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CLINICAL THERAPEUTICS

Activated Protein C for Sepsis

Susanne Toussaint, M.D., M.A., and Herwig Gerlach, M.D., Ph.D.

This Journal feature begins with a case vignette that includes a therapeutic recommendation. A discussion
of the clinical problem and the mechanism of benefit of this form of therapy follows. Major clinical studies,
the clinical use of this therapy, and potential adverse effects are reviewed. Relevant formal guidelines,
if they exist, are presented. The article ends with the authors’ clinical recommendations.

A 55-year-old man is brought to the emergency department with abdominal pain,
fever (temperature, 102.9°F), and dyspnea. His medical history includes an appen-
dectomy 8 years earlier. Abdominal radiography shows free air as well as signs of
small-bowel ileus. An emergency laparotomy is performed. Intraoperatively, a lower-
small-bowel perforation is identified, with evidence of peritonitis. Partial ileal resec-
tion with end-to-end anastomosis is performed. Treatment with broad-spectrum
antibiotics is initiated; blood cultures grow typical Enterobacteriaceae (Escherichia
coli and Proteus mirabilis) and Enterococcus faecium. Septic shock with hypotension
requiring vasopressor support, hypoxemia requiring mechanical ventilation, and re-
nal dysfunction develop, with an elevated serum lactate level. The patient’s Acute
Physiology and Chronic Health Evaluation (APACHE) II score (see the Supplementary
Appendix, available with the full text of this article at NEJM.org) is 27. Results of clot-
ting studies are normal, and no clinical bleeding is detected. The surgeon and the in-
tensivist decide that treatment with activated protein C is indicated.

THE CLINICAL PROBLEM

Sepsis is a systemic inflammatory response to presumed or known infection.* It is
a leading cause of in-hospital death in adult patients, and the incidence is increas-
ing worldwide.?* There is considerable variation among countries, yet overall, there
is a strong positive correlation between the frequency of sepsis and mortality rates
in the intensive care unit (ICU).>° In a prospective study of 3877 patients in 454
ICUs in Germany, the prevalence of sepsis was 12.4%.” The prevalence of severe
sepsis, defined as sepsis associated with organ dysfunction,* was 11.0%; nearly half
the patients with severe sepsis had septic shock, defined as sepsis with hypoten-
sion, despite adequate fluid replacement.* The incidence of severe sepsis was esti-
mated to be 76 to 110 cases per year per 100,000 population.” These data are con-
sistent with reports from earlier studies of rates from 51 to 300 cases per year per
100,000 population.?3

The prognosis for patients with severe sepsis is poor. Mortality rates range from
38%° to 59%.%° The study from Germany reported mortality rates among ICU pa-
tients and among inpatients generally of 48.4% and 55.2%, respectively.” Patients
who survive severe sepsis have a lower quality of life than does the age- and sex-
adjusted general population, as long as 1.5 years later.'* The economic burden of
severe sepsis is immense. In one analysis from Germany, the estimated daily cost
of hospital care for a patient with severe sepsis was €1090 (approximately $1,600),
resulting in an overall cost per hospital stay that was 2 to 11 times the average
cost per patient.'?
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PATHOPHYSIOLOGY AND THE EFFECT
OF THERAPY

Sepsis is a complex phenomenon that remains
incompletely understood. Infectious pathogens
possess unique structural components called
pathogen-associated molecular patterns; examples
include lipopolysaccharide in gram-negative bac-
teria and peptidoglycan in gram-positive bacte-
ria.?3 These molecules bind to host cell receptors,
or pattern-recognition receptors, including the
cell-surface toll-like receptors and several types
of cytoplasmic receptors.'* Receptor binding re-
sults in activation of intracellular signaling path-
ways that lead to a variety of responses, including
increased transcription of inflammatory cyto-
kines, up-regulation of adhesion-molecule expres-
sion, stimulation of humoral and cell-mediated
immune responses, and activation of vascular
endothelial cells. A detailed discussion of the
pathogenesis of sepsis has been addressed in a
number of recent reviews.5-18

An important feature of the pathophysiology
of sepsis is the development of a procoagulant
state.%2° Inflammatory cytokines both activate
the coagulation cascade and inhibit fibrinolysis.
In turn, components of the coagulation and fibri-
nolytic systems have proinflammatory effects. Dis-
seminated intravascular coagulation, one of the
most feared complications of sepsis, is a manifes-
tation of the dysregulation of coagulation.?*

Protein C is a soluble, vitamin K-dependent,
plasma serine protease that plays a central role
in endogenous anticoagulation.?? The activated
form is generated when thrombin, bound to the
cofactor thrombomodulin, interacts with and
cleaves the zymogen protein C. Activated protein
C is a potent anticoagulant and profibrinolytic
enzyme capable of inactivating clotting cofactors
Va and VIIIa and plasminogen-activator inhibitor 1
(Fig. 1).23:2# Proinflammatory cytokines such as
tumor necrosis factor induce a decline in throm-
bomodulin activity?>2° and thus a decrease in the
generation of activated protein C. Reduced levels
of protein C in patients with sepsis have been
correlated with an increase in the risk of death.27-3°
These observations led to the hypothesis that the
administration of activated protein C might be
beneficial in patients with sepsis.

There is disagreement about whether the ef-
fects of activated protein C in patients with sepsis
are primarily due to its anticoagulant activity.
There is evidence that activated protein C is also

an important inhibitor of the systemic inflamma-
tory response in patients with severe sepsis.??-31
In addition, activated protein C has been reported
to inhibit nitric oxide—induced vascular dysfunc-
tion, apoptosis of lymphocytes and endothelial
cells, and activation of neutrophils. In studies of
animals, genetically engineered forms of activat-
ed protein C with minimal anticoagulant activity
retain the beneficial effects of the innate type,
with a diminished risk of bleeding.>? In con-
trast, in animal models of peritonitis and pneu-
monia, the beneficial effects of activated pro-
tein C are associated with its anticoagulant
effects.?334 In clinical trials, other agents with
antithrombotic effects (e.g., recombinant tissue
factor pathway inhibitor and antithrombin III)
have had no effect on the mortality rate among
patients with sepsis.3>3°

CLINICAL EVIDENCE

The first clinical study of activated protein C was
a phase 2 dose-ranging trial of a recombinant hu-
man activated protein C called drotrecogin alfa
(activated) (DrotAA; Xigris, Eli Lilly) in patients
with severe sepsis. Administration of DrotAA re-
sulted in dose-dependent reductions in D-dimer
and interleukin-6 levels without an increase in
serious bleeding.?”

These results were used to select a DrotAA dose
of 24 ug per kilogram of body weight per hour
for use in the subsequent phase 3 Prospective Re-
combinant Human Activated Protein C Worldwide
Evaluation in Severe Sepsis (PROWESS) study.3®
This placebo-controlled, randomized, double-
blind, multicenter trial included 1690 patients,
approximately 75% of whom had multiorgan dys-
function. Treatment with DrotAA within 24 hours
after diagnosis was associated with a mortality
rate of 24.7% at 28 days versus 30.8% with pla-
cebo (P=0.005). As reported subsequently,® the
overall incidence of at least one bleeding event
was 24.9% in the treatment group and 17.7% in
the placebo group (P=0.001). The incidence of
serious bleeding in the PROWESS study was also
higher in the DrotAA group than in the placebo
group (3.5% vs. 2.0%, P=0.06). In subgroup
analyses, most of the benefit of DrotAA treat-
ment was seen in patients at increased risk for
death, including those with APACHE II scores of
25 or greater.*® On the basis of these data, in
2001, the U.S. Food and Drug Administration
(FDA) and the European Medicines Agency ap-

N ENGLJ MED 361;27 NEJM.ORG DECEMBER 31, 2009

Downloaded from www.nejm.org by JOHN VOGEL MD on December 30, 2009 .
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

2647


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel


JohnVogel



The NEW ENGLAND JOURNAL of MEDICINE

A Normal State

Coagulation

Vllla

’

1

'

v
v
Yy
w

von W|||ebrand

Thrombin
T

Clot Formation Fibrinolysis

Reduced fibrin clotting Lysis

%ﬂtlon

,’ Thrombin

o Tlssue ( - Thrombomodulin
‘ifactor B \ ___ .
[-4'

Plasmin

Plasminogen
activator

von Willebrand
factor 3

factor
" arendothelium
B Sepsis
Coagulation Clot Formation Fibrinolysis
-l
Thrombin / ~~~~~~~~
@ Increased fibrin clotting RRRIE Lysis

Reduced g
( thrombomodulin o
: PAIL

Tissue
13 factor ~“Plasminogen

activator

[Afamed vascular endo

Coagulation

von Wlllebra
factor 2

C rhAPC Therapy

Thrombin
S

S
~ VTnssue

Clot Formation

Fibrinolysis

Vagﬁ

( Reduced

thrombomodulin J
: PAI-1

factor Plasminogen

activator

2648

proved the use of DrotAA in patients with severe
sepsis who are at increased risk for death.

The decision to approve DrotAA was the sub-
ject of criticism by some experts.#»#2 It was
noted that, during the course of the PROWESS
trial, some changes had been made in the pro-
tocol, among them the exclusion of participants
who were thought to be likely to die within 28
days because of the severity of the underlying
disease and the introduction of a new master lot

N ENGLJ MED 361;27
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Figure 1. The Procoagulant State in Patients
with Sepsis and the Mode of Action of Recombinant
Human Activated Protein C (rhAPC).

In the normal state (Panel A), the vascular endothelial
cell expresses thrombomodulin, which, after coupling
to thrombin, allows a feedback loop of inhibition of
thrombin formation by inducing the production of ac-
tivated protein C (APC) from soluble protein C (PC).
APC inhibits Va and Vllla, important cofactors of the
extrinsic and intrinsic procoagulant pathway, respec-
tively. Thus, in the normal state, anticoagulation pre-
dominates to maintain blood flow. In addition, plasmin-
ogen activator, expressed on the cell surface, initiates
fibrinolysis, thus reducing clot formation. Panel B shows
the host response to infection, in which endothelial cells
are activated by inflammatory mediators. Thrombo-
modulin expression is markedly reduced, making APC-
dependent anticoagulation inefficient. Fibrinolysis is
inhibited by the cytokine-induced expression of plas-
minogen-activator inhibitor 1 (PAI-1). As a result, the in-
creased expression of tissue factor and von Willebrand
factor leads to clot formation and disseminated intra-
vascular coagulation. Panel C shows the results of ad-
ministration of rhAPC in patients with sepsis. The rhAPC
replaces physiologic APC, inhibits further clot forma-
tion, and increases fibrinolysis by blocking PAI-1. Pro-
coagulant activity is reduced. The red T symbols indi-
cate inhibition, and the dashed arrows and T symbols
indicate actions that would be present in the absence
of the inhibition or conditions shown.

of cells for growing the recombinant DrotAA
protein. It was also suggested that, in practice,
the APACHE II score would be difficult to deter-
mine consistently and would change during the
early period of care and that the use of a sub-
group analysis of data from a major trial to
identify suitable candidates for treatment was
not appropriate.

The FDA defended its decision to approve
DrotAA** but obtained commitments from Eli
Lilly to conduct additional trials to try to resolve
some of the questions raised. The Administra-
tion of Drotrecogin Alfa (Activated) in Early Stage
Severe Sepsis (ADDRESS) trial evaluated the role
of DrotAA therapy in patients with severe sepsis,
associated with either single-organ failure or
an APACHE II score below 25.44 The study was
stopped, after enrolling 2640 patients, because
there was no indication of a positive effect. The
28-day rate of death from any cause was 18.5%
in the DrotAA group and 17% in the placebo
group (P=0.34). The in-hospital mortality rate
was 20.6% in the DrotAA group and 20.5% in
the placebo group (P=0.98). Serious bleeding
occurred in 2.4% of patients receiving DrotAA,
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as compared with 1.2% of patients receiving
placebo (P=0.02) during the drug-infusion peri-
od. No significant difference was observed in the
rate of hemorrhage involving the central nervous
system (0.3% with DrotAA and 0.2% with place-
bo).#* A randomized study of DrotAA therapy in
children also showed no significant benefit.*s
Critics concluded that a general recommen-
dation for the clinical use of DrotAA was prema-
ture or not justified.#>*” However, other investi-
gators, including the members of the Surviving
Sepsis Campaign, suggested that the use of
DrotAA was reasonable for patients who have
multiorgan failure or a high risk of death.*® An-
other large, multicenter, randomized clinical trial
is currently enrolling patients (the Efficacy and
Safety of Drotrecogin Alfa [Activated] in Adult
Patients with Septic Shock study; ClinicalTrials
.gov number, NCT00604214). The results of this
clinical trial could substantially affect our as-
sessment of when and how to use this drug.

CLINICAL USE

In cases of severe sepsis, treatment of the under-
lying cause of infection requires early and meticu-
lous attention to the potential site of infection,
including the use of antimicrobial agents and, if
appropriate, surgical drainage. Physiological
support for organ dysfunction with the use of
inotropes, mechanical ventilation, and renal-
replacement therapy should be instituted in cer-
tain clinical circumstances. Corticosteroids are
broadly used, although their benefit remains un-
certain.*>>° The use of DrotAA should therefore
be considered part of a more extensive strategy of
critical care management.

The results of the PROWESS trial have led to
the increasing use of DrotAA by clinicians®;
however, surveys have revealed that its use in
clinical practice is not consistent with the inclu-
sion and exclusion criteria of the PROWESS
study, mostly because the initiation of therapy is
often delayed in practice.>2>3 The use of DrotAA
should be limited to patients who have severe
sepsis with evidence of dysfunction of more
than one organ, which should be assessed by
means of validated scoring systems such as the
Sequential Organ Failure Assessment (SOFA)
score>* (see the Supplementary Appendix), and
an APACHE II score of 25 or higher. The drug
should not be used in adults who have sepsis

associated with a low risk of death or with single-
organ (not multiorgan) dysfunction, nor should
it be used in children. To ensure consistent ap-
plication of these criteria, we evaluate patients
for DrotAA therapy using a standardized check-
list, which includes not only the APACHE II score
and the SOFA score but also absolute and relative
contraindications (see below).

The PROWESS trial established strict exclu-
sion criteria to limit the risk of bleeding with
DrotAA treatment (see the Supplementary Ap-
pendix). There is a general consensus that pa-
tients who have known hemorrhage, have under-
gone intracranial surgery, or have a severe head
injury should be strictly excluded from treatment
with DrotAA. The risk of bleeding during other
surgical procedures should be assessed individu-
ally; for instance, we are very reluctant to use
DrotAA in patients after thoracotomy or in pa-
tients with clinically relevant soft-tissue injuries.
DrotAA therapy should not be restarted or initi-
ated for 12 hours after any major surgical proce-
dure. The patient’s coagulation variables (pro-
thrombin time and partial thromboplastin time)
should be within the normal range, and the
platelet count should not be less than 30,000 per
cubic millimeter.

The dose of DrotAA, as in the PROWESS pro-
tocol, should be 24 ug per kilogram of body
weight per hour, administered as a continuous
infusion over a period of 96 hours. A post hoc
analysis of data from five trials involving pa-
tients with severe sepsis suggested that the ben-
efit of DrotAA is greater with earlier administra-
tion.>> Recent guidelines (see below), as well as
protocols of ongoing studies,>® recommend that
DrotAA therapy be initiated within 24 hours af-
ter the onset of severe sepsis. The same dose and
infusion rate are recommended, regardless of the
severity of organ dysfunction, type of infection,
or presence or absence of coexisting conditions.
No direct drug—drug interactions have been iden-
tified. Use of low-dose heparin as prophylaxis
against deep venous thrombosis should not be
discontinued during DrotAA infusion. However,
patients requiring moderate or high doses of
heparin should not be treated with DrotAA.

At present, there are no recommendations for
individual dose adjustment on the basis of labo-
ratory values during the 96-hour infusion period.
Nonetheless, it is recommended that the results
of standard clotting tests and platelet counts be
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monitored to identify unexpected risks of bleed-
ing as promptly as possible. Slight increases in
the prothrombin time or decreases in the D-dimer
level may occur but are not reasons to adjust the
treatment if there is no sign of clinical bleeding.
However, if severe bleeding occurs during the
infusion, therapy should be discontinued imme-
diately and should not be reinitiated.

The overall cost of treatment with DrotAA is
approximately $7,500 to $9,000.57->° Some insur-
ance programs provide full reimbursement and
others provide partial reimbursement; some hos-
pitals include the cost of DrotAA in the general
budget for the ICU.

ADVERSE EFFECTS

In the major clinical trials, administration of
DrotAA in patients with sepsis increased the risk
of bleeding, primarily during the infusion peri-
0d.3%°° Over the 28-day study period, serious
bleeding events — the occurrence of which was
often correlated with the a greater severity of
sepsis at baseline and with a platelet count below
30,000 per cubic millimeter during the infusion
period — were observed in 3.5 to 6.5% of pa-
tients receiving DrotAA as compared with 2.0 to
5.0% of patients receiving placebo.®® Rates of
bleeding involving the central nervous system
were 0 to 1.5% with DrotAA as compared with
0 to 0.7% with placebo.

The risk of bleeding has been somewhat
higher in clinical practice than in the major
clinical trials. In studies in Canada and Italy, the
reported rates of serious bleeding were 10% and
10.9%, respectively.>2>3 In the Canadian study,
risk factors for bleeding included failure of four
or more organs and the presence of a relative
contraindication to DrotAA therapy.5? These find-
ings underscore the importance of careful con-
sideration of the exclusion criteria used in the
PROWESS trial that are related to the risk of
bleeding (see the Supplementary Appendix). Close
clinical monitoring for bleeding is also essential,
including assessment of the score on the Glas-
gow Coma Scale for early recognition of possible
hemorrhage involving the central nervous system.

AREAS OF UNCERTAINTY

Several areas of uncertainty with regard to DrotAA
treatment have been described in the sections

above, but three of these areas are of particular
importance. First, the efficacy of DrotAA remains
a matter of dispute. Second, although the benefit
of DrotAA may be a consequence of its antico-
agulant properties, an important role of other
physiological effects has been suggested. Third,
the optimal application of the PROWESS exclu-
sion criteria (see the Supplementary Appendix) is
uncertain.

The appropriate application of inclusion crite-
ria for the selection of patients is also a key issue.
The subgroup analysis in the PROWESS trial
suggested that all patients with an APACHE II
score of 25 or greater would benefit.*° In con-
trast, the ADDRESS trial suggested that patients
with an APACHE II score of less than 25 or with
single-organ failure would not benefit.#* The
conservative interpretation of these data is to
require both an APACHE II score of 25 or higher
and dysfunction of more than one organ.

GUIDELINES

In 2004, the first Surviving Sepsis Campaign
guidelines included the following recommenda-
tion: “rhAPC [recombinant human activated pro-
tein C] (DrotAA) is recommended in patients
at high risk of death (APACHE II >25, sepsis-
induced multiple organ failure, septic shock, or
sepsis-induced ARDS [acute respiratory distress
syndrome]) and no absolute contraindication re-
lated to bleeding risk or relative contraindication
that outweighs the potential benefit of rhAPC.”4#
A similar recommendation was included in the
Guidelines of the German Sepsis Society in
20006.°1

These recommendations came under criticism
for the way in which they were developed.®> More
than 90% of the funding of the Surviving Sepsis
Campaign was provided by Eli Lilly, and it was
asserted that the guidelines were orchestrated as
an extension of their marketing campaign for
DrotAA.

As a result of this controversy, industry spon-
sorship was not permitted when the guidelines
underwent revision. The 2008 guidelines down-
graded the recommendation for DrotAA therapy,
using the word “suggest” rather than “recom-
mend”: “We suggest that adult patients with sep-
sis induced organ dysfunction associated with a
clinical assessment of high risk of death, most
of whom will have APACHE II 225 or multiple
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organ failure, receive rhAPC if there are no con-
traindications (Grade 2B except for patients with-
in 30 days of surgery where it is Grade 2C). Rela-
tive contraindications should also be considered
in decision making.”°3

RECOMMENDATIONS

The patient described in the vignette is an appro-
priate candidate for therapy with DrotAA on the
basis of the severity of his septic state (APACHE
II score of 27) and the presence of multiorgan
dysfunction (cardiovascular, pulmonary, and re-
nal). His recent surgical procedure (the emer-
gency laparotomy) is a relative contraindication.

However, if he has no clinical evidence of bleed-
ing and has normal coagulation values, and if his
platelet count is not less than 30,000 per cubic
millimeter, we would favor the use of DrotAA.
Therapy should be initiated as promptly as pos-
sible, since there is convincing evidence that the
benefit begins to wane 24 hours after the onset
of sepsis. The patient’s symptoms should be
monitored and the coagulation values obtained
daily during the treatment period; we would in-
terrupt the DrotAA infusion immediately if bleed-
ing occurs.

No potential conflict of interest relevant to this article was
reported. Financial and other disclosures provided by the authors
are available with the full text of this article at NEJM.org.
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Supplementary Appendix

This appendix has been provided by the authors to give readers additional information about their work.

Supplement to: Toussaint S, Gerlach H. Activated protein C for sepsis. N Engl ] Med 2009;361:2646-52.
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Exclusion Criteria from the PROWESS Trial to
reduce risk of bleeding with DrotAA treatment®®

Platelet Count <30,000/mm?>.

Surgery requiring general or spinal anesthesia within 12 hours before the
infusion.

Potential need for such surgery during the infusion.
Evidence of active bleeding postoperatively.

History of severe head trauma requiring hospitalization.
Intracranial surgery.

Stroke within 3 months before treatment.

Any history of intracerebral arterio-venous malformation.
Cerebral aneurysm.

Mass lesion of the central nervous system.

History of congenital bleeding diathesis.

Gastrointestinal bleeding within 6 weeks before treatment unless corrective
surgery had been performed.

Trauma considered to increase the risk of bleeding.

Unfractionated heparin to treat an active thrombotic event within 8 hours
before the infusion; prophylactic treatment with a dose of unfractionated
heparin of up to 15,000 U per day is permitted. Prophylactic doses >15,000 U
per day have to be stopped within 12 hours before infusion.

Warfarin (if used within 7 days before treatment and if the prothrombin time
exceeds 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 treatment.

Thrombolytic therapy within 3 days before treatment.
Glycoprotein lIb/llla antagonists within 7 days before study entry.

Antithrombin Il at a dose of more than 10,000 U within 12 hours before
treatment.

Protein C within 24 hours before treatment.



