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IMPORTANCE Previous research suggested that soluble human recombinant thrombomodulin
may reduce mortality among patients with sepsis-associated coagulopathy.

OBJECTIVE To determine the effect of human recombinant thrombomodulin vs placebo on
28-day all-cause mortality among patients with sepsis-associated coagulopathy.

DESIGN, SETTING, AND PARTICIPANTS The SCARLET trial was a randomized, double-blind,
placebo-controlled, multinational, multicenter phase 3 study conducted in intensive care
units at 159 sites in 26 countries. All adult patients admitted to one of the participating
intensive care units between October 2012 and March 2018 with sepsis-associated
coagulopathy and concomitant cardiovascular and/or respiratory failure, defined as
an international normalized ratio greater than 1.40 without other known etiology and
a platelet count in the range of 30 to 150 × 109/L or a greater than 30% decrease in platelet
count within 24 hours, were considered for inclusion. The final date of follow-up was
February 28, 2019.

INTERVENTIONS Patients with sepsis-associated coagulopathy were randomized and treated
with an intravenous bolus or a 15-minute infusion of thrombomodulin (0.06 mg/kg/d
[maximum, 6 mg/d]; n = 395) or matching placebo (n = 405) once daily for 6 days.

MAIN OUTCOME AND MEASURES The primary end point was 28-day all-cause mortality.

RESULTS Among 816 randomized patients, 800 (mean age, 60.7 years; 437 [54.6%] men)
completed the study and were included in the full analysis set. In these patients, the 28-day
all-cause mortality rate was not statistically significantly different between the
thrombomodulin group and the placebo group (106 of 395 patients [26.8%] vs 119 of 405
patients [29.4%], respectively; P = .32). The absolute risk difference was 2.55% (95% CI,
−3.68% to 8.77%). The incidence of serious major bleeding adverse events (defined as any
intracranial hemorrhage; life-threatening bleeding; or bleeding event classified as serious by
the investigator, with administration of at least 1440 mL [typically 6 units] of packed red
blood cells over 2 consecutive days) was 23 of 396 patients (5.8%) in the thrombomodulin
group and 16 of 404 (4.0%) in the placebo group.

CONCLUSIONS AND RELEVANCE Among patients with sepsis-associated coagulopathy,
administration of a human recombinant thrombomodulin, compared with placebo, did not
significantly reduce 28-day all-cause mortality.
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S epsis, defined as life-threatening organ dysfunction
caused by a dysregulated host response to infection, re-
mains the most common cause of death in critically ill

patients.1 Numerous therapies intended to target the various
biological pathways of sepsis have been tested in large ran-
domized studies, but none have shown a significant benefit
on mortality.2-4

Sepsis-associated coagulopathy, defined by a prolonged
international normalized ratio (INR) and reduced platelet
count, is highly predictive of 28-day mortality.5 The most
notable benefit on mortality by an anticoagulant agent for
patients with sepsis with overt disseminated intravascular
coagulation was observed with drotrecogin α (activated),
a recombinant human activated protein C,6 which was with-
drawn from the market in 2011.

ART-123 is a recombinant human soluble thrombomodu-
lin (rhsTM; thrombomodulin α) composed of 498 amino ac-
ids (64 kDa) from the soluble and active extracellular do-
mains of thrombomodulin. The primary mechanism of
protection afforded by rhsTM is derived from its capacity to
bind circulating thrombin molecules and serve as an activa-
tion complex to convert protein C to activated protein C.7,8 In
addition, rhsTM inhibits inflammation and organ injury caused
by damage-associated molecular patterns, such as high mo-
bility group box protein 1 and histones.9-11

Post hoc analysis of a phase 2b randomized clinical trial
of patients with sepsis and suspected disseminated intravas-
cular coagulation suggested that reduced mortality associ-
ated with rhsTM administration was best predicted when the
following 3 factors were present: infection, at least 1 sepsis-
associated organ dysfunction (cardiovascular and/or respira-
tory), and coagulopathy indicated by prolongation of the INR
and reduction of platelet count.12 The hypothesis was that
rhsTM can reduce 28-day mortality in patients with sepsis-
associated coagulopathy. This double-blind, placebo-
controlled, multinational, multicenter phase 3 study was
conducted to determine the adverse effects and efficacy of
rhsTM in addition to standard care in patients with sepsis-
associated coagulopathy.

Methods
Study Design
The SCARLET (Sepsis Coagulopathy Asahi Recombinant LE
Thrombomodulin) trial was a randomized, double-blind,
placebo-controlled, multinational, multicenter, parallel-
group phase 3 study with 319 sites in 27 countries (enroll-
ment by 159 sites) in North America, Europe (including
Israel), South America, Asia-Pacific, and Russia. The study
protocol (Supplement 1) and informed consent form were
reviewed and approved by the institutional review board or
independent ethics committee at each participating site.
Informed consent was obtained, as detailed in the protocol
(Supplement 1), before any study-specific procedures were
performed in accordance with all applicable ethical, regula-
tory, and local requirements. Patients were enrolled from
October 2012 to March 2018.

Study Patients
Critically ill patients who were aged at least 18 years with clini-
cal objective evidence of bacterial infection and a known site
of infection, systemic inflammatory response syndrome cri-
teria of white blood cell count and temperature, coagulopa-
thy due to sepsis, and a concurrent diagnosis of cardiovascu-
lar and/or respiratory dysfunction requiring mechanical
ventilation for hypoxemia were eligible for inclusion (Supple-
ment 1). Cardiovascular dysfunction was defined as a require-
ment for vasopressors to maintain mean arterial pressure of
at least 65 mm Hg after adequate fluid resuscitation. Ad-
equate fluid resuscitation was defined as intravenous admin-
istration of at least 20 mL/kg crystalloid or 10 mL/kg colloid
infusion within 6 hours and/or a central venous pressure greater
than 8 mm Hg or a pulmonary artery occlusion pressure greater
than 12 mm Hg. Respiratory dysfunction was defined as an
acute need for (invasive) mechanical ventilation and partial
pressure of oxygen/fraction of inspired oxygen (PaO2/FiO2) ra-
tio of less than 250 (or <200 when the lung was the site of in-
fection). Coagulopathy was characterized by (1) an INR greater
than 1.40 without other known etiology (eg, anticoagulant
therapy, chronic liver disease) and (2) a platelet count in the
range of 30 to 150 × 109/L or a decrease in platelet count greater
than 30% within 24 hours. Patients with a platelet count of
30 × 109/L or less were not eligible for inclusion.

The time limit for the confirmation of inclusion criteria was
modified during the study after protocol version 4.0 was imple-
mented, substantially lengthening the maximum time be-
tween the first qualifying INR measure and the first dose of
rhsTM or placebo from 15 hours to 40 hours. The purpose of
this change was to provide more time for investigators to en-
roll participants because the 15-hour restriction affected the
ability to identify and enroll patients in a timely manner. The
study protocol including amendments is available in Supple-
ment 1. The eligibility of each patient was discussed by tele-
phone with a physician from one of the 2 regional clinical co-
ordinating centers to confirm the presence of infection, organ
dysfunction, coagulopathy, and all other inclusion and exclu-
sion criteria before randomization.

Randomization and Intervention
Randomization was stratified by site with a block size of 4
patients using an interactive voice/web response system,

Key Points
Question Does administration of a recombinant human soluble
thrombomodulin reduce mortality of critically ill patients with
sepsis-associated coagulopathy?

Findings In this randomized clinical trial that included 800
patients with sepsis-associated coagulopathy, treatment with
thrombomodulin, compared with placebo, did not significantly
reduce 28-day all-cause mortality (26.8% in the thrombomodulin
group vs 29.4% in the placebo group).

Meaning Use of a recombinant human soluble thrombomodulin
did not significantly reduce 28-day all-cause mortality in critically
ill patients with sepsis-associated coagulopathy.
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which linked patient randomization numbers to treatment
codes. At randomization, patients who met all inclusion cri-
teria and no exclusion criteria were assigned randomly, in a
1:1 ratio, to receive rhsTM at a dose of 0.06 mg/kg/d (maxi-
mum dose of 6 mg/d) or matching placebo once daily for 6
consecutive days. These interventions were administered by
a dedicated study nurse or trained intensive care unit nurse
as an intravenous bolus injection or diluted in 50 mL of 0.9%
saline for a 15-minute infusion. Placebo and rhsTM were sup-
plied in identically labeled, individual glass ampules.

Study Outcomes
The primary efficacy end point was all-cause mortality 28 days
after the start of the intervention. Secondary efficacy end points
were all-cause mortality at 3 months and resolution of organ
dysfunction through day 28, measured by shock-free and alive
days, ventilator-free and alive days, and dialysis-free and alive
days. Follow-up was complete on February 28, 2019, so analy-
ses for secondary end points have not yet been completed and
results are therefore not reported.

The primary safety end points included adverse events and
major bleeding events through day 28 (defined as any intra-
cranial hemorrhage; life-threatening bleeding; or bleeding
event classified as serious by the investigator, with adminis-
tration of at least 1440 mL [typically 6 units] of packed red
blood cells over 2 consecutive days). The secondary safety end
point was antidrug antibodies to rhsTM.

Prespecified exploratory laboratory tests were per-
formed to assess differences in coagulation parameters
(the plasma concentrations of D-dimer, prothrombin frag-
ment F1.2, and thrombin-antithrombin complex), inflam-
mation parameters (C-reactive protein level, the presence of
microparticles or C5a), rhsTM plasma concentration, organ
dysfunction (hepatic dysfunction, bilirubin concentration
≥2.0 mg/dL; renal dysfunction, creatinine concentration
≥2.0 mg/dL), and adverse event parameters between base-
line (ie, after randomization and before receiving the inter-
vention) and day 28.

Post hoc analyses were performed among subgroups of pa-
tients based on baseline thrombin-antithrombin complex con-
centration, baseline protein C, Acute Physiology and Chronic
Health Evaluation (APACHE) II scores, number of baseline or-
gan dysfunctions, arterial lactate concentration, and mainte-
nance of the protocol-specified coagulopathy criteria (INR >1.4
and platelet count >30 × 109/L) at baseline.

Statistical Analysis
The study was powered for the 28-day all-cause mortality end
point. For sample size and power calculations, a χ2 test was
used. A sample size of 800 patients provided 80% power at a
5% 2-sided α level based on an assumption of an absolute risk
reduction of 8% in mortality (24% in the placebo group vs 16%
in the rhsTM group). This sample size assumption was based
on the results of the previous phase 2b study.12

The efficacy end points were analyzed in the full analysis
set, which included all patients who consented and were ran-
domly assigned to treatment and received at least 1 dose of the
study drug. Patients were analyzed according to the treat-

ment group they were randomized to, regardless of the study
drug received. The adverse event end points were analyzed in
the safety population, which included all patients who re-
ceived at least 1 dose of the study treatment. Patients were ana-
lyzed based on the study intervention received. One patient
received both rhsTM and placebo and was included in the rh-
sTM group for the adverse event analysis.

The primary efficacy analysis for this study was based
on a Cochran-Mantel-Haenszel test stratified by pooled
sites at a 5% 2-sided α level. Individual sites that enrolled
fewer than 8 patients were pooled together by region (North
America, Western Europe [including Israel] combined with
Australia and New Zealand, and Eastern Europe combined
with the rest of world). Descriptive statistics were used to
summarize. Survival time was summarized using Kaplan-
Meier methods. Analysis of the difference between the
treatment groups has not yet been conducted because, at
the time of writing this article, the 12-month end point had
not been reached. Prespecified subgroup analyses were per-
formed per the statistical analysis plan (Supplement 2).
Post hoc sensitivity analyses were conducted using general-
ized linear mixed models with pooled site as a random
effect. Post hoc subgroup analyses of the patients who
maintained the protocol-specified coagulopathy criteria
(INR >1.4 and platelet count >30 × 109/L) at baseline and,
according to baseline thrombin-antithrombin complex con-
centration, baseline protein C, APACHE II score, number of
baseline organ dysfunctions, and arterial lactate concentra-
tion were conducted in the same way as for the prespecified
subgroup analyses. The change of the plasma concentra-
tions of D-dimer, prothrombin fragment F1.2, and
thrombin-antithrombin complex from baseline were com-
pared between the 2 groups using a Wilcoxon rank sum test
in a post hoc analysis. No adjustment for multiple compari-
sons was made and thus results of secondary analyses
should be interpreted as exploratory.

Patients with unknown mortality status at day 28 were im-
puted for testing of the primary end point. Investigators as-
sessed whether, at the last point they had contact with the pa-
tient, the patient’s health was such that it was unlikely that they
would be alive at day 28. If so, it would be assumed the pa-
tient was dead at day 28. Otherwise, the patient was classi-
fied as alive for the primary analysis.

This study included unblinded interim analyses per-
formed by an independent data monitoring committee. The
futility analyses were conducted using a lower O’Brien-
Fleming–type boundary, setting minimum acceptable effi-
cacy to an absolute risk reduction of 6%. This boundary was
constructed using a 1-sided α of .20. Early termination of the
study for efficacy was not actively pursued. However, the pri-
mary efficacy results surpassed an O’Brien-Fleming–type
boundary using a 2-sided α of .001. The effect on the final
α level at the 0.1% level was very small but was nonzero. The
α spent at the interim analysis was approximately .00005.
Because of the small size of this α spent, no adjustment to the
final α level was made.

Statistical analyses were conducted using SAS version 9.3
or 9.4 (SAS Institute). A 2-sided P value less than .05 was
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considered statistically significant. The statistical analysis plan
is available in Supplement 2.

Results
Patient Characteristics
Informed consent was obtained from 946 patients, and 816
were authorized as eligible to participate by the clinical coor-
dinating centers. These 816 patients were randomized in a 1:1
ratio to receive rhsTM (n = 402) or a placebo (n = 414). Among
these randomized patients, 800 (mean age, 60.7 years; 437
[54.6%] men) received either rhsTM (n = 395) or placebo
(n = 405). Sixteen patients did not receive the assigned inter-
vention because of adverse events (n = 5), death (n = 2), with-
drawal of consent (n = 1), lack of availability of the study drug
(n = 2), or change in eligibility before receiving the interven-
tion (n = 6). One patient randomized to receive the placebo was
incorrectly also given rhsTM (Figure 1). This patient was in-
cluded in the placebo group for the efficacy analyses and in
the rhsTM group for the safety analyses, as described in the
Methods section.

Baseline demographics and characteristics were well bal-
anced between the rhsTM and placebo groups (Table). In both
groups, the mean baseline INR was 1.8 and the mean baseline
platelet count was approximately 120 × 109/L. The mean
APACHE II score (range, 0-71; a higher score indicates greater
severity of illness and higher risk of death) was approxi-
mately 22 in both groups. The rate of cardiovascular dysfunc-
tion was 90.9%; respiratory dysfunction, 67.1%; renal dys-
function, 32.8%; and hepatic dysfunction, 21.3%; 604 patients
(75.5%) had more than 1 organ dysfunction, with cardiovas-
cular and respiratory dysfunction presenting together in 484
patients (60.5%).

The primary sites of infection at baseline were compa-
rable in the 2 groups (Table). The most common site of infec-
tion was intra-abdominal. New infection after enrollment oc-
curred in 99 of 395 patients (25.1%) in the rhsTM group and
100 of 405 patients (24%) in the placebo group.

As a concomitant medication, heparin (low dose for deep
vein thrombosis prophylaxis or heparin flushes) was admin-
istered to about half of the patients in both groups.

Primary Outcome for Efficacy
The 28-day all-cause mortality rate was 106 of 395 patients
(26.8%) in the rhsTM group vs 119 of 405 (29.4%) in the pla-
cebo group (P = .32, Cochran-Mantel-Haenszel test), a differ-
ence of 2.55% (95% CI, −3.68% to 8.77%). The Kaplan-Meier
survival curve for the full analysis set is shown in Figure 2A.
Two patients (1 in the rhsTM group and 1 in the placebo group)
had unknown mortality status at day 28 and were assessed as
“assumed alive” by the investigators. In a post hoc sensitivity
analysis for the primary outcome that accounted for pooled
site as a random effect, the adjusted 28-day all-cause mortal-
ity rate was 24.8% in the rhsTM group vs 27.5% in the placebo
group (P = .31).

Subgroup Analyses
In prespecified subgroup analyses (Supplement 2), the differ-
ence in 28-day all-cause mortality rates between the rhsTM and
placebo group was 4.66% (95% CI, −3.07% to 12.38%) in the
subgroup of patients with baseline APACHE II scores less than
25 (n = 439) and −1.45% (95% CI, −12.69% to 9.80%) in the sub-
group of patients with APACHE II scores greater than or equal
to 25 (n = 283) (eFigure 1 in Supplement 3). The difference in
28-day all-cause mortality between the rhsTM and placebo
group was −0.87% (95% CI, −9.52% to 7.77%) in the subgroup
of patients who received heparin (n = 416) and 6.25% (95% CI,

Figure 1. Flow of Patients in a Study of the Effect of Thrombomodulin on Patients With Sepsis

946 Patients assessed for eligibilitya

130 Patients excluded
91 Did not meet inclusion criteria

1 Died prior to randomization
1 Study drug unavailable

30 Met an exclusion criterion
7 Out of protocol window

816 Randomized

395 Included in primary efficacy analysis
396 Included in adverse events analysisb

405 Included in primary efficacy analysis
404 Included in adverse events analysisb

402 Randomized to receive rhsTM

3 Adverse events
2 Change in eligibility
1 Study drug unavailable
1 Withdrew consent

395 Received rhsTM as randomized
7 Did not receive study drug

as randomized

414 Randomized to receive placebo

4 Change in eligibility
2 Adverse events
2 Died
1 Study drug unavailable

1 Incorrectly received rhsTM in
addition to placebo 

405 Received placebo as randomized
9 Did not receive study drug

as randomized
a Data were not collected on how

many patients were approached.
b One patient randomized to the

placebo group also was
inadvertently given recombinant
human thrombomodulin (rhsTM).
This patient was analyzed in the
placebo group for the efficacy
analysis and in the rhsTM group for
the adverse events analysis.

Research Original Investigation Effect of Thrombomodulin on Mortality in Patients With Sepsis-Associated Coagulopathy

E4 JAMA Published online May 19, 2019 (Reprinted) jama.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Paris Sud University User  on 05/19/2019

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.5358&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.5358
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.5358&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.5358
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.5358&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.5358
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.5358


−2.72% to 15.22%) in the subgroup of patients who did not re-
ceive heparin (n = 384) (eFigure 1 in Supplement 3).

Coagulation Markers
At day 6, the median plasma concentration of D-dimer was
1129.5 ng/mL in the rhsTM group and 1649 ng/mL in the pla-
cebo group, the median plasma concentration of prothrom-
bin fragment F1.2 was 309.6 pmol/L in the rhsTM group and
393.2 pmol/L in the placebo group, and the median plasma con-
centration of thrombin-antithrombin complex was 5.2 ng/mL
in the rhsTM group and 7.8 ng/mL in the placebo group. In the
post hoc analysis, the change from baseline of each marker dur-
ing the treatment period (6 days) was statistically signifi-
cantly greater (P < .05) in the rhsTM group than in the pla-
cebo group (Figure 3).

Post Hoc Subgroup Analyses
Approximately 80% of patients in each of the study groups had
an INR greater than 1.4 at baseline, but the baseline INR in the
remaining approximately 20% of patients was less than or equal
to 1.4 after initial confirmation of eligibility (Table). In post hoc
analyses, 28-day all-cause mortality rates in the subgroup of
patients with coagulopathy at baseline (n = 634; INR >1.4 and
platelet count >30 × 109/L) were 82 of 307 patients (26.7%) in
the rhsTM group and 105 of 327 (32.1%) in the placebo group,
a difference of 5.40% (95% CI, −1.68% to 12.48%) (eFigure 1
in Supplement 3). For patients with an INR less than or equal
to 1.4 (n = 146), mortality rates were 15 of 76 patients (19.7%)
in the rhsTM group and 10 of 70 (14.3%) in the placebo group.
For patients with baseline platelet counts less than or equal to

Table. Demographic and Baseline Characteristics of Patients in a Study
of the Effect of Thrombomodulin on Patients With Sepsis

Characteristics

No. (%)

rhsTM (n = 395) Placebo (n = 405)

Patients per ICU,
median (IQR)

2.0 (1.0-4.0) 2.0 (1.0-4.0)

ICUs 125 127

Age, median (IQR), y 63 (50-73) 62 (51-73)

Sex

Men 216 (54.7) 221 (54.6)

Women 179 (45.3) 184 (45.4)

INRa

Mean (SD) 1.8 (0.6) 1.8 (0.6)

<1.20 7 (1.8) 8 (2.0)

1.20-1.39 45 (11.4) 46 (11.4)

1.40-1.59 126 (31.9) 135 (33.3)

≥1.60 217 (54.9) 216 (53.3)

Platelet count,
x109/La

Mean (SD) 123.3 (74.1) 121.3 (65.1)

>150 92 (23.3) 96 (23.7)

150-101 144 (36.5) 136 (33.6)

100-81 48 (12.2) 66 (16.3)

≤80 111 (28.1) 107 (26.4)

APACHE II scoreb (n = 356) (n = 366)

Mean (SD) 22.3 (8.1) 22.1 (8.0)

<25 220 (61.8) 219 (59.8)

≥25 136 (38.2) 147 (40.2)

Organ dysfunctionc

Cardiovascular 361 (91.4) 369 (91.1)

Respiratory 247 (62.5) 290 (71.6)

Renal 125 (31.6) 137 (33.8)

Hepatic 87 (22.0) 83 (20.5)

Arterial lactate,
mmol/Ld

(n = 306) (n = 331)

Mean (SD) 4.2 (3.6) 3.8 (2.8)

≤6 253 (82.7) 277 (83.7)

>6 53 (17.3) 54 (16.3)

Serum creatinine,
mg/dL

(n = 390) (n = 400)

Mean (SD) 1.8 (1.2) 1.8 (1.2)

<2 265 (67.9) 263 (65.8)

≥2 125 (32.1) 137 (34.3)

Renal replacement
therapy

Yes 44 (11.1) 49 (12.1)

No 351 (88.9) 356 (87.9)

Primary site
of infection

Intra-abdominal 123 (31.1) 119 (29.4)

Lung 94 (23.8) 110 (27.2)

Urinary tract 82 (20.8) 75 (18.5)

Blood 38 (9.6) 36 (8.9)

Skin/skin structure 27 (6.8) 30 (7.4)

Other 31 (7.8) 35 (8.6)

(continued)

Table. Demographic and Baseline Characteristics of Patients in a Study
of the Effect of Thrombomodulin on Patients With Sepsis (continued)

Characteristics

No. (%)

rhsTM (n = 395) Placebo (n = 405)

Diabetes

Yes 90 (22.8) 97 (24.0)

No 305 (77.2) 308 (76.0)

Heparin use

Yes 203 (51.4) 213 (52.6)

No 192 (48.6) 192 (47.4)

Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation;
ICU, intensive care unit; IQR, interquartile range; INR, international
normalized ratio.

SI conversion: To convert serum creatinine to μmol/L, multiply by 88.4.
a INR and platelet count were categorized according to Lyons et al.5

b APACHE II scores range from 0 to 71; 0 indicates the lowest prediction of
mortality and 71 indicates the highest. Predicted mortality for a patient with an
APACHE II score of 25 is 35% to 55%.

c Cardiovascular dysfunction was defined as a requirement for vasopressors to
maintain mean arterial pressure of at least 65 mm Hg after adequate fluid
resuscitation; respiratory dysfunction, an acute need for (invasive) mechanical
ventilation and partial pressure of oxygen/fraction of inspired oxygen ratio of
less than 250; hepatic dysfunction, a bilirubin concentration of at least
2.0 mg/dL; renal dysfunction, a creatinine concentration of at least 2.0 mg/dL.
Total percentages exceed 100% because some patients had more than 1
organ dysfunction.

d A normal blood lactate range was considered 0.5 to 1.6 mmol/L.
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30 × 109/L (n = 24), mortality rates were 9 of 13 patients (69.2%)
in the rhsTM group and 4 of 11 (36.4%) in the placebo group.
Four patients had an INR less than or equal to 1.4 and platelet
counts less than or equal to 30 × 109/L at baseline. The Kaplan-
Meier survival curve for the baseline coagulopathy subgroup
is shown in Figure 2B.

In the subgroup of patients with baseline thrombin-
antithrombin complex concentration greater than or equal to
10 ng/mL (n = 489), the 28-day mortality rate was 74 of 248
patients (29.0%) in the rhsTM group vs 82 of 241 (35.7%) in the
placebo group, a difference of 6.65% (95% CI, −1.62% to 14.93%)
(eFigure 1 in Supplement 3). In the subgroup of patients with
baseline thrombin-antithrombin complex concentration less
than 10 ng/mL (n = 286), the 28-day mortality rate was 31 of
133 patients (23.3%) in the rhsTM group vs 28 of 153 (18.3%)
in the placebo group, a difference of −5.01% (95% CI, −14.45%
to 4.44%).

The transition of cumulative 28-day mortality rates
throughout the trial was analyzed because of the protracted
enrollment (approximately 5.5 years). The cumulative 28-
day mortality rate in the full analysis set ranged from 20.0%
to 27.9% in the rhsTM group and 26.7% to 33.3% in the pla-
cebo group after 2014 (eFigure 2A in Supplement 3). The re-
sults for the subgroup of patients with coagulopathy at base-
line are shown in eFigure 2B in Supplement 3.

Adverse Event Analyses
Overall, 754 patients (94.3%) experienced at least 1 treatment-
emergent adverse event (377 patients [95.2%] in the rhsTM
group and 377 patients [93.3%] in the placebo group) (eTable 1
in Supplement 3). Overall, 408 patients (51.0%) experienced
at least 1 treatment-emergent serious adverse event, includ-
ing 206 patients (52.0%) in the rhsTM group and 202 patients

(50.0%) in the placebo group. A serious major bleeding event
occurred in 23 patients (5.8%) in the rhsTM group and 16 pa-
tients (4.0%) in the placebo group, which included 2 patients
with intracerebral bleeding in the rhsTM group and 1 in the pla-
cebo group (eTable 2 in Supplement 3). No antidrug antibod-
ies to rhsTM were reported.

Discussion
In this randomized, double-blind, placebo-controlled, multi-
national, multicenter phase 3 study, rhsTM did not signifi-
cantly reduce 28-day all-cause mortality in patients with sepsis-
associated coagulopathy. Patient heterogeneity has been and
continues to be a hallmark of sepsis populations within clini-
cal trials. Therefore, this study was designed to select pa-
tients with sepsis-associated coagulopathy based on well-
defined markers of coagulation; however, the primary efficacy
end point was not achieved.

There are several possible reasons for this finding. First,
approximately 20% of patients did not meet the criteria for co-
agulopathy as defined by INR and platelet count at baseline.
A protocol amendment modifying the inclusion criteria was
implemented midway through the study, which substan-
tially lengthened (from 15 to 40 hours) the allowable time from
first qualifying INR measurement to receiving the interven-
tion. Thus, although all of the patients included in the study
met the criteria of INR greater than 1.4 at some point during
screening, some no longer did by the time they received the
intervention. Second, the mortality rate in the placebo group
was higher than the assumed value used for the sample size
calculation prior to the study (24%). Third, the heparin used
for prophylaxis of deep vein thrombosis may have attenuated

Figure 2. Kaplan-Meier Plots of Survival Time in Patients With Sepsis in a Study of the Effect of Thrombomodulin vs Placebo
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the efficacy of rhsTM because heparin also has anticoagula-
tion activity. Fourth, although the randomization was strati-
fied by site, 55 of 159 clinical sites enrolled only 1 patient, which
may have influenced the efficacy results.

The enrolled patient population represented a typical
sepsis patient population in its clinical heterogeneity. The
greater proportion of patients with intra-abdominal infection
in this study is consistent with previous observations that

Figure 3. Coagulation Parameters Over Time in Patients With Sepsis in a Study of the Effect
of Thrombomodulin vs Placebo
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coagulopathy is more prevalent with intra-abdominal than
respiratory infection in sepsis.13

No new adverse event concerns were identified in this
study. The incidence of serious major bleeding events was simi-
lar to the incidence in the previous phase 2b study12 and was
numerically higher in the rhsTM than in the placebo group.

Limitations
The study has several limitations. First, the sample size may
not have been sufficient for the statistical evaluation of
study drug efficacy. The 95% CI is consistent with an effect
anywhere between a small harm and a benefit exceeding
that used as the basis for the sample size calculation. Sec-
ond, post hoc analyses performed to investigate the pop-

ulation most likely to respond favorably to rhsTM treat-
ment were not preplanned and should be interpreted with
caution. Third, the final follow-up has been completed but
data collection is still ongoing; therefore, effects on some of
the end points, such as a long-term mortality, have not yet
been analyzed.

Conclusions
Among patients with sepsis-associated coagulopathy,
administration of a recombinant human thrombomodulin,
compared with placebo, did not significantly reduce 28-day
all-cause mortality.
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