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Efficacy and safety of human soluble 
thrombomodulin (ART‑123) for treatment 
of patients in France with sepsis‑associated 
coagulopathy: post hoc analysis of SCARLET
Bruno François1*  , Maud Fiancette2, Julie Helms3, Emmanuelle Mercier4, Jean‑Baptiste Lascarrou5, 
Toshihiko Kayanoki6, Kosuke Tanaka6, David Fineberg7, Jean‑Louis Vincent8 and Xavier Wittebole9 

Abstract 

Background:  The phase 3 multinational SCARLET study evaluated the efficacy and safety of a recombinant human 
soluble thrombomodulin (ART-123) for treatment of sepsis-associated coagulopathy (SAC), which correlates with 
increased mortality risk in patients with sepsis. Although no significant reduction in mortality was observed with ART-
123 compared with placebo in the full analysis set (FAS), an efficacy signal of ART-123 was observed in subgroups of 
patients who sustained coagulopathy until the first treatment and those not administered concomitant heparin. Post 
hoc analysis was performed of patients treated in France, the country with the largest enrollment (19% of the FAS) 
and consistent patient enrollment throughout the study duration.

Methods:  Adult patients with SAC (international normalized ratio > 1.4; platelets > 30 × 109/L to < 150 × 109/L or 
platelet decrease > 30% within 24 h) and evidence of bacterial infection were included. The primary efficacy outcome 
was 28-day all-cause mortality. Safety outcomes included adverse, serious adverse, and major bleeding events. This 
analysis assessed patient characteristics and efficacy and safety outcomes in France compared with the rest of the 
world (ROW; excluding France). Mortality rates were assessed in patients in France or the ROW with characteristics 
previously associated with ART-123 efficacy.

Results:  Baseline characteristics were similar between France and the ROW, but some measurements of disease 
severity were higher in patients in France. The 28-day all-cause mortality absolute risk reductions (ARRs) with ART-
123 were 8.3% in France and 1.1% in the ROW. The greater ARR in France may be related to a higher rate of sustained 
coagulopathy and lower rate of heparin use. In France and the ROW, 84.6% and 78.0% of patients sustained coagulop‑
athy from the time of initial SAC diagnosis to first treatment with the study drug, and 65.8% and 43.9% did not receive 
heparin, respectively. The ARRs for these subgroups of patients in France were 13.4% and 16.6%, respectively. Safety of 
ART-123 was comparable between France and the ROW.

Conclusions:  Results from this exploratory analysis suggest that patients with sustained SAC not receiving con‑
comitant heparin may benefit from ART-123, a fact that should be confirmed in future studies with more restrictive 
inclusion criteria.
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Background
Sepsis is a life-threatening syndrome associated with 
multiorgan dysfunction that occurs when a host response 
to infection is dysregulated [1]. Sepsis-associated coagu-
lopathy (SAC), characterized by an elevated international 
normalized ratio (INR) and reduced platelet count (PLT), 
correlates with an increased risk of mortality in patients 
with sepsis [2]. ART-123 is a recombinant human soluble 
thrombomodulin (thrombomodulin α) composed of 498 
amino acids (64 kDa) from the soluble and active extra-
cellular domains of thrombomodulin, and it exerts anti-
coagulation effects by binding thrombin and modifying 
its activity to amplify the formation of activated protein 
C [3, 4]. In addition, ART-123 exerts anti-inflammatory 
and antifibrinolytic effects through thrombin-activatable 
fibrinolysis inhibitor in the presence of thrombin [5].

Findings in a post hoc analysis of a phase 2b rand-
omized clinical trial of participants with sepsis and sus-
pected disseminated intravascular coagulation suggested 
that ART-123 (0.06 mg/kg per day for 6 days) may reduce 
mortality in patients with confirmed coagulopathy, indi-
cated by prolongation of INR and reduction in PLT [6]. 
The SCARLET trial (NCT01598831) was a double-blind, 
randomized, multinational, placebo-controlled phase 
3 study evaluating the efficacy and safety of ART-123 
0.06 mg/kg per day for 6 days for treatment of SAC [4]. 
In the full analysis set (FAS), no statistically significant 
reduction in 28-day all-cause mortality—the primary 
efficacy endpoint of the study—was observed in patients 
who received ART-123 compared with patients assigned 
to placebo. The absolute risk reduction (ARR) of ART-
123 versus placebo in the FAS was 2.55% [95% confidence 
interval (CI) − 3.68 to 8.77]. In subgroup analyses, ARRs 
with ART-123 versus placebo were 5.40% in patients 
who had sustained coagulopathy at baseline (from time 
of initial qualifying SAC diagnosis to time of first treat-
ment with the study drug or placebo; n = 634; INR > 1.4 
and platelet count > 30 × 109/L) and 6.25% in patients 
not administered heparin (low-dose heparin for prophy-
laxis of deep venous thrombosis) before treatment with 
the study drug. Consistent with sustained coagulopathy, 
a subsequent post hoc analysis found larger ARRs in 
subgroups of patients with higher baseline levels of the 
coagulation biomarkers D-dimer, F1.2, and thrombin–
antithrombin complex [7]. These analyses of SCARLET 
identified sustained coagulopathy at baseline and hepa-
rin administration as potential factors that could impact 
efficacy of ART-123 and could be modified to ensure the 
inclusion of patients most likely to benefit from ART-123 
in future studies [8].

The SCARLET study was conducted in countries within 
Asia, Europe, North and South Americas, and the Asia-
Pacific region [4]. These differences are hypothesized 

to have led to variability in study procedures, such as 
patient selection and concomitant treatments, and pos-
sibly patient outcomes among participating countries 
in the SCARLET study. Therefore, analysis of patients 
enrolled in one of the participating countries may be 
informative. Among 26 countries that enrolled patients 
in the study, France had the highest enrollment, account-
ing for 149 of 800 patients (19%) in the FAS. In addition, 
patient enrollment in France was consistent throughout 
the 5-year study period, a fact that may have limited con-
founding variables in study procedures related to timing 
and potentially contributed to consistency in patient out-
comes. In this post hoc analysis, patient demographics, 
disease characteristics, treatment exposure, and efficacy 
and safety outcomes are reported in patients in France 
with SAC enrolled in the SCARLET study compared with 
the outcomes observed in participants from the rest of 
the world (ROW; excluding France).

Methods
Study design
Detailed methods of the SCARLET study have been pre-
viously published [4]. Briefly, patients aged ≥ 18  years 
with sepsis (defined by clinical objective evidence of 
bacterial infection and known site of infection, criteria 
for systemic inflammatory response syndrome of white 
blood cell count and temperature, and concurrent diag-
nosis of cardiovascular or respiratory dysfunction) and 
protocol-specified criteria for coagulopathy (INR > 1.4 
without other known etiology and PLT > 30 × 109/L to 
< 150 × 109/L or PLT decrease > 30% within 24  h) were 
included. The INR values for each patient were generated 
using assays performed in laboratories of each center 
using mean prothrombin time values and corrected with 
the International Sensitivity Index. Eligible patients were 
randomized 1:1 to receive either intravenous ART-123 at 
a dose of 0.06 mg/kg/day (maximum dose of 6 mg/day) or 
equivalent placebo for ≤ 6 consecutive days. The primary 
efficacy endpoint of the SCARLET study was 28-day all-
cause mortality after the first intervention. Primary safety 
endpoints included adverse events (AEs) and serious 
major bleeding events (SMBEs) through 28 days after the 
first dose of the study drug. A major bleeding event was 
defined as any intracranial hemorrhage, any life-threat-
ening bleeding, any bleeding event classified as serious 
by the investigator, or any bleeding event that required 
administration of ≥ 1440 mL (typically 6 units) of packed 
red blood cells over 2 consecutive days.

This post hoc analysis explored efficacy and safety 
outcomes among the subgroups of patients enrolled in 
France (n = 149) and the ROW (n = 651). Baseline char-
acteristics and additional factors reported during the 
SCARLET study were determined in each group. Efficacy 
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was assessed with 28-day all-cause mortality, represented 
by the ARR of the ART-123 versus placebo groups. 
Patients in France and the ROW were further catego-
rized on the basis of sustained coagulopathy (INR > 1.4 
and platelets > 30 × 109/L to < 150 × 109/L) at baseline 
(between randomization and before administration of 
study drug) and administration of heparin after ICU 
admission.

Informed consent was received from all participants, 
their closest-blood relative, or legally authorized indi-
vidual prior to performing any study-specific procedures 
to conform to all applicable local, regulatory, and ethical 
requirements. The SCARLET study was conducted in 
compliance with the International Conference on Har-
monisation Good Clinical Practices [9]. The study was 
approved by appropriate ethics committees, as detailed 
in the previously published SCARLET study protocol [4].

Statistical analyses
For comparisons between characteristics of patients in 
France versus the ROW, P values are based on either a 
t test or Chi-square tests depending on data type (con-
tinual or categoric, respectively). P values testing the 
equality of treatment effect between patients enrolled in 
France and the ROW are based on the interaction term 
of a logistic regression (i.e., the test for interaction of a 
region and treatment). P values < 0.05 were considered 
significant. Statistical analyses in this post hoc analysis 

were considered exploratory. P values did not represent 
known probability because they were neither prespeci-
fied nor controlled for multiplicity.

All calculations were performed using SAS version 9.4 
(SAS Institute, Cary, NC, USA). Safety outcomes were 
summarized by descriptive statistics.

Results
Patient disposition and characteristics
There were 149 of 800 patients in the FAS enrolled in 
France from 17 sites, 75 of whom received ART-123 and 
74 received placebo (Fig.  1). One patient randomized 
to the placebo group in France erroneously received a 
dose of ART-123 and is included in the ART-123 group 
for safety analyses. Of the 651 patients in the ROW, 320 
patients received ART-123 and 331 patients received pla-
cebo (Additional file 1: Figure S1).

Among patients enrolled in France, patient demo-
graphics and characteristics were well balanced between 
the ART-123 and placebo groups (Table  1). Demo-
graphics of the total population of patients in France 
were generally similar to those of the patients in the 
ROW, including mean age and sex distribution. Nearly 
all patients enrolled in France and most patients in the 
ROW were White. Mean body mass index was ~ 27 kg/
m2 in both France and the ROW, and the rates of diabetes 
were similar. Main causes for sepsis were abdominal and 
lung infections.

180 patients 
consented

Randomized
(N=152)

Assigned placebo
(n=77)

Assigned ART-123
(n=75)

Treated
(n=74a)

Treated
(n=75)

Did not receive 
study drug

(n=0)

Did not receive 
placebo

(n=3)

Screen failures (n=28)
INR criteria not met (n=15)
WBC criteria not met (n=5)
Life expectancy <90 d (n=2)
Organ dysfunction criteria not met (n=2)
Infection criteria not met (n=1)
Platelet criteria not met (n=1)
Excluded for renal failure (n=1)
Out of time window (consent; n=1)

Fig. 1  Patient disposition for the SCARLET Study in France. INR, international normalized ratio; WBC, white blood cell. aOne study patient 
randomized to the placebo group was administered a dose of ART-123 in error; this patient is included in the ART-1 23 group for safety analyses
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Mean Acute Physiology and Chronic Health Evaluation 
II (APACHE II) score of patients in France was signifi-
cantly higher than the ROW (P < 0.0001; Table 1). Mean 
creatinine level was also significantly higher in patients in 
France (P = 0.04); however, the rate of renal replacement 
therapy was not significantly different. Arterial lactate 
concentrations and organ dysfunction (renal, hepatic, 
pulmonary, cardiovascular) were not significantly differ-
ent between patients in France and the ROW.

The percentages of patients who had sustained 
coagulopathy (INR > 1.4 and platelets > 30 × 109/L 
to < 150 × 109/L) at baseline (from time of the initial 

qualifying diagnosis of SAC to time of first treatment 
with the study drug or placebo) were 84.6% and 78.0% in 
France and the ROW, respectively (Table 1). In addition, 
65.8% of patients in France and 43.9% in the ROW did 
not receive heparin before treatment with the study drug.

Treatment exposure
Patients in both France and the ROW had a mean treat-
ment duration of approximately 5  days (Table  2). The 
majority of patients received 6 of the maximum 6 doses 
of the study drug, with no difference between France and 
the ROW. Time from ICU admission to administration of 

Table 1  Demographic and baseline characteristics of patients with SAC in France and ROW

APACHE II Acute Physiology and Chronic Health Evaluation, BMI body mass index, INR international normalized ratio, PLT platelet count, SD standard deviation, ROW 
rest of world (excluding France)
a  Total n for the parameter; data missing for some study patients
b  Only applicable for study patients enrolled under protocol 2.0 or later
c  Organ dysfunction was defined as: renal, creatinine > 2 µmol/L; liver, bilirubin ≥ 2 mg/dL; respiratory, on mechanical ventilation; cardiovascular, taking vasopressors
d  After randomization and before treatment
e  Coagulopathy was defined as INR > 1.4 without other known etiology and PLT 30 × 109/L to 150 × 109/L or PLT > 30% within 24 h

Parameter France ROW

ART-123 (n = 75) Placebo (n = 74) Total (n = 149) Total (n = 651)

Age, mean (SD), year 63.7 (17.0) 63.7 (15.6) 63.7 (16.3) 60.0 (15.7)

Sex, n (%)

 Male 40 (53.3) 43 (58.1) 83 (55.7) 354 (54.4)

White ancestry, n (%) 73 (97.3) 72 (97.3) 145 (97.3) 475 (73.0)

BMI, kg/m2

 na – – – 649

 Mean (SD) 27.6 (6.4) 26.3 (5.6) 27.0 (6.0) 26.7 (6.7)

Diabetes, n (%) 16 (21.3) 16 (21.6) 32 (21.5) 155 (23.8)

Total APACHE II scoreb

 na 68 66 134 588

 Mean (SD) 25.1 (7.4) 25.0 (6.9) 25.1 (7.1) 21.6 (8.1)

 ≥ 25, n (%) 36 (52.9) 35 (53.0) 71 (53.0) 212 (36.1)

Organ dysfunctionc, n (%)

 na 148 643

 1 – – 25 (16.9) 162 (25.2)

 2 65 (43.9) 282 (43.9)

 3 or 4 58 (39.2) 199 (30.9)

Arterial lactate

 na 60 63 123 514

 Mean (SD), mg/dL 42.7 (40.6) 36.0 (25.9) 39.3 (33.9) 35.0 (28.0)

 > 55 mg/dL, n (%) 11 (18.3) 11 (17.5) 22 (17.9) 83 (16.2)

Creatinine

 na 71 72 143 647

  Mean (SD), µmol/L 166.9 (99.6) 183.5 (126.2) 175.3 (113.7) 154.2 (102.1)

Renal replacement therapy

 n (%) 3 (4.0) 6 (8.1) 9 (6.0) 84 (12.9)

Baseline heparind, n (%) 21 (28.0) 30 (40.5) 51 (34.2) 365 (56.1)

Baseline coagulopathyd,e, n (%) 64 (85.3) 62 (83.8) 126 (84.6) 508 (78.0)
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the first dose of the study drug was shorter for patients in 
France than it was for patients in the ROW (P < 0.0001). 
This included time between ICU admission and first 
qualifying diagnosis of SAC (INR > 1.4), a period that 
was also shorter in France compared with the ROW 
(P < 0.0001).

Efficacy
The mortality ARRs were 8.3% (95% CI − 4.79 to 21.47) 
in France and 1.1% (95% CI − 5.87 to 8.16) in the ROW 
(Table 3); the difference in treatment effect did not reach 
statistical significance. The ARR for patients who had sus-
tained baseline coagulopathy (n = 126) were 13.4% (95% 
CI − 0.97 to 27.79) in France and 3.2% (95% CI − 4.86 to 
11.26) in the ROW (n = 508). An ARR of 16.6% (95% CI 
0.40 to 32.77) was observed for patients in France who 
did not receive heparin before treatment with the study 
drug (n = 98), and an ARR of − 8.6% (95% CI − 32.62 
to 15.47) was observed for those who received hepa-
rin (Table 3). In the ROW, patients who did not receive 

heparin (n = 286) had an ARR of 2.0% (95% CI − 8.65 to 
12.74), and patients who did receive heparin in the ROW 
(n = 365) had an ARR of 0.4% (95% CI − 8.9 to 9.68). The 
treatment effect observed in patients in France who did 
not receive heparin was not significantly different from 
the same subgroup of patients in the ROW.

Safety
Rates of treatment-emergent AEs (any AE occurring 
after treatment with the study drug), treatment-emer-
gent serious AEs, and on-treatment SMBEs were com-
parable among patients in France and the ROW and 
were similar between ART-123 and placebo groups 
(Table  4). The majority of patients in both France and 
the ROW experienced treatment-emergent AEs. Treat-
ment-emergent serious AEs occurred in approximately 
one-half of patients in France and those from the ROW. 
Both populations had low rates of SMBEs.

Table 2  Treatment exposure in France and ROW

INR international normalized ratio, ROW rest of world (excluding France), SD standard deviation
a  For comparison of patients in France vs those from the ROW by Wilcoxon 2-sample test
b  Total n for the parameter; data missing for some study patients
c  The study protocol limited the maximum time from qualifying INR to treatment

Parameter France (n = 149) ROW (n = 651) P valuea

Duration of treatment, mean (SD), d 4.9 (1.86) 5.1 (1.68) –

Dose, n (%)

 1 19 (12.8) 49 (7.5) —

 6 107 (71.8) 465 (71.4) —

Time from admission to treatment

 nb 148 647

 Median (range), h 19.4 (12.3–26.8) 26.0 (17.9–41.3) < 0.0001

Time from admission to qualifying INR

 nb 148 647

 Median (range), h 6.9 (0.7–17.0) 14.2 (4.5–29.6)  < 0.0001

Time from qualifying INR to treatmentc, median (range), h 10.9 (6.9–14.8) 10.7 (7.0–14.5) –

Table 3  Efficacy of ART-123 vs placebo in France and ROW

ARR​ absolute risk reduction, CI confidence interval, FAS full analysis set, INR international normalized ratio, ROW rest of world
a  Coagulopathy was defined as INR > 1.4 without other known etiology and platelet count > 30 × 109/L at baseline

Mortality rate, % Subpopulation ART-123 Placebo ARR (95% CI)

FAS Global 26.8 29.4 2.55 (− 3.68, 8.77)

France 17.3 25.7 8.3 (− 4.79, 21.47)

ROW 29.1 30.2 1.1 (− 5.87, 8.16)

Baseline coagulopathya France 15.6 29.0 13.4 (− 0.97, 27.79)

ROW 29.6 32.8 3.2 (− 4.86, 11.26)

No baseline heparin France 13.0 29.5 16.6 (0.4, 32.77)

ROW 29.7 31.8 2.0 (− 8.65, 12.74)
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Discussion
Although ART-123 did not significantly reduce mor-
tality versus placebo in patients with SAC in France 
or the ROW, exploratory analyses of subgroups within 
the population of patients enrolled in France generally 
support the association of previously investigated fac-
tors with the efficacy of ART-123 [4]. The ARR with 
ART-123 versus placebo in the subgroup of patients 
from France who had sustained baseline coagulopathy 
(13.4%) exceeded the ARR observed in the total popu-
lation of patients in France (8.3%) as well as the ARR 
of the same subgroup in the ROW (3.2%). In addition, 
ART-123 reduced mortality versus placebo in patients 
in France who did not receive heparin [ARR, 16.6% 
(95% CI 0.40 to 32.77)], and the ARR in this subgroup 
in France exceeded the ARR seen in the total popula-
tion of patients in France (8.3%) as well as the ARR in 
the same subgroup in the ROW (2.0%). These trends 
are consistent with a previous analysis, which reported 
numeric increases in the ARRs of these subgroups 
among the FAS and provide rationale for further inves-
tigation [4]. For example, protocols for future testing 
of the efficacy of ART-123 could have stricter inclu-
sion criteria for SAC diagnosis, only including patients 
with persisting coagulopathy, and exclude patients who 
receive heparin. Such studies could define specific sub-
groups for whom ART-123 might be an effective treat-
ment, with the potential to reduce mortality rates in 
such patients with SAC.

Overall, 3 factors might have contributed to an effi-
cacy signal of ART-123 in France compared with the 
ROW. First, a larger proportion of patients in France 
had sustained coagulopathy at the time of first treat-
ment. Patients with sepsis who experienced normali-
zation of coagulopathy before treatment may have 
been less likely than those with sustained coagulopa-
thy to experience mortality related to SAC. There-
fore, the population in France may have been enriched 
for patients with sustained coagulopathy and, thus, a 
greater likelihood to benefit from ART-123 treatment. 
Second, a smaller proportion of patients in France 

compared with the ROW received concomitant hepa-
rin. Third, patients in France experienced a significantly 
shorter time from ICU admission to first qualifying 
SAC diagnosis versus the ROW, thereby resulting in an 
overall shorter time to treatment. This observation may 
have contributed to the higher rate of patients who had 
sustained coagulopathy at the time of the first treat-
ment and also may have directly impacted the efficacy 
signal of ART-123, because patients received treatment 
sooner.

The organization of ICUs varies among countries 
and may impact patient outcomes. Most ICUs in west-
ern Europe are “closed” and have a dedicated intensiv-
ist on call to care for admitted patients. The closed ICU 
model may be associated with lower mortality rates and 
a shorter length of stay [10, 11]. Intensivists in France are 
also actively involved in clinical research, as evidenced by 
the high participation of French sites in the SCARLET 
study and existence of a sepsis clinical research support 
network in France.

One could speculate that having a dedicated inten-
sivist and a team experienced in clinical research could 
inform study procedures such as patient monitoring and 
treatment times. Although not all disease markers were 
significantly different between the populations, patients 
from France had higher APACHE II scores and creatinine 
levels than those seen in the ROW, potentially reflecting 
differences in patient selection. Patients in France also 
experienced shorter median times from ICU admission 
to SAC diagnosis, resulting in an overall shorter median 
time to treatment. The timely selection, diagnosis, and 
treatment of patients critically ill with SAC may have 
contributed to the larger percentage of patients who still 
presented with protocol-specified coagulopathy at the 
time of their treatment and lower rate of heparin use, 
supporting a research environment in France being more 
sensitive to detect a signal for ART-123 efficacy.

Notably, some patients in the SCARLET study expe-
rienced prompt normalization of SAC. We speculate 
that this observation may have been associated with 
response to early standard of care interventions. For 
these patients, their condition improved during the 

Table 4  Safety of ART-123 in France and ROW

ROW rest of world (excluding France), SMBE serious major bleeding event, TEAE treatment-emergent adverse event, TESAE treatment-emergent serious adverse event
a  One patient randomized to the placebo group received a dose of ART-123

Event, n (%) France ROW

ART-123 (n = 76a) Placebo (n = 73) Total (n = 149) Total (n = 651)

TEAE 75 (98.7) 70 (95.9) 145 (97.3) 609 (93.5)

TESAE 38 (50.0) 36 (49.3) 74 (49.7) 334 (51.3)

On-treatment SMBE 5 (6.6) 4 (5.5) 9 (6.0) 30 (4.6)
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screening period and their coagulation parameters nor-
malized before the blood draw at the time of the first 
study treatment (baseline).

A limitation of this post hoc analysis is that it was 
underpowered to determine statistical significance 
in the comparisons between the patients enrolled in 
France and those enrolled in the ROW and within 
exploratory subgroups. The authors also acknowledge 
the limitations of INR expression of prothrombin time 
in patients not receiving vitamin K agonist treatment. 
However, data from the analysis provide rationale for 
the pursuit of additional studies sufficiently powered to 
identify patient populations with SAC for whom ART-
123 may provide clinical benefit.

Conclusions
It was hypothesized that variability among the patient 
populations and ICUs in the participating countries 
could potentially be associated with efficacy and safety 
outcomes during the SCARLET study. Therefore, post 
hoc analysis was performed to determine the effi-
cacy of ART-123 in France, the country with the high-
est study enrollment and whose enrollment remained 
steady through the 5-year study period. The present 
study describes a similar safety profile of ART-123 in 
patients from France and the ROW. Post hoc analysis of 
28-day all-cause mortality rates identified a numerically 
larger ARR for patients who participated in the study 
in France (8.3%) compared with those from the ROW 
(1.1%) and explored certain factors potentially associ-
ated with the efficacy of ART-123 in this patient popu-
lation. In particular, the authors believe that the efficacy 
of ART-123 may be higher in patients with an earlier 
and persistent SAC diagnosis and in those not receiving 
concomitant heparin. Thus, results from this explora-
tory analysis provide data that may help to better iden-
tify patients with SAC likely to benefit from ART-123.
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