in DIC score,
FDP, and prothrombin time-international normalized ratio (PT-
INR) was observed. Patients who were relieved of DIC had a
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good prognosis compared to patients who were not relieved
of DIC (p<0.001, log-rank test). As for chemotherapy, the
patients treated with chemotherapy had a significantly better
prognosis compared to patients who were not treated with
chemotherapy (p=0.001, log-rank test). In the multivariate
analysis, chemotherapy and alleviation of DIC were
independent factors contributing to survival (p=0.001; 95%
confidence interval [CI]=0.18-0.64; hazard ratio [HR]=0.34)
(p=0.01, 95%CI=0.30-0.88; HR=0.52). Based on these facts,
it has been argued that “treatment of the primary disease and
treatment of DIC are important for survival”. Moreover,
another study, at the Osaka City University, was conducted
on 40 patients with solid cancer out of 208 patients with DIC
(9). Cancer cases included 17 patients (42.5%) with cancer
of the digestive system, 15 patients (37.5%) with urinary
system cancer and 8 patients (20.0%) with other types of

cancer. Clinical symptoms included 7 cases of bleeding
(17.5%) and 5 cases of blood clots (12.5%). A total of 26
cases were associated with infection (65.0%). As for the
efficacy, 32.5% of patients were relieved of DIC, and the 28-
day survival rate was 40.0%. The number of days required
to resolve DIC was 3.0±1.5 days, and the number of days of
administration of rhTM was 5.0±2.7 days. Adverse events
were observed in 4 patients (10.0%); 3 cases of bleeding and
1 case of liver enzyme levels elevation. The study on the
resolution of DIC and clinical factors showed that it was
very difficult for the patients who experienced bleeding to
be relieved of DIC (p=0.043). The patients who were
relieved of DIC, had a significantly better outcome compared
to patients who were not relieved of DIC (p<0.001). These
results showed the efficacy and safety of rhTM for treating
DIC associated with solid tumors. 
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Figure 1. Mechanism of disseminated intravascular coagulation in solid tumors. Malignancy causes a hypercoagulation state by the
production/release or cell surface expression of a procoagulant factors by tumor cells, by the release of a procoagulant factors into the blood
associated upon disintegration of tumor cells/tissue cells, and by the expression of a procoagulant factors in lymphocytes/monocytes/macrophage
lineage cells stimulated by host immune response to tumor cells. Tissue factor (TF) is an important procoagulant factor. TF expressed on the cell
membrane activates coagulation factor VII in the presence of activated coagulation factor X.



Treatment of DIC associated with solid tumors depends
on the DIC diagnostic criteria. The Japanese Ministry of
Health and Welfare (24), the International Society on
Thrombosis and Haemostasis and the Japanese Association
for Acute Medicine (25, 26) have issued DIC diagnostic
criteria and the application of different criteria may result in
different results. Therefore, it is necessary to establish
universally accepted DIC diagnostic criteria to increase
agreement among studies. DIC associated with solid tumors
includes many cases that develop as chronic DIC and low-
grade DIC, and it is desirable to establish DIC criteria also
for these pathophysiological mechanisms.

Additionally, the mechanism of action of rhTM in DIC
has been examined in several studies. It has been
demonstrated that rhTM has not only anticoagulant effect but
also anti-inflammatory effect (27). This anti-inflammatory
effect of rhTM has been confirmed also in a study using
sepsis models (28). Furthermore, it has been shown that
rhTM and the N-terminal lectin-like domain 1 of rhTM exert
their anti-inflammatory effect of rhTM by binding to high
mobility group box 1 (HMGB-1) (29). There has also been
a report clarifying the mechanism of the anti-inflammatory
effect of rhTM through Toll-like receptor (TLR) 4 in hepatic

ischemia-reperfusion injury (30). Thus, the anti-
inflammatory effect of rhTM suggests that rhTM modifies
the tumor microenvironment in solid tumors.

Conclusion

The epidemiology, pathogenic mechanism, and treatment
outcome of DIC in patients with solid tumors were reviewed.
Although comparison with other anti-DIC therapies is
required, rhTM is considered one of the treatment options
for DIC in patients with solid tumors.
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Table I. Baseline demographics and disease characteristics of the patients.

Study author/year                      Number of patients                 Gender                Age (years), median                                 Types of tumors

Asano Y, et al. 2014 (9)                         40                         M 27 (67.5%)                       68.5                              Gastrointestinal cancer 17 (42.5%), 
                                                                                               F 13 (32.5%)                      (28-84)                             urological cancer 15 (37.5%), etc.
Tamura K, et al. 2015 (7)                      101                        M 63 (62.4%)                         67                            Lung cancer 24 (23.8%), gastric cancer 
                                                                                               F 38 (37.6%)                      (23-86)                                   21 (20.8%), breast cancer 
                                                                                                                                                                                      15 (14.9%), pancreatic cancer 
                                                                                                                                                                              11 (10.9%), colorectal cancer 9 (8.9%), 
                                                                                                                                                                                       biliary tract cancer 7 (6.9%), 
                                                                                                                                                                                      prostate cancer 3 (3.0%), etc.
Ouchi K, et al. 2018 (8)                        123                        M 87 (70.7%)                         65                              Gastric cancer 39 (31.7%), colorectal 
                                                                                               F 36 (29.3%)                      (30-84)                          cancer 25 (20.3%), pancreatic cancer 
                                                                                                                                                                            12 (9.8%), Biliary tract cancer 10 (8.1%), 
                                                                                                                                                                                       esophageal cancer 9 (7.3%), 
                                                                                                                                                                                         lung cancer 4 (3.3%), etc.

M: Male; F: female. 

Table II. Clinical outcomes of efficacy and safety.

                                                                                       Efficacy                                                                                           Safety

Study author/year                       DIC resolution rate (%)       Survival rate at 28 days (%)                                     Complications (%)

Asano Y, et al. 2014 (9)                             39.7                                           41.3                                  10.0 (bleeding 7.5, liver enzyme elevation 2.5)
Tamura K, et al. 2015 (7)                          34.0                                           55.4                            12.9 (serious bleeding-related adverse events 5.0, etc.)
Ouchi K, et al. 2018 (8)                             35.2                                           52.0                                                                        -

DIC: Disseminated intravascular coagulation.
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