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Abstract

Background: The efficacy and safety of thrombomodulin alfa (TM-a), a cofactor pro-
tein promoting thrombin-mediated protein C activation, have been examined in a
phase 3 randomized, double-blinded, parallel-group trial in Japan. We have previ-
ously reported that TM-« is noninferior to heparin for the resolution of disseminated
intravascular coagulation (DIC).

Objective: To investigate the basis for the efficacy of TM-« in the phase 3 clinical trial
in Japan through post hoc analysis of coagulation and fibrinolysis parameters.
Patients/Methods: The 227 patients of the full analysis set population described in
the original phase 3 trial in Japan were included in this analysis. Changes in param-
eters between before and after TM-a or heparin administration in each of the two
patient groups, with underlying diseases of either hematologic malignancy or infec-
tion, were studied separately and results were compared between TM-«a and heparin
treatment groups in a post hoc manner.

Results: TM-a administration did not prolong activated partial thromboplastin time
but significantly decreased thrombin-antithrombin complex levels compared with
heparin treatment. TM-a administration reduced consumption of endogenous anti-
coagulants such as antithrombin and protein C by DIC, compared with the heparin
group. DIC scores were decreased in both TM-a and heparin groups during the 6-day
treatment.

Conclusion: TM-«a can alleviate intravascular coagulation and consumption of anti-
coagulants without extending coagulation times. This may be associated with the

relatively low risk of bleeding during TM-a treatment.
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Essentials

e Mechanisms of action of thrombomodulin alfa (TM-«) are not yet clinically confirmed in patients.

o We evaluated hemostatic parameters in patients with disseminated intravascular coagulation.

e TM-a inhibited thrombin generation without extending clotting times in patients.

o Activated protein C-dependent mechanisms may play key roles in the clinical efficacy of TM-a.

1 | INTRODUCTION

Disseminated intravascular coagulation (DIC) is an acquired syn-
drome characterized by the intravascular activation of coagula-
tion with loss of localization arising from different causes. DIC can
originate from and cause damage to the microvasculature, which can
produce organ dysfunction if sufficiently severe.l. DIC frequently
complicates hematologic malignancy, infection, and solid tumor.>*
In recent years, some mechanisms involved in the pathogenesis of
DIC have been clarified, such as tissue factor triggering thrombin
generation, platelet activation, microparticle release, downregula-
tion of natural anticoagulants, inhibition of fibrinolysis, formation of
neutrophil extracellular traps, crosstalk coagulation, and inflamma-
tory pathways.’

The management of DIC includes treatment of underlying dis-
eases, supplementation of depleted coagulation and fibrinolysis
factors and associated regulatory factors, and inhibition of aberrant
activation of coagulation.?®” Thrombomodulin, an anticoagulant
glycoprotein expressed on the surface of vascular endothelial cells,
is an attractive therapeutic target for regulating aberrant activation
of coagulation.® Thrombomodulin binds to thrombin to inactivate
coagulation, and the thrombin-thrombomodulin complex activates
protein C to produce activated protein C (APC), which in the pres-
ence of protein S inactivates factors Vllla and Va, thereby inhibit-
ing further thrombin formation.® The thrombomodulin-protein C
system thus converts thrombin from a procoagulant enzyme to an
anticoagulant enzyme on vascular endothelial cells, which prevents
intravascular coagulation, inflammation, and endothelial barrier
disruption. Reinforcement of this system could be beneficial in the
management of DIC.

Thrombomodulin alfa (TM-a) is a recombinant human soluble
thrombomodulin composed of the active, extracellular domain of
thrombomodulin.’®*? In a phase 3 clinical trial in Japan, TM-a was
noninferior to heparin in terms of DIC resolution in patients with DIC
associated with infection or hematologic malignancy.**** Recent
meta-analyses suggested that TM-a might reduce 28-day mortality

in patients with sepsis-associated coagulopathy.*>*¢

The mechanism of action differs between heparin and TM-a.!112
Heparin binds to antithrombin, accelerating antithrombin-depen-
dent inhibition of clotting enzymes, particularly thrombin and factor
Xa. Meanwhile, TM-a binds to thrombin, directly inhibiting the pro-
coagulant activity of thrombin, or downregulating thrombin genera-
tion through the activation of protein C. Previous preclinical studies
have suggested that the latter mechanism of action may be predom-

inant at clinical concentrations of TM-a,**2 but this hypothesis has

not actually been clinically demonstrated in DIC patients. The pur-
pose of this study was to gain insights into the mechanism of action

for TM-a in comparison with heparin through analyzing clinical data.

2 | METHODS
2.1 | Patients and interventions

This post hoc analysis used data from the phase 3 TM-« clinical
study reported by Saito et al.’® This study was a double-blinded, ran-
domized, parallel-group clinical study comparing TM-a to heparin
among patients with DIC for whom the primary underlying pathol-
ogy was either hematologic malignancy or infection. DIC was diag-
nosed according to the criteria proposed by the Japanese Ministry
of Health and Welfare (JMHW).”” Patients with potentially fatal or
life-threatening bleeding or patients at high risk of such a condition
were excluded. Other inclusion and exclusion criteria are described
in the Appendix S1 and two previous reports.’®'* The phase 3 study
was conducted in compliance with good clinical practice and the
ethical principles of the Declaration of Helsinki. Prior approval was
obtained from the ethics review boards of all participating institu-
tions. Written informed consent was obtained from all patients or
acceptable representatives.'® Details of the study are reported in
the two previous reports.>

In total, 234 patients consented to participate, and study
drugs were eventually administered to a total of 232 patients. Of
these, 5 patients were excluded from the full analysis set (FAS) be-
cause of double registration (n = 1), insufficient DIC score (n = 1),
or inappropriate underlying disease (n = 3). In the present study,
analyses were carried out on 227 FAS patients (TM-a, n = 114;
heparin, n = 113). Either TM-a (0.06 mg/kg infused over a pe-
riod of 30 minutes, once daily) or heparin (8 U/kg/h for 24 hours)
was intravenously administered for 6 consecutive days (Appendix
S1). During the period of study drug treatment, concurrent use of
drugs that could influence the efficacy assessment of TM-a (in-
cluding anticoagulants, antithrombin agents, antiplatelet agents,
and fibrinolytic agents) was prohibited. However, concurrent use
of blood products (fresh frozen plasma and platelet concentrates)
and heparin given with the objective of preventing clotting at the
site of catheterization (<1000 U/day) was permitted. No differ-
ences were seen in the usage of these agents between groups.
Blood samples were collected before study drug administration
and at 7 days after the start of study drug administration or at

discontinuation (Appendix S1).
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2.2 | Evaluation of patients

The prospectively defined primary efficacy end point was the DIC
resolution rate (rate of recovery from DIC) as assessed at 7 days
after the start of infusion (or withdrawal) using JMHW DIC criteria.
In this post hoc study, we also assessed DIC resolution rates using
DIC scores as proposed by the ISTH. DIC scores were determined
before and after study drug infusion, and DIC resolution rate was
assessed in patients who met ISTH DIC criteria before study drug
infusion. Resolved DIC status (no DIC) was defined as an ISTH DIC
score < 5 points. For elevated fibrin-related markers, D-dimer was
used (<1 pg/mL, O points; = 1 pg/mL but < 10 pg/mL, 2 points;
>10 pg/mL, 3 points). For prolonged prothrombin time (PT), PT ratio
was used (<1.25, 0 points; 21.25 but < 1.67, 1 point; 21.67, 2 points).

Second, we evaluated changes in hemostatic parameters from be-
fore to after administration of TM-a or heparin as the rate or amount
of change. As for hemostatic parameters, we evaluated fibrin and fi-
brinogen degradation products (FDP), platelet count, fibrinogen, PT
ratio, and activated partial thromboplastin time (APTT), thrombin-an-
tithrombin complex (TAT), plasmin-plasmin inhibitor complex (PIC),
D-dimer, a, plasmin inhibitor (oczPI), protein C, plasminogen activator
inhibitor-1 (PAI-1), fibrin monomer complex (FMC), and antithrombin.
The rate of change was defined as the value at the end of study drug in-
fusion (or withdrawal) minus the value at baseline divided by the value
at baseline. The amount of change was defined as the value at the end
of study drug infusion (or withdrawal) minus the value at baseline.

Finally, we conducted a subgroup analysis according to baseline
levels of protein C and antithrombin, important agents of TM-a and
heparin treatment, respectively, and evaluated DIC resolution rates.
In this analysis, we used the preplanned DIC resolution rate as as-
sessed using JMHW DIC criteria.

With regard to the usage of antithrombin products after the
completion of administration, the number and percentage of pa-
tients who used antithrombin products from the completion of
administration or discontinuation to day 14 after the start of admin-
istration were calculated in relation to primary underlying diseases
for DIC and drugs.

2.3 | Laboratory methods

TAT, PIC, D-dimer, a,PI, protein C, PAI-1, FMC, and antithrombin
were measured by a central testing facility (SRL Medisearch Inc).
After blood sample collection, plasma samples were immediately
prepared and stored frozen according to “procedures for collection
of samples” in the protocol. Frozen samples were submitted to and
analyzed at SRL Medisearch Inc according to the verified manuals
attached to measurement kits. TAT was measured by an enzyme
immunoassay method (thrombin/antithrombin Ill complex TAT “S”
kit; SRL Medisearch Inc, Tokyo, Japan). PIC was measured using
a latex photometric immunoassay (LPIA) method (LPIA ACE PPI I
Kit; Mitsubishi Kagaku latron, Tokyo, Japan), as was PAI-1 (LPIA/
tPAI test; Mitsubishi Kagaku latron). D-dimer was measured by a
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latex immunoturbidimetric method (Cobas Reagent D-dimer Kit;
Roche Diagnostics, Rotkreuz, Switzerland), as was FMC (AutoLIA
FM; Nissui Seiyaku, Tokyo, Japan). Antithrombin (Testzyme S
ATIII; Chromogenix, Uppsala, Sweden) and a,Pl (Testzyme S APL;
Chromogenix) were measured by a chromogenic synthetic substrate
method. Protein C (STA Reagent Series, Protein C (clot); Diagnostica
Stago, Parsippany, NJ) was measured based on APTT clotting time.
FDP, fibrinogen, platelet count, PT ratio, and APTT were measured
at each hospital immediately. Precision management of laboratory data

was managed by the Prefectural Association of Medical Technologists.

2.4 | Statistical analysis

For this post hoc analysis, patients were classified into two groups
based on the underlying pathology (hematologic malignancy or in-
fection). For analysis of the changes in platelet count or JMHW DIC
score, patients were classified into leukemia and nonleukemia groups
based on JMHW DIC criteria (Appendix S1). DIC resolution rate was
calculated for each underlying disease, and the absence of qualita-
tive interaction between underlying disease and drug was confirmed

using descriptive analysis and the Breslow-Day test. Changes in

TABLE 1 Baseline hemostatic parameters

Infection

TM-a group Heparin group

Median (Q1,
n Median (Q1, Q3) n Q3)

FDP (ng/mL) 50 30.9 (16.0, 56.7) 52 30.0(21.7,57.2)

Fibrinogen 50 370 (283, 515) 52 397(220, 523)
(mg/dL)

PT ratio 50 1.14 (1.04, 1.29) 52 1.16(1.10, 1.30)

APTT (s) 50 37.6(32.7,46.2) 49 39.8(36.8,46.2)

TAT (ng/mL) 50 17.1(9.1,30.3) 52 21.1(11.4,39.0)

PIC (ug/mL) 50 2.3(1.2,5.0) 52 19(1.2,3.7)

D-dimer (pg/ 50 22.4(10.1,46.8) 52 29.0(12.4,46.5)

mL)
a,Pl (%) 50 80(70,91) 51  79(65,97)
protein C (%) 50 35 (26, 47) 52 33 (24, 45)
PAI-1 (ng/mL) 50  39(23,108) 51  56(31,96)
FMC (pg/mL) 50 40.1(10.0, 119.0) 51 21.0(8.3,75.3)
Antithrombin 50 60 (51, 75) 52 62(47,79)

(%)
PLT (x10°/L)* 46  40(24,52) 45  47(32,68)

Abbreviations: a,Pl, a, plasmin inhibitor; APTT, activated partial
thromboplastin time; FDP, fibrin and fibrinogen degradation products;
FMC, fibrin monomer complex; PAI-1, plasminogen activator inhibitor-1;
PIC, plasmin-plasmin inhibitor complex; PLT, platelet count; PT,
prothrombin time; Q1, first quartile; Q3, third quartile.; TAT, thrombin-
antithrombin complex; TM-a, thrombomodulin alfa.

?Data from the nonleukemia group, diagnosed according to DIC criteria
established by the Japanese Ministry of Health and Welfare (Appendix S1).
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hemostatic parameters from before to after administration of TM-«
or heparin were studied separately in each patient group and the
results were compared between TM-«a and heparin groups. Median
and two-tailed 95% confidence interval (Cl) were calculated for dif-
ferences in the amount or rate of changes from start of drug admin-

istration for each hemostatic parameter. Analysis was also applied to

TABLE 2 DICresolution rate as assessed using ISTH DIC and
JMHW DIC diagnostic criteria

Infection

DIC resolution rate, Point estimate of

n (%) difference (95% Cl)
ISTH criteria
TM-a group 24/33(72.7) 9.4 (-13.6 to 32.4)
Heparin group 19/30 (63.3)
JMHW criteria®
TM-a group 32/48 (66.7) 11.8 (-7.3t0 30.9)
Heparin group 28/51 (54.9)

Abbreviations: Cl, confidence interval;DIC, disseminated intravascular
coagulation; JMHW, Japanese Ministry of Health and Welfare; TM-a,
thrombomodulin alfa.

?Description from Saito H, et al.’®

intergroup differences. If the 95% CI did not cross zero, the differ-
ence was judged as statistically significant.

3 | RESULTS
3.1 | Baseline hemostatic parameters

Baseline characteristics of the patients have been reported previ-
ously.’® No marked differences existed in baseline hemostatic param-
eters between the TM-a and heparin groups (Table 1 and Table S1).

3.2 | DICresolution as assessed by JMHW
criteria and ISTH criteria

DIC resolution rate was assessed using both JMHW and ISTH criteria
(Table 2 and Table S2). The prospectively defined primary efficacy end
point, DIC resolution rate as assessed by JMHW criteria, was assessed
in 224 of the 227 FAS population, excluding 3 patients for whom DIC
scores were not evaluated. DIC resolution rate was assessed in 147 pa-
tients (infection, n = 63; hematologic malignancy, n = 84) who met the
ISTH DIC criteria. DIC resolution rates for TM-a and heparin groups
were 72.7% and 63.3%, respectively, in patients with DIC associated

TABLE 3 Amount or rate of change in hemostatic parameters from before to after administration and intergroup differences between

TM-a and heparin groups

Infection

Amount or rate of change from before to after

administration

Intergroup difference between

FDP (rate of change, %)

Fibrinogen (amount of change, mg/dL)

PT ratio (amount of change)

APTT (amount of change, s)

TAT (rate of change, %)
PIC (rate of change, %)

D - dimer (rate of change, %)

TM - a group
Median (Q1, Q3)
-57.9 (-77.6,-32.5)
-32.0(-148.0, 39.0)
0.02 (-0.06, 0.09)
0.1(-7.9,5.4)
-53.0(-74.2,-7.3)
-34.0 (-64.0, 10.0)
-59.8(-78.3, -31.3)

a,Pl (amount of change, %) -1(-8,19)
Protein C (amount of change, %) 8 (0, 33)

PAIl - 1 (rate of change, %) 3(-32,53)
FMC (rate of change, %) -59.5(-87.1,-12.0)
Antithrombin (amount of change, %) 9 (-9, 18)

PLT (amount of change, x10%/L)? 59 (33, 185)

Heparin group

TM-a and heparin groups

Median (Q1, Q3) (95% Cl)
-51.5(-68.9, -19.4) -9.0(-23.9 to 4.1)
-21.0 (-94.0, 35.0) -7.5(-59.2 to 47)
-0.02(-0.08,0.11) 0.03(-0.04 to 0.08)
4.2(-2.4,12.6) -4.8*(-9.7 to - 0.4)
-45.3(-63.9, -3.6) -9.1* (-26.5 to - 8.3)
-25.0 (-50.0, 6.3) -6.5(-27.6 to 15.3)
-52.3(-79.0, -20.2) -6.2(-21.5t0 7)
-1(-16,7) 5(-2to 13)

8(0, 24) 1(-6to09)
5(-35, 150) -11 (=50 to 22)
-36(-87.8,4.9) -8.0(-43.5t05.2)

-7 (-16,7) 14* (6 to 23)
63(1,121) 25(-11 to 62)

Note: Median of difference between TM-a and heparin groups is based on Mann-Whitney-Wilcoxon statistics. * 95% confidence interval (Cl) does not

include zero.

Abbreviations: a,Pl, a, plasmin inhibitor; APTT, activated partial thromboplastin time; FDP, fibrin and fibrinogen degradation products; FMC, fibrin
monomer complex; PAI-1, plasminogen activator inhibitor-1; PIC, plasmin-plasmin inhibitor complex; PLT, platelet count; PT, prothrombin time; Q1,
first quartile; Q3, third quartile.; TAT, thrombin-antithrombin complex; TM-«, thrombomodulin alfa.

?Data from the nonleukemia group diagnosed according to disseminated intravascular coagulation criteria established by the Japanese Ministry of
Health and Welfare (Appendix S1).
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FIGURE 1 Changesinhemostatic parameters from before to after administration of TM-a and heparin. Changes in thrombin-
antithrombin complex (TAT), antithrombin, activated partial thromboplastin time (APTT), D-dimer, and protein C levels are shown. Data are
shown as box plots with lower extreme, lower quartile, median, upper quartile, and upper extreme values. White boxes represent changes
in the TM-a group and blue boxes represent changes in the heparin group. Numbers of patients in each group category are also shown.
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 x (interquartile range), and lower line
represents the lower, or first, quartile minus 1.5 x (interquartile range). Outliers are not indicated. Rate of change: value at end of study
drug infusion (or withdrawal) minus value at baseline divided by value at baseline. Amount of change: value at end of study drug infusion (or
withdrawal) minus value at baseline. Median difference between groups is based on Mann-Whitney-Wilcoxon statistics. *Difference judged

as statistically significant

with infection (difference 9.4%; 95% Cl -13.6-32.4; Table 2), and were
69.0% and 26.2%, respectively, in patients with hematologic malig-
nancy (difference, 42.9%; 95% Cl, 23.6-62.2; Table S2).

3.3 | Changes in hemostatic parameters
Most parameters reflecting coagulation and fibrinolysis abnor-

malities, such as FDP, TAT, PIC, and D-dimer, decreased after ad-

ministration in both drug groups regardless of underlying disease

(Table 3 and Table S3). Compared with heparin administration,
TM-a administration resulted in a greater decrease in TAT and a
greater increase in antithrombin values for both underlying dis-
eases (Figure 1, Table 3, and Table S3). Nevertheless, prolonga-
tion of APTT was significantly lower in the TM-a group than in
the heparin group for both underlying diseases (Figure 1, Table 3,
and Table S3). In patients with hematologic malignancy, TM-a ad-
ministration resulted in a greater decrease in D-dimer value and a
greater increase in protein C when compared with heparin adminis-
tration (Figure 1, Table S3).
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TABLE 4 DICresolution rates in relation to baseline
antithrombin and protein C levels

Infection
TM-a group Heparin group
number of patients number of
n (%) patients (%)
Baseline antithrombin (%)
<50 25 911 (81.8) 7/14 (50.0)
x50to<70 39 13/20 (65.0) 12/19 (63.2)
270 35 10/17 (58.8) 9/18 (50.0)
Baseline protein C (%)
<20 15 3/7 (42.9) 3/8 (37.5)
220to<50 64 20/31 (64.5) 19/33 (57.6)
250 20 9/10 (90.0) 6/10 (60.0)

Abbreviation: TM-«, thrombomodulin alfa.

3.4 | Resolution of DIC in relation to baseline
antithrombin and protein C levels

Baseline antithrombin levels were > 70% in 102 of 125 patients
(82%) with hematologic malignancies (Table S4), and were < 70%
in 64 of 99 patients (65%) with infection (Table 4). In patients with
infection, the DIC resolution rate for the TM-a group was high ir-
respective of baseline antithrombin level. In the heparin group, the
DIC resolution rate in patients with baseline antithrombin < 50%
was not noticeably different from that in patients with baseline
antithrombin = 50 to < 70% or > 70% (Table 4). DIC resolution
rate was relatively low in patients with baseline protein C < 20%
in both treatment groups, although the number of cases was small
(Table 4).

3.5 | Usage of antithrombin products after
completion of study drug administration

In both underlying diseases, antithrombin levels decreased after ad-
ministration of heparin, whereas antithrombin levels increased after
administration of TM-a (Figure 1). Although concurrent use of anti-
coagulants, including antithrombin products, was prohibited during
the drug administration period, usage of antithrombin products after
completion of study drug administration was permitted and subject
to investigation. The percentages of patients who used antithrom-
bin products after completion of TM-a and heparin administration
were 10.0% (5/50) and 19.2% (10/52), respectively, in patients with
DIC associated with infection, and 3.1% (2/64) and 16.4% (10/61),
respectively, in patients with hematologic malignancy. For both un-
derlying diseases, the percentage of patients who used antithrombin
products after completion of study drug administration was higher
for the heparin group than for the TM-«a group, probably reflecting
poor recovery of antithrombin levels at the end of study drug admin-

istration in the heparin group.

3.6 | Hemostatic parameters during
administration of TM-a and heparin

Actual test values in the present study are shown in Table S5 and
Figures S1-S3. Prolongation of APTT was recognized only in the
heparin group for both underlying diseases (Figure S1). JMHW
DIC scores gradually decreased during the 6-day treatment in both
TM-a and heparin groups for both underlying diseases (Figure S2).
Changes in hemostatic parameters from baseline are shown as spa-

ghetti plots in Figure S3.

4 | DISCUSSION

In this post hoc analysis of a phase 3 study, we confirmed that
TM-a significantly decreased TAT levels without extending APTT
in DIC patients when compared with heparin. Considering that di-
rect thrombin inhibitors, such as argatroban and hirudin, extend
APTT, it appears reasonable to consider that TM-a might not di-
rectly inhibit the procoagulant activity of thrombin, but instead
inhibits thrombin generation through activation of protein C in
clinical settings.

The efficacy of recombinant APC (rAPC) was reported in patients
with severe sepsis'® or overt DIC.} Although rAPC and TM-a share
the same mechanism of anticoagulation, TM-a may offer some ad-
vantages over rAPC. In contrast to the delivery of premade APC to
sites of microthrombosis in defiance of plasma serine protease in-
hibitors, TM-a-mediated APC generation on-site can minimize re-
dundant APC in the systemic circulation.?° In fact, plasma level of
free APC was not increased with TM-a treatment and remained at
about 0-10 ng/mL throughout TM-a treatment,?® and APTT was not
prolonged in this setting (Figure 1), while plasma level of APC during
rAPC treatment was about 45 ng/mL21 and APTT was prolonged.22
This may be associated with the relatively low risk of bleeding during

TM-a treatment.?®

Nevertheless, anticoagulant effects of TM-a as
evidenced by the decrease in TAT levels (Figure 1) were as good as, if
not better than, those with rAPC.1%1322 TM-q thus does not increase
plasma APC, instead increasing APC only at sites of microthrombosis
(Figure 2). TM-a is thought to act locally at sites of microthrombosis,
rather than systemically.

The contribution of plasma antithrombin levels to the therapeu-
tic effects of heparin represents an interesting subject of investi-
gation. Plasma antithrombin levels can be decreased in patients
with infection, and decreased antithrombin levels are associated
with poor outcome.?*?6 However, contrary to expectations, in the
heparin group, the DIC resolution rate among patients with base-
line antithrombin < 50% was not noticeably different from that
among patients with baseline antithrombin = 50 to < 70% or = 70%
(Table 4). By contrast, the DIC resolution rate in the TM-a group was
relatively high among patients with baseline antithrombin < 50%
compared to those with baseline antithrombin = 50% (Table 4).
One reason for this may be that TM-a-mediated APC generation
requires thrombin, which can be irreversibly inactivated by anti-
thrombin. Lower levels of antithrombin may thus be rather favor-

able for thrombin-TM-a-mediated APC generation.20 Furthermore,
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(B) Cells-based model of coagulation on the surface of
activated platelets

(A) Regulation of coagulation on the surface of endothelial cells
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(C) Model of TM-o action: liquid-phase anticoagulation (D) Model of TM-o. action: cell-based anticoagulation
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Subendothelium
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FIGURE 2 Schematic overview of a cell-based model of anticoagulation by TM-a. (A) On the surface of endothelial cells, thrombomodulin
(TM) and endothelial cell protein C receptor (EPCR) coordinately promote thrombin-mediated activation of protein C (PC). Activated

protein (APC) then inactivates activated factor V (Va) in the presence of protein S, thereby inhibiting further thrombin formation. (B) In the
cell-based model of coagulation,34 coagulation is amplified and propagated on the platelet surface. Gamma-carboxyglutamic acid (Gla)-
domain-containing coagulation factors (VII, IX, X, prothrombin) preferentially binds to phosphatidylserine clusters on the plasma membrane
of activated cells, such as platelets, to efficiently generate large amounts of thrombin and form fibrin-rich microthrombi. At this time,
Gla-domain-containing anticoagulation factors (protein C, protein S) also accumulate at the same membrane surface in microthrombi. (C,

D) TM-a binds thrombin around microthrombi and activates protein C, similar to endothelial TM. It is unknown whether TM-a may act in

the liquid-phase (C) or on the surface of activated cells (D). We propose here that TM-a may act on the surface of activated cells at sites of
microthrombosis. This hypothesis is based on the following findings: (1) TM-a treatment did not increase plasma levels of free APC?: (2)
TM-a treatment did not prolong APTT (Figure 1); (3) TM-a treatment efficiently decreased plasma levels of TAT (Figure 1). Thus, the TM-a-
APC system is thought to act locally on the surface of activated cells, rather than act in the systemic circulation. VII, factor VII; IX, factor IX;
X, factor X; TAT, thrombin-antithrombin complex; APTT, activated partial thromboplastin time; TF, tissue factor; Vlla, activated factor VII;
Xa, activated factor X; Va, activated factor V; PT, prothrombin; T, thrombin; TM, thrombomodulin; PC, protein C; EPCR, endothelial protein C
receptor; PS, protein S; APC, activated protein C; IXa, activated factor IX; Vllla, activated factor VIII; TM-«, thrombomodulin alfa

plasma antithrombin levels were increased after administration of
TM-qa, but were decreased after administration of heparin (Table 3
and Table S3). Consumption of antithrombin may be associated with
decreased antithrombin levels after heparin administration, and res-
olution of DIC by TM-«a administration may lead to the recovery of
antithrombin synthesis in the liver and the retention of antithrom-
bin within the vasculature. Furthermore, the usage of antithrombin
products after the completion of study drug administration in the
TM-a group was lower when compared with the heparin group, sug-

gesting resource-saving effects of TM-a.

The contribution of protein C levels to the therapeutic effects of
TM-ais another subject of investigation. PC is a plasma protein required
for TM-a to fully express its anticoagulant activity. Plasma protein C lev-
els can be decreased in patients with infection and decreased protein C
levels are associated with poor outcome.?>% |n patients with baseline
protein C < 20% in the TM-a group, the DIC resolution rate was low
(Table 4 and Table S4). DIC was not resolved in any of the four patients
with baseline protein C < 10% in the TM-a group (data not shown).
The contribution of protein C levels to the therapeutic effects of TM-«

should be investigated in a greater number of patients in the future.
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Crosstalk between inflammation and coagulation has been im-
plicated in the pathogenesis of DIC.?4?” Thrombomodulin not only
regulates blood coagulation, but also suppresses inflammation via its
lectin-like domain?®32 and via APC.% Determination of whether and
how anti-inflammatory activity is involved in the efficacy of TM-a

will be important.
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