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ABSTRACT

Background Drotrecogin alfa (activated), or recom-
binant 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 se-
vere 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 se-
vere sepsis.

Methods We conducted a randomized, double-blind,
placebo-controlled, multicenter trial. Patients with sys-
temic inflammation and organ failure due to acute in-
fection were enrolled and assigned to receive an intra-
venous infusion of either placebo or drotrecogin alfa
activated (24 ug per kilogram of body weight per hour)
for a total duration of 96 hours. The prospectively de-
fined 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 neu-
tralizing 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 per-
cent in the drotrecogin alfa activated group. On the ba-
sis of the prospectively defined primary analysis, treat-
ment with drotrecogin alfa activated was associated
with a reduction in the relative risk of death of 19.4 per-
cent (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 high-
er 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 acti-
vated 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.)
Copyright © 2001 Massachusetts Medical Society.
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EVERE sepsis, defined as sepsis associated with
acute organ dysfunction, results from a gener-
alized inflammatory and procoagulant response
to an infection.! The rate of death from severe
sepsis ranges from 30 to 50 percent despite advances
in critical care.?5 In the United States, approximate-
ly 750,000 cases of sepsis occur each year, at least
225,000 of which are fatal.¢
The inflammatory and procoagulant host respons-
es to infection are closely related.” Inflammatory cy-
tokines, including tumor necrosis factor «, interleu-
kin-1B, and interleukin-6, are capable of activating
coagulation and inhibiting fibrinolysis, whereas the
procoagulant thrombin is capable of stimulating mul-
tiple inflammatory pathways.”!! The end result may
be diffuse endovascular injury, multiorgan dysfunction,
and death. Activated protein C, an endogenous pro-
tein that promotes fibrinolysis and inhibits thrombo-
sis and inflammation, is an important modulator of the
coagulation and inflammation associated with severe
sepsis (Fig. 1).18 Activated protein C is converted from
its inactive precursor, protein C, by thrombin coupled
to thrombomodulin.!® The conversion of protein C
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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 a (TNF-a) and interleukin-1 activate coagulation by stimulating the release of tissue factor from mono-
cytes 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 con-
version of protein C, by thrombin bound to thrombomodulin, to the serine protease activated protein C is impaired by the inflam-
matory 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 inflam-
matory, 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-«, 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-1.1217
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to activated protein C may be impaired during sepsis
as a result of the down-regulation of thrombomodulin
by inflammatory cytokines.’ Reduced levels of pro-
tein C are found in the majority of patients with sepsis
and are associated with an increased risk of death.2023

Previous preclinical and clinical studies showed that
the administration of activated protein C may improve
the outcome of severe sepsis. The administration of ac-
tivated protein C was protective in a baboon model
of lethal Escherichin coli sepsis.2* In a placebo-con-
trolled 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, re-
sulted in dose-dependent reductions in the plasma lev-
els of D-dimer and serum levels of interleukin-6, mark-
ers of coagulopathy and inflammation, respectively.2
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 en-
rolled in this randomized, double-blind, placebo-controlled trial,
which was conducted at 164 centers in 11 countries. The institution-
al review board at each center approved the protocol, and written
informed consent was obtained from all participants or their author-
ized representatives. The clinical coordinating center (Vanderbilt Co-
ordinating Center, Nashville) was available 24 hours a day through-
out the study to answer investigators’ questions regarding patients’
cligibility and safety and the reporting of serious adverse events.

Selection Criteria

The criteria for severe sepsis were a modification of those de-
fined by Bone et al. (Appendix 1).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.

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 assign-
ments were made through a central randomization center. Drotreco-
gin alfa activated, at a dose of 24 ug 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 complemen-
tary DNA for human protein C had been inserted.?”

The infusion was interrupted 1 hour before any percutancous
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).
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Evaluation of Patients

Patients were followed for 28 days after the start of the infusion
or until death. Base-line characteristics including demographic in-
formation and information on preexisting conditions, organ func-
tion, markers of disease severity, infection, and hematologic and
other laboratory tests were assessed within 24 hours before the in-
fusion 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, As-
nieres, 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 Serv-
ices, Indianapolis). Blood samples for the measurement of neutral-
izing 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 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 pro-
spectively defined primary analysis included all patients who received
the infusion for any length of time, with patients analyzed accord-
ing to the treatment group to which they were assigned at random-
ization. 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. Sta-
tistical guidelines to suspend enrollment if drotrecogin alfa acti-
vated 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 IT (APACHE II)?
(3 to 19, 20 to 24, 25 to 29, or 30 to 53, with higher scores in-
dicating 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 un-
known). 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 rela-
tive risk and 95 percent confidence interval for each subgroup in-
cluded the observed relative risk for the entire population.

Changes from base-line levels of plasma D-dimer and serum in-
terleukin-6 were analyzed in patients who had subsequent meas-
urements 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
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the trial. Results presented here include data from ad-
ditional patients who were enrolled before the comple-
tion 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 dro-
trecogin alfa activated group) never received any study
drug. In the drotrecogin alfa activated group, 14 pa-
tients met at least one exclusion criterion, 4 patients
became moribund before the infusion could be start-
ed, and consent was withdrawn before the infusion
in the case of 3 patients. In the placebo group, 15 pa-
tients did not meet the entry criteria for the study,
and 2 patients became moribund before the infusion
was begun.

All randomized patients were followed for the en-

TABLE 1. BASE-LINE CHARACTERISTICS OF THE PATIENTS.*

DROTRECOGIN

PLAceBO ALFA ACTIVATED
GRroup GRroup
CHARACTERISTIC (N=840) (N=850)
Age (yr) 60.6+16.5 60.5+17.2
Age (%)
<60 yr 43.6 44.1
<65 yr 53.5 514
<75 yr 78.5 75.9
Male sex (%) 58.0 56.1
White race (%) 82.0 81.8
Prior or preexisting conditions (%)
Hypertension 35.0 38.2
Myocardial infarction 14.4 12.1
Congestive cardiomyopathy 9.0 6.4
Diabetes 22.4 20.7
Pancreatitis 39 34
Liver disease 2.6 2.1
COPD 26.1 222
Cancer 18.8 17.1
Recent trauma 5.1 3.3
Recent surgical history (%)
Elective surgery 6.2 5.8
Emergency surgery 21.2 20.7
No history of surgery 72.6 73.5

APACHE II score
Other indicators of disease severity (%)

Mechanical ventilation 77.6 73.3
Shock 71.7 70.4
Use of any vasopressor 75.5 71.8
Use of dobutamine 135 13.9
No. of dysfunctional organs or systems (%)
0 0 0.1
1 24.2 25.3
2 325 31.8
3 26.0 25.2
4 13.8 14.0
5 3.6 3.6
Time from first organ dysfunction to start 174+9.1 175+12.8

of drug infusion (hr)

*Plus—minus values are means =SD. COPD denotes chronic obstructive
pulmonary disease, and APACHE II Acute Physiology and Chronic Health
Evaluation II. Because of rounding, not all percentages total 100.
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tire 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 random-
ized 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 en-
rollment. 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 sim-
ilar 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 drotreco-
gin 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 pa-
tients (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 per-
cent 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.

Efficacy

Twenty-eight days after the start of the infusion,
259 of 840 patients in the placebo group (30.8 per-
cent) and 210 of 850 (24.7 percent) of the patients in
the drotrecogin alfa activated group had died. This dif-
ference in the rate of death from any cause was signif-
icant (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 II 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 con-
fidence interval, 6.6 to 30.5) in association with treat-
ment with drotrecogin alfa activated, as compared with
placebo. A Kaplan—Meier analysis of survival yielded
similar results (P=0.006) (Fig. 2). The absolute dif-
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TABLE 2. SITES AND CAUSES OF INFECTION IN PATIENTS
WITH SEVERE SEPSIS.

TABLE 3. BASE-LINE LEVELS OF INDICATORS OF COAGULATION
AND INFLAMMATION.*

DROTRECOGIN
ALFA ACTIVATED

PLaceo Group Group
VARIABLE (N=840) (N=850)
percent
Site of infection*
Lung 53.6 53.6
Abdomen 19.9 20.0
Urinary tract 10.2 10.0
Othert 16.3 16.4
Positive blood culture 325 327
Results of Gram’s staining of bacterial
pathogen
Purely gram-negative 23.3 21.8
Purely gram-positive 25.1 25.8
Mixed 13.9 15.6
Unconfirmed 54 33
Culture negative or not obtained 323 335
Type of organismi
Gram-positive
Staphylococcus anreus 14.4 14.1
Other staphylococcus species 6.2 7.1
Streptococcus pneumonine 11.3 12.5
Other streptococcus species 9.2 8.6
Enterococcus species 6.5 7.4
Other gram-positive 3.0 39
Gram-negative
Escherichin coli 17.4 15.5
Klebsiella species 6.8 55
Pseudomonas species 5.1 6.6
Enterobacter species 4.2 4.8
Haemophilus influenzae 4.2 3.1
Bacteroides species 3.0 3.6
Other gram-negative 10.2 9.5
Fungus
Candida albicans 1.7 2.0
Other candida species 5.0 4.5
Yeast 1.1 1.1
Other fungus 0.8 0.8

*The site of infection was either documented or presumed on the basis
of clinical findings.

tOther sites of infection included the blood, skin, central nervous sys-
tem, bones and joints, cardiac system, and reproductive organs.

tPatients may have had more than one organism cultured.

ference in survival between the two groups was evi-
dent within days after the initiation of the infusion and
continued to increase throughout the remainder of the
study period.

Prospectively defined subgroup analyses were per-
formed for a number of base-line characteristics, in-
cluding the APACHE 1II score, the number of dys-
functional 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 deficien-
cy. A consistent effect of treatment with drotrecogin
alfa activated was observed among the subgroups (da-
ta not shown), including the subgroup with protein C
deficiency and the subgroup with normal protein C
levels.

N Engl ] Med, Vol. 344, No. 10 - March 8, 2001

DROTRECOGIN

PLAcEBO ALFA ACTIVATED

VARIABLE Grour Grour
Plasma D-dimer

No. of patients 758 792

Median level (ug,/ml) 4.15 4.22

Interquartile range (ug,/ml) 2.18-8.65 2.28-8.11
Serum interleukin-6

No. of patients 808 827

Median level (pg,/ml) 484 497

Interquartile range (pg,/ml) 129-2540 153-2701
Plasma protein C activity

No. of patients 775 799

Median level (%) 50 47

Interquartile range (%) 33-68 30-63
Protein C deficiency (% of patients)

Yes 79.8 834

No 12,5 10.6

Unknown 7.7 6.0

*The normal range of D-dimer levels is 0.0 to 0.39 ug per milliliter. The
normal range of interleukin-6 levels is 0.38 to 10.09 pg per milliliter. The
normal range of protein C activity is 81 percent to 173 percent. A deficien-
cy of protein C was defined as an activity level of less than 81 percent.

Levels of p-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 (Fig. 3). Decreases in se-
rum 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).

Complications

The percentage of patients who had at least one se-
rious adverse event was similar in the two groups (Ta-
ble 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=0.006).
This difference in the incidence of serious bleeding
was observed only during the infusion period; there-
after, the incidence was similar in the two groups.
Among the patients who received drotrecogin alfa
activated, the incidence of serious bleeding was sim-
ilar for those who received drotrecogin alfa activated
alone and those who also received heparin (3.7 per-
cent and 3.5 percent). In both the drotrecogin alfa
activated group and the placebo group, serious bleed-
ing 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
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TABLE 4. ANALYSIS OF THE RATES AND Risks OF DEATH FROM ANY CAUSE AT 28 DAys.*

DROTRECOGIN

RELATIVE Risk

ALFA ACTIVATED P OF DEATH ABsoLUTE REDUCTION
VARIABLE PLAceBo GRouP GRouP VALuet (95% CI)* IN Risk (95% CI)8
no./total no. (%) %
Treated patients
Nonstratified analysis 259,840 (30.8) 210,/850 (24.7) 0.005 0.80 (0.69 to 0.94) 6.1 (1.9 to 10.4)
Stratified analysis{ 0.005 0.81 (0.70 to 0.93) 6.2 (1.6 to 10.8)
Protein C deficiency
Yes 215/670 (32.1) 182/709 (25.7) 0.009 0.80 (0.68 to 0.95) 6.4 (1.6 to11.2)
No 28,/105 (26.7) 14/90 (15.6) 0.06 0.58 (0.33 to 1.04) 11.1 (—0.4 to 22.6)
Unknown 16/65 (24.6) 14/51 (27.5) 0.73 1.12 (0.60 to 2.07) —2.8(—19.0to 13.4)
Randomized patients||
Nonstratified analysis 268/857 (31.3) 216/871 (24.8) 0.003 0.79 (0.68 to 0.92) 6.5 (2.2 t0 10.7)

*Patients were analyzed in the treatment group to which they were assigned at randomization. CI denotes confidence interval.

1Two-sided P values for the nonstratified and subgroup analyses are based on Pearson’s chi-square tests, and the P value for the primary
stratified analysis is based on the Cochran—Mantel-Haenszel test.

fThe relative risk of death is calculated as the mortality rate in the drotrecogin alfa activated group divided by the mortality rate in the

placebo group.

§For the stratified analysis, the absolute reduction in risk was estimated with use of the average of the absolute reduction in risk within

strata.

YIn the prospectively defined stratified analysis, the relative risk of death was calculated after an adjustment for the base-line APACHE II
quartile, age, and protein C activity.

| This analysis included 38 patients who were randomly assigned to treatment but who never received the study drug.

90

§ Drotrecogin alfa activated
— 80
s
'S Placebo
—
>
704
60 P=0.006
0 T T T
0 7 14 21
Days after the Start of the Infusion
No. AT Risk
Drotrecogin alfa 850 737 684 657
activated
Placebo 840 705 639 602

Figure 2. Kaplan—Meier Estimates of Survival among 850 Patients with Severe Sepsis in the Drotreco-
gin 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).
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Days after the Start of the Infusion

Figure 3. Changes in Median Plasma pD-Dimer Levels in 770 Patients with Severe Sepsis in the Drotreco-
gin 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.

30,000 per cubic millimeter and remained at that lev-
el 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 pa-
tients 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 in-
fusion. After adjustment for the duration of survival,
blood-transfusion requirements were similar in the two
groups (P=0.90).

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 (Ta-
ble 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 rel-
ative risk of death and an absolute reduction of 6.1
percent. A survival benefit was evident throughout

TABLE 5. INCIDENCE OF SERIOUS ADVERSE EVENTS.

DROTRECOGIN

PLACEBO  ALFA ACTIVATED
GRoupP GRoupP
VARIABLE (N=840) (N=850) VALUE

no. of patients (%)

At least one serious adverse event 102 (12.1) 106 (12.5) 0.84
Serious bleeding event* 17 (2.0) 30 (3.5) 0.06
Gastrointestinal 9 (1.1) 9 (1.1)
Intraabdominal 4 (0.5) 3(0.4)
Intrathoracic 1(0.1) 6 (0.7)
Retroperitoneal 0 4 (0.5)
Intracranial 1(0.1) 2(0.2)
Skin or soft tissue 0 2(0.2)
Genitourinary 0 2(0.2)
Source unidentified} 2(0.2) 2(0.2)
Thrombotic events 25 (3.0) 17 (2.0) 0.20

*A serious bleeding event was defined as any intracranial hemorrhage,
any life-threatening bleeding, any bleeding event classified as serious by the
investigator, or any bleeding that required the administration of 3 units of
packed red cells on two consecutive days.

tThese patients received 3 units of packed red cells on two consecutive
days but had no identifiable source of bleeding.
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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 ex-
plained by the drug’s biologic activity. Activated pro-
tein C inhibits the generation of thrombin by inac-
tivating factor Va and factor VIIIa.303! As compared
with the patients who received placebo, patients who
received drotrecogin alfa activated had greater decreas-
es 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 resolu-
tion 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 interleu-
kin-6 levels, a finding consistent with the known an-
tiinflammatory 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.® Furthermore, preclinical
studies demonstrated that activated protein C has di-
rect antiinflammatory properties, including the inhi-
bition of neutrophil activation, the production of cy-
tokines 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 ex-
amined, including those stratified according to age,
APACHE 1I score, sex, number of dysfunctional or-
gans or systems, type of infection (gram-positive,
gram-negative, or mixed), site of infection, and pres-
ence 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
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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 pa-
tients 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.

It was consistent with the antithrombotic activity
of drotrecogin alfa activated that bleeding was the
most common adverse event associated with the ad-
ministration 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 mark-
edly abnormal values for indicators of coagulation
(e.g., the platelet count, the activated partial-throm-
boplastin time, and the prothrombin time). The in-
cidence 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 acti-
vated 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 antithrom-
botic activity of the drug and occurs predominantly in
patients with a predisposition to bleeding. In patients
with severe sepsis, an intravenous infusion of drotreco-
gin alfa activated at a dose of 24 ug per kilogram per
hour for 96 hours was associated with a significant re-
duction in mortality and a safety profile that was ac-
ceptable within the context of this clinical trial.

Supported by Eli Lilly.
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APPENDIX 1. SUMMARY OF INCLUSION CRITERIA.*

INFECTION CRITERIA MobiFiep SIRS CRITERIA CRITERIA FOR DYSFUNCTIONAL ORGANS OR SYSTEMST

Patients had to have a Patients had to meet at least three of the  Patients had to meet at least one of the following five criteria: for cardiovascular-
known infection or a following four criteria: a core tempera- system dysfunction, the arterial systolic blood pressure had to be <90 mm Hg
suspected infection, as ture of =38°C (100.4°F) or <36°C or the mean arterial pressure <70 mm Hg for at least 1 hour despite adequate
evidenced by one or (96.8°F); a heart rate of =90 beats/min, fluid resuscitation, adequate intravascular volume status or the use of vasopres-
more of the following: except in patients with a medical condi- sors in an attempt to maintain a systolic blood pressure of =90 mm Hg or a
white cells in a normally tion known to increase the heart rate or mean arterial pressure of =70 mm Hg; for kidney dysfunction, urine output
sterile body fluid; perfo- those receiving treatment that would pre- had to be <0.5 ml/kg of body weight/hr for 1 hour, despite adequate fluid
rated viscus; radiograph- vent tachycardia; a respiratory rate of resuscitation; for respiratory-system dysfunction, the ratio of PaO, to FiO, had
ic evidence of pneumo- =20 breaths/min or a PaCO, of <32 to be <250 in the presence of other dysfunctional organs or systems or <200
nia in association with mm Hg or the use of mechanical ventila-  if the lung was the only dystunctional organ; for hematologic dysfunction, the
the production of puru- tion for an acute respiratory process; a platelet count had to be <80,000,/mm?3 or to have decreased by 50 percent
lent sputum; a syndrome white-cell count of =12,000/mm? or in the 3 days preceding enrollment; in the case of unexplained metabolic aci-
associated with a high <4,000/mm? or a differential count dosis, the pH had to be <7.30 or the base deficit had to be =5.0 mmol/liter
risk of infection (e.g., showing >10 percent immature neu- in association with a plasma lactate level that was >1.5 times the upper limit
ascending cholangitis). trophils. of the normal value for the reporting laboratory.

*SIRS denotes systemic inflammatory response syndrome, PaCO, partial pressure of arterial carbon dioxide, PaO, partial pressure of arterial oxygen, and
FiO, fraction of inspired oxygen.

tThe first sepsis-induced organ or system dysfunction had to develop within 24 hours before study enrollment.

APPENDIX 2. SUMMARY OF EXCLUSION CRITERIA.

Pregnancy or breast-feeding

Age <18 yr or weight >135 kg

Platelet count <30,000/mm?

Conditions that increased the risk of bleeding: surgery requiring general or spinal anesthesia within
12 hours before the infusion, the potential need for such surgery during the infusion, or evidence
of active bleeding postoperatively; a history of severe head trauma requiring hospitalization, intra-
cranial surgery, or stroke within 3 months before the study or any history of intracerebral arterio-
venous malformation, cerebral aneurysm, or mass lesions of the central nervous system; a history
of congenital bleeding diatheses; gastrointestinal bleeding within 6 weeks before the study unless
corrective surgery had been performed; and trauma considered to increase the risk of bleeding

Known hypercoagulable condition, including resistance to activated protein C; hereditary deficiency
of protein C, protein S, or antithrombin IIT; presence of anticardiolipin antibody, antiphospholipid
antibody, lupus anticoagulant, or homocysteinemia; or recently documented (within 3 months be-
fore the study) or highly suspected deep-vein thrombosis or pulmonary embolism

Patient’s family, physician, or both not in favor of aggressive treatment of patient or presence of an
advanced directive to withhold life-sustaining treatment

Patient not expected to survive 28 days because of uncorrectable medical condition, such as poorly
controlled neoplasm or other end-stage discase

Moribund state in which death was perceived to be imminent

Human immunodeficiency virus infection in association with a last known CD4 count of <50/mm?
History of bone marrow, lung, liver, pancreas, or small-bowel transplantation

Chronic renal failure requiring hemodialysis or peritoneal dialysis*

Known or suspected portosystemic hypertension, chronic jaundice, cirrhosis, or chronic ascites
Acute pancreatitis with no established source of infection

Participation in another investigational study within 30 days before the current study

Use of any of the following medications or treatment regimens: unfractionated heparin to treat an
active thrombotic event within 8 hours before the infusiont; low-molecular-weight heparin at a
higher dose than recommended for prophylactic use (as specified in the package insert) within 12
hours before the infusion; warfarin (if used within 7 days before study entry and if the prothrombin
time exceeded the upper limit of the normal range for the institution); acetylsalicylic acid at a dose
of more than 650 mg/day within 3 days before the study; thrombolytic therapy within 3 days be-
fore the studyt; glycoprotein IIb/IIla antagonists within 7 days before study entry; antithrombin
IIT at a dose of more than 10,000 U within 12 hours before the study; or protein C within 24
hours before the study

*Acute renal failure was not an exclusion criterion.

tProphylactic treatment with a dose of unfractionated heparin of up to 15,000 U per day was per-
mitted.

fThrombolytic agents were permitted for the treatment of thromboses within a catheter.
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APPENDIX 3

In addition to the authors, the following institutions and investigators
participated in the study: Clinical Evaluation Committee: D. Heiselman, G.
Kinasewitz, H. Levy, R. Light, D. Maki, P. Morris, J. Sollet; Vanderbilt Co-
ordinating Center: B. Swindell, M. Stroud, S. Higgins, M. Burdett, J. Burg-
er, S. Calderon, J. Gottesman, T. Thomas; Data Safety and Monitoring
Board: S. Opal, E. Abraham, J. Wittes, S. Lowry; Clinical Sites: Australin:
R. Bellomo, I. Baldwin, Heidelberg; R. Boots, C. Rickard, Hersten; G.
Dobb, G. Morris, Perth; M. Chapman, J. Myburgh, S. Creed, D. Rea, Ade-
laide; S. Finfer, R. Lee, M. Madnaye, St. Leonards; P. van Heerden, B.
Roberts, Nedlands; C. Joyce, T. Limpus, Woolloongabba; J. Cade, C.
Boyce, Parkville; D. Breen, D. Rajbhandari, Camperdown; A. Bersten, T.
Hunt, Bedford Park; A. Davies, G. Hanlon, L. Howard, Prahan; Belgium:
P. Hantson, M. Reynaert, X. Wittebolle, H. Spapen, 1. Hubloue, D. De
Backer, P. Weyers, Brussels; E Forét, D. Valadi, Mons; M. Simon, Arlon;
Brazil: E. Knobel, E. Silva, J. Amaral, E Machado, Sio Paulo; Canada: G.
Jones, D. Garber, I. Watpool, Ottawa; J. Russell, V. Dunlop, T. Lehman,
Vancouver; E. Jacobsohn, D. Bell, T. Wilson, Winnipeg; D. Zuege, D. Con-
ley, Calgary; R. Johnston, D. Kutsogiannis, S. Marcushamer, D. Matheson,
W. Murtha, A. Shustack, E. Konopad, P. Nicholls, N. Whalen, Edmonton;
R. Light, M. Dominique, Winnipeg; C. Doig, L. Cranshaw, Calgary; I.
Mayers, C. Carbonaro, B. Litwiniwich, M. Miller, Edmonton; E Rutledge,
V. Binns, J. Kehoe, London; T. Smith, J. Fuhrmann, B. Horodyski, Toron-
to; D. Heyland, E. Flynn, D. Witham, Kingston; J. Fenwick, L. Grandolfo,
Vancouver; S. Mehta, R. MacDonald, Toronto; R. Hall, Y. Stolworthy,
Halifax; J. Marshall, M. Steinberg, Toronto; K. Williams, B. Peters, Saska-
toon; France: A. Cariou, Paris; J. Sollet, G. Bleichner, Argenteuil; E Zeni,
Saint-Etienne; D. Dreyfuss, A. de Lassence, Colombes; J. Timsit, E. Van-
talon, Paris; J. Vedrinne, S. Duperret, Lyons; A. Tenaillon, J. Camuset,
Evry; C. Martin, J. Albanese, Marseilles; C. Arich, R. Cohendy, Nimes; B.
Vallet, P. Rodie-Talbere, Lille; M. Wolff, E Delatour, Paris; G. Fournier, D.
Jacques, Pierre-Bénite; Germany: P. Kujath, A. Stolfa, Libeck; C. Erley, W.
Shobel, Tibingen; T. Kloss, J. Kramer, Hamburg; E. Forycki, B. Ehrecke,
H. Riess, D. Barckow, Berlin; D. Schmitt, J. Garbade, Leipzig, H. Darius,
M. Spiecker, Mainz; M. Wehling, Mannheim; the Netherlands: J. Bakker, J.
Hothuis, M. Disberg, Apeldoorn; C. van der Linden, Heerlen; S. van der
Geest, L. Steens, B. Solberg, Maastricht; G. Ong, W. in’t Veld, Rotterdam;
B. Specelberg, Tilburg; H. Delwig, J. Tulleken, J. Bottema, R. Spanjersberg,
Groningen; New Zealand: R. Freebairn, L. Chadwick, Hastings; S. Hend-
erson, J. Mehrtens, Christchurch; C. McArthur, L. Newby, J. Roberts,
Auckland; South Africa: J. Brown, S. Tshukutsoane, Soweto; J. Pretorius, E
van Rensburg, Pretoria; J. Kilian, M. Landman, Lynnwood Ridge; M.
Beale, D. Steyn, Tygerberg; Spain: R. Bayo Poleo, J. Julid Navarez, L. Lo-
pez Sanchez, Badajoz; A. Esteban de la Torre, J. Lorente Balanza, J.
Colchon, P. Vadillo, Madrid; A. Artigas Raventos, E. Baigorri Gonzilez, G.
Goma, Barcelona; C. Leén Gil, J. Castillo Caballero, E Lucena Caldero6n,
E Ortega Vinuesa, Seville; J. Boveda Trevino, J. Caballero Lopez, J. Ruiz
Rodriguez, Barcelona; J. Caturla Such, J. Canovas Robles, M. Delgado La-
costa, A. Silla Lopez, Alicante; J. Gomez Rubi, V. Bixquert Montagud, A.
Sanchez Martos, J. San Martin Monzo, Murcia; United States: K. Lafleur,
Springfield, Mass.; B. Margolis, C. Doombos, Oak Park, Ill.; G. Kinase-
witz, C. Castle, A. Eid, Oklahoma City; H. Shanies, H. Luttinger, Elm-
hurst, N.Y.; H. Levy, M. Niedhart, T. Roughface, Albuquerque, N.M.; L.
Anderson, E. Jones, M. Morrissey, Bay Pines, Fla.; G. Matuschak, P.
Dettenmeier, St. Louis; D. Heiselman, B. Park, Akron, Ohio; J. Otoshi, L.
Weber, Escondido, Calif.; J. Taylor, C. Tweten, Tacoma, Wash.; R. Wun-
derink, C. Jones, Memphis, Tenn.; G. Kohler, C. Reed, Lake Charles, La.;
M. Harrison, J. Cwengros, S. Shore, K. Hogeterp, Grand Rapids, Mich.;
D. Lusbader, N. Dengler, V. Reichert, Manhasset, N.Y.; P. Comp, C.
Comp, D. Spence, Oklahoma City; J. Fraiz, C. Bunce, M. Watson, Indian-
apolis; T. Berne, J. Murray, L. Sarmiento, N. Solera, Los Angeles; G.
Rubeiz, J. Miessen, Indianapolis; J. Kellum, M. Cohen, Pittsburgh; R.
Carlson, C. Johnson, Phoenix, Ariz.; H. Simms, M. Levy, S. Lizotte, J.
Houtchen, Providence, R.I.; R. Schmid, J. Bauwens, S. Weise, Sun City,
Ariz.; R. Taylor, J. O’Brien, St. Louis; C. Givens, T. Thompson, Newport
News, Va.; D. Ziegler, D. Burns, Fort Worth, Tex.; P. Morris, A. Howard-
Carroll, Winston-Salem, N.C.; G. Gomez, D. Allen, M. Spires, Indianapo-
lis; A. Multz, I. Balatsky, New Hyde Park, N.Y.; D. Smith, J. Josephs, T.
Houlihan, Lackland AFB, Tex.; M. Polkow, T. McKiernan, Hackensack,
N.J.; T. Verville, V. Zimmer, Charlotte, N.C.; P. Edelstein, A. Seiver, N.
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Dear Editor,
The steering committee (SC) of the
PROWESS SHOCK study has put in
place processes that should guarantee
independence and transparency to
resolve the controversies surrounding
the investigation and use of drotr-
ecogin alfa (activated), thus serving
the best interests of our patients [1].
The SC anticipated that the mor-
tality rates from sepsis may be
decreasing in response to improved
quality of care [2] with a consequent
influence on the sample size calcula-
tion for the PROWESS SHOCK
study. We have described the impact

of a falling placebo mortality rate and
how the sample size would need to be

changed to maintain 80% power to
detect a 20% relative mortality
reduction with drotrecogin alfa (acti-
vated) [2]. Accordingly, we employed
a conditional power design to resize
the study if aggregate mortality
observed for the first 750 patients

was lower than the anticipated 31.5%
[1, 3].

Recent reports do indeed suggest
temporal improvements in sepsis
mortality. A multicenter demonstra-
tion project of a sepsis treatment
“bundle” demonstrated a 5.4% abso-
lute decrease in hospital mortality in
the 15.022 subjects treated between
2005 and 2008 [4]. The australian and
new zealand intensive care (ANZIC)
research network investigators dem-
onstrated a reduction in hospital
mortality from 35.6% to 21.2%

(n = 7,250) over an 8-year period
ending in 2005 [5]. Recent trials have
also reported lower than expected
mortality. An international trial of
TAK-242, a TLR-4 antagonist,
enrolled 274 patients from 94 medical
centers with septic shock or sepsis
requiring mechanical ventilation and
noted a placebo 28-day mortality of
28% despite a sequential organ failure
assessment (SOFA) score over 8. The
predicted mortality for sample size
estimation was 40% [6]. A phase 2
trial of eritoran tetrasodium (E5564)
enrolled adults with severe sepsis.
The average predicted mortality was
53%, yet the observed 28-day mor-
tality was 24-25% [7].

On 12 May 2010 the SC reviewed
the aggregate baseline characteristics
and 28-day mortality for the first 753
subjects in the PROWESS SHOCK
study. At baseline, the mean number
of organ failures was 3.5, all subjects
were vasopressor dependent through-
out the 17-h (mean) pre-enrollment
period, 72% had renal dysfunction,
and the (mean) total SOFA score was
9. The selected population therefore
has a higher disease severity com-
pared with PROWESS [8]. However,
the aggregate mortality was 27.6%.
Accordingly, the SC approved a
protocol-specified increase in sample
size from 1,500 to 1,696 subjects
(848 per group).

The analyses for the primary pub-
lication will be done by an
independent academic statistical

CORRESPONDENCE

center [the Duke Clinical Research
Institute (DCRI), Drs. Kerry Lee and
Robert Califf]. Furthermore, the sta-
tistical analysis plan (SAP) has been
developed in collaboration with the
steering committee, the sponsor, and
the DCRI, and the final plan submit-
ted to the Food and Drug
Administration (FDA) in February of
this year, prior to the first interim
analysis by the data monitoring
committee (DMC). Furthermore, and
in accordance with recent calls for
publication of analysis plans in
advance of study completion, we are
attaching the entire SAP as a supple-
ment to this letter [9].

As of the end of June we have
enrolled 971 subjects into the trial,
with the majority being enrolled in
Europe. Based on the current rate of
enrollment and the assumption that
the DMC will allow the study to
continue to completion, we anticipate
that the study will be completed in
spring or summer 2011.

We wish to thank all our study
subjects and their families, as well as
our dedicated co-investigators and
research coordinators and the spon-
sor, Eli Lilly, for their participation,
support, and hard work on this
important study.
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