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



996 De Backer

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
III) 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) II 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 severity. In the absence of any organ dysfunction,
patients. In developed countries, it accounts for as mortality is approximately 15% and then increases
many deaths as acute myocardial infarction.[1] It is with the number of organs that are dysfunctional:
estimated that the incidence of sepsis in the US is 21% for one, 44% for two, 64% for three and 74%
three cases per 1000 in the general population and for when four or more organs are dysfunctional.[1]

2.26 cases per 100 hospital discharges. Studies of Although mortality is very high in patients with
several databases have shown that the incidence of multiple organ failure, it is important to recognise
sepsis has increased over the last 30 years;[2-6] how- that the evolution of organ failure in the first 48
ever, it is difficult to distinguish between better hours of admission is more relevant than the number
recognition of sepsis (i.e. improved awareness, bet- of failing organs on admission. Ferreira et al.[9]

ter definitions) and a true increase in incidence. reported that the mortality rate of patients with very
Half of the population of patients with sepsis high scores for organ dysfunction on admission

receive intensive care and 17% receive intermediate whose sequential organ failure assessment (SOFA)
care.[2] Depending on definition and local specifica- score[10] decreased by at least 2 points over 48 hours,
tions, sepsis may account for 10[7] to 27%[5] of was similar to that of patients with very low SOFA
intensive care unit (ICU) admissions. Mortality scores on admission. Similar results were recently
from sepsis has decreased over time, from 30% in observed in a large database study of placebo recipi-
the early 1980s to 20% in 2000.[2,8] Recent database ents who had been included in interventional tri-
studies have shown similar trends in mortality asso- als.[11] Although sepsis survivors usually recover
ciated with severe sepsis.[5,9] Importantly, the mor- well from organ dysfunction and long-term organ
tality rate associated with sepsis depends on its support is not commonly required,[12,13] all efforts
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should be made to limit the development and severi- nuclear factor-κB, whereas others do not. These
ty of organ failure. chemokines and mediators activate the endothelium,

white blood cells, dendritic cells and epithelial cells
1. Sepsis, Severe Sepsis and and contribute to the release of various vasoactive
Septic Shock mediators (i.e. nitric oxide, endothelin, pros-

taglandins, thromboxane, free oxygen radicals),
In response to an infection, various pro- and anti-

leading to a cascade of events. These mechanisms
inflammatory mediators are released. Although

activate the coagulation cascade, inhibition of fibri-
these mediators play an important role in the de-

nolysis and adhesion of white blood cells and plate-
fence against infection, the uncontrolled activation

lets to the endothelium, and lead to increased vascu-
of this cascade may, directly or by initiating a chain

lar permeability and vasodilation. When moderate,
of events, lead to profound haemodynamic and cel-

these alterations facilitate the control of infection,
lular metabolic effects, which in turn may lead to

allowing white blood cells to migrate to the site of
organ dysfunction. Therefore, sepsis is considered

the infection and preventing overt dissemination of
to reflect the response of the host to an infection, and

the micro-organism. However, once initiated, this
is usually accompanied by fever or hypothermia,

response is often auto-amplified and, when control
tachycardia, tachypnea and leucocytosis or leucope-

mechanisms fail, may lead to diffuse endothelial
nia. Severe sepsis reflects the disproportionate re-

lesions that are associated with altered vascular
sponse of the host to an infection, and is defined as

tone, increased vascular permeability and microvas-
dysfunction of at least one organ in addition to signs

cular alterations that contribute to the development
of sepsis. Septic shock is severe sepsis featuring

of organ damage.
circulatory failure. Septic shock defines a state of

Modulation of the inflammatory response and/orinadequate supply of oxygen and nutrients to the
coagulation may appear attractive treatment modali-cells, which may result in tissue hypoxia and lactic
ties in patients with sepsis. However, interventionsacidosis. Unless transient, this will lead to irreversi-
should aim to prevent the excessive expression ofble tissue damage, organ failure and death. As tissue
these responses, rather than to block one of thenecrosis is uncommon in patients with septic shock,
pathways, because the inflammatory response andadaptations of organ metabolism occur that shut
coagulation cascade may be useful for the control ofdown some of the less essential metabolic pathways
infections.in order to preserve vital functions.[14] These further

contribute to the development of multiple organ
3. Rationale for Administration offailure. Direct cellular toxicity, as well as alterations
Activated Protein Cin whole-body haemodynamics, regional bloodflow

distribution and microvascular bloodflow, may play Besides activation of the inflammatory response,
a crucial role in the development of multiple organ pathogens also activate the coagulation pathway.
failure in patients with sepsis. Several recent reviews have covered this issue.[19-21]

In this article, we mainly focus on the role of protein2. Pathophysiology of Sepsis
C, even though levels of protein S and antithrombin
are also decreased in sepsis.Several recent reviews have described in detail

the pathophysiological mechanisms implicated in In sepsis, protein C levels are decreased.[22] Sev-
the development of sepsis and organ failure.[15-18] eral studies[22-25] have shown that low protein C

In brief, the recognition of the pathogen or its levels on admission are associated with poor out-
byproducts by toll-like receptors activates signalling comes, with outcomes deteriorating as protein C
pathways, leading to the release of various pro- levels at admission decrease. In addition, the evolu-
and anti-inflammatory cytokines and mediators. tion of protein C levels over time is a factor that is
Some of these pathways require the transcription of independently associated with the outcome of sep-
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sis.[22] In patients who are severely deficient in pro- factors V and VII) and profibrinolytic properties
tein C at baseline (baseline levels ≤40% of maximal (inhibition of plasminogen activator-inhibitor 1 and
protein C levels), a failure to increase their protein C activation of thrombin activatable fibrinolysis inhib-
levels was associated with an increased risk of death itor);[30,31] however, it also exhibits anti-inflammato-
compared with patients who increased their levels ry properties, which may either be mediated via
(odds ratio [OR] = 2.75; p < 0.0001), whereas an decreased thrombin generation or by direct cellular
increase in these levels to >40% by day 1 was effects due to inhibition of nuclear factor-κB.[32] In
associated with a decreased risk of death compared addition, activated protein C has anti-apoptotic
with patients who did not achieve an increase of properties.[33,34]

>40% at this timepoint (OR = 0.43; p = 0.03). If Activated protein C also interacts with endotheli-
baseline protein C levels in placebo recipients were al cells, white blood cells and platelets.[30] Activated
>40% but decreased by ≥10% on day 1, the risk of protein C decreases platelet and white blood cell
death for these patients increased compared with rolling and adhesion to the endothelium,[35-38] which
that for patients who did not experience a decrease results in improved microvascular bloodflow.[35-37]

of ≥10% (OR = 1.87; p = 0.02). In patients with septic shock, we recently demon-
In addition to the decreased protein C levels, strated that activated protein C improves the sublin-

protein C activity is also reduced,[22] mostly as a gual microcirculation.[39] This effect is of great im-
result of a failure of the activation of protein C at the portance, as alterations in the microcirculation are
endothelium.[26,27] Accordingly, administration of more severe in individuals with severe sepsis and
exogenous activated protein C would theoretically are associated with a poor outcome and organ dys-
be preferred to administration of protein C. function.[40-42]

Protein C polymorphisms are frequent, but evi- This improved endothelial function due to in-
dence for a functional impact of these polymorph- creased levels of activated protein C is associated
isms has only been reported for the –1641 A/G and with an increased vasoreactivity[43,44] and an im-
–1641 C/T polymorphisms, which are associated proved barrier function of the endothelium,[45]

with decreased protein C levels.[28] Recently, Walley which leads to a reduction in vascular permeabili-
and Russell[29] evaluated the influence of these two ty.[46] In patients with septic shock, this translates
polymorphisms in a large cohort of patients with into a more rapid reversal of hypotension.[39,47]

septic shock, and they showed that the –1641 AA
genotype, which has a deep penetration in the popu- 5. Large-Scale Studies of Drotrecogin
lation as it was present in 35% of the patients, was Alfa (Activated)
associated with a higher incidence of organ dysfunc-
tion (hazard ratio close to 1.5 for all types of organ

To identify trials evaluating the potential benefi-failure; 95% CI not provided) and a poor outcome
cial effects and adverse events associated with dro-(28-day survival of 58% vs 66% in patients with vs
trecogin alfa (activated) administration, the PubMedwithout this polymorphism; p = 0.03). Whether this
database was searched using the followingpolymorphism is associated with a different re-
keywords: ‘drotecogin alfa activated’, ‘activatedsponse to treatment with activated protein C remains
protein C’, ‘sepsis’, ‘severe sepsis’, ‘septic shock’,to be determined.
‘outcome’, ‘adverse event’ and ‘bleeding’. Related
articles and the reference lists of retrieved citations4. Effects of Activated Protein C
were also examined.

The effects of activated protein C are multiple,[30] Large-scale, randomised studies were conducted
and this compound should not be viewed as a sim- with recombinant activated protein C, which is man-
ple anticoagulant agent. Of course, activated prote- ufactured by Eli Lilly and has been released under
in C exhibits antithrombotic properties (inhibition of the name of drotrecogin alfa (activated).

© 2007 Adis Data Information BV. All rights reserved. Drug Safety 2007; 30 (11)
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5.1 Phase II Trial required in response to increased APTTs in patients
treated with drotrecogin alfa (activated) 30 µg/kg/h

A phase II trial was conducted[48] in 131 adult in the initial phase of the study. Therefore, this
patients with severe sepsis. This randomised, doub- dosage was not used in the second phase of the
le-blind, placebo-controlled, dose-ranging clinical study.
trial was conducted in 40 ICUs in the US and Of the patients included in the study, 97% had
Canada. Severe sepsis was defined as dysfunction of decreased activated protein C levels at baseline and
one or more organs in patients with suspected or treatment with drotrecogin alfa (activated) increased
proven infection who had at least two signs of a activated protein C levels in a dose-dependent man-
systemic inflammatory response, such as fever, hy- ner in these patients. Steady-state levels were
pothermia, tachycardia, tachypnoea or the need for achieved 2 hours after starting the infusion. Activat-
mechanical ventilation for the treatment of sepsis, ed protein C levels declined rapidly after stopping
leukocytosis or leucopenia. Organ dysfunction in- drotrecogin alfa (activated) infusion, and were be-
cluded cardiovascular dysfunction (hypotension or low the limit of detection 4.5 hours after treatment
the need for vasopressor therapy), respiratory dys- cessation.
function (hypoxaemia defined as a ratio of the arteri- Levels of D-dimer slowly and slightly decreased
al partial pressure of oxygen [PaO2] to fraction of during the 96 hours of drotrecogin alfa (activated)
inspired oxygen [FiO2] of <300 or <200 if the lung administration. Low dosages of drotrecogin alfa (ac-
was the source of sepsis) and renal impairment tivated) [≤18 µg/kg/h] did not affect D-dimer levels,
(oliguria urinary output of <0.5 mL/kg for at least 1 whereas higher dosages (≥24 µg/kg/h) rapidly de-
hour); this dysfunction had to have been present for creased D-dimer levels. These favourable effects on
<24 hours at time of inclusion. The exclusion crite- disseminated intravascular coagulation (DIC) were
ria were mostly related to the risk of bleeding (pa- accompanied by a dose-dependent decrease in in-
tients with active bleeding, an increased partial terleukin 6 levels.
thromboplastin time [APTT] or a platelet count Mortality at 28 days did not differ between place-
<30 000/mm3, those who had undergone major sur- bo- and drotrecogin alfa (activated)-treated patients
gery within 12 hours or who had recently exper- (34.1% vs 28.8%; p = ns); however, there was a
ienced a stroke or undergone cranial surgery, pa- trend towards improved survival in patients treated
tients with a history of cerebral aneurysm or brain with the higher dosages of drotrecogin alfa (activat-
tumour, those with an epidural catheter, severe cir- ed) [OR 0.60; 95% CI 0.28, 1.27]. This phase II trial
rhosis with portal hypertension or inherited coagula- showed that drotrecogin alfa (activated) effectively
tion disorders and patients receiving anticoagulant blunted DIC and accelerated the decrease in in-
or anti-aggregant therapy) or to a too-severe under- terleukin 6 levels in patients with severe sepsis, and
lying condition (patients not expected to survive >6 that these effects were associated with a satisfactory
hours, patients not committed to full aggressive safety profile (see section 6 for further details).
support, patients with a severe underlying condition
and a life expectancy of <28 days, patients with end- 5.2 PROWESS
stage renal failure, patients with advanced malig-
nancies). The PROWESS (Recombinant Human Activated

Patients were randomised, at a ratio of 1 : 2, to Protein C Worldwide Evaluation in Severe Sepsis)
received either placebo or drotrecogin alfa (activat- pivotal, phase III trial[49] commenced in July 1998
ed) 12, 18, 24 or 30 µg/kg/h for 48 hours (initial and was discontinued in June 2000 when efficacy
phase) and then 96 hours (second phase). As dro- was shown at the second interim analysis. This
trecogin alfa (activated) affected coagulation in a randomised, double-blind, placebo-controlled trial
dose-dependent manner, with marked effects at the was conducted in 164 centres in 11 countries (USA,
higher dosages, frequent dosage adjustments were Canada, Belgium, France, Germany, The Nether-
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lands, Spain, Brazil, Australia, New Zealand and in a reduction in markers of thrombin generation and
accelerated normalisation of anticoagulant and fibri-South Africa) and included 1690 patients with se-
nolytic factors.[50] As a result of all these effects, thevere sepsis. The inclusion criteria were the presence
prothrombin time and APTT were prolonged in dro-of two signs of a systemic inflammatory response in
trecogin alfa (activated)-treated patients but D-the presence of a known or suspected source of
dimer levels decreased more rapidly.infection, and organ dysfunction as shown by at

least one of the five following criteria: hypotension Drotrecogin alfa (activated) administration was
or need for vasopressor therapy (indicating cardio- associated with a more rapid reversal of organ dys-
vascular dysfunction); hypoxemia defined as a function, especially cardiovascular and respiratory
PaO2/FiO2 ratio of <250 or <200 if the lung was the dysfunction.[51] It also slowed the onset of haemato-
source of sepsis (indicating respiratory dysfunc- logical dysfunction. Renal and hepatic dysfunction
tion); oliguria (indicating renal impairment); a plate- were not affected by drotrecogin alfa (activated).
let count <80000/mm3 or a decrease in platelet count Twenty-eight day mortality was significantly
of 50% in the 3 days preceding enrollment (indicat- lower in drotrecogin alfa (activated)-treated
ing haematological dysfunction); and lactic acido- than placebo-treated patients (24.7% vs 30.8%;
sis, defined as a blood pH <7.30 or a base deficit >5 p = 0.005), representing a 19.4% (95% CI 6.6, 30.5)
mmol/L in association with lactate levels >1.5 × the relative reduction in the risk of death. This benefit is
upper normal limit in the local laboratory. A time associated with a number to treat of 16 (95% CI 9,
window of a maximum of 48 hours was tolerated 83), which is favourable compared with other suc-
between the occurrence of first organ failure and the cessful interventions in sepsis and acute respiratory
initiation of infusion of placebo or drotrecogin alfa distress syndrome.[52] Kaplan-Meier analysis of sur-
(activated) 24 µg/kg/h for 96 hours. The exclusion vival yielded similarly positive results for dro-
criteria were globally the same as in the phase II trecogin alfa (activated) [p = 0.006], with a differ-
trial, with the additional exclusion of HIV-infected ence in cumulative survival curves occurring within
patients who had low CD4 cell counts and patients 4–6 days of inclusion and then increasing through-
with a history of organ transplantation, with the out the follow-up period. A prospectively defined
exception of renal transplant recipients. Patients analysis that accounted for baseline differences in
with pancreatitis without proven infection were also Acute Physiology and Chronic Health Evaluation
excluded. (APACHE II) score, age and protein C activity

produced similar results.[49]There were no differences in baseline character-
istics between the placebo and drotrecogin alfa (acti-
vated)-treated groups and 90% of patients in both 5.2.1 PROWESS: Subgroup Analyses
groups received adequate therapy with antibacterials Further important information was gained from
within 48 hours of the diagnosis of infection. Of the subgroup analyses of the PROWESS trial, although
included patients, 75% had dysfunction of at least this should be treated with caution. First, there was
two organ systems, 75% were receiving mechanical no stratification according to predefined factors.
ventilation and 71% were receiving vasopressor Second, the study was not powered to detect signifi-
support for the treatment of shock. Coagulation ab- cant differences among subgroups. Third, most
normalities were frequent in both groups at baseline, analyses were generated post hoc. Fourth, the multi-
with elevation of D-dimer levels in 99.7% of pa- plicity of these analyses increases the risk of false-
tients. Protein C deficiency was present in 88% of positive statistical significance. Nevertheless, these
the patients, with median protein C activity of ap- analyses may be helpful to ensure that the benefit
proximately 50% in both groups. was preserved in clinically relevant subgroups and

Drotrecogin alfa (activated) effectively increased to further elucidate the safety profile. Whenever
protein C levels in treated patients.[22] This resulted possible (when equipoise exists for a specific situa-

© 2007 Adis Data Information BV. All rights reserved. Drug Safety 2007; 30 (11)



Benefit-Risk Assessment of Drotrecogin Alfa (Activated) 1001

tion), these analyses should be confirmed by a death.[49,53] In particular, patients who had recently
undergone surgery also experienced a decreased riskrandomised trial.
of death when treated with drotrecogin alfa (activat-The first subgroup analysis was prospectively
ed), even though this reduction was slightly lowerdefined and was based on the severity of sepsis.[49,53]

than in medical patients.[53] Patients with overtAfter separation of patients into quartiles of
DIC[54] had a greater risk reduction when treatedAPACHE II scores, it appeared that patients with the
with drotrecogin alfa (activated) than patients with-lowest severity of sepsis (APACHE II scores <25)
out overt DIC; however, the individual componentsmay not benefit from drotrecogin alfa (activated)
of the DIC score (platelet count, APTT) and proteinadministration because the relative risk of death in
C deficiency did not influence the response to dro-drotrecogin alfa (activated) recipients compared
trecogin alfa (activated).[53]

with placebo recipients was close to 1 with large
Follow-up of 93% of the patients included in theconfidence intervals. Conversely, patients with a

PROWESS trial was obtained for up to 1 year.[55]
greater severity of sepsis (APACHE II scores ≥25)

The survival benefit was globally maintained overclearly had a better outcome with drotrecogin alfa
time, as survival curves were shown to be parallel(activated) treatment (relative risk of death was be-
after 3 months, but statistical significance was nottween 0.60 and 0.75, with the upper limit of the CI
achieved (p = 0.10). As expected from the effect onbeing <1). A similar analysis conducted for the
28-day mortality, patients at high risk of death, asnumber of organ failures revealed that the relative
estimated by an APACHE II score ≥25, had therisk of death in drotrecogin alfa (activated) recipi-
greatest survival advantage at 1 year (for patientsents versus placebo recipients was close to 1 for
with APACHE II scores ≥25, 1-year survival ratesingle organ failure, whereas it was <1.0 in patients
was 52.1% in drotrecogin alfa (activated) recipientswith failure of two or more organs.
vs 41.3% in placebo recipients; p = 0.002).

Using the data from placebo recipients, Ely et
al.[53] calculated a risk of death score based on

5.3 ENHANCE
admission data. Applying this score in the dro-
trecogin alfa (activated)-treated patients, they were The ENHANCE (Extended Evaluation of Re-
able to show that patients for whom the risk of death combinant Human Activated Protein C) study
was predicted to be <30% did not benefit from was a large (2434 patients in 25 countries, at 361
drotrecogin alfa (activated) administration (i.e. mor- sites), observational, non-randomised open-label
tality was similar or only slightly decreased with study conducted in adult patients with severe sep-
drotrecogin alfa [activated] compared with placebo), sis.[56] Entry criteria were similar to those of the
whereas in patients with a predicted risk of death PROWESS phase III trial; however, all patients
>30%, the risk of death was significantly lower for were treated with drotrecogin alfa (activated)
drotrecogin alfa (activated)-treated patients than for [2378 patients received drotrecogin alfa (activated)
placebo recipients. This risk reduction increased and were included in the analysis]. Mortality in
with the severity of sepsis. These analyses prompted ENHANCE was similar to that in PROWESS
the US FDA and the European regulatory agencies (25.3% vs 24.7%, respectively); however, important
to license the drug for the treatment of patients with information was gained from subgroup analyses:
severe sepsis and an APACHE II score >24 (US) or patients receiving drotrecogin alfa (activated) within
failure of at least two organs (Europe). 24 hours of the onset of first organ failure had lower

Other subgroup analyses were also conducted. mortality than patients treated between 24 and 48
These essentially showed that there was no interac- hours after the first organ dysfunction (22.9% vs
tion between age, race, sex, type and source of 27.4%; p = 0.01). These results suggest that dro-
infection and underlying disease and the drotrecogin trecogin alfa (activated) is more effective when initi-
alfa (activated)-associated reduction in the risk of ated early in severe sepsis, which is also the case for
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other interventions such as haemodynamic resusci- PROWESS trial. Patients estimated to be at high risk
tation[57] and antibacterials.[58,59] of death on the basis of an APACHE II score of ≥25

or multiple organ dysfunction were in principle ex-
5.4 INDEPTH Database Study cluded, although physicians were nevertheless al-

lowed to include a patient meeting these severityThe INDEPTH (International Integrated
criteria if they estimated that the patient was at lowDatabase for the Evaluation of Severe Sepsis and
risk of death. In addition, the exclusion criteria fromDrotrecogin alfa [activated] Therapy) database[60]

the PROWESS and ENHANCE trials were applied.incorporated 4459 patients included in the phase II,
Since some patients were expected to worsen and toPROWESS and ENHANCE trials, as well as pa-
meet severity criteria allowing for clinical use oftients from the placebo arm of two other trials evalu-
drotrecogin alfa (activated), it was accepted thatating another agent for the treatment of severe sep-
patients deteriorating within 48 hours of the onset ofsis. The inclusion and exclusion criteria were rela-
the first organ dysfunction may be switched totively similar across the studies. In total, there were
clinical treatment with drotrecogin alfa (activated).1231 placebo recipients and 3228 drotrecogin alfa
The study was projected to include >11 000 patients,(activated)-treated patients. Data from this register
but was stopped after the first interim analysis due toconfirmed the benefit of drotrecogin alfa (activated)
futility. At that time, 2640 patients had already beenand, more importantly, highlighted the need for min-
enrolled. Baseline data were similar in both groups,imal delay between the onset of organ failure and
with the exception of a trend towards dysfunction ofinitiation of drotrecogin alfa (activated) therapy. As
more organs in the drotrecogin alfa (activated)-treat-in the ENHANCE trial, patients treated within 24
ed patients (34.5% of drotrecogin alfa [activated]hours of the onset of organ failure had the greatest
recipients had dysfunction of two or more organssurvival advantage. Analysing the OR for mortality
compared with 31.5% in placebo group; p = 0.08).with drotrecogin alfa (activated) versus placebo ac-
Forty-seven patients in the placebo group and 39cording to the time to drotrecogin alfa (activated)
in the drotrecogin alfa (activated)-treated groupadministration, the authors showed that the OR was
switched to clinical drotrecogin alfa (activated)<1 (favouring drotrecogin alfa [activated]) up to 36
treatment.hours after initial organ failure and was >1 (favour-

ing placebo) when the drug was initiated between 36 There was no statistically significant difference
and 48 hours after the onset of organ failure. in 28-day mortality between drotrecogin alfa (acti-

Although interesting, these results should be vated) and placebo recipients (18.5% vs 17.0%; p =
evaluated cautiously because this was not a 0.34). This difference remained insignificant after
randomised study and there was no stratification for adjustment for APACHE II scores (which were sim-
time to initiation of treatment from onset of organ ilar in both groups at baseline); however, no adjust-
failure. Thus, one cannot exclude imbalance in some ment was performed for organ failure.
unmeasured variables, even though most measured The analysis of the predefined subgroups of pa-
variables were similar in placebo and drotrecogin tients with either APACHE II scores of ≥25 or with
alfa (activated)-treated patients. dysfunction of two or more organs was quite com-

pelling because it somewhat replicated the results of
5.5 ADDRESS

the PROWESS trial. No survival benefit, in terms of
28-day mortality, was observed with drotrecoginThe second phase III trial, ADDRESS (Adminis-
alfa (activated) administration in patients with antration of Drotrecogin Alfa [Activated] in Early
APACHE II score of ≥25 (mortality 29.5% com-Stage Severe Sepsis),[61] was requested by the FDA
pared with 24.7% in placebo recipients; n = 321,to evaluate the effects of drotrecogin alfa (activated)
p = 0.81) nor in patients with dysfunction of two orin patients with severe sepsis and a low risk of death.

The same inclusion criteria were used as in the more organs (mortality 20.7% compared with
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21.9% in placebo; n = 862, p = 0.38). However, The results were globally maintained over time be-
cause survival curves were superimposed for thethese data should be interpreted with caution. First,
drotrecogin alfa (activated) and placebo treatmentthis analysis is particularly dangerous because there
groups over the entire period of observation. Thewas no stratification for these factors during the
non-significant trend towards a lower mortality raterandomisation process; accordingly, important im-
with drotrecogin alfa (activated) versus placebo inbalances in confounding factors may have occurred.
patients with dysfunction of two or more organs wasSecond, the whole study was not powered to detect
maintained (if not improved) at 1 year (drotrecoginsignificant differences in outcomes in the entire
alfa [activated] 36.2% vs placebo 39.9%; p = 0.29),population, because it was stopped early; therefore,
whereas no between treatment difference was ob-analysis of subgroups would be even more delicate.
served for patients with an APACHE II score of ≥25Finally, patients were allowed to be included in this
(drotrecogin alfa [activated] 49.7% vs placebostudy even if they presented with a high APACHE II
48.3%; p = 0.81).score or dysfunction of more than one organ, as long

as they were judged to be at low risk of death by the
5.6 RESOLVEattending physician. Accordingly, patients with ei-

ther an APACHE II score of ≥25 or with dysfunction
This third phase III trial, RESOLVE (Research-of two or more organs were less severely ill in the

ing Severe Sepsis and Organ Dysfunction in Chil-ADDRESS trial than the PROWESS trial. This is
dren: a Global Perspective) [phase III extension forclearly illustrated by the mortality rates in the place-
indication] was requested by the FDA to evaluatebo arms of the two trials; the mortality rate in the
the effects of drotrecogin alfa (activated) in paedia-placebo arm was much lower in the ADDRESS than
tric patients with severe sepsis.[63] Since mortality isthe PROWESS trial (figure 1). Accordingly, the
usually lower in paediatric patients (3000 patientsresults of the ADDRESS trial cannot be used to
would need to be included to show a 2% reduction incontradict the results of the PROWESS trial; never-
28-day mortality), the primary endpoint was a com-theless, ADDRESS did determine that drotrecogin
posite score evaluating the time to resolution ofalfa (activated) should not be used in patients at low
organ dysfunction (mechanical ventilation, cardio-

risk of death.
vascular support and renal support) from inclusion

Follow-up of 90% of the patients included in the to day 14. Accordingly, 600 patients had to be
ADDRESS trial was obtained for up to 1 year.[62]

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 µg/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.[64]

APACHE II

<25 ≥25

Organ failures

1 ≥2

45
40
35
30
25
20
15
10
5
0

M
or

ta
lit

y 
(%

)

ADDRESS
PROWESS

Fig. 1. Mortality rates in the placebo arm of the two phase III
PROWESS[49] and ADDRESS[61] 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 III extension for
indication) trial[61] included only patients at low risk of death.
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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.[63] 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)

Table I. Meta-analysis of three published, placebo-controlled,
randomised trials with drotrecogin alfa (activated) in patients with
severe sepsis[65]

Patient subgroup Relative risk of death
(95% CI)a

Low risk of death

APACHE II score <25 (n = 3164) 1.03 (0.89, 1.21)

single organ dysfunction (n = 2157) 1.10 (0.89, 1.36)

High risk of death

APACHE II ≥25 (n = 1138)b 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.

and 28-day mortality rates (17.5% vs 17.2%; p = ns).
Adjustment for small differences in baseline charac- two or more organs (with borderline statistical sig-
teristics did not modify the results. Looking at the nificance, as indicated by a value of 1.0 for the upper
different predefined subgroups, the authors identi- limit of the confidence interval for the OR for mor-
fied an interaction between response to drotrecogin tality associated with drotrecogin alfa [activated] vs
alfa (activated) treatment and the DIC score: pa- placebo). No conclusions could be made in patients
tients with overt DIC, which represented close to with an APACHE II score ≥25, because there was
half of the investigated population, derived a signifi- too much heterogeneity between the two studies that
cant benefit from drotrecogin alfa (activated) ad- performed such an analysis. This meta-analysis also
ministration (28-day mortality was 14% in dro- confirmed that patients with a low severity of sepsis
trecogin alfa [activated] group vs 22% in placebo (defined as having dysfunction of only one organ or
recipients); however, this was mirrored by an in- an APACHE II score <25) do not benefit from
creased mortality in patients who did not present drotrecogin alfa (activated) administration.
with overt DIC (18% in drotrecogin alfa [activated]
recipients vs 11% in placebo recipients). Although

6. Safety Profile of Drotrecoginthis is consistent with the idea that only the patients
Alfa (Activated)with the most severe sepsis should be treated, the

data from the subgroup analysis cannot be taken as a
Most of the data on the safety of drotrecogin alfajustification for treating paediatric patients with

(activated) have come from the phase II trial, theovert DIC with drotrecogin alfa (activated) outside
PROWESS trial and the ADDRESS trial. Importantof specifically designed trials.
information was also gained from the subgroup
analyses of these trials, especially in patients with5.7 A Meta-Analysis of the Published Trials
coagulation abnormalities and those undergoing sur-
gery, from the observational ENHANCE study andThere have been three randomised trials compar-
from registries.ing drotrecogin alfa (activated) with placebo in adult

patients published. A meta-analysis of the three In the phase II trial,[48] 4% of patients receiving
published, randomised trials comparing drotrecogin drotrecogin alfa (activated) and 5% receiving place-
alfa (activated) with placebo in adult patients has bo experienced severe bleeding. In patients receiv-
recently been performed.[65] The results, sum- ing drotrecogin alfa (activated), half of these events
marised in table I, confirm the positive impact of occurred during the infusion period and half were
drotrecogin alfa (activated) on outcomes in patients delayed. Serious adverse events occurred in similar
at high risk of death who present with dysfunction of 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,[49] 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[53]

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.[61]

In the open-label ENHANCE study,[56] 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.[66] fo-
cussed on intracranial haemorrhage in a large cohort
of patients, collecting data from 2786 patients who
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were included in phase II and phase III PROWESS the entire 28-day observation period; p < 0.05 for
both comparisons). Most of these bleeding eventstrials and from 3991 patients receiving drotrecogin
were intracranial haemorrhage, which also occurredalfa (activated) in clinical use. Episodes of in-
more frequently in drotrecogin alfa (activated)-treat-tracranial haemorrhage, which were considered as
ed patients than in those receiving placebo, althoughserious bleeding events in studies, were uncommon,
this increase was not significant (2.1% vs 0.4%,but the incidence was slightly higher in drotrecogin
respectively, for bleeding occurring during daysalfa (activated)-treated patients than placebo recipi-
0–6, and 4.6% vs 2.1%, respectively, for bleedingents (1.1% vs 0.6%; p = ns). The majority of the
occurring during the entire 28-day observation peri-intracranial haemorrhage episodes that occurred
od; p = 0.22 and 0.13, respectively). Of note, pa-during drotrecogin alfa (activated) administration
tients aged <60 days were at the highest risk of(10/16) were associated with severe thombo-
bleeding, especially intracranial haemorrhage.cytaemia (≤30 000/mm3) or meningitis, factors that

Interestingly, the occurrence of bleeding in dro-were also associated with a higher risk of intracrani-
trecogin alfa (activated)-treated patients was greateral haemorrhage in placebo recipients. In another
in the ENHANCE study and in cohort studies than itanalysis, patients with meningitis, purpura fulmi-
was in the randomised trials.[48,49,61] Several factorsnans and meningococcal disease were found to be
could be involved. First, the severity of sepsis inthe group most at risk for intracranial bleeding dur-
patients in the ENHANCE trial and cohort studiesing drotrecogin alfa (activated) administration:[67]

was greater than that in patients in the randomisedintracranial haemorrhage occurred in 2.5% (4.3%
trials, as evidenced by the number of failing organs,for 28-day study period) of the 163 patients with
and the bleeding rate increased according to the un-meningitis, purpura fulminans or meningococcal
derlying severity of sepsis. Patients in the EN-disease, whereas it occurred in only 0.4% (1.0% for
HANCE study and in cohort studies had significant-the 28-day study period) in the other patients in the
ly higher numbers of failing organs, and this mightdatabase. In the PROWESS study,[49] one of the 24
be expected to increase the bleeding risk. Second,(4.2%) placebo recipients with purpura fulminans,
physicians are known to be less cautious in real lifemeningitis or meningococcal disease experienced
than during studies. It should be noted that importantintracranial haemorrhage. Although the small num-
precautions were taken to prevent bleeding in theber of placebo recipients with these risk factors does
randomised trials: patients at high risk of bleedingnot allow precise evaluation of the increase in the
were excluded and the infusion was stopped 1 hourrisk of death due to drotrecogin alfa (activated) in
before any percutaneous procedure or surgery andthis subpopulation, these data suggest that patients
was resumed 1 hour and 12 hours later, respectively,

with meningitis, purpura fulminans or meningococ-
in the absence of bleeding complications. These

cal disease are at an increased risk of intracranial
precautions should be also observed in clinical prac-

bleeding and that indications for drotrecogin alfa
tice.

(activated) should be more carefully considered in
these patients.

7. Benefit-Risk Balance for Drotrecogin
Of note, paediatric patients may be more at risk Alfa (Activated)

of intracranial bleeding than adult patients, as these
patients commonly present with meningitis or pur- As reported in the PROWESS trial[49] and sub-
pura fulminans. In the paediatric RESOLVE group analyses of that trial,[53] the administration of
study,[63] serious bleeding events ascribed to the drotrecogin alfa (activated) at a dose of 24 µg/kg/h
study drug occurred more frequently in the dro- for 96 hours decreased mortality in patients with
trecogin alfa (activated) than the placebo group severe sepsis who were at high risk of death. Dro-
(3.3% vs 0.4%, respectively, for bleeding occurring trecogin alfa (activated) treatment was accompanied
during days 0–6, and 4.2% vs 0.8%, respectively, for by a moderate increase in the rate of severe bleed-
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ing, including intracranial haemorrhage. The mor- death and more frequently experience intracranial
haemorrhage.[63]tality associated with bleeding was obviously coun-

terbalanced by the beneficial effects of the drug as Taking into account that only patients at high risk
the net result was a decrease in the risk of death. of death should be treated, the contra-indications for
This beneficial benefit/risk balance is further high- the drug, and the time window allocated for dro-
lighted by the fact that resource use is not increased trecogin alfa (activated) administration, it is usually
in drotrecogin alfa (activated)-treated survivors of considered that only one patient with severe sepsis
sepsis.[68] In patients with low risk of death as esti- out of 10–20 may benefit from drotrecogin alfa
mated, among other factors, by an APACHE II score (activated) administration. Data extracted from the
<25 or dysfunction of only one organ, the benefit/ PROWESS study suggest that this strategy seems to
risk was negligible because there was no effect of be associated with a satisfactory cost-effectiveness
drotrecogin alfa (activated) on mortality.[61,65] The ratio,[69] even when long-term mortality is taken into
time between the onset of organ dysfunction and account.[68]

drotrecogin alfa (activated) administration is also a
The mortality rate and bleeding rates were highercritical issue: drotrecogin alfa (activated) is more

in the ENHANCE study[56] and the cohort se-effective when administered early,[56,60] whereas the
ries[70,71] than in the initial randomised studies. Atrisk of bleeding is likely to be unaffected by time.
first glance, one could rapidly conclude that theTherefore, as represented in figure 2, drotrecogin
benefit risk is lower, or even negligible, in thesealfa (activated) should ideally be implemented with-
patients,[72,73] casting some doubts on the results ofin a time window of 24 hours (or a maximum of 36
the initial studies. However, it is quite usual thathours).[60] In patients with meningitis, purpura
patients not included in randomised studies havefulminans or meningococcal disease, the benefit/
higher mortality rates compared with patients in-risk of drotrecogin alfa (activated) may not be satis-
cluded in studies. Similar results have been ob-factory, as the risk of intracranial bleeding is in-
served in patients with acute myocardial infarction,creased in this population and the mortality rate in
but cardiologists concluded differently. Gatheringthese patients was slightly lower than in the other
data form the Global Registry of Acute Coronarypatients treated with drotrecogin alfa (activated).[67]

Events (GRACE registry), Steg et al.[74] recentlyFinally, the risk/benefit is not favourable in paedia-
reported that mortality was higher in patientstric patients, as these patients have a low risk of
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

Onset of
2nd organ
dysfunction

Onset of
sepsis

Initiation of drotrecogin
 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.[60]
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severe disease were more likely to benefit from indicators, especially as the APACHE II score has
drotrecogin alfa (activated) administration.[53] In a not been validated for this purpose. Bleeding has
Belgian registry study mandated by health authori- been shown to be more common in drotrecogin alfa
ties, all consecutive patients treated with drotrecogin (activated)-treated patients than in placebo recipi-
alfa (activated) in Belgium from July 2003 until the ents, but these bleeding episodes are often procedure
end of September 2004 were recorded.[75] The pa- related. Importantly, the increased rate of bleeding
tients included in this registry were older and had did not outweigh the potential benefits of dro-
more severe sepsis (three-quarters of the cohort ex- trecogin alfa (activated), as there was an overall
perienced failure of three or more organs) than in the survival benefit, providing only patients at high risk
PROWESS and ENHANCE studies; accordingly, of death from sepsis were treated with drotrecogin
hospital mortality was higher in the Belgian study alfa (activated). The bleeding rate was slightly
than in the PROWESS and ENHANCE studies. higher in cohort studies of patients treated with
Nevertheless, the mortality observed in drotrecogin drotrecogin alfa (activated) than in randomised tri-
alfa (activated) recipients in this study was lower als; however, this may be explained, at least in part,
than in patients not treated with drotrecogin alfa by the greater severity of illness in these patients.
(activated) [according to data gathered from other Thus, in daily practice, great caution should be taken
registries and using a propensity score to account for to limit the risk of bleeding, by excluding patients at
most factors related to the outcome]. More than 90% high risk of bleeding and avoiding unnecessary in-
of the surviving patients who had been treated with vasive procedures, in order to preserve the survival
drotrecogin alfa (activated) were discharged home. benefit conferred by drotrecogin alfa (activated).
These data suggest that drotrecogin alfa (activated)
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