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           Introduction 

 Acute pancreatitis is one of the most common 
gastrointestinal diseases, with a continuum of 
severity [ 1 ]. Mild pancreatitis is self-limiting and 
exists when there is no evidence of organ failure 
and/or pancreatic necrosis. Moderate severe pan-
creatitis is defi ned by local complications with-
out persistent (>48 h) organ failure. Severe 
pancreatitis occurs when persistent organ failure 
develops [ 2 ]. Mild acute pancreatitis is the most 
common clinical presentation with moderate 
morbidity and negligible mortality. In contrast, 
severe acute pancreatitis occurs in up to 20 % of 
patients and is associated with signifi cant mor-
bidity and mortality [ 3 ]. 

 Because of this difference in morbidity and 
mortality, the benefi ts of pharmacologic therapy 
will have the greatest impact in patients with 
severe acute pancreatitis. For mild disease, it may 
further reduce the development of organ failure 
and local complications. It may lead to earlier 
feeding, less narcotic pain medication use, and 
shorter hospitalization. For severe disease, it may 
alter the natural history, including the develop-

ment of chronic pain, chronic pancreatitis, and 
hospital-related mortality. 

 Non-pharmacological interventions, including 
appropriate IV fl uid administration (Chap.   8    ), 
antibiotic use (Chap.   9    ), and timely nutrition 
(Chap.   10    ), have already been discussed. 

 There is currently no U.S. Food and Drug 
Administration (FDA) approved pharmacologi-
cal therapy for the treatment of acute pancreatitis. 
This chapter has three objectives (Table  11.1 ). 
The fi rst objective will review key aspects of the 
pathophysiology of acute pancreatitis to high-
light potential targets for pharmacologic inter-
vention. The second objective will review 
pharmacologic therapies that have been evalu-
ated. The third objective will highlight potential 
novel targets for future development.

       Pathophysiology Overview: 
Potential Therapeutic Targets 

 When considering pharmacological therapies for 
acute pancreatitis, it is helpful to briefl y outline 
the current pathophysiological framework for 
acute pancreatitis (Fig.  11.1 ). The primary site of 
injury occurs at the acinar cell from aberrant 
trypsin activity. Whether the mechanism is 
mechanical, metabolic, and/or genetic, the insult 
injures the acinar cell by blocking normal secre-
tory activity [ 4 ]. Specifi cally, normal apical 
 exocytosis is blocked and basal exocytosis 
(which under normal circumstances is constitu-
tively blocked) now occurs. During this period of 
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 dysregulation, the inactive trypsinogen within these 
secretory vesicles converts into active trypsin 
within the acinar cell. The actual site of intracel-
lular activation remains elusive but proposed 
compartments include lysosomes/endosomes, 
autophagic vacuoles, and secretory granules. The 
immune system plays a pathophysiologic role in 
this early cascade that includes accelerating 
injury by stimulating zymogen activation within 
the acinar cell or limiting injury by degrading 
zymogens that are inappropriately released from 
the basolateral membrane of the acinar cell [ 5 ].

   Acinar cell injury with inappropriate and 
excess leakage of activated enzymes subse-
quently induces local infl ammation by various 
mechanisms. Activated proteases damage the 
vascular endothelium leading to microcirculatory 
injury. Leukocytes arrive via chemoattraction 
from increased vascular cell adhesion molecule 1 
(VCAM-1) and intercellular cell adhesion mole-
cule 1 (ICAM-1) expression. The complement 
system is also activated and contributes to further 
injury. Both activated pro-infl ammatory and anti- 
infl ammatory cytokines lead to propagation of 
acinar cell injury and local infl ammation. Specifi c 
pro-infl ammatory cytokines include interleukin-
 1 (IL-1), IL-6, IL-8, tumor necrosis factor (TNF), 
and platelet-activating factor (PAF). Specifi c 
anti-infl ammatory cytokines include IL-2, IL-10, 
and IL-11. Other infl ammatory mediators include 
arachidonic acid metabolites, reactive oxygen 
metabolites, and nitric oxide. 

 Unabated local infl ammation can lead to sys-
temic infl ammation. The mechanism for this 
transition is thought to occur when activated pan-
creatic proteases reach the liver via the portal 
vein and induce hepatic injury. Hepatic injury 
stimulates the Kupffer cells (macrophages) 
within the liver to further activate pro- 

infl ammatory cytokines and mediators triggering 
a systemic response. This clinically correlates 
with development of the systemic infl ammatory 
response syndrome—a sensitive predictor for 
severe acute pancreatitis [ 6 ]. Acute phase pro-
teins including C-reactive peptide and IL-6 are 
systemically released contributing to multi-organ 
failure. Bacterial translocation via the intestine 
occurs later in the course of disease leading to 
infected necrotizing pancreatitis. 

 The immune system plays a signifi cant patho-
physiological role in this disease. The initial 
infl ammatory response in acute pancreatitis is 
characterized by up-regulation of ICAM-1 and 
neutrophil recruitment. Consequently, ICAM-1 
defi ciencies and neutrophil depletion in animal 
models have demonstrated a reduction in acute 
pancreatitis severity [ 7 ]. Regulating the degree of 
macrophage activation, which in turn induces 
more cytokine and infl ammatory mediators such 
as TNF, IL-1B, IL-6, monocyte chemotactic pro-
tein (MCP)-1, and PAF may represent another 
pharmacological target to arrest local infl amma-
tion. Previous animal model studies have shown 
macrophage depletion to protect against experi-
mental pancreatitis [ 8 ]. Certain subsets of acti-
vated T cells also appear to be important for 
progression to severe acute pancreatitis. 
Subsequent depletion may prevent progression to 
systemic disease [ 9 ]. 

 More germane to severe acute pancreatitis 
are the extra-pancreatic immune responses that 
may be targeted for pharmacological interven-
tion. Pancreatic necrosis, particularly when 
infected, is a major cause of morbidity and mor-
tality. Control of bacterial translocation from 
the intestine may be regulated by toll-like recep-
tors (TLRs), other nucleotide-binding domain 
and leucine-rich repeat-containing molecules, 
and dendritic cells [ 10 ]. Previous animal models 
have shown TLR4 defi ciency to be associated 
with less severe forms of pancreatitis [ 11 ]. The 
role of TLRs is complex and incompletely 
understood, as various polymorphisms in TLRs 
have been associated with increased susceptibil-
ity to acute pancreatitis [ 12 ]. A better under-
standing of the regulatory role of the immune 
system within these local and systemic 

   Table 11.1    Three objectives of this chapter   

 1. Review key pathophysiological aspects of acute 
pancreatitis to highlight potential pharmacological 
interventions 

 2. Summarize past clinical trials/studies of 
pharmacological agents studied for acute pancreatitis 

 3. Defi ne potential novel targets for future development 
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 infl ammatory mechanisms that give rise to 
severe acute pancreatitis may lead to effective 
pharmacological intervention. 

 The complement system also appears to sig-
nifi cantly contribute to the pathogenesis of acute 
pancreatitis. While complex and incompletely 
understood, it appears to be activated early in 
acute pancreatitis and to a greater extent in severe 
acute pancreatitis. Evidence of an activated com-
plement system leading to severe pancreatitis is 
demonstrated by the observation of elevated C3a 
and sC5-9 levels in severe acute pancreatitis [ 13 ]. 
The elevation of C5a is particularly interesting 
because while it is commonly recognized as a 
potent pro-infl ammatory mediator, it has demon-
strated anti-infl ammatory properties in experi-
mental acute pancreatitis [ 14 ]. In such models, 
the use of a soluble complement receptor-1 dem-
onstrated decreased leukocyte adhesion leading 
to a less severe course of acute pancreatitis [ 15 ]. 

 The Kallikrein-Kinin system may also be 
involved in the pathogenesis of acute pancreatitis 
[ 14 ,  16 ,  17 ]. This poorly understood system 
involves the release of biologically active pep-
tides, including bradykinin and kallidin. The pan-
creas has one of the highest tissue concentrations 

of these peptides compared to other organs. 
These peptides mediate large and small artery 
vasodilation and increase vascular permeability 
in the capillaries. This may facilitate capillary 
leakage and the pro-infl ammatory mechanisms of 
acute pancreatitis. These peptides may also affect 
the afferent nervous system and may play an 
important role in pain development during acute 
pancreatitis. The development of kallikrein 
inhibitors may lead to decreased tissue damage, 
sepsis, and pain. 

 While many questions remain, our under-
standing of the pathophysiology of acute pancre-
atitis has advanced signifi cantly. Beginning with 
acinar cell injury, this increased understanding 
has delineated a complex and interrelated system 
that includes a broad array of immunological 
mediators that defi ne the course of disease. This 
framework provides a rational-based foundation 
toward developing therapeutic interventions for 
preclinical and clinical studies. As our under-
standing increases further, the number of poten-
tial pharmacological targets will also increase 
giving further hope for novel treatments. The 
subsequent section will review previously stud-
ied pharmacological agents in clinical studies.  

  Fig. 11.1    Mechanisms of action involved in the pathophysiology of severe acute pancreatitis       
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    Pharmacological Agents: Previous 
Clinical Studies 

 Based on the understood pathophysiology of 
acute pancreatitis and promising observations in 
preclinical studies, several clinical studies of 
pharmacological agents for acute pancreatitis 
have been performed. These studies can be 
 categorized by the purported mechanism of 
intervention within the pathophysiological 
framework including anti-secretory agents, 
 protease inhibitors, immunomodulators, 
anti-infl ammatory agents, and antioxidants 
(Table  11.2 ) [ 18 ,  19 ].

      Anti-secretory Agents 

 A long-time initial management principle of 
acute pancreatitis involves no per oral intake to 
minimize pancreatic secretions. Consequently, 
pharmacological agents that decrease pancreatic 
secretions have been studied in human clinical 
trials beginning in the late 1970s. Some of the 
fi rst reported clinical trials involved the use of 
glucagon [ 20 – 22 ]. These included three random-
ized trials of sample sizes ranging between 22 
and 69 patients with variable severity and etiolo-
gies of pancreatitis. No difference in mortality 
and relevant morbidities such as pain and length 
of stay was observed. Atropine and calcitonin 

   Table 11.2    Summary of pharmacological agents studied in clinical trials for acute pancreatitis   

 Pharmacological agent  Study design  Sample size  Outcomes assessment  Citation 

  Anti-secretory agents  
 Glucagon  RCT a   22–69  No signifi cant benefi t  [ 20 – 22 ] 
 Atropine  RCT  51  No signifi cant benefi t  [ 23 ] 
 Calcitonin  RCT  94  No signifi cant benefi t  [ 24 ] 
 Somatostatin  RCT/meta-analysis  50–703  Possible less morbidity 

in SAP b  
 [ 26 – 31 ] 

 Octreotide  RCT/meta-analysis  19–948  Mixed results. Possible 
less morbidity in SAP 

 [ 31 ,  32 ,  34 – 40 ] 

  Protease inhibitors  
 Aprotinin  RCT  48–105  No consistent 

signifi cant benefi t 
 [ 44 – 46 ] 

 Gabexate mesilate  RCT/meta-analysis  42–898  No consistent 
signifi cant benefi t 

 [ 31 ,  50 ,  52 – 54 ,  106 ] 

 Nafomostat (with antibiotics)  RCT  51–78  Mortality benefi t for 
SAP by CRAI c  

 [ 56 – 59 ] 

  Immunomodulators  
 Lexipafant  RCT  50–290  No consistent 

signifi cant benefi t 
 [ 62 – 64 ] 

 Dotrecogin alfa  RCT  32  No signifi cant benefi t  [ 68 ] 
  Antioxidants  
 Combinations d   RCT  39–53  No signifi cant benefi t  [ 70 – 72 ] 
 Glutamine  Meta-analysis  505  Mortality benefi t in 

patients on TPN 
 [ 75 ] 

  Anti-infl ammatory  
 Indomethacin  RCT  30  No signifi cant benefi t  [ 78 ] 

   a Randomized controlled trials 
  b Severe acute pancreatitis 
  c Continuous regional arterial infusion 
  d  n -Acetylcysteine, vitamin C, vitamin A, selenium, and vitamin E  
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have also been studied, each in a randomized 
controlled trial, without benefi t compared to pla-
cebo [ 23 ,  24 ]. 

 Produced in the gastrointestinal tract, soma-
tostatin is thought to have several benefi cial 
effects in acute pancreatitis. These include inhib-
iting exocrine pancreatic secretions, reducing 
splanchnic blood fl ow, stimulating the hepatic 
reticuloendothelial system, and modulating the 
cytokine cascade [ 25 ]. Somatostatin has been 
well studied as a pharmacological agent in human 
clinical trials for acute pancreatitis [ 26 – 30 ]. 
While there is slight variability in the dose and 
duration of somatostatin, four different random-
ized controlled trials of 50–100 patients failed to 
show a clinically signifi cant benefi t with soma-
tostatin treatment. 

 One particular study by Planas and colleagues 
focused specifi cally on patients with severe acute 
pancreatitis in the intensive care unit [ 30 ]. They 
randomized 50 patients to somatostatin for 10 
days versus placebo in an unblinded fashion. 
While there was no difference in mortality or 
length of stay, they observed a reduction in the 
need for surgery for local complications (45.8 % 
vs. 86.4 %;  p  = 0.005). A meta-analysis that 
included seven additional non-English publica-
tions (three were abstracts and half of which were 
not randomized) reported an overall mortality 
benefi t with somatostatin for severe acute pancre-
atitis with an odds ratio (OR) of 0.36 (95 % CI: 
0.20–0.64). Interestingly, this analysis did not 
fi nd a correlating signifi cant decrease in compli-
cation rates with somatostatin use. Further, the 
authors describe assessing for heterogeneity in 
their methods section, but did not report it in the 
results or discussion raising a concern regarding 
the validity of these results [ 31 ]. 

 Octreotide is a synthetic analogue of soma-
tostatin that can be given both by intravenous 
infusion (IV) and subcutaneously (SC). There 
are several clinical trials that have studied its 
effi cacy for acute pancreatitis [ 32 – 38 ]. The fi rst 
several studies were small and while they showed 
no mortality benefi t, there was suggestion of 
decreased severity, local complications, and ear-
lier return to oral intake [ 32 ,  34 ,  35 ,  39 ]. Uhl and 
colleagues published the largest clinical trial of 

302 patients with moderate-severe pancreatitis 
from 32 centers and no clinical benefi t was 
observed [ 36 ]. In a much smaller study by Paran 
and colleagues of 50 patients with severe acute 
pancreatitis, a signifi cant reduction in sepsis 
(24 % vs. 76 %,  p  = 0.002), acute respiratory dis-
tress syndrome (28 % vs. 56 %,  p  = 0.04), hospi-
tal stay (20.6 days vs. 33.1 days,  p  = 0.04), and 
mortality (2 deaths vs. 8 deaths,  p  < 0.019) was 
reported [ 37 ]. More recently Yang and col-
leagues randomized 161 obese patients 
(BMI > 25) with mild pancreatitis to octreotide 
IV infusion for 3 days versus placebo and 
reported a risk ratio of 0.27 (95 % CI: 0.1–0.69) 
for developing severe pancreatitis. They also 
reported a difference in local complications in 
favor of octreotide treatment (4.9 % vs. 19 %, 
 p  = 0.006) [ 38 ]. Although a meta-analysis per-
formed by Andriulli and colleagues [ 31 ] sug-
gests a mortality benefi t for severe acute 
pancreatitis (OR 0.57 [95 % CI: 0.35–0.88]), 
another more recent meta-analysis [ 40 ] that lim-
ited their estimate to four higher quality studies 
[ 30 ,  34 ,  36 ,  37 ] did not show any benefi t in sep-
sis, complication rates, or mortality. However, 
one of the four studies [ 30 ] did not specifi cally 
look at octreotide but somatostatin. 

 Although studied over the past 30 years, the 
use of anti-secretory agents, specifi cally soma-
tostatin and octreotide, has produced inconsistent 
results. There appears to be no benefi t in mild 
acute pancreatitis. For severe acute pancreatitis, 
the reported benefi ts remain inconclusive such 
that it is not currently recommended in clinical 
practice [ 3 ,  41 ].  

    Protease Inhibitors 

 The use of protease inhibitors for treating acute 
pancreatitis has been proposed and reported in 
clinical studies as far back as nearly 50 years ago 
[ 42 ]. The rationale stems from premature and 
excess protease activation within the pancreatic 
parenchyma leading to autodigestion and subse-
quent infl ammation. While endogenous inhibi-
tors exist to mitigate these events, clinically 
severe disease occurs when these defense 
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 mechanisms are overwhelmed leading to a 
 systemic infl ammatory response syndrome. 

 Aprotinin, a bovine pancreatic trypsin inhibi-
tor, was one of the fi rst protease inhibitors 
described for treating acute pancreatitis in 
humans with reported benefi t in mortality [ 42 –
 44 ]. However, subsequent studies have failed to 
repeat such a benefi t. Baldin and colleagues ran-
domized 55 patients with severe acute pancreati-
tis to peritoneal lavage of aprotinin and reported 
no difference in mortality or other relevant clini-
cal outcomes [ 45 ]. Berling and colleagues also 
studied peritoneal lavage delivery of aprotinin in 
48 patients with severe acute pancreatitis. Despite 
reporting less necrosis in the aprotinin-treated 
group, they observed no difference in mortality 
[ 46 ]. In further studying this difference in necro-
sis, they observed a reduction in complement 
activation with aprotinin. Specifi cally, the treated 
groups had relatively less C3a and more C1 
inhibitor plasma levels [ 47 ]. They also observed 
no difference in the plasma levels of leukocyte 
proteases and postulated that this may explain the 
lack of mortality benefi t with aprotinin given as a 
peritoneal lavage. Recently, Smith and colleague 
reviewed the literature and concluded that 
 aprotinin may still have a role in treating acute 
pancreatitis because the previous studies were 
not adequately powered, and that aprotinin was 
not given in high enough doses to produce suffi -
cient inhibitory activity [ 48 ]. 

 In contrast to aprotinin, gabexate mesilate is a 
smaller protease inhibitor that has been studied in 
humans based on promising preclinical studies 
[ 49 ]. Early clinical studies including a small con-
trolled trial of 42 patients suggested a trend 
towards a mortality benefi t [ 50 ,  51 ]. However, 
larger randomized controlled trials including a 
multi-center study that randomized 223 patients 
with moderate to severe acute pancreatitis found 
no clinical benefi t [ 52 ,  53 ]. Two different meta- 
analyses published in 1998 and 2003 reiterate 
this fi nding of no mortality benefi t [ 31 ,  54 ]. The 
earlier meta-analysis, however, did observe a 
decreased complication rate and less surgery. 
Despite the overall lack of reported benefi t, inter-
est in gabexate persists with a recent small study 

suggesting a benefi t by delivering it through a 
continuous regional arterial infusion [ 55 ]. 

 Nafomostat is a relatively new protease inhibi-
tor studied for treating acute pancreatitis. This 
synthetic protease inhibitor has a broad spectrum 
of enzyme inhibitory activity that is up to 100 
times more potent than gabexate [ 49 ]. The design 
of human clinical studies has been different from 
aprotinin and gabexate. These studies have 
included antibiotics, severe acute pancreatitis 
patients, and delivery of nafomostat by continu-
ous regional arterial infusions (CRAI). This rela-
tively invasive technique delivers a higher 
concentration of drug through a catheter that is 
placed into major arterial branches (celiac axis 
and/or superior mesenteric artery) and must be 
performed by an interventional radiologist. 

 Takeda and colleagues fi rst described a clini-
cal trial of 53 patients with severe acute pancre-
atitis using nafomostat. One group of patients 
was given peripheral nafomostat and antibiotics 
(imipenem) intravenously greater than 8 days 
from symptom onset. The second group was 
given nafomostat by CRAI with peripherally 
administered antibiotics to a group that presented 
less than 7 days from symptom onset. The third 
group gave both nafomostat and antibiotics by 
CRAI to a group of patients who presented within 
7 days of onset. They reported a progressive mor-
tality benefi t from group 1 to 3 (44 % vs. 14 % vs. 
7 %) and the development of necrosis (50 % vs. 
23 % vs. 0 %) [ 56 ]. Takeda and colleagues 
reported a subsequent study that demonstrated 
earlier CRAI of nafomostat (<48 h compared to 
>72 h) was associated with improved mortality 
(3.2 % vs. 26.3 %) [ 57 ]. Imaizumi and colleagues 
studied 51 patients with severe acute pancreatitis 
and reported that CRAI compared to non-CRAI 
delivery of nafomostat and antibiotics was asso-
ciated with decreased need for surgery and 
improved mortality [ 58 ]. A more recent study of 
78 randomized patients between CRAI nafomo-
stat and antibiotic to just antibiotics showed 
improved mortality (5 % vs. 23 %) and decreased 
need for surgery [ 59 ]. 

 Among the three most studied protease inhibi-
tors (aprotinin, gabexate, and nafomostat), the 
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most promising outcomes data is associated with 
nafomostat. However, these studies with nafomo-
stat are relatively small, involve the use of antibi-
otics, and require a relatively invasive procedure. 
At this time, none of these medications are 
accepted as part of standard clinical care for treat-
ing severe acute pancreatitis. Further study with 
nafomostat via CRAI may prove promising.  

    Immunomodulators 

 As discussed above, the pathophysiology of acute 
pancreatitis begins in the acinar cell and if left 
uncontrolled triggers an immunological cascade 
that leads to systemic infl ammatory response 
syndrome and sepsis. Consequently, pharmaco-
logic interventions that may mitigate this cascade 
have been studied for treating severe acute pan-
creatitis. These include lexipafant, a platelet acti-
vation factor inhibitor, and dotrecogin alfa, a 
genetically engineered activated protein C. 

 Under physiological conditions, endothelial 
cells, macrophages, neutrophils, and platelets 
produce platelet-activating factor (PAF) during 
the normal course of infl ammation leading to 
platelet aggregation, hypotension, and vascular 
leak. Preclinical studies of acute pancreatitis 
have demonstrated a signifi cant role for PAF in 
the pathophysiology of acute pancreatitis and the 
use of a PAF blocker to mitigate disease [ 60 ,  61 ]. 
Lexipafant is a PAF antagonist that has been 
studied in several clinical trials in humans. 

 The fi rst clinical trial randomized 83 patients 
with acute pancreatitis, of whom 29 had severe 
acute pancreatitis. Lexipafant was administered 
intravenously on a daily basis (60 mg) for 3 days. 
While no signifi cant difference in mortality was 
observed, a signifi cant decrease in organ failure 
at day 3 in the treatment arm was reported [ 62 ]. 
Another study randomized 50 patients with 
severe acute pancreatitis with the treatment arm 
receiving 100 mg daily for 7 days. The treatment 
group had signifi cantly less organ failure, with a 
trend toward a reduction in mortality and SIRS 
[ 63 ]. The largest randomized study to date was 
performed by Johnson and colleagues randomiz-
ing 290 patients with severe acute pancreatitis 

(APACHE > 6) with the treatment group  receiving 
100 mg daily for 7 days starting within 72 h of 
symptom onset. No signifi cant difference in 
organ failure reduction or local complications 
was observed. The authors concluded that lexipa-
fant alone was not suffi cient to ameliorate severe 
acute pancreatitis [ 64 ]. 

 Dotrecogin Alfa is an analogue of endogenous 
protein C that has demonstrated a mortality ben-
efi t in severe sepsis [ 65 ]. Endogenous protein C 
is synthesized in the liver and it inhibits thrombin 
generation and facilitates thrombolysis. Lower 
levels of activated protein C are associated with 
higher mortality in acute pancreatitis. Preclinical 
studies in acute pancreatitis show improved tis-
sue histology, decreased rates of infection, and 
lower serum markers of infl ammation. Activated 
protein C may mitigate severe acute pancreatitis 
by several immunomodulatory mechanisms—
regulation of leukocyte endothelial interaction, 
improved intestinal microcirculation, and regula-
tion of mitogen-activated kinases [ 66 ]. The fi rst 
report of benefi t using dotrecogin alfa in acute 
pancreatitis involved two case reports [ 67 ]. 
A subsequent pilot study of 32 patients with 
severe acute pancreatitis was studied. These 
patients received dotrecogin alfa within 96 h of 
symptom onset. No clinically signifi cant differ-
ence in this pilot study was observed [ 68 ]. 

 While modulating the immune system in acute 
pancreatitis as a pharmacological strategy is 
gaining more interest as knowledge of the patho-
physiology unfolds, these recent targets, while 
promising in preclinical studies, have yet to 
translate into clinical practice [ 10 ].  

    Antioxidant Agents 

 Within the last decade, several clinical trials 
studying the benefi t of antioxidant agents for 
acute pancreatitis have been published. The basis 
for this involves the recognized role of reactive 
oxygen species and cellular injury without imme-
diate detoxifi cation. Antioxidant agents that have 
been studied include a variety of different com-
pounds including  n -acetylcysteine, methionine, 
beta-carotene, selenium, ascorbic acid, and 
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alpha-tocopherol. Preclinical studies in acute 
pancreatitis demonstrate chemically reduced lev-
els of glutathione and increased levels of oxi-
dized glutathione suggesting a benefi t with 
antioxidant intervention [ 69 ]. 

 Three different clinical trials have been 
recently published on this topic. Siriwardena and 
colleagues reported a randomized controlled trial 
of 43 patients with predicted severe acute pancre-
atitis. The treatment group received intravenous 
 n -acteylcysteine, selenium, and vitamin C. They 
demonstrated that serum levels of antioxidants 
increased and markers of oxidative stress 
decreased in the treatment group. The primary 
outcome was the development of organ dysfunc-
tion for which no difference was observed [ 70 ]. 
In another study of 53 patients, the treatment 
group received vitamin C,  n -acetylcysteine, and a 
tablet of multiple antioxidants (antoxyl-forte). 
No signifi cant difference in length of stay or 
complications was observed [ 71 ]. The fi nal study 
randomized 39 patients with acute pancreatitis to 
receive vitamins A, C, and E within 96 h of symp-
tom onset and observed no signifi cant difference 
in organ dysfunction [ 72 ]. While this may be 
another example of a disconnect between pre-
clinical evidence and clinical studies, it is  possible 
that these studies, being all fairly small, were not 
powered enough to detect a real difference. 

 In severe acute pancreatitis, there is signifi cant 
catabolic stress and active nutrient repletion is 
associated with a mortality benefi t. The use of 
antioxidants for treating acute pancreatitis falls 
within an evolving proposed concept of “pharma-
conutrition”—that nutrients can provide benefi t 
beyond repletion of a defi ciency [ 73 ]. Glutamine 
is a potent antioxidant that plays an important 
role in enterocyte, lymphocyte, macrophage, and 
neutrophil development. Consequently, it has 
been studied as a treatment for acute pancreatitis. 
Xue and colleagues randomized 80 patients to 
receive alanyl-glutamine dipeptide intravenously 
for 10 days starting either on the day of admis-
sion or at hospital day 5 (there was no placebo 
group). Complications, length of stay, need for 
surgery, and mortality were decreased in the early 
administration group [ 74 ]. Asrani and colleagues 
performed a meta-analysis of randomized 

 controlled trials of glutamine use for acute 
 pancreatitis. They identifi ed 12 studies of 505 
patients with acute pancreatitis. They reported a 
mortality benefi t (RR 0.3; 95 % CI 0.15–0.6), 
reduced infectious complications (RR 0.58; 95 % 
CI 0.39–0.87) but no difference in length of stay. 
Interestingly, the benefi t of glutamine use was 
observed in only patients who received total par-
enteral nutrition. Patients receiving enteral nutri-
tion did not benefi t from additional glutamine 
supplementation [ 75 ].  

    Anti-infl ammatory 

 Since acute pancreatitis is primarily character-
ized by a state of acute infl ammation leading to 
cellular injury, anti-infl ammatory medications 
have been studied including indomethacin. The 
mechanism of action involves inhibition of phos-
pholipase A2 activity, cyclooxygenase activity, 
and mediation of neutrophil endothelial interac-
tions [ 76 ]. Preclinical animal studies have dem-
onstrated a benefi t with indomethacin [ 77 ]. 
Human studies, however, have yet to validate a 
clear benefi t with the exception of post-ERCP 
pancreatitis (PEP). Ebbehoj and colleagues ran-
domized 30 patients with acute pancreatitis with 
the treatment group receiving 50 mg of rectal 
indomethacin twice a day. The only outcomes 
reported were decreased pain and opiate use [ 78 ]. 
Elmunzer and colleagues recently demonstrated 
in a large multi-center study of 602 patients at 
high risk for developing PEP that one dose of rec-
tal indomethacin after the procedure reduced the 
incidence of pancreatitis [ 79 ]. While this sug-
gests that indomethacin may have a therapeutic 
role in preventing acute pancreatitis, there is a 
lack of clinical data to support its effi cacy in 
patients outside of PEP.  

    Pharmacologic Therapies for PEP 

 PEP is a common cause of acute pancreatitis. 
Fortunately, the vast majority of cases do not 
evolve into severe disease. Aside from the possi-
bility that the mechanism of PEP is unique 

W.G. Park



141

 compared to other known etiologies, it has been a 
popular focus for studying various pharmacolog-
ical agents for prevention of acute pancreatitis. 
Since the incidence of pancreatitis episodes can 
be more easily predicted (i.e., the day of ERCP), 
clinical trials are relatively easier to perform with 
the primary outcome being the development of 
acute pancreatitis. Further, the design of provid-
ing a therapy before potentially inducing pancre-
atitis is more similar to preclinical study designs 
to suggest more direct translatability. Besides the 
trial involving rectal indomethacin mentioned 
above, other pharmacological agents will be 
briefl y reviewed [ 79 ]. 

 Active clinical trials in preventing PEP have 
been ongoing for the past two decades and 
include many of the pharmacologic agents 
described above (Table  11.3 ). These trials tend to 
be larger because enrollment is more predictable. 
Among anti-secretory agents, somatostatin with 
and without diclofenac and octreotide have been 
studied in randomized controlled trials. Bordas 
and colleagues randomized 160 patients and 
found a PEP rate of 10 % in the placebo group 

compared to 2.5 % in the somatostatin-treated 
group. In subgroup analysis, this benefi t was 
observed in those patients undergoing sphincter-
otomy [ 80 ]. In a more recent study by Katsinelos 
and colleagues, somatostatin was added to diclof-
enac in a randomized study of 540 patients. The 
overall PEP rate was 7.2 % with the placebo- 
treated group experiencing a 10.4 % rate com-
pared to the combination-treated group of 4.7 % 
[ 81 ]. It is unclear from this study whether one 
drug primarily accounts for the benefi t. 
Thomopoulos and colleagues demonstrated a 
positive benefi t with a 24-h infusion with octreo-
tide in a randomized trial of 202 patients [ 82 ]. 
Treated patients had a PEP rate of 2 % compared 
to 9 % in the placebo group.

   Among protease inhibitors, gabexate mesilate, 
ulinastatin, and nafomostat have been studied in 
this population [ 83 – 85 ]. Tsujino and colleagues 
randomized 406 patients to IV infusion with 
ulinastatin versus placebo before ERCP. The 
ulinastatin group had a PEP rate of 2.9 % that 
was signifi cantly lower than 7.4 % in the placebo 
group [ 84 ]. Park and colleagues randomized 608 

   Table 11.3    Summary of pharmacological agents studied in clinical trials for post-ERCP pancreatitis   

 Pharmacological agent  Study design  Sample size  Post-ERCP pancreatitis rate  Citation 

  Anti-secretory agents  
 Somatostatin  RCT a   160  Treatment: 2.7 %, placebo: 10 % b   [ 80 ] 
 Somatostatin/diclofenac  RCT  540  Treatment: 4.7 %, placebo: 10.4 % b   [ 81 ] 
 IV Octreotide  RCT  202  Treatment: 2 %, placebo: 9 % b   [ 82 ] 
  Protease inhibitors  
 Nafomostat  RCT  608  Treatment: 5.1 %, placebo: 13 % b   [ 85 ] 
 Ulinastatin  RCT  406  Treatment: 2.9 %, placebo: 7.4 % b   [ 84 ] 
  Immunomodulators  
 IL-10  RCT  137  Treatment: 10 %, placebo: 24 % b   [ 86 ] 

 RCT  305  Treatment: 15 %, placebo: 14 %  [ 87 ] 
  Anti-infl ammatory  
 Prednisone  RCT  200  Treatment: 12 %, placebo: 7.9 %  [ 90 ] 
 Hydrocortisone  RCT  120  Treatment: 1.6 %, placebo: 11.9 % b   [ 91 ] 
 Indomethacin  RCT  602  Treatment: 9.2 %, placebo: 16.9 % b   [ 79 ] 
  Antioxidants  
  n -Acetylcysteine  RCT  256  Treatment: 12.1 %, placebo: 9.6 %  [ 92 ] 
 Allopurinol  RCT  200  Treatment: 12 %, placebo: 7.9 %  [ 90 ] 
  Smooth muscle relaxant  
 Glyceryl nitrate  RCT  806  Treatment: 4.5 %, placebo: 7.1 %  [ 94 ] 

   a Randomized controlled trial 
  b Statistically signifi cant  
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patients to three different groups: control group, 
IV nafomostat 20 mg, and IV nafomostat 50 mg 
before ERCP. While they reported a benefi t with 
nafomostat-treated groups compared to controls, 
the higher dose did not further protect those 
patients at high risk for PEP [ 85 ]. 

 Among immunomodulators, recombinant 
IL-10 has been studied with early promise fol-
lowed by lack of validation in subsequent studies. 
Deviere and colleagues randomized 144 patients 
to receive IL-10 infusions compared to placebo 
with an observed protected effect [ 86 ]. A subse-
quent trial by Sherman and colleagues failed to 
show a benefi t at an interim analysis of 305 ran-
domized patients and terminated the study [ 87 ]. 
Although benefi t with the use of non-steroidal 
anti-infl ammatory medications including indo-
methacin and diclofenac have been observed, the 
use of steroids have had mixed results [ 79 ,  88 , 
 89 ]. Brudzynska and colleagues randomized 300 
patients to prednisone, allopurinol, or placebo 
before ERCP and found no protective benefi t 
against PEP [ 90 ]. In a smaller randomized study 
of 120 patients, 100 mg of hydrocortisone prior 
to ERCP reduced PEP from 11.9 % in the pla-
cebo group to 1.6 % in the treated group suggest-
ing a signifi cant benefi t [ 91 ]. Antioxidant therapy 
with  n -acetylcysteine and allopurinol has been 
studied in relatively large randomized trials with 
no reported protected benefi t [ 90 ,  92 ]. 
Nitroglycerin products to reduce sphincter hyper-
tension have demonstrated benefi ts in smaller 
studies without subsequent validation in larger 
randomized trials [ 93 ,  94 ]. 

 The search for a pharmacological agent for 
treating human acute pancreatitis has been fairly 
extensive. The historical arc for most of these 
agents is one of promise from preclinical studies, 
followed by a few promising small pilot clinical 
trials. Most, however, have failed to be validated 
at larger studies. Meta-analyses have been more 
positive about various agents, but this may refl ect 
a weighting bias towards smaller and unpublished 
studies. In PEP, there are more positive clinical 
trial data for various pharmacological agents. 
Most, however, have yet to be accepted in stan-
dard clinical practice. In non-PEP as well, there is 
no current pharmacologic agent that has success-

fully navigated its way into clinical  practice [ 3 , 
 41 ]. While some of these agents including nafo-
mostat and glutamine may merit further clinical 
study, the future may lie in novel agents.   

    Future Targets: Opportunities 
for Therapeutic Development 

 Despite previous efforts, there are promising 
opportunities for therapeutic development. 
Specifi cally, strategies that target and alter the 
activities of key immune cells may provide 
potential therapeutic benefi t as demonstrated in 
preclinical studies. In acute pancreatitis, macro-
phages can play both a pro-infl ammatory and 
anti-infl ammatory role. Various modifi ers such as 
IL-4 and IL-13 have demonstrated capacity to 
convert pancreatitis-activated macrophages (M1) 
into reparative macrophages (M2). Hemin- 
activated macrophages express high levels of 
hemoxygenase-1 (HO-1) that in turn promotes 
production of anti-infl ammatory agents including 
carbon monoxide and biliverdin. These agents 
induce IL-10, IL-22, and p38 MAPK. Introduction 
of hemin-activated macrophages protects against 
experimental pancreatitis [ 10 ,  95 ]. In humans, 
HO-1 levels are upregulated in acute pancreatitis 
and that ex vivo treatment of patient blood with 
Panhematin, an FDA-approved medication for 
acute intermittent porphyria, can prime HO-1 
production [ 96 ]. Habtezion and colleagues have 
shown that Panhematin given before experimen-
tal pancreatitis upregulates hemin-activated mac-
rophages and leads to less pancreatic injury. 
More importantly, they have shown in their 
experimental model that if given after pancreati-
tis develops, in both early and late stages of dis-
ease, Panhematin treatment ameliorates the 
extent of pancreatitis-related injury [ 97 ]. 

 Another perhaps underappreciated immune- 
related target involves the kallikrein-kinin and 
complement systems. As mentioned above, 
severe acute pancreatitis is associated with ele-
vated C3a and sC5-9 levels [ 13 ]. The C1 esterase 
inhibitor (C1 INH) physiologically inhibits a 
variety of plasma proteolytic enzymes including 
the activated C1 complex and kallikrein [ 98 ]. 
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In experimental models of acute pancreatitis, C1 
INH given before the onset of pancreatitis dem-
onstrated a potential protective benefi t [ 99 ]. In 
particular, C1-INH may have a protective benefi t 
in severe acute pancreatitis [ 100 ]. In small human 
studies, the use of C1-INH concentrate has 
 demonstrated some protective benefi t in acute 
pancreatitis [ 101 ,  102 ]. Pharmacological targets 
of the complement system have already been 
developed in other diseases that may have utility 
in acute pancreatitis. One example includes 
recombinant C1-INH that is currently available 
in Europe for the treatment of hereditary angio-
edema [ 103 ]. Another example is eculizumab, 
which is a monoclonal antibody that binds with 
high affi nity to complement protein C5 prevent-
ing generation of the terminal complement com-
plex C5b-9. It is currently approved for treating 
paroxysmal nocturnal hemoglobinuria and atypi-
cal hemolytic uremic syndrome [ 104 ]. 

 Some potentially novel pharmacologic agents 
are being studied in PEP given some of the 
advantages in clinical trial design. Fluhr and col-
leagues recently published their design for a ran-
domized controlled trial of IV magnesium to 
prevent PEP. Intra-cellular calcium release plays 
an important role in initiating protease activation. 
Magnesium is a calcium antagonist and counter-
acts calcium signaling. This study intends to ran-
domize 502 patients to IV magnesium 60 min 
before and 6 h after ERCP or placebo [ 105 ].  

    Conclusion 

 Although there have been some positive studies 
of various pharmacological agents, the vast 
majority have failed to demonstrate a consistent 
benefi t in large validation studies such that there 
is no current drug recognized for use in clinical 
practice for treating acute pancreatitis. Perhaps, 
one of the major reasons for this relates to differ-
ences between promising preclinical studies in 
experimental pancreatitis and human clinical tri-
als. Besides the question of whether these models 
accurately refl ect human disease, most preclini-
cal studies administer the medication prior to 

pancreatic injury such that the medication in 
question provides a protective effect. In the clini-
cal situation, the drug of interest is tested when 
the injury has already occurred and the infl am-
matory cascade associated with pancreatitis has 
begun. 

 With some drugs including nafomostat and 
glutamine requiring further validation and poten-
tial novel drugs to be tested hopefully soon, the 
design of future clinical trials needs to be recon-
sidered. Going forward, we need to design clini-
cal trials that administer treatment within 24 h (or 
as soon as possible) from symptom onset. Even 
earlier delivery may be key (i.e., within 4 h of 
arriving into the ER), akin to treatment of 
ST-elevation myocardial infarctions where time 
to catheterization is now part of clinical practice. 
This will maximize any candidate drug’s poten-
tial to interrupt the infl ammatory cascade and 
injury. A continued focus of trials on predicted 
severe disease will more likely identify a candi-
date treatment, as trials that include patients with 
mild pancreatitis require larger sample sizes to 
detect a meaningful difference. To minimize het-
erogeneity, clinical trials should also standardize 
eligibility, supportive treatment approaches, and 
outcomes. Eligibility for severe disease as well as 
clinically relevant outcomes should adopt stan-
dards set forth by the revised Atlanta classifi ca-
tion [ 2 ]. Clinically meaningful primary outcomes 
primarily include mortality, the development and 
resolution of organ failure, SIRS, sterile and 
infected necrosis, and other local complications. 
Important secondary outcomes include the length 
of stay, the amount of pain medication required, 
quality of life, and cost of care. 

 Despite past shortcomings of studied pharma-
cological agents, there remains promise in dis-
covering and developing an effective 
pharmacological therapy for acute pancreatitis. 
The lessons learned from past clinical trials along 
with increased understanding of the immune sys-
tem in this disease provide meaningful direction 
for substantial progress. When, not if, such a dis-
covery occurs, it will fundamentally change our 
current management paradigm from one of sup-
portive therapy to abortive therapy.     

11 Pharmacologic Therapy



144

   References 

    1.    Peery AF, Dellon ES, Lund J, Crockett SD, 
McGowan CE, Bulsiewicz WJ, et al. Burden of gas-
trointestinal disease in the United States: 2012 
update. Gastroenterology. 2012;143:1179–87 e1–3.  

     2.    Banks PA, Bollen TL, Dervenis C, Gooszen HG, 
Johnson CD, Sarr MG, et al. Classifi cation of acute 
pancreatitis—2012: revision of the Atlanta classifi -
cation and defi nitions by international consensus. 
Gut. 2012;62:102–11.  

      3.    Tenner S, Baillie J, Dewitt J, Vege SS, American 
College of Gastroenterology. American College of 
Gastroenterology guideline: management of acute 
pancreatitis. Am J Gastroenterol. 2013;108:1400–15.  

    4.    Ji B, Logsdon CD. Digesting new information about 
the role of trypsin in pancreatitis. Gastroenterology. 
2011;141:1972–5.  

    5.    Gaisano HY, Gorelick FS. New insights into the 
mechanisms of pancreatitis. Gastroenterology. 2009;
136:2040–4.  

    6.    Mofi di R, Duff MD, Wigmore SJ, Madhavan KK, 
Garden OJ, Parks RW. Association between early 
systemic infl ammatory response, severity of multior-
gan dysfunction and death in acute pancreatitis. Br J 
Surg. 2006;93:738–44.  

    7.    Frossard JL, Saluja A, Bhagat L, Lee HS, Bhatia M, 
Hofbauer B, et al. The role of intercellular adhesion 
molecule 1 and neutrophils in acute pancreatitis and 
pancreatitis-associated lung injury. Gastroenterology. 
1999;116:694–701.  

    8.    Saeki K, Kanai T, Nakano M, Nakamura Y, Miyata 
N, Sujino T, et al. CCL2-induced migration and 
SOCS3-mediated activation of macrophages are 
involved in cerulein-induced pancreatitis in mice. 
Gastroenterology. 2012;142:1010–20. e9.  

    9.    Demols A, Le Moine O, Desalle F, Quertinmont E, 
Van Laethem JL, Devière J. CD4(+)T cells play an 
important role in acute experimental pancreatitis in 
mice. Gastroenterology. 2000;118:582–90.  

      10.    Zheng L, Xue J, Jaffee EM, Habtezion A. Role of 
immune cells and immune-based therapies in pan-
creatitis and pancreatic ductal adenocarcinoma. 
Gastroenterology. 2013;144:1230–40.  

    11.    Sharif R, Dawra R, Wasiluk K, Phillips P, Dudeja V, 
Kurt-Jones E, et al. Impact of toll-like receptor 4 on 
the severity of acute pancreatitis and pancreatitis- 
associated lung injury in mice. Gut. 2009;58:813–9.  

    12.    Gao HK, Zhou ZG, Li Y, Chen YQ. Toll-like recep-
tor 4 Asp299Gly polymorphism is associated with 
an increased risk of pancreatic necrotic infection in 
acute pancreatitis: a study in the Chinese population. 
Pancreas. 2007;34:295–8.  

     13.    Gloor B, Stahel PF, Muller CA, Schmidt OI, Büchler 
MW, Uhl W. Predictive value of complement activa-
tion fragments C3a and sC5b-9 for development of 
severe disease in patients with acute pancreatitis. 
Scand J Gastroenterol. 2003;38:1078–82.  

     14.    Mansfi eld C. Pathophysiology of acute pancreatitis: 
potential application from experimental models and 
human medicine to dogs. J Vet Intern Med. 2012;26:
875–87.  

    15.    Hartwig W, Jimenez RE, Fernandez-del Castillo C, 
Kelliher A, Jones R, Warshaw AL. Expression of 
the adhesion molecules Mac-1 and L-selectin on 
neutrophils in acute pancreatitis is protease- and 
complement- dependent. Ann Surg. 2001;233:
371–8.  

    16.    Liddle RA, Nathan JD. Neurogenic infl ammation 
and pancreatitis. Pancreatology. 2004;4:551–9; 
 discussion 559–60.  

    17.    Griesbacher T. Kallikrein-kinin system in acute pan-
creatitis: potential of B(2)-bradykinin antagonists 
and kallikrein inhibitors. Pharmacology. 2000;60:
113–20.  

    18.    Steinberg W, Tenner S. Acute pancreatitis. N Engl J 
Med. 1994;330:1198–210.  

    19.    Easler JJ, Mounzer R, Papachristou GI. 
Pharmacological therapy for acute pancreatitis: 
where are we now? Where are we going? Minerva 
Gastroenterol Dietol. 2012;58:365–76.  

     20.    Durr HK, Maroske D, Zelder O, Bode JC. Glucagon 
therapy in acute pancreatitis. Report of a double- 
blind trial. Gut. 1978;19:175–9.  

   21.    Debas HT, Hancock RJ, Soon-Shiong P, Smythe 
HA, Cassim MM. Glucagon therapy in acute pancre-
atitis: prospective randomized double-blind study. 
Can J Surg. 1980;23:578–80.  

     22.    Kronborg O, Bulow S, Joergensen PM, Svendsen LB. 
A randomized double-blind trial of glucagon in 
treatment of fi rst attack of severe acute pancreatitis 
without associated biliary disease. Am J 
Gastroenterol. 1980;73:423–5.  

     23.    Cameron JL, Mehigan D, Zuidema GD. Evaluation 
of atropine in acute pancreatitis. Surg Gynecol 
Obstet. 1979;148:206–8.  

     24.    Goebell H, Ammann R, Herfarth C, Horn J, Hotz J, 
Knoblauch M, et al. A double-blind trial of synthetic 
salmon calcitonin in the treatment of acute pancre-
atitis. Scand J Gastroenterol. 1979;14:881–9.  

    25.    Greenberg R, Haddad R, Kashtan H, Kaplan O. The 
effects of somatostatin and octreotide on experimen-
tal and human acute pancreatitis. J Lab Clin Med. 
2000;135:112–21.  

     26.    Choi TK, Mok F, Zhan WH, Fan ST, Lai EC, Wong 
J. Somatostatin in the treatment of acute pancreatitis: 
a prospective randomised controlled trial. Gut. 
1989;30:223–7.  

   27.    D'Amico D, Favia G, Biasiato R, Casaccia M, 
Falcone F, Fersini M, et al. The use of somatostatin 
in acute pancreatitis—results of a multicenter trial. 
Hepatogastroenterology. 1990;37:92–8.  

   28.    Gjorup I, Roikjaer O, Andersen B, Burcharth F, 
Hovendal C, Pedersen SA, et al. A double-blinded 
multicenter trial of somatostatin in the treatment of 
acute pancreatitis. Surg Gynecol Obstet. 1992;175:
397–400.  

W.G. Park



145

   29.    Luengo L, Vicente V, Gris F, Coronas JM, Escuder J, 
Ramón Gomez J, et al. Infl uence of somatostatin in 
the evolution of acute pancreatitis. A prospective 
randomized study. Int J Pancreatol. 1994;15:
139–44.  

       30.    Planas M, Perez A, Iglesia R, Porta I, Masclans JR, 
Bermejo B. Severe acute pancreatitis: treatment with 
somatostatin. Intensive Care Med. 1998;24:37–9.  

         31.    Andriulli A, Leandro G, Clemente R, Festa V, 
Caruso N, Annese V, et al. Meta-analysis of soma-
tostatin, octreotide and gabexate mesilate in the 
therapy of acute pancreatitis. Aliment Pharmacol 
Ther. 1998;12:237–45.  

      32.    Beechey-Newman N. Controlled trial of high-dose 
octreotide in treatment of acute pancreatitis. 
Evidence of improvement in disease severity. Dig 
Dis Sci. 1993;38:644–7.  

   33.    Binder M, Uhl W, Friess H, Malfertheiner P, Büchler 
MW. Octreotide in the treatment of acute pancreati-
tis: results of a unicenter prospective trial with three 
different octreotide dosages. Digestion. 1994;55 
Suppl 1:20–3.  

      34.    McKay C, Baxter J, Imrie C. A randomized, con-
trolled trial of octreotide in the management of 
patients with acute pancreatitis. Int J Pancreatol. 
1997;21:13–9.  

    35.    Karakoyunlar O, Sivrel E, Tanir N, Deneçli AG. 
High dose octreotide in the management of 
acute pancreatitis. Hepatogastroenterology. 1999;
46:1968–72.  

     36.    Uhl W, Buchler MW, Malfertheiner P, Beger HG, 
Adler G, Gaus W. A randomised, double blind, mul-
ticentre trial of octreotide in moderate to severe 
acute pancreatitis. Gut. 1999;45:97–104.  

     37.    Paran H, Mayo A, Paran D, Neufeld D, Shwartz I, 
Zissin R, et al. Octreotide treatment in patients with 
severe acute pancreatitis. Dig Dis Sci. 2000;45:
2247–51.  

     38.    Yang F, Wu H, Li Y, Li Z, Wang C, Yang J, et al. 
Prevention of severe acute pancreatitis with octreo-
tide in obese patients: a prospective multi-center 
 randomized controlled trial. Pancreas. 2012;41:
1206–12.  

    39.    Arcidiacono R, Gambitta P, Rossi A, Grosso C, Bini 
M, Zanasi G, et al. The use of a long-acting soma-
tostatin analogue (octreotide) for prophylaxis of 
acute pancreatitis after endoscopic sphincterotomy. 
Endoscopy. 1994;26:715–8.  

     40.    Heinrich S, Schafer M, Rousson V, Clavien PA. 
Evidence-based treatment of acute pancreatitis: a 
look at established paradigms. Ann Surg. 2006;243:
154–68.  

     41.    Working Group IAPAPAAPG. IAP/APA evidence- 
based guidelines for the management of acute pan-
creatitis. Pancreatology. 2013;13:e1–15.  

     42.    Baden H, Jordal K, Lund F, Zachariae F. A double- 
blind controlled clinical trial of Trasylol. Preliminary 
results in acute pancreatitis and in prophylaxis 
against postoperative pancreatitis. Acta Chir Scand 
Suppl. 1967;378:97–102.  

   43.    Trapnell JE, Rigby CC, Talbot CH, Duncan EH. 
Proceedings: Aprotinin in the treatment of acute 
pancreatitis. Gut. 1973;14:828.  

     44.    Trapnell JE, Rigby CC, Talbot CH, Duncan EH. A 
controlled trial of Trasylol in the treatment of acute 
pancreatitis. Br J Surg. 1974;61:177–82.  

    45.    Balldin G, Borgstrom A, Genell S, Ohlsson K. The 
effect of peritoneal lavage and aprotinin in the treat-
ment of severe acute pancreatitis. Res Exp Med 
(Berl). 1983;183:203–13.  

     46.    Berling R, Genell S, Ohlsson K. High-dose intra-
peritoneal aprotinin treatment of acute severe pan-
creatitis: a double-blind randomized multi-center 
trial. J Gastroenterol. 1994;29:479–85.  

    47.    Berling R, Ohlsson K. Effects of high-dose intraperi-
toneal aprotinin treatment on complement activation 
and acute phase response in acute severe pancreati-
tis. J Gastroenterol. 1996;31:702–9.  

    48.    Smith M, Kocher HM, Hunt BJ. Aprotinin in severe 
acute pancreatitis. Int J Clin Pract. 2010;64:84–92.  

     49.    Chen CC, Wang SS, Lee FY. Action of antiproteases 
on the infl ammatory response in acute pancreatitis. 
JOP. 2007;8:488–94.  

     50.    Yang CY, Chang-Chien CS, Liaw YF. Controlled 
trial of protease inhibitor gabexelate mesilate (FOY) 
in the treatment of acute pancreatitis. Pancreas. 
1987;2:698–700.  

    51.    Harada H, Miyake H, Ochi K, Tanaka J, Kimura I. 
Clinical trial with a protease inhibitor gabexate 
mesilate in acute pancreatitis. Int J Pancreatol. 
1991;9:75–9.  

     52.    Valderrama R, Perez-Mateo M, Navarro S, Vázquez 
N, Sanjosé L, Adrián MJ, et al. Multicenter double- 
blind trial of gabexate mesylate (FOY) in unselected 
patients with acute pancreatitis. Digestion. 1992;
51:65–70.  

    53.    Buchler M, Malfertheiner P, Uhl W, Schölmerich J, 
Stöckmann F, Adler G, et al. Gabexate mesilate in 
human acute pancreatitis. German Pancreatitis Study 
Group. Gastroenterology. 1993;104:1165–70.  

     54.    Pelagotti F, Cecchi M, Messori A. Use of gabexate 
mesylate in Italian hospitals: a multicentre observa-
tional study. J Clin Pharm Ther. 2003;28:191–6.  

    55.    Ino Y, Arita Y, Akashi T, Kimura T, Igarashi H, Oono 
T, et al. Continuous regional arterial infusion therapy 
with gabexate mesilate for severe acute pancreatitis. 
World J Gastroenterol. 2008;14:6382–7.  

     56.    Takeda K, Matsuno S, Sunamura M, Kakugawa Y. 
Continuous regional arterial infusion of protease 
inhibitor and antibiotics in acute necrotizing pancre-
atitis. Am J Surg. 1996;171:394–8.  

    57.    Takeda K, Yamauchi J, Shibuya K, Sunamura M, 
Mikami Y, Matsuno S. Benefi t of continuous 
regional arterial infusion of protease inhibitor and 
antibiotic in the management of acute necrotizing 
pancreatitis. Pancreatology. 2001;1:668–73.  

    58.    Imaizumi H, Kida M, Nishimaki H, Okuno J, 
Kataoka Y, Kida Y, et al. Effi cacy of continuous 
regional arterial infusion of a protease inhibitor and 
antibiotic for severe acute pancreatitis in patients 

11 Pharmacologic Therapy



146

admitted to an intensive care unit. Pancreas. 
2004;28:369–73.  

     59.    Piascik M, Rydzewska G, Milewski J, Olszewski S, 
Furmanek M, Walecki J, et al. The results of severe 
acute pancreatitis treatment with continuous regional 
arterial infusion of protease inhibitor and antibiotic: 
a randomized controlled study. Pancreas. 2010;39:
863–7.  

    60.    Konturek SJ, Dembinski A, Konturek PJ, Warzecha 
Z, Jaworek J, Gustaw P, et al. Role of platelet activat-
ing factor in pathogenesis of acute pancreatitis in 
rats. Gut. 1992;33:1268–74.  

    61.    Formela LJ, Wood LM, Whittaker M, Kingsnorth 
AN. Amelioration of experimental acute pancreatitis 
with a potent platelet-activating factor antagonist. Br 
J Surg. 1994;81:1783–5.  

     62.    Kingsnorth AN, Galloway SW, Formela LJ. 
Randomized, double-blind phase II trial of 
Lexipafant, a platelet-activating factor antagonist, in 
human acute pancreatitis. Br J Surg. 1995;82:
1414–20.  

    63.    McKay CJ, Curran F, Sharples C, Baxter JN, Imrie 
CW. Prospective placebo-controlled randomized 
trial of lexipafant in predicted severe acute pancre-
atitis. Br J Surg. 1997;84:1239–43.  

     64.    Johnson CD, Kingsnorth AN, Imrie CW, McMahon 
MJ, Neoptolemos JP, McKay C, et al. Double blind, 
randomised, placebo controlled study of a platelet 
activating factor antagonist, lexipafant, in the treat-
ment and prevention of organ failure in predicted 
severe acute pancreatitis. Gut. 2001;48:62–9.  

    65.    Bernard GR, Vincent JL, Laterre PF, LaRosa SP, 
Dhainaut JF, Lopez-Rodriguez A, et al. Effi cacy and 
safety of recombinant human activated protein C for 
severe sepsis. N Engl J Med. 2001;344:699–709.  

    66.    Jamdar S, Siriwardena AK. Drotrecogin alfa (recom-
binant human activated protein C) in severe acute 
pancreatitis. Crit Care. 2005;9:321–2.  

    67.    Machala W, Wachowicz N, Komorowska A, 
Gaszyński W. The use of drotrecogin alfa (activated) 
in severe sepsis during acute pancreatitis—two case 
studies. Med Sci Monit. 2004;10:CS31–6.  

     68.    Pettila V, Kyhala L, Kylanpaa ML, Leppäniemi A, 
Tallgren M, Markkola A, et al. APCAP—activated 
protein C in acute pancreatitis: a double-blind ran-
domized human pilot trial. Crit Care. 2010;14:R139.  

    69.    Hackert T, Werner J. Antioxidant therapy in acute 
pancreatitis: experimental and clinical evidence. 
Antioxid Redox Signal. 2011;15:2767–77.  

     70.    Siriwardena AK, Mason JM, Balachandra S, Bagul 
A, Galloway S, Formela L, et al. Randomised, dou-
ble blind, placebo controlled trial of intravenous 
antioxidant (n-acetylcysteine, selenium, vitamin C) 
therapy in severe acute pancreatitis. Gut. 2007;56:
1439–44.  

    71.    Sateesh J, Bhardwaj P, Singh N, Saraya A. Effect of 
antioxidant therapy on hospital stay and complica-
tions in patients with early acute pancreatitis: a ran-
domised controlled trial. Trop Gastroenterol. 2009;
30:201–6.  

     72.    Bansal D, Bhalla A, Bhasin DK, Pandhi P, Sharma 
N, Rana S, et al. Safety and effi cacy of vitamin- 
based antioxidant therapy in patients with severe 
acute pancreatitis: a randomized controlled trial. 
Saudi J Gastroenterol. 2011;17:174–9.  

    73.    Hardy G, Manzanares W. Pharmaconutrition: how 
has this concept evolved in the last two decades? 
Nutrition. 2011;27:1090–2.  

    74.    Xue P, Deng LH, Xia Q, Zhang ZD, Hu WM, Yang 
XN, et al. Impact of alanyl-glutamine dipeptide on 
severe acute pancreatitis in early stage. World J 
Gastroenterol. 2008;14:474–8.  

     75.    Asrani V, Chang WK, Dong Z, Hardy G, Windsor 
JA, Petrov MS. Glutamine supplementation in acute 
pancreatitis: a meta-analysis of randomized con-
trolled trials. Pancreatology. 2013;13:468–74.  

    76.    Makela A, Kuusi T, Schroder T. Inhibition of serum 
phospholipase-A2 in acute pancreatitis by pharma-
cological agents in vitro. Scand J Clin Lab Invest. 
1997;57:401–7.  

    77.    Lankisch PG, Koop H, Winckler K, Kunze H, Vogt 
W. Indomethacin treatment of acute experimental 
pancreatitis in the rat. Scand J Gastroenterol. 
1978;13:629–33.  

     78.    Ebbehoj N, Friis J, Svendsen LB, Bülow S, Madsen 
P. Indomethacin treatment of acute pancreatitis. A 
controlled double-blind trial. Scand J Gastroenterol. 
1985;20:798–800.  

       79.    Elmunzer BJ, Scheiman JM, Lehman GA, Chak A, 
Mosler P, Higgins PD, et al. A randomized trial of 
rectal indomethacin to prevent post-ERCP pancre-
atitis. N Engl J Med. 2012;366:1414–22.  

     80.    Bordas JM, Toledo-Pimentel V, Llach J, Elena M, 
Mondelo F, Ginès A, et al. Effects of bolus soma-
tostatin in preventing pancreatitis after endoscopic 
pancreatography: results of a randomized study. 
Gastrointest Endosc. 1998;47:230–4.  

     81.    Katsinelos P, Fasoulas K, Paroutoglou G, 
Chatzimavroudis G, Beltsis A, Terzoudis S, et al. 
Combination of diclofenac plus somatostatin in the 
prevention of post-ERCP pancreatitis: a randomized, 
double-blind, placebo-controlled trial. Endoscopy. 
2012;44:53–9.  

     82.    Thomopoulos KC, Pagoni NA, Vagenas KA, 
Margaritis VG, Theocharis GI, Nikolopoulou VN. 
Twenty-four hour prophylaxis with increased dosage 
of octreotide reduces the incidence of post-ERCP 
pancreatitis. Gastrointest Endosc. 2006;64:726–31.  

    83.    Masci E, Cavallini G, Mariani A, Frulloni L, Testoni 
PA, Curioni S, et al. Comparison of two dosing regi-
mens of gabexate in the prophylaxis of post-ERCP 
pancreatitis. Am J Gastroenterol. 2003;98:2182–6.  

     84.    Tsujino T, Komatsu Y, Isayama H, Hirano K, 
Sasahira N, Yamamoto N, et al. Ulinastatin for pan-
creatitis after endoscopic retrograde cholangiopan-
creatography: a randomized, controlled trial. Clin 
Gastroenterol Hepatol. 2005;3:376–83.  

      85.    Park KT, Kang DH, Choi CW, Cho M, Park SB, Kim 
HW, et al. Is high-dose nafamostat mesilate effective 
for the prevention of post-ERCP pancreatitis, 

W.G. Park



147

 especially in high-risk patients? Pancreas. 2011;40:
1215–9.  

     86.    Deviere J, Le Moine O, Van Laethem JL, Eisendrath 
P, Ghilain A, Severs N, et al. Interleukin 10 reduces 
the incidence of pancreatitis after therapeutic endo-
scopic retrograde cholangiopancreatography. 
Gastroenterology. 2001;120:498–505.  

     87.    Sherman S, Cheng CL, Costamagna G, Binmoeller 
KF, Puespoek A, Aithal GP, et al. Effi cacy of recom-
binant human interleukin-10 in prevention of post- 
endoscopic retrograde cholangiopancreatography 
pancreatitis in subjects with increased risk. Pancreas. 
2009;38:267–74.  

    88.    Sotoudehmanesh R, Khatibian M, Kolahdoozan S, 
Ainechi S, Malboosbaf R, Nouraie M. Indomethacin 
may reduce the incidence and severity of acute 
 pancreatitis after ERCP. Am J Gastroenterol. 
2007;102:978–83.  

    89.    Khoshbaten M, Khorram H, Madad L, Ehsani 
Ardakani MJ, Farzin H, Zali MR. Role of diclofenac 
in reducing post-endoscopic retrograde cholangio-
pancreatography pancreatitis. J Gastroenterol 
Hepatol. 2008;23:e11–6.  

       90.    Budzynska A, Marek T, Nowak A, Kaczor R, 
Nowakowska-Dulawa E. A prospective, random-
ized, placebo-controlled trial of prednisone and allo-
purinol in the prevention of ERCP-induced 
pancreatitis. Endoscopy. 2001;33:766–72.  

     91.    Kwanngern K, Tiyapattanaputi P, Wanitpukdeedecha 
M, Navicharern P. Can a single dose corticosteroid 
reduce the incidence of post-ERCP pancreatitis? A 
randomized, prospective control study. J Med Assoc 
Thai. 2005;88 Suppl 4:S42–5.  

     92.    Katsinelos P, Kountouras J, Paroutoglou G, Beltsis 
A, Mimidis K, Zavos C. Intravenous N-acetylcysteine 
does not prevent post-ERCP pancreatitis. 
Gastrointest Endosc. 2005;62:105–11.  

    93.    Beauchant M, Ingrand P, Favriel JM, Dupuychaffray 
JP, Capony P, Moindrot H, et al. Intravenous nitro-
glycerin for prevention of pancreatitis after thera-
peutic endoscopic retrograde cholangiography: a 
randomized, double-blind, placebo-controlled multi-
center trial. Endoscopy. 2008;40:631–6.  

     94.    Nojgaard C, Hornum M, Elkjaer M, Hjalmarsson C, 
Heyries L, Hauge T, et al. Does glyceryl nitrate pre-
vent post-ERCP pancreatitis? A prospective, random-
ized, double-blind, placebo-controlled multicenter 
trial. Gastrointest Endosc. 2009;69:e31–7.  

    95.    Nakamichi I, Habtezion A, Zhong B, Contag CH, 
Butcher EC, Omary MB. Hemin-activated macro-

phages home to the pancreas and protect from acute 
pancreatitis via heme oxygenase-1 induction. J Clin 
Invest. 2005;115:3007–14.  

    96.    Habtezion A, Kwan R, Yang AL, Morgan ME, 
Akhtar E, Wanaski SP, et al. Heme oxygenase-1 is 
induced in peripheral blood mononuclear cells of 
patients with acute pancreatitis: a potential therapeu-
tic target. Am J Physiol Gastrointest Liver Physiol. 
2011;300:G12–20.  

    97.    Habtezion A, Kwan R, Akhtar E, Wanaski SP, 
Collins SD, Wong RJ, et al. Panhematin provides a 
therapeutic benefi t in experimental pancreatitis. Gut. 
2011;60:671–9.  

    98.    Davis 3rd AE, Mejia P, Lu F. Biological activities of 
C1 inhibitor. Mol Immunol. 2008;45:4057–63.  

    99.    Niederau C, Brinsa R, Niederau M, Lüthen R, 
Strohmeyer G, Ferrell LD. Effects of C1-esterase 
inhibitor in three models of acute pancreatitis. Int J 
Pancreatol. 1995;17:189–96.  

    100.    Yamaguchi H, Weidenbach H, Luhrs H, Lerch MM, 
Dickneite G, Adler G. Combined treatment with C1 
esterase inhibitor and antithrombin III improves sur-
vival in severe acute experimental pancreatitis. Gut. 
1997;40:531–5.  

    101.    Testoni PA, Cicardi M, Bergamaschini L, Guzzoni S, 
Cugno M, Buizza M, et al. Infusion of C1-inhibitor 
plasma concentrate prevents hyperamylasemia 
induced by endoscopic sphincterotomy. Gastrointest 
Endosc. 1995;42:301–5.  

    102.    Schneider DT, Nurnberger W, Stannigel H, Bönig H, 
Göbel U. Adjuvant treatment of severe acute pancre-
atitis with C1 esterase inhibitor concentrate after 
haematopoietic stem cell transplantation. Gut. 1999;
45:733–6.  

    103.    Bernstein JA. On-demand therapy for hereditary 
angioedema. Immunol Allergy Clin North Am. 
2013;33:487–94.  

    104.    Keating GM. Eculizumab: a review of its use in 
atypical haemolytic uraemic syndrome. Drugs. 
2013;73(18):2053–66.  

    105.    Fluhr G, Mayerle J, Weber E, Aghdassi A, Simon P, 
Gress T, et al. Pre-study protocol MagPEP: a multi-
centre randomized controlled trial of magnesium 
sulphate in the prevention of post-ERCP pancreati-
tis. BMC Gastroenterol. 2013;13:11.  

    106.    Chen HM, Chen JC, Hwang TL, Jan YY, Chen MF. 
Prospective and randomized study of gabexate mesi-
late for the treatment of severe acute pancreatitis 
with organ dysfunction. Hepatogastroenterology. 
2000;47:1147–50.      

11 Pharmacologic Therapy


	11: Pharmacologic Therapy
	Introduction
	 Pathophysiology Overview: Potential Therapeutic Targets
	 Pharmacological Agents: Previous Clinical Studies
	Anti-secretory Agents
	 Protease Inhibitors
	 Immunomodulators
	 Antioxidant Agents
	 Anti-inflammatory
	 Pharmacologic Therapies for PEP

	 Future Targets: Opportunities for Therapeutic Development
	 Conclusion
	References


