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Abstract Severe sepsis is a common cause of death in critically ill patients. Several

mechanisms have been implicated in the development of organ dysfunction in
patients with severe sepsis. Among these, activation of inflammation and coagula-
tion, together with endothelial dysfunction, seem to be major contributors. Several
anti-inflammatory agents have been tried for the treatment of sepsis, with limited
success. Anticoagulant drugs have been shown to be of potential interest for the
therapy of severe sepsis. Among these agents, a natural anticoagulant named
activated protein C, which is manufactured as a recombinant human protein under
the name of drotrecogin alfa (activated), has been a topic of intense interest.
Drotrecogin alfa (activated) is an antithrombotic and profibinolytic agent that also
possesses anti-inflammatory and antiapoptotic properties. Small trials have shown
that drotrecogin alfa (activated) reduces the sepsis-induced alterations in endothe-
lial and microcirculatory function.
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In this review, the benefit-risk balance of drotrecogin alfa (activated) is
assessed. The results of one phase II trial, two phase III trials (one including
patients with high and low risk of death, the other restricted to patients with low
risk of death) and several cohort studies have been published. The PROWESS
(Recombinant human protein C Worldwide Evaluation in Severe Sepsis; phase
IIT) trial showed that drotrecogin alfa (activated) is associated with a reduction in
the risk of death in patients with severe sepsis, but this benefit seems to be greater
in patients at high risk of death. Acute Physiology and Chronic Health Evaluation
(APACHE) 1II scores and the number of failing organs have been proposed as
means to identify patients with sepsis who are at a high risk of death, but these
criteria may sometimes not make good indicators, especially as the APACHE II
score has not been validated for this purpose.

Bleeding is more common in drotrecogin alfa (activated)-treated patients than
in placebo recipients; however, many of the additional episodes of bleeding in
drotrecogin alfa (activated) recipients are procedure related. Importantly, bleeding
did not outweigh the benefits of drotrecogin alfa (activated), as there was an
overall survival benefit, provided only patients at high risk of death from sepsis
were treated with drotrecogin alfa (activated). The bleeding rate associated with
drotrecogin alfa (activated) was slightly higher in cohort studies than in clinical
trials, but this may be related to the higher severity of illness in these patients.
Thus, in clinical practice, great caution should be taken in the selection of patients
to be treated, and unnecessary invasive procedures should be avoided in order to

preserve the survival benefit conferred by drotrecogin alfa (activated).

Sepsis is the leading cause of death in critically ill
patients. In developed countries, it accounts for as
many deaths as acute myocardial infarction.!'l It is
estimated that the incidence of sepsis in the US is
three cases per 1000 in the general population and
2.26 cases per 100 hospital discharges. Studies of
several databases have shown that the incidence of
sepsis has increased over the last 30 years;??>! how-
ever, it is difficult to distinguish between better
recognition of sepsis (i.e. improved awareness, bet-
ter definitions) and a true increase in incidence.

Half of the population of patients with sepsis
receive intensive care and 17% receive intermediate
care.”l Depending on definition and local specifica-
tions, sepsis may account for 107 to 27%P of
intensive care unit (ICU) admissions. Mortality
from sepsis has decreased over time, from 30% in
the early 1980s to 20% in 2000.>81 Recent database
studies have shown similar trends in mortality asso-
ciated with severe sepsis.>* Importantly, the mor-
tality rate associated with sepsis depends on its
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severity. In the absence of any organ dysfunction,
mortality is approximately 15% and then increases
with the number of organs that are dysfunctional:
21% for one, 44% for two, 64% for three and 74%
for when four or more organs are dysfunctional.!!!
Although mortality is very high in patients with
multiple organ failure, it is important to recognise
that the evolution of organ failure in the first 48
hours of admission is more relevant than the number
of failing organs on admission. Ferreira et al.”!
reported that the mortality rate of patients with very
high scores for organ dysfunction on admission
whose sequential organ failure assessment (SOFA)
scorel!% decreased by at least 2 points over 48 hours,
was similar to that of patients with very low SOFA
scores on admission. Similar results were recently
observed in a large database study of placebo recipi-
ents who had been included in interventional tri-
als.'"l Although sepsis survivors usually recover
well from organ dysfunction and long-term organ
support is not commonly required,!'>!3) all efforts
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should be made to limit the development and severi-
ty of organ failure.

1. Sepsis, Severe Sepsis and
Septic Shock

In response to an infection, various pro- and anti-
inflammatory mediators are released. Although
these mediators play an important role in the de-
fence against infection, the uncontrolled activation
of this cascade may, directly or by initiating a chain
of events, lead to profound haemodynamic and cel-
lular metabolic effects, which in turn may lead to
organ dysfunction. Therefore, sepsis is considered
to reflect the response of the host to an infection, and
is usually accompanied by fever or hypothermia,
tachycardia, tachypnea and leucocytosis or leucope-
nia. Severe sepsis reflects the disproportionate re-
sponse of the host to an infection, and is defined as
dysfunction of at least one organ in addition to signs
of sepsis. Septic shock is severe sepsis featuring
circulatory failure. Septic shock defines a state of
inadequate supply of oxygen and nutrients to the
cells, which may result in tissue hypoxia and lactic
acidosis. Unless transient, this will lead to irreversi-
ble tissue damage, organ failure and death. As tissue
necrosis is uncommon in patients with septic shock,
adaptations of organ metabolism occur that shut
down some of the less essential metabolic pathways
in order to preserve vital functions.!"¥ These further
contribute to the development of multiple organ
failure. Direct cellular toxicity, as well as alterations
in whole-body haemodynamics, regional bloodflow
distribution and microvascular bloodflow, may play
a crucial role in the development of multiple organ
failure in patients with sepsis.

2. Pathophysiology of Sepsis

Several recent reviews have described in detail
the pathophysiological mechanisms implicated in
the development of sepsis and organ failure.!>!8]

In brief, the recognition of the pathogen or its
byproducts by toll-like receptors activates signalling
pathways, leading to the release of various pro-
and anti-inflammatory cytokines and mediators.
Some of these pathways require the transcription of
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nuclear factor-kB, whereas others do not. These
chemokines and mediators activate the endothelium,
white blood cells, dendritic cells and epithelial cells
and contribute to the release of various vasoactive
mediators (i.e. nitric oxide, endothelin, pros-
taglandins, thromboxane, free oxygen radicals),
leading to a cascade of events. These mechanisms
activate the coagulation cascade, inhibition of fibri-
nolysis and adhesion of white blood cells and plate-
lets to the endothelium, and lead to increased vascu-
lar permeability and vasodilation. When moderate,
these alterations facilitate the control of infection,
allowing white blood cells to migrate to the site of
the infection and preventing overt dissemination of
the micro-organism. However, once initiated, this
response is often auto-amplified and, when control
mechanisms fail, may lead to diffuse endothelial
lesions that are associated with altered vascular
tone, increased vascular permeability and microvas-
cular alterations that contribute to the development
of organ damage.

Modulation of the inflammatory response and/or
coagulation may appear attractive treatment modali-
ties in patients with sepsis. However, interventions
should aim to prevent the excessive expression of
these responses, rather than to block one of the
pathways, because the inflammatory response and
coagulation cascade may be useful for the control of
infections.

3. Rationale for Administration of
Activated Protein C

Besides activation of the inflammatory response,
pathogens also activate the coagulation pathway.
Several recent reviews have covered this issue.l'%-211
In this article, we mainly focus on the role of protein
C, even though levels of protein S and antithrombin
are also decreased in sepsis.

In sepsis, protein C levels are decreased.”?! Sev-
eral studies®>?) have shown that low protein C
levels on admission are associated with poor out-
comes, with outcomes deteriorating as protein C
levels at admission decrease. In addition, the evolu-
tion of protein C levels over time is a factor that is
independently associated with the outcome of sep-
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sis.[?? In patients who are severely deficient in pro-
tein C at baseline (baseline levels <40% of maximal
protein C levels), a failure to increase their protein C
levels was associated with an increased risk of death
compared with patients who increased their levels
(odds ratio [OR] = 2.75; p < 0.0001), whereas an
increase in these levels to >40% by day 1 was
associated with a decreased risk of death compared
with patients who did not achieve an increase of
>40% at this timepoint (OR = 0.43; p = 0.03). If
baseline protein C levels in placebo recipients were
>40% but decreased by 210% on day 1, the risk of
death for these patients increased compared with
that for patients who did not experience a decrease
of 210% (OR = 1.87; p = 0.02).

In addition to the decreased protein C levels,
protein C activity is also reduced,”?! mostly as a
result of a failure of the activation of protein C at the
endothelium.?%271 Accordingly, administration of
exogenous activated protein C would theoretically
be preferred to administration of protein C.

Protein C polymorphisms are frequent, but evi-
dence for a functional impact of these polymorph-
isms has only been reported for the —1641 A/G and
—1641 C/T polymorphisms, which are associated
with decreased protein C levels.!?8) Recently, Walley
and Russell® evaluated the influence of these two
polymorphisms in a large cohort of patients with
septic shock, and they showed that the —1641 AA
genotype, which has a deep penetration in the popu-
lation as it was present in 35% of the patients, was
associated with a higher incidence of organ dysfunc-
tion (hazard ratio close to 1.5 for all types of organ
failure; 95% CI not provided) and a poor outcome
(28-day survival of 58% vs 66% in patients with vs
without this polymorphism; p = 0.03). Whether this
polymorphism is associated with a different re-
sponse to treatment with activated protein C remains
to be determined.

4. Effects of Activated Protein C

The effects of activated protein C are multiple,!
and this compound should not be viewed as a sim-
ple anticoagulant agent. Of course, activated prote-
in C exhibits antithrombotic properties (inhibition of
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factors V and VII) and profibrinolytic properties
(inhibition of plasminogen activator-inhibitor 1 and
activation of thrombin activatable fibrinolysis inhib-
itor);3%31 however, it also exhibits anti-inflammato-
ry properties, which may either be mediated via
decreased thrombin generation or by direct cellular
effects due to inhibition of nuclear factor-kB.[?! In
addition, activated protein C has anti-apoptotic
properties.[3334

Activated protein C also interacts with endotheli-
al cells, white blood cells and platelets.’*" Activated
protein C decreases platelet and white blood cell
rolling and adhesion to the endothelium, %38 which
results in improved microvascular bloodflow.3>-37]
In patients with septic shock, we recently demon-
strated that activated protein C improves the sublin-
gual microcirculation.® This effect is of great im-
portance, as alterations in the microcirculation are
more severe in individuals with severe sepsis and
are associated with a poor outcome and organ dys-
function.40-42]

This improved endothelial function due to in-
creased levels of activated protein C is associated
with an increased vasoreactivity™** and an im-
proved barrier function of the endothelium,™!
which leads to a reduction in vascular permeabili-
ty.[#6l In patients with septic shock, this translates
into a more rapid reversal of hypotension.[347!

5. Large-Scale Studies of Drotrecogin
Alfa (Activated)

To identify trials evaluating the potential benefi-
cial effects and adverse events associated with dro-
trecogin alfa (activated) administration, the PubMed
database was searched wusing the following
keywords: ‘drotecogin alfa activated’, ‘activated
protein C’, ‘sepsis’, ‘severe sepsis’, ‘septic shock’,
‘outcome’, ‘adverse event’ and ‘bleeding’. Related
articles and the reference lists of retrieved citations
were also examined.

Large-scale, randomised studies were conducted
with recombinant activated protein C, which is man-
ufactured by Eli Lilly and has been released under
the name of drotrecogin alfa (activated).

Drug Safety 2007; 30 (11)
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5.1 Phase |l Trial

A phase 11 trial was conducted™ in 131 adult
patients with severe sepsis. This randomised, doub-
le-blind, placebo-controlled, dose-ranging clinical
trial was conducted in 40 ICUs in the US and
Canada. Severe sepsis was defined as dysfunction of
one or more organs in patients with suspected or
proven infection who had at least two signs of a
systemic inflammatory response, such as fever, hy-
pothermia, tachycardia, tachypnoea or the need for
mechanical ventilation for the treatment of sepsis,
leukocytosis or leucopenia. Organ dysfunction in-
cluded cardiovascular dysfunction (hypotension or
the need for vasopressor therapy), respiratory dys-
function (hypoxaemia defined as a ratio of the arteri-
al partial pressure of oxygen [PaO2] to fraction of
inspired oxygen [FiO2] of <300 or <200 if the lung
was the source of sepsis) and renal impairment
(oliguria urinary output of <0.5 mL/kg for at least 1
hour); this dysfunction had to have been present for
<24 hours at time of inclusion. The exclusion crite-
ria were mostly related to the risk of bleeding (pa-
tients with active bleeding, an increased partial
thromboplastin time [APTT] or a platelet count
<30 000/mm3, those who had undergone major sur-
gery within 12 hours or who had recently exper-
ienced a stroke or undergone cranial surgery, pa-
tients with a history of cerebral aneurysm or brain
tumour, those with an epidural catheter, severe cir-
rhosis with portal hypertension or inherited coagula-
tion disorders and patients receiving anticoagulant
or anti-aggregant therapy) or to a too-severe under-
lying condition (patients not expected to survive >6
hours, patients not committed to full aggressive
support, patients with a severe underlying condition
and a life expectancy of <28 days, patients with end-
stage renal failure, patients with advanced malig-
nancies).

Patients were randomised, at a ratio of 1: 2, to
received either placebo or drotrecogin alfa (activat-
ed) 12, 18, 24 or 30 pg/kg/h for 48 hours (initial
phase) and then 96 hours (second phase). As dro-
trecogin alfa (activated) affected coagulation in a
dose-dependent manner, with marked effects at the
higher dosages, frequent dosage adjustments were
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required in response to increased APTTs in patients
treated with drotrecogin alfa (activated) 30 pg/kg/h
in the initial phase of the study. Therefore, this
dosage was not used in the second phase of the
study.

Of the patients included in the study, 97% had
decreased activated protein C levels at baseline and
treatment with drotrecogin alfa (activated) increased
activated protein C levels in a dose-dependent man-
ner in these patients. Steady-state levels were
achieved 2 hours after starting the infusion. Activat-
ed protein C levels declined rapidly after stopping
drotrecogin alfa (activated) infusion, and were be-
low the limit of detection 4.5 hours after treatment
cessation.

Levels of D-dimer slowly and slightly decreased
during the 96 hours of drotrecogin alfa (activated)
administration. Low dosages of drotrecogin alfa (ac-
tivated) [<18 pg/kg/h] did not affect D-dimer levels,
whereas higher dosages (=24 pg/kg/h) rapidly de-
creased D-dimer levels. These favourable effects on
disseminated intravascular coagulation (DIC) were
accompanied by a dose-dependent decrease in in-
terleukin 6 levels.

Mortality at 28 days did not differ between place-
bo- and drotrecogin alfa (activated)-treated patients
(34.1% vs 28.8%; p = ns); however, there was a
trend towards improved survival in patients treated
with the higher dosages of drotrecogin alfa (activat-
ed) [OR 0.60; 95% CI 0.28, 1.27]. This phase II trial
showed that drotrecogin alfa (activated) effectively
blunted DIC and accelerated the decrease in in-
terleukin 6 levels in patients with severe sepsis, and
that these effects were associated with a satisfactory
safety profile (see section 6 for further details).

5.2 PROWESS

The PROWESS (Recombinant Human Activated
Protein C Worldwide Evaluation in Severe Sepsis)
pivotal, phase III trial*®! commenced in July 1998
and was discontinued in June 2000 when efficacy
was shown at the second interim analysis. This
randomised, double-blind, placebo-controlled trial
was conducted in 164 centres in 11 countries (USA,
Canada, Belgium, France, Germany, The Nether-
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lands, Spain, Brazil, Australia, New Zealand and
South Africa) and included 1690 patients with se-
vere sepsis. The inclusion criteria were the presence
of two signs of a systemic inflammatory response in
the presence of a known or suspected source of
infection, and organ dysfunction as shown by at
least one of the five following criteria: hypotension
or need for vasopressor therapy (indicating cardio-
vascular dysfunction); hypoxemia defined as a
Pa02/FiO2 ratio of <250 or <200 if the lung was the
source of sepsis (indicating respiratory dysfunc-
tion); oliguria (indicating renal impairment); a plate-
let count <80000/mm3 or a decrease in platelet count
of 50% in the 3 days preceding enrollment (indicat-
ing haematological dysfunction); and lactic acido-
sis, defined as a blood pH <7.30 or a base deficit >5
mmol/L in association with lactate levels >1.5 X the
upper normal limit in the local laboratory. A time
window of a maximum of 48 hours was tolerated
between the occurrence of first organ failure and the
initiation of infusion of placebo or drotrecogin alfa
(activated) 24 pg/kg/h for 96 hours. The exclusion
criteria were globally the same as in the phase II
trial, with the additional exclusion of HIV-infected
patients who had low CD4 cell counts and patients
with a history of organ transplantation, with the
exception of renal transplant recipients. Patients
with pancreatitis without proven infection were also
excluded.

There were no differences in baseline character-
istics between the placebo and drotrecogin alfa (acti-
vated)-treated groups and 90% of patients in both
groups received adequate therapy with antibacterials
within 48 hours of the diagnosis of infection. Of the
included patients, 75% had dysfunction of at least
two organ systems, 75% were receiving mechanical
ventilation and 71% were receiving vasopressor
support for the treatment of shock. Coagulation ab-
normalities were frequent in both groups at baseline,
with elevation of D-dimer levels in 99.7% of pa-
tients. Protein C deficiency was present in 88% of
the patients, with median protein C activity of ap-
proximately 50% in both groups.

Drotrecogin alfa (activated) effectively increased
protein C levels in treated patients.!*?! This resulted
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in a reduction in markers of thrombin generation and
accelerated normalisation of anticoagulant and fibri-
nolytic factors.’” As a result of all these effects, the
prothrombin time and APTT were prolonged in dro-
trecogin alfa (activated)-treated patients but D-
dimer levels decreased more rapidly.

Drotrecogin alfa (activated) administration was
associated with a more rapid reversal of organ dys-
function, especially cardiovascular and respiratory
dysfunction.PY It also slowed the onset of haemato-
logical dysfunction. Renal and hepatic dysfunction
were not affected by drotrecogin alfa (activated).

Twenty-eight day mortality was significantly
lower in drotrecogin alfa (activated)-treated
than placebo-treated patients (24.7% vs 30.8%;
p = 0.005), representing a 19.4% (95% C1 6.6, 30.5)
relative reduction in the risk of death. This benefit is
associated with a number to treat of 16 (95% CI 9,
83), which is favourable compared with other suc-
cessful interventions in sepsis and acute respiratory
distress syndrome.3?! Kaplan-Meier analysis of sur-
vival yielded similarly positive results for dro-
trecogin alfa (activated) [p = 0.006], with a differ-
ence in cumulative survival curves occurring within
4-6 days of inclusion and then increasing through-
out the follow-up period. A prospectively defined
analysis that accounted for baseline differences in
Acute Physiology and Chronic Health Evaluation
(APACHE 1I) score, age and protein C activity
produced similar results. !

5.2.1 PROWESS: Subgroup Analyses

Further important information was gained from
subgroup analyses of the PROWESS trial, although
this should be treated with caution. First, there was
no stratification according to predefined factors.
Second, the study was not powered to detect signifi-
cant differences among subgroups. Third, most
analyses were generated post hoc. Fourth, the multi-
plicity of these analyses increases the risk of false-
positive statistical significance. Nevertheless, these
analyses may be helpful to ensure that the benefit
was preserved in clinically relevant subgroups and
to further elucidate the safety profile. Whenever
possible (when equipoise exists for a specific situa-
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tion), these analyses should be confirmed by a
randomised trial.

The first subgroup analysis was prospectively
defined and was based on the severity of sepsis.[4-33
After separation of patients into quartiles of
APACHE II scores, it appeared that patients with the
lowest severity of sepsis (APACHE II scores <25)
may not benefit from drotrecogin alfa (activated)
administration because the relative risk of death in
drotrecogin alfa (activated) recipients compared
with placebo recipients was close to 1 with large
confidence intervals. Conversely, patients with a
greater severity of sepsis (APACHE II scores >25)
clearly had a better outcome with drotrecogin alfa
(activated) treatment (relative risk of death was be-
tween 0.60 and 0.75, with the upper limit of the CI
being <1). A similar analysis conducted for the
number of organ failures revealed that the relative
risk of death in drotrecogin alfa (activated) recipi-
ents versus placebo recipients was close to 1 for
single organ failure, whereas it was <1.0 in patients
with failure of two or more organs.

Using the data from placebo recipients, Ely et
al.b3! calculated a risk of death score based on
admission data. Applying this score in the dro-
trecogin alfa (activated)-treated patients, they were
able to show that patients for whom the risk of death
was predicted to be <30% did not benefit from
drotrecogin alfa (activated) administration (i.e. mor-
tality was similar or only slightly decreased with
drotrecogin alfa [activated] compared with placebo),
whereas in patients with a predicted risk of death
>30%, the risk of death was significantly lower for
drotrecogin alfa (activated)-treated patients than for
placebo recipients. This risk reduction increased
with the severity of sepsis. These analyses prompted
the US FDA and the European regulatory agencies
to license the drug for the treatment of patients with
severe sepsis and an APACHE II score >24 (US) or
failure of at least two organs (Europe).

Other subgroup analyses were also conducted.
These essentially showed that there was no interac-
tion between age, race, sex, type and source of
infection and underlying disease and the drotrecogin
alfa (activated)-associated reduction in the risk of
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death.>331 In particular, patients who had recently
undergone surgery also experienced a decreased risk
of death when treated with drotrecogin alfa (activat-
ed), even though this reduction was slightly lower
than in medical patients.53! Patients with overt
DICP# had a greater risk reduction when treated
with drotrecogin alfa (activated) than patients with-
out overt DIC; however, the individual components
of the DIC score (platelet count, APTT) and protein
C deficiency did not influence the response to dro-
trecogin alfa (activated).[?!

Follow-up of 93% of the patients included in the
PROWESS trial was obtained for up to 1 year.>!
The survival benefit was globally maintained over
time, as survival curves were shown to be parallel
after 3 months, but statistical significance was not
achieved (p = 0.10). As expected from the effect on
28-day mortality, patients at high risk of death, as
estimated by an APACHE II score =25, had the
greatest survival advantage at 1 year (for patients
with APACHE II scores >25, 1-year survival rate
was 52.1% in drotrecogin alfa (activated) recipients
vs 41.3% in placebo recipients; p = 0.002).

5.3 ENHANCE

The ENHANCE (Extended Evaluation of Re-
combinant Human Activated Protein C) study
was a large (2434 patients in 25 countries, at 361
sites), observational, non-randomised open-label
study conducted in adult patients with severe sep-
sis.’% Entry criteria were similar to those of the
PROWESS phase III trial; however, all patients
were treated with drotrecogin alfa (activated)
[2378 patients received drotrecogin alfa (activated)
and were included in the analysis]. Mortality in
ENHANCE was similar to that in PROWESS
(25.3% vs 24.7%, respectively); however, important
information was gained from subgroup analyses:
patients receiving drotrecogin alfa (activated) within
24 hours of the onset of first organ failure had lower
mortality than patients treated between 24 and 48
hours after the first organ dysfunction (22.9% vs
27.4%; p = 0.01). These results suggest that dro-
trecogin alfa (activated) is more effective when initi-
ated early in severe sepsis, which is also the case for
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other interventions such as haemodynamic resusci-
tation®” and antibacterials.[38>

5.4 INDEPTH Database Study

The INDEPTH (International Integrated
Database for the Evaluation of Severe Sepsis and
Drotrecogin alfa [activated] Therapy) databasel®"!
incorporated 4459 patients included in the phase II,
PROWESS and ENHANCE trials, as well as pa-
tients from the placebo arm of two other trials evalu-
ating another agent for the treatment of severe sep-
sis. The inclusion and exclusion criteria were rela-
tively similar across the studies. In total, there were
1231 placebo recipients and 3228 drotrecogin alfa
(activated)-treated patients. Data from this register
confirmed the benefit of drotrecogin alfa (activated)
and, more importantly, highlighted the need for min-
imal delay between the onset of organ failure and
initiation of drotrecogin alfa (activated) therapy. As
in the ENHANCE trial, patients treated within 24
hours of the onset of organ failure had the greatest
survival advantage. Analysing the OR for mortality
with drotrecogin alfa (activated) versus placebo ac-
cording to the time to drotrecogin alfa (activated)
administration, the authors showed that the OR was
<1 (favouring drotrecogin alfa [activated]) up to 36
hours after initial organ failure and was >1 (favour-
ing placebo) when the drug was initiated between 36
and 48 hours after the onset of organ failure.

Although interesting, these results should be
evaluated cautiously because this was not a
randomised study and there was no stratification for
time to initiation of treatment from onset of organ
failure. Thus, one cannot exclude imbalance in some
unmeasured variables, even though most measured
variables were similar in placebo and drotrecogin
alfa (activated)-treated patients.

5.5 ADDRESS

The second phase III trial, ADDRESS (Adminis-
tration of Drotrecogin Alfa [Activated] in Early
Stage Severe Sepsis),®!! was requested by the FDA
to evaluate the effects of drotrecogin alfa (activated)
in patients with severe sepsis and a low risk of death.
The same inclusion criteria were used as in the
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PROWESS trial. Patients estimated to be at high risk
of death on the basis of an APACHE II score of 225
or multiple organ dysfunction were in principle ex-
cluded, although physicians were nevertheless al-
lowed to include a patient meeting these severity
criteria if they estimated that the patient was at low
risk of death. In addition, the exclusion criteria from
the PROWESS and ENHANCE trials were applied.
Since some patients were expected to worsen and to
meet severity criteria allowing for clinical use of
drotrecogin alfa (activated), it was accepted that
patients deteriorating within 48 hours of the onset of
the first organ dysfunction may be switched to
clinical treatment with drotrecogin alfa (activated).
The study was projected to include >11 000 patients,
but was stopped after the first interim analysis due to
futility. At that time, 2640 patients had already been
enrolled. Baseline data were similar in both groups,
with the exception of a trend towards dysfunction of
more organs in the drotrecogin alfa (activated)-treat-
ed patients (34.5% of drotrecogin alfa [activated]
recipients had dysfunction of two or more organs
compared with 31.5% in placebo group; p = 0.08).
Forty-seven patients in the placebo group and 39
in the drotrecogin alfa (activated)-treated group
switched to clinical drotrecogin alfa (activated)
treatment.

There was no statistically significant difference
in 28-day mortality between drotrecogin alfa (acti-
vated) and placebo recipients (18.5% vs 17.0%; p =
0.34). This difference remained insignificant after
adjustment for APACHE II scores (which were sim-
ilar in both groups at baseline); however, no adjust-
ment was performed for organ failure.

The analysis of the predefined subgroups of pa-
tients with either APACHE II scores of 225 or with
dysfunction of two or more organs was quite com-
pelling because it somewhat replicated the results of
the PROWESS trial. No survival benefit, in terms of
28-day mortality, was observed with drotrecogin
alfa (activated) administration in patients with an
APACHE 1I score of 225 (mortality 29.5% com-
pared with 24.7% in placebo recipients; n = 321,
p = 0.81) nor in patients with dysfunction of two or
more organs (mortality 20.7% compared with
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21.9% in placebo; n = 862, p = 0.38). However,
these data should be interpreted with caution. First,
this analysis is particularly dangerous because there
was no stratification for these factors during the
randomisation process; accordingly, important im-
balances in confounding factors may have occurred.
Second, the whole study was not powered to detect
significant differences in outcomes in the entire
population, because it was stopped early; therefore,
analysis of subgroups would be even more delicate.
Finally, patients were allowed to be included in this
study even if they presented with a high APACHE 11
score or dysfunction of more than one organ, as long
as they were judged to be at low risk of death by the
attending physician. Accordingly, patients with ei-
ther an APACHE 1I score of 225 or with dysfunction
of two or more organs were less severely ill in the
ADDRESS trial than the PROWESS trial. This is
clearly illustrated by the mortality rates in the place-
bo arms of the two trials; the mortality rate in the
placebo arm was much lower in the ADDRESS than
the PROWESS trial (figure 1). Accordingly, the
results of the ADDRESS trial cannot be used to
contradict the results of the PROWESS trial; never-
theless, ADDRESS did determine that drotrecogin
alfa (activated) should not be used in patients at low
risk of death.

Follow-up of 90% of the patients included in the
ADDRESS trial was obtained for up to 1 year.[%?

45 BPROWESS
40 CJADDRESS
35+
32 30
2 25
g 20
S 15
10
5_
0_

APACHE II Organ failures
<25 >25 1 >2

Fig. 1. Mortality rates in the placebo arm of the two phase Il
PROWESS*? and ADDRESSI®"l studies. This graph shows that the
Acute Physiology and Chronic Health Evaluation (APACHE) II
score and the number of dysfunctional organs at inclusion cannot
adequately predict the risk of death at baseline, since subgroups
with expected similar severity of sepsis had marked differences in
outcome in the two trials. The ADDRESS (phase Il extension for
indication) trial®l included only patients at low risk of death.
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The results were globally maintained over time be-
cause survival curves were superimposed for the
drotrecogin alfa (activated) and placebo treatment
groups over the entire period of observation. The
non-significant trend towards a lower mortality rate
with drotrecogin alfa (activated) versus placebo in
patients with dysfunction of two or more organs was
maintained (if not improved) at 1 year (drotrecogin
alfa [activated] 36.2% vs placebo 39.9%; p = 0.29),
whereas no between treatment difference was ob-
served for patients with an APACHE II score of 225
(drotrecogin alfa [activated] 49.7% vs placebo
48.3%; p = 0.81).

5.6 RESOLVE

This third phase III trial, RESOLVE (Research-
ing Severe Sepsis and Organ Dysfunction in Chil-
dren: a Global Perspective) [phase III extension for
indication] was requested by the FDA to evaluate
the effects of drotrecogin alfa (activated) in paedia-
tric patients with severe sepsis.[®3 Since mortality is
usually lower in paediatric patients (3000 patients
would need to be included to show a 2% reduction in
28-day mortality), the primary endpoint was a com-
posite score evaluating the time to resolution of
organ dysfunction (mechanical ventilation, cardio-
vascular support and renal support) from inclusion
to day 14. Accordingly, 600 patients had to be
included to show a 15% reduction in this score;
however, the study was stopped after second interim
analysis due to futility.

A total of 496 children aged between 38 weeks of
corrected gestational age and 17 years with suspect-
ed or proven infection and sepsis-induced cardio-
vascular or respiratory failure were randomised to
receive either placebo (n = 250) or drotrecogin alfa
(activated) [n = 246]. Exclusion criteria were an
estimated high risk of intracranial bleeding, a life
expectancy of <28 days and end-stage renal or liver
failure. Drotrecogin alfa (activated) was adminis-
tered at a dose of 24 pg/kg/h for 4 days, which had
been shown in an exploratory study (open-label,
sequential design) to have a similar pharmacokinetic
profile in paediatric patients with severe sepsis as in
adult patients.[®¥
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Overall, most of the patients were aged <5 years;
7% were aged 0—1 month and 25% aged 1-12
months.!® There were more boys in the drotrecogin
alfa (activated)-treated group than in the placebo
group. In addition, the Pediatric Risk of Mortality
score was slightly higher in the drotrecogin alfa
(activated) group (16 vs 15; p = 0.07); however, the
number of dysfunctional organs was similar in both
groups. The outcomes were similar in both groups,
with similar time to resolution of organ failure
scores (placebo vs drotrecogin alfa [activated]: 6 vs
6 days; p = ns), proportions of patients receiving
organ support at day 15 (19.3% vs 19.8%; p = ns)
and 28-day mortality rates (17.5% vs 17.2%; p =ns).
Adjustment for small differences in baseline charac-
teristics did not modify the results. Looking at the
different predefined subgroups, the authors identi-
fied an interaction between response to drotrecogin
alfa (activated) treatment and the DIC score: pa-
tients with overt DIC, which represented close to
half of the investigated population, derived a signifi-
cant benefit from drotrecogin alfa (activated) ad-
ministration (28-day mortality was 14% in dro-
trecogin alfa [activated] group vs 22% in placebo
recipients); however, this was mirrored by an in-
creased mortality in patients who did not present
with overt DIC (18% in drotrecogin alfa [activated]
recipients vs 11% in placebo recipients). Although
this is consistent with the idea that only the patients
with the most severe sepsis should be treated, the
data from the subgroup analysis cannot be taken as a
justification for treating paediatric patients with
overt DIC with drotrecogin alfa (activated) outside
of specifically designed trials.

5.7 A Meta-Analysis of the Published Trials

There have been three randomised trials compar-
ing drotrecogin alfa (activated) with placebo in adult
patients published. A meta-analysis of the three
published, randomised trials comparing drotrecogin
alfa (activated) with placebo in adult patients has
recently been performed.®¥ The results, sum-
marised in table I, confirm the positive impact of
drotrecogin alfa (activated) on outcomes in patients
at high risk of death who present with dysfunction of
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Table I. Meta-analysis of three published, placebo-controlled,
randomised trials with drotrecogin alfa (activated) in patients with
severe sepsis!®!

Relative risk of death
(95% Cl)2

Patient subgroup

Low risk of death
APACHE Il score <25 (n = 3164)
single organ dysfunction (n = 2157)
High risk of death
APACHE Il >25 (n = 1138)° 0.90 (0.54, 1.49)
multiple organ failure (n = 2133) 0.84 (0.70, 1.00)

a A relative risk value <1 denotes a survival benefit in favour of
drotrecogin alfa (activated).

b Significant heterogeneity was shown between the studies.
APACHE = Acute Physiology and Chronic Health Evaluation.

1.03 (0.89, 1.21)
1.10 (0.89, 1.36)

two or more organs (with borderline statistical sig-
nificance, as indicated by a value of 1.0 for the upper
limit of the confidence interval for the OR for mor-
tality associated with drotrecogin alfa [activated] vs
placebo). No conclusions could be made in patients
with an APACHE 1II score >25, because there was
too much heterogeneity between the two studies that
performed such an analysis. This meta-analysis also
confirmed that patients with a low severity of sepsis
(defined as having dysfunction of only one organ or
an APACHE II score <25) do not benefit from
drotrecogin alfa (activated) administration.

6. Safety Profile of Drotrecogin
Alfa (Activated)

Most of the data on the safety of drotrecogin alfa
(activated) have come from the phase II trial, the
PROWESS trial and the ADDRESS trial. Important
information was also gained from the subgroup
analyses of these trials, especially in patients with
coagulation abnormalities and those undergoing sur-
gery, from the observational ENHANCE study and
from registries.

In the phase II trial,*81 4% of patients receiving
drotrecogin alfa (activated) and 5% receiving place-
bo experienced severe bleeding. In patients receiv-
ing drotrecogin alfa (activated), half of these events
occurred during the infusion period and half were
delayed. Serious adverse events occurred in similar
proportions of patients in both groups (39% in dro-
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trecogin alfa [activated] recipients and 46% in pla-
cebo recipients; p = ns).

In the PROWESS trial,*! 12.5% of drotrecogin
alfa (activated)-treated patients and 12.1% of place-
bo recipients experienced at least one predefined
serious adverse event. Among these, serious bleed-
ing events were more frequent in the drotrecogin
alfa (activated) group (3.5% vs 2.0%; p = 0.06). This
trend towards an increased rate of serious bleeding
events was due to events occurring during infusion
of drotrecogin alfa (activated) and these were, in
many cases, related to procedures (insertion of cath-
eters or chest tubes); the rates of serious bleeding
events after cessation of infusion were similar in
both groups (table II). There was no difference in the
rate of thrombotic events between groups (2.0% in
drotrecogin alfa [activated] recipients vs 3.0% in
placebo recipients; p = 0.20). Subgroup analysis/>!
was unable to identify patients who were at risk of
bleeding. In particular, the slight increase in bleed-
ing rates associated with drotrecogin alfa (activated)
administration was similar in patients who had re-
cently undergone surgery and in other patients
(3.7% in drotrecogin alfa [activated] recipients vs
1.9% in placebo recipients for patients who had
recently undergone surgery, compared with 3.5 vs
2.1% in medical patients). Similar bleeding rates
were observed in the ADDRESS trial.[®"!

In the open-label ENHANCE study,®! bleeding
was also the most commonly observed adverse
event. The serious bleeding rate was higher than in
the PROWESS trial (table II), with rates of serious
bleeding both during and after infusion being higher
than in the earlier study. The persistence of the
increased bleeding rate after drotrecogin alfa (acti-
vated) infusion may suggest that the patients treated
in this cohort were at higher risk of bleeding, inde-
pendent of drotrecogin alfa (activated) administra-
tion. This is in line with the greater severity of sepsis
in these patients, as suggested by failure of an in-
creased number of organs and the greater number of
patients receiving treatment with vasoactive agents.

In a subsequent analysis, Bernard et al.l®! fo-
cussed on intracranial haemorrhage in a large cohort
of patients, collecting data from 2786 patients who
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Table Il. Incidence, type and time of adverse events associated with drotrecogin alfa (activated) administration in adult patients?

ENHANCE®®!
drotrecogin alfa  drotrecogin alfa

[activated]

ADDRESSI®"l
placebo

PROWESSH ]
placebo

Phase 1148]

placebo

Adverse events [n (%)]

drotrecogin alfa
[activated]
(n = 850)
106 (12.5)
30 (3.5)
20 (2.4)
10 (1.2)

drotrecogin alfa
[activated]
(n =90)

[activated]
(n = 2378)

(n = 1293)

(n = 840)

(n=41)

(n=1317)
182 (13.8)

183 (14.2)

102 (12.1)

At least one serious adverse event

Serious bleeding event

28 (2.2) 51 (3.9)* 155 (6.5)

15 (1.2)
13 (1.0)

17 (2.0)

4 (4.4)
2 (2.2)
2 (2.2)

2 (4.9)

86 (3.6)

31 (2.4)™
20 (1.5)

8 (1.0)

9 (1.1)

Serious bleeding during infusion

76 (3.2)

2 (4.9)

Serious bleeding after infusion

Source

9 (1.1)

3 (3.3)

1(1.1)

2 (4.9)
NR

Gastrointestinal
Intra-abdominal

4 (0.5)

6 (0.5) 35 (1.5)

5 (0.4)

= = 9«
=) =) =)
e e 1S3
- o - o«

)

>
5 8
o c _ =
S 28 %
® S o
S 2 s =
5000‘-
T 5 8 c 2
= 0 = 2 =
£faxtcwno

Drug Safety 2007;

NR = not reported; * p < 0.01; ** p < 0.05 drotrecogin alfa (activated) vs placebo.

a Some data were gathered in related papers.[53.66]
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were included in phase II and phase IIIl PROWESS
trials and from 3991 patients receiving drotrecogin
alfa (activated) in clinical use. Episodes of in-
tracranial haemorrhage, which were considered as
serious bleeding events in studies, were uncommon,
but the incidence was slightly higher in drotrecogin
alfa (activated)-treated patients than placebo recipi-
ents (1.1% vs 0.6%; p = ns). The majority of the
intracranial haemorrhage episodes that occurred
during drotrecogin alfa (activated) administration
(10/16) were associated with severe thombo-
cytaemia (<30 000/mm3) or meningitis, factors that
were also associated with a higher risk of intracrani-
al haemorrhage in placebo recipients. In another
analysis, patients with meningitis, purpura fulmi-
nans and meningococcal disease were found to be
the group most at risk for intracranial bleeding dur-
ing drotrecogin alfa (activated) administration:[®7!
intracranial haemorrhage occurred in 2.5% (4.3%
for 28-day study period) of the 163 patients with
meningitis, purpura fulminans or meningococcal
disease, whereas it occurred in only 0.4% (1.0% for
the 28-day study period) in the other patients in the
database. In the PROWESS study,” one of the 24
(4.2%) placebo recipients with purpura fulminans,
meningitis or meningococcal disease experienced
intracranial haemorrhage. Although the small num-
ber of placebo recipients with these risk factors does
not allow precise evaluation of the increase in the
risk of death due to drotrecogin alfa (activated) in
this subpopulation, these data suggest that patients
with meningitis, purpura fulminans or meningococ-
cal disease are at an increased risk of intracranial
bleeding and that indications for drotrecogin alfa
(activated) should be more carefully considered in
these patients.

Of note, paediatric patients may be more at risk
of intracranial bleeding than adult patients, as these
patients commonly present with meningitis or pur-
pura fulminans. In the paediatric RESOLVE
study,® serious bleeding events ascribed to the
study drug occurred more frequently in the dro-
trecogin alfa (activated) than the placebo group
(3.3% vs 0.4%, respectively, for bleeding occurring
during days 0-6, and 4.2% vs 0.8%, respectively, for
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the entire 28-day observation period; p < 0.05 for
both comparisons). Most of these bleeding events
were intracranial haemorrhage, which also occurred
more frequently in drotrecogin alfa (activated)-treat-
ed patients than in those receiving placebo, although
this increase was not significant (2.1% vs 0.4%,
respectively, for bleeding occurring during days
0-6, and 4.6% vs 2.1%, respectively, for bleeding
occurring during the entire 28-day observation peri-
od; p = 0.22 and 0.13, respectively). Of note, pa-
tients aged <60 days were at the highest risk of
bleeding, especially intracranial haemorrhage.

Interestingly, the occurrence of bleeding in dro-
trecogin alfa (activated)-treated patients was greater
in the ENHANCE study and in cohort studies than it
was in the randomised trials.*34%611 Several factors
could be involved. First, the severity of sepsis in
patients in the ENHANCE trial and cohort studies
was greater than that in patients in the randomised
trials, as evidenced by the number of failing organs,
and the bleeding rate increased according to the un-
derlying severity of sepsis. Patients in the EN-
HANCE study and in cohort studies had significant-
ly higher numbers of failing organs, and this might
be expected to increase the bleeding risk. Second,
physicians are known to be less cautious in real life
than during studies. It should be noted that important
precautions were taken to prevent bleeding in the
randomised trials: patients at high risk of bleeding
were excluded and the infusion was stopped 1 hour
before any percutaneous procedure or surgery and
was resumed 1 hour and 12 hours later, respectively,
in the absence of bleeding complications. These
precautions should be also observed in clinical prac-
tice.

7. Benefit-Risk Balance for Drotrecogin
Alfa (Activated)

As reported in the PROWESS trial®”! and sub-
group analyses of that trial,’¥ the administration of
drotrecogin alfa (activated) at a dose of 24 ng/kg/h
for 96 hours decreased mortality in patients with
severe sepsis who were at high risk of death. Dro-
trecogin alfa (activated) treatment was accompanied
by a moderate increase in the rate of severe bleed-
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ing, including intracranial haemorrhage. The mor-
tality associated with bleeding was obviously coun-
terbalanced by the beneficial effects of the drug as
the net result was a decrease in the risk of death.
This beneficial benefit/risk balance is further high-
lighted by the fact that resource use is not increased
in drotrecogin alfa (activated)-treated survivors of
sepsis.[® In patients with low risk of death as esti-
mated, among other factors, by an APACHE II score
<25 or dysfunction of only one organ, the benefit/
risk was negligible because there was no effect of
drotrecogin alfa (activated) on mortality.[®"-65) The
time between the onset of organ dysfunction and
drotrecogin alfa (activated) administration is also a
critical issue: drotrecogin alfa (activated) is more
effective when administered early,’%%0! whereas the
risk of bleeding is likely to be unaffected by time.
Therefore, as represented in figure 2, drotrecogin
alfa (activated) should ideally be implemented with-
in a time window of 24 hours (or a maximum of 36
hours).[! In patients with meningitis, purpura
fulminans or meningococcal disease, the benefit/
risk of drotrecogin alfa (activated) may not be satis-
factory, as the risk of intracranial bleeding is in-
creased in this population and the mortality rate in
these patients was slightly lower than in the other
patients treated with drotrecogin alfa (activated).[6”!
Finally, the risk/benefit is not favourable in paedia-
tric patients, as these patients have a low risk of

Onset of
2nd organ
dysfunction

Onset of
sepsis
Initiation of drotrecogin
l alfa (activated)
administration

0 12 24 36 48

Time (h)
Fig. 2. The timeframe for drotrecogin alfa (activated) administration
in patients with severe sepsis. Ideally, drotrecogin alfa (activated)
should be initiated in patients at high risk of death within 24 hours of
the onset of the first organ dysfunction. If necessary (i.e. in patients
who underwent surgery within the time period 24 hours from first
organ dysfunction), this timeframe may be extended up to 36 hours,
but the benefits of drotrecogin alfa (activated) may be more limit-
ed_[GO]
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death and more frequently experience intracranial
haemorrhage.!%

Taking into account that only patients at high risk
of death should be treated, the contra-indications for
the drug, and the time window allocated for dro-
trecogin alfa (activated) administration, it is usually
considered that only one patient with severe sepsis
out of 10-20 may benefit from drotrecogin alfa
(activated) administration. Data extracted from the
PROWESS study suggest that this strategy seems to
be associated with a satisfactory cost-effectiveness
ratio,[® even when long-term mortality is taken into
account. (68

The mortality rate and bleeding rates were higher
in the ENHANCE study™® and the cohort se-
riesl’%"!1 than in the initial randomised studies. At
first glance, one could rapidly conclude that the
benefit risk is lower, or even negligible, in these
patients,'”>73] casting some doubts on the results of
the initial studies. However, it is quite usual that
patients not included in randomised studies have
higher mortality rates compared with patients in-
cluded in studies. Similar results have been ob-
served in patients with acute myocardial infarction,
but cardiologists concluded differently. Gathering
data form the Global Registry of Acute Coronary
Events (GRACE registry), Steg et al.’* recently
reported that mortality was higher in patients
screened but not included in randomised studies
than in included patients. These differences were not
totally explained by baseline estimation of risk of
death or use or delay in reperfusion therapies. These
findings have not been used to question the benefits
of reperfusion therapy in acute myocardial infarc-
tion, but rather are used by the cardiology communi-
ty to improve daily practice to reach the standard
observed in clinical studies. In the case of dro-
trecogin alfa (activated), patients in cohort studies
were definitively sicker, comprising older patients
with dysfunction of more organs at baseline. As
expected, mortality was higher in these patients than
in the previous studies. This should not be used as a
criterion to withhold drotrecogin alfa (activated)
treatment, because subgroup analysis of randomised
studies suggested that the patients with the most
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severe disease were more likely to benefit from
drotrecogin alfa (activated) administration.’¥ In a
Belgian registry study mandated by health authori-
ties, all consecutive patients treated with drotrecogin
alfa (activated) in Belgium from July 2003 until the
end of September 2004 were recorded.”! The pa-
tients included in this registry were older and had
more severe sepsis (three-quarters of the cohort ex-
perienced failure of three or more organs) than in the
PROWESS and ENHANCE studies; accordingly,
hospital mortality was higher in the Belgian study
than in the PROWESS and ENHANCE studies.
Nevertheless, the mortality observed in drotrecogin
alfa (activated) recipients in this study was lower
than in patients not treated with drotrecogin alfa
(activated) [according to data gathered from other
registries and using a propensity score to account for
most factors related to the outcome]. More than 90%
of the surviving patients who had been treated with
drotrecogin alfa (activated) were discharged home.
These data suggest that drotrecogin alfa (activated)
has a satisfactory risk-benefit profile in real world
practice.

It is quite likely and greatly anticipated that a
second phase III trial, focusing on the most severely
ill patients, will be conducted, definitively answer-
ing many of the unresolved questions associated
with drotrecogin alfa (activated) treatment. At the
time of writing this manuscript, two phase III trials
are actually under consideration: one sponsored by
Eli Lilly, the other driven by independent French
investigators. The details of these trials are not yet
known as these are not yet registered in http:/
ClinicalTrials.gov. In the meantime, there should be
no reason to refrain from administering drotrecogin
alfa (activated) in patients with severe sepsis who
are at high risk of death.

8. Conclusions

Drotrecogin alfa (activated) is associated with a
reduction in the risk of death in adult patients with
severe sepsis who are at high risk of death.
APACHE II scores and the number of failing organs
can be used to identify these patients; however,
these criteria may sometimes not always be good
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indicators, especially as the APACHE II score has
not been validated for this purpose. Bleeding has
been shown to be more common in drotrecogin alfa
(activated)-treated patients than in placebo recipi-
ents, but these bleeding episodes are often procedure
related. Importantly, the increased rate of bleeding
did not outweigh the potential benefits of dro-
trecogin alfa (activated), as there was an overall
survival benefit, providing only patients at high risk
of death from sepsis were treated with drotrecogin
alfa (activated). The bleeding rate was slightly
higher in cohort studies of patients treated with
drotrecogin alfa (activated) than in randomised tri-
als; however, this may be explained, at least in part,
by the greater severity of illness in these patients.
Thus, in daily practice, great caution should be taken
to limit the risk of bleeding, by excluding patients at
high risk of bleeding and avoiding unnecessary in-
vasive procedures, in order to preserve the survival
benefit conferred by drotrecogin alfa (activated).

Acknowledgements

No sources of funding were used in the preparation of this
article. The author participated as co-investigator in the
PROWESS, ADDRESS and ENHANCE trials that were
sponsored by Eli Lilly (manufacturing drotrecogin alfa [acti-
vated]), has received grants for studies from Eli Lilly and has
received honoraria for lectures from Eli Lilly. He is also
member of the advisory board of ‘Advances in Sepsis’ and
‘About sepsis’, a journal and a website sponsored at least in
part by Eli Lilly.

The author has received honorarium from Talecris Bi-
otherapeutics (manufacturing antithrombin) for participation
in a round table on antithrombin and has also received grants
and material for studies not related to the topic of the present
article from other companies.

References

1. Angus DC, Linde-Zwirble WT, Lidicker J, et al. Epidemiology
of severe sepsis in the United States: analysis of incidence,
outcome, and associated costs of care. Crit Care Med 2001; 29:
1303-10

2. Martin GS, Mannino DM, Eaton S, et al. The epidemiology of
sepsis in the United States from 1979 through 2000. N Engl J
Med 2003; 348: 1546-54

3. Dombrovskiy VY, Martin AA, Sunderram J, et al. Rapid in-
crease in hospitalization and mortality rates for severe sepsis in
the United States: a trend analysis from 1993 to 2003. Crit
Care Med 2007; 35: 1244-50

4. Dombrovskiy VY, Martin AA, Sunderram J, et al. Facing the
challenge: decreasing case fatality rates in severe sepsis de-

Drug Safety 2007; 30 (11)



Benefit-Risk Assessment of Drotrecogin Alfa (Activated)

1009

14.

15.

19.

20.

21.

22.

23.

spite increasing hospitalizations. Crit Care Med 2005; 33:
2555-62

. Harrison DA, Welch CA, Eddleston JM. The epidemiology of

severe sepsis in England, Wales and Northern Ireland, 1996 to
2004: secondary analysis of a high quality clinical database,
the ICNARC Case Mix Programme Database. Crit Care 2006;
10: R42

. Brun-Buisson C, Meshaka P, Pinton P, et al. EPISEPSIS: a

reappraisal of the epidemiology and outcome of severe sepsis
in French intensive care units. Intensive Care Med 2004; 30:
580-8

. Finfer S, Bellomo R, Lipman J, et al. Adult-population inci-

dence of severe sepsis in Australian and New Zealand inten-
sive care units. Intensive Care Med 2004; 30: 589-96

. Bateman RM, Walley KR. Microvascular resuscitation as a

therapeutic goal in severe sepsis. Crit Care 2005; 9 Suppl. 4:
$27-32

. Ferreira FL, Bota DP, Bross A, et al. Serial evaluation of the

SOFA score to predict outcome in critically ill patients. JAMA
2001; 286: 1754-8

. Vincent JL, Moreno J, Takala J, et al. The SOFA (Sepsis-related

Organ Failure Assessment) score to describe organ dysfunc-
tion/failure. Intensive Care Med 2000; 22: 707-10

. Levy MM, Macias WL, Vincent JL, et al. Early changes in

organ function predict eventual survival in severe sepsis. Crit
Care Med 2005; 33: 2194-201

. Gopal I, Bhonagiri S, Ronco C, et al. Out of hospital outcome

and quality of life in survivors of combined acute multiple
organ and renal failure treated with continuous venovenous
hemofiltration/hemodiafiltration. Intensive Care Med 1997;
23: 766-72

. Korkeila M, Ruokonen E, Takala J. Costs of care, long-term

prognosis and quality of life in patients requiring renal replace-
ment therapy during intensive care. Intensive Care Med 2000;
26: 1824-31

Singer M, De Santis V, Vitale D, et al. Multiorgan failure is an
adaptive, endocrine-mediated, metabolic response to over-
whelming systemic inflammation. Lancet 2004; 364: 545-8

Wheeler AP, Bernard GR. Treating patients with severe sepsis.
N Engl J Med 1999; 340: 207-14

. Annane D, Bellissant E, Cavaillon JM. Septic shock. Lancet

2005; 365: 63-78

. Matejovic M, Krouzecky A, Radej J, et al. Successful reversal

of resistent hypodynamic septic shock with levosimendan.
Acta Anaesthesiol Scand 2005; 49: 127-8

. Riedemann NC, Guo RF, Ward PA. The enigma of sepsis. J Clin

Invest 2003; 112: 460-7

Bastarache JA, Ware LB, Bernard GR. The role of the coagula-
tion cascade in the continuum of sepsis and acute lung injury
and acute respiratory distress syndrome. Semin Respir Crit
Care Med 2006; 27: 365-76

Esmon CT. The impact of the inflammatory response on coagu-
lation. Thromb Res 2004; 114: 321-7

Opal SM, Esmon CT. Bench-to-bedside review: functional rela-
tionships between coagulation and the innate immune response
and their respective roles in the pathogenesis of sepsis. Crit
Care 2003; 7: 23-38

Shorr AF, Bernard GR, Dhainaut JF, et al. Protein C concentra-
tions in severe sepsis: an early directional change in plasma
levels predicts outcome. Crit Care 2006; 10: R92

Yan SB, Helterbrand JD, Hartman DL, et al. Low levels of
protein C are associated with poor outcome in severe sepsis.
Chest 2001; 120: 915-22

© 2007 Adis Data Information BV. All rights reserved.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

41.

. Hoffmann

Fourrier F, Chopin C, Goudemand J, et al. Septic shock, multi-
ple organ failure, and disseminated intravascular coagulation:
compared patterns of antithrombin III, protein C, and protein S
deficiencies. Chest 1992; 101: 816-23

Mesters RM, Helterbrand J, Utterback BG, et al. Prognostic
value of protein C concentrations in neutropenic patients at
high risk of severe septic complications. Crit Care Med 2000;
28: 2209-16

Wang W, Zolty E, Falk S, et al. Pentoxifylline protects against
endotoxin-induced acute renal failure in mice. Am J Physiol
Renal Physiol 2006; 291: F1090-5

Liaw PC, Neuenschwander PF, Smirnov MD, et al. Mechanisms
by which soluble endothelial cell protein C receptor modulates
protein C and activated protein C function. J Biol Chem 2000;
275: 5447-52

Spek CA, Koster T, Rosendaal FR, et al. Genotypic variation in
the promoter region of the protein C gene is associated with
plasma protein C levels and thrombotic risk. Arterioscler
Thromb Vasc Biol 1995; 15: 214-8

Walley KR, Russell JA. Protein C —1641 AA is associated with
decreased survival and more organ dysfunction in severe sep-
sis. Crit Care Med 2007; 35: 12-7

Dhainaut JF, Yan SB, Cariou A, et al. Soluble thrombomodulin,
plasma-derived unactivated protein C, and recombinant human
activated protein C in sepsis. Crit Care Med 2002; 30: S318-24

Mosnier LO, Meijers JC, Bouma BN. Regulation of fibrinolysis
in plasma by TAFI and protein C is dependent on the concen-
tration of thrombomodulin. Thromb Haemost 2001; 85: 5-11

Brueckmann M, Hoffmann U, Dvortsak E, et al. Drotrecogin
alfa (activated) inhibits NF-kappa B activation and
MIP-1-alpha release from isolated mononuclear cells of pa-
tients with severe sepsis. Inflamm Res 2004; 53: 528-33

Bilbault P, Lavaux T, Launoy A, et al. Influence of drotrecogin
alpha (activated) infusion on the variation of Bax/Bcl-2 and
Bax/Bcl-xl ratios in circulating mononuclear cells: a cohort
study in septic shock patients. Crit Care Med 2007; 35: 69-75

Mosnier LO, Griffin JH. Protein C anticoagulant activity in
relation to anti-inflammatory and anti-apoptotic activities.
Front Biosci 2006; 11: 2381-99

JN, Vollmar B, Laschke MW, et al
Microhemodynamic and cellular mechanisms of activated pro-
tein C action during endotoxemia. Crit Care Med 2004; 32:
1011-7

Iba T, Kidokoro A, Fukunaga M, et al. Activated protein C
improves the visceral microcirculation by attenuating the leu-
kocyte-endothelial interaction in a rat lipopolysaccharide
model. Crit Care Med 2005; 33: 368-72

Lehmann C, Meissner K, Knock A, et al. Activated protein C
improves intestinal microcirculation in experimental endotox-
aemia in the rat. Crit Care 2006; 10: R157

Kirschenbaum LA, Lopez WC, Ohrum P, et al. Effect of recom-
binant activated protein C and low-dose heparin on neutrophil-
endothelial cell interactions in septic shock. Crit Care Med
2006; 34: 2207-12

De Backer D, Verdant C, Chierego M, et al. Effects of
drotecogin alfa activated on microcirculatory alterations in
patients with severe sepsis. Crit Care Med 2006; 34: 1918-24

De Backer D, Creteur J, Preiser JC, et al. Microvascular blood
flow is altered in patients with sepsis. Am J Respir Crit Care
Med 2002; 166: 98-104

Trzeciak S, Dellinger RP, Parrillo JE, et al. Early microcircu-
latory perfusion derangements in patients with severe sepsis

Drug Safety 2007; 30 (11)



1010

De Backer

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

and septic shock: relationship to hemodynamics, oxygen trans-
port, and survival. Ann Emerg Med 2007; 49: 88-98

Sakr Y, Dubois MJ, De Backer D, et al. Persistant microvascu-
latory alterations are associated with organ failure and death in
patients with septic shock. Crit Care Med 2004; 32: 1825-31

Isobe H, Okajima K, Uchiba M, et al. Activated protein C
prevents endotoxin-induced hypotension in rats by inhibiting
excessive production of nitric oxide. Circulation 2001; 104:
1171-5

Wiel E, Costecalde ME, Lebuffe G, et al. Activated protein C
increases sensitivity to vasoconstriction in rabbit Escherichia
coli endotoxin-induced shock. Crit Care 2006; 10: R47

Feistritzer C, Riewald M. Endothelial barrier protection by
activated protein C through PARI-dependent sphingosine
1-phosphate receptor-1 crossactivation. Blood 2005; 105:
3178-84

Zeng W, Matter WF, Yan SB, et al. Effect of drotrecogin alfa
(activated) on human endothelial cell permeability and Rho
kinase signaling. Crit Care Med 2004; 32: S302-8

Monnet X, Lamia B, Anguel N, et al. Rapid and beneficial
hemodynamic effects of Activated Protein C during septic
shock. Intensive Care Med 2005; 31: 1573-6

Bernard GR, Ely EW, Wright TJ, et al. Safety and dose relation-
ship of recombinant human activated protein C for
coagulopathy in severe sepsis. Crit Care Med 2001; 29: 2051-9

Bernard GR, Vincent J-L, Laterre PF, et al. Efficacy and safety
of recombinant human activated protein C for severe sepsis.
N Engl J Med 2001; 344: 699-709

Dhainaut JF, Yan SB, Margolis BD, et al. Drotrecogin alfa
(activated) (recombinant human activated protein C) reduces
host coagulopathy response in patients with severe sepsis.
Thromb Haemost 2003; 90: 642-53

Vincent JL, Angus DC, Artigas A, et al. Effects of drotrecogin
alfa (activated) on organ dysfunction in the PROWESS trial.
Crit Care Med 2003; 31: 834-40

Russell JA. Management of sepsis. N Engl J] Med 2006; 355:
1699-713

Ely EW, Laterre PF, Angus DC, et al. Drotrecogin alfa (activat-
ed) administration across clinically important subgroups of
patients with severe sepsis. Crit Care Med 2003; 31: 12-9

Dhainaut JF, Yan SB, Joyce DE, et al. Treatment effects of
drotrecogin alfa (activated) in patients with severe sepsis with
or without overt disseminated intravascular coagulation.
J Thromb Haemost 2004; 2: 1924-33

Angus DC, Laterre PF, Helterbrand J, et al. The effect of
drotrecogin alfa (activated) on long-term survival after severe
sepsis. Crit Care Med 2004; 32: 2199-206

Vincent JL, Bernard GR, Beale R, et al. Drotrecogin alfa (acti-
vated) treatment in severe sepsis from the global open-label
trial ENHANCE: further evidence for survival and safety and
implications for early treatment. Crit Care Med 2005; 33:
2266-77

Rivers E, Nguyen B, Havstadt S, et al. Early goal-directed
therapy in the treatment of severe sepsis and septic shock.
N Engl J Med 2001; 345: 1368-77

Garnacho-Montero J, Garcia-Garmendia JL, Barrero-Al-
modovar A, et al. Impact of adequate empirical antibiotic
therapy on the outcome of patients admitted to the intensive
care unit with sepsis. Crit Care Med 2003; 31: 2742-51

Kumar A, Roberts D, Wood KE, et al. Duration of hypotension
before initiation of effective antimicrobial therapy is the criti-
cal determinant of survival in human septic shock. Crit Care
Med 2006; 34: 1589-96

© 2007 Adis Data Information BV. All rights reserved.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Vincent JL, O’Brien Jr J, Wheeler A, et al. Use of an integrated
clinical trial database to evaluate the effect of timing of dro-
trecogin alfa (activated) treatment in severe sepsis. Crit Care
2006; 10: R74

Abraham E, Laterre PF, Garg R, et al. Drotrecogin alfa (activat-
ed) for adults with severe sepsis and a low risk of death. N Engl
J Med 2005; 353: 1332-41

Laterre PF, Abraham E, Janes JM, et al. ADDRESS (ADminis-
tration of DRotrecogin alfa [activated] in Early stage Severe
Sepsis) long-term follow-up: one-year safety and efficacy
evaluation. Crit Care Med 2007; 35: 1457-63

Nadel S, Goldstein B, Williams MD, et al. Drotrecogin alfa
(activated) in children with severe sepsis: a multicentre phase
IIT randomised controlled trial. Lancet 2007; 369: 836-43

Barton P, Kalil AC, Nadel S, et al. Safety, pharmacokinetics,
and pharmacodynamics of drotrecogin alfa (activated) in chil-
dren with severe sepsis. Pediatrics 2004; 113: 7-17

Friedrich JO, Adhikari NK, Meade MO. Drotrecogin alfa (acti-
vated): does current evidence support treatment for any pa-
tients with severe sepsis? Crit Care 2006; 10: 145

Bernard GR, Macias WL, Joyce DE, et al. Safety assessment of
drotrecogin alfa (activated) in the treatment of adult patients
with severe sepsis. Crit Care 2003; 7: 155-63

Vincent JL, Nadel S, Kutsogiannis DJ, et al. Drotrecogin alfa
(activated) in patients with severe sepsis presenting with pur-
pura fulminans, meningitis, or meningococcal disease: a retro-
spective analysis of patients enrolled in recent clinical studies.
Crit Care 2005; 9: R331-43

Laterre PF, Levy H, Clermont G, et al. Hospital mortality and
resource use in subgroups of the Recombinant Human Activat-
ed Protein C Worldwide Evaluation in Severe Sepsis (PROW-
ESS) trial. Crit Care Med 2004; 32: 2207-18

Angus DC, Linde-Zwirble WT, Clermont G, et al. Cost-effec-
tiveness of drotrecogin alfa (activated) in the treatment of
severe sepsis. Crit Care Med 2003; 31: 1-11

Bertolini G, Rossi C, Anghileri A, et al. Use of drotrecogin alfa
(activated) in Italian intensive care units: the results of a
nationwide survey. Intensive Care Med 2007; 33: 426-34

Kanji S, Perreault MM, Chant C, et al. Evaluating the use of
drotrecogin alfa (activated) in adult severe sepsis: a Canadian
multicenter observational study. Intensive Care Med 2007; 33:
517-23

Eichacker PQ, Danner RL, Suffredini AF, et al. Reassessing
recombinant human activated protein C for sepsis: time for a
new randomized controlled trial. Crit Care Med 2005; 33:
2426-8

Eichacker PQ, Natanson C. Increasing evidence that the risks of
rhAPC may outweigh its benefits. Intensive Care Med 2007;
33:396-9

Steg PG, Lopez-Sendon J, Lopez DS, et al. External validity of
clinical trials in acute myocardial infarction. Arch Intern Med
2007; 167: 68-73

Decruyenaere J, De Backer D, Laterre PF, et al. 90-day follow-
up of patients treated with drotecogin alpha activated (DAA)
for severe sepsis: a Belgian open label study [abstract]. Crit
Care Med 2005; 33: A10

Correspondence: Dr Daniel De Backer, Department of Inten-
sive Care, Erasme University Hospital, Route de Lennik,
808, Brussels, B-1070, Belgium.

E-mail: ddebacke@ulb.ac.be

Drug Safety 2007; 30 (11)



	Contents 995
	Abstract 995
	1. Sepsis, Severe Sepsis and Septic Shock 997
	2. Pathophysiology of Sepsis 997
	3. Rationale for Administration of Activated Protein C 997
	4. Effects of Activated Protein C 998
	5. Large-Scale Studies of Drotrecogin Alfa (Activated) 998
	5.1 Phase II Trial 999
	5.2 PROWESS 999
	5.2.1 PROWESS: Subgroup Analyses 1000

	5.3 ENHANCE 1001
	5.4 INDEPTH Database Study 1002
	5.5 ADDRESS 1002
	5.6 RESOLVE 1003
	5.7 A Meta-Analysis of the Published Trials 1004

	6. Safety Profile of Drotrecogin Alfa (Activated) 1004
	7. Benefit-Risk Balance for Drotrecogin Alfa (Activated) 1006
	8. Conclusions 1008
	Acknowledgements 1008
	References 1008
	Correspondence 1010
	Email 1010

