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Abstract

Thrombomodulin alfa (TM-o, recombinant human soluble thrombomodulin) and antithrombin (AT) concentrate are anticoagu-
lant agents for the treatment of disseminated intravascular coagulation (DIC). A post hoc analysis using data from | |98 patients
with infection-induced DIC from the post-marketing surveillance of TM-o. was conducted. To identify subgroups that benefit
from combination therapy, the patients were a priori stratified into four groups by a platelet (PIt) count of 50 x 10*/uL and
plasma AT level of 50% (groups I, 2, 3, and 4, with high Plt/high AT, high Plt/low AT, low Plt/high AT, and low Pit/low AT, respec-
tively). Kaplan-Meier survival analysis showed significantly worse survival in groups 2 and 4 had than in group | (p=0.0480, p <
0.0001, respectively), and multivariate analysis showed that concomitant AT concentrate was independently correlated with
reduced 28-day mortality only in group 4 (hazard ratio 0.6193; 95% confidence interval, 0.3912-0.9805). The adverse drug reac-
tions (ADRs) and bleeding ADRs were not different among the groups. Patients with both severe thrombocytopenia and AT
deficiency are candidates for combined anticoagulant therapy with TM-o and AT concentrate.
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thrombosis as a host defense mechanism, which is known centrate are in wide clinical use for treating DIC in Japan, and their
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sepsis-induced DIC.”™” Some retrospective analyses from a single
center and post-marketing surveillance (PMS) data for AT concen-
trate showed a beneficial effect of combined therapy versus AT con-
centrate alone.'®"'? On the other hand, the retrospective analysis
from the intensive care unit group showed no further benefits
from the combined administration of both agents over those from
AT concentrate or TM-o alone.” Unfortunately, it has not been pos-
sible to narrow down the specific subgroups most likely to benefit
from the combination therapy. We thought that the severity of
sepsis-induced DIC should be assessed by coagulation factors them-
selves in view of the pathophysiology and that the increase of coag-
ulation activity and/or the severity of DIC should be evaluated to
adjust anticoagulant therapy. Antithrombin deficiency and thrombo-
cytopenia are common in patients with sepsis.”>>> Some papers
have suggested that thrombocytopenia and severe antithrombin defi-
ciency may be associated with the prognosis of septic patients.'®>>
In these papers, the cutoff points for prediction of mortality were
approximately 50% for the AT level'®™'® and approximately 50 x
10°/L for the platelet count.'”* In the present study, patients
were a priori stratified into four groups according to a platelet
(PIt) count of 50 x 10°/uL and plasma AT level of 50%, and the
benefit profile of TM-o and AT concentrate in patients with
sepsis-induced DIC was investigated.

Materials and Methods
Study Population

A post hoc analysis of patients with infection-associated DIC in
the PMS data for TM-a was conducted. Data were obtained
from the original PMS, which was an open-label, multicentre, non-
interventional, prospective, observational study of DIC patients
who received TM-a from May 2008 to April 2010.** The PMS
study was not a randomized cohort study and was conducted in
accordance with the guidelines for Good Post-Marketing
Surveillance Practices as required by the Japanese Ministry of
Health, Labour and Welfare. Personal data anonymization was
carried out on data collection. Therefore, approval of this surveil-
lance study by ethics committees and institutional review boards
and informed consent of the patients were not necessary. All
patients who received TM-a were consecutively registered at the
start of drug administration by documenting the patient demo-
graphics using a central registration system. Patients were fol-
lowed until day 28 after the last TM-a administration. Patients
received TM-a for the treatment of DIC according to the
package insert. The standard dose of TM-a was 380 U/kg/day,
and the dose of TM-a administered to subjects with renal dysfunc-
tion was reduced to 130 U/kg body/day.** All patients were treated

| Collected case report forms: 4260

Re-treatment: 198

I
| First treatment: 4056 |
I

No agreement for data usage: 6

Hematologic malignancy-associated DIC: 1029

I
| Infection-associated DIC: 2514 |
I

Solid tumor-associated DIC: 88, Others: 425

Leukemia group:

[
Non-leukemia group?:
2362
I

152

|
DIC associated with other than
meningitis: 2316
[

I DIC associated with meningitis: 46

JAAM DIC score<4: 355

|
| JAAM DIC score >4: 1957 |
I

Data missing: 4

1

| Without AT pretreatment: 1582 |
I

| With AT pretreatment: 375 |

| Data missing: 384 |

Analysis set: 1198

Group 1 (High AT, High PIt): 385 (without AT: 220, with AT: 165)
Group 2 (Low AT, High PIt): 284 (without AT: 114, with AT: 170)
Group 3 (High AT, Low Plt): 285 (without AT: 155, with AT: 130)
Group 4 (Low AT, Low Plt): 244 (without AT: 91, with AT: 153)

Figure |. Patient disposition. a, Classification into two groups (leukemia or non-leukemia) according to the Japanese Ministry of
Health, Labour and Welfare DIC criteria when the direct cause of DIC is infection. (i) When there were no treatments or complications
accompanying a decrease in the platelet count (administration of anticancer agents, hematological malignancy, or aplastic anemia), patients
were classified to the non-leukemia group. (ii) When there were treatments or complications accompanying a decrease in platelet
count (administration of anticancer agents, hematological malignancy, or aplastic anemia), patients were classified to the two groups
(leukemia or non-leukemia) according to predefined procedures in the protocol. The classification was made taking into account the
causes of the decrease in platelet count. DIC, disseminated intravascular coagulation; JAAM, Japanese Association for Acute Medicine;

Plt, platelet; AT, antithrombin.
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0.0170°, <0.0001°, <0.0001¢
<0.0001%, 0.6111°, <0.0001¢
<0.00012, 0.0100°, <0.0001°¢
0.0003% 0.7694°, <0.0001°¢
0.00012,0.0011°, 0.0001°¢
0.00082, 0.0032°, 0.0015¢
<0.00017, 0.9998°, <0.0001°¢
0.89332, 0.1944°, 0.9799°
0.00012, 0.5417°, <0.0001°¢
0.5054%, 0.9328°, 0.8677°

p

3.1 (1.9, 3.8), 244
1.50 (1.34, 1.80), 234
53.9 (42.5, 72.6), 206
273 (171, 415), 223
26.9 (14.4, 52.6), 206
12.91 (5.67, 24.5), 191

2.3 (1.9, 2.7), 208

15.645 (9.35, 23.8), 236

37.0 (30.0, 44.0), 244
1.168 (0.6, 1.72), 242

Group 4: Low AT, Low Pt

Group 3: High AT, Low PIt
3.2 (2.0, 4.1), 285
1.32 (1.14, 1.57), 274
44.7 (35.1, 59.8), 265
397.2 (267, 536), 264
28.0 (13.7, 58.8), 243
12.0 (5.88, 27.95), 240
64.6 (57.0, 78.0), 285
1.068 (0.46, 1.67), 285
2.5 (2.1, 29), 244
16.12 (7.8, 23.37), 270

7.3 (6.1, 9.4), 284
1.51 (1.33, 1.82), 28|

48.9 (40.3, 65.2), 258
2.4 (2.0, 2.7), 259

303 (216, 464), 257
28.8 (16.0, 50.0), 239
1521 (4.7, 24.16), 214
39.4 (31.0, 46.0), 284
16.9 (9.43, 23.08), 275

Group 2: Low AT, High Plt
1.073 (0.53, 1.78), 281

7.8 (6.3, 11.0), 385
1.34 (1.19, 1.58), 374

Group |: High AT, High Plt
40.45 (33.4, 53.1), 358
390 (268, 497), 365
38.2 (20.5, 80.0), 328
18.75 (7.64, 37.68), 338
66.0 (57.0, 76.8), 385
1.15 (0.671, 1.69), 385
2.5 (2.1, 3.0), 343
15.7 (7.73, 22.8), 377

AT, antithrombin; Plt, platelet; TM-0, thrombomodulin alfa; FDP, fibrin and fibrinogen degradation products; PT-INR, prothrombin time-international normalized ratio; APTT, activated partial thromboplastin

Categorical variables were compared between groups using the Chi-squared test. Continuous variables were compared between groups using the Mann-Whitney test.
time; WBC, white blood cells; CRP, C-reactive protein.

Table 2. Patients’ Baseline Laboratory Data by Group.
2group 2 vs. group |; ® group 3 vs. group |; © group 4 vs. group |.

Biomarker median (IQR), n
Plt count, x 10* /uL

PT-INR

APTT, sec
Serum albumin, g/dL

Fibrinogen, mg/dL
FDP, pg/mL

D-dimer, ng/mL
Antithrombin, %
WBC count, X 10*/uL
CRP, mg/dL

according to the attending physicians’ decisions, and no limita-
tions were placed on the concomitant use of other anticoagulants
or medicine for the treatment of underlying diseases and compli-
cations. AT concentrate was administered to an AT level of less
than 70%, which is used clinically in Japan.

Data Collection and Definitions

The following data were collected from PMS data: age, sex,
TM-a treatment (dose, period), sites of infection (respiratory,
abdominal, urogenital, hepato-biliary-pancreatic, surgical site/
soft tissue/bone, central nervous system, cardiovascular, focus
unknown and others, therapeutic intervention, Plt count, pro-
thrombin time-international normalized ratio (PT-INR), acti-
vated partial thromboplastin time (APTT), fibrinogen, fibrin/
fibrinogen degradation products (FDP), D-dimer, AT level,
protein C, white blood cell (WBC) count, serum albumin,
C-reactive protein (CRP), total bilirubin, thrombin-antithrombin
complex (TAT), and plasmin-oyplasmin inhibitor complex
(PIC), fibrin monomer, as well as SOFA, systemic inflammatory
response syndrome (SIRS), JAAM DIC, and International
Society of Thrombosis and Haemostasis (ISTH) overt-DIC scores.

In this study, the patients who had never been treated with
TM-a and had DIC associated with infection were included.
Patients with hematopoietic malignancy or concomitant treatment
with antitumor drugs were excluded. Patients with meningitis were
excluded, because the central nervous system SOFA sub-score
might not be able to be determined accurately. Patients with
DIC were identified as having the Japanese Association for
Acute Medicine (JAAM) DIC criteria (DIC score >4) before
TM-o administration. Patients previously administered AT con-
centrate before TM-o administration were excluded.

Patients with infection-associated DIC were a priori stratified
into four groups according to the Plt count (<50 X 10%/uL, >50
% 10*/uL) and AT level (<50%, >50%) before TM-a adminis-
tration: group 1 (high AT and high Plt); group 2 (low AT and
high Plt); group 3 (high AT and low Plt); and group 4 (low
AT and low PIt). Patients with no recorded AT activity or no
recorded Plt count before TM-a administration were excluded.

Outcomes

The outcomes at 28 days after each group started TM-a admin-
istration were evaluated. In addition, changes in the following
markers and scores from before to after TM-oa administration
were examined in each group: FDP, D-dimer, Plt count, fibrin-
ogen, PT-INR, APTT, AT, TAT, PC, WBC, CRP, serum
albumin, and SIRS, SOFA, JAAM DIC, and ISTH-overt DIC
scores. In each group, the outcome 28 days after the start of
TM-a administration was evaluated according to the presence
or absence of AT concentrate.

Safety data and definitions of adverse drug reactions (ADRs)
were described previously.'> The safety evaluation included
bleeding ADRs and all ADRs observed until 28 days after the
last TM-a administration.
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0 7 14 21 28
No. at risk Time (days)

Day 0 1 7 14 21 28
Group 1 385 380 340 311 292 281
Group 2 284 281 250 221 203 187
Group 3 285 278 243 218 205 198
Group 4 244 244 199 173 150 128

Figure 2. Kaplan-Meier curves of 28-day survival for the combinations of AT with Plt. AT, antithrombin; PIt, platelet count.

Statistical Analysis

In the descriptive analysis of baseline characteristics, numerical
data are expressed as means + standard deviation or medians
(Q1-Q3; interquartile range). Statistical analysis was performed
to compare values using the chi-squared test and the Wilcoxon
signed-rank test. Kaplan-Meier survival curves and the log-rank
test were used to compare 28-day outcomes of TM-o adminis-
tration. In addition, multivariate analysis was performed for
mortality-associated covariates using a Cox proportional
hazards model to calculate hazard ratios and 95% confidence
intervals. The following covariates potentially associated with
mortality were examined: sex, age, SOFA score (coagulation
and neurological subscores were removed), Charlson comor-
bidity score, antithrombin level, Plt count, fibrinogen level,
PT-INR, and FDP level at baseline, and administration of AT
concentrate. Variables missing more than 20% of the values
were excluded as candidates, and variance inflation factors
(VIFs) were then calculated to quantify the degree of multicol-
linearity. If multicollinearity between variables was observed
(VIF > 10), a variable with a small p value was selected by
the backward elimination method. Changes in the severity
scores and coagulation markers from baseline to that of the
day after the last administration were examined using the
Wilcoxon signed-rank test. A value of p < 0.05 was considered
significant. Multiplicity adjustment was not considered. All

analyses were performed using SAS version 9.4 (SAS
Institute, Cary, NC) by EPS Corporation (Tokyo, Japan)
according to the statistical analysis plan.

Results

Categorization and Patients’ Characteristics

A total of 1198 patients with infection-associated DIC were
analyzed. The patients were categorized into four groups
according to a Plt count of 50 x 10*/puL and plasma AT activ-
ity of 50% (Figure 1). The demographic characteristics of the
subjects are shown in Table 1. The age of group 1 (median
[Q1-Q3]) was significantly younger than that of group 2,
but older than that of group 3, but it was not different from
that of group 4. Transfusion requirements were significantly
different among the four groups, whereas mechanical ventila-
tion, continuous renal replacement therapy, and direct hemoper-
fusion with polymyxin-immobilized fiber requirements were
similar. Regarding severity scores compared to group 1,
SOFA and ISTH overt DIC scores were significantly higher
in groups 2, 3, and 4, and JAAM DIC scores were higher in
groups 3 and 4. The median dose and period of TM-a admin-
istration were not different among the groups; therefore, it was
possible to evaluate the effect of TM-a among the groups.
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A)
SOFA score at baseline (high level) (‘);sz [(1)(9)&5)2} 3(5)33]
Fibrinogen at baseline (high level) 0~q%5 [0~9929-1 looo]]
FDP at baseline (high level) :9965 [0.9929-1.0001]
0 0.5 1 1.5 2 2.5
HR [95% CI]
(B) Age (high level) | e 1.0331 [1.0084-1.0584]
SOFA score at baseline (high level) ] —h— 1.1680 [1.0483-1.3015]
PT-INR at baseline (high level) 1.4246 [1.0329-1.9648]
0 0.5 1 1.5 2 2.5
HR [95% CI]
(C) Gender (Male) S 361 [1.2382-4.0384]
Charlson Comorbidity score (high level) T—h— 085 [222213232]
AT activity at baseline (high level) A 117[0.9983-1.0252]
Fibrinogen at baseline (high level) A 981 [0.9967-0.9994]
PT-INR at baseline (high level) —h— 909 [0.9895-1.2027]
0 0.5 1 1.5 2 2.5
HR [95% CI]
D)
i —h— X
Concomitant AT concentrate (Yes) 0.6193 [0.3912-0.9805]
Charlson Comorbidity score (high level) | 1.1724[0.9873-1.3922]
AT activity at baseline (high level) A 0.9790 [0.9551-1.0034]
Platelet count at baseline (high level) e 0.8197[0.6759-0.9942]
Fibrinogen at baseline (high level) 4 0.9979 [0.9963-0.9996]
0 0.5 1 1.5 2 25

HR [95% CI]

Figure 3. Cox proportional hazards models for the relationships between several explanatory covariates and 28-day mortality. (A), Group |;
(B), Group 2; (C), Group 3; (D), Group 4. Ten independent covariates related to outcome (see Methods section for details) were assessed
using a backward elimination covariate selection method in Cox proportional hazards models. HR, hazard ratio; Cl, confidence interval; SOFA,
sequential organ failure assessment; FDP, fibrin and fibrinogen degradation products; PT-INR, prothrombin time-international normalized ratio.

Table 2 shows the laboratory results for the coagulation and
inflammation markers at baseline. Compared with group 1, the
serum albumin levels in groups 2 and 4 were significantly
lower. The WBC and CRP levels were not significantly different
in groups 2, 3, and 4 compared to group 1, but APTT was signifi-
cantly prolonged in groups 2, 3, and 4 compared to group 1. On
the other hand, FDP and D-dimer levels were significantly higher
in group 1 than in groups 2, 3, and 4. These data suggest that coa-
gulopathy in groups 2, 3, and 4 seemed to be a typical patholog-
ical septic state compared with that in group 1.

Outcome

Figure 2 shows the Kaplan-Meier plots for survival until 28
days after initiation of TM-a administration for each group.
The survival time analysis showed significant differences of
groups 2 and 4 compared to group 1 (p=0.0480, p<0.001,
respectively). The survival time analysis focused on combined
administration of TM-a with AT concentrate showed that the
patients in group 4 had a significantly lower 28-day cumulative
survival rate than those treated with TM-a alone (p=0.0310),
but there were no significant differences for the other groups
(Supplementary Figure 1). Cox regression analysis showed
that concomitant AT concentrate was independently correlated
with reduced 28-day mortality (hazard ratio, 0.6193; 95% con-
fidence interval, 0.3912-0.9805) only in group 4 (Figure 3).

These findings raise the possibility that combined anticoagulant
therapy with TM-a and AT concentrate has a beneficial effect in
patients with a Pt count below 50 x 10*/uL and plasma AT
activity of 50%.

Changes in JAAM and SOFA scores, Plt counts, and coag-
ulation markers from before to after TM-« administration are
shown in Figure 4. All scores and markers were significantly
ameliorated after TM-o administration compared with before
in each group. WBC counts did not change, except in group
1, whereas CRP levels were significantly decreased in all
groups (Supplementary Table 1).

Overall, ADRs were observed in 95 subjects (7.9%), and
bleeding ADRs, serious ADRs, and serious bleeding ADRs
occurred in 6.3%, 3.3%, and 3.1% of patients, respectively
(Supplementary Table 2). The rates of ADRs were not different
between the group treated with TM-a alone and the group
treated with combined administration of TM-a with AT concen-
trate (Supplementary Table 3).

Discussion

We previously reported that combined administration of TM-«
and AT concentrate was prescribed for 26.6% of patients with
sepsis-induced DIC even after administration of TM-a in a
PMS analysis of TM-a.** In the present study, the patients were
categorized into four groups according to a Plt count of 50 X
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Figure 4. Changes in coagulation and inflammation markers after TM-a treatment. (A), FDP; (B), D-dimer; (C), TAT; (D), PIC; (E), platelet
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10°/uL and plasma AT activity of 50%, and it was found that
TM-a with AT concentrate improves mortality in patients with
severe thrombocytopenia and low plasma AT activity.

Activation of coagulation is regulated and inhibited by
TM-PC and the AT-thrombin system. On the other hand, AT
inhibits thrombin-mediated APC generation by the TM-PC
pathway. Whether AT concentrate complements the anticoagu-
lant effects of the TM-a-APC axis or counteracts the
TM-a-APC axis through inhibition of thrombin-mediated
APC generation remains incompletely understood. Therefore,
whether the combination of TM-a and AT concentrate can
benefit patients with sepsis-induced DIC and what kind of
patient population can benefit from combination therapy
remain very important clinical questions.

An in vitro APC generation assay using human plasma indi-
cated that APC generation was decreased depending on the
degree of increase in AT levels.”® Recently, in vitro experi-
ments using lipopolysaccharide (LPS)-stimulated endothelial
cells, reflecting the pathophysiology of sepsis, demonstrated
that concomitant use of TM-a and recombinant AT showed
additive effects and efficiently suppressed thrombin generation
on the surface of LPS-stimulated endothelial cells.®
Anticoagulant therapy in animal models of LPS-induced

sepsis showed that it improved coagulopathy and organ
damage and lowered the mortality rate.?®

Some retrospective analyses assessing the efficacy and
safety of AT and TM combination therapy in patients with
sepsis-induced DIC have been reported.” '

PMS data for AT concentrate showed a beneficial effect of
combined therapy versus AT concentrate alone in
sepsis-induced DIC patients with AT activity <70%.'? The ret-
rospective analysis of adult patients with sepsis-induced DIC
from a nationwide multicenter registry database by the intensive
care unit group showed no further benefits from the combined
administration of both agents over those from AT concentrate
or TM-« alone.’

In a single-center study, combined therapy showed significant
improvements that were only observed in severely ill patients,
such as those with acute physiology and chronic health evaluation
(APACHE) II scores > 25 or AT activity levels < 50%.'° Another
single-center study showed that combination therapy with TM-a
following AT concentrate was more effective than AT monother-
apy in patients with severe sepsis-induced DIC who had lower
baseline Plt counts (4.9 x 104/uL).11

In the present study, combined anticoagulant therapy with
TM-a followed by AT concentrate improved prognosis in
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Figure 4. Continued.

patients with both a low PIt count and a low plasma AT level
compared with TM-a monotherapy.

Taken together, these reports suggest that combined anticoagu-
lant therapy with TM-a and AT concentrate compared with AT or
TM-a monotherapy does not show a beneficial effect in all patients
with sepsis-induced DIC, but it does show a beneficial effect in
patients with severe sepsis-induced DIC, as an example, based
on the presence of thrombocytopenia and plasma AT activity.

Decreased plasma AT levels in patients with DIC were not
affected by consumption that depended on coagulation activity
and reflected the serum albumin level.?” Ebina et al. reported
that AT supplementation was useful in patients with a serum
albumin level less than 2.5 mg/dL.*® These results, including
those of the present study, suggest that combined anticoagulant
therapy with TM-a and AT concentrate be prescribed for patients
with a serum albumin level less than 2.5 mg/dL, even if plasma
AT activity cannot be measured quickly in the clinical setting.

The present study showed that the beneficial effect of AT
supplementation was observed only in group 4, where not
only the AT level, but also the platelet count was low.
Because both TM-a and AT concentrate bind to thrombin,
and either TM-a or AT concentrate can be given to control
excess thrombin, the beneficial effect of AT supplementation
could be observed in group 2, where only the AT level was
low. Platelets play an important role in host defense against
infection via not only the activation of coagulation, but also
the inflammatory response.' Pathogen-activated platelets can
adhere to the surface of neutrophils to form aggregates and
promote the release of neutrophil extracellular traps (NETs)
that kill pathogens.! Sepsis-induced thrombocytopenia is fre-
quently associated with a dysregulated host response.'®2%2°
In the mouse sepsis model, thrombocytopenia worsened sepsis,
leading to increased bacterial growth in the blood and lungs
and reducing the survival rate of animals.>® TM-« inhibits LPS
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or histone-induced NET formation in vitro and in vivo.’'™

Therefore, TM-a may inhibit progression to abnormally
excessive NET formation, maintain platelet counts, and have
benefit for septic DIC patients whose platelet counts are
low. However, it should also be noted that patients with
very severe thrombocytopenia may not fully benefit from
TM-a treatment, because the formation of NETs mediated
by platelets is low grade.

In septic phenomena, coagulation activation is closely
related to inflammation and the complement system, especially
in severe thrombocytopenia that is pathophysiologically likely
to result in infection-induced secondary thrombotic microangi-
opathy.*> In the present study, TM-« significantly lowered CRP
and all coagulation markers except fibrinogen. Both TM and
AT themselves independently regulate the inflammation
system,>* and more, TM inhibits the complement activation
components, such as C3a and C5a, regulated by TM-induced
TAFI activation.” These mechanisms could explain that com-
bined anticoagulant therapy with TM-a and AT concentrate
greatly improved inflammation and complement activity, result-
ing in recovery of severe coagulopathy and multiple organ
failure even in patients with serious sepsis-induced DIC with
severe thrombocytopenia, and would support the hypothesis
for its use in integrated therapy for COVID-19.°

There were several limitations in the present PMS post
hoc analysis. First, this PMS study was not a randomized
cohort study and, therefore, suffered from potential selection
and ascertainment biases. Second, this PMS study was per-
formed under daily clinical practice conditions, with restric-
tions on neither the treatment of underlying diseases nor the
usage of other anticoagulants. Finally, the effect and safety of
AT concentrate alone or TM-a following AT concentrate
cannot be evaluated, because there were no data for AT con-
centrate alone or TM-a following AT concentrate in this
PMS study.

Conclusion

In the patients with sepsis-induced DIC, organ failure and coa-
gulopathy are serious in those with either severe thrombocyto-
penia or low plasma AT activity. Anticoagulant therapy
including TM-a may improve the severity of organ failure
and coagulopathy, and combined anticoagulant therapy of
TM-a with AT concentrate make an impact on good prognosis
restrictedly in patients with both severe thrombocytopenia and
low plasma AT activity. Further study is needed.
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