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"" Nature uses only the longest threads
to weave her patterns so that each
small piece of her fabric reveals the

organization of the entire tapestry."

Richard Feynman
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1. LIST OF ABBREVIATIONS

AKI
ARDS
AP
APR

CI

COH
CRP
ERCP
GI
GRADE

HA

IL
LOHS
MD
MODS
N/A

OR

PEP

PPI
PRISMA
RCT
ROB2
ROBINS-I
SD

SoC

SR

acute kidney injury

acute respiratory distress syndrome

acute pancreatitis

abdominal pain relief

confidence intervals

cohort study

C-reactive protein

endoscopic retrograde cholangiopancreatography
gastrointestinal

Grading of Recommendations, Assessment, Development and
Evaluations

hyperamylasemia

interleukin

length of hospital stay

mean differences

multiple organ dysfunction syndrome

no data available

odds ratio

post-ERCP pancreatitis

proton pump inhibitor

Preferred Reporting Items for Systematic Reviews and Meta-analyses
randomized controlled trial

revised Cochrane Risk-of-Bias tool

Risk Of Bias in Non-randomized Studies-of Intervention
standard deviation

standard of care

symptom reduction

tumor necrosis factor



2. STUDENT PROFILE
2.1. Vision and mission statement, specific goals

Pharmacists have a special knowledge of medications’ pharmacokinetics and
pharmacodynamics, which places them in a unique position in the medical team. My
vision is to have a dedicated pharmacist in every ward to provide and support evidence-
based medicine. I would like to advocate for this vision with my PhD thesis as a mission
statement, in which our team investigated several aspects of evidence-based medicine
related to acute pancreatitis (AP) treatment. My specific goals in my doctoral studies were
to investigate ulinastatin and proton pump inhibitors (PPIs) in the treatment of AP and to
investigate nafamostat in the prevention of post-endoscopic retrograde
cholangiopancreatography (ERCP) pancreatitis.

2.2. Scientometrics

Number of all publications: 5

Cumulative IF: 233

Av IF/publication: 4.66

Ranking (Sci Mago): D1:4, Q1:1, Q2: -
Number of publications related to the subject of the thesis: 3

Cumulative IF: 14.7

Av IF/publication: 4.9

Ranking (Sci Mago): D1: 3, Q1: -, Q2: -
Number of citations on Google Scholar: 27
Number of citations on MTMT (independent): 17
H-index: 3

The detailed bibliography of the student can be found on page 58.
2.3. Future plans

My future plans are to continue exploring therapeutic options in the treatment of AP and
to expand my expertise to other fields.

I believe that clinical pharmacists are essential in a modern healthcare system. Clinical
pharmacy has great opportunities both in patient care and in research. I would like to
share the knowledge gained throughout my doctoral studies with my colleagues to build
better care for our patients. Every relationship between the medical staff or between the

medical staff and the patient could benefit from their knowledge and viewpoint.



3. SUMMARY OF THE PH.D.

Management of AP is challenging. The key challenges are the sudden onset of the disease,

the lack of specific treatment available, and the condition of the patients.

To improve the rational pharmacotherapy of AP, we investigated different therapeutic

options in three systematic reviews and meta-analyses.

Ulinastatin, a protease inhibitor, could suppress the activation of inflammatory mediators,
thus might prevent the autoactivation sequence in AP. In our meta-analysis, we found that
then added to the standard of care (SoC) (somatostatin or octreotide), the complication
rate of acute respiratory distress syndrome (ARDS), acute kidney injury (AKI) and
multiple organ dysfunction syndrome (MODS) was significantly lower than in case of

standard therapy alone.

Nafamostat is also a protease inhibitor with theoretical effects similar to ulinastatin and
it is commonly used to prevent post-ERCP pancreatitis (PEP). However, there were
conflicting results in the literature on its efficacy. Based on our results, nafamostat
significantly reduced the overall incidence rate of PEP, although in the subgroup analysis

of different severity of PEP, it prevented only mild PEP.

In theory, PPIs could decrease exocrine secretion of the pancreas by inhibiting the activity
of hydrogen potassium ATPases within the pancreatic ducts, thus alleviating the severity
of AP. Both experimental studies and human trials show controversial effects of PPIs in
the treatment of AP. Our analysis suggests that there are no significant effects on
mortality, length of hospital stay (LOHS), or complication rate of ARDS, but the available

evidence is scarce.

Our analyses showed statistically beneficial effects of ulinastatin in the treatment of AP;
and nafamostat in the prevention of PEP. Furthermore, our results suggest that there is no

evidence for the use of PPIs in the treatment of AP.



4. GRAPHICAL ABSTRACT

NOVEL THERAPEUTIC OPTIONS
IN THE TREATMENT OF ACUTE

PANCREATIS

Challenges

Only
supportive
therapies

owing
incidence

Nafamostat Reduces the Incidence of
post-ERCP Pancreatitis?

Bavermy Esumpie [95% CY

Dezage 20mg L —— 1 T8 @030.087)

Desage Simg . — o

.48 0.2, 0.06]

o Y (1 1 1]

Favaring ks Faby Fawaring
ratamostal control
Pust-ERCI Panareatitis savarity Exteraie [96% ©F
e P et o i ey
[en— " oM@ 12
Mgt Tk - moderats - 048 (004, 06

- ] ™ am @it o6
Lo gk — mecsioram = 080010, 1.5
X a8 an
Faverng  Caos Rase Fawarng
eabamoacan il

1 Horvath, Istvan Laszlo et al. Scientific reports vol. 12,1 17979,

* Horwath, Istvan Laszla et al. Sclentific reports vol. 13,1 2751

* Horwath, Istvan Laszla et al. dirical pharmmacology and theropeutics vol. 115,2 (2028): 206-212

The Combination of Ulinastatin and Somatostatin
Reduces Complication Rates in Acute Pancreatitis!

a)
Events Totnl Events Tosal
0 i =
6 &} 1 B
[T 3 i

Random sfects model 14 246 BRI a]
Frwdic i mieeval
Heterogenety. = = 0% |

Expatimental Comirol Illlhl;lh Oegan Oyshanciion
T Do

(MO0 S) OR 95%-£1 Weight
f— 019 [0 4N]  ATH
- 026 (005 070 A14%
- 058 (02 145 %

- 039 [020: 0.75] 100.0%
[0 2824

Tia for el offor X I R I ]
Acuse Kidney ejury (UK

1 &% 5 4 — eIz
3 80 13 & =i 1} 383%
LF I | w o Ld

Randosn effects model 17 127 3 1 o

Precheoon imerval

) — T T

Helerogenety [ = 40% |
Tt o el #9u

cf

Targ 4 45 W48
Guo, 20 6 2 0
Wang 20 T ]

Random sfivets model 17 127 47 13
Pradiction intacval

e (xCpnr ity
Tt B el

0001 011 10 1000

Hicwrin Respiratory Disiress.

Synddromeg (ARDE)

018 (06

L 2 019 por, o
— 067 15
c-| [F N T

00 M08

No evidence for the benefit of PPis in the
treatment of acute pancreatitis®

Experamestal Gestral

Study Events Total Events Total 7-day moralty oR #3%-C1 Weight

i, FORE ¥ 0 £ T — e %

Ma, 2020 (- -] 9 - —— 103 0.71%
—_——

Morata, 20715 L B 1 Fro B 148 123 18] S50%

Random effects model 38z B5IF 1—%-1 L OIT 0T HUEH 100.0%

el i = . k] 1 00 g 00T
Tieat fof nubgroi farence X & B8, 0 = 1 (0 « 08} 02001

Experimmatat comrol
Sy Tousl Mesn D Telai ean L]
o 4 1840 15600 T 2550 1 TODG
ez, HOPAD R4B00 30 PAS 40000

Lrang, A

B MO U000 T4 LM J6 1200

&) Experimental Control
Sty Evanes Totsl Evests Toral
Mg, 2014 1 T [ ™
Hong. 2021 1 48 4 4
Zhang, 201 N 3 n om
Random elfects model 454 ot

s =08
1a=1(p=083 000%

Hetmregenity: /- « 0% [N S0%]
Teesl b subigroun exerances 5 =

[ R | 1m0 {2iix]
Lng of
Prisetiad sy (%] B4 Waighi
| 7%
T nwm

50 |-ED% LTH 27

14T [ZIE 2IN] 000R

B5%-C) Weight

0 02 I!JE Ti%
3 2T 10T%

=i 47 @22 0T nirs

- L 03B [RE; DET] 100



5. INTRODUCTION

5.1. Overview of the topic

5.1.1. What is the topic?

The investigations focused on the evaluation of different therapeutic options in the

treatment of AP.

5.1.2. What is the problem to solve?

There is no disease-specific treatment for AP, which targets pathophysiological pathways,

so prompt and effective therapy is needed.

5.1.3. What is the importance of the topic?

AP is the sudden inflammation of the pancreas of various etiologies, mainly alcohol and
gallstones (1). The incidence rate of AP ranges between 4.6 and 100 cases per 100,000
patients; however, its frequency has steadily increased in the past decade, especially in
Western countries (2, 3). The overall mortality rate is approximately 5%, but it is highly
dependent on the severity of the disease (4). Based on the Atlanta classification, AP can
be classified as mild, moderate, or severe according to local and systemic complications
(5). Mild cases are primarily self-limiting and resolve within a week, but in severe cases,
mortality can reach 20-40% (6). Early identification and management of AP are crucial
to achieve better patient outcomes. Treatment delay could lead to life-threatening

complications even in cases of mild AP at onset.

ERCEP is used in the diagnosis and treatment of patients with pancreatobiliary diseases.
The procedure is minimally invasive, but not without risks. Although the overall mortality
rate for ERCP is around 1%, it is highly dependent on the underlying disease, particularly
cancer (7). The leading complications of ERCP are bleeding, perforation, and PEP (8, 9).
The overall incidence of PEP ranges from 3.5 to 9.7% (10), with a mortality rate of around
0.7%. Of all cases of ERCP, the incidences of mild, moderate and severe PEP are 6.0%,
3.3%, and 0.7%, respectively (11).

10



5.1.4. What would be the impact of our research results?

We evaluated a possible specific and preventive therapy that are little known in western
countries. Based on our statistical analyses, both therapies can be used effectively in the
treatment of disease, thus supporting better patient outcomes. In addition, we highlight
the potential misuse of PPI in the treatment of AP, thereby improving patient safety and

reducing health care costs.
5.2. Acute pancreatitis

Based on complications arising and the severity and occurrence of organ failure, AP can
be classified as 'mild’, 'moderately severe', and ‘severe’ according to the revised Atlanta
classification system (4). A common definition for PEP is based on the consensus of
Cotton et al. (12) and the revised Atlanta classification for AP (5). However, the latest
European guideline suggests a definition of the condition as “new or worsened abdominal
pain combined with > 3 times the normal value of amylase or lipase at more than 24 hours
after ERCP and requirement of admission or prolongation of a planned admission.” (10)
Both diseases have common characteristics, but we have to distinguish the two from each

other.

The development of AP is initiated by excessive Ca*' signal generation, leading to
decreased mitochondrial ATP generation in acinar cells, thus promoting trypsin
activation. The resulting necrosis releases further trypsin, kallikrein, and other pro-
inflammatory mediators, which further damage the acinar cells, creating an inflammatory

cascade (13).

The precise pathophysiology of PEP is not fully understood; however, several risk factors
have been identified. Physical factors (mechanical, thermal, and hydrostatic), chemical
(contrast agent and enzymatic), and patient-related factors (female sex, history of PEP,
and Oddi dysfunction) factors can contribute to the development of PEP (14). Physical
damage can occur during the procedure, for example, prolonged manipulation of the
papillary orifice, or difficult cannulation, causing papillary edema. This process inhibits

the outflow of pancreatic juice and thus leads to pancreatitis (14). The type of contrast

11



agent could cause osmolality-induced and ionic toxicity; however, a recent analysis did

not find significant differences between the types of agents (15).

5.3. Theoretical mechanisms of action of ulinastatin, nafamostat and PPIs in

pancreatitis

Somatostatin or its analogue octreotide is part of standard AP care, although international
guidelines do not recommend its use. They are commonly used in the therapy of AP,
especially in Asian countries (16). In theory, they reduce pancreatic enzyme secretion,
allowing the pancreas to rest and avoiding further autodigestion (17). However, clinical
studies show no statistical difference in patient outcomes when comparing octreotide or

somatostatin with placebo (18).

If given in the early stage of AP, the trypsin inhibitor ulinastatin may suppress the trypsin
autoactivation sequence. An in vitro study by Kanayama (19) suggests that ulinastatin
might inhibit Ca*" influx or mobilization; however, this effect has not been studied
further. Furthermore, it also inhibits chymotrypsin, thrombin, kallikrein, neutrophil
elastase, and cathepsin, thus regulating systemic inflammation by reducing the release of
pro-inflammatory cytokines (20). This complex mechanism of action could complement
those of somatostatin analogues, explaining the increased efficacy of combination
treatment in AP. In hereditary pancreatitis, trypsinogen activation plays a pathogenic role
in the development of chronic pancreatitis after an acute episode of AP (21, 22). Further

investigation is needed to determine the precise mechanism of action.

Acute gastric mucosal lesions caused by stress are more likely to occur in patients with
severe AP (23), increasing the risk of gastrointestinal (GI) bleeding and ulceration.
Therefore, protecting the gastric mucosa appears to be a crucial therapeutic objective. The
pillars of acid secretion suppression are Hz-receptor inhibitors and PPIs. Theoretically,
PPIs could also decrease pancreatic exocrine secretion by inhibiting the activity of H'/K"
ATPases within pancreatic ducts similar to gastric ATPases (24). Experimental studies
had controversial results regarding their ability to reduce pancreatic amylase secretion
(25, 26). Furthermore, in experimentally induced pancreatitis, pantoprazole reduced
inflammation and necrosis (26). Theoretically, PPI administration can be a good

therapeutic option for protecting the upper GI mucosa and resting the inflamed pancreas.

12



Nafamostat is also a serine protease inhibitor that suppresses trypsin and kallikrein in
experimental models of pancreatitis (27, 28). In theory, the effects of nafamostat reduce
circulating mediators of AP, thus preventing the escalation of inflammation. However,
the exact mechanism of nafamostat in the prevention of PEP is not yet known. Nafamostat

also inhibits other proteolytic enzymes, for example, thrombin and plasmin (27).

AP research is currently dominated by studies on risk factors for pancreatitis (29-31),
with a decreasing number of articles on therapeutic options (32). Only a few supportive
therapies are recommended in the current guidelines, which consist of early nutrition,
pain relief, and fluid management (4, 33-35), therefore, there is a great need for a disease

specific treatment.

13



6. OBJECTIVES

6.1. Study I. — Investigating the effects of ulinastatin-somatostatin analogue

combination therapy in acute pancreatitis

There are several clinical trials (36-44) in the literature that report on the effectiveness of
ulinastatin combination therapy in AP, showing promising results. We aimed to conduct

a systematic review and meta-analysis to summarize the available data on therapy.

6.2. Study II. — Investigating the effects of proton pump inhibitors in acute

pancreatitis

Previous studies (45-53) had contradictory findings on the impact of PPIs on the
prognosis of patients with AP, our aim was to investigate the associations between PPIs

in AP and various clinical outcomes in a systematic review and meta-analysis.

6.3. Study III. — Investigating the effects of nafamostat in the prevention of post-
ERCP pancreatitis

A former network meta-analysis showed no beneficial effect of nafamostat (54), however,
several trials (55-61) have been published since. Therefore, our objective was to
investigate the current evidence for nafamostat in the prevention of PEP in a systematic

review and meta-analysis.
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7. METHODS

7.1. Search and selection strategy

The recommendations of the Cochrane Collaboration (62) and the statements of Preferred

Reporting Items for Systematic Reviews and Meta-analyses (PRISMA 2020) (63) were

followed in reporting the findings of this systematic review and meta-analysis. We

registered the review protocol in the International Prospective Register of Systematic
Reviews (PROSPERO) database (registration number: Study [.: CRD42021282614;
Study II.: CRD42022303136; and Study III.: CRD42022367988). We used the PICO

(Patient/Population, Intervention, Comparison and Outcomes) framework to formulate

the research question, and to define eligibility criteria:

Study I. — The population consisted of adult patients (> 18 years old) with AP; the
intervention group included patients who received the combination treatment
(ulinastatin therapy with somatostatin or octreotide) besides other supportive
measures; the control or comparator group included cases treated with
somatostatin or octreotide monotherapy besides other supportive measures. The
primary outcomes were mortality, complications (ARDS, shock, AKI, MODS),
and LOHS. As secondary outcomes, we evaluated symptom reduction (SR) rate,
changes in laboratory parameters, and adverse events of the intervention.

Study II. — We investigated adult patients with AP, who were treated with PPIs in
addition to SoC (I). The control group did not receive PPI, and we investigated
outcomes including mortality, LOHS, complications, and change in laboratory
parameters.

Study III. — The patient population consisted of adult patients who underwent the
ERCP procedure. We investigated the effects of nafamostat as a preventive
treatment compared to placebo. The primary outcome was the incidence of PEP.
Secondary outcomes were PEP severity, complication rates, adverse reactions,
and laboratory parameters. Only randomized clinical trials (RCTs) were eligible

for inclusion.
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The systematic searches were performed in six databases (Cochrane Central Register of
Controlled Trials, Embase, MEDLINE, Scilit, Scopus, Web of Science). The reference

lists of the identified eligible studies were screened for further reports.
7.2. Selection and data collection

The systematic search results were exported to the EndNote X9 citation manager
(Clarivate Analytics, Philadelphia, PA, USA). After the automatic and manual duplicate
removal, the title and abstract, and full-text selection processes were done by two
independent authors according to the inclusion criteria. A third author made the final
decision in case of disagreements. Cohen’s kappa coefficient was calculated at each

selection step to evaluate the level of agreement between the authors.

We used Google Translate® for the translation of articles in languages other than English
or German. Plot Digitizer (2015) was used to transform graphical values into numerical

form. Additionally, we searched the reference list of the included studies.

Two independent investigators manually extracted the data from the eligible articles and
cross-checked each other’s datasets to ensure precision. Microsoft Excel (Microsoft,

Office 365, Redmond, WA, USA) was used for data collection.
7.3. Statistics

Only outcomes reported in at least three studies were considered for including in the meta-
analysis. The pooled results were reported as ORs (odds ratios) for binary outcomes
calculated with the Mantel-Haenszel method, and as mean differences (MDs) for
continuous outcomes and the corresponding 95% confidence intervals (CI). For binary
outcomes, ORs were used for the effect measure, while for continuous outcomes, MDs
with corresponding standard deviations (SDs) were used. In the latter case when only
before-and-after treatment group means and SDs were reported, we used the difference
in means, and the sum of within-group before-and-after SDs as a conservative estimate
for SDs of the differences. Random models were used for pooling in the case of both
outcome types. Subgroup comparisons were carried out following the description in

Harrer et al. (64). To estimate > we used the Paule-Mandel method and the Q profile

16



method to calculate the CI of © (64, 65). A funnel plot of the logarithm of effect size and
comparison with the standard error for each trial was used to evaluate publication bias.
Statistical heterogeneity between trials was assessed by the Cochrane Q test and the I
statistic values (66). I? values of 25, 50, and 75% were identified as low, moderate, and
high estimates, respectively. Outlier and influence analyses were carried out following
the recommendations of Harrer et al. and Viechtbauer and Cheung (64, 67). Forest plots
were used to graphically summarize the results (68, 69). Where applicable, we reported
the prediction intervals (i.e., the expected range of effects of future studies) of the results
following the recommendations of IntHout et al. (69). All analyses were carried out in R
version 4.1.3 (R Core Team, Vienna, Austria) using the meta (70) and dmetar (64)
packages.

7.4. Risk of bias assessment and certainty of evidence assessment

Two authors independently evaluated the risk of bias for each included by utilizing the
revised Cochrane Risk-of-Bias tool (RoB2) (71). In case of disagreements, a third author
resolved were involved. The domains evaluate the bias arising from the randomization
process, deviations from the intended intervention, missing data, the measurement of the
outcome, and the selection of the reported results. Cohort studies were evaluated by Risk
Of Bias in Non-randomized Studies-of Intervention (ROBINS-I) tool (72). The final
conclusion of the risk assessment could be characterized as ‘low’, ‘some concerns’, or

‘high’.

The framework Grading of Recommendations, Assessment, Development and
Evaluations (GRADE) and the corresponding tool (73) were used to evaluate each
outcome for the certainty of evidence. Each outcome was rated for risk of bias,
inconsistency, indirectness, imprecision, publication bias, and the presence of a large
effect, dose-dependent response, and plausible confounders as ‘not serious’, ‘serious’, or
‘very serious’. The final certainty of the evidence was categorized as ‘very low’, ‘low’,

‘moderate’, or ‘high’.
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8. RESULTS

8.1. Study I. — Investigating the effects of ulinastatin-somatostatin analogue

combination therapy in acute pancreatitis
8.1.1. Description of included studies

The database search identified 60 records. After duplicate removal, and title and abstract
selection (Cohen’s Kappa 0.93), we identified 9 eligible articles during the full-text article
analysis (Cohen’s Kappa 1.00). All included reports were available as peer reviewed

journal articles. The search results and the selection process are summarized in Figure 1.

[ Identification of studies via databases and registers
= Records identified from:
2 Databases (n = 60):
ﬁ *  Medline (n =8) .| Records removed before screening.
g Embase (n = 24) | Duplicate records removed (n=17)
5 CENTRAL (n=T7)
= Web of Science (23)
Records screened .| Records excluded
(n=43) Tl (n=32)
Reports sought for retrieval o| Reporis not retrieved
n=11) 1 (n=0)
[=:}
=
o Reports assessed for eligibility -
n=11) "
Reports excluded due to ineligible
study design (n = 2)

¥

)

Studies included in systematic-
review (n=19)

Studies included in meta-
analysis (n = 8)

Included

[

Figure 1. PRISMA flowchart for Study 1. (74)
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Overall, 9 studies were included in our systematic review. There were no overlapping
populations in the meta-analyses. All studies were single centre. Treatment arm allocation
ratios were 1:1 in each study. The baseline characteristics of the eligible studies are

summarized in Table 1. The posology for each therapeutic regimen is detailed in Table 2.
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8.1.2. Statistical analysis

Our pooled results revealed decreased complication rates in the intervention group
(Figure 2). With combination therapy, the rates of ARDS [OR 0.27; 95% CI 0.13—-0.60;
12=28%] and AKI [OR 0.29; 95% CI 0.09-0.97; 1>=49%] were reduced by approximately
70%, while MODS could be prevented in around 60% of cases [OR 0.39; 95% CI 0.20—
0.75; 1>=0]. Reduction of shock incidence was not statistically significant [OR 0.46; 95%
CI 0.20-1.07; I’=39%)]. The associated heterogeneity for the results was not important or

moderate; however, due to the low number of trials, interpretation has to be treated with

caution.

a)

Experimental Control Multiple Organ Dysfunction
Study Events Total Events Total Syndrome (MODS) OR 95%-C1 Weight
Guo, 2015 0 &0 2 60 0.19 [0.01; 4.11] 4.7%
Wang, 2013 6 /2 18 A1 ——— 026 [0.09; 0.70] 43.4%
Wang, 2016 g 124 13 122 0.58 [0.23; 1.45] 52.0%
Random effects model 14 246 33 243 - 0.39 [0.20; 0.75] 100.0%
Prediction interval [0.01; 28.24]
Haterogeneity /% = 0% [0%: 90%] ° = 0 p = 0.45 ' ' ' '
Test for overall effect.z =-2.82 (p = 0.005) o0l 0A 1 10 100
b] Acute Kidney Injury (AKI)
Yang, 2018 1 46 9 48 8- 010 [0.01; 0.79)] 22.3%
Guo, 2015 3 60 13 60 . 019 [0.05 071] 382%
Wang, 2017 13 2 14 21 ‘-'— 0.81 [0.23; 2.88] 39.5%
Random effects model 17 127 36 129 < 0.29 [0.09; 0.97] 100.0%
Prediction interval [0.00; 57624.55]
Heterogeneity: %= 40% [D%; 85%]1 =05428 p=014
Test for overall effect:z =-2.01(p = 0.044) 0.001 01110 1000
c Acute Respiratory Distress

:' Syndrome (ARDS)
‘Yang, 2018 4 46 16 48 — 0.19 [0.06; 063] 31.2%
Guo, 2015 6 &0 22 60 B 0.19 [0.07; 052] 39.8%
WWang, 2017 T 21 g9 21 *—‘— 0.67 [0.19; 2.33] 28.9%
Random effects model 17 127 47 129 = 0.27 [0.13; 0.60] 100.0%
Prediction interval [0.00; 308.06]
Haterogenaity: /< = 28% [0%; 03%] T2 = 0.1453 p = 0.25 : : ! !
Test for overall effect:z =-3.23 (p = 0.001) 0.001 01 1 10 1000
d) Shock
Guo, 2015 8 60 20 60 —'— 0.31 [012; 0.77] 40.4%
Yang, 2018 5 46 13 48 = 0.33 [0.11; 1.01] 32.6%
Wang, 2017 15 M 14 M —'— 125 [0.34; 464] 27.0%
Random effects model 28 127 A7 129 < 0.46 [0.20; 1.07] 100.0%
Prediction |r|terval [0.00; 1865.50]
Heterogeneity:/® = 39% [0%; 81%] 12 = 0.2416 p = 0.19 ! ' ' '
Test for overall effect:z =-1.80(p = 0.071) 0001 01 1 10 1000
Decreased in Decreased in
experimental group control group
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Figure 2. Ulinastatin in combination with somatostatin analogue decreases rates of: a)
MODS, b) AKI, and c) ARDS, but not of d) shock, compared to somatostatin analogue

monotherapy when administered besides standard of care in acute pancreatitis (74)

Analysis of pooled data from four trials, including 583 patients, shows a trend for a
decreased mortality rate with combination therapy [OR 0.55; 95% C10.29-1.07; I>’=0%;
however, the result was not statistically significant (Figure 3). These studies yielded

homogenous results. All studies reported on in-hospital mortality.

Experimental Control 5
Study Events Total Events Total Mortality OR  95%-Cl Weight
Yang, 2018 1 46 6 48 0.16 [0.02;1.35] 9.2%
Guo, 2015 2 60 6 60 / 0.31 [0.06; 1.60] 15.9%
Wang, 2016 7 124 10 122 — 0.67 [0.25;1.82] 42.8%
Wang, 2013 6 62 7 61 — Ty — 0.83 [0.26;2.62] 32.2%
Random effects model 16 292 29 291 e 0.55 [0.29; 1.07] 100.0%
Prediction interval —— [0.13; 2.33]
Heterogeneity: /> = 0% [0%; 85%] 7%= 0, p = 0.49
Test for overall effect:z =-1.76 (p = 0.078) 01 051 2 10

Decreased in Decreased in
experimental group control group

Figure 3. Ulinastatin in combination with the somatostatin analogue is associated with

decreasing trends in mortality compared to somatostatin analogue monotherapy (74)

Four studies reported the LOHS, measured in days. In the intervention group, admission
duration was shortened by 9.43 days [95% CI (-12.55)—(-6.31); >=97%] by comparison
with the control group (Figure 4). The results showed substantial heterogeneity. The
effect was similar for severe AP cases [MD (-8.10); 95% CI (-11.64)—(-4.56); >=99%].

Experimental Control
Study Total Mean SD Total Mean SD  Length of hospital stay MD 95%-Cl Weight
Guo, 2015 60 11.80 0.50 60 23.70 2.10 -11.90 [-12.45; -11.35] 25.4%
Yang, 2018 46 11.75 1.12 48 23.57 2.15 -11.82[-12.51;-11.13] 25.3%
Wang , 2016 124 22.60 3.10 122 31.30 3.40 : -8.70 [-9.51; -7.89] 25.2%
Xu, 2019 531275364 53 17.82 4.46 -5.07 [-6.62; -3.52] 241%
Random effects model 283 283 B -9.43 [-12.55; -6.31] 100.0%
Prediction interval — [-24.58; 5.73]
Heterogeneity: 1% = 97% [95%; 98%], T° = 9.8761, p <0.01 ‘ ' ' '
Test for overall effect: z = -5.93 (p < 0.001) -20 -10 0 10 20
Decreased in Decreased in
experimental group control group
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Figure 4. Ulinastatin combination with somatostatin analogue administered besides
standard of care decreases the length of hospital stay in severe acute pancreatitis cases

by comparison with somatostatin alone (74)

Six trials, including 651 patients, reported SR. Among the assessed symptoms were
gastrointestinal manifestations and abdominal pain, as well as laboratory parameters.
They were evaluated at 7-17 days from treatment start. Pooled analysis shows 3.51 times
higher odds of SR in the combined therapy group than in the monotherapy group [OR
3.51; 95% CI 2.30-5.37; 1°=0%). This effect is similar in the subgroup analysis of severe
cases [OR 3.32; 95% CI 2.07-5.33; I>=0%).

Duration until abdominal pain relief (APR) was specifically reported in five trials,
including 612 patients. It was measured as the number of days patients reported
abdominal pain. Ulinastatin combined with somatostatin analogue led to significantly
faster pain relief than somatostatin derivates monotherapy. The MD is -1.72 days [95%
CI (-2.23)—(-1.21); 1>=88%, Figure 5]. The results were similar in the severe form of AP
[MD -1.68; 95% CI (-1.86)—(-1.50); 1>=60%; Figure 5].

Experimental Control
Study Total Mean SD Total Mean SD Abdominal pain relief time MD 95%-Cl Weight
Wang, 2016 124 348 037 122 527 0.57 -1.79 [-1.91; -1.67] 22.1%
Guo, 2015 60 190090 60 3.600.70 - -1.70 [-1.99; -1.41] 20.9%
Yang, 2018 46 240 060 48 3.90 0.50 -1.50 [-1.72; -1.28] 21.5%
<
Tu, 2014 55 410080 55 6.70 1.10 . -2.60 [-2.96; -2.24] 20.1%
Wang, 2017 21 250120 21 3.30 1.20 —— -0.80 [-1.53; -0.07] 15.4%
e

Random effects model 306 306 < -1.72 [-2.23; -1.21] 100.0%
Prediction interval — [-3.66; 0.22]
Heterogeneity:/2 = 88% [74%; 94%] 12 = 0.3026, p < 0.01 L NN
Test for overall effect:z =-6.61 (p < 0.001) 3 -2 -1 0 1 2 3
Test for subgroup differencesX% =0.00, df = 1(p = 0.96) Decreased in Decreased in

experimental group control group

Figure 5. Ulinastatin in combination with somatostatin analogue decreases the time to

abdominal pain relief (74)
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Some of the studies reported variations from baseline in several laboratory parameters, of
which we were able to meta-analyse the results for C-reactive protein (CRP). There was
a significant difference between the two groups in terms of the reduction in CRP values
from baseline to the end of treatment [MD=13.73 mmol/L, 95% CI 4.44-23.02; 1>=73%],
favouring the intervention group. Although we could not meta-analyse the results for
other laboratory parameters (amylase, white blood cell count, tumor necrosis factor
(TNF) o, interleukins (IL-6, -8, -10), diamine oxidase), the identified trends favoured

combination therapy.
8.1.3. Quality assessment

The overall risk of bias was moderate, mainly due to inaccurate reporting of blinding,
imprecise measure reporting, and lack of available study protocols. The quality of the
evidence was low to moderate due to the small sample sizes and the overall moderate

bias. Publication bias could not be assessed due to an insufficient number of studies.
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8.2. Study II. — Investigating the effects of proton pump inhibitors in acute

pancreatitis

8.2.1. Description of included studies

The systematic search resulted in 4864 records. We discarded 2,141 records in the manual
and automatic duplicate removal process. After title and abstract and full text selection
(Cohen’s kappa 0.95 and 1.00, respectively), we found nine eligible studies to include in
the systematic review, comprising 28,834 patients. The detailed identification process and

the patient characteristics are summarized in Figure 6. and Table 3., respectively.

[ Identification of studies via databases and registers ]
 —
Records identified from:

.5 Datngarﬁng]L:(: f?gzl,) Records removed before

§ Embase (n = 1,563) screening.

£ MEDLINE (n = 902) > Duplicate records removed

E SciLit (n = 853) (n=2,141)

= Scopus (n = 1,278)

WoS (n = 161)

e —

L

Records excluded

Records screened »| n=2712)

(n=2723)

A

ReE)orts sought for retrieval Reports not retrieved
(n=11) (n=1)

Screening

Y

Reports excluded due to
ineligible study design
n=1)

Reports assessed for eligibility
(n=10)

v

Studies included in systematic-
review and meta-analysis (n = 9)

Included

Figure 6. PRISMA flowchart for Study 1. (75)
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8.2.2. Statistical analysis

The analysis of the pooled results from three studies including 746 patients, showed that
in the intervention group the rate of pseudocyst development decreased by 61% compared
to the control group [OR 0.39; 95% CI 0.18-0.87; I> = 0%; Figure 7A]. The incidence of
ARDS was reported in three studies (746 patients), and there was no significant difference
between the two groups in this concern [OR 0.56; 95% CI 0.04-8.59; I* = 59%; Figure
7B]. Regarding GI bleeding, our pooled results from four studies, including 27,963

patients, revealed a higher probability of occurrence in PPI administration cases [OR

1.81;95% CI 1.41-2.33; I = 17%; Figure 7C].

A) Experimental
Study

Xia, 2014 1 70
Hong, 2021 2 48
Zhang, 2021 20 336
Random effects model 454

Control

Events Total Events Total

6 70
4 48

23 174

292

Heterogeneity: 1° = 0% [0%:; 90%], 1°= 0, p = 0.67
Test for subgroup diﬁelences:)@! =023, df=1(p=063)

B)

Hong, 2021
Xia, 2014

Zhang, 2021

Random effects model

14 336
454

13 70

5 174

292

Heterogeneity: I = 59% [0%; 88%], 1°= 0.71, p = 0.09

Test for subgroup differences:)tf =677, df=1(p=001) 0.01

C)

Hong, 2021
Ma, 2017

Murata, 2015
Demcsak, 2020

Random effects model

126 3879
797 12764

16715

124 6521
160 4658

11246

Heterogeneity:/~ = 17% [0%; 87%] T < 0.01, p = 0.31
Test for subgroup diﬁerences)ﬁ =128, di=1{p =028

Pancreatic
pseudocyst OR
—t 0.15
— 0.48
—-—i;:}—
- 0.42
I<§> | 039
0.001 01 1 10 1000
ARDS
0.13
0.34
—
- 1.47
—:_J,> 0.56
[ I | I ]
0.1 1 10 100
Gl bleeding
0.37
o 1.50

0.001

T T
01 1 10

28

93%-C1 Weight

7.1%
10.7%

[0.02: 1.32]
[0.08. 2.74]

[0.22; 0.78] 82.2%

[0.18; 0.87] 100.0%

14.2%
42.3%

[0.01; 2.67]
[0.11; 1.00]

[0.52; 415] 43.5%

[0.04; 8.59] 100.0%

0.7%
1.3%

2.03]
5.27]

[0.07;
[0.43;

[1.37;
[1.57;

2.26] 31.8%
2.23] 66.3%

[1.41; 2.32] 100.0%



Figure 7. The addition of proton pump inhibitor treatment to standard of care in acute
pancreatitis was associated with:

(A) Decreased pancreatic pseudocyst development rate;

(B) No significant difference regarding development of ARDS;

(C) Increased odds of GI bleeding (75)
Abbreviations: OR: odds ratio,; CI: confidence interval; RCT: randomized controlled trial; COH: cohort study; ARDS:

Acute Respiratory Distress Syndrome; GI: gastrointestinal

The pooled results from three trials (690 patients), including all severity forms of AP, did
not show statistically significant differences between the groups regarding the LOHS
[MD -3.47; 95% CI (-12.32)-5.39; 1> = 91%; Figure 8]. Wang et al. (52) have reported
on the length of hospital stay; however, we had to exclude the result from the analysis

due to a contradiction between the written and graphical results.

Experimental Control Length of
Study Total Mean SD Total Mean SD hospital stay MD 95%-Cl Weight
Xia, 2014 70 18.40 1.3000 70 25.30 1.7000 | -6.90 [-7.40;-6.40] 39.2%
Yoo, 2021 20 7.40 54800 20 7.55 4.0600 | -0.15 [-3.14; 2.84] 32.9%

Zhang, 2021 336 24.03 20.6300 174 26.59 25.1200 - -2.56 [-6.90; 1.78] 27.9%
Random effects model 426 264 <2L -3.47 [-12.32; 5.39] 100.0%
Heterogeneity: /2 = 91% [77%: 97%], 12 = 11.79, p < 0.01 I I I I '
Test for subgroup differences:x} =0.08,df=1(p=0.78) -40  -20 0 20 40

Figure 8. The addition of proton pump inhibitor treatment to standard of care in acute
pancreatitis was not associated with a significant change in hospital stay compared to

standard of care alone (75)

Abbreviations: MD: mean difference; CI: confidence interval; RCT: randomized controlled trial; COH: cohort study

Mortality rates were variously reported in eligible studies, in terms of moment of
evaluation. We were able to perform a meta-analysis for mortality at seven days after
diagnosis. In three studies, including 10,607 patients, there were no significant
differences between the experimental and control groups [OR 0.77; 95% CI 0.05-10.65;
1>=63%; Figure 9].
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Experimental Control

Study Events Total Events Total 7-day mortality OR 95%-Cl Weight
Xia, 2014 2 70 8 70 0.23 [0.05; 1.11] 33.4%
Ma, 2020 0 33 0 34 1.03 [0.02; 53.41] 10.7%
Murata, 2015 199 3879 228 6521 149 [1.23; 1.81] 55.8%
Random effects model 3982 6625 -<; 0.77 [0.05; 10.65] 100.0%

Heterogeneity: /> = 63% [0%: 89%], 1° = 0.95, p = 0.07 ! ror !
Test for subgroup differences:xf =9.88,df=1(p<0.01) 0.001 01 1 10 1000

Figure 9. The addition of proton pump inhibitor treatment to standard of care in acute
pancreatitis was not associated with a significant change in mortality compared to

standard of care alone (75)

Abbreviations: OR: odds ratio; CI: confidence interval; RCT: randomized controlled trial; COH: cohort study

8.2.3. Quality assessment

Most of the included RCTs were evaluated as having some concerns. Potential biases
emerged from the inappropriate reporting of the randomization process, the maintenance
of blinding, and the measurement of outcomes. There were no accessible study protocols

to investigate the selection of the reported results, except for the study by Ma et al. (53).

The studies by Demcsak et al. (45) and Murata et al. (47) were well designed and with
low risk of bias in all the investigated domains, except for the selection of the reported
results, where prior protocols were missing. In the cohort study conducted by Zhang (46),
we found a critical level of bias in the selection of the participants: they selected patients
by PPI intake after the start of the intervention. Furthermore, we found a moderate risk in
the classification of intervention — they defined the intervention group after the start of
the intervention, and in the measurement of outcomes. The outcome assessors were
probably aware of the invention, yet reported strong objective outcomes, which were

unlikely to be influenced by knowing the group to which the patients were assigned.

On the basis of the GRADE framework, the evidence level was very low in each

investigated outcome.
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8.3. Study III. — Investigating the effects of nafamostat in the prevention of post-
ERCP pancreatitis

8.3.1. Description of included studies

After a systematic search in the databases, we found 133 articles. The manual and
automatic duplication removal discarded 80 records. After title-abstract selection
(Cohen’s coefficient 1.00) and full-text selection (Cohen’s coefficient 1.00), six reports
from the database searches were found suitable for inclusion in the systematic review.
We also screened the references of the included articles and found one additional study.
Both independent authors agreed to include it in the review, resulting in a final article
pool of seven articles (Figure 10). The characteristics of the included studies are

summarized in Table 4.

l Identification of studies via databases and registers Identification of studies via other methods

]

Figure 10. PRISMA flowchart for Study III. (76)
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8.3.2. Statistical analysis

Seven studies reported on PEP using 20 mg and 50 mg of nafamostat. The overall
incidence of PEP was lower in both nafamostat groups compared to SoC [20 mg: OR:

0.50, 95% CI 0.30-0.82; and 50 mg: OR: 0.48, 95% CI: 0.24—-0.96; Figure 11].

Severity Estimate [95% CI]
Dosage 20mg - ] 0.50[0.30,0.82]
Dosage 50mg i 0.48 [0.24, 0.96]
| | | E |
0.1 0.2 0.5 1.0 3.0
Favoring Odds Ratio Favoring
nafamostat control

Figure 11. Multilevel model results on the overall effect of nafamostat therapy in the
prevention of post-ERCP pancreatitis (PEP) (76)

However, in the subgroup analysis, we found statistically significant prevention of mild
PEP only in the 20 mg subgroup [OR: 0.49, 95% CI: 0.31-0.77]. We found no statistical
differences in other severity groups (mild, moderate, and severe) investigating 20 mg and

50 mg doses of nafamostat compared to SoC (Figure 12).
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Post-ERCP Pancreatitis Severity Estimate [95% CI]
with different dosage

Mild: Dosage 20 mg — 0.49[0.31, 0.77]

Moderate: Dosage 20 mg —— 0.69[0.29, 1.61]

Severe: Dosage 20 mg : 0.99 [0.23, 4.39]

Y

Mild: Dosage 50 mg — . 0.49 [0.24, 1.02]

Moderate: Dosage 50 mg - 0.34 [0.09, 1.23]

Severe: Dosage 50 mg | .

Y

0.93[0.18, 4.83]

0.1 0.5 3.0
Favoring Odds Ratio Favoring
nafamostat control

Figure 12. Multilevel model results on the nafamostat therapy in the prevention of post-

ERCP pancreatitis (PEP) (76)

We analyzed PEP severity in high- and low-risk patients. The overall use of nafamostat
therapy could reduce moderate PEP in high-risk patients [OR: 0.18, 95% CI: 0.0.4-0.84];
and mild PEP in low-risk patients [OR: 0.32, 95% CI: 0.17-0.61; Figure 13].
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Post-ERCP Pancreatitis severity Estimate [95% Cl]
in high and low risk patients

High risk — mild - 0.64 [0.32, 1.27]
High risk — moderate - 0.18 [0.04, 0.84]
Low risk — mild —— 0.32 [0.17, 0.61]

Low risk — moderate

A

0.40 [0.10, 1.58]

0.1 0.5 3.0
Favoring  Odds Ratio Favoring
nafamostat control

Figure 13. Multilevel model results on the nafamostat therapy in the treatment prevention
of post-ERCP pancreatitis (PEP) in low and high risk patients. There was an overall
reduction of moderate PEP in high risk, and of mild PEP in low-risk patients (76)

There were insufficient reports of severe PEP in high- and low-risk patients. The pooled
results of the five studies showed no statistical differences in the ability of nafamostat to
reduce post-ERCP hyperamylasemia (HA) compared to placebo. The results of the

multilevel analysis are shown in Figure 14.
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Post-ERCP Hyperamylasemia Estimate [95% CI]

Dosage 20 mg [ | : 0.93 [0.61, 1.42]
Dosage 50 mg [ . | 0.96 [0.57, 1.65]
Severity high risk all | . | 0.99 [0.60, 1.62]
Severity low risk all [ » | 1.07 [0.67, 1.72]
| | | |
0.1 0.2 0.5 1.0 3.0
Favoring Odds Ratio Favoring
nafamostat control

Figure 14. Multilevel model results on the nafamostat therapy regarding the post-ERCP
hyperamylasemia (76)

8.3.3. Quality assessment

Overall, the trials included had a low risk of bias. In some cases, due to the inaccessible
study protocols, we were unable to compare the intended interventions with the published
results and therefore marked them with “some concerns.” On the basis of the GRADE

assessment, the certainty of evidence is “low.”
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9. DISCUSSION

9.1. Summary of findings, international comparisons

9.1.1. Study I. — Investigating the effects of ulinastatin-somatostatin analogue

combination therapy in acute pancreatitis

Our meta-analysis assessed the clinical advantage of the combination therapy of
ulinastatin with somatostatin analogues compared to somatostatin alone besides SoC in
AP. Ulinastatin combined with somatostatin or octreotide therapy significantly reduced
the complication rates of MODS, AKI, and ARDS, which might be a contributing factor
in the reduced hospitalization time. Data on mortality and shock rates are limited,

however, the combination therapy shows beneficial results in both outcomes.

Our results indicate that the intervention determines a three-fold reduction in symptoms
compared to monotherapy, which is consistent in severe AP. The better response rate, the
decreased APR time, and the less frequent complications might be a contributing factor
to faster recovery and avoid complications. It could alleviate abdominal pain almost 2
days earlier than monotherapy. Abdominal pain is the main symptom of AP; proper
management has a great impact on the perspectives of patients (77). Furthermore, the
combination therapy could significantly reduce CRP, thus decreasing inflammation. With
fewer days of hospital stay and lower complication rates, it is a clinically effective

therapy. Additional health care expenses could be saved in both short and long terms.

Mortality showed a decreasing trend in the experimental group, but the results were not
statistically significant. If we expect a 10% reduction in mortality (from 12% to 2%)
within the intervention group (38, 78) an optimal study sample size would be
approximately 99 patients in each study arm (80% power, one-sided alpha level of 5%
with continuity correction). None of the studies reached this threshold, so our results must
be considered with caution, since we cannot strongly confirm the impact of combination

therapy on mortality.

In other studies, researchers found that ulinastatin inhibits necrosis by preventing

mitochondrial damage, decreases endothelial dysfunction, normalizes coagulation
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disturbances, improves perfusion, and thus restores organ functions (20, 79-81). Several
meta-analyses revealed positive effects of ulinastatin in many severe clinical scenarios: it
can prevent postoperative bleeding in patients undergoing cardiac surgery (82), it protects
against ischemia—reperfusion injuries in hepatectomy (83), in ARDS of various
actiologies it decreases the mortality rates (84), after cardiopulmonary bypass it reduces
pulmonary injury and improves pulmonary function (85), and decreases the duration of
mechanical ventilation (86). The clinical effects of ulinastatin observed in patients
suffering from diseases that are associated with a high risk of major complications support

its potential in the treatment of AP.

9.1.2. Study II. — Investigating the effects of proton pump inhibitors in acute

pancreatitis

We investigated the association between PPIs addition to conventional therapy compared
to conventional therapy alone in patients with AP. PPI use in the treatment of AP is
associated with a decreased risk of developing pancreatic pseudocysts. However, there
were no significant differences between the two groups in terms of 7-day mortality,
LOHS, and incidence rate of ARDS. Furthermore, we found an increased risk of bleeding

in the PPI group.

Pancreatic pseudocysts in AP are caused by extravasation of pancreatic fluid. They can
have a spontaneous evolution to resorption in time or progress with complications such
as rupture, bleeding, and infection (87). In theory, PPIs cannot reduce not only gastric
acid secretion, but also secretin-stimulated bicarbonate secretion (88). Experimental
studies showed contradictory results on inhibition of pancreatic enzyme production.
Omeprazole failed to suppress amylase release in isolated pancreatic acini; however,
pantoprazole significantly reduced amylase secretion in an experiment with rats (25, 26).
One case report showed a decrease in serum amylase level after PPI treatment: a patient
had acute necrotizing pancreatitis secondary to 6-mercaptopurine (6-MP) therapy, which
was resolved by octreotide therapy. However, when starting 6-MP again, octreotide with
2 mg/kg/day lansoprazole could decrease amylase to the normal level (89). Nevertheless,
no trials to date have further evaluated the hypothesis. Furthermore, PPI elevates the

gastric pH level, thus reducing secretin release, which further decreases pancreatic
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secretion (88). Our results suggest that there may be a link between PPI use and the

decreased rate of pancreatic pseudocyst formation in AP.

Furthermore, our analyses showed that PPI treatment during AP does not have a
significant effect on 7-day mortality, LOHS, and the complication rate of ARDS,

indicating that there are no major benefits in adding them to SoC.

The accurate incidence of GI bleeding in AP is not documented well; however, the
frequency of excessive GI haemorrhagic complications in AP is reported in 1.2% to
14.5% of the cases, leading to an increased mortality (90). Based on the results, PPI
treatment during AP was associated with an increased risk of GI bleeding (45, 47, 49, 50),
which could be due to a variety of pancreatic and nonpancreatic conditions, e.g., a history
of peptic - and concomitant anticoagulation. In the prevention of upper GI bleeding, PPIs
are indisputable, but they might not be as effective against lower GI bleeding, and might
even cause small bowel injury by producing dysbiosis in the GI tract, especially when
using concomitant warfarin, acetylsalicylic acid, or NSAIDs (91, 92). None of the
included articles reported on concomitant medications. Furthermore, the cohort study by
Demcsak et al. (45) showed an association between PPI use and the severity of AP: a
significant proportion of patients who received acid suppressants had moderate or severe

episodes of AP. This finding is also supported by Murata et al. (47).

In severe AP, released inflammatory mediators (IL-18, IL-6, and TNFa) may induce gut
dysbacteriosis, which could be enhanced by the acid suppressive effect of PPIs (93-95).
One RCT comprising 66 patients showed a significant increase in cases of duodenal
dysbiosis, duodenal bacterial overgrowth, and candida oesophagitis when using
esomeprazole compared to conventional therapy (53). Furthermore, the released
inflammatory mediators can cause hyperpermeability of the intestinal mucosa, which,
together with bacterial overgrowth, could lead to bacteraemia. This effect can further
activate pro-inflammatory cytokines, resulting in an enhancement of the inflammatory

processes (95).

On the other hand, PPIs seem to be associated with a decreased pro-inflammatory
cytokine release that would disrupt the barrier functions (96). Two studies showed that

serum levels of d-lactic acid and diamine oxidase, which rarely get absorbed from the GI
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tract in physiological conditions, were lower in the intervention group (which in this case
included patients treated with PPI—somatostatin association) compared to the control
group, and suggesting a protective effect on the intestinal barrier function (49, 52).
However, somatostatin might also have a protective role in the sepsis-induced gut barrier
dysfunction according to an animal model study (97); therefore, combining PPI and
somatostatin may have an enhanced protective effect. Furthermore, PPIs can show
scavenging properties for reactive oxygen species (96). However, somatostatin can
express antioxidant effects and decrease cytokine levels; thus, it could also contribute to
the anti-inflammatory effect, when administered in combination with PPIs (49). The
mechanisms behind these effects have not yet been completely described; further

investigations are needed.

PPIs are among the most overused medications, and are generally prescribed without any
specific indication (98). Patients with AP receive some kind of acid suppressive drugs in
23.3% of cases on admittance to the hospital, 86.6% of the patients received them during
hospitalization, and 57.6% when they were discharged from hospital (45). The
prophylactic use of PPIs for stress ulcer prophylaxis in individuals with AP is an off-label
indication. PPIs are considered safe medications, with a safe adverse effect profile;
however, there are possible adverse reactions in the long term. Drug-induced AP is
responsible for 2—5% of the AP cases (99), and PPIs are rarely associated with its onset
(100-104). Patients with gastrointestinal reflux disease, peptic ulcer, dyspepsia, or prior
GI bleeding are likely to receive PPIs, even at an elevated dose. However, the

inappropriate use of PPIs exposes the patient to harm, which could be prevented.

Although PPIs are widely used during AP treatment, this is the first meta-analysis that
evaluates their association with various AP related clinical outcomes. However, several
limitations should be emphasized. There is a low number of trials available in the topic,
and in many cases, they have a moderate to high risk of bias, especially regarding
randomization process, deviations from intended intervention, selection of reported
results and outcome measurement. In the analyzed trials, different PPIs were used. While
the main mechanism of action of these drugs is common, their activity profiles are
different, which may influence their clinical effect in AP. For example, omeprazole, in

contrast to pantoprazole, does not inhibit amylase release from isolated pancreatic acini
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(105). Furthermore, there is no information on the initiation and the duration of PPI
therapy in report of AP onset, and follow-up times. Additionally, due to their small sample
sizes, the RCTs were assigned low weights in the pooled results by comparison with the
cohort studies, which can impact the overall effect measurement. This is important, as
they reported opposite results on outcomes such as mortality and GI bleeding. The
analysis of the RCT data alone resulted in different results in the case of these two

outcomes: no significant differences could be detected between the two treatment groups.

9.1.3. Study III. — Investigating the effects of nafamostat in the prevention of post-
ERCP pancreatitis

PEP is the leading adverse event of the ERCP procedure (10). Only supportive therapies
are widely available, and for this reason, clinical trials mainly focus on the prevention of
PEP with limited success. In this systematic review and meta-analysis, we investigated

nafamostat as a prophylactic agent in the prevention of PEP.

Our results suggest that nafamostat can reduce the overall incidence of PEP using 20 and
50 mg doses; however, we found a statistically significant difference only in the 20 mg
nafamostat subgroup only for mild PEP. This might suggest that there is no dose-
dependent effect of nafamostat on the prevention of PEP, and a lower dose regime is
sufficient for prevention. Side effects also did not appear to be dose dependent: only
Matsumoto reported hyperkalemia (57); Choi, Park (2011), Park (2014) and Yoo (55, 59-
61) did not report any side effects associated with the administration of nafamostat (Kwon
(56) did not report any side effect related information). Previous meta-analyses showed
controversial results on the effectiveness of nafamostat in the prevention of PEP. Yu et
al. (106) showed a significant reduction in overall PEP, including mild and moderate PEP
prevention. Their analysis also showed a significant prevention of PEP in both low- and
high-risk patients. A later network meta-analysis by Lyu et al. (54), which included four

published RCT trials, showed no statistical differences compared with placebo.

The ERCP procedure is generally associated with HA, which is present in 11.2-39% of
cases (107-109). The development of HA may be due to patient-related (prior diabetes)
and procedure-related factors (difficult cannulation, biliary duct stent placement, and

nasobiliary drainage) (108). The underlying disease may also affect the procedure: cases
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of acute biliary pancreatitis appear to be more difficult than those of acute cholangitis,
due to the increased use of advanced cannulation methods and inadvertent pancreatic
cannulation, as well as a longer cannulation time (110). A retrospective analysis of 1.291

patients showed no correlation between HA and the severity of PEP (111).

Several reports investigated the intra-arterial or intravenous administration of nafamostat;
however, there are inconsistencies in the results (112-117) Nafamostat also inhibits other
proteolytic enzymes, for example, thrombin and plasmin (27), which can be used as an
anticoagulant in the treatment of disseminated intravascular coagulopathy (DIC) (118),
cardiopulmonary bypass (119-121) or during continuous renal replacement therapy (122,
123). It also emerged in the treatment of coronavirus disease 2019 (COVID-19) because
it inhibits viral and human cell fusion (124, 125).

9.2. Strengths

To the best of our knowledge, we provided the first meta-analysis for Study I. and Study
II.; and the most up-to-date version for Study III. The strength of our reviews is their
rigorous methodology. We strictly followed the Cochrane and PRISMA
recommendations and ensured the study’s transparency through the prior publication of

the review protocol on PROSPERO.

9.3. Limitations

Our results are based on a limited number of trials performed mostly in Far Eastern
countries, e.g., China, Japan, and South Korea. The included trials are of low to moderate
quality, with the risks of bias resulting from a lack of proper reporting of the study
protocols and the blinding. Due to the small sample sizes, interpretations must be made

carefully. These factors resulted in high heterogeneity in some cases.

In some cases, we included trials containing somatostatin or octreotide as part of the
treatment. Clinical studies (18) show no statistical difference in patient outcomes when
comparing octreotide or somatostatin to placebo, therefore, we regarded this modality as

placebo.
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10. CONCLUSIONS

Our study investigated the rational use of different pharmacologic agents (ulinastatin,
nafamostat and PPIs) in AP. Ulinastatin combined with somatostatin analogue
significantly decreased complication rates (ARDS, AKI, MODS) in AP in comparison
with somatostatin analogue monotherapy. In addition, combination therapy is associated

with earlier relief of symptoms and shorter hospital stay.

Our meta-analysis pointed out that even though PPI use in AP treatment reduced the rates

of pancreatic pseudocyst formation, it did not show significant effects on other outcomes.

Nafamostat can reduce the overall incidence of PEP compared to placebo and should be

considered for use in low-risk patients with mild PEP.
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11. IMPLEMENTATION FOR PRACTICE

Translational science is essential to the interpretation of clinical results in daily practice.
Every year, more than 1.4 million scientific papers are published, and it is impossible for
practitioners to keep up with this amount of data, therefore, a vast majority of the results
are not utilized. A prompt reaction to new evidence could be delayed, resulting in

inadequate patient care (126, 127).

Somatostatin analogue monotherapy is not sufficiently effective in the management of
AP. Our results provide a new insight into a possible drug therapy treatment for AP. This
is especially important in severe cases, as there are limited treatment options and mortality

is high.

PPIs are one of the most overused medications overall. Despite their safe adverse effect
profile, there are some reports of severe reactions, therefore their prescriptions should be
validated. PPIs should be recommended only as an addition to the SoC if there is a
relevant comorbidity or a higher risk of GI bleeding or the development of pancreatic

pseudocyst.

The use of nafamostat as a preventive medication after ERCP showed an overall reduction
in PEP. The incidence of mild PEP was significantly reduced in the 20 mg subgroup. In
addition, it reduced mild PEP in low-risk and moderate PEP in high-risk patients.
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12. IMPLEMENTATION FOR RESEARCH

The results of the ulinastatin combination therapy presented here suggest an improvement
of efficacy, but the combination should be further studied e.g., to overcome the limitation
that all the available data are available from trials performed in China. The included trials
have differences in the applied treatments, outcome measures, and follow-up time, further
multicentre, double-blind, RCTs with greater sample sizes and well-defined outcomes are
needed to assess the combination therapy’s effect in AP. Furthermore, data on the safety
of combination therapy in AP are lacking. Due to the shorter hospital stay and the reduced
risk of complications, cost effectiveness and the assessment of health technology should
be considered. The clinical efficacy and safety of further combination therapies should be

systematically evaluated.

Well-designed RCTs are needed to determine which populations would benefit the most
from PPI treatment during AP, and most importantly, what are the benefits and drawbacks

of PPI use in this disease.

Considering the limited efficacy, researchers should focus on the cost-effectiveness of
nafamostat therapy. It should also be investigated compared to the available preventive

therapies.
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13. IMPLEMENTATION FOR POLICYMAKERS

There are no golden bullet drugs available to treat AP. The key to successful therapy is
the optimal and rational use of available drugs. To achieve this, it is key to have up-to-

date information on the efficacy of the drugs.

Systematic review and meta-analysis of clinical evidence is therefore of paramount
importance. New evidence can justify or oppose an emerging or existing therapy in
practice. Translational science should be implemented in the decision-making process to
evaluate therapies. It is important that the evidence generated in meta-analyses becomes
part of clinical practice and guidelines. It would also be in the interest of patients if drugs
that have been shown to be effective but are only available in certain countries were to be

made available for therapy worldwide.
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14. FUTURE PERSPECTIVES

As a clinical pharmacist with special interest in the pharmacotherapy of AP, I hope that
in the future I can support the rational therapy of AP patients as a member of a therapeutic
team. Of the agents studied in my doctoral research, ulinastatin appears to be a promising
agent for the treatment of AP, but the available evidence is not fully sufficient to judge
its efficacy. I had the opportunity to design a protocol for a clinical trial that could fill the
missing evidence. I look forward to participating in future research studies with this
pharmacon or newer compounds to confirm efficacy and promote rational

pharmacotherapy.

47



15. REFERENCES

1. Parniczky A, Kui B, Szentesi A, Balazs A, Szucs A, Mosztbacher D, et al.
Prospective, Multicentre, Nationwide Clinical Data from 600 Cases of Acute Pancreatitis.
PLoS One. 2016;11(10):e0165309.

2. Roberts SE, Morrison-Rees S, John A, Williams JG, Brown TH, Samuel DG. The
incidence and aetiology of acute pancreatitis across Europe. Pancreatology.
2017;17(2):155-65.

3. lannuzzi JP, King JA, Leong JH, Quan JS, Windsor JW, Tanyingoh D, et al.
Global Incidence of Acute Pancreatitis Is Increasing Over Time: A Systematic Review
and Meta-Analysis. Gastroenterology. 2022;162(1):122-34.

4, Crockett SD, Wani S, Gardner TB, Falck-Ytter Y, Barkun AN, American
Gastroenterological  Association Institute Clinical Guidelines C. American

Gastroenterological Association Institute Guideline on Initial Management of Acute
Pancreatitis. Gastroenterology. 2018;154(4):1096-101.

5. Banks PA, Bollen TL, Dervenis C, Gooszen HG, Johnson CD, Sarr MG, et al.
Classification of acute pancreatitis-2012: revision of the Atlanta classification and
definitions by international consensus. Gut. 2013;62(1):102-11.

6. Boxhoorn L, Voermans RP, Bouwense SA, Bruno MJ, Verdonk RC, Boermeester
MA, et al. Acute pancreatitis. Lancet. 2020;396(10252):726-34.

7. Kalaitzakis E. All-cause mortality after ERCP. Endoscopy. 2016;48(11):987-94.

8. Siiki A, Tamminen A, Tomminen T, Kuusanmaki P. ERCP procedures in a
Finnish community hospital: a retrospective analysis of 1207 cases. Scand J Surg.
2012;101(1):45-50.

9. Glomsaker T, Hoff G, Kvaloy JT, Soreide K, Aabakken L, Soreide JA, et al.

Patterns and predictive factors of complications after endoscopic retrograde
cholangiopancreatography. Br J Surg. 2013;100(3):373-80.

10. Dumonceau JM, Kapral C, Aabakken L, Papanikolaou IS, Tringali A,
Vanbiervliet G, et al. ERCP-related adverse events: European Society of Gastrointestinal
Endoscopy (ESGE) Guideline. Endoscopy. 2020;52(2):127-49.

11. Kochar B, Akshintala VS, Afghani E, Elmunzer BJ, Kim KJ, Lennon AM, et al.
Incidence, severity, and mortality of post-ERCP pancreatitis: a systematic review by
using randomized, controlled trials. Gastrointest Endosc. 2015;81(1):143-9 €9.

12. Cotton PB, Lehman G, Vennes J, Geenen JE, Russell RC, Meyers WC, et al.
Endoscopic sphincterotomy complications and their management: an attempt at
consensus. Gastrointest Endosc. 1991;37(3):383-93.

13.  Petersen OH, Gerasimenko JV, Gerasimenko OV, Gryshchenko O, Peng S. The
roles of calcium and ATP in the physiology and pathology of the exocrine pancreas.
Physiol Rev. 2021;101(4):1691-744.

14. Parekh PJ, Majithia R, Sikka SK, Baron TH. The "Scope" of Post-ERCP
Pancreatitis. Mayo Clin Proc. 2017;92(3):434-48.

48



15. Nagashima K, Ijima M, Kimura K, Kurihara E, Tominaga K, Fukushi K, et al.
Does the Use of Low Osmolality Contrast Medium Reduce the Frequency of Post-
Endoscopic Retrograde Cholangiopancreatography Pancreatitis: A Comparative Study
between Use of Low and High Osmolality Contrast Media. Digestion. 2021;102(2):283-
8.

16.  Mao X, Yang Z. Current usage status of somatostatin and its analogs and trypsin
inhibitors: a real-world study of 34,654 Chinese adult patients with acute pancreatitis.
Ann Palliat Med. 2021;10(2):1325-35.

17. Bang UC, Semb S, Nojgaard C, Bendtsen F. Pharmacological approach to acute
pancreatitis. World J Gastroentero. 2008;14(19):2968-76.

18. Moggia E, Koti R, Belgaumkar AP, Fazio F, Pereira SP, Davidson BR, et al.
Pharmacological interventions for acute pancreatitis. Cochrane Database Syst Rev.
2017;4(4):CD011384.

19. Kanayama N, Halim A, Maehara K, Kajiwara Y, Fujie M, Terao T. Kunitz-type
trypsin inhibitor prevents LPS-induced increase of cytosolic free Ca2+ in human
neutrophils and HUVEC cells. Biochem Biophys Res Commun. 1995;207(1):324-30.

20. Mehta Y, Dixit SB, Zirpe K, Sud R, Gopal PB, Koul PA, et al. Therapeutic
Approaches in Modulating the Inflammatory and Immunological Response in Patients

With Sepsis, Acute Respiratory Distress Syndrome, and Pancreatitis: An Expert Opinion
Review. Cureus. 2021;13(9):¢18393.

21.  Jancso Z, Sahin-Toth M. Mutation That Promotes Activation of Trypsinogen
Increases Severity of Secretagogue-Induced Pancreatitis in Mice. Gastroenterology.
2020;158(4):1083-94.

22. Hegyi E, Sahin-Toth M. Genetic Risk in Chronic Pancreatitis: The Trypsin-
Dependent Pathway. Dig Dis Sci. 2017;62(7):1692-701.

23. Dang SC, Wang H, Zhang JX, Cui L, Jiang DL, Chen RF, et al. Are gastric
mucosal macrophages responsible for gastric injury in acute pancreatitis? World J
Gastroenterol. 2015;21(9):2651-7.

24, Wang J, Barbuskaite D, Tozzi M, Giannuzzo A, Sorensen CE, Novak 1. Proton
Pump Inhibitors Inhibit Pancreatic Secretion: Role of Gastric and Non-Gastric H

/K
-ATPases. Plos One. 2015;10(5).

25. Cai J, Zhou W, Luo HS, Peng LV. Effect of proton pump inhibitor on amylase
release from isolated pancreatic acini. In Vitro Cell Dev Biol Anim. 2007;43(1):25-7.

26. Hackert T, Tudor S, Felix K, Dovshanskiy D, Hartwig W, Simon WA, et al.
Effects of pantoprazole in experimental acute pancreatitis. Life Sci. 2010;87(17-18):551-
7.

27. Iwaki M, Ino Y, Motoyoshi A, Ozeki M, Sato T, Kurumi M, et al.
Pharmacological studies of FUT-175, nafamostat mesilate. V. Effects on the pancreatic
enzymes and experimental acute pancreatitis in rats. Jpn J Pharmacol. 1986;41(2):155-
62.

49



28. Fujii S, Hitomi Y. New synthetic inhibitors of Clr, C1 esterase, thrombin,
plasmin, kallikrein and trypsin. Biochim Biophys Acta. 1981;661(2):342-5.

29. Ocskay K, Vinko Z, Nemeth D, Szabo L, Bajor J, Godi S, et al. Hypoalbuminemia
affects one third of acute pancreatitis patients and is independently associated with
severity and mortality. Sci Rep. 2021;11(1):24158.

30. Szentesi A, Farkas N, Sipos Z, Matrai P, Vincze A, Izbeki F, et al. Alcohol
consumption and smoking dose-dependently and synergistically worsen local pancreas
damage. Gut. 2022;71(12):2601-2.

31. Nagy A, Juhasz MF, Gorbe A, Varadi A, Izbeki F, Vincze A, et al. Glucose levels
show independent and dose-dependent association with worsening acute pancreatitis
outcomes: Post-hoc analysis of a prospective, international cohort of 2250 acute
pancreatitis cases. Pancreatology. 2021;21(7):1237-46.

32.  Nagy R, Ocskay K, Varadi A, Papp M, Vitalis Z, Izbeki F, et al. In-Hospital
Patient Education Markedly Reduces Alcohol Consumption after Alcohol-Induced Acute
Pancreatitis. Nutrients. 2022;14(10).

33. Leppaniemi A, Tolonen M, Tarasconi A, Segovia-Lohse H, Gamberini E,
Kirkpatrick AW, et al. 2019 WSES guidelines for the management of severe acute
pancreatitis. World J Emerg Surg. 2019;14:27.

34. Samarasekera E, Mahammed S, Carlisle S, Charnley R, Guideline C. Pancreatitis:
summary of NICE guidance. BMJ. 2018;362:k3443.

35. Tenner S, Baillie J, DeWitt J, Vege SS, American College of G. American College
of Gastroenterology guideline: management of acute pancreatitis. Am J Gastroenterol.
2013;108(9):1400-15; 16.

36. Guo H, Chen J, Suo D. [Clinical efficacy and safety of ulinastatin plus octreotide
for patients with severe acute pancreatitis]. Zhonghua Yi Xue Za Zhi. 2015;95(19):1471-
4.

37. Wang G, Liu Y, Zhou SF, Qiu P, Xu L, Wen P, et al. Effect of Somatostatin,
Ulinastatin and Gabexate on the Treatment of Severe Acute Pancreatitis. Am J Med Sci.
2016;351(5):506-12.

38. Yang JF, Chen, S. & Xia, H. W. Efficacy of ulinastatin combined with octreotide
for patients with severe pancreatitis: Effect on clinical symptoms, serological markers
and safety. World Chin J Digestol. 2018(26):1778-83.

39. Wang G, Wen J, Wilbur RR, Wen P, Zhou SF, Xiao X. The effect of somatostatin,
ulinastatin and Salvia miltiorrhiza on severe acute pancreatitis treatment. Am J Med Sci.
2013;346(5):371-6.

40. Tu YL, G. H. . Octreotide injection combined with intravenous ulinastatin for
treatment of acute pancreatitis: A controlled study. World Chin J Digestol
2014(22):5009-12.

41. Xu RS, Jiang, S., Zhou, H. F. & Jin, W. X. . Clinical efficacy of ulinastatin
combined with somatostatin for treatment of severe acute pancreatitis and effects on
immune function. Int J Clin Exp Med 2019(12):11333-41.

50



42. Wang J, Jin J, Huang J, Li DR, Hao Y, Kong JD, et al. [Clinical value of the early
use of ulinastatin in patients with moderately severe or severe acute pancreatitis].
Zhonghua Yi Xue Za Zhi. 2017;97(16):1252-5.

43. Meng L, Wu Z, Zhang H. Effect of Ulinastatin Combined with Octreotide on
Serum Endothelin, Endotoxin Levels and Immune Function in Acute Pancreatitis. J Coll
Physicians Surg Pak. 2019;29(1):90-2.

44.  Yang ZYea. Effect of octreotide combined with ulinastatin on the serum
endotoxin and intestinal mucosal permeability in patients with severe pancreatitis.
Biomed Res (India). 2017(28):4062-5.

45. Demcsak A, Soos A, Kincses L, Capunge I, Minkov G, Kovacheva-Slavova M,
et al. Acid suppression therapy, gastrointestinal bleeding and infection in acute
pancreatitis - An international cohort study. Pancreatology. 2020;20(7):1323-31.

46.  Zhang S,Han Z, Zhang Y, Gao X, Zheng S, Wang R, et al. Proton Pump Inhibitors
Were Associated With Reduced Pseudocysts in Acute Pancreatitis: A Multicenter Cohort
Study. Frontiers in Pharmacology. 2021;12.

47.  Murata A, Ohtani M, Muramatsu K, Matsuda S. Effects of proton pump inhibitor
on outcomes of patients with severe acute pancreatitis based on a national administrative
database. Pancreatology. 2015;15(5):491-6.

48. Xia YX, Liu, X. Z., Zhang, X. D., Shang, P. J. & Guo, J. . Efficacy and safety of
omeprazole combined with somatostatin in treatment of severe acute pancreatitis. World
Chin J Digestol 2014(22):1179-83.

49.  Hong JM, J. The effect of somatostatin combined with omeprazole on patients
with severe acute pancreatitis. Farmacia. 2021(69):548-54.

50. Ma X, Tang CW, Huang ZY, Zhang MG, Liu F, Wang CH, et al. [Effect of Proton
Pump Inhibitors on Severe Acute Pancreatitis--a Prospective Randomized Trial]. Sichuan
Da Xue Xue Bao Yi Xue Ban. 2017;48(6):933-6.

51. Yoo JH, Kwon CI, Yoo KH, Yoon H, Kim WH, Ko KH, et al. [Effect of proton
pump inhibitor in patients with acute pancreatitis - pilot study]. Korean J Gastroenterol.
2012;60(6):362-7.

52. Wang KL, S. . Effects of esomeprazole sodium combined with somatostatin on
serum inflammatory indexes and intestinal barrier function in patients with severe acute
pancreatitis. Int J Clin Exp Med. 2020(13):6835—40.

53. Ma X, Huang L, Huang Z, Jiang J, Zhao C, Tong H, et al. The impacts of acid
suppression on duodenal microbiota during the early phase of severe acute pancreatitis.
Sci Rep. 2020;10(1):20063.

54. LyuY, Wang B, Cheng Y, Xu Y, Du W. Comparative Efficacy of 9 Major Drugs
for Postendoscopic Retrograde Cholangiopancreatography Pancreatitis: A Network
Meta-Analysis. Surg Laparosc Endosc Percutan Tech. 2019;29(6):426-32.

55. Choi CW, Kang DH, Kim GH, Song GA, Eum JS, Lee SY, et al. Use of
nafamostat mesilate and gabexate mesylate in the prevention of post-ERCP pancreatitis

and risk factor analysis: A prospective, randomized trial. Gastrointest Endosc.
2008;67(5):AB244-ABS.

51



56. Kwon YHea. Could nafamostat or gabexate prevent the post endoscopic

retrograde  cholangiopancreatography  pancreatitis? Korean J  Gastroenterol
2012(59):232-8.

57. Matsumoto Tea. Nafamostat Mesylate is not effective in preventing post-
endoscopic retrograde Cholangiopancreatography pancreatitis. 2021(66):4475-84.

58.  Ohuchida J, Chijiiwa K, Imamura N, Nagano M, Hiyoshi M. Randomized
controlled trial for efficacy of nafamostat mesilate in preventing post-endoscopic
retrograde cholangiopancreatography pancreatitis. Pancreas. 2015;44(3):415-21.

59. Park KTea. Is high-dose nafamostat mesilate effective for the prevention of post-
ERCP pancreatitis, especially in high-risk patients? Pancreas. 2011(40):1215-9.

60.  Park JYea. Comparison between ulinastatin and nafamostat for prevention of
post-endoscopic retrograde cholangiopancreatography complications: a prospective,
randomized trial. Pancreatology. 2014(14):263-7.

61. Yoo KS, Huh KR, Kim YJ, Kim KO, Park CH, Hahn T, et al. Nafamostat mesilate
for prevention of post-endoscopic retrograde cholangiopancreatography pancreatitis: a
prospective, randomized, double-blind, controlled trial. Pancreas. 2011;40(2):181-6.

62.  Higgins JPT TJ, Chandler J, Cumpston M, Li T, Page MJ, Welch VA. Cochrane
Handbook for Systematic Reviews of Interventions version 6.3 (updated February 2022).
Cochrane, 2022. 2022.

63. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et
al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
Bmj-Brit Med J. 2021;372.

64. Harrer MC, P; Furukawa, T; Ebert, D. Doing Meta-Analysis With R: A Hands-
On Guide. 1st Ed. ed. New York: Chapman and Hall/CRC; 2021.

65. Paule RC, Mandel J. Consensus Values and Weighting Factors. J Res Natl Bur
Stand (1977). 1982;87(5):377-85.

66. Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. Stat
Med. 2002;21(11):1539-58.

67. Viechtbauer W, Cheung MW. Outlier and influence diagnostics for meta-analysis.
Res Synth Methods. 2010;1(2):112-25.

68.  Rucker G, Schwarzer G. Beyond the forest plot: The drapery plot. Res Synth
Methods. 2021;12(1):13-9.

69. IntHout J, Ioannidis JP, Rovers MM, Goeman JJ. Plea for routinely presenting
prediction intervals in meta-analysis. BMJ Open. 2016;6(7):¢010247.

70.  Balduzzi S, Riicker G, Schwarzer G. How to perform a meta-analysis with R: a
practical tutorial. Evidence Based Mental Health. 2019;22(4):153.

71. Sterne JAC, Savovi¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. RoB
2: arevised tool for assessing risk of bias in randomised trials. Bmj. 2019;366:14898.

72. Sterne JA, Hernan MA, Reeves BC, Savovic J, Berkman ND, Viswanathan M, et
al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of interventions.
BMJ. 2016;355:14919.

52



73.  GRADEpro GDT: GRADEpro Guideline Development Tool [Software].
McMaster University and Evidence Prime. 2022;Available from gradepro.org.

74. Horvath IL, Bunduc S, Fehervari P, Vancsa S, Nagy R, Garmaa G, et al. The
combination of ulinastatin and somatostatin reduces complication rates in acute
pancreatitis: a systematic review and meta-analysis of randomized controlled trials. Sci
Rep. 2022;12(1):17979.

75. Horvath IL, Bunduc S, Hanko B, Kleiner D, Demcsak A, Szabo B, et al. No
evidence for the benefit of PPIs in the treatment of acute pancreatitis: a systematic review
and meta-analysis. Sci Rep. 2023;13(1):2791.

76. Horvath IL, Kleiner D, Nagy R, Fehervari P, Hanko B, Hegyi P, et al. Nafamostat
Reduces the Incidence of post-ERCP Pancreatitis: A Systematic Review and Meta-
Analysis of Randomized Controlled Trials. Clin Pharmacol Ther. 2024;115(2):206-12.

77. Foldi M, Gede N, Kiss S, Vincze A, Bajor J, Szabo I, et al. The characteristics and
prognostic role of acute abdominal on-admission pain in acute pancreatitis: A prospective
cohort analysis of 1432 cases. Eur J Pain. 2022;26(3):610-23.

78. Besselink MG, van Santvoort HC, Buskens E, Boermeester MA, van Goor H,
Timmerman HM, et al. Probiotic prophylaxis in predicted severe acute pancreatitis: a
randomised, double-blind, placebo-controlled trial. Lancet. 2008;371(9613):651-9.

79. Meng WT, Qing L, Li CZ, Zhang K, Yi HJ, Zhao XP, et al. Ulinastatin: A
Potential Alternative to Glucocorticoid in the Treatment of Severe Decompression
Sickness. Front Physiol. 2020;11:273.

80.  Wong WW. ICE family proteases in inflammation and apoptosis. Agents Actions
Suppl. 1998;49:5-13.

81.  Neumann I, Grassi B, Bdair F, Rada G. Antiproteases for acute pancreatitis.
Cochrane Database of Systematic Reviews. 2011(11).

82. Yao YT, Fang NX, Liu DH, Li LH. Ulinastatin reduces postoperative bleeding
and red blood cell transfusion in patients undergoing cardiac surgery: A PRISMA-
compliant  systematic review and meta-analysis. Medicine (Baltimore).
2020;99(7):e19184.

83. Gao H, Lyu Y, Yang Y, Li Y, Cao H. Perioperation ulinastatin intervention
protects liver function in hepatectomy: a systematic review of randomized controlled
trials and meta-analysis. Ann Palliat Med. 2020;9(3):774-87.

84. Zhang X, Zhu Z, Jiao W, Liu W, Liu F, Zhu X. Ulinastatin treatment for acute
respiratory distress syndrome in China: a meta-analysis of randomized controlled trials.
BMC Pulm Med. 2019;19(1):196.

85. He G, Li Q, Li W, Ruan Y, Xiong X, Song X, et al. Effect of ulinastatin on
interleukins and pulmonary function in bypass patients: a meta-analysis of randomized
controlled trials. Herz. 2020;45(4):335-46.

86. HeS,LinK,MaR, XuR, Xiao Y. Effect of the urinary tryptin inhibitor ulinastatin
on cardiopulmonary bypass-related inflammatory response and clinical outcomes: a
meta-analysis of randomized controlled trials. Clin Ther. 2015;37(3):643-53.

53



87.  Habashi S, Draganov PV. Pancreatic pseudocyst. World J Gastroenterol.
2009;15(1):38-47.

88. Chey WY, Chang TM. Secretin, 100 years later. J Gastroenterol.
2003;38(11):1025-35.

89.  Fettah A, Yarali N, Bayram C, Kirsaclioglu CT, Tunc B. Proton pump inhibitor
therapy in chemotherapy-induced pancreatitis. J Pediatr Hematol Oncol. 2014;36(8):660-
1.

90. Rana SS, Sharma V, Bhasin DK, Sharma R, Gupta R, Chhabra P, et al.
Gastrointestinal bleeding in acute pancreatitis: etiology, clinical features, risk factors and
outcome. Trop Gastroenterol. 2015;36(1):31-5.

91. Tang J, Sharma U, Desai S, Molnar J, Perlmuter L, Feller A, et al. A Study of
Proton Pump Inhibitors and Other Risk Factors in Warfarin-Associated Gastrointestinal
Bleeding. Cureus. 2021;13(1):e12624.

92. Lue A, Lanas A. Protons pump inhibitor treatment and lower gastrointestinal
bleeding: Balancing risks and benefits. World J Gastroenterol. 2016;22(48):10477-81.
93. Su SY, Tang QQ. Altered intestinal microflora and barrier injury in severe acute

pancreatitis can be changed by zinc. Int J Med Sci. 2021;18(14):3050-8.

94, Ge P, Luo Y, Okoye CS, Chen H, Liu J, Zhang G, et al. Intestinal barrier damage,
systemic inflammatory response syndrome, and acute lung injury: A troublesome trio for
acute pancreatitis. Biomed Pharmacother. 2020;132:110770.

95. Watanabe T, Kudo M, Strober W. Immunopathogenesis of pancreatitis. Mucosal
Immunol. 2017;10(2):283-98.

96.  Kedika RR, Souza RF, Spechler SJ. Potential anti-inflammatory effects of proton
pump inhibitors: a review and discussion of the clinical implications. Dig Dis Sci.
2009;54(11):2312-7.

97. Xu X, Zhu Q, Li G, Ma J, Pan Z, Wu W. Protective Role of Somatostatin in
Sepsis-Induced Intestinal Barrier Dysfunction through Inhibiting the Activation of NF-
kappaB Pathway. Gastroenterol Res Pract. 2020;2020:2549486.

98. Fuentes AV, Pineda MD, Venkata KCN. Comprehension of Top 200 Prescribed
Drugs in the US as a Resource for Pharmacy Teaching, Training and Practice. Pharmacy
(Basel). 2018;6(2).

99. Meczker A, Hanak L, Parniczky A, Szentesi A, Eross B, Hegyi P, et al. Analysis
of 1060 Cases of Drug-Induced Acute Pancreatitis. Gastroenterology. 2020;159(5):1958-
61 e8.

100.  Youssef SS, Iskandar SB, Scruggs J, Roy TM. Acute pancreatitis associated with
omeprazole. Int J Clin Pharmacol Ther. 2005;43(12):558-61.

101. Kathi P, Smith S, Rabadi R, Thammineni N, Mutchnick M. Omeprazole-
Associated Necrotizing Pancreatitis. Am J Ther. 2020;27(4):e411-e2.

102. Das S, Ganguly A, Ghosh A, Mondal S, Dey JK, Saha 1. Oral pantoprazole-
induced acute pancreatitis in an 11-year-old child. Ther Drug Monit. 2012;34(3):242-4.

54



103. Murtaza G, Khalid MF, Mungo NA. Recurrent Pantoprazole-Associated
Pancreatitis. Am J Ther. 2018;25(4):e492-¢3.

104. Ocal S, Korkmaz M, Yildirim AE, Altun R, Akbas E, Selcuk H. Lansoprazole-
induced acute pancreatitis. Turk J Gastroenterol. 2014;25(5):582-3.

105. Scarpignato C, Gatta L, Zullo A, Blandizzi C, Group S-A-F, Italian Society of
Pharmacology tIAoHG, et al. Effective and safe proton pump inhibitor therapy in acid-
related diseases - A position paper addressing benefits and potential harms of acid
suppression. BMC Med. 2016;14(1):179.

106. YuG,LiS, Wan R, Wang X, Hu G. Nafamostat mesilate for prevention of post-

ERCP pancreatitis: a meta-analysis of prospective, randomized, controlled trials.
Pancreas. 2015;44(4):561-9.

107.  Andriulli A, Clemente R, Solmi L, Terruzzi V, Suriani R, Sigillito A, et al.
Gabexate or somatostatin administration before ERCP in patients at high risk for post-
ERCP pancreatitis: a multicenter, placebo-controlled, randomized clinical trial.
Gastrointest Endosc. 2002;56(4):488-95.

108. He QB, Xu T, Wang J, Li YH, Wang L, Zou XP. Risk factors for post-ERCP
pancreatitis and hyperamylasemia: A retrospective single-center study. J Dig Dis.
2015;16(8):471-8.

109. Hernandez Garcés HR, Almeida Linnet A, Abreu Vazquez M, Calzadilla Bertot
L, Pefia K, Andrain Sierra Y, et al. Risk factors associated with the development of

hyperamylasemia and post-ERCP pancreatitis in the Cuban National Institute. Rev
Gastroenterol Peru. 2014;34(2):127-32.

110. Pecsi D, Godi S, Hegyi P, Hanak L, Szentesi A, Altorjay I, et al. ERCP is more
challenging in cases of acute biliary pancreatitis than in acute cholangitis - Analysis of
the Hungarian ERCP registry data. Pancreatology. 2021;21(1):59-63.

111. Tto K, Fujita N, Noda Y, Kobayashi G, Horaguchi J, Takasawa O, et al.
Relationship between post-ERCP pancreatitis and the change of serum amylase level after
the procedure. World J Gastroenterol. 2007;13(28):3855-60.

112. Keck T, Balcom JH, Antoniu BA, Lewandrowski K, Warshaw AL, Fernandez-
del Castillo CF. Regional effects of nafamostat, a novel potent protease and complement
inhibitor, on severe necrotizing pancreatitis. Surgery. 2001;130(2):175-81.

113.  Horibe M, Sasaki M, Sanui M, Sugiyama D, Iwasaki E, Yamagishi Y, et al.
Continuous Regional Arterial Infusion of Protease Inhibitors Has No Efficacy in the

Treatment of Severe Acute Pancreatitis: A Retrospective Multicenter Cohort Study.
Pancreas. 2017;46(4):510-7.

114. Imaizumi H, Kida M, Nishimaki H, Okuno J, Kataoka Y, Kida Y, et al. Efficacy
of continuous regional arterial infusion of a protease inhibitor and antibiotic for severe

acute pancreatitis in patients admitted to an intensive care unit. Pancreas. 2004;28(4):369-
73.

115. Ke L, Ni HB, Tong ZH, Li WQ, Li N, Li JS. Efficacy of continuous regional
arterial infusion with low-molecular-weight heparin for severe acute pancreatitis in a
porcine model. Shock. 2014;41(5):443-8.

55



116. Yamamoto T, Yamamura H, Yamamoto H, Mizobata Y. Comparison of the
efficacy of continuous i.v. infusion versus continuous regional arterial infusion of
nafamostat mesylate for severe acute pancreatitis. Acute Med Surg. 2016;3(3):237-43.

117. Hirota M, Shimosegawa T, Kitamura K, Takeda K, Takeyama Y, Mayumi T, et
al. Continuous regional arterial infusion versus intravenous administration of the protease
inhibitor nafamostat mesilate for predicted severe acute pancreatitis: a multicenter,
randomized, open-label, phase 2 trial. J Gastroenterol. 2020;55(3):342-52.

118. Asakura H. Classifying types of disseminated intravascular coagulation: clinical
and animal models. J Intensive Care. 2014;2(1):20.

119. Sato T, Tanaka K, Kondo C, Morimoto T, Yada I, Yuasa H, et al. Nafamostat
mesilate administration during cardiopulmonary bypass decreases postoperative bleeding
after cardiac surgery. ASAIO Trans. 1991;37(3):M194-5.

120. Sakamoto T, Kano H, Miyahara S, Inoue T, Izawa N, Gotake Y, et al. Efficacy of
nafamostat mesilate as anticoagulation during cardiopulmonary bypass for early surgery

in patients with active infective endocarditis complicated by stroke. J Heart Valve Dis.
2014;23(6):744-51.

121. Kikura M, Tanaka K, Hiraiwa T, Tanaka K. Nafamostat mesilate, as a treatment
for heparin resistance, is not associated with perioperative ischemic stroke in patients
undergoing cardiac surgery with cardiopulmonary bypass. J Cardiothorac Vasc Anesth.
2012;26(2):239-44.

122. Choi JY, Kang YJ, Jang HM, Jung HY, Cho JH, Park SH, et al. Nafamostat
Mesilate as an Anticoagulant During Continuous Renal Replacement Therapy in Patients
With High Bleeding Risk: A Randomized Clinical Trial. Medicine (Baltimore).
2015;94(52):€2392.

123.  Lee YK, Lee HW, Choi KH, Kim BS. Ability of nafamostat mesilate to prolong
filter patency during continuous renal replacement therapy in patients at high risk of
bleeding: a randomized controlled study. PLoS One. 2014;9(10):e108737.

124.  Yamamoto M, Kiso M, Sakai-Tagawa Y, Iwatsuki-Horimoto K, Imai M, Takeda
M, et al. The Anticoagulant Nafamostat Potently Inhibits SARS-CoV-2 S Protein-
Mediated Fusion in a Cell Fusion Assay System and Viral Infection In Vitro in a Cell-
Type-Dependent Manner. Viruses. 2020;12(6).

125. Hoffmann M, Kleine-Weber H, Schroeder S, Kruger N, Herrler T, Erichsen S, et
al. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a
Clinically Proven Protease Inhibitor. Cell. 2020;181(2):271-80 e8.

126. Hegyi P, Eross B, Izbeki F, Parniczky A, Szentesi A. Accelerating the
translational medicine cycle: the Academia Europaea pilot. Nat Med. 2021;27(8):1317-
9.

127. Hegyi P, Petersen OH, Holgate S, Eross B, Garami A, Szakacs Z, et al. Academia
Europaea Position Paper on Translational Medicine: The Cycle Model for Translating
Scientific Results into Community Benefits. J Clin Med. 2020;9(5).

56



16. BIBLIOGRAPHY
16.1. Publications related to the thesis

Horvath IL, Bunduc S, Fehervari P, Vancsa S, Nagy R, Garmaa G, et al. The
combination of ulinastatin and somatostatin reduces complication rates in acute
pancreatitis: a systematic review and meta-analysis of randomized controlled trials. Sci

Rep. 2022;12(1):17979.
D1, IF: 4.6

Horvath IL, Bunduc S, Hanko B, Kleiner D, Demcsak A, Szabo B, et al. No evidence
for the benefit of PPIs in the treatment of acute pancreatitis: a systematic review and meta-

analysis. Sci Rep. 2023;13(1):2791.
D1, IF: 3.8

Horvath IL, Kleiner D, Nagy R, Fehervari P, Hanko B, Hegyi P, et al. Nafamostat
Reduces the Incidence of post-ERCP Pancreatitis: A Systematic Review and Meta-
Analysis of Randomized Controlled Trials. Clin Pharmacol Ther. 2024;115(2):206-12.

D1, IF: 6.3*
16.2. Publications not related to the thesis

Kleiner D, Horvath IL, Bunduc S, Gergo D, Lugosi K, Fehervari P, et al. Nabiximols is
Efficient as Add-On Treatment for Patients with Multiple Sclerosis Spasticity Refractory
to Standard Treatment: A Systematic Review and Meta-Analysis of Randomised Clinical
Trials. Curr Neuropharmacol. 2023;21(12):2505-15.

Q1,IF: 4.8

Gulyas E, Horvath IL, Engh MA, Bunduc S, Dembrovszky F, Fehervari P, et al.
Assessment of the practical impact of adjusting beta-lactam dosages based on therapeutic
drug monitoring in critically ill adult patients: a systematic review and meta-analysis of

randomized clinical trials and observational studies. Sci Rep. 2024;14(1):7793.

D1, IF: 3.8*

* Expected IF value based on the Journal Citation Reports (2023)

57



17. ACKNOWLEDGEMENTS

I would like to express my deepest gratitude to my supervisor, Dezs6 Csupor Pharm.D.
Ph.D. D.Sc. He supported me from our very first meeting and fully committed to every
idea that I had. His mentorship and professionalism are extraordinary and serve as a role

model for me. I can just only hope that I achieve it someday.

I am grateful to the members of Centre for Translational Medicine for their continuous
support. For Péter Hegyi M.D. Ph.D. D.Sc. MAE who saw the potential in me to join the
program, and for his constructive criticism, which helped to become a better scientist. For

Rita Nagy M.D. Ph.D. and Stefania Bunduc M.D. Ph.D. for their constant help.

I would like to thank to the University Pharmacy, especially Baldzs Hanké Pharm.D.
Ph.D., Romana Zelké Pharm.D. Ph.D. D.Sc. and Szilvia Sebék Pharm.D., who made this

journey possible.

Special thanks to my co-authors, especially Eszter Gulyas Pharm.D. and Dénes Kleiner
Pharm.D. Ph.D. who were there for me both professionally, personally and emotionally

throughout this program.

Finally, I would like to thank my family for their endless support, which gave me a solid

foundation for this challenging period of my life.

58



