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1. INTRODUCTION  

Acute pancreatitis (AP) is a serious disease with high mortality (1). The reported 

incidence is variable in different countries (10–100/100,000 people) (2), and AP is a leading 

cause of acute hospitalization for gastrointestinal disorders (3). Published studies on the clinical 

characteristics of AP (4, 5) have mostly been based on retrospective cohorts or prospectively 

collected data from 200–300 cases (4, 5). Therefore, large, nationwide, prospectively collected 

cohorts are needed. Adherence to treatment guidelines has been documented to reduce mortality 

and/or severity of AP (1). Consequently, dissemination and validation of newly described 

guidelines are important. The IAP/APA guidelines were approved by 171 experts worldwide 

(6); however, the recommendations have not yet been validated in large prospective cohorts.  

However, the situation in pediatric pancreatitis is different. In the past few years, studies 

have showed an increased number of AP in children (7–14). Based on the latest epidemiology 

report, there were over 50,000 new cases in the United States from 2000 to 2009 (13). The fact 

that the incidence of AP in adults is 4.8–38 per 100,000 and is 3.6–13.2 per 100,000 in children 

suggests that AP in children is as common as it is in adults (14). It is almost needless to say that 

children are not ‘small adults’; however, the suggestions for the management of AP in children 

are mostly based on clinical trials performed on adults (15, 16). Analyzing the available 

PubMed data (Figure 1.), we can assume that there are around 10 times more articles available 

for AP in adults than there is for children. Therefore, it is not surprising that the International 

Study Group of Pediatric Pancreatitis: In Search for a Cure (INSPPIRE) highlighted the crucial 

necessity of multicenter prospective studies to better understand AP in children (16). The 

Hungarian Pancreatic Study Group (HPSG) was established in 2011 in order to improve the 

care of patients suffering from pancreatic diseases. To achieve our aims we (i) developed an 

electronic data registry and biobank for patients (www.pancreas.hu), (ii) published the currently 

available evidence-based medicine guidelines (15, 17–19), (iii) established specific study 

sessions including the pediatric section and (iv) organized multicentre clinical trials (20, 21).  

We created an international observational clinical trial (APPLE) to collect a critical mass of 

clinical data and biomedical research samples in a uniform prospective manner. Importantly, 

the study protocol is suitable for tracking both ongoing (APPLE-P) and earlier episodes 

(APPLE-R) of pancreatitis. 
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Both in adults and children genetic alterations and environmental factors play crucial 

role in the pathogenesis of all forms of pancreatitis.  Chronic pancreatitis (CP) is a continuing 

inflammatory disease of the pancreas leading to irreversible morphological changes and 

impairment of both exocrine and endocrine functions (22, 23). A genetic background for CP 

was first described in 1952 by demonstrating a pedigree of a family with hereditary chronic 

relapsing pancreatitis (24). During the past 20 years, the importance of genetic factors in the 

etiology of CP has been successively revealed and a mechanistic model in which premature 

trypsinogen activation plays a central pathogenic role has been established. Gain of-function 

mutations in the human cationic trypsinogen gene (PRSS1, OMIM *276000) increase 

premature trypsinogen activation and cause autosomal dominant hereditary pancreatitis or act 

as a risk factor for sporadic disease (25, 26). In addition, genetic alterations of a potent trypsin 

inhibitor, the serine protease inhibitor Kazal type 1 (SPINK1, OMIM *167790), the trypsin-

degrading enzyme chymotrypsin C (CTRC, OMIM*601405), carboxypeptidase A1 (CPA1, 

OMIM *114850), and the cystic fibrosis transmembrane conductance regulator (CFTR, OMIM 

*602421) may increase the risk for CP (27–34). SPINK1 encodes pancreatic secretory trypsin 

inhibitor (PSTI) synthesized in the pancreatic acinar cells. The physiological role of PSTI is to 

Figure 1. Annual distribution of available papers on AP in adults and children. Results of 
PubMed searching for ‘acute pancreatitis, adult’ and acute pancreatitis, children’ in the last 50 
years are shown.  
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protect the pancreas against premature trypsinogen activation (35). Human SPINK1 is 

approximately 7.5 kb long and contains 4 exons (36). The gene product consists of 79 amino 

acids, including a 23–amino acid secretory signal peptide. Mutations in SPINK1 are associated 

with CP of various etiologies such as idiopathic, familial, tropical, and alcoholic (28, 29, 37–

41). The c.101A>G (p.N34S) variant associated haplotype, which also includes 4 intronic 

alterations, c.56-37T>C in intron 1, c.87+268A>G in intron 2, and c.195-606G>A and c.195-

66_65insTTTT in intron 3, is the most common SPINK1 haplotype associated with CP (28, 29, 

37, 39, 40). According to a recent meta-analysis, this haplotype confers a 13-fold higher risk 

for idiopathic CP (ICP) (allele frequency of 9.2% in patients vs 0.7% in controls) and an 

approximately 5-fold increased risk for alcoholic CP (ACP) (40). Despite efforts to uncover the 

functional defect in the p.N34S-associated haplotype, the underlying molecular mechanisms 

remain unclear so far. However, several studies showed that there was no appreciable effect of 

this haplotype on the PSTI protein expression, trypsin inhibition activity, or intracellular folding 

(37, 42–47). In addition to the relatively common p.N34S mutation, a large number of different 

SPINK1 variants have also been reported (www.pancreasgenetics.org). Whereas, in some 

SPINK1 variants, the nature of the mutation may suggest an obligatory loss of SPINK1 

expression because of mRNA splicing defects, early translation termination, loss of the initiator 

codon, or large genomic deletions (28, 43, 48–50), the pathogenicity of missense mutations has 

to be often determined by functional analysis (28, 30, 51, 52). The promoter region located 

upstream of a gene plays an important role in transcriptional regulation. Mutations in the 

promoter may disrupt transcription by altering the recruitment of transcription factors. 

Consequently, promoter mutations can decrease or increase the amount of mRNA and hence 

the protein (53). To date, 16 different SPINK1 promoter variants have been reported in the 

literature (see also www.pancreasgenetics.org) (27, 28, 54–60). Functional characterization of 

11 promoter alterations has been recently performed using the human COLO-357 cell line (57). 

Based on the findings of decreased activity, 3 variants (c.-53C>T, c.-142T>C, and c.-147A>G) 

were suggested as CP-predisposing factors. Because no information is available regarding the 

incidence of SPINK1 promoter variants and their role in CP in the Hungarian population, our 

aim was to (a) identify potential pathogenic promoter variants of SPINK1 in CP patients, (b) 

determine their possible linkage with SPINK1 coding region variants, and (c) assess the 

relevance of the novel promoter variants in relation to disease. 
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2. AIMS 

2.1. Specific aim 1.  

The main goals of our study were to analyse the course of AP in a prospectively collected cohort 

of patients from Hungarian centres and to validate the major recommendations in the IAP/APA 

evidence-based guidelines for the management of AP. 

2.2. Specific aim 2.  

To organize an international, observational clinical trial for pediatric pancreatitis to collect a 

critical mass of clinical data and biomedical research samples in uniform prospective manner 

(Analysis of Pediatric Pancreatitis-APPLE).  

2.3. Specific aim 3. 

Identify potential pathogenic promoter variants of SPINK1 in CP patients, determine their 

possible linkage with SPINK1 coding region variants, and assess the relevance of the novel 

promoter variants in relation to disease. 

3. PATIENTS AND METHODS (P&M) 

3.1. P&M for Aim 1: Prospective, Multicentre, Nationwide Clinical Data 
from 600 Cases of Acute Pancreatitis 

3.1.1. Subjects and study design.  

The study was approved by the Scientific and Research Ethics Committee of the Medical 

Research Council (22254-1/2012/EKU). All the participants provided written informed consent 

to participate in this study. The ethics committee have carefully checked and approved the 

consent procedure. The Hungarian Pancreatic Study Group (HPSG) was established in 2011 to 

improve patient care for pancreatic diseases (61-65). To achieve our aims, we developed a 

uniform prospective electronic data registry (www.pancreas.hu), which formed the base for 

our data collection. For this HPSG study cohort, 600 patients in Hungary were prospectively 

enrolled for two years between 1 January 2013 and 1 January 2015. Centre distribution is 

indicated in Figure 2. 
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Diagnosis of AP was based on recommendation A1 in the IAP/APA guidelines (6). Two of the 

following alterations were confirmed in each patient: abdominal pain (clinical symptom), 

pancreatic enzyme elevation at least three times above the upper limit and morphological 

changes (imaging changes). Eighty-six different parameters were collected 

(http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0165309 S2Fig). Overall, 

77% of the requested data were provided by investigators. The missing data were either not 

measured (e.g. breath rate at admission) or not investigated (e.g. procalcitonin levels at 

admission). Only four of the collected parameters were not analysed due to a high amount of 

missing data (amount of smoking, amount of alcohol, Glasgow coma score and breath rate). 

Please note that some of the presented data are difficult to measure (for example alcohol 

consumption, pain, type of pain, tenderness etc.) and have potential risk for bias, therefore these 

data need to be interpreted with caution. 

Figure 2. Distribution of participating centres 
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3.1.2. Statistical analyses.  

A biostatistics consultancy (AdWare Research Ltd., Balatonfüred, Hungary) aided us in 

selecting and using the adequate methods for the statistical analyses. For descriptive statistics, 

the number of patients, mean, standard deviation (SD), minimum, median and maximum values 

were calculated for continuous variables, and the case number and percentage were computed 

for categorical values. For inferential statistics, the following statistical tests were used for 

determining statistical significance of differences between groups. To compare two groups of 

independent samples, the t-test was applied for normally distributed data and the Mann–

Whitney U test for non-normal data. To compare more than two groups, one-way ANOVA with 

the Bonferroni adjustment method was used for normally distributed data with homogenous 

group-wise standard deviation; Brown-Forsythe Levene-type test was applied to test of variance 

 ETIOLOGY & EPIDEMIOLOGY LABORATORY PARAMETERS AT ADMISSION
Age 100% White blood cell acount (G/L) 87%
Sex 100% Haematocrite 45%
Etiology 100% Thrombocyte 45%
Days of hospitalization 100% Glucose 72%
Severity (mild/moderate/severe) 100% BUN 77%
Mortality 100% Creatitine 77%
DIAGNOSIS, ANAMNESTIC DATA & SYMPTHOMS AT ADMISSION Sodium 42%
Abdominal pain 100% Potassium 42%
Onset of abdominal pain 74% Calcium 22%
Localization of abdominal pain 91% Cholesterol 18%
Characterisation of abdominal pain 83% Triglyceride 19%
Nausea/vomiting 91% Amylase 90%
Fever 90% Lipase 53%
Stool 84% SGOT 47%
Smoking 94% SGPT 48%
Amount of smoking 24% GGT 80%
Alcohol 95% direct bilirubin 26%
Amount of alcohol 17% ALP 79%
Earlier pancreatic disease 96% LDH 19%
Ealier AP 97% CRP 73%
Diabetes 97% Procalcitonin 12%
Pancreatic cancer 95% CONSERVATIVE THERAPY
Family history of pancreatic disease 77% Intravenosus fluid in the first 24 hours 92%
Pancreatic enzyme (amylase, lipase) 100% Enteral feeding (on demand) 96%
Pancreatic imaging 100% Parenteral feeding 93%
PHYSICAL EXAMINATION AT ADMISSION Antibiotic therapy 94%
Body mass index 74% Probiotics 59%
Blood pressure 71% PPI 76%

Heart rate 60% ENDOSCOPIC THERAPY
Abdominal tenderness 97% ERCP 100%
Abdominal guarding 65% Timing of ERCP 85%
Fever 17% Obstruction (bile duct dilation or bile stone) 97%
Breath rate 3% Predicted biliary AP (2/3: ALP >225IU/L, SGPT>225IU/L, bilirubin>40umol/L79%
Glasgow coma scale 8% Suspected cholangitis (fever, WBC, CRP) 90%
IMAGING AT ADMISSION Severity in biliary AP 100%
Abdominal US 96% Biliary EST 94%
Abdominal CT 96% Biliary stent 94%
Pleural fluid/lung infiltration determined by US 77% Pancreatic EST 92%
Pleural fluid/lung infiltration determined by thoracic X-ray 93% Pancreatic stent 94%
Pleural fluid/lung infiltration determined by thoracic CT 95% INTERVENTION
COMPLICATION Intervetion 100%
Lung 95% Timing of intervention 100%
Kidney 95% Type of intervention 100%
Cardiac 95% Indication 100%
Brain 94% Severity of AP requiring intervention 100%
Pancreas 98% Outcome of AP after intervention 100%
Diabetes 96%

Figure 3. Prospectively collected parameters. 
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homogeneity; the Welch test followed by the Games–Howell post hoc test for normally 

distributed data with heterogeneous group-wise standard deviation; and the Kruskal–Wallis test 

followed by the Bonferroni p value adjustment method for non-normal data. The association 

between categorical variables was examined with the Chi-square test and Fisher's exact test. 

For categorical variables the multiple comparison between groups were not applied. The 

relevant statistical tests are also described in the legends to the figures. Statistical analyses were 

prepared by SPSS 19.0.0. Brown-Forsyte Levene test was prepared by R Studio Version 

0.99.896-© 2009-2016 R studio, Inc., Lawstat package. 

3.2. P&M for Aim 2: Analysis of Pediatric Pancreatitis (APPLE Trial): Pre-

Study Protocol of a Multinational Prospective Clinical Trial 

The study protocols have been discussed in our international meeting held in Szeged in 

November 2014, where expert pediatric pancreatologists attended. The study has received the 

relevant ethical approval (No. ad.52499-3/2014) issued by the National Hungarian Ethical 

Authority (ETT TUKEB). The trial has been registered at the ISRCTN registry 

(ISRCTN89664974) which is a primary clinical trial registry recognized by Word Health 

Organization (WHO) and International Committee of Medical Journal Editors (ICMJE). 

Electronic clinical research forms have been developed 

(http://www.pancreas.hu/studies/apple). The IAP Scientific Committee has approved the study 

and advertised worldwide among its 4000 members. The study is open for all pediatric centers 

throughout the world, who can provide accurate data. 

3.3. P&M for Aim 3: Variants in Chronic Pancreatiti s 

3.3.1. Nomenclature  

Nucleotide numbering reflects coding DNA numbering with +1 corresponding to the A 

of the ATG translation initiation codon in the SPINK1 reference sequence (RefSeq: 

NG_008356.1). Promoter variants were numbered relative to the first nucleotide 5′ of the 

ATG initiation codon, designated −1. 

3.3.2. Patients  

Patients were recruited through the Hungarian National Pancreas Registry 

(www.pancreas.hu). All patients enrolled were Hungarian and gave their informed consent 
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according to the ethical guidelines of the Declaration of Helsinki. The study was approved by 

the National Ethical Review Committee ETT-TUKEB (22254-1/2012). A total of 100 unrelated 

patients with CP (cases) and 100 subjects with no pancreatic disease (controls) were enrolled. 

Diagnosis of CP was based on 2 or more of the following findings: history of recurrent 

pancreatitis or recurrent abdominal pain typical for CP, radiological findings of pancreatic 

calcifications by computed tomography and/or ultrasonography, and/or pathological findings 

such as pancreatic ductal irregularities and dilatations on endoscopic retrograde 

cholangiopancreatography or magnetic resonance cholangiopancreatography.9 Alcoholic CP 

was defined by consumption of more than 80 g/d (men) ethanol or more than 60 g/d (women) 

for at least 2 years. Idiopathic CP was diagnosed in the absence of a positive family history or 

known risk factors, such as alcohol abuse, medication, trauma, metabolic disorders, and 

infection. 

3.3.3. DNA Extraction 

Whole blood was collected in EDTA tubes and stored at −80°C. Genomic DNA was 

extracted from peripheral blood leukocytes using the QIAamp DNA Blood Mini Kit (Qiagen, 

Hilden, Germany). 

3.3.4. Mutational Analysis  

The p.N34S mutation was detected by polymerase chain reaction (PCR)–restriction 

fragment length polymorphism. Polymerase chain reaction was carried out in a total volume of 

25 μL using 0.5 U HotStarTaq DNA Polymerase (Qiagen), 1.5 mM MgCl2, 0.2 mM of each 

dNTP, 0.5 μM of each primer, and 10 to 50 ng of genomic DNA template. Cycle conditions 

were 15-minute initial heat activation at 95°C; 36 cycles of 3-step cycling including 30-second 

denaturation at 94°C, 30-second annealing at 54°C, and 1-minute extension at 72°C; and 10 

minutes of final extension at 72°C. The 560-bp PCR products were digested with restriction 

endonuclease Hpy166II (New England Biolabs, Ipswich, Mass). The wild-type allele yielded a 

518-bp product, whereas the mutant allele resulted in 414-bp and 104-bp fragments. Polymerase 

chain reaction–restriction fragment length polymorphism products were electrophoretically 

separated on 2% agarose gels and stained with ethidium bromide. An approximately 1.2-kb 

SPINK1 region spanning from c.-1181 to c.31 was sequenced in the study population. The 

promoter region was amplified using 3 primer pairs (P1-P3) (Figure 25). Polymerase chain 

reaction was performed using 0.5 U HotStarTaq DNA Polymerase (Qiagen), 1.5 mM MgCl2, 
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0.2 mM dNTP, 0.5 μM primers, and 10 to 50 ng of genomic DNA template in a volume of 25 

μL. Cycle conditions were 15-minute initial heat activation at 95°C; 40 cycles of 3-step cycling 

including 30-second denaturation at 94°C, 30-second annealing at the indicated annealing 

temperature, and 1-minute extension at 72°C; and 5 minutes of final extension at 72°C. In cases 

with promoter variants c.-14G>A, c.-108G>T, c.-215G>A, and c.-246A>G, the entire SPINK1 

coding region with exon-intron boundaries was sequenced to determine a possible linkage with 

other variants. Polymerase chain reaction was performed using 1.5 U HotStarTaq DNA 

Polymerase (Qiagen), 1.5 mM MgCl2, 0.2mM dNTP, 0.5 μM primers, and 10 to 50 ng of 

genomic DNA template in a volume of 50 μL. Cycle conditions were 15 minutes of initial heat 

activation at 95°C; 40 cycles of 3-step cycling including 30-second denaturation at 94°C, 30-

second annealing at the indicated annealing temperature and 45-second extension at 72°C; and 

5 minutes of final extension at 72°C. 

3.3.5. Construction of Luciferase Reporter Plasmids With SPINK1 Promoter  

A DNA fragment corresponding to the region between c.-541 and c.35 of the SPINK1 

genewas cloned into the pGL3-Basic vector (Promega, Madison, Wis) upstream of a firefly 

luciferase reporter gene (pGL3-SPINK1 plasmid) using restriction sites KpnI and HindIII. 

SPINK1 promoter variants were introduced into this construct by overlap extension PCR 

mutagenesis. 

3.3.6. Dual Luciferase Reporter Gene Assay  

Cells were washed with phosphate buffered saline, covered with 500 μL passive lysis 

buffer (Promega), scraped from the culture plates, subjected to a freeze-thaw cycle in liquid 

nitrogen, and incubated at 22°C for 15 minutes. Cell debris was then removed by centrifugation 

(10,000 rpm, 30 seconds), and the supernatant was saved for analysis. Luciferase expression 

was measured using the Dual-Glo Luciferase Assay System (Promega). Aliquots (20 μL) of 

cell extracts were mixed with 100 μL Luciferase Assay. Reagent II, and the luminescence was 

measured with a Veritas luminometer (Turner Biosystems Inc, Sunnyvale, Calif). After 

recording the firefly luciferase activity, renilla luciferase was measured by adding 100 μL Stop 

and Glo Reagent. Relative luciferase activity was determined by dividing the firefly and renilla 

luciferase luminescence results and expressing this firefly/renilla ratio as the percentage of the 

wild-type pGL3-SPINK1 value. Results were obtained from 3 to 8 independent transfection 

experiments. 
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3.3.7. Statistical Analysis  

The significance of the differences in allele frequencies between cases and controls was 

tested by 2-tailed Fisher exact test and was calculated using GraphPad Prism 6 (GraphPad 

Software, Calif). The significance between luciferase activities of SPINK1 promoter variants 

and wild typewas assessed by means of the Student t test; P<0.05 was considered statistically 

significant. 
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4. RESULTS 

4.1. Pancreatitis in adults 

4.1.1. Epidemiology and aetiology  

In our cohort, 56% (n=335) of the patients were male, and 44% (n=265) were female 

(Figure 4A). With regard to the age distribution of the cases, AP incidence in the males 

increased between 33 and 38 years and remained high until 68 years, after which it sharply 

declined. In the females, the highest incidence was between 53 and 78 years (Figure 4B). The 

majority (61.2%) of the cases were mild, 30% were moderate, and 8.8% were severe, according 

to the revised Atlanta classification (66) (Figure 4C). The incidence of severe AP demonstrated 

an age-dependent rise between 23 and 58 years. In contrast, the frequency of mild or moderate 

AP did not show a similar age distribution (Figure 4B), suggesting that age may be a risk factor 

for disease severity. 

 

 

 

Overall mortality was 2.83% (17 deaths/600 patients) in the cohort. Mortality was higher in 

severe AP (28.3%; p<0.001) versus moderate (0.6%) and mild AP (0.3%) (Figure 5B). Analyses 

of age distribution for mortality revealed two peaks at 43 and 68 years (Figure 5A). There was 

no relevant difference in mortality between mild and moderate AP. The length of hospitalization 

showed significant differences between these groups (mild: 8.3±0.2 days; moderate: 14.6±0.5 

days; severe: 26.2±3.1 days; p<0.001) (Figure 5C). Mortality peaked between days 1 and 4 

(early mortality) and days 11 and 14 (late mortality) (Figure 6). The cost of treatment 

(calculating only the costs of medications, examinations and interventions) for mild AP was 

Figure 4. Epidemiology and aetiology. A. Sex distribution of AP cases. B. Age distribution of 
AP cases. C. AP severity groups. Mod: moderate; sev: severe. 



20 

 

HUF 99,006 (approximately 330 euros); however, it increased to HUF 1,725,135 

(approximately 5,750 euros) for severe AP, based on an average of 10 patients per group. 

 

 

 

 

 

The most common aetiology of AP was biliary disease (43.8%) and alcohol abuse 

(26.5%) (Figure 7). In females, the frequency of biliary AP was almost twice as high as in males 

(58.9% vs. 31.9%). In contrast, alcoholic AP was almost four times more common in males 

(39.1%) versus females (10.6%). When alcohol plus high-fat diet was considered as a separate 

etiological group, the frequency was still higher among males (11.9%) versus females (6.4%). 

Hyperlipidaemia was more frequently observed in males (8.1%) versus females (3.8%). 

Relative to other aetiologies, the frequency of hyperlipidaemia was significantly lower in mild 

AP, whereas it was higher in moderate and severe AP, indicating that hyperlipidaemia is a risk 

Figure 5. A. Age distribution of mild, moderate and severe AP cases and mortality. B. 
Overall mortality and distribution in the severity groups. p<0.001 was between the 
severe and other groups according to Fisher’s exact test. C. Days of hospitalization. 
Mann-Whitney U test with Bonferroni correction was used to compare the group pairs 
(p<0.001 between groups). 

Figure 6.  
Mortality peaks during AP.  
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factor for severity. The number of idiopathic cases was comparable in males (16.1%) and 

females (16.6%) (Figure 7). Post-ERCP AP was significantly more prevalent in females (6%) 

versus males (1.8%). Although it is true that more female patients have ERCP than male 

patients (the difference is less than 3.3%) but this rather reflects the risk difference. Notably, 

female gender is an independent risk factor for post-ERCP AP (ESGE Guideline 2014). 

 

 

 

Anamnestic data collected at admission revealed that 21.2% of AP was recurrent (Figure 

8) and 4.9% had a family history of AP. Neither mortality nor severity was affected by 

recurrence. History of alcohol consumption or smoking was associated with higher mortality in 

severe AP; however, this difference did not reach statistical significance due to the small 

number of such cases. The combined presence of both toxic factors did not raise mortality 

further (Figure 8). 

 

4.1.2. Diagnosis, anamnestic data and symptoms at admission  

The majority of AP patients usually presented at emergency departments 1–6 hours or 

19–24 hours after the onset of abdominal pain (Figure 9). Not seeking medical attention during 

the first four days of AP strongly heightened the risk for severe AP and mortality (Figure 10C). 

number % MALE FEMALE MILD MOD SEV

Biliary 263 43.83% 31.94% 58.87%a 64.26% 28.52% 7.22%

Alcohol 102 17.00% 27.16%b 4.15% 61.76% 30.39% 7.84%

Alcohol + High fat 57 9.50% 11.94%c 6.42% 57.89% 29.82% 12.28%
Idiopathic 98 16.33% 16.12% 16.600% 62.24% 28.57% 9.18%

Hyperlipidaemia 37 6.17% 8.06%d 3.77% 32.43%f 48.65%g 18.92%h

Post ERCP 22 3.67% 1.79% 6.04%e 68.18% 22.73% 9.09%
Other 21 3.50% 2.99% 4.15% 66.67% 28.57% 4.76%

600 100,00%

Figure 7. Aetiology of AP. a: p<0.001; b: p<0.001; c: p=0.022, d: p=0.030; e: p=0.006; f:  p<0.001; 
g: p=0.011; h: p=0.025) 

Figure 8. Diagnosis, anamnestic 
data and symptoms at admission. 
A. Anamnestic data. The 
percentages of severe AP and 
mortality in severe AP are also 
shown in relation to alcohol 
consumption, smoking, diabetes 
and history of earlier AP. 
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 Diagnosis of AP was based on the two-thirds rule as described in Methods. The large 

majority (95.3%) of the patients suffered from abdominal pain, 85.4% experienced serum 

pancreatic enzyme elevation, and 64.2% had imaging alterations (oedema or peripancreatic 

fluid) (Figure 10D). In 44.9% of the cases, all three diagnostic criteria were present. In 80.7% 

of the cases, diagnosis of AP could be established on the basis of abdominal pain and a rise in 

pancreatic enzyme. Importantly, the lack of an increase in enzyme was a risk factor for severe 

pancreatitis, whereas the lack of abdominal pain demonstrated a risk for mortality. The absence 

of imaging alterations in the pancreas significantly decreased the risk of severe AP (Figure 

10D). 

 

 

 

 

 

 

Figure 10. A. Time of onset of abdominal pain and presentation at ER in the three severity groups 
and association with mortality in the severe group. B. Diagnosis. Distribution of diagnostic criteria 
in the overall cohort (pie chart) and in the three severity groups (table) and association with mortality 
in severe AP (table). P: pain; E: enzyme elevation; I: imaging alteration. O p=0.189 (Fisher’s exact 
test) * p=0.005 (Chi-square test) *** p<0.001 (Chi-square test). 

Figure 9. Relationship between time of 
onset of abdominal pain and presentation 
at ER units. 
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The pain was mostly epigastric in origin as well as from cramping (Figure 11E). In 

addition to abdominal pain, nausea and/or vomiting were the other most frequent complaints 

(74.9%) (Figure 11F). Importantly, mortality was not observed among patients without nausea 

and/or vomiting as AP symptoms. Other clinical symptoms and their relation with severity and 

mortality are described in Figure 11F. 

 

 

4.1.3. Physical examination at admission 

Although a tendency for association was observed between the rise in BMI and severity 

of AP, a significant difference was not found when patients with different BMI levels were 

compared for severity or when the three severity groups were compared with respect to BMI 

averages (Figure 12A). With regard to the physical examination of the abdomen, tenderness 

was detected in 91.2% of the cases (Figure 12B). Importantly, abdominal tenderness developed 

in all the patients suffering from severe AP; however, the lack of this symptom was favourable 

for mortality. Abdominal guarding developed in 6.4% of the patients during AP, and this 

symptom was associated with increased mortality in severe AP (Figure 12B). Systolic blood 

pressure above 180 Hgmm or elevation of heart rate above 100 was significantly connected 

with severe AP (Figure 12C). 

 There was a lack of measurement of breath rates among doctors regarding the possibility 

of lung injury. The number of documented respiratory rate measurements at admission was only 

2.5%. 

Figure 11. A. Type and localisation of abdominal pain. EPI: epigastric pain; URA: upper right 
abdomen; ULA: upper left abdomen; MD: middle abdomen; L: lower abdomen; D: diffuse. B. 
Symptoms in the entire cohort and in the severe AP group and association with mortality in the severe 
AP group. O p=0.189 (Fisher’s exact test) OO p=0.051 (Chi-square test) * p=0.029 (Chi-square test). 
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Figure 12. Physical examination at admission. A. Body Mass Index (BMI) in the three AP severity 
groups. BMI values for 90% of the cohort were between 18 and 38. Although the tendency suggests 
that a rise in BMI increases the risk for severe AP, statistical analyses showed no significant 
differences between the groups. B. Abdominal tenderness and guarding in the three AP severity 
groups. Both abdominal tenderness and guarding were more frequent in severe AP (a: p=0.025; b: 
p<0.001; Chi-square test). Mortality in the severe AP group is shown. C. Systolic blood pressure 
and heart rate in the three AP severity groups. The first dotted column represents the entire cohort. 
Green: mild AP; yellow: moderate AP; red: severe AP. (a: p=0.027; b: p=0.016; c: p<0.001; d: 
p=0.071; e: p=0.042; Chi-square test). 
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4.1.4. Imaging at admission 

All the patients had either abdominal US or CT at admission. During abdominal US, 

only 74.3% of the investigators described the status of the lungs (Figure 13). Thoracic X-ray 

was performed in 37.7% of the cases and thoracic CT was conducted in 6.5% of them. Pleural 

fluid and/or pulmonary infiltrates were found in 6.7% of the US examinations, 26.6% of the X-

rays and 75.6% of the CT scans. The distribution of positive findings among the different 

imaging modalities indicates that doctors are more likely to order chest X-rays or CTs when the 

clinical picture suggests moderate or severe AP. Importantly, mortality was not observed in the 

absence of lung injury at admission (Figure 13). 

 

 

 

 

 

4.1.5. Laboratory parameters at admission 

Laboratory parameters were evaluated using two methods. The distribution of distinct 

values (grouped in ranges) was calculated within the three AP severity groups (Figure 14-16, 

Figure 13. Lung complications at admission. Investigators ordered tests for pleural fluid or lung 
infiltration by abdominal US in 74.3% of the cases, by chest X-ray in 37.7% and by thoracic CT in 
6.5%. The most positive results were found by thoracic CT (75.6%) followed by X-ray (26.6%) and 
abdominal US (6.7%). Severity and mortality data were analysed in groups with and without pleural 
complications. Data suggest that doctors are more likely to test for lung complications when severe 
AP is predicted. 
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left panels), and average values were compared between the three severity groups (Figure 14-

16, right panels). 

 A white blood cell (WBC) count above 23,000/µL was associated with severe AP (OR 

3.2; 95% CI 1.1–9.2). Furthermore, the average WBC counts differed significantly between the 

mild vs. moderate and the mild vs. severe AP groups (Figure 14A). 

 The level of C-reactive protein (CRP) above 200 mg/L was associated with severe AP 

(OR 2.8; 95% CI 1.3–6.2). The average CRP levels differed significantly between the mild vs. 

moderate and the mild vs. severe AP groups (Figure 14B). 

 

 

 

 

 

 

 

 

 

Figure 14. Laboratory parameters in AP. The only parameters shown are where statistical 
differences were found between the AP severity groups. Green: mild AP; yellow: moderate AP; red: 
severe AP; ns: no significant difference (p>0.05); +: significant difference (p<0.05). In the left-hand 
panel of graphs, laboratory parameters were analysed by distinct values, grouped in ranges. The first 
dotted column represents the AP severity groups of the entire cohort. Here, the Chi-square test was 
employed. In the right-hand panel of graphs, the average laboratory parameters were compared in 
the three AP severity groups. Here, we used the Kruskal–Wallis test and Mann–Whitney U test with 
a Bonferroni correction to compare the pairs of groups under examination. A. White blood cell count 
(WBC, n=21-204). A WBC count above 23,000/µL was associated with elevated risk of severe AP 
(a: p=0.020), and the average WBC counts also showed significant differences between the mild 
versus moderate and mild versus severe AP groups (p<0.001). B. C-reactive protein (CRP: n=32-
144). CRP above 200 mg/L was associated with severe AP (b: p=0.007). In addition, average CRP 
levels differed significantly between the mild versus moderate and mild versus severe AP groups 
(p<0.001). 
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Procalcitonin (PCT) levels above 10 U/L were associated with severe AP (OR 20.6; 

95% CI 3.7–115.4); however, the average PCT levels did not differ significantly between the 

three AP severity groups (Figure 15C). 

 Calcium levels below 2 mmol/L were associated with severe AP (OR 5.2; 95% CI 1.5–

17.7); however, average calcium levels did not differ significantly between the three AP 

severity groups (Figure 15D). 

 

 

 

 

 

Triglyceride (Tg) levels above 40 mmol/L were associated with severe AP (OR 4.1; 

95% CI 1.3–13.6); however, average Tg levels did not differ significantly between the three AP 

severity groups (Figure 16E). 

 An association between discrete glucose levels and AP severity was not observed; 

however, the average glucose levels differed significantly between mild vs. moderate and mild 

vs. severe AP cases (Figure 16F). 

Figure 15. C. Procalcitonin (PCT, n=5-54). PCT levels above 10 U/L were associated with elevated 
risk of severe AP (c: p<0.001); however, average PCT levels did not differ significantly between 
the three AP severity groups (p=0.143). D. Calcium (Ca, n=12-40). Ca levels below 2 mmol/L were 
associated with a heightened risk of severe AP (d: p=0.004); however, the average calcium levels 
did not differ significantly between the three AP severity groups (p=0.077). 
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Haematocrit values, thrombocyte counts and serum levels of amylase, lipase, sodium 

(Na), potassium (K), lactate dehydrogenase (LDH), cholesterol, (Figure 17A–H), glutamic 

oxaloacetic transaminase (SGOT), glutamic pyruvic transaminase (SGPT), alkaline 

phosphatase (ALP), gamma-glutamyl transferase (GGT), direct bilirubin (diBi), creatinine and 

blood urea nitrogen (BUN) (Figure 18A–G) showed no significant changes with severe AP 

regardless of the method of analysis. 

 

 

 

 

 

Figure 16. E. Triglycerides (Tg: n=10-48). Tg levels above 41 mmol/L were associated with greater 
risk of severe AP (e: p=0.012); however, average Tg levels did not differ significantly between the 
three AP severity groups (p=0.153). F. Glucose. (n=3-175). Significant differences in severity 
associated with particular glucose levels were not found (f: p=0.191); however, average glucose 
levels differed significantly between the mild versus moderate and mild versus severe AP groups 
(p<0.001). 
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Figure 17. Laboratory parameters. On the left panel of graphs laboratory parameters were 
analysed by distinct values, grouped in ranges. The first dotted column represents the AP severity 
groups of the entire cohort. In the right-hand panel of graphs the average laboratory parameters were 
compared in the three AP severity groups. Here, we used the Kruskal-Wallis test to analyse the 
significance level and Mann-Whitney U test with Bonferroni correction to compare the pairs of 
groups under examination. Green, mild AP, yellow, moderate AP, red, severe AP. A, Amylase 
(n=64-165). B, Lipase (n=12-130). C, Sodium (Na, n=15-113). 
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 Figure 17. D, Potassium (n=26-113). E, Lactate dehydrogenase (LDH, n=32-43). F, Cholesterol 

(n=15-59). G, Hematocrit (n=9-95). 
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Figure 17. H, Thrombocyte count (n=24-116). 

Figure 18. Laboratory parameters. For description of statistical analyses see Supplementary 
Figure 5. A, Glutamic oxaloacetic transaminase (SGOT, n=19-44). B, Glutamic pyruvic 
transaminase (SGPT, n=46-88). 
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Figure 18. C, Alkaline phosphatase (ALP, n=9-165), D, Gamma-glutamyl transferase 
(GGT, n=31-109). E, Direct bilirubin (diBi, n=11-31), F, Creatinine (n=6-230). 
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4.1.6. Complications  

The most common organ complication in severe AP was of pancreatic origin (87.5%), 

followed by lung (68.1%), cardiac (47.7%), kidney (36.4%) and brain (11.1%) injury (Figure 

19). Mortality in severe AP without respiratory failure was 6.7%, whereas it increased to 50% 

if lung injury persisted for more than 24 hours. Mortality in severe AP with no cardiac failure 

was 8.7%, while it was elevated to 57.1% if cardiac failure lasted for more than 24 hours. The 

lack of kidney failure did not decrease mortality in severe AP; however, if kidney failure 

persisted for more than 24 hours, the mortality rate was 50% (Figure 19). The rate of pancreatic 

local complications increased from mild to severe AP. The most common local complication 

was peripancreatic fluid (mild AP: 2.8%; moderate AP: 53.9%; severe AP: 52.1%). 

Importantly, local complications during AP had no effect on the risk of mortality (Figure 19). 

 

Figure 18. G, Blood urea nitrogen (BUN) (n=59-226). 
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4.1.7. Conservative therapy 

Statistical analyses of fluid resuscitation practices in the first 24 hours showed that both 

severity and mortality are affected by the amount of fluid administered. The optimal fluid 

amount was between 1500 and 3500 mL (Figure 20). 

 

 Enteral feeding was employed in 28.7% of the patients. In 99.4% of the cases, it was via 

nasojejunal tube (Figure 21), while a nasogastric tube was used in one case. The majority  

 

(85.4%) of the patients with severe AP received enteral feeding. In severe AP, the mortality 

rate rose from 27% to 57% when enteral feeding was not administered (Figure 21). Parenteral 

feeding was only employed in 4% of the cases. 

Figure 19. Frequency of organ failure and mortality in AP. A. Frequency of individual organ 
failure (pancreas, lung, cardiac, kidney and brain) and mortality in severe AP. B. Frequency of 
combined organ failure and mortality in severe AP. C. Frequency of pancreatic complications and 
mortality in AP. Mortality was only calculated in severe AP. a: p=0.020 (Fisher’s exact test); b: 
p=0.002 (Chi-square test); c: p=0.043 (Fisher’s exact test); d: p=0.003 (Chi-square test); e: p=0.030 
(Fisher’s exact test). 

Figure 20. Conservative therapy in AP. Effect of fluid resuscitation on severity and mortality in 
the first 24 hours. The first dotted column represents the AP severity groups and mortality for each 
group in the entire cohort. Green: mild AP; yellow: moderate AP; red: severe AP; *: p=0.030 
(Fisher’s exact test on severity) versus the cohort (n = 8-185).  
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The practice of antibiotic therapy was widespread in our cohort (77.1% of the cases) 

(Figure 22A). In two-thirds of the cases, the indication was for the prevention of infectious 

complications. There were no relevant differences in mortality or severity between patients who 

received antibiotics for prevention and those who were treated with antibiotics for infection. 

Since preventive antibiotics did not appear to be beneficial in our cohort, we can agree with the 

notion that use of preventive antibiotics is not beneficial (Figure 22A). The most common 

therapy was a combination of a cephalosporin and metronidazole (42.5%), whereas imipenem 

was only initiated in 5.5% of the patients. Antibiotic therapy was changed from 

cephalosporin/metronidazole or other combinations to imipenem in 6.9% of the cases. Although 

probiotics and proton pump inhibitors (PPIs) are not recommended by the guidelines, 4.6% of 

the patients received probiotics and 64.5% were administered PPIs (Figure 22B). 

 

 

 

 

Figure 21. Enteral and parenteral feeding in AP. Mortality is shown for the severe AP 
group. NG: nasogastric feeding; NJ: nasojejunal feeding.  

Figure 22. A. Antibiotic therapy and its indications in AP. Table shows the indications for antibiotic therapy 
in the three severity groups. B. Probiotic therapy in AP. 
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4.1.8. Endoscopic therapy  

The cause of AP was biliary in 43.8% of the cases. In 18.8% of the cases, the diagnosis 

was based on laboratory alterations only (predicted AP) with no sign of obstruction. In 80.6% 

of the patients with biliary aetiology, ERCP was performed (Figure 23A). In 91.9% of the cases, 

the endoscopic intervention was carried out within the first 48 hours after the diagnosis of AP 

(Figure 23B). In 33.1% of the patients, cholangitis was present (Figure 23C), 81.3% had 

obstruction (Figure 23D), and 35.3% had severe or moderate AP (Figure 23E). Most ERCP 

procedures were conducted when cholangitis was present, whereas the fewest were performed 

when obstruction was not visible. Only 3.8% of the 212 ERCPs were unjustified (mild AP with 

neither cholangitis nor obstruction). Endoscopic biliary sphincterotomy was carried out in 

71.8% of the cases, while endoscopic pancreatic sphincterotomy was conducted in only 7%. A 

biliary stent was placed in 11.2% of the cases, and 11.5% of the patients received a pancreatic 

stent. 
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Figure 23. Endoscopic therapy in AP. A. ERCP 
in biliary pancreatitis. B. Time of intervention after 
hospital admission. C–E. Indication for ERCP in 
the presence of cholangitis, obstruction, and 
moderate or severe AP. Unjustified ERCP (mild 
AP with neither cholangitis nor obstruction) was 
only performed in 3.8% of the cases. F. 
Interventions during ERCP. EST: endoscopic 
sphincterotomy. 
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 4.1.9. Interventions  

Interventions were performed in 26 cases (4.3%) in our cohort, of which 62% were 

surgical operations, 19% endoscopic procedures and 19% radiological interventions (Figure 

24). 

 

 

 

4.2. Pediatric pancreatitis 

Our APPLE trial is currently running. Until now we have enrolled 75 acute, 32 recurrent 

acute and 14 chronic pancreatitis cases to the APPLE-R study: Concerning the etiology, biliary 

and drug-induced 9-9%, trauma, acohol2-2%, post-ERCP and anatomic 5-5%, other 14% were 

identified however 54% of the cases still remained idiopathic. In 121 cases, genetic analyses of 

PRSS1, SPINK1, CFTR and CTRC genes have been completed. 48,8% (59/121) of the patients 

have pathogenic variants. Genetic alterations in PRSS1 were found in 4 cases, SPINK1 in 13 

No
TYPE OF 

INTERVENTION
SEVERITY INDICATION

TIME OF INTERVENTION 

AFTER THE ONSET OF AP
OUTCOME

1 radiological severe persisting MOF 2 death

2 surgical moderate suspected infected necrosis 4 discharge

3 surgical severe persisting MOF 8 death

4 endoscopical moderate other less common indications 8 discharge

5 surgical mild other less common indications 9 discharge

6 surgical severe other less common indications 16 death

7 surgical severe suspected infected necrosis 19 discharge

8 radiological moderate persisting MOF 23 discharge

9 surgical moderate other less common indications 28 discharge

10 endoscopical severe persisting MOF 28 discharge

11 radiological moderate suspected infected necrosis 30 discharge

12 endoscopical severe persisting MOF 30 death

13 surgical severe suspected infected necrosis 30 discharge

14 endoscopical moderate persisting MOF 36 discharge

15 radiological severe suspected infected necrosis 37 death

16 surgical severe persisting MOF 37 discharge

17 surgical moderate other less common indications 38 discharge

18 surgical severe persisting MOF 39 discharge

19 surgical severe persisting MOF 42 discharge

20 surgical moderate persisting MOF 45 discharge

21 endoscopical severe suspected infected necrosis 53 discharge

22 surgical severe suspected infected necrosis 71 discharge

23 surgical moderate suspected infected necrosis 74 discharge

24 radiological moderate suspected infected necrosis 82 discharge

25 surgical severe confirmed infected necrosis 102 discharge

26 surgical severe other less common indications 118 discharge

MORTALITY IN THE 

FIRST 4 WEEKS

37.5%

MORTALITY AFTER 

THE FIRST 4 WEEKS

11.1%

Figure 24. Type, indication and outcome of interventions in AP. Data show the mortality 
differences between early and late interventions in AP. 
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cases, CPA1 in 2 cases, CFTR in 15 case and CTRC in 51 cases. Pathogenic variants in two 

genes were observed: 2 PRSS1-CTRC, 1 PRSS1-SPINK1, 6 SPINK1-CTRC, 1 SPINK1-CFTR, 

7 CTRC-CFTR, 1 CPA1-CFTR. There were no pathogenic variants in 62 cases.  

APPLE-P: We have already enrolled 18 patients with AP. More data is necessary for detailed 

analysis (67). 

4.3. SPINK1 Promoter Variants in Chronic Pancreatitis 

4.3.1. Sequence Analysis of the SPINK1 Promoter Region 

In the approximately 1.2-kb SPINK1 promoter region, 6 different variants were detected 

(Figure 25; Table 1). Two common polymorphisms (c.-253T>C and c.-807C>T) were present 

in cases and controls. The C-allele of the c.-253T>C polymorphism was significantly 

overrepresented in CP patients (19%) compared with controls (10%) (odds ratio [OR], 2.1; 95% 

confidence interval [95% CI], 1.2-3.8; P = 0.015). In subgroup analysis, the variant was 

observed in similar frequency in ACP patients (13.3%) and controls (10%) (OR, 1.4; 95% CI, 

0.7–2.9; P = 0.4) but occurred significantly more frequently in ICP patients (24.5%) (OR, 2.9; 

95% CI, 1.5–5.6; P = 0.002). The distribution of the c.-807C>T polymorphism in cases (21%) 

and controls (17.5%) did not differ significantly (P = 0.45). Three novel heterozygous variants 

were identified in single cases in patients with ACP, c.-14G>A, c.-108G>T, and c.-246A>G, 

whereas the heterozygous c.-215G>A variant occurred in 3 patients (2 ACP and 1 ICP). None 

of these 4 promoter variants was detected in controls. 

 

 
 

Figure 25. SPINK1 promoter variants found in this study. Three primer pairs (P1, P2, P3) were 
designed for the amplification of the approximately 1.2-kb SPINK1 region spanning c.-1181 to c.+31 
with an amplicon overlap of 127 bp (P1-P2) and 153 bp (P2-P3). The location of the identified 
variants within the promoter region is indicated. ATG, translation initiation codon. 
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4.3.2. Sequence Analysis of the SPINK1 Coding Region 

In cases with promoter variants c.-14G>A, c.-108G>T, c.-215G>A, and c.-246A>G, the 

entire SPINK1 coding region with exon-intron boundaries was sequenced to determine a 

possible linkage with other variants. The c.-14G>A variant was not associated with other 

SPINK1 variants. In the case with the c.-108G>T variant, 3 common polymorphisms were 

detected, the intron 3 variant c.195–323C>T in the heterozygous state and the 3 prime region 

variants c.*318A>T and c.*407C>G in the homozygous state. In all 3 patients carrying the c.-

215G>A variant, the c.194+2T>C mutation in intron 3 was confirmed. Two of these also had 

the c.*318A>T and c.*407C>G polymorphisms in the heterozygous state. The patient with the 

c.-246A>G variant carried also a heterozygous variant c.88–23A>T of unknown significance 

in intron 2. 

4.3.3. Functional Analysis of Promoter Variants Using Luciferase Reporter Gene 

Assay 

To determine their functional significance, promoter variants c.-14G>A, c.-108G>T, c.-

215G>A, c.-246A>G, and c.-253T>C were introduced into a luciferase reporter plasmid 

carrying the SPINK1 promoter and AR42J cells were transfected with the constructs. Compared 

with the wild type, 3 variants (c.-14G>A, c.-108G>T, and c.-246A>G) showed a statistically 

significant decrease in luciferase expression, with residual activities of 80%, 31%, and 47%, 

respectively (Figure 26). Variant c.-253T>C had no appreciable effect on the promoter activity, 

whereas variant c.-215G>A increased luciferase activity to 201%. 

Table 1. Allele Frequencies of SPINK1 Promoter Variants in Patients and Controls.  
The c.-253T>C variant was present in 5/100 cases in homozygous and in 28/100 cases in 
heterozygous state compared with 20/100 heterozygous controls. The c.-807C>T was present in 
6/100 cases in homozygous and 30/100 cases in heterozygous state compared with 3/100 
homozygous and 29/100 heterozygous controls. OR and P value were calculated for total CP versus 
controls. 
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Figure 26. 
Functional characterization of 
SPINK1 promoter variants. 
Luciferase activity was 
determined by dividing the 
firefly and renilla luciferase 
luminescence results and 
expressing this firefly/renilla 
ratio relative to the WT pGL3-
SPINK1 value. The activity was 
determined as the mean of 3 to 8 
transfections. Error bars indicate 
SD. *P <0.05, **P <0.001, ***P 
<0.0001. 
WT, wild type. 
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5. DISCUSSION 

Our study in adults contain among the largest cohorts of any publication on 

prospectively collected clinical data in AP to date. With regard to epidemiology, our study 

confirmed findings from other cohorts showing that AP in women is more likely related to 

gallstones, alcohol-related pancreatitis is more common in men (68, 69), and age is a risk factor 

for AP (70). The role of dietary factors in the risk for AP is unclear. In experimental animal 

models, fatty acids, alcohol and fatty acid ethyl esters can cause AP; therefore, we separated 

“alcohol plus high-fat diet” as a distinct etiological group from alcohol-induced AP (71-73). 

However, no difference was found in the severity of AP between cases associated with alcohol 

plus high-fat diet versus alcohol only. 

 Cigarette smoking has been linked to AP (74,75); however, the exact mechanism is 

unknown. Smoking also heightens the risk for recurrent AP (76). In our study, we observed that 

smoking was connected with greater mortality in severe AP. 

 Hypertriglyceridaemia was an etiological factor of AP in our cohort, as described for 

other cohorts (77-80). However, it is always a question whether elevation of serum triglyceride 

level is the cause of AP or merely a consequence of alcohol consumption and/or the 

hypertriglyceridaemia is just a coincidence. A rise in a serum triglyceride level above 11.3 

mmol/L in a patient with AP is considered diagnostic, whereas above 5.6 mmol/L considered 

suspicion for hypertriglyceridemia-induced AP (78). In our study, an increase in serum 

triglycerides above 5.6 mmol/L was considered as causative whenever no other obvious 

aetiology of AP was apparent. Experimental data have suggested that hypertriglyceridaemia 

can heighten the risk of severe AP (81); however, the role of hypertriglyceridaemia in the risk 

for severe AP has been unclear so far (78). One of the most important new observations of this 

study is that hypertriglyceridaemia is associated with severe AP. It has recently been shown 

that lipolysis of visceral adipocyte triglyceride converts mild AP to severe AP, independent of 

necrosis and inflammation (82). Moreover, data suggest that the unsaturated fatty acids in the 

triglycerides used in intravenous lipids may contribute to the development of organ failure in 

AP (83). 

 Obesity has been shown to be associated with an elevated systemic inflammatory 

response and increased risk for systemic complications and mortality (84-87). Although we 

could see a tendency between the rise in BMI and risk of severe AP, statistical analyses could 

not confirm the literature data. 
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 With regard to laboratory parameters, a WBC count above 23,000/µL, CRP evels above 

200 mg/L, PCT levels above 10 U/L, calcium levels below 2 mmol/L and triglyceride levels 

above 40 mmol/L were all associated with severe AP. Average glucose levels differed 

significantly between the three AP severity groups. Although others have reported that a 

haematocrit value above 44% and a rise in BUN are associated with persistent organ failure 

(88), our results could not confirm these findings. Our study support the recommendations in 

the IAP/APA guidelines. The first 24 hours were found to be the “golden hours” in AP (89, 90). 

Recommendations D9–10 highlight the importance of fluid resuscitation at admission. In our 

cohort, fluid volume below 1500 mL or above 3500 mL raised the risk of mortality and AP 

severity. In the current study, 71.7% of the patients received the recommended amount of fluid. 

In this group, the severity rate was only 7.8%, whereas it increased to 14.1% in patients who 

were given less than 1500 mL or more than 3500 mL. Moreover, the mortality rate was also 

elevated from 2.3% to 5.1%. If we consider that around 7,000 new AP cases are diagnosed in 

Hungary in a year, hypothetically, we would prevent 124 patients from developing severe AP 

if fluid therapy were administered according to the IAP/APA guidelines. This would result in 

cost savings of HUF 200 million (about 672,000 euros) and could save 57 lives in a country of 

10 million people. Projection of these calculations to the entire Eastern European region, with 

a population of about 200 million people, indicates that implementation of the EBM guidelines 

could save over a thousand lives. 

 Although there is no clear evidence for the efficacy of preventive antibiotic therapy (91, 

92), recent meta-analyses of six randomized clinical trials point to reduced mortality and lower 

incidence of infected pancreas necrosis (93). The recent Japanese guidelines suggest that in 

severe AP prophylactic antibiotic therapy may improve prognosis if started in the early phases 

of AP (94). Recommendations F17–18 in the IAP/APA guidelines do not endorse prophylactic 

antibiotic therapy. Our data have provided further support for the latter recommendation since 

there was no difference seen in severity and mortality between groups who received preventive 

and therapeutic antibiotic treatments. Meta-analyses have shown that probiotics have neither 

beneficial nor adverse effects in the outcome of AP (95). Our doctors generally followed 

recommendation F19 in the IAP/APA guidelines. 

 Recommendations on nutrition (G21) clearly suggest the importance of enteral feeding 

in severe and predicted severe AP. Recent meta-analyses have revealed that gut barrier 

dysfunction is present in three out of five patients in AP (96), thus raising the question whether 

enteral feeding is recommended in all types of AP. Although enteral feeding via a nasogastric 

tube is efficacious in severe AP (97-101), it is not among the preferred therapeutic tools in 
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Hungary. In our cohort, we found that lack of enteral feeding was associated with mortality. 

Since the BISAP score has limitations (70, 102), our observation also highlights the need for a 

severity index in AP that could be employed at admission (103). 

 There is a lack of consensus on the role of ERCP in acute biliary AP (104). It has been 

generally agreed that early ERCP should be performed in biliary AP with cholangitis (6, 105-

107); however, there is only limited evidence available whether early ERCP should be 

conducted when only duct obstruction is present (105, 108). The strongest controversy concerns 

the predicted severe biliary pancreatitis without cholangitis and obstruction (104). The 

IAP/APA guidelines suggest that ERCP is most probably not indicated in the latter case (6). In 

our cohort, most of the endoscopists followed the guidelines when cholangitis was observed; 

however, they used a defensive attitude in cases of obstruction and predicted severe AP. 

 An unexpectedly large number (30.7%) of the interventions were performed within the 

first four weeks after the onset of AP. Although the clinical necessity (which was not 

investigated in this cohort) could have indicated the procedure, our cohort suggests a lack of 

awareness of recommendation J31 on the necessity of delaying the intervention for at least four 

weeks. 

 In summary, a number of important determinants and associations of severity and 

mortality in AP were identified in our large, prospectively collected, nationwide cohort. The 

results also highlight that the evidence-based IAP/APA guidelines should be followed strictly 

to improve outcomes in AP. 

Secondly, we wanted to investigate the situation is children. Inflammatory disorders of 

the exocrine pancreas are among the most challenging and expensive gastroenterological 

disorders in adults. While acute inflammation of the gland can lead to severe disease with a 

mortality rate of 30–50%, the chronic form is usually not life-threatening but can diminish the 

patients’ quality of life and can promote the development of pancreatic cancer (66). Although 

the incidence of AP in children is only 2–3 times less than in adults, our knowledge in pediatric 

AP is very limited. The current situation is difficult for the following reasons: (i) there is a 

limited number of scientists working in the field, genetic tests for pancreatic patients are 

unavailable or testing is not organized at the national level in most of the countries, (ii) there is 

a big and unacceptable high difference in disease recognition and outcome among the countries, 

(iii) limited number of biobanks or patient registers are available; those that exist are mostly 

organized on national levels with no links to international consortia and (iv) funding is often 

refused because of the low importance. Therefore, multinational efforts are crucially needed 

(109). There are clear evidences that the disease development in children is different than in 
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adults. For example, the etiology of pediatric AP compared to adults is more diverse. The most 

common etiological factors in children are idiopathic and biliary causes, followed by trauma, 

systemic disease, medication, viral infections, metabolic disorders, diabetes mellitus, 

hypertryglyceridemia and hypercalcemia (9, 10, 12). No specific etiological factor was found 

in 13–34% of all pediatric AP cases (9–12, 110]. Results from the Danish population-based 

cohort study showed that genetic mutations that elevate the risk of pancreatitis can occur in 

32% of idiopathic acute cases in young patients (111). Early onset and/or recurrent episodes of 

AP can further elevate the possibility of genetic alterations (14, 111, 112). The INSPPIRE 

consortium highlighted that the current diagnostic practice is also differ between children and 

adults. Trans-abdominal ultrasonography is more commonly used than CT in the initial 

presentation of children with AP in order to limit radiation. MRI is also more frequently 

performed in cases of recurrent AP or chronic pancreatitis (16). Concerning the diagnosis, the 

key predicting signs in adult for pancreatitis are vomiting and nausea; however, it appears only 

in 74% of the cases in children (113). Predicting the severity of pancreatitis needs to be 

improved in children. For adults, the Ranson criteria (114, 115), Modified Glasgow (116) and 

the Acute Physiology and Chronic Health Evaluation II (115, 117) score have been developed 

for predicting the severity. Three studies have confirmed that the above-mentioned clinical 

scoring systems had low sensitivity in children and cannot be used as a predictors of outcome 

for pediatric pancreatitis (118–120). DeBanto et al. (121) published the first pediatric-specific 

AP severity score. This score requires 48 hours to be completed and has not been validated in 

prospective studies. There is a need for an easy, simple, pediatric-specific, clinically oriented 

novel models to further improve predictive accuracy of severity in AP (122). Concerning the 

treatment of AP in children, the situation is even worse. Almost only adult experiences are 

available for pediatricians to order treatment in everyday practice (15, 109). 

In summary, here we propose a multinational observational clinical trial (APPLE) to collect a 

critical mass of clinical data from children suffering from AP in an uniform prospective manner 

to help fill the knowledge gap and provide simple, pediatric-specific, clinical scoring system 

that can stratify patients with AP on presentation. It is important to mention that after the 

APPLE study, we plan to design a follow-up longitudinal study for better understanding of PP. 

 Thirdly, In the present thesis we choose a gene which alterations can be found in both 

adult and children. Sequencing of the SPINK1 promoter region in a Hungarian cohort of CP 

patients revealed 6 different variants. Of these, the c.-807C>T variant was found in both cases 

and controls with comparable frequencies and could be considered as a common polymorphism 

with no clinical significance. The c.-253T>C variant occurred significantly more frequently in 
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ICP patients than in controls; however, a similar enrichment was not observed in ACP patients. 

Previous studies from France, Germany, and Japan showed no association between this variant 

and CP and, based on these findings, the c.-253T>C variant was classified as a common 

nonpathogenic polymorphism (27, 28, 39) Nevertheless, it is important to note that, in a 

Brazilian study of 82 patients with CP, the -253C allele occurred also significantly more 

frequently in CP patients (22%) than in the control group (10%) (37). Because there was a 

significant difference between the incidence of the c.-253T>C variant in patients and controls 

in our cohort, we conducted functional characterization of this variant by luciferase reporter 

gene assay. This variant had no considerable effect on promoter activity, suggesting that c.-

253T>C is a harmless variant. Clearly, additional studies are needed to resolve this apparent 

contradiction between the genetic and functional results. The c.-215G>A variant was confirmed 

in 3 patients with CP. This variant is part of the c.194+2T>C (IVS3+2T>C)-associated 

haplotype, which was reported as the second most common SPINK1 haplotype after p.N34S 

(28, 29, 39, 56, 59, 123). In vivo and in vitro studies showed that the c.194+2T>C variant causes 

exon 3 skipping, which results in a diminished trypsin inhibitor production (46, 124, 125) 

Boulling et al. (57) reported an increased promoter activity of the c.-215G>A variant compared 

with wild type. Our functional data also indicate that this variant increases promoter activity. 

However, this effect on SPINK1 expression would be completely masked in vivo by the impact 

of the c.194+2T>C mutation on mRNA expression (57). The relatively high frequency of the 

c.194+2T>C variant in our ACP cohort is surprising because this variant has been typically 

found in idiopathic cohorts so far. Although SPINK1 variants do not associate with sporadic 

pancreatic cancer, (126, 127) variant c.194+2T>C was detected in a patient with pancreatic 

adenocarcinoma who also had histologically defined CP (127). We found 3 novel promoter 

variants exclusively in the patient group. In functional assays, all variants exhibited reduced 

promoter activity. Based on the extent of the functional defect, we propose that variants c.-

108G>T (31% of wild type) and c.-246A>G (47% of wild type) should be considered as 

potential risk factors for CP. In contrast, the slight decrease in activity observed with variant c.-

14G>A (80% of wild type) has likely no biological significance. Functional characterization by 

the luciferase reporter gene assay is a widely used method for the determination of potential 

pathogenicity of promoter variants. A comprehensive analysis of SPINK1 promoter variants 

was last performed in 2011, when Boulling et al. (57) reported sequencing data and the 

functional analysis of 11 SPINK1 promoter variants using the luciferase reporter gene assay 

and the electrophoretic mobility shift assay. Limitations of the luciferase reporter approach 

include the arbitrary nature of the promoter region selected for study, which may exclude 
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important regulatory regions and the choice of cell line that may or may not harbor the same 

transcriptional factor complement as the human pancreatic acinar cells. In this regard, Boulling 

et al used a 1.17-kB promoter fragment and the human pancreatic adenocarcinoma cell line 

COLO-357 whereas, in the present study, we used a 0.57-kB promoter region and 

dexamethasone-differentiated AR42J rat acinar cells. The only variant that was analyzed in both 

studies is c.-215G>A, which in both systems exhibited increased activity.  

In summary, our study identified 2 new potentially pathogenic SPINK1 promoter variants in a 

Hungarian cohort and confirmed linkage of the c.-215G>A variant with the pathogenic intronic 

variant c.194+2T>C. The observed association of the common variant c.-253T>C with ICP is 

intriguing but needs independent confirmation in other populations. 
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6. NEW DISCOVERIES 

6.1. Prospective, Multicentre, Nationwide Clinical Data from 600 Cases of 

Acute Pancreatitis 

The first report about the epidemiology, risk factors, management of AP from Hungary on a 

prospectively collected cohort. The article highlights the importance of evidence based 

guidelines. Following results have not been published before: 

▪Hyperlipidaemia is a risk factor for severity.  

▪Lack of serum enzyme elevation posed a risk for severe AP. 

▪Lack of abdominal pain at admission demonstrated a risk for mortality.  

▪Deviation from the recommendations in the IAP/APA evidence-based guidelines on 

fluid replacement, enteral nutrition and timing of interventions increased severity and 

mortality. 

6.2. Analysis of Pediatric Pancreatitis (APPLE Trial) 

This is the first worldwide study on the field of childhood onset pancreatitis for earlier (APPLE-

R) and ongoing episodes (APPLE-P) of pancreatitis to collect a critical mass of clinical data 

and biomedical research samples in uniform prospective manner. 

6.3. SPINK1 Promoter Variants in Chronic Pancreatitis 

The common SPINK1 promoter variant c.-253T>C was associated with CP in this cohort. Two 

of 3 newly identified SPINK1 promoter variants seem to exhibit significant functional defects 

and should be considered potential risk factors for CP.  
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