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INTRODUCTION: Experimental data suggest that nonsteroidal antiinflammatory drugs may prevent disease severity and

mortality in acute pancreatitis (AP). The aim of this study was to compare the efficacy of rectal

indomethacin vs placebo in reducing the systemic inflammatory response syndrome (SIRS) score in a

high-risk AP population for clinical progression.

METHODS: We conducted a single-center, quadruple-blinded, randomized, placebo-controlled trial. Eligible

criteria were subjects with AP andSIRSwithin 72 hours of presentation and thosewithout organ failure.

Subjects were allocated in a 1:1 ratio to indomethacin or placebo using simple randomization. Both

interventions were administered rectally every 8 hours for 6 doses and compared using both intention-

to-treat and per-protocol analyses.

RESULTS: A total of 42 subjects (mean age 52 years, 55% men) were randomized to indomethacin (n 5 18) or

placebo (n524). There was no significant difference between the indomethacin and placebo groups in

the change of SIRS score, proportion of subjects with SIRS, and distribution of SIRS scores at 24, 48,

and 72 hours from randomization. There were no significant differences in the change of C-reactive

protein levels at 48 hours or clinical outcomes between both treatment groups. Indomethacin was as

safe as placebo, with 2 adverse events occurring in the placebo and none in the indomethacin arm.

DISCUSSION: Rectal indomethacin can be safely administered over 48 hours; however, it is not superior to placebo in

reducingtheSIRSorclinicalprogression inahigh-riskpopulationwithAP(ClinicalTrials.gov:NCT02692391).

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/CTG/A716

Clinical and Translational Gastroenterology 2021;12:e00415. https://doi.org/10.14309/ctg.0000000000000415

INTRODUCTION
Acute pancreatitis (AP) is one of the leading causes of
gastrointestinal-related emergency department visits and hospi-
tal admissions, with an estimated global incidence of 34 per
100,000 population (1). Although most of the subjects with AP
have amild clinical course, 10%–15%progress to severeAP (SAP)
with persistent organ failure (OF), and approximately 2% die (2).
Progression to SAP increases the risk of mortality (;20%–50%),
healthcare utilization, and post-AP long-term complications
(e.g., diabetes mellitus and, exocrine insufficiency) (2–5). Despite
increasing knowledge ofAPpathogenesis, there is still no effective

pharmacologic agent to prevent clinical progression, manifesting
by worsened disease severity and/or death (6,7). Therefore, ran-
domized controlled trials (RCTs) that test pharmaceutical agents
to prevent clinical progression in AP are needed.

The onset of AP is followed by an exaggerated immune re-
sponse that plays a critical role in the pathogenesis of SAP and
may represent a potential therapeutic target for AP. The initial
parenchymal injury activates inflammatory cells and transcrip-
tion factors, which lead to the production of various proin-
flammatory cytokines, such as tumor necrosis factor (TNF)-a,
interleukin (IL)-1, IL-6, and IL-8 (8,9). The proinflammatory
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stimuli induce the production of cyclooxygenase (COX)-2, a rate-
limiting enzyme that converts arachidonic acid to prostaglandins,
leukotrienes, and thromboxanes (10). These inflammatory me-
diators are released into the systemic circulation, contributing to
the development of systemic inflammatory response syndrome
(SIRS), multiorgan failure, and even death (11,12).

Nonsteroidal antiinflammatory drugs (NSAIDs) are potent
inhibitors of COX enzymes, which prevent prostaglandin bio-
synthesis and could reduce the inflammatory response ofAP (13).
Nonselective NSAIDs are routinely used to prevent postendo-
scopic retrograde cholangiopancreatography pancreatitis, given
their efficacy, safety, availability, and affordability (14,15). Ex-
perimental studies and a recent RCT have suggested that selective
COX-2 inhibitors are effective in reducing the risk of persistent
OF in subjects with predicted SAP (16,17). However, there are
limited data on the role of nonselective NSAIDs for preventing
clinical progression in subjects with established AP. Early studies
in animal models showed that the administration of in-
domethacin or diclofenac after AP induction decreased disease
severity and mortality (18–22). In humans, 2 RCTs have evalu-
ated the analgesic effect and safety profile of nonselectiveNSAIDs
on subjects with AP (23,24). However, to our knowledge, no
RCTs have evaluated the efficacy of nonselective NSAIDs in
preventing the clinical progression of AP.

SIRS precedes OF in AP and compares favorably with other
clinical scores in predicting persistent OF, primarily because of its
strong negative predictive value (25,26). In this trial, we studied
subjects with AP who had SIRS at the time of enrollment because
they represent a high-risk patient population for clinical pro-
gression (2). Furthermore, we used the SIRS score as a surrogate
end point for disease progression, as has been applied in other
recent RCTs of AP (27,28). We hypothesized that rectal in-
domethacin was more effective than placebo in reducing SIRS at
48 hours in subjects with AP and high risk of clinical progression.

METHODS
Study design

This single-center, parallel-group, quadruple-blinded, random-
ized, placebo-controlled trial was conducted at the University of
Pittsburgh Medical Center, Pittsburgh, PA, USA. Before initia-
tion, the study was approved by the institutional review board of
the University of Pittsburgh and was registered in ClinicalTrials.
gov (NCT02692391). Informed consent was obtained from all
subjects. An internal data and safety monitoring board provided
regulatory oversight. The study was performed according to the
original protocol without deviations. All the authors had access to
the study data and approved the final manuscript.

Study population

Adult subjects (18 years or older) admitted with APwere assessed
for eligibility. AP was defined based on at least 2 of the following
criteria: characteristic abdominal pain; serum amylase and/or
lipase .33 upper limit of normal; or findings of AP on cross-
sectional images (29). Subjects with SIRSwithin 72 hours of initial
presentation to the emergency department were eligible for
randomization. SIRS was defined by the presence of 2 or more
abnormal parameters tabulated in Supplementary Table 1 (http://
links.lww.com/CTG/A716) (30). Exclusion criteria included SIRS
onset after 72 hours of initial hospital presentation, established
cardiovascular failure (systolic blood pressure #90 mm Hg),
respiratory failure (partial pressure of oxygen,60mmHg), renal

failure (creatinine .1.5 mg/dL), active peptic ulcer disease,
pregnancy, active use of NSAIDs within 1 week of presentation,
and allergy toNSAIDs. Subjectswere identified by daily electronic
notifications of lipase levels sent to the study team. In addition,
care teams in the emergency department, inpatient units, and
pancreatobiliary consult service were educated to directly contact
the study team for potential subjects.

Randomization and masking

Subjects were randomly assigned in a 1:1 allocation ratio to either
rectal indomethacin or placebo control group. Simple nonblock
randomization was used. The randomization sequence was gen-
erated using computer-based random numbers and was only
available to the central University of Pittsburgh Medical Center
pharmacy for allocation concealment. A 24-hour pharmacist was
assigned to implement the randomization sequence immediately
after the study coordinator communicated a patient’s enrollment.
Study subjects, investigators, outcome evaluators, and care pro-
viders were blinded to treatment assignment.

Study interventions

Subjects randomized to the intervention arm received a loading
dose of two 50-mg indomethacin suppositories, which was rec-
tally administered by the registered nurse assigned to the subjects
care team. This was followed by five 50-mg maintenance doses
rectally administered at intervals of 8 hours for a total of 6 doses.
The rectal route was selected based on previous data demon-
strating more rapid and complete availability of indomethacin
when compared with oral administration (31). Subjects in the
placebo arm received glycerin suppositories at similar intervals,
identical in number, shape, size, color, and packaging to the in-
tervention arm. Subjects in both groups received intravenous
pantoprazole for gastrointestinal prophylaxis, as-needed opioids
for analgesia, and standard-of-care treatment of AP at the di-
rection of the treating physician (7,32).

Data collection

SIRS score (0–4) was calculated on randomization and at 24, 48,
and 72 hours from the time of initial intervention. The levels of
C-reactive protein (CRP) were measured at the time of ran-
domization and at 48 hours from the initial intervention. Other
clinical outcomes and treatment strategies were evaluated daily
during hospitalization. OF was defined as a score of $2 for car-
diovascular, respiratory, or renal systems using the Modified
Marshall Scoring System (33). Persistent OF was defined as OF
that lasted for$48 hours. Severity of AP was categorized as mild,
moderately severe, and severe according to the Revised Atlanta
Classification (34). Daily recorded data were used for post hoc
calculation of the pancreatitis activity scoring system (PASS) (35).
Abdominal computed tomographywas obtained at the discretion
of care providers and was interpreted by blinded abdominal ra-
diologists. Adverse events (AEs) were monitored daily during the
admission. Major AEs were reported to the institutional review
board and data and safety monitoring board, including gastro-
intestinal bleeding, perforated viscus, acute kidney injury (in-
crease in serum creatinine $0.3 mg/dL within 48 hour), allergic
reaction, myocardial infarction, and death.

Study outcomes

The predefined primary end point was the change in the SIRS
score from randomization to 48 hours after the initial
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intervention. Secondary end points were classified as surrogate,
clinical, and safety outcomes. Surrogate outcomes included
change in SIRS score at 24 and 72 hours and change in CRP
levels at 48 hours. Reported clinical outcomes were as follows:
(i) AP severity, (ii) progression to OF, (iii) pancreatic necrosis,
(iv) length of hospital and ICU stay, (v) PASS score at 24/48/72
hours, and (vi) mortality.

Statistical analysis

The sample size calculation was based on our prospective ob-
servational data on the incidence of SIRS among hospitalized
subjects with AP and on the assumption that a mean SIRS score
reduction of 0.5 with a SD of 0.64 was clinically meaningful
(25,32).We estimated that a sample size of 42 subjects was needed
to detect a difference of 0.5 in the SIRS change (baseline to 48
hour) between the indomethacin and placebo arms, with a power
of 80% and a one-sided alpha of 0.05.

Descriptive statistics are reported as absolute values (per-
centage), mean6 SD, and median (interquartile range [IQR]), as
appropriate. For the analysis of the primary end point, we used a
two-sidedWilcoxon rank-sum test to analyze the difference in the
change of SIRS scores at 48 hour between the treatment groups.
Missing data of the primary outcome were handled using the last
observation carried forward imputationmethod. Comparisons of
baseline characteristics and secondary end points were evaluated
using the x2 or Fisher’s exact tests for categorical data and t test or
Wilcoxon rank-sum test for continuous data, as appropriate.
Kaplan-Meier methodology was used to estimate the overall OF
risk in each treatment group, and the log-rank test was used to test
the difference between treatments. Subjects were followed up
until the date of OF or censoring. All analyses were performed
according to the intention-to-treat principle. Per-protocol anal-
ysis was also performed. Statistical significancewas defined asP,
0.05. All statistical analyses were performed using SAS 9.4 (SAS
Institute, Cary, NC).

RESULTS

Study participants

Between August 2013 and July 2019, a total of 418 subjects were
screened, of which 42were randomized to indomethacin (n5 18)
and placebo (n 5 24) groups (Figure 1). Baseline characteristics
were equally distributed between treatment groups (Table 1). At
the time of randomization, the mean age was 51.5 6 19.5 years,
54.8% subjects were men, 83.3%wereWhite, 40.5% had gallstone
etiology, and 30.9% had previous AP. The median duration of
symptoms before hospital presentation was 12 hour (IQR: 3.8,
20.0). We observed no significant difference in the amount of
fluids administered in the first 6 hour (1,750 mL vs1,600 mL, P5
0.66) or first 24 hour (4,400 mL vs4,000 mL, P 5 0.99).

Subjects were randomized at a median of 31 hour (IQR: 22,
47.2) from hospital presentation and received the assigned therapy
2.5 hour (IQR: 1.3, 4.5) from randomization. Compliance with the
full treatment regimen was similar for subjects assigned to in-
domethacin (67%)or placebo (75%) treatment (P50.55; Figure 1).

Primary end point

The change of SIRS scores at 48 hour from randomization was
similar for subjects receiving indomethacin (21.0 6 1.24) vs
placebo (20.966 0.81) (P5 0.87) (Table 2 and Figure 2).

Secondary end points

Surrogate outcomes. There was no significant difference in the
change of SIRS score from randomization to 24 hour (P5 0.16)
and to 72 hour (P5 0.72) between the treatment arms. SIRS was
present in a similar proportion of subjects at 24 hour (in-
domethacin 88.9% vs placebo 70.8%,P5 0.26), 48 hour (61.1% vs
62.5%, P 5 1.00), and 72 hour (44.4% vs 50%, P 5 0.72). The
distribution of SIRS scores (0–4) was not significantly different
across treatment groups at 24 hour (P5 0.34), 48 hour (P5 0.24),
and 72 hour (P 5 0.90). We observed no significant differences
between treatment groups in the mean CRP levels at 48 hour

Figure 1. Study flow chart.
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(P 5 0.70) and in the change of CRP levels at 48 hour from
baseline (P 5 0.48) (Table 2).

Clinical outcomes. The development of moderately severe (in-
domethacin 50% vs placebo 54.2%) and severe (16.7% vs 12.5%)
APwas similar between the treatments arms (P5 1.00) (Table 3).
There was no significant difference in the risk of developing OF
after treatment administration (16.7% vs 25%, P5 0.71). Figure 3
shows Kaplan-Meier estimates of OF-free survival in subjects
assigned to indomethacin and placebo. A log-rank test demon-
strated that both interventions had a similar effect on the OF risk

(P 5 0.73). There was no significant difference in the risk of
pancreatic necrosis (55.6% vs 50%, P5 0.72), infected pancreatic
necrosis (0% vs 4.2%, P 5 1.00), length of hospital stay (9 vs 8
days, P 5 0.84), ICU admission (61.1% vs 33.3%, P 5 0.07),
length of ICU stay (5 days for both groups, P 5 0.37), and
mortality (0% vs 4.2%, P 5 1.00). The median PASS score at 24
hour (170 vs185, P5 1.00), 48 hour (128 vs116, P5 0.73), and 72
hour (125 vs145, P 5 0.42) from the time of randomization was
not significantly different between the treatment groups. The
change of PASS score frombaseline to 24 hour (P5 0.59), 48 hour
(P5 0.85), and 72 hour (P5 0.32) was also similar for both arms.

Table 1. Baseline characteristics according to randomization

Characteristics Total (n 5 42) Indomethacin (n5 18) Placebo (n5 24) P value

Age, mean 6 SD 51.5 6 19.5 51.8 6 16.7 51.22 6 21.7 0.93a

Male sex, n (%) 23 (54.8) 7 (38.9) 16 (66.7) 0.07b

BMI (kg/m2), mean 6 SD 30.9 6 8.4 32.7 6 7.5 29.5 6 8.9 0.22a

White race, n (%) 35 (83.3) 15 (83.3) 20 (83.3) 1.00c

Transferred, n (%) 23 (54.8) 11 (61.1) 12 (50.0) 0.47b

Preexisting diabetes, n (%) 10 (23.8) 4 (22.2) 6 (25.0) 1.00c

Etiology of AP 0.63c

Gallstones 17 (40.5) 7 (38.9) 10 (41.7)

Alcoholic 7 (16.7) 5 (27.8) 2 (8.3)

Idiopathic 5 (11.9) 2 (11.1) 3 (12.5)

Hypertriglyceridemia induced 7 (16.7) 2 (11.1) 5 (20.8)

Post-ERCP 1 (2.4) 0 (0) 1 (4.2)

Other 5 (11.9) 2 (11.1) 3 (12.5)

History of AP episode, n (%) 13 (31.0) 6 (33.3) 7 (29.2) 0.77b

Fluid volume administered in the first 6 hr,

median mL (IQR)

1,600 (1,000, 2000) 1,750 (1,000, 2000) 1,600 (1,000, 2,100) 0.66d

Fluid volume administered in the first 24h,

median mL (IQR)

4,000 (3,000, 5,200) 4,400 (2,300, 5,200) 4,000 (3,000, 5,800) 0.99d

SIRS score at randomization, n (%) 1.00c

2 19 (45.2) 8 (44.4) 11 (45.8)

3 20 (47.6) 9 (50.0) 11 (45.8)

4 3 (7.1) 1 (5.6) 2 (8.3)

Serum CRP level at randomization,

mean 6 SD

24.1 6 10.1 24.5 6 11.0 23.8 6 9.6 0.70d

PASS at randomization, median (IQR) 196 (165, 240) 203 (163, 240) 196 (165, 242) 0.99d

Hours from pain onset to admission, median

(IQR)

12.0 (3.8, 20.0) 11.8 (3.5, 19.8) 12.5 (3.9, 24.0) 0.69d

Hours from admission to randomization,

median (IQR)

31.0 (22.0, 47.2) 29.7 (22.1, 60.1) 34.1 (21.1, 45.6) 0.61d

Hours from randomization to treatment,

median (IQR)

2.5 (1.3, 4.5) 2.7 (2.1, 5.0) 1.9 (1.0, 3.6) 0.16d

AP, acute pancreatitis; BMI, body mass index; CRP, C-reactive protein; ERCP, endoscopic retrograde cholangiopancreatography; IQR, interquartile range; PASS,
pancreatitis activity scoring system; SIRS, systemic inflammatory response syndrome.
at test.
bx2 test.
cFisher exact test.
dWilcoxon rank-sum test.
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Safety outcomes. There was no difference in major AEs between
the 2 treatment groups (Table 4). There were 2 major AEs that
were potentially attributed to the assigned treatment and trig-
gered discontinuation of the study drug. BothAEs occurred in the
placebo arm: 1 acute kidney injury and 1 gastrointestinal bleed-
ing. There were no perforations, allergic reactions, or myocardial
infarctions in either group.

Per-protocol analysis

Additional per-protocol analyses did not affect the results of the
primary or secondary end points (see Supplementary Table 2,
http://links.lww.com/CTG/A716).

DISCUSSION
Novel interventions are needed to reduce the progression of AP to
local/systemic complications and death. Multiple drugs have been
studied and found to be ineffective in altering the natural history of
AP. Until new pharmacologic agents are developed and evaluated in
humans, knowndrugswith suitablemechanisms of action should be
tested on AP. Inflammatory cytokines play a critical role in AP, and
the inhibition of COX-2 and TNF-a pathways has shown potential
benefits in preventing SAP (17,36). The administration of non-
selective NSAIDs has suggested a reduction of AP severity and
mortality in some animalmodels (37). If effective, NSAIDswould be
a relatively safe, widely available, and inexpensive therapeutic option
that could ameliorate clinical progression in AP.

We report the results of an RCT comparing the efficacy of
rectal indomethacin vs placebo in a population of subjects with
AP at high risk for clinical progression. To our knowledge, this is
the first RCT evaluating the efficacy of nonselective NSAIDs in
preventing the clinical progression in AP. We found that rectal
indomethacin was not superior to placebo in reducing the SIRS
score or the serum CRP levels, which are surrogate markers for

AP progression to local/systemic complications and death. The
inefficacy of rectal indomethacin in our study was further sup-
ported by the lack of observed differences between the treatment
groups in clinical outcomes such as new-onset OF, pancreatic
necrosis, SAP, andmortality.Our results are consistentwith some
animal studies suggesting that the administration of in-
domethacin after induction of AP is not beneficial in reducing
TNF-alpha levels, histologic changes, hemodynamic abnormali-
ties, or mortality (38,39). The lack of benefits with NSAIDs could
be explained because SAP is determined by amultiplicity of other
factors unaffected by the inhibition of prostaglandins.

Previous RCTs evaluating the role of nonselective NSAIDs in
AP have focused on analgesic properties (23,24). A pilot RCT
comparing rectal indomethacin with placebo on 30 subjects with
AP showed a beneficial effect of indomethacin on pain experience
and opiate requirements; however, the study did not report on
outcomes of clinical progression (23). A more recent RCT in 50

Figure 2. Trajectory of SIRS scores at baseline and at 24, 48, and 72 hours
after randomization. SIRS, systemic inflammatory response syndrome.
Data points are the mean SIRS score for each time. The vertical bars
represent the 95% confidence interval at each time point. Missing SIRS
data imputed using last observation carried forward.

Table 2. Overall SIRS and CRP end points

Characteristics

Indomethacin

(n5 18)

Placebo

(n5 24) P value

Change in SIRS score

(48 hr2 baseline), mean6 SD

21.06 1.24 20.9660.81 0.87a

Change in SIRS score from baseline,

mean6 SD

At 24 hr 20.396 1.04 20.7560.99 0.16a

At 72 hr 21.286 1.27 21.1361.03 0.72a

SIRS, n (%)

At 24 hr 16 (88.9) 17 (70.8) 0.26b

At 48 hr 11 (61.1) 15(62.5) 1.00b

At 72 hr 8 (44.4) 12 (50.0) 0.72b

SIRS score at 24 hr, n (%) 0.37b

0–1 2 (11.1) 7 (29.2)

2 8 (44.4) 10 (41.6)

3 8 (44.4) 7 (29.2)

4 0 (0) 0 (0)

SIRS score at 48 hr, n (%) 0.72b

0–1 7 (38.9) 9 (37.5)

2 8 (44.4) 13 (54.2)

3 2 (11.1) 2 (8.3)

4 1 (5.6) 0 (0)

SIRS score at 72 hr, n (%) 0.92b

0–1 10 (55.6) 12 (50)

2 4 (22.2) 7 (29.2)

3 4 (22.2) 5 (20.8)

4 0 (0) 0 (0)

Change in serum CRP level

(48 hr2 baseline), mean6 SD (mg/dL)

22.086 12.55 21.4368.73 0.48a

Serum CRP level at 48 hr,

mean6 SD (mg/L)

23.16 6 8.22 22.30 6 9.61 0.70a

CRP, C-reactive protein; SIRS, systemic inflammatory response syndrome.
aWilcoxon rank-sum test.
bFisher exact test.
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subjects with AP demonstrated that pentazocine (a kappa-opioid
agonist) was superior to intravenous diclofenac on pain relief
(24). In line with our study, Mahapatra et al. did not find ad-
vantages of nonselective NSAIDs on SIRS reduction, fluid col-
lections, length of stay, and mortality, although the primary aim
of the study was not to assess the prevention of disease pro-
gression (24). Moreover, our research question went beyond the
analgesic effect of NSAIDs in AP and evaluated the trajectory of
the PASS score, a validated AP activity index that incorporates
pain experience (40,41).

The use of selective COX-2 inhibitors for prevention of AP
clinical progression was found to be effective in experimental
animal studies (16,42,43). A recent single-center RCT fromChina
showed that a 10-day regimen of COX-2 inhibitors (intravenous
parecoxib for 3 days, followed by oral celecoxib for 7 days) was
superior to placebo in reducing progression to persistentOF (39%
vs69%) among 190 subjects with predicted SAP (APACHE II
score $8) (17). There are several biological and methodological
reasons that can explain the differences between this recent RCT
and our study. It is possible that the beneficial effect of COX-2
inhibition of nonselective NSAIDs is counteracted by altered
pancreatic and renal arterial flow not present with selective COX-

2 inhibitors (44,45). In addition, the inefficacy of indomethacin in
our study may be explained by differences in prediction of SAP,
route/duration of intervention, primary outcome definition, and
sample size. Another difference that may explain the inconsis-
tencies in results is that drug adherence was reported to be 99% in
the study fromChina, whereas 71% of subjects adhered to the full
regimen in our study. However, most COX-2 inhibitors are not
commercially available in the United States given their risk for
cardiovascular events, and a 10-day drug inpatient regimen
would be impractical (46). Future studies that assess the effect of
COX-2 inhibition in other diverse populations are needed.

Our study showed that a 2-day course of indomethacin was as
safe as placebo in subjects with AP. Limited preclinical data
suggested that NSAIDs could increase histologic changes of se-
verity and mortality (44,45). However, 2 RCTs and a systematic
review indicate comparable AEs betweenAP subjects treatedwith
NSAIDs and control subjects, which is in alignment with our
findings (23,24,37). Moreover, the safety of a single dose or short
course of NSAIDs has also been reported in systematic reviews of
RCTs with subjects receiving NSAIDs for prevention of post-
endoscopic retrograde cholangiopancreatography pancreatitis
and for various other indications (47,48).

Table 3. Clinical outcomes

Characteristics

Indomethacin

(n 5 18)

Placebo

(n 5 24) P value

Severity, n (%) 1.00a

Mild 6 (33.3) 8 (33.3)

Moderately severe 9 (50) 13 (54.2)

Severe 3 (16.7) 3 (12.5)

New-onset organ failure, n

(%)

3 (16.7) 6 (25.0) 0.71a

Overall pancreatic

necrosis, n (%)

10 (55.6) 12 (50.0) 0.72b

Infected necrosis, n (%) 0 (0) 1 (4.2) 1.00a

PASS score, (median, IQR)

At 24 hr 170 (135, 222) 185 (123, 235) 1.00c

At 48 hr 128 (93, 150) 116 (85, 153) 0.73c

At 72 hr 125 (70, 180) 145 (115, 180) 0.42c

Change inPASS score from

baseline (median, IQR)

At 24 hr 223 (273, 0) 217 (258, 8) 0.59c

At 48 hr 291 (2117, 227) 282 (2101, 255) 0.85c

At 72 hr 266 (2123, 227) 253 (283, 220) 0.32c

Length of hospital stay, d

(median, IQR)

9 (5,17) 8 (6,14) 0.84c

ICU Admission, n (%) 11 (61.1) 8 (33.3) 0.07b

Length of ICU stay,

d (median, IQR)

5 (3,10) 5 (2,6) 0.37c

Mortality 0 (0) 1 (4.2) 1.00a

ICU, intensive care unit; IQR, interquartile range; PASS, pancreatitis activity
scoring system.
aFisher exact test.
bx2 test.
cWilcoxon rank-sum test.

Figure 3. Kaplan-Meier curve depicting the organ failure–free survival in
the indomethacin and placebo arms.

Table 4. Adverse events

Characteristics

Indomethacin

(n5 18)

Placebo

(n5 24)

P
value

Acute kidney injury, n (%) 0 1 (4.2) 1.00a

Gastrointestinal bleeding, n (%) 0 1 (4.2) 1.00a

Perforation, n (%) 0 0 n/a

Allergic reaction, n (%) 0 0 n/a

Myocardial infarction, n (%) 0 0 n/a

aFisher exact test.
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Our results should be interpreted with caution and not con-
sidered conclusive in determining the effect of NSAIDs in the
prevention of AP clinical progression. First, this was a pilot study,
which was not powered to detect a difference on major clinical
outcomes, so a type 2 error is possible. Second, we included only
subjects with AP and SIRS, given the higher risk of this subset of
subjects for clinical progression. However, indomethacin might
not alter the natural history ofAP after SIRS is already established.
Third, the median time to first treatment was 45.5 hour from the
onset of symptoms and 33.5 hour from hospital presentation. In
part, this can be explained because development of SIRS was a
prerequisite for eligibility in this RCT, and this may have delayed
the administration of nonselective NSAIDs out of a beneficial
time window. The appropriate therapeutic window for pre-
vention of SAP is unknown.However, a largemulticenter study of
.1,500 subjects with AP recently demonstrated that the median
time from presentation to onset of persistent OF was 31 hours,
which suggests that disease-modifying drugs would be most ef-
fective if administered within 12–24 hours from hospital pre-
sentation (2). It is unclear whether nonselectiveNSAIDsmight be
effective when administered within this narrower time frame.
Fourth, the selected route of rectal drug administration in our
study was proven to be inconvenient for subjects with AP (49).
This likely resulted in low adherence to the 6-dose suppository
regimen, which was not considered in the original sample size
calculation andmay have affected the study power. It is unknown
whether using a different administration route, frequency, du-
ration, or type of NSAID would have resulted in different results.
Nonetheless, based on the results of our study, even if non-
selective NSAIDs carry any benefit on AP clinical outcomes, such
an effect is likely to be small.

This pilot RCT has a few additional limitations. This was an
explanatory trial, conducted with the goal of assessing the efficacy
of rectal indomethacin in subjects with AP under rigorous con-
ditions. As such, the study was conducted at a single tertiary care
center in a well-defined population of subjects with AP with
established SIRS, which hampers the generalizability of our re-
sults to subjects before SIRS develops or when SIRS is absent.
There was a relative imbalance in the planned 1:1 treatment al-
location ratio, which can occur when using a simple randomi-
zation scheme in small study populations. This is a valid
randomization approach that reduces confounding by indication
and still resulted in similar baseline characteristics between both
treatment arms.

This study has several strengths, including a rigorous design
with proper randomization, allocation concealment, quadruple
blinding, and selection of a previously used surrogate end point
(27,28). Furthermore, the study explored several clinical end
points, including severity using Revised Atlanta Classification
and trajectory of AP using PASS. Our study demonstrated the
feasibility of performing an RCT in this patient population to
address an unmet clinical need and provided several insights for
future RCTs. Investigators need to consider that enrollment of
subjects with AP with SIRS and without OF can be intense and
time sensitive even in a high-volume center, requiring great
commitment and prolonged effort from the study team. In ad-
dition, future trials should consider alternative administration
routes other than rectal, based on our experience that in-
domethacin suppositories were inconvenient and affected treat-
ment adherence. These studies need to be powered for
meaningful clinical outcomes and should administer the assigned

treatment within 12–24 hours from hospital presentation. Such a
study would require hundreds of subjects, and therefore, future
multicenter RCTs will be needed to determine the role of non-
selective and selective NSAIDs in AP.

In this RCT, rectal indomethacin given over 48 hour in sub-
jects with AP and SIRS was safe but not superior to placebo in
reducing the SIRS score or preventing clinical progression of AP.
Future investigations should focus on the efficacy of NSAIDs
when administered earlier in the disease course (within 12–24
hours from presentation) before SIRS onset.
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Study Highlights

WHAT IS KNOWN

3 There is no effective pharmacologic agent that prevents
progression of acute pancreatitis (AP) to local/systemic
complications and death.

3 Animal studies have suggested that nonsteroidal
antiinflammatory drugs (NSAIDs) can prevent disease
progression and death in AP.

3 The effect of NSAIDs on preventing clinical progression in
subjects with AP remains unknown.

WHAT IS NEW HERE

3 Rectal indomethacin was ineffective in preventing clinical
progression among subjects with AP at high risk for clinical
progression.

3 A short course of NSAIDs in subjects with AP seemed to be
safe.
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