
H
r

R
M
D

a

A
R
R
1
A
A

K
O
A
S
I

1

l
e
p
p
i
o
D
a
t

R

H
f

(

m

0
h

Peptides 40 (2013) 57–64

Contents lists available at SciVerse ScienceDirect

Peptides

journa l homepage: www.e lsev ier .com/ locate /pept ides

igh-dose versus low-dose octreotide in the treatment of acute pancreatitis: A
andomized controlled trial�

ui Wang1, Fan Yang1, Hao Wu, Yufang Wang, Zhiyin Huang, Bing Hu,
ingguang Zhang, Chengwei Tang ∗

epartment of Gastroenterology, West China Hospital, Sichuan University, PR China

r t i c l e i n f o

rticle history:
eceived 5 August 2012
eceived in revised form
8 December 2012
ccepted 18 December 2012
vailable online 26 December 2012

eywords:
ctreotide
cute pancreatitis
omatostatin
nflammation

a b s t r a c t

To evaluate the therapeutic efficacy of high-dose octreotide in patients with predicted severe acute pan-
creatitis (SAP) or SAP, two hundred and thirty-six patients with predicted SAP and 136 patients with SAP
were randomized into control, high-dose octreotide (High-O) and low-dose octreotide (Low-O) groups.
In addition to the conventional managements administrated in control group, High-O group received an
intravenous infusion of octreotide at 50 �g/h × 3d + 25 �g/h × 4d, and Low-O group received octreotide
at 25 �g/h × 7d. The major primary outcomes included the numbers of predicted SAP patients which
developed SAP after intervention and the number of patients with SAP amelioration. Secondary out-
comes included APACHE II, SIRS scores, plasma levels of somatostatin (SST), tumor necrosis factor-�
(TNF-�), and interleukin-6 (IL-6). There were no significant differences between the control and Low-O
groups in terms of prevention and treatment for SAP. The incidence of SAP in patients with predicted
SAP who received High-O was significantly lower than the Low-O group: 37.5% vs. 59.8%, p = 0.005. Com-

pared with Low-O group, the number of SAP patients in the SAP arm in the High-O group was reduced
by 29.8%. Plasma levels of SST in both predicted SAP and the SAP patients were efficiently recovered
(from 132.71 ± 31.40 pg/ml to 180.00 ± 23.50 pg/ml, p < 0.05) after high-dose octreotide supplemen-
tation, which concomitantly reduced TNF-� and IL-6 levels. High-dose octreotide administration within
48 h after AP onset may efficiently reduce the risk of SAP developing and partly attenuate SAP through
raising plasma SST to a normal level and decreasing IL-6 and TNF-�.
. Introduction

Severe acute pancreatitis (SAP) is a life-threatening illness. A
arge body of experimental and clinical evidence suggests that
xcessive inflammatory cascade-like reactions play a key role in the
athogenesis of multiple organ dysfunction (MODS) and extensive
ancreatic necrosis in SAP [8]. Pro-inflammatory cytokines, such as

nterleukin-6 (IL-6) and tumor necrosis factor-� (TNF-�), are rec-
gnized as markers of the severity of acute pancreatitis (AP) [28].

espite the wide use of various supportive modalities for SAP, there
re several ongoing investigations of anti-inflammatory agents for
he prevention of organ failure in SAP [23,48].

� Trial registration chictr.org: ChiCTR-TRC-10000844 at the Chinese Clinical Trial
egistry.
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Octreotide, a long-acting synthetic peptide somatostatin (SST)
analog, has been indicated for the regulation of immune
inflammatory response and for suppression of the release of
pro-inflammatory cytokines beside the inhibitory effects on
exocrine pancreatic secretions [34]. The anti-inflammatory effects
of octreotide suggest that it may be a potential therapeutic option
for AP [27,35,55]. Octreotide may ameliorate the deleterious con-
sequences of AP via its suppressive effects on the release of IL-6 and
TNF-� [2,32,42]. However, the application of octreotide in the treat-
ment of AP remains inconclusive. The variations in the study design
of existing clinical trials may contribute to the conflicting results.
In these studies, the octreotide doses have varied from 300 �g/d
to 1500 �g/d without the consideration of the plasma levels of SST
during AP [26]. The dramatic SST decrease in patients with AP and
other critical illnesses suggests that a replacement therapy of an
exogenous SST supplement or octreotide for AP patients might,
therefore, be a rational intervention [51,54].

Theoretically, the optimal dosage and duration of octreotide

administration should be tailored on the bases of plasma levels of
SST or cytokines because of the variance of the inflammatory reac-
tions in patients. When the plasma SST levels or cytokines cannot
be monitored in real time in order to adjust the SST or octreotide

dx.doi.org/10.1016/j.peptides.2012.12.018
http://www.sciencedirect.com/science/journal/01969781
http://www.elsevier.com/locate/peptides
mailto:wangruifisher@163.com
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Table 1
Criteria for inclusion of the patients.

Aged between 18–70 years
Symptoms consistent with AP, serum amylase and/or lipase increased at

least three times the upper limit of normal range, pancreatitis shown by
abdominal ultrasound or CT scan

Admission within 48 h from the onset of symptoms
APACHE II scores ≥8 within 48 h after AP onset
No other severe diseases such as cirrhosis, chronic obstructive pulmonary

d
t
O
p
c
e

2

2

2
W
C
a
i
f
e

P
t
C
i
m
d
t
o
u

≥
a
s
(
h
e
(

2

S
v
h
O
T
b
a
c
d
m
p

t

disease, chronic renal insufficiency, malignant tumors, et al.
No pregnancy, alcohol dependence, drug abuse, or psychosis
Provision of written, informed consent

osing, an efficient regimen of octreotide for the prevention or
reatment of SAP is of great value and should therefore be explored.
n the basis of plasma SST and cytokine levels established in the
reliminary studies [54], we designed a prospective randomized
ontrolled study in patients with acute pancreatitis to evaluate the
fficacy of octreotide at high-dose in preventing and relieving SAP.

. Materials and methods

.1. Participants

This randomized controlled trial was conducted from October
010 to December 2011 in the Department of Gastroenterology,
est China Hospital, Sichuan University in the People’s Republic of

hina. The study protocol was registered as ChiCTR-TRC-10000844
t the Chinese Clinical Trial Registry and was approved by the med-
cal ethics committee. Written, informed consents were obtained
rom all the patients or from their responsible relatives before
nrolment.

The criteria for inclusions of the patients were listed in Table 1.
rior to randomization, each patient was evaluated according
o multiple scoring systems, including the Acute Physiology and
hronic Health Evaluation scale (APACHE II) [24], the systemic

nflammatory response syndrome scale (SIRS) [17,37] and the
ultiple organ failure scale (MOF) [25]. Patients with alcohol

ependence screened by AUDIT and DSM-IV [19] were excluded in
his study because chronic alcoholics are predisposed to the devel-
pment of a systemic inflammatory response syndrome (SIRS) via
p-regulation of the TLR4–TBK1 pathway [56].

Predicted SAP in this study was defined as an APACHE II score
8 but MOF < 2 within 48 h after AP onset [5,21]. SAP was defined
s persistent multiple organ failure (APACHE II score ≥8 and MOF
core ≥2) and/or CT severity index (CTSI) ≥6, local complications
the size of pancreatic necrosis >50%, pseudocyst, abscess, and
emorrhage) and/or mortality [9,47]. All of the clinical data were
valuated using history-taking, a routine abdominal ultrasound
US) or compute tomography (CT) scan, and biochemical tests.

.2. Randomization, intervention and follow-up

Firstly, all eligible patients were assigned into the predicted
AP and the SAP arms. Then, the patients in each arm were indi-
idually randomized into three parallel groups, the control, the
igh-dose octreotide (High-O) and the low-dose octreotide (Low-
) groups, by using computer-generated randomization numbers.
he randomization in six groups of the open study was confirmed
y a doctor assigned to oversee enrolment of patients and a nurse
ssigned to allocate patients into groups. However, the physi-
ian responsible for overseeing the randomization process was not
irectly involved in patient care. The physicians and nurses who

anaged the patients were blinded so that they did not know the

atient has been allocated to and what treatment they had received.
In addition to the conventional managements for AP applied in

he control group, the patients in the High-O groups were given an
40 (2013) 57–64

intravenous infusion of octreotide (Sandoz, Basel, Switzerland) at
50 �g/h × 3d + 25 �g/h × 4d, and the patients in the Low-O group
received an intravenous infusion of octreotide at 25 �g/h × 7d. The
conventional managements included intensive care, supportive
treatments, adequate fluid resuscitation (urine >0.5 ml/kg/h), anal-
gesia, oxygen administration, nasogastric suction in the event of
gastroparesis or ileus, and the suspension of oral feeding. An intra-
venous infusion of levofloxacin (Cravit® Daiichi, Beijing, China) at
500 mg/d was prescribed for up to 14d when biliary tract or pancre-
atic infections were suspected (1 of the following criteria (1) fever,
pain in the right upper quadrant, jaundice and shock in the early
stage of AP; (2) pancreatic necrosis manifested by septic with leuko-
cytosis, fever, and/or organ failure). Once the infection was deemed
unconfirmed or had been well controlled, the antibiotic therapy
was discontinued [5,44,53]. Emergent therapeutic endoscopic ret-
rograde cholangiopancreatography (ERCP) with or without biliary
drainage was performed for patients with ampullary obstruction
[45]. The obvious alleviation of abdominal pain and the recovery
of bowel sounds were indicators for the resumption of same oral
feeding in every group. Naso-jejunal enteral nutrition was not rec-
ommended to the patients because it was often impractical and
nasogastric feeding seemed to be equivalent in terms of safety and
outcomes while being more practical [1].

On post-treatment day 8, all of the patients were assessed using
the APACHE-II, SIRS and MOF scales as well as contrast-enhanced
abdominal CT scans. During study day 28 and 30, the second assess-
ment was conducted by using abdominal US or CT scans to detect
any localized complications. Patients were discharged when they
were afebrile, free of abdominal pain and tolerable of oral diet.
The clinical courses of the patients were documented until hospital
discharge and at the post-discharge follow-up evaluations.

2.3. Efficacy outcomes

The major primary outcomes included: (1) the percentage of
predicted SAP which developed into SAP; (2) the amelioration of
SAP. Both were in term of MOF score, organ failure, CTSI ≥6 at
day 8 or local complication at 1 month and death rate. Secondary
outcomes included APACHE II, SIRS scores, the length of hospi-
talization, the plasma levels of SST or SST-like immunoreactivity
(SST-LIR), cytokines (IL-6, TNF-�), C-reactive protein (CRP), and
triglycerides in the peripheral circulation. Other variables such as
temperature, pulse, respiratory rate, blood pressure, abdominal
pain, vomiting, diarrhea, glucose, SST-LIR, total bilirubin, aspar-
tate aminotransferase, creatinine, and the number of cases which
needed antibiotics were monitored for safety reasons during the
treatment.

2.4. Radioimmunoassay for plasma SST and inflammatory
cytokines

The plasma levels of SST, IL-6, and TNF-� were measured by
radioimmunoassay. The plasma samples of normal controls were
taken from 64 healthy adult volunteers, aged 18–70 years. All qual-
ified volunteers and patients provided written consents prior to the
collection of peripheral vein blood.

The blood samples were collected just before and at the end
of 1 week of clinical management. 2 ml of venous blood were
mixed with 60 �l of 10% ENDA-Na2 and aprotinin (Roche, Munich,
Germany 25KIU/�l) in pre-cooled tubes and were immediately
centrifuged (4 ◦C, 3000 rpm for 15 min). The 0.5 ml of plasma was
moved into another tube filled with 50 �l of acetic acid. The mix-

ture was centrifuged (4 ◦C, 1500 rpm for 15 min) twice after the
addition of 2 ml of 100% acetone pre-cooled at 4 ◦C. The super-
natant was collected, dried with a freeze dryer, and frozen at
(−70 ◦C) until analysed. The levels of SST or SST-LIR, IL-6, and
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NF-� were measured with radioimmunoassay kits (125I-SST,
25I-IL-6, or 125I-TNF-�, Radioimmunity Research Institute, Bei-
ing, China). After the supernatant was completely aspirated, the
adioactivity of the pellet was counted in a gamma counter. The
lasma levels of SST or SST-LIR, IL-6, or TNF-� were normalized as
g/ml. Because octreotide, a synthetic octapeptide analog of SST,
hares up to 11 amino acids with its natural form, and therefore
he radioimmunoassay could not distinguish SST and octreotide. In
he preliminary SST measurement, octreotide was able to compet-
tively replace the binding of 125I-SST with its antibody. The total
ST antibody bindings in the plasma after the octreotide infusion
ere then defined as SST-LIR. All of the blood samples were eval-
ated in the Division of Peptides Related to Human Diseases at
he Key Laboratory of Biotherapy of Human Diseases, West China
ospital.

CRP, triglyceride, total bilirubin, aspartate aminotransferase,
nd creatinine were measured in the Clinical Laboratory of West
hina Hospital.

.5. Statistical analysis

The sample size was estimated by using two-sided calculations
ith an � of 0.05 and a power of 90% based on (1) an estimated

3% reduction of the number of patients from predicted SAP to SAP
ccording to our recent data which showed that SAP developed
n 22.8% obese patients (high-risk population for SAP) who were
reated with conventional management without SST or SST analog
54] and (2) an estimated 30% reduction of the number of patients
ith MOF score ≥2 at day 8 that needed to evaluate the ameliora-

ion of SAP [38]. A priori power calculation indicated that a sample
ize of 77 in each group within the predicted SAP arm and 45 in
ach group within SAP arm was sufficient to detect the changes
aused by octreotide at high dose. The risk ratio (RR) and relative
isk reduction (RRR) were calculated with a confidence interval (CI)
f 95%.

Data were collected and entered into a database for analy-
is (SPSS 11.5 for Windows). Statistical analysis was performed
ith the Levene’s Test for Equality of Variances. Categorical data
ere analysed using the Pearson Chi-Square test. The APACHE II

nd MOF scores were compared using the Kruskal–Wallis Test
Test among three groups and Mann–Whitney U test between

ach two groups. One-Way ANOVA and Independent Samples T
est were applied in the situation of a normal distribution for
ariables including age, body mass index (BMI), SIRS score, SST,
NF-�, and IL-6 among three and between each two groups,
espectively. The threshold of significance was set at p < 0.05.
o modification of methods was made during the observation
eriod.

. Results

.1. Patient characteristics

A total of 377 patients with AP were assessed for eligibility.
he final cases available for evaluation were shown in Fig. 1. Sixty-
our healthy adult volunteers were enrolled for SST, TNF-� and IL-6

easurement.
Two hundred and thirty-six patients with predicted SAP and 136

atients with SAP were separately randomized into control, High-O

nd Low-O groups. No patients dropped out of the trial during the
bservation period. The baseline data for those cases with predicted
AP or with SAP among three groups were comparable, p > 0.05
Tables 2 and 3).
Fig. 1. Flow diagram of the trial. SAP: severe acute pancreatitis; Low-O: low-dose
octreotide; High-O: high-dose octreotide.

3.2. Outcomes of the patients with predicted SAP

The total percentage and the variables of SAP in the Low-O group
of predicted SAP arm were not significantly different from those in
the control group, 59.8% vs. 70.9%, p = 0.143 (Table 2). They were
greatly decreased in High-O group, p < 0.05 (Table 2). Compared
with other two groups, approximately 33% or 22% reduction of
SAP development was separately achieved with higher dosage. The
sample size allowed a sufficient power (1 − � = 0.881) to detect a
22% decrease in SAP progressed from the predicted SAP. RRR for
the development of SAP in the High-O group was 0.37 (95% CI,
0.21–0.77) compared with the Low-O group. On the 8th day of
octreotide infusion, the mean APACHE II score and CTSI in the High-
O group were significantly lower than those in the Low-O group,
p < 0.05. At one month after AP onset, the percentage of local com-
plications in the High-O group was also significantly lower than that
in the Low-O group, p < 0.05. The number of cases which required
surgical necrosectomy or drainage of pancreatic pseudocysts and
the number of death were less than 4 in each group. No statistical
significance differences were shown, p > 0.05 (Table 2). The days of
hospitalization in the patients of the High-O group were signifi-
cantly fewer than those in the Low-O group, which was close to the
control group (Table 2).

3.3. Outcomes of the patients with SAP

The number of patients with amelioration of SAP in the Low-
O group was not significantly different from that in the control
group (41.3% vs. 33.3%, p = 0.432), with a power of 88.1%. The inci-
dences of organ failure, local complications, APACHE II, SIRS, and
MOF scores were also not significantly different between the two
groups, p > 0.05 (Table 3).

Compared with the Low-O group, the number of SAP patients
at day 8 in the High-O group was reduced by 29.8%, p = 0.004
(Table 3), which was very close to the estimation in the sample
size calculation. RRR for SAP in the High-O group was 0.51 (95% CI,
0.12–0.68) compared with the Low-O group. Among the variables of

amelioration of SAP, APACHE II, SIRS, and MOF scores in the High-
O group were significantly lower than those in the Low-O group
(p = 0.000, 0.000 and 0.019, respectively). There were no significant
differences among other primary outcome variables related to SAP
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Table 2
Baseline characteristics at enrolment and outcomes of the patients with predicted SAP.

Variables Control (n = 79) Low-O (n = 77) High-O (n = 80) p

Baseline characteristics
Gender (m/f) a 41/38 40/37 42/38 0.996
Age (years, mean ± SD) b 44.09 ± 10.24 45.90 ± 11.60 42.33 ± 8.45 0.089
BMI (kg/m2, mean ± SD) b 26.81 ± 1.54 26.98 ± 1.54 26.65 ± 1.53 0.407
APACHE II score, median (range) c 10.0(8–15) 9.0(8–15) 10.0(8–14) 0.122
MOF score, median (range) c 1.0(0–1) 1.0(0–1) 1.0(0–1) 0.895

Case with: n (%) a 0.986
Gallstones 37(46.8%) 36(46.8%) 38(47.5%)
Alcohol drinking 20(25.3%) 22(28.6%) 22(27.5%)
Hypertriglyceridemia (>11.3 mmol/L) 22(27.8%) 19(24.7%) 20(25.0%)

ERCP 18(22.8%) 19(24.7%) 16(20.0%) 0.779
Interval hours, median (range) c 25.0(11–48) 24.0(9–48) 24.0(12–48) 0.257

Primary outcomes
SAP, n (%) a 56(70.9%) 46(59.8%) 30(37.5%) � ,& 0.000

MOF score at day 8, median (range) c 2.0(0–4) 1.0(0–3) 1.0(0–3) � ,& 0.000
Organ failure at day 8, n (%) a 45(57.0%) 35(45.5%) 18(22.5%) � ,& 0.000
CTSI ≥6 at day 8, n (%) a 55(69.6%) 45(58.4%) 29(36.3%) � ,& 0.000
Local complication at 1 m, n (%) a 55(69.6%) 45(58.4%) 29(36.3%) � ,& 0.000

Surgical necrosectomy a 4(5.1%) 3(3.9%) 2(2.5%) 0.700
Drainage of pancreatic pseudocysts a 3(3.8%) 3(3.9%) 3(3.8%) 0.999

Death, n (%) a 2(2.5%) 3(3.9%) 1(1.3%) 0.574
APACHE II score at day 8, median (range) c 6(2–12) 5.0(3–7) 4.0(2–7) � ,& 0.000
Days of hospitalization (d, mean ± SD) b 15.37 ± 3.37 15.52 ± 3.78 13.25 ± 2.46 � ,& 0.000

Interval hours: the interval between the initiation of octreotide treatment and the onset of AP.
a Chi-square test.
b One-way ANOVA.
c Kruskal–wallis test U test.
� High-O vs. Low-O, p < 0.05.
& High-O vs. Control, p < 0.05.

Table 3
Baseline characteristics at enrolment and outcomes of the patients with SAP.

Variables Control (n = 45) Low-O (n = 46) High-O (n = 45) p

Baseline characteristics
Gender (m/f) a 25/20 27/19 23/22 0.766
Age (years, mean ± SD) b 47.69 ± 11.31 50.04 ± 10.32 46.98 ± 10.78 0.369
BMI (kg/m2, mean ± SD) b 27.18 ± 2.18 26.72 ± 1.56 26.99 ± 2.12 0.537
APACHE II score, median (range) c 9(8–18) 9.5(8–18) 10.0(8–18) 0.690
SIRS score, mean ± SD b 6.67 ± 2.21 6.87 ± 2.19 6.24 ± 2.26 0.394
MOF score, median (range) c 3.0(2–5) 3.0(2–4) 3.0(2–5) 0.958

Case with: n (%) a 0.925
Gallstones 23(51.1%) 26(56.5%) 21(46.7%)
Alcohol drinking 9(20.0%) 8(17.4%) 10(22.2%)
Hypertriglyceridemia (>11.3 mmol/L) 13(28.9%) 12(26.1%) 14(31.1%)

ERCP 18(40.0%) 20(43.5%) 17(37.8%) 0.855
Interval hours, median (range) c 30.0(16–48) 31.0(21–48) 30.0(11–48) 0.363

Primary outcomes – amelioration of SAP
Patients with amelioration of SAP n (%) 15(33.3%) 19(41.3%) 32(71.1%) � ,& 0.001

MOF score at day 8, median (range) c 2.0(0–5) 2.0(0–5) 1.0(0–5) � ,& 0.016
Organ failure at day 8, n (%) a 30(66.7%) 27(58.7%) 13(28.9%) � ,& 0.001
CTSI ≥6 at day 8, n (%) a 35(77.8%) 29(63.0%) 27(60.0%) 0.159

Local complication at 1 m, n (%) a 33(73.3%) 26(56.5%) 24(53.3%) 0.112
Surgical necrosectomy a 7(15.6%) 5(10.9%) 6(13.3%) 0.804
Drainage of pancreatic pseudocysts a 8(17.8%) 8(17.4%) 6(13.3%) 0.817

Death, n (%) a 4(8.9%) 4(8.7%) 3(6.7%) 0.912
APACHE II score at day 8, median (range) c 5(2–12) 5.0(4–12) 4.0(2–12) � ,& 0.001
SIRS score at day 8, mean ± SD b 3.38 ± 1.34 3.70 ± 1.26 2.44 ± 1.34 � ,& 0.000
Days of hospitalization (d, mean ± SD) b 16.00 ± 7.23 15.74 ± 6.52 16.22 ± 7.59 0.949

Interval hours: the interval between the initiation of octreotide treatment and the onset of AP.
a Chi-square test.
b One-way ANOVA.
c Kruskal–wallis test U test.
� High-O vs. Low-O, p < 0.05.
& High-O vs. Control, p < 0.05.
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Fig. 2. Plasma levels of SST and SST-LIR in every group. The data of control, High-
O or Low-O group was measured on the 7th day after treatment. All values were
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resented as the mean ± SD from all the patients in every group in which duplicate
easurements were made. * vs. normal, p < 0.05; # vs. pre-treatment in every group,
< 0.05.

ncluding CTSI, local complications, deaths, and the length of the
ospital stay between two groups, p > 0.05 (Table 3).

.4. Plasma levels of SST and SST-LIR in the AP patients

The pre-treatment plasma levels of SST in the patients with
ither predicted SAP or SAP were significantly lower than in healthy
dult volunteers (140.11 ± 33.12 pg/ml or 125.31 ± 29.67 pg/ml vs.
95.12 ± 50.77 pg/ml, p < 0.05). The SST levels of three arms in the
atients with either predicted SAP or SAP were not obviously dif-
erent at enrolment, p > 0.05. The higher dose of octreotide greatly
nhanced the SST-LIR level in the peripheral circulation, approxi-
ating the level in healthy persons (Fig. 2). In contrast, the plasma

evels of SST-LIR in the patients in the arms treated with low doses
f octreotide were still significantly lower than those of healthy
ontrols, p < 0.05.

.5. Plasma levels of cytokines and biochemical markers in the AP
atients

Peripheral blood levels of IL-6 and TNF-� in healthy adult vol-
nteers were 114.33 ± 19.43 pg/ml and 1270 ± 240 pg/ml, respec-
ively. The plasma levels of both cytokines were greatly increased at
he onset of AP (p < 0.05) when compared with healthy volunteers.
hey dramatically declined in all patients treated with octreotide
hen compared with pre-treatment, p < 0.05. The High-O group in

oth the predicted SAP and SAP arms showed lower cytokine levels
han did the Low-O group, p < 0.05 (Fig. 3).

CRP and triglyceride levels were comparable at enrolment
mong three groups, p > 0.05. The great decreases of the serum level
f CRP (243.27 ± 91.80 mg/L to 191.30 ± 72.14 mg/L, p = 0.000) and
riglyceride (9.86 ± 9.47 mmol/L to 5.19 ± 4.98 mmol/L, p = 0.000)
fter one week of treatment were only observed in the High-O
roup in both the predicted SAP and SAP arms. There were no sig-
ificant differences of cases which needed antibiotics among three
roups either in the predicted SAP (Control, Low-O vs. High-O:
5.7%, 49.4% vs. 50.0%, p = 0.681) or SAP (Control, Low-O vs. High-O:
5.6%, 63.0% vs. 57.8%, p = 0.757) arms after one week treatment. No
dverse events related to the octreotide infusion were observed.
. Discussion

AP is characterized by a broad pathologic spectrum, ranging
rom minimal edema to fulminant pancreatic necrosis, which can
40 (2013) 57–64 61

lead to severe cases of SIRS, MODS, and even death [4,11]. Simi-
lar to other reports [14,30,49], predicted SAP developed into SAP
in about 70.9% of the patients in this study. However, octreotide
at high dose (intravenous infusion at 50 �g/h × 3d + 25 �g/h × 4d)
efficiently prevented the occurrence of SAP with RRR = 0.37 (95%
CI, 0.21–0.77). It is of clinical implication that in patients with pre-
dicted SAP that organ failure at day 8 and local complications were
decreased by 34.5% and 33.3% separately after high-dose octreotide
treatment. As a result, the hospital stay was also obviously reduced.
The total surgical procedures (<8%) and the death rates (<3%) in
predicted SAP patients were much lower than the detect power
(22%) designed in this study. Whether the high-dose regime can
reduce the incidence of surgical necrosectomy, drainage or death
rate requires further clinical studies with large-size samples. Unlike
the patients with predicted SAP, High-O regime only significantly
attenuated organ failure in the SAP patients. Even so, this outcome
might also be beneficial for patients in terms of less need for organ
supports and less medical expenses. The failure to reduce local com-
plications might indicate that octreotide may not be effective for
the already necrotic pancreas.

The clinical outcomes of octreotide on the treatment of AP have
been evaluated since 1990s [3]. The octreotide doses varied from
300 �g/d to 1500 �g/d in those studies (Table 4) without consider-
ing the plasma levels of SST during AP. The significant differences
of efficacies on AP between the Low-O and High-O regimens in this
study may partly interpret the controversies of previous conclu-
sions. Even at higher doses, the divergent prognoses of mixture
with mild AP, predicted SAP and SAP may influence the various
responses to a curative strategy (Table 4). The curative outcomes of
octreotide in the patients with predicted SAP were superior to those
in the patients with SAP in the present study, indicating the neces-
sity of separately assessing the variables of AP patients at different
stages of illness.

SAP is a dynamic process that diverges from the course of
mild disease mainly by an overwhelming inflammatory reaction
[16]. Through the anti-inflammatory effect, inhibition of pancreatic
secretion, regulation of sphincter tone of Oddi [6,13] preventing
mucosal damage [18] and preservation of the microvascular bar-
rier [50], suppression of the rapidly deteriorating AP at its mild
stage with octreotide may transform this disease into a self-limiting
condition. This result has been demonstrated in multiple animal
experiments when SST or octreotide treatment was started along
with or before the onset of AP [12,27]. However, the octreotide
dose that was previously found to have positive effects on mor-
tality in more than 80% of animal studies of AP had only shown
similar effects in less than 10% of human trials [39]. There were no
significant improvements among moderate or severe acute pancre-
atitis patients with respect to mortality and level of complications
[29,43]. These negative results may have resulted from the delay in
administration of SST or octreotide in AP patients [20]. The inter-
val between the initiation of octreotide treatment and the onset of
AP has not been addressed in clinical studies (Table 4). Only one
study included patients within 12 h of the onset of symptoms, and
this study had shown favorable effects for octreotide with respect
to Il-6 levels [32]. By contrast, a multicentre randomized controlled
trial which initiated octreotide treatment of AP within 96 h after the
onset of symptoms, reported no benefit for octreotide [43]. The data
from this study suggested that within 48 h after AP onset may be
recommendable for octreotide treatment till the optimum interval
is determined. Moreover, octreotide, a peptide with a much longer
half-life than native SST, is also suitable for subcutaneous adminis-
tration. To achieve the earlier intervention, an intravenous infusion

of octreotide is also necessary because subcutaneous administra-
tion may be slower in terms of the absorption of the agent.

SST released from the sensory nerve endings and neuroen-
docrine cells in the gastrointestinal tract not only exerts the local
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nteractions with inflammatory mediators, but also reaches dis-
ant parts of the body via the systemic circulation, acting as a
ystemic anti-inflammatory agent [40]. Experiments in rats and
acaques performed by our group have revealed that SST tar-

ets multiple cytokines via the intestinal mucosal mast cells and
he Toll-like receptor 4 (TLR4)–nuclear factor-�B (NF-�B) cytokine
athway simultaneously [41,52]. The present data showed a 32%
ecrease of plasma SST in patients with predicted SAP and SAP at
he early stage of the disease compared with healthy controls. At
he same time, the plasma levels of IL-6 and TNF-� increased by

4% and 56% in those patients. The reduction of endogenous SST
ight be attributed to intestinal ischemia-reperfusion, which led

o the injury of the intestinal mucosa as SAP progressed [51,52].
n immediate intravenous infusion of high-dose octreotide greatly

able 4
linical outcomes of acute pancreatitis treated with octreotide in literatures and the pres

Reference Study design Type No. Interval Dosage & du

Beechey [7]
1993

Prospective
case-control study

MAP 19 N 250 �g i.h, th
0.5 �g/kg/h,
vs. placebo

Nikou [32]
2004

Prospective RCT MAP 36 <12 h 200 vs. 500 �
times/d × 5d

Yang [54] 2012 Multi-center RCT MAP 161 <48 h 50 �g/h, i.v,
placebo

Fiedler [15]
1996

Prospective
case-control study

SAP 39 N 100 �g 3 tim
i.v, × 10d vs.

Paran [33]
2000

Case-controlled study SAP 50 N 100 �g 3 tim
i.h, × 14d vs.

Mckay [29]
1997

Multi-center RCT Mix 58 N 40 �g/h, i.v,
placebo

Uhl [43] 1999 Multi-center RCT Mix 302 <96 h 100 vs. 200 �
times/d, i.h,
placebo

Nikou [31]
2001

Prospective RCT Mix 120 N 100 vs. 200 v
3 times/d, i.h

Present study Prospective RCT P-SAPSAP 15791 <48 h 50 �g/h,
i.v, × 3d + 25
i.v, × 4d vs. 2
i.v, × 7d

AP: mild acute pancreas; SAP: severe acute pancreas; Mix: mixture of MAP and SAP; P
nset of AP and initiation of octreotide treatment; N: Not mentioned; i.h.: subcutaneous
omplications and mortality.
-O group was measured on the 7th day after treatment. All values were presented
s were made. * vs. normal, p < 0.05; # vs. pre-treatment in every group, p < 0.05; �

enhanced the SST levels in the peripheral circulation, nearing the
levels measured in healthy adult. The SST replacement was associ-
ated with the dramatic decline of IL-6, TNF-�, CRP, and triglyceride
in the circulation. In comparison with low-dose octreotide treat-
ment, the potent anti-inflammatory effects of high-dose octreotide
were impressive and were not associated with other side effects
like corticosteroid therapy [10] during treatment.

In previously published trials of SAP, the duration of the
octreotide treatment has ranged from 5 to 14 days to the full
length of the hospitalization (Table 4). It is not yet clear whether

exogenous supplementation of octreotide inhibits the endoge-
nous secretion of SST. Various desensitizing effects after long-term
administration of high-dose octreotide have been observed,
thought to be related to fatigue and the internalization of SST

ent study.

ration Major variables Outcomes Design weaknesses

en
i.v, × 10d

Organ dysfunction
Mortality

Negative Not RCT Small sample
size
Unclear interval

g, i.h, 3 IL-6, CRP Positive in high
dosage

Small sample size
Indirect clinical
meaning

× 3d vs. P-SAP
SAP-v

Positive Small sample size for
mortality

es/d,
placebo

SAP-v Positive Small sample size
Unclear interval

es/d,
placebo

Organ dysfunction
Local complications
Hospital stay

Positive Not RCT
Small sample size
Unclear interval

× 5d vs. Complications
Mortality

Negative Unclear type & interval

g 3
× 7d vs.

The duration of pain
APACHE II scores SAP-v

Negative Unclear type

s. 300 �g,
, × 7d

The duration of pain
Organ dysfunction
Local complications

Little benefit
only at two
high dosage

Unclear type & interval

�g/h,
5 �g/h,

SAP-v Positive in high
dosage

Not multi-center
Small sample size for
mortality

-SAP: predicted SAP; No.: Number of patients; Interval: the time interval between
ly; i.v: intravenous infusion; SAP-v: including variables as organ dysfunction, local
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eceptors [22,36,46]. Therefore, the intravenous infusion of
ctreotide at 50 �g/h in this study was only administered for 3d and
hen decreased to 25 �g/h for 4d. The positive curative results of the
ctreotide treatment and the normal plasma SST levels obtained
ost-treatment in patients receiving twice the conventional dose
f octreotide in this study implied that the 7-d treatment duration
as an efficient and safe regimen.

. Conclusions

In summary, intravenous infusion of octreotide at high dose
ithin 48 h after AP onset may efficiently prevent and partly atten-
ate SAP by raising plasma SST to a normal level and inhibiting the

nflammatory cytokine pathway.
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