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Project overview/summary
This study undertakes a preliminary evaluation of 24-hour infusion of human recombinant activated protein C administered early in the disease course of severe acute pancreatitis.  Patients admitted to hospital with severe acute pancreatitis with sustained organ dysfunction and an ongoing systemic inflammatory response have a 30% risk of death (1).  In addition, these episodes are associated with prolonged critical care stay, often in excess of 30 days (2).  
Severe acute pancreatitis is characterised by the progressive development of pancreatic necrosis and microvascular thrombosis (3) and the hypothesis tested by this study is that early administration of human recombinant activated protein C will preserve pancreatic parenchymal microvascular patency and thus ameliorate pancreatic injury.  In our experimental model of L-arginine-induced experimental pancreatitis (4), administration of human recombinant activated protein C (Xigris, Eli Lilly, Indianapolis, In, USA) was associated with amelioration of pancreatic injury.  The beneficial effects of xigris in experimental acute pancreatitis were further confirmed by other groups (5,6).  Bearing in mind that in previous large studies of xigris in sepsis, severe acute pancreatitis was an exclusion criterion in view of the risk of pancreatic haemorrhage, a key finding of our experimental study was that there was no evidence of xigris-induced pancreatic haemorrhage.
Thus the present study represents a logical progression of our current programme of work and takes the evaluation of xigris to the clinical scenario of severe acute pancreatitis.
In this application, we propose a preliminary clinical assessment with a strong focus on safety ensuring that there is rigorous monitoring for adverse effects, in particular, for treatment-related haemorrhage.  
The proposed study takes the format of an inception cohort study: 30 consecutive patients with severe acute pancreatitis within 72 hours of admission to hospital will be treated with a 24-hour infusion of xigris (24 µg/kg/hr for 24 hours by intravenous infusion).  Endpoints to be assessed include biochemical and radiological markers of inflammation and rheological indices of haemorrhage.  Outcome will also be compared to results in an age, gender and severity matched historical cohort of patients with acute pancreatitis.

Introduction
An inflammatory and pro-coagulant response leading to microvascular thrombosis is a characteristic of severe sepsis (7).  Inflammatory cytokines are capable of activating coagulation and inhibiting fibrinolysis (1).  Protein C is a 60-kDa protein that is an important regulator of coagulation (2).  Activated protein C is converted from its inactive precursor, protein C by thrombin and has actions in fibrinolysis and inhibition of thrombosis (1).  The conversion of protein C to activated protein C is impaired during sepsis, in part related to the down-regulation of thrombomodulin by inflammatory cytokines (3).  The question of whether exogenous supplementation of activated protein C could modify the coagulation cascade in sepsis was examined in a key primate study with Taylor and colleagues reporting that activated protein C prevented the coagulopathic and lethal effects of Escherichia coli infusion in primates (4).   
In a double-blind, randomized, placebo-controlled, dose-ranging phase II clinical trial, infusion of human recombinant activated protein C (drotrecogin alfa, Eli Lilly, Indianapolis, Indiana, USA) resulted in a dose-dependent reduction in plasma levels of D-dimer, serum interleukin 6 (Il-6) and markers of coagulation and inflammation and was observed to be safe and well-tolerated (7).  Based on the findings of this study, the dose of 24 µg/kg/hr for 96 hours (by intravenous infusion) was selected for use in future studies (7).  Continuing from this work, the PROWESS study group reported a major world-wide study of drotrecogin alfa in severe sepsis (1).   1690 patients were randomized (850 to drotrecogin alfa and 840 to placebo).  Non-stratified analysis of results showed 259 deaths (31% mortality) in the placebo group compared to 210 (24.7%) in the treatment arm.  This difference was highly significant and persisted at 28 days and in sub-groups analysed by presence or absence of protein C deficiency (1).  A likely principal side effect of modulation of the coagulation cascade is haemorrhage and there were 30 serious bleeding events in the treatment arm of the PROWESS study compared to 17 in the placebo group.  This difference was not statistically significant (P = 0.06).
Approval of Drotrecogin alfa by the United States food and Drug administration (USFDA) required the sponsor to conduct a trial to evaluate the effects of this drug in the population of patients with severe sepsis who had a low risk of death.  Thus the ADDRESS study group undertook a randomized, double-blind, placebo-controlled trial of the safety and efficacy of Drotrecogin alfa in adults with severe sepsis and a low risk of death indicated primarily by single-organ failure and APACHE II scores of less than 25 (8).  ADDRESS was powered to recruit 11,444 patients but was terminated in accordance with futility guidelines after interim analysis at the 1500 patient stage (8).  The study enrolled 1316 patients in the Drotrecogin alfa group and 1297 to placebo.  There was no significant difference in 28-day mortality (18% in Drotrecogin alfa vs 17% in placebo; P=0.34, relative risk 1.08, 95% confidence interval 0.92 -1.28).  Of note, the rate of serious bleeding was greater in the Drotrecogin alfa group than in patients receiving placebo (2.4% vs 1.2% P=0.02).  On the basis of these findings the conclusion of the ADDRESS study was that the absence of a beneficial treatment effect coupled with an increased incidence of serious bleeding complications indicated that Drotrecogin alfa should not be used in patients with severe sepsis who are at low risk for death, such as those with single-organ failure or an APACHE II score less than 25 (8).  However, to set the findings of ADDRESS in context, it should be noted that 993 patients (of the 2640 cohort) had undergone surgery in the 30 days prior to enrolment and 1536 were receiving heparin at baseline (8).
Pooled analysis of data from 4,459 patients with severe sepsis from five clinical trials in an integrated database showed that increased time to treatment with Drotrecogin alfa (activated) was associated with more organ dysfunction (and greater need for mechanical ventilation and use of vasopressors) and that early treatment was associated with a lower risk-adjusted mortality than later treatment (9). Of 884 deaths in individuals receiving Drotrecogin alfa, 23 were directly attributed to haemorrhage (9).
Amongst the listed exclusion criteria for PROWESS was “acute pancreatitis with no established source of infection” (1).  The indications for exclusion were not stated (1).  Early acute pancreatitis is characterized by an intense systemic inflammatory response rather than intra-abdominal sepsis (10).  There is evidence both from experimental models (11) and from clinical studies (12) that microvascular thrombosis in the pancreatic vascular beds is a mediator of pancreatic parenchymal necrosis and is also involved in the endothelium-inflammatory cell interplay.  Although these findings would support (in theory) the use of activated protein C early in the disease course of acute pancreatitis, one of the major causes of death in the severe form of this disease is peri-pancreatic haemorrhage (13), raising concerns about the safety of a drug with anticoagulant properties.  
To date, with the possible exceptions of endoscopic sphincterotomy for severe gallstone-related disease (14) and the possible benefits of prophylactic antibiotics (15, 16), there are no specific therapies for severe acute pancreatitis.  With an overall incidence of 1 in 10,000 acute pancreatitis is a common disease (17).  Analysis of data from the international phase III trial of the platelet-activating factor receptor-antagonist lexipafant (a total of 1518 prospectively recruited patients with acute pancreatitis), revealed that an admission APACHE II of 15-20 was associated with 18% mortality rising to a 41% risk of death for patients with an admission APACHE II score of 20-25 (18).  In an experimental model of severe acute pancreatitis based on combined intraductal infusion of glycodeoxycholic acid and intravenous cerulein in a rat model, Alsfasser and colleagues demonstrated decreased inflammation and improved survival in animals with severe disease treated with human recombinant activated protein C (19).  Of note, there was no evidence of an increase in haemorrhagic complications (19).  These findings have been confirmed in our laboratory in an L-arginine-induced rat model of acute pancreatitis; preliminary results indicate a modulation of pancreatic and remote organ injury with no evidence of an increase in pancreatic parenchymal haemorrhage (unpublished observation).  Other workers have demonstrated a similar benefit from activated protein C in experimental acute pancreatitis with evidence of reduction in necrosis without increased evidence of haemorrhage (7).  Independent of these experimental studies, case reports are beginning to appear of the use of Drotrecogin alfa in severe sepsis during acute pancreatitis (20).  In Machala’s study one patient received activated protein C on the third day, because of worsening organ dysfunction whilst the other patient was treated on the 16th day.  Both had admission APACHE II scores in excess of 20 and both survived.  There were no haemorrhagic complications (21).  To date, there remains no other published clinical experience of Drotrecogin alfa in human acute pancreatitis.
Severe acute pancreatitis in man (with an APACHE II score of ≥ 9) appears to carry a considerably higher risk of death when compared to general critical care patients with similar APACHE II scores.  Current concepts of the pathophysiology of pancreatic necrosis suggest that disease progression is related to early activation of microvascular thrombotic pathways (7, 19) thus a theoretical case can be made for the use of activated protein C, early in the disease course of this illness. 
It has increasingly been recognised that organ dysfunction in the early stages of severe acute pancreatitis is a dynamic phenomenon.  Individuals who are most likely to have adverse outcome have a sustained systemic inflammatory response combined with sustained organ dysfunction.  
Larvin and McMahon’s landmark study on the use of multiple factor scoring systems to predict adverse outcomes in acute pancreatitis identified an admission APACHE II score of > 9 as having the optimal accuracy (22).  However, subsequent studies have shown that some patients with high admission APACHE II scores may not go on to demonstrate a sustained systemic inflammatory response or sustained organ dysfunction (23).  Therefore, inclusion of these patients in clinical trials based exclusively on early physiologic data does not take into consideration our current knowledge on the variability of host response to acute inflammation in acute pancreatitis (24).  These features are recognised in the forthcoming 2010 update of the Atlanta consensus criteria (MG Sarr personal communication) and a combination of admission APACHE II with features of sustained systemic inflammatory response and sustained organ dysfunction provides the best fit in terms of contemporary understanding of severe acute pancreatitis (25).

Primary objective
The primary objective of this study is to undertake a preliminary evaluation of the role of human recombinant activated protein C administered early in the disease course of human severe acute pancreatitis.  The principal end-points are assessment of safety of treatment and assessment of effect of intervention on markers of coagulation and inflammatory response.   

Secondary objectives
Interim analysis may indicate the feasibility or otherwise of a preliminary health economic analysis.  Given that clinical experience with the use of xigris in severe acute pancreatitis is extremely limited, the proposed study will provided valuable baseline information that will help in two key areas: defining the nature of the acute pancreatitis population who may benefit from treatment with xigris and assessing the risk-benefit balance of intervention with xigris.

A matched case control analysis on a clearly defined population will provide further information in the differences observed between treatment and control populations.  Control patients will be selected from our current database of Severe Acute Pancreatitis with matching based on APACHE II and Marshall organ dysfunction scores.
Methods
i) Setting
This trial was carried out in the Manchester Royal Infirmary.  

ii) Inclusion criteria
1. Acute pancreatitis – defined as acute abdominal pain with a threefold elevation of serum amylase or a twofold elevation of serum lipase.
2. Radiologically confirmed acute pancreatitis – diagnosis confirmed by computed tomography (CT).
3. Early disease – defined as being within 96 hours of onset of severe pain and 72 hours of admission to hospital.
4. Severe disease –  defined as a patient fulfilling all of the following criteria:
I. APACHE II of > 9 on admission.
At least two of four systemic inflammatory response syndrome (SIRS) criteria measured on two occasions separated by at least 24 hours. The criteria are  pulse >90 beats/min, rectal temperature <36º C or >38º C, white blood count <4000 or >12,000 per mm3, and respirations >20/min or PCO2 <32 mm Hg.  
II. Marshall organ dysfunction score (MODS) of ≥ 2 for at least one of the three organ systems measured on two occasions separated by at least 24 hours (MODS criteria listed in tables 1 and 2).
	Table 1:  Marshall Scoring System

	Organ system
	0
	1
	2
	3
	4

	Respiratory (PaOs/FIO2)
	>400
	301-400
	201-300
	101-200
	<101

	Renal*
   (serum creatinine, µmol/l)
   (serum creatinine, mg/dl)
	
<134
<1.4
	
134-169
1.4-1.8
	
170-310
1.9-3.6
	
311-439
3.6-4.9
	
>439
>4.9

	Cardiovascular (systolic blood pressure, mmHg)
	>90
	<90
Fluid responsive
	<90
Not fluid responsive
	<90, pH<7.3
	<90, pH<7.2


*Considerations should be take for patients with pre-existent chronic renal failure (baseline serum creatinine  134 mol/l or  1.4 mg/dl.
For non-ventilated patients, the FiO2 can be estimated from below:
	Supplemental
Oxygen (L/min)
	
FiO2

	Room air
	21%

	2
	25%

	4
	30%

	6-8
	40%

	9-10
	50%



5. No clinical evidence of haemorrhage.
6. Patients with no prior history of bleeding duodenal ulcer, haemorrhagic stroke or other haemorrhagic diathesis.
7. Patients not taking warfarin or other anticoagulant medication.
8. Patients without evidence of end-stage renal disease.
9. Patients who are not pregnant or lactating.
10. Over 18 years of age.
11. No surgery or endoscopic retrograde cholangiopancreatography (ERCP) within the previous 30 days.
12. Patients able to give informed consent (or complying with current United Kingdom criteria for consent in critical care unit trials).

iii) Exclusion criteria
1. Non-severe acute pancreatitis – defined as an APACHE II score of < 9 on admission to hospital.
2. Non-severe acute pancreatitis – patient not fulfilling the SIRS and organ dysfunction threshold criteria.
3. Later presentation: in excess of 96 hours after onset of severe pain or more than 72 hours after admission to hospital.
4.  Clinical evidence of haemorrhage.
5. Patients with a prior history of bleeding duodenal ulcer, haemorrhagic stroke or other haemorrhagic diathesis.
6. Patients taking warfarin or other anticoagulant medication. Thrombocytopenia, coagulopathy.
7. Patients with evidence of end-stage renal disease. Patients with liver disease.
8. Under 18 years of age.
9. Surgery or ERCP within the previous 30 days.
10. Patients who may be pregnant or lactating.
Further detailed exclusion criteria, adopted from the PROWESS trial are listed in appendix 1.

IV) Intervention
Patients to receive xigris (human recombinant activated protein C, Eli Lilly, Indianapolis, USA) 24 µg/kg/hr for 24 hours by intravenous infusion.  Dose-selection is a pragmatic choice based on the fact that the majority of clinical experience is with this concentration.  There is neither experimental nor clinical evidence to justify a higher dose or greater duration of therapy early in acute pancreatitis.  In ADDRESS, the concentration of 24 µg/kg/hr was used for 96 hours but was associated with increased haemorrhagic complications.  Although patients in the present study are not from the high-risk immediate post-surgery group or likely to be on any form of anti-coagulation, there is an empiric decision to limit duration of infusion to 24 hours.  
In the absence of evidence to the contrary, restriction of infusion to 24 hours is also a potentially important safety issue.

V) Concomitant medications
There are no specific medical interventions for severe acute pancreatitis.  Medical treatment will be at the discretion of the patient’s clinician.  A record will however be made of any medication administered to the patient.  It is not routine practice to use anticoagulation in these patients.

VI) Endpoints
There is a shared primary endpoint of safety and assessment of coagulation and inflammatory biomarkers.   Further secondary endpoints include a case control analysis and measurement of disease progression.  This is appropriate for a path-finding study assessing safety of intervention and likely effect of intervention.

Primary endpoints
The primary objective of this study is to undertake a preliminary evaluation of the role of human recombinant activated protein C administered early in the disease course of human severe acute pancreatitis.  The principal end-points are assessment of safety of treatment and assessment of effect of intervention on specific markers of coagulation, in particular the Protein C response.   

Primary endpoint - clinical adverse event assessment
1. All bleeding events 
2. Serious bleeding events.  These are defined as per the PROWESS trial criteria as follows: any intracranial haemorrhage, any life-threatening bleed, any bleeding event requiring the administration of ≥ 3 units of packed red blood cells per day for 2 consecutive days or any bleeding event assessed as a serious adverse event.  
3. Thrombotic events – Any events observed (and recorded by the patients’ clinicians) will be noted.
Any serious adverse events will be reported to the Eli Lilly pharmacovigilance division within 24 hours together with a causality assessment.

Primary endpoint – Coagulation & Inflammatory Biomarkers
Based on preliminary information discussed during the course of a meeting held during the 20th annual congress of the European Society of Intensive Care Medicine it appears that levels of protein C may be an important indicator of response to treatment with activated protein C (26) and that further, protein C levels may be indicators of consumptive coagulopathy in severe acute pancreatitis.
In this study, protein C levels will be measured at baseline (prior to commencement of infusion) and at 24 hours upon completion of the xigris infusion.  
Further measurements of protein C will be undertaken at 48 hours, 72 hours, 1 week and day 10.  
A baseline haematological profile (including full blood count and haematocrit) and clotting profile including PT, APTT and bleeding time will be recorded at baseline, after infusion and daily during the first week (in keeping with good clinical practice).
Baseline evidence of pancreatic haemorrhage will be assessed by intravenous contrast-enhanced computed tomography prior to commencement of infusion.  CT will be repeated 48 hours after completion of infusion.
	Table 1:  Coagulation and Inflammatory Markers to be used in XIG-AP 1 Study

	
	Baseline
	24 hrs
	48hrs
	72 hrs
	96hrs
	Day 7
	Day 10

	Blood levels protein C
	
	
	
	
	
	
	

	PT/APTT
	
	
	
	
	
	
	

	d-dimer
	
	
	
	
	
	
	

	Cytokines
(Il6, Il4, Il10, TNF)
	
	
	
	
	
	
	



Abbreviations used in table:  PT/APTT- Prothrombin time and partial thromboplastin time.

Secondary Endpoints
· Case control analysis
· Haematological & Biochemical markers
· Disease progression & Organ dysfunction

Secondary endpoints – Case control analysis
A case control analysis comparing outcome in treated patients to an age, gender and disease-severity matched cohort of patients with severe acute pancreatitis treated in the same intensive care units.
To correctly step to and design any future RCT we need to establish the product’s safety in this patient group and gain variance measures on outcomes to explore alternative power estimates in our patient population. Comparison with a historical control group will verify that patient outcomes are not untoward (a higher death rate than expected) and so this is primarily a safety measure. By conducting a paired analysis we can obtain much more precise (baseline-adjusted) estimates but even so 30 is a modest and pragmatically-chosen sample. If we ignore concerns about internal validity (non-randomized comparison potentially permitting unforeseen confounders), then for: 
power 80%
alpha 5%
control 30% risk of death (9/30)
group correlation moderately high (0.4 lower, 0.6 upper)
sample size of 30 (pairs)
2-sided testing

The study would reject the null hypothesis for a difference of +/-6 deaths, i.e. ≤3 or ≥15 deaths. Other paired proportion estimates can be expected to have a similar precision.
A paired mean difference is statistically more efficient. In a recent case series of patients admitted with severe acute pancreatitis to our unit, the mean duration of stay was 18 days SD 15. Although the measure is not normally distributed, for paired difference estimates this is not a requirement in the power calculation.

For:
power 80%
alpha 5%
SD(diff) conservative 15, optimistic 5
sample size of 30 (pairs)
2-sided testing

Then the study would reject the null hypothesis for an average difference of length of stay of 8 days (conservative) to 3 days (optimistic). Similar calculations could be performed for time in ITU/HDU. Clearly these data would be very influential in economic modeling.
Matching will inevitably be data dependent, by protocol we will start with narrow matching requirements, broadening these stepwise and casewise if matching is not feasible. The starting conditions will be:
APACHE score, MODS, gender, age band (+/- 5 years), aetiology (alcohol, gallstones, other)
We will extend these requirements stepwise to unmatched cases (+/- 1 unit or band)
If it is necessary to extend beyond one step we will conduct sensitivity analysis exploring the impact of alternative matching. 

Secondary endpoint – haematological & biochemical markers
Other measurements undertaken in this study during the course of the first week are listed below.  Additional measurements for the purposes of the trial are highlighted in red.  After the first week, blood samples will be taken for clinical care only and only those additional samples associated with the primary endpoint are required for study purposes.


	Table 2: Haematological and biochemical markers for use in XIG-AP 1 study.

	Measurement
	Day 1
	Day 2
	Day 3
	Day 4
	Day 5
	Day 6
	Day 7

	FBC  (inc plts)
	
	
	
	
	
	
	

	U/E
	
	
	
	
	
	
	

	LFT
	
	
	
	
	
	
	


Abbreviations used in table:  FBC (incl plts) – Full blood count including platelets; U/E – Urea & electrolytes; LFT – Liver Function Test; ESR erythrocyte sedimentation rate.
Secondary endpoint – Monitoring of organ dysfunction and record of progression of disease
1. Daily Marshall organ dysfunction score, Early warning score (EWS) as recorded on nursing charts and APACHE II for the first week.
2. Time from onset of pain to intervention.
3. Time from first recorded organ dysfunction to treatment.
4. Daily record of number of organ dysfunctions.
5. Use of mechanical ventilation: date of commencement, duration of therapy.
6. Use of vasopressors: date of commencement, type of inotrope, duration of therapy.
7. Use of antibiotics: date of commencement, type of antibiotic and duration of therapy.
8. Infective events.  These are recorded as per the PROWESS trial definitions.
9. All-cause mortality within 90 days of admission.
10. Critical care unit occupancy.
11. Operative/radiological or endoscopic surgical interventions for pancreatic abscess, pseudocyst, bleeding or any other cause (cause to be recorded) within 90 days of admission.

VII) Publication strategy
The findings will be disseminated at national and international meetings of the Hepatobiliary and critical care communities and the final results will be published in a peer-reviewed journal. 

VIII) Previous relevant research
[bookmark: OLE_LINK2]	Since 2003 we have held a United Kingdom Home Office Licence for the evaluation of human recombinant activated protein C (xigris) in L-arginine-induced experimental acute pancreatitis. In this preliminary animal study, an interesting observation in the animals pre-treated with drotrecogin alfa (activated) followed by induction of acute pancreatitis where these animals showed no evidence of intra-abdominal haemorrhage at Laparotomy. Haematocrit measurements were similar between the groups suggesting that fluid resuscitation was equivalent in all animals.  In keeping with this there was no change in haemoglobin or haematocrit measurements in animals in the pre-treatment group. Critically, there was no histological evidence of exacerbation of pancreatic parenchymal haemorrhage in animals pre-treated with drotrecogin alfa (activated).    However, the results are potentially of considerable significance as they show that drotrecogin alfa (activated) does not exacerbate pancreatic haemorrhage in experimental acute pancreatitis.
Work carried out in Eastern Europe by the group led by Dr Dejan Radenkovic has shown that protein C levels also increase in severe acute pancreatitis as well as in the patient with severe sepsis.   This observation is the basis for following the Protein C levels in patients with early severe acute pancreatitis.
The mechanism in acute pancreatitis is very similar to that of severe sepsis and therefore it is hypothesised that the effects of Xigris will lead to the changes in biomarkers that have been observed in previous studies with this compound.
Results
Consort Flowchart
[image: Consort Flowchart]
APACHE II Scores of patients admitted with pancreatitis during the study period
[image: APACHE II Scores of Consort.jpg]

Demographics of Patients recruited to the study
	
	Subjects
	Controls
	P-value*

	APACHE II Score
	14 (9-23)
	12 (10–22)
	0.123

	Age (Years)
	63 (27 – 83)
	53 (30 – 83)
	0.816

	Male/Female
	10/9
	12/7
	0.527

	Duration of Hospital Stay (Days)
	54 (5 – 59)
	142 (1 – 143)
	0.002

	Duration of Critical Care Admission (Days)
	47 (1 -48)
	76 (1 – 77)
	0.959

	Mortality
	5
	6
	1.0

	30 Day Mortality (Days)
	2
	2
	1.0



Data presented as numbers or median (Range), APACHE II – Acute Physiology and Chronic Health Evaluation II Score, *Wilcoxon Signed Ranks Test
Etiology of pancreatitis in Study patients
	Drugs
	2

	Gallstones
	12

	Ethanol
	2

	Idiopathic
	2




	Primary Endpoints
	

	
	Events

	Intracranial Haemorrhage
	0

	Transfusion of ≥ 3 units of packed cells per day for 2 consecutive days
	0

	Any bleeding event assessed as a serious adverse event
	0

	Serious Adverse Events (i.e. death)
	5

	Bleeding Events classified as Adverse Events
	2



References
1. Spitzer AL, Barcia AM, Schell MT et al.  Applying Ockham’s razor to pancreatitis prognostication.  A four variable predictive model.  Ann Surg 2006; 243:380-388.
2. Virlos IT, Mason J, Schofield D, Siriwardena AK.  Intravenous n-acetylcysteine, ascorbic acid and selenium-based anti-oxidant therapy in severe acute pancreatitis.  Scand J Gastroenterol 2003;38:1262-7.
3. Yemenel L, Refik Mas M, Comert B et al.  The effect of activated protein C on experimental acute necrotizing pancreatitis.  Crit Care 2005; 9:184-190.
4. Jamdar S, Mason JM, McMahon RF, Nirmalan M, Siriwardena AK.  Pre-treatment with Drotrecogin alfa (activated) ameliorates inflammation with affecting indices of pancreatic parenchymal haemorrhage in L-arginine-induced experimental acute pancreatitis.  Br J Surg 2007 (ASGBI abstract issue in press).
5. Alsfasser G, Warshaw AL, Thayer SP et al.  Decreased inflammation and improved survival with recombinant human activated protein C in experimental acute pancreatitis.  Arch Surg 2006; 141:670-76.
6. Chen P, Zhang Y, Qiao M, Yuan Y. Activated protein C, an anticoagulant polypeptide, ameliorates severe acute pancreatitis via regulation of mitogen- activated protein kinases. J Gastroenterol. 2007; 42(11): 887-96.
7. Bernard GR, Vincent J-L, Laterre P-F et al.  Efficacy and safety of recombinant human activated protein C for severe sepsis.  N Engl J Med 2001;344:699-709
8. Esmon CT. The protein C anticoagulant pathway.  Arterioscler THromb 1992; 12:135-45.
9. Boehme MW, Deng Y, Raeth U et al.  Release of thrombomodulin from endothelial cells by concerted action of TNF-alpha and neutrophil: in vivo and in vitro studies.  Immunology 1996;87:134-40
10. Taylor FB Jr, Chang A, Esmon CT, D’Angelo A, Vigano-D’Angelo S, Blick KE.  Protein C prevents the coagulopathic and lethal effects of Escherichia coli infusion in the baboon.  J Clin Invest 1987; 79:918-925.
11. Bernard GR, Wesley EE, Wright TJ et al.  Safety and dose relationship of recombinant human activated protein C for coagulopathy in severe sepsis.  Crit Care Med 2001; 29:2051-59.
12. Abraham E, Laterre P-F, Garg R et al.  Drotrecogin alfa (activated) for adults with severe sepsis and a low risk of death.  N Engl J Med 2005;353:1332-41.
13. Vincent J-L, O’Brien Jr J, Wheeler A et al.  Use of an integrated clinical trial database to evaluate the effect of timing of Drotrecogin alfa (activated) treatment in severe sepsis.  Crit Care 2006; 10: R 74.
14. Powell JJ, Fearon KCH, Siriwardena AK.  Current concepts of the pathophysiology and treatment of severe acute pancreatitis.  Brit J Int Care 2000; 10:51-59.
15. Beattie GC, Mason JM, Swan D, Madhavan KK, Siriwardena AK.  Outcome of necrosectomy in acute pancreatitis: the case for continued vigilance.  Scand J Gastroenterol 2002;37:1449-5
16. Balachandra S, Siriwardena AK.  Systematic appraisal of the management of the major vascular complications of pancreatitis.  Am J Surg 2005; 190:489-495.
17. Fölsch UR, Nitsche R, Ludtke R et al.  Early ERCP and papillotomy compared with conservative treatment for acute biliary pancreatitis.  N Engl J Med 1997; 336:237-242.
18. Bassi C, Larvin M, Villatoro E.  Antibiotic therapy for prophylaxis against infection of pancreatic necrosis in acute pancreatitis.  Cochrane Database Syst Rev 2003; 4:CD002941.
19. Uhl W, Warshaw A, Imrie C et al.  IAP guidelines for the surgical management of acute pancreatitis.  Pancreatology 2002; 2:565-73.
20. Goldacre MJ, Roberts S.E. Hospital admission for acute pancreatitis in an English population,1963-98: database study of incidence and mortality: BMJ 2004; 328: 1466-9
21. Machala W, Wachowicz N, Komorowska A, Gaszynski W.  The use of Drotrecogin alfa (activated) in severe sepsis during acute pancreatitis – two case studies.  Med Sci Monit 2004;10:31-36.
22. Larvin M, McMahon MJ. APACHE II score for assessment and monitoring of acute pancreatitis. Lancet 1989;2(8656):201-5
23. Buter A, Imrie CW, Carter CR, Evans S, Mckay CJ. Dynamic nature of early organ dysfunction determines outcome in acute pancreatitis.
24. Rinderknecht H. Genetic determinants of mortality in acute necrotizing pancreatitis. Int.J.Pancreatol 1994;16(1): 11-5
25. Sarr MG. 2010 Atlanta consensus conference criteria for the diagnosis and management of acute pancreatitis.  Personal communication.
26. Vangerow B, Shorr Andrew F, Wyncoll D, Janes J, Nelson DR, Reinhart K.    The Protein C Pathway: implications for the design of the RESPOND study.  CCforum Supplement 2007: 11;S4

Appendix 1: further exclusion criteria
· Platelet count at point of enrolment < 30,000/mm3
· Conditions that increase the risk of bleeding: history of severe head trauma requiring previous hospitalization, human immunodeficiency virus infection with a last known CD4 count of ≤ 50/mm3
· History of bone-marrow, lung, liver, pancreas or small-bowel transplantation
· Known or suspected portosystemic hypertension, chronic jaundice, cirrhosis or chronic ascites.
· Participation in another investigational study within 30 days before the current study
· Use of any of the PROWESS-exclusion criteria medicines in those dosages.
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