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Abstract®

Background: Drotrecogin alfa (activated), or recombinant human activated protein C, has antithrombotic,
antiinflammatory, and profibrinolytic properties. In a previous study, drotrecogin alfa activated produced dose-
dependent reductions in the levels of markers of coagulation and inflammation in patients with severe sepsis. In this
phase 3 trial, we assessed whether treatment with drotrecogin alfa activated reduced the rate of death from any cause
among patients with severe sepsis.

Methods: We conducted a randomized, double-blind, placebo-controlled, multicenter trial. Patients with systemic
inflammation and organ failure due to acute infection were enrolled and assigned to receive an intravenous infusion
of either placebo or drotrecogin alfa activated (24 microg per kilogram of body weight per hour) for a total duration
of 96 hours. The prospectively defined primary end point was death from any cause and was assessed 28 days after
the start of the infusion. Patients were monitored for adverse events; changes in vital signs, laboratory variables, and
the results of microbiologic cultures; and the development of neutralizing antibodies against activated protein C.

Results: A total of 1690 randomized patients were treated (840 in the placebo group and 850 in the drotrecogin alfa
activated group). The mortality rate was 30.8 percent in the placebo group and 24.7 percent in the drotrecogin alfa
activated group. On the basis of the prospectively defined primary analysis, treatment with drotrecogin alfa activated
was associated with a reduction in the relative risk of death of 19.4 percent (95 percent confidence interval, 6.6 to
30.5) and an absolute reduction in the risk of death of 6.1 percent (P=0.005). The incidence of serious bleeding was
higher in the drotrecogin alfa activated group than in the placebo group (3.5 percent vs. 2.0 percent, P=0.06).

Conclusions: Treatment with drotrecogin alfa activated significantly reduces mortality in patients with severe sepsis
and may be associated with an increased risk of bleeding. (N Engl J Med 2001;344:699-709.)

Severe sepsis, defined as sepsis associated with acute organ dysfunction, results from a
generalized inflammatory and procoagulant response to an infection. [1] The rate of death from
severe sepsis ranges from 30 to 50 percent despite advances in critical care. [2-5] In the United
States, approximately 750,000 cases of sepsis occur each year, at least 225,000 of which are
fatal. [6]

The inflammatory and procoagulant host responses to infection are closely related. [7]
Inflammatory cytokines, including tumor necrosis factor (alpha), interleukin-1(beta), and
interleukin-6, are capable of activating coagulation and inhibiting fibrinolysis, whereas the
procoagulant thrombin is capable of stimulating multiple inflammatory pathways. [7-11] The end
result may be diffuse endovascular injury, multiorgan dysfunction, and death. Activated protein
C, an endogenous protein that promotes fibrinolysis and inhibits thrombosis and inflammation, is
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an important modulator of the coagulation and inflammation associated with severe sepsis (Figure
1). [18] Activated protein C is converted from its inactive precursor, protein C, by thrombin
coupled to thrombomodulin. [18] The conversion of protein C to activated protein C may be
impaired during sepsis as a result of the down-regulation of thrombomodulin by inflammatory
cytokines. [19] Reduced levels of protein C are found in the majority of patients with sepsis and
are associated with an increased risk of death. [20-23]

Figure 1. Proposed Actions of Activated Protein C in Modulating the Systemic Inflammatory,
Procoagulant, and Fibrinolytic Host Responses to Infection. The inflammatory and procoagulant
host responses to infection are intricately linked. Infectious agents and inflammatory cytokines
such as tumor necrosis factor (alpha) (TNF-(alpha)) and interleukin-1 activate coagulation by
stimulating the release of tissue factor from monocytes and the endothelium. The presentation of
tissue factor leads to the formation of thrombin and a fibrin clot. Inflammatory cytokines and
thrombin can both impair the endogenous fibrinolytic potential by stimulating the release of
plasminogen-activator inhibitor 1 (PAI-1) from platelets and the endothelium. PAI-1 is a potent
inhibitor of tissue plasminogen activator, the endogenous pathway for lysing a fibrin clot. In
addition, the procoagulant thrombin is capable of stimulating multiple inflammatory pathways
and further suppressing the endogenous fibrinolytic system by activating thrombin-activatable
fibrinolysis inhibitor (TAFI). The conversion of protein C, by thrombin bound to
thrombomodulin, to the serine protease activated protein C is impaired by the inflammatory
response. Endothelial injury results in decreased thrombomodulin levels. The end result of the
host response to infection may be the development of diffuse endovascular injury, microvascular
thrombosis, organ ischemia, multiorgan dysfunction, and death. Activated protein C can
intervene at multiple points during the systemic response to infection. It exerts an antithrombotic
effect by inactivating factors Va and Vllla, limiting the generation of thrombin. As a result of
decreased thrombin levels, the inflammatory, procoagulant, and antifibrinolytic response induced
by thrombin is reduced. In vitro data indicate that activated protein C exerts an antiinflammatory
effect by inhibiting the production of inflammatory cytokines (TNF-(alpha), interleukin-1, and
interleukin-6) by monocytes and limiting the rolling of monocytes and neutrophils on injured
endothelium by binding selectins. Activated protein C indirectly increases the fibrinolytic
response by inhibiting PAI-1 [12-17].

Previous preclinical and clinical studies showed that the administration of activated protein C
may improve the outcome of severe sepsis. The administration of activated protein C was
protective in a baboon model of lethal Escherichia coli sepsis. [24] In a placebo-controlled phase
2 trial in patients with severe sepsis, an infusion of drotrecogin alfa (activated), or recombinant
human activated protein C (Eli Lilly, Indianapolis), hereafter referred to as drotrecogin alfa
activated, resulted in dose-dependent reductions in the plasma levels of d-dimer and serum levels
of interleukin-6, markers of coagulopathy and inflammation, respectively. [25] We therefore
evaluated whether the administration of drotrecogin alfa activated would reduce the rate of death
from all causes at 28 days in patients with severe sepsis and have an acceptable safety profile.

Methods”

Patients”

From July 1998 through June 2000, eligible patients were enrolled in this randomized, double-
blind, placebo-controlled trial, which was conducted at 164 centers in 11 countries. The
institutional review board at each center approved the protocol, and written informed consent
was obtained from all participants or their authorized representatives. The clinical coordinating
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center (Vanderbilt Coordinating Center, Nashville) was available 24 hours a day throughout the
study to answer investigators' questions regarding patients' eligibility and safety and the
reporting of serious adverse events.

Selection Criteria”

The criteria for severe sepsis were a modification of those defined by Bone et al. (Appendix 1
Table 6). [26] Patients were eligible for the trial if they had a known or suspected infection on the
basis of clinical data at the time of screening and if they met the following criteria within a 24-
hour period: three or more signs of systemic inflammation and the sepsis-induced dysfunction of
at least one organ or system that lasted no longer than 24 hours. Patients had to begin treatment
within 24 hours after they met the inclusion criteria. Exclusion criteria are summarized in
Appendix 2 (Table 7).

Table 6. Appendix 1. Summary of Inclusion Criteria.

Table 7. Appendix 2. Summary of Exclusion Criteria.

Treatment Assignments”

Patients were randomly assigned in a 1:1 manner to receive drotrecogin alfa activated or placebo
(0.9 percent saline with or without 0.1 percent human serum albumin) at each center. Block
randomization stratified according to site was used, and all assignments were made through a
central randomization center. Drotrecogin alfa activated, at a dose of 24 microg per kilogram of
body weight per hour, or placebo was administered intravenously at a constant rate from foil-
wrapped bags for a total duration of 96 hours. The patients, investigators, and the sponsor were
unaware of the patients' treatment assignments. Drotrecogin alfa activated was produced from an
established mammalian cell line into which the complementary DNA for human protein C had
been inserted. [27]

The infusion was interrupted 1 hour before any percutaneous procedure or major surgery and
was resumed 1 hour and 12 hours later, respectively, in the absence of bleeding complications.
The study protocol did not call for a standardized approach to critical care (e.g., the use of
antibiotics, fluids, vasopressors, or ventilatory support).

Evaluation of Patients”

Patients were followed for 28 days after the start of the infusion or until death. Base-line
characteristics including demographic information and information on preexisting conditions,
organ function, markers of disease severity, infection, and hematologic and other laboratory tests
were assessed within 24 hours before the infusion was begun. Blood samples obtained at base
line, on days 1 through 7, and on days 14 and 28 were assayed for d-dimer levels (Liatest D-D1
latex agglutination test kit, Diagnostica Stago, Asnieres, France) and for interleukin-6 levels
(Quantikine HS enzyme immunoassay kit, R & D Systems, Minneapolis). All measurements
were performed by a central laboratory (Covance Central Lab Services, Indianapolis). Blood
samples for the measurement of neutralizing antibodies against activated protein C were
collected on days 14 and 28 or at the time of discharge from the hospital if it occurred before one
or both of these dates. Microbiologic-culture results were assessed each day beginning 48 hours
after the initiation of the infusion and continuing through day 28. Patients were defined as having
a deficiency of protein C if their plasma protein C activity level was below the lower limit of
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normal (81 percent) within 24 hours before the initiation of the infusion and defined as having
septic shock if they met the criteria for cardiovascular dysfunction at any time within 6 hours
before the start of the infusion.

Statistical Analysis”

The primary efficacy end point was death from any cause and was assessed 28 days after the
initiation of the infusion. Our prospectively defined primary analysis included all patients who
received the infusion for any length of time, with patients analyzed according to the treatment
group to which they were assigned at randomization. The trial was designed to enroll 2280
patients; two planned interim analyses by an independent data and safety monitoring board
occurred after 760 and 1520 patients had been enrolled. Statistical guidelines to suspend
enrollment if drotrecogin alfa activated was found to be significantly more efficacious than
placebo were determined a priori and used the O'Brien-Fleming spending function according to
the method of Lan and DeMets. [28]

Data were analyzed according to a prospectively defined plan. The primary analysis was based
on a Cochran-Mantel-Haenszel test in which the groups were stratified on the basis of three base-
line covariates: severity of disease, as reflected by the score on the Acute Physiology and
Chronic Health Evaluation 11 (APACHE 1) [29] (3 to 19, 20 to 24, 25 to 29, or 30 to 53, with
higher scores indicating more severe disease); age (younger than 60 years or 60 years or older);
and plasma protein C activity level (40 percent or less, 41 to 60 percent, 61 to 80 percent, 81
percent or more, or unknown). The corresponding relative risk and 95 percent confidence
interval were calculated with use of the logit-adjusted method. The time from the start of the
infusion to death was compared in the two groups in a similar manner with use of a stratified
log-rank test. Results of both stratified and nonstratified analyses are reported. We evaluated the
consistency of the effects of treatment on the risk of death in the subgroups by determining
whether the relative risk and 95 percent confidence interval for each subgroup included the
observed relative risk for the entire population.

Changes from base-line levels of plasma d-dimer and serum interleukin-6 were analyzed in
patients who had subsequent measurements with the use of analysis of variance of ranked data.
For patients with missing data, we used the last-observation-carried-forward method of
imputation. The proportion of patients who had serious adverse events and new infections was
compared in the two groups with the use of Pearson's chi-square tests. All reported P values are
two-sided.

Results™

At the time of the second interim analysis of data from 1520 patients, enrollment was suspended
because the differences in the mortality rate between the two groups exceeded the a priori
guideline for stopping the trial. Results presented here include data from additional patients who
were enrolled before the completion of the second interim analysis.

Base-Line Characteristics of the Patients”

Of 1728 patients who underwent randomization, 1690 received the study drug or placebo.
Thirty-eight patients (17 in the placebo group and 21 in the drotrecogin alfa activated group)
never received any study drug. In the drotrecogin alfa activated group, 14 patients met at least
one exclusion criterion, 4 patients became moribund before the infusion could be started, and
consent was withdrawn before the infusion in the case of 3 patients. In the placebo group, 15
patients did not meet the entry criteria for the study, and 2 patients became moribund before the
infusion was begun.
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All randomized patients were followed for the entire 28-day study period except for one patient
in the drotrecogin alfa activated group who did not receive the study drug. This patient was
classified as having died on day 28 in the mortality analysis of all randomized patients.

At base line, the demographic characteristics and severity of disease were similar in the placebo
group and the drotrecogin alfa activated group (Table 1). Approximately 75 percent of the patients
had at least two dysfunctional organs or systems at the time of enroliment. The lungs and the
abdomen were the most common sites of infection, occurring in 53.6 percent and 19.9 percent of
the patients, respectively, in the two groups combined (Table 2). The incidence of gram-positive
and gram-negative infections was similar within each group and between the two groups. A
blinded clinical evaluation committee determined that clinically appropriate antibiotic therapy
that was based on the site of infection and available culture and susceptiblitily data was started
within 48 hours of the diagnosis of severe sepsis and continued for at least five days or until
death in 776 patients in the drotrecogin alfa activated group (91.3 percent) and in 766 patients in
the placebo group (91.2 percent). Base-line levels of indicators of coagulopathy and
inflammation were also similar in the two groups (Table 3). Protein C deficiency was present in
87.6 percent of the patients (1379 of 1574) for whom levels were obtained. In addition, plasma
d-dimer and serum interleukin-6 levels were elevated in 99.7 and 98.5 percent of the patients,
respectively. Among treated patients, 82.4 percent of those in the placebo group and 81.8 percent
of those in the drotrecogin alfa activated group received at least 90 percent of the intended
infusion and 8.2 percent and 6.4 percent, respectively, died during the 96-hour period of
infusion.

Table 1. Base-Line Characteristics of the Patients.

Table 2. Sites and Causes of Infection in Patients with Severe Sepsis.

Table 3. Base-Line Levels of Indicators of Coagulation and Inflammation.

Efficacy”

Twenty-eight days after the start of the infusion, 259 of 840 patients in the placebo group (30.8
percent) and 210 of 850 (24.7 percent) of the patients in the drotrecogin alfa activated group had
died. This difference in the rate of death from any cause was significant (P=0.005 in the
nonstratified analysis) (Table 4) and was associated with an absolute reduction in the risk of death
of 6.1 percent. The prospectively defined primary analysis in which the groups were stratified
according to the base-line APACHE Il score, age, and protein C activity produced similar results
(P=0.005), as did the analysis that included the 38 patients who underwent randomization but
who never received the infusion (P=0.003). The results of the prospectively defined primary
analysis represent a reduction in the relative risk of death of 19.4 percent (95 percent confidence
interval, 6.6 to 30.5) in association with treatment with drotrecogin alfa activated, as compared
with placebo. A Kaplan-Meier analysis of survival yielded similar results (P=0.006) (Figure 2).
The absolute difference in survival between the two groups was evident within days after the
initiation of the infusion and continued to increase throughout the remainder of the study period.
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Table 4. Analysis of the Rates and Risks of Death from Any Cause at 28 Days.

Figure 2. Kaplan-Meier Estimates of Survival among 850 Patients with Severe Sepsis in the
Drotrecogin Alfa Activated Group and 840 Patients with Severe Sepsis in the Placebo Group.
Treatment with drotrecogin alfa activated was associated with a significantly higher rate of
survival (P=0.006 by the stratified log-rank test).

Prospectively defined subgroup analyses were performed for a number of base-line
characteristics, including the APACHE 11 score, the number of dysfunctional organs or systems,
other indicators of the severity of disease, sex, age, the site of infection, the type of infection
(gram-positive, gram-negative, or mixed), and presence or absence of protein C deficiency. A
consistent effect of treatment with drotrecogin alfa activated was observed among the subgroups
(data not shown), including the subgroup with protein C deficiency and the subgroup with
normal protein C levels.

Levels of d-Dimer and Interleukin-6”

Plasma d-dimer levels were significantly lower in patients in the drotrecogin alfa activated group
than in patients in the placebo group on days 1 through 7 after the start of the infusion (Figure 3).
Decreases in serum interleukin-6 levels were significantly greater in the patients in the
drotrecogin alfa activated group than in the patients in the placebo group on day 1 (P=0.009) and
on days 4, 5, 6, and 7 (P=0.025, P=0.017, P=0.016, and P=0.022, respectively).

Figure 3. Changes in Median Plasma d-Dimer Levels in 770 Patients with Severe Sepsis in the
Drotrecogin Alfa Activated Group and 729 Patients in the Placebo Group. Only patients with
base-line values and at least one subsequent value were included in the analysis. The P values are
for the comparison with the placebo group.

Complications”

The percentage of patients who had at least one serious adverse event was similar in the two
groups (Table 5). The incidence of serious bleeding was higher in the drotrecogin alfa activated
group than in the placebo group (3.5 percent vs. 2.0 percent) (P=0.06). This difference in the
incidence of serious bleeding was observed only during the infusion period; thereafter, the
incidence was similar in the two groups. Among the patients who received drotrecogin alfa
activated, the incidence of serious bleeding was similar for those who received drotrecogin alfa
activated alone and those who also received heparin (3.7 percent and 3.5 percent). In both the
drotrecogin alfa activated group and the placebo group, serious bleeding occurred primarily in
patients with an identifiable predisposition to bleeding, such as gastrointestinal ulceration, an
activated partial-thromboplastin time of more than 120 seconds, a prolonged prothrombin time
(an international normalized ratio of more than 3.0), a platelet count that decreased to less than
30,000 per cubic millimeter and remained at that level despite standard therapy, traumatic injury
of a blood vessel, or traumatic injury of a highly vascular organ. There was a fatal intracranial
hemorrhage in two patients in the drotrecogin alfa activated group during the infusion (on day 1
and day 4) and in one patient in the placebo group six days after the end of the infusion. After
adjustment for the duration of survival, blood-transfusion requirements were similar in the two
groups (P=0.90).
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Table 5. Incidence of Serious Adverse Events.

There were no other safety concerns associated with treatment with drotrecogin alfa activated on
the basis of assessments of organ dysfunction, vital signs, serum chemical data, or hematologic
data. The incidence of thrombotic events was similar in the two groups (Table 5). New infections
occurred in 25.5 percent of the patients in the drotrecogin alfa activated group and 25.1 percent
of the patients in the placebo group (P=0.85). Neutralizing antibodies against activated protein C
were not detected in any patient.

Discussion”

In this study, the administration of drotrecogin alfa activated reduced the rate of death from any
cause at 28 days in patients with a clinical diagnosis of severe sepsis, resulting in a 19.4 percent
reduction in the relative risk of death and an absolute reduction of 6.1 percent. A survival benefit
was evident throughout the 28-day study period, whether or not the groups were stratified
according to the severity of disease. Our results indicate that in this population, 1 additional life
would be saved for every 16 patients treated with drotrecogin alfa activated.

Though the study population was heterogeneous with respect to clinical features, it was
homogeneous with respect to the biochemical evidence of systemic inflammation and
coagulopathy. In these patients, the benefit of drotrecogin alfa activated is most likely explained
by the drug's biologic activity. Activated protein C inhibits the generation of thrombin by
inactivating factor Va and factor Vllla. [30,31] As compared with the patients who received
placebo, patients who received drotrecogin alfa activated had greater decreases in plasma d-
dimer levels during the first seven days after the infusion was initiated, indicating a reduction in
the generation of thrombin. The rise in d-dimer levels after the completion of the 96-hour
infusion of drotrecogin alfa activated indicates incomplete resolution of the procoagulant state
seen in patients with sepsis. An evaluation of longer periods of infusion of drotrecogin alfa
activated may be warranted.

Treatment with drotrecogin alfa activated decreased inflammation, as indicated by decreases in
interleukin-6 levels, a finding consistent with the known antiinflammatory activity of activated
protein C. The antiinflammatory activity of drotrecogin alfa activated may be mediated indirectly
through the inhibition of the generation of thrombin, which leads to decreased activation of
platelets, recruitment of neutrophils, and degranulation of mast cells. [8] Furthermore, preclinical
studies demonstrated that activated protein C has direct antiinflammatory properties, including
the inhibition of neutrophil activation, the production of cytokines by lipopolysaccharide-
challenged monocytes, and E-selectin-mediated adhesion of cells to vascular endothelium. [32-34]

A consistent effect of treatment with drotrecogin alfa activated was seen among the subgroups
examined, including those stratified according to age, APACHE I score, sex, number of
dysfunctional organs or systems, type of infection (gram-positive, gram-negative, or mixed), site
of infection, and presence or absence of protein C deficiency at study entry. Reductions in the
relative risk of death were observed regardless of whether the patients had a deficiency of protein
C at base line, suggesting that drotrecogin alfa activated has pharmacologic effects that go
beyond simple physiologic replacement of activated protein C. This observation further suggests
that measurements of protein C are not necessary to identify which patients would benefit from
treatment with drotrecogin alfa activated. A consistent treatment effect was also observed
regardless of the site of infection or the type of infection.
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It was consistent with the antithrombotic activity of drotrecogin alfa activated that bleeding was
the most common adverse event associated with the administration of the drug. The incidence of
serious bleeding suggests that 1 additional serious bleeding event would occur for every 66
patients treated with drotrecogin alfa activated. Serious bleeding tended to occur in patients with
predisposing conditions, such as gastrointestinal ulceration, traumatic injury of a blood vessel or
highly vascular organ injury, or markedly abnormal values for indicators of coagulation (e.g., the
platelet count, the activated partial-thromboplastin time, and the prothrombin time). The
incidence of thrombotic events was not increased by treatment with drotrecogin alfa activated,
and the antiinflammatory effect was not associated with an increased incidence of new
infections. Treatment with drotrecogin alfa activated was not associated with the development of
neutralizing antibodies against activated protein C.

In summary, the biologic activity of drotrecogin alfa activated was demonstrated by the finding
of greater decreases in d-dimer and interleukin-6 levels in patients who received drotrecogin alfa
activated than in those who received placebo. The higher incidence of serious bleeding during
infusion in the drotrecogin alfa activated group is consistent with the antithrombotic activity of
the drug and occurs predominantly in patients with a predisposition to bleeding. In patients with
severe sepsis, an intravenous infusion of drotrecogin alfa activated at a dose of 24 microg per
kilogram per hour for 96 hours was associated with a significant reduction in mortality and a
safety profile that was acceptable within the context of this clinical trial.

Supported by Eli Lilly.
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