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The role of activated protein C in sepsis

Clinical problem

A previously healthy male in his forty’s was admitted for an elective repair of an inguinal hernia. The procedure performed was a Stoppa type repair using a porcine graft. Post-operatively the patient recovered well and was returned to the general surgical ward. Within 12 hours the patient became unwell with associated hypoxia and hypotension. It was felt that he was developing a reaction to the porcine graft and so it was removed and a replaced with a Prolene graft.  His condition deteriorated still further and he was transferred to the intensive care unit.

Relevant management

Within 24 hours of the original procedure he had developed a severe septic inflammatory response with pyrexia, respiratory failure requiring mechanical ventilation, cardiovascular failure requiring fluid resuscitation and pressor support and renal dysfunction. A decision was made to use activated protein C in the treatment of his SIRS/sepsis. Twenty-four hours after starting therapy his condition began to improve and did so steadily during the course of the infusion. There were no bleeding complications during the treatment.

Further information

Systemic inflammation results, in part, when cytokines such as tumour necrosis factor (TNF) and interleukin (IL-1) are released into the circulation, up-regulating the expression of tissue factor, a major initiator of intravascular coagulation, on monocytes and endothelial cells. The thrombin generated in this process not only converts fibrinogen to fibrin clot, but it is also a potent stimulant of the inflammatory reaction. Although overt disseminated intravascular coagulation is present in less than 20% of patients with severe sepsis, a sepsis-associated coagulopathy manifested by elevated concentrations of D-dimer and abnormalities of the protein C system is almost universal QUOTE "1" 
1
. 

Protein C is a vitamin K-dependent blood factor that is synthesized in the liver and secreted as a zymogen. Conversion of protein C to its active form, activated protein C (APC), occurs when it complexes with thrombin and endothelial cell thrombomodulin in the presence of the endothelial protein C receptor. In its active form it takes on anti-thrombotic, pro-fibrinolytic, and anti-inflammatory properties QUOTE "1" 
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. 

As a zymogen, protein C requires a properly functioning endothelium before it can be converted to its active form. Endogenous protein C concentrations are approximately 4000 times greater than those of endogenous APC. High concentrations of APC can therefore be generated in any given microenvironment with minimal reductions in circulating protein C provided the patient has normal endothelial cell function. In severe sepsis, however, the endothelium no longer functions reliably in this regard. For example, patients with meningococcal sepsis have decreased plasma concentrations of thrombomodulin and epithelial protein C receptors due to down-regulation or shedding of these critical endothelial cell proteins. In this latter situation, there is dissociation between the concentrations of protein C and APC QUOTE "2" 
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.

The anti-thrombotic activity (e.g., inactivation of factors Va and VIIIa) and pro-fibrinolytic properties (e.g., inactivation of plasminogen activator inhibitor) of APC may preserve and restore microcirculatory blood flow to prevent ischaemic-reperfusion injury. The anti-inflammatory properties may prevent tissue injury and organ dysfunction or failure QUOTE "1" 
1
. The net result of both these processes is that the perfusion of the microcirculation and haemostasis are both restored QUOTE "2" 
2
.

Activated protein C produces anti-inflammatory activity through a number of different mechanisms. These include inhibiting TNF and macrophage migration inhibitory factor production, blocking leucocyte adhesion to selectins and limiting the inflammatory response induced by thrombin within the microvasculature. The primary pro-fibrinolytic and anti-inflammatory properties of APC may be very important in its mechanism of action. These direct properties are not shared by tissue factor pathway inhibitor or anti-thrombin III, agents that have failed to reduce mortality rates in recent large clinical trials QUOTE "2" 
2
.
Drotrecogin Alfa (activated) is a recombinant human APC (rhAPC) that has an identical primary sequence to the endogenous human plasma derived APC. It is an active substance, which has been shown in a large, multicentre, randomised, controlled clinical trial to be effective in the treatment of severe sepsis QUOTE "1" 
1
. 

Based on phase 2 studies the PROWESS trial was conducted to evaluate the effect of Drotrecogin Alfa (activated) on the 28-day all-cause mortality rate in patients with severe sepsis QUOTE "1" 
1
. Patients were identified within 24 hours of developing sepsis related organ failure and were randomly assigned to receive a continuous infusion of Drotrecogin Alfa (activated) at 24µg/kg/hr, or placebo, intravenously for 96 hrs. 

The trial was designed to enrol 2,280 patients and interim analyses by an independent body were planned after enrolment of the first 760 patients and again after 1,520 patients. There was a priori protocol to suspend enrolment if safety issues or overwhelming drug efficacy were demonstrated. After the second interim analysis it was recommended to suspend enrolment because the relative mortality benefit in the Drotrecogin Alfa (activated) treated population exceeded the predefined guidelines for stopping the trial QUOTE "1" 
1
.

The prospectively determined primary end point for the PROWESS trial was 28-day all-cause, intention-to-treat mortality rate. The mortality rate for patients treated with Drotrecogin Alfa (activated) was 24.7% compared to 30.8% for those receiving placebo. This was a statistically significant difference (p = 0.005). This represents a 6.1% absolute risk reduction in deaths and a 19.4% reduction in the relative risk of death QUOTE "1" 
1
 with a number need to treat (NNT) of 16.

Subgroup analysis suggested that the benefit was increased for patients with a higher number of dysfunctional organs (>1 organ failure NNT 13) and a higher APACHE II score (APACHE > 24 = NNT 8) at study entry QUOTE "2" 
2
.

There have been published concerns about the methodology and conclusions of the study QUOTE "3-5" 
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. Despite these, both the United States Food and Drug Administration (FDA) and the European Agency for the Evaluation of Medicinal Products (EMEA) have approved the drug for use in severe sepsis. The National Institute for Clinical Excellence (NICE) is currently undertaking a health technology appraisal of the clinical and financial effectiveness of the evidence. This is expected date of the final report is August 2004. 

How you would change future management?

In future, in an appropriately funded and formulated environment I would consider the use of APC in patients with rapid onset of severe sepsis and multiple organ dysfunction. Currently, local availability of funding for this drug is not generally available. This may change following the NICE health technology appraisal.

References


1. 
Bernard GR, Vincent JL, Laterre PF, LaRosa SP, Dhainaut JF, Lopez-Rodriguez A et al. Efficacy and safety of recombinant human activated protein C for severe sepsis. New England Journal of Medicine. 2001; 344:699-709.


2. 
Bernard GR. Drotrecogin Alfa (activated) (recombinant human activated protein C) for the treatment of severe sepsis. Critical Care Medicine. 2003; 31: Suppl-93.


3. 
Levi M. Benefit of recombinant human activated protein C beyond 28-day mortality: there is more to life than death. Critical Care Medicine. 2003; 31:984-5.


4. 
Siegel JP. Assessing the use of activated protein C in the treatment of severe sepsis. New England Journal of Medicine. 2002; 347:1030-4.


5. 
Warren HS, Suffredini AF, Eichacker PQ, Munford RS. Risks and benefits of activated protein C treatment for severe sepsis. New England Journal of Medicine. 2002; 347:1027-30.

Page 2 of 3

