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Abstract

BACKGROUND/OBJECTIVES: Acute pancreatitis (AP) is emerging in pediatrics. A subset of 

children with AP progresses to acute recurrent pancreatitis (ARP) and chronic pancreatitis (CP). 

The role of extensive gene testing in the progression has not been investigated previously. We have 

followed children enrolled in the registry and at our center for progression to ARP and CP after the 

first attack.

METHODS: This study utilizes an extensive gene sequencing panel as a platform to evaluate the 

role of genetics in first attack AP, and the progression over time, from first attack to ARP and CP 

in children.

RESULTS: Genes, with corresponding variants were involved in the 3 groups studied: AP, ARP 

and CP. We have shown that the presence of gene variants from the eight tested genes is enriched 

in the CP group compared to the AP and ARP groups. The presence of more than one gene was 

associated with CP (p=0.01). SPINK1 mutation(s) was significantly associated with faster 

progression to ARP, (p=0.04). Having a variant from CFTR, SPINK1 or PRSS1, was associated 

with the faster progression from AP to CP over time (p<0.05).

CONCLUSIONS: This study shows that genetics have a significant role in progression to ARP 

and CP from the first attack of pancreatitis.

Keywords

pediatric pancreatitis; extensive genetic testing

INTRODUCTION

Pediatric acute pancreatitis (AP) is on the rise, with an incidence approaching adult AP. 1 A 

subset of children develop acute recurrent pancreatitis (ARP) and chronic pancreatitis (CP) 

after the first attack. 2 Studies in pediatric AP have been limited in sample size and the 

retrospective designs. 3 Studies that follow patients from first attack onwards, are lacking in 

children. Earlier studies in disease have classified genetic alterations into pathologic 

pathways that eventually lead to pancreatic inflammation and the clinical picture of 

pancreatitis. Those pathways are divided into trypsin- dependent, ductal and misfolding 

dependent pathways. The pathology involved in the mechanisms has been elucidated to the 

gene level which makes genetic studies very relevant for our understanding mechanistically 
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and eventually would facilitate venues for therapies. 4 Genetics as a risk factor were shown 

to be involved in a significant portion of cases of ARP and CP in childhood.5, 6 Family 

history of pancreatitis have been linked to earlier disease.7-9 Genetics as a risk factor of all 

AP cases, including the first attack, have not been well studied. It is important to study 

pediatric AP as a distinct entity from adult AP as etiologies and outcomes of the two entities 

vary greatly. In children AP results from a host of etiologies: systemic, viral, anatomic 

causes, gallstone, genetic risk factors, and trauma. 3, 10, 11 However, in adults AP is mostly 

associated with alcohol and gallstones. 12, 13

Given that ARP and CP have a significant disease burden for children and families14, 

studying factors that lead to ARP and CP is important to help advance knowledge, and 

design therapies that can halt disease progression. Investigating the role of genetics in AP, 

from the first attack to the progression to ARP and CP has not been elucidated before. We 

have developed and validated a high-throughput sequencing panel consisting of eight genes 

implicated in pancreatitis risk. We have established a prospective AP registry and 

biorepository at Cincinnati Children’s Hospital Medical Center (CCHMC) to enable 

epidemiologic studies of AP in children. This proposed study leverages our previous work in 

a novel design that allows for systematic longitudinal follow-up of AP and for the first time 

the generation of clinical and genetic models to predict AP complications.15 In this paper we 

cover clinical and genetic factors involved in first attack AP in children who were followed 

for the study duration without a recurrence, and children who developed ARP/CP during the 

study period.

METHODS

Patient selection: included patients from our prospective registry and a historic cohort from 

patients presenting at CCHMC with first attack of AP, we have collected clinical data for the 

entire duration of the study, and in case of a second attack separated more than one month 

from previous, a diagnosis of ARP was given. Data collected included patient demographics, 

presentation, hospital course, risk factors, family history, and repeated attacks. Children 

presenting to our hospital prior to December 2016 with at least one attack of pancreatitis and 

available DNA samples either with the biobank or through our registry were included. One 

group comprised AP and no recurrence, children who progressed from AP to ARP or CP 

during the follow up period were included to be the comparison group. Patients with known 

diagnosis of ARP or CP were also included in the comparison group. Patients with AP, ARP 

or CP were defined as per the INSPPIRE criteria.2 Research was approved by the CCHMC 

Institutional Review Board (IRB# 2012-4050 and IRB# 2010-2039).

Genomic DNA:

Peripheral blood samples were collected on patients (consent was obtained from parents for 

children less than 18 years of age, and assent was obtained from children age 11 to 17). 

DNA was extracted from blood using FlexiGene DNA kits.

The Pancreas Gene Panel included 8 genes known to increase risk for pancreatitis; 
16-18causing hereditary pancreatitis (CPA1,19 PRSS120), sporadic pancreatitis (SPINK1,21 

CFTR,23 CLDN2,24 CTRC25) and other types of pancreatic disease or may be candidates for 
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pancreatitis genes(SBDS,26 CASR 21, 22). DNA enrichment and sequencing. Gene 

sequencing was performed using the TruSeq Amplicon–Pancreas gene Panel (CCHMC and 

Illumina, San Diego, CA, USA). Data analysis/variant classification. The sequenced reads 

obtained from MiSeq were subjected to the Molecular Genetics Laboratory Next Generation 

Sequencing (NGS) data analysis. Fastq files were converted to fasta and the high quality 

sequence reads were filtered, simultaneously mapped to human genome reference sequence 

(NCBI build 37) and variant calls were made using NextGENe software V2.15 

(Softgenetics, LLC, State College, PA). In silico tools were used for variants interpretation. 

Variants were classified based on the ACMG guidelines:27, 28 Pathogenic/likely pathogenic 

(prevalence in affected statistically increased over controls, amino acid change, functional 

studies supportive), variants of unknown clinical significance VUCS (with functional studies 

available, case series, increased incidence over the general population without a clear 

establishment with the disease group, i.e. does not meet pathogenic neither benign), and 

likely benign/benign (functional studies show no deleterious effects, nonsegregation with 

disease). Sanger confirmation was performed for those variants that were reportable: VUCS, 

likely pathogenic and pathogenic. From our preliminary studies, analysis of the MiSeq 

demonstrated 98% or more of nucleotides were sequenced at 20x coverage which is 

considered adequate coverage. Details of the gene coverage on the panel are in 

Supplementary Table 1.

Statistical analysis:

Data were analyzed using SAS®, version 9.4 (SAS Institute, Cary, NC). Due to sample sizes 

and the distribution of variables, continuous data were summarized as medians with 25th and 

75th percentiles (interquartile range) while categorical data were summarized as frequency 

counts with percentages. Chi-square and Fisher’s exact tests were used as appropriate for 

group comparisons of categorical variables. For continuous data, nonparametric Wilcoxon 

Rank Sum tests and Kruskal-Wallis tests were used as appropriate to compare characteristics 

between groups. Kaplan-Meier survival curves were used to estimate the time to ARP and 

CP for genetic and etiology factors. Statistical significance was set a priori at α=0.05.

RESULTS

AP is defined by meeting two out of three criteria, abdominal pain, lipase and/or amylase at 

or above 3 times the upper limit of normal, or imaging finding of AP. Having more than one 

attack separated by one month pain free interval, as defined by INSPPIRE is ARP. CP is 

defined by imaging findings, and either pain that is suggestive of pancreatic origin, 

endocrine or exocrine insufficiency.2

The three groups comparisons:

One hundred eleven patients provided consent to have their gene testing performed, and have 

AP but no ARP during follow-up (n=54), ARP (n=31), CP (n=26) at time of study. Study 

follow-up time ranged from a median of 3.3 years for AP (no ARP group), to 4.7 years in 

ARP and 5.2 years in CP groups. Age and gender were similarly distributed in the AP, ARP 

and CP groups (Table 1). Genetic etiologies were more common in the CP group (31%) 

compared to the other two groups, 6% in ARP and 19% in AP without ARP, p=0.06. 
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Etiologies of first attack AP in all patients belonging to the three groups are shown in Table 

1.

Genetic variants detected by TruSeq enrichment and Illumina sequencing, were tested in the 

eight genes involved in hereditary pancreatitis: CASR, CFTR, CLDN2, CPA1, CTRC, 
PRSS1, SBDS, and SPINK1. Twenty patients carried at least one genetic variant when tested 

for these genes; details of variant carriage are in Supplementary Table 2. The distribution of 

the following affected genes: CASR, CFTR, CPA1, CTRC, PRSS1 between AP, ARP and 

CP groups was not significantly different. However, the presence of SPINK1 gene 

involvement was associated with CP compared to the two other groups, p=0.003 (Table 2).

Having more than one gene affected from the panel significantly differed between the three 

groups with CP having the highest percentage of patients (15%) with more than one gene 

affected, p=0.01.

Progression from first attack to ARP:

When we studied the time from first attack to second attack of ARP, we observed that the 

number of genes involved (2 genes versus one gene or none) was not associated with the 

progression to ARP, p=0.52.

In terms of the type of genes involved in the progression to ARP, carrying a CFTR gene 

mutation(s), was not statistically significant in time to progression to ARP, p=0.77. PRSS1 

mutation(s) was not statistically significant in progression to ARP, p=0.52, but having a 

SPINK1 mutation(s) was significantly associated with faster progression to ARP, p=0.04. 

Figure 1 (a, b and c).

Progression from first attack to CP:

Having two genes involved was associated with faster progression to CP compared to having 

one or no genes involved, p=0.007, Figure 2a.

First AP attack etiology affected progression to CP over time with genetics involvement, 

carrying the fastest rate of progression, p=0.05, Figure 2.b.

The progression to CP over time was faster in cases where genes were found positive for 

variants, compared to cases where gene variants were not present, in CFTR positive gene 

cases, p=0.03, SPINK1 positive gene cases, p=0.0006, and PRSS1 positive gene cases, 

p=0.048. Figure 3 (a, b and c).

Sequencing results for other genes:

In this study we didn’t observe mutations in the following genes CLDN2 and SBDS for any 

of the patients tested.

DISCUSSION

This study evaluated the role of extensive NGS testing, using TruSeq enrichment followed 

by Illumina sequencing technology, to examine variants in genes known to be associated 
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with hereditary pancreatitis. We applied the gene testing to 111 patients with pancreatitis, 

and found that 20 patients carried at least one genetic variant. The study is novel as it 

evaluated the role of genetics in patients who developed one attack of AP, and didn’t 

progress to ARP/CP over time (within the follow-up scope of this study), and compared 

those patients with the groups of ARP and CP. Another novel aspect of this study is that it 

used extensive genetic testing (more than one gene) and NGS as the most accepted 

technique in sequencing the genes known to be associated with hereditary pancreatitis in 

children with AP, ARP and CP.

The variants detected in our study are similar to those previously published in pediatrics, but 

add to our knowledge that cases of AP without progression to recurrent or chronic 

pancreatitis can have genes involved as well. Our patient population was similar to other 

published pediatric studies with pancreatitis presentation,29-32 however genes involved in AP 

without recurrence were not previously investigated. The positive genetic variant rate of 

18% is lower than previous studies that ranged from 60-70% 6, 33 most likely given that our 

study included patients with the first attack of pancreatitis, without recurrence. We were 

interested in linking the different genotypes with the phenotypes of pancreatitis, to help us in 

following the clinical course of our patients. It is known from previous studies that genetics 

would affect the clinical manifestations of disease, for endocrine, exocrine, or pain patterns. 
31, 33

The complex pathophysiology of CP likely involves the interplay of genetic and 

environmental factors leading to the fibrotic pancreatic destruction that differentiates 

patients with one attack compared to the groups that undergo further attacks and complete 

organ destruction eventually. This is manifested by fibrosis, destruction, ductal branching 

and calcifications; the late phenomena of CP.2 Diagnosing early CP remains challenging in 

pediatrics as in adults. Previous studies reported varying rates of genetic mutations 

associated with pancreatitis ranging from 30% to 73%.5, 6, 14, 33-35 Testing through gene 

panels holds promise to unravel the mystery of ARP and CP in children. Panels will increase 

efficiency and hopefully cut cost in gene testing. More over extensive testing, will allow 

studying gene to gene interactions in disease progression. In a small cohort of 50 patients, 

we found 11% of patients with more than one gene affected when tested for CFTR, SPINK1, 

PRSS1 and CTRC.33 A recent study of recurrent and CP patients showed genetic testing 

with NGS for a panel of 10 genes of interest: PRSS1, SPINK1, CFTR, CTRC, CASR, 
CTSB, KRT8, CLDN2, CPA1 and ATP8B1 to have variants in one or more of the genes of 

interest, with 18.8% having more than 1 gene affected.17 While this study had a small 

sample size, it highlights the importance of extensive gene testing with the expanded panels 

in cases of hereditary pancreatitis. The role of gene testing in first attack AP and how it 

affects progression wasn’t addressed in the previous designs.

While our study is novel, it has limitations. While it includes the most commonly known 

genes associated with pancreatitis, it does not involve all genes. Another limitation is in the 

fact that some of the findings such as in the SPINK1 gene may be related to the variant, 

rather than the gene itself, since all the positive findings were in the same risk allele in that 

case. Our data is generated from a single center, rather than covering a larger sample area, 
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however as a quaternary referral center we capture patients from a wide geographic 

variation. Also, we are limited with the sample size.

Management of pancreatitis in children is mainly supportive, and focused on dealing with 

complications or sequalae of the disease. One day through discovery we can focus our 

efforts to reverse the trends of management to prevention. Our studies will allow 

identification of at-risk children and eventual development of interventions that can prevent 

these outcomes. As we advance our knowledge with known factors in ARP and CP, we will 

need more studies that are geared towards our clinical phenotypes, so that future studies can 

be tailored to halt progression from AP to ARP and CP in children.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Progression from AP to Second attack ARP over Time Differs per Genes Involved.
a. Progression in groups with or without CFTR gene involved, b. progression in groups with 

or without SPINK1 gene involved, c. progression with or without PRSS1 gene involved. 

Kaplan-Meier survival curves were used to analyze time to progression.
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Figure 2: Progression to CP Over Time.
a. Progression to CP as a function of the number of genes involved. b. Progression rate to CP 

over time as a function of the etiology of the first attack. Kaplan-Meier survival curves were 

used to analyze time to progression.
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Figure 3: Progression from AP to CP Over Time Differs per Genes Involved.
a. Progression in groups with or without CFTR gene involved, b. progression in groups with 

or without SPINK1 gene involved, c. progression with or without PRSS1 gene involved. 

Kaplan-Meier survival curves were used to analyze time to progression.
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Table 1.

Patient characteristics and etiologies of pancreatitis in AP, ARP and CP groups.

AP
N=54

ARP
N=31

CP
N=26

P-value

Gender (male) 30 (56%) 16 (52%) 15 (58%) 0.89

Age 1st AP attack (years) 13.0 (7.7-16.2) n=54 13.1 (9.7-16.1) n=31 9.4 (7.0-13.9) n=22 0.25

Onset AP age

    Early (<6 yrs) 10/54 (19%) 5/31 (16%) 8/26 (31%) 0.34

Age 2nd AP attack (years) - 14.5 (10.7-16.9) n=30 10.2 (7.9-14.4) n=21 0.07

    Time from AP to ARP (years) - 0.4 (0.2-1.3) n=30 0.5 (0.2-1.7) n=21 0.52

Developed ARP within 12m of AP - 19/30 (63%) 14/21 (67%) -

Age CP (years) - - 11.6 (7.9-14.4) n=25 -

    Time from AP to CP (years) - - 1.6 (0.7-2.3) n=22 -

Follow-up time (years) 3.3 (2.5-3.9) n=54 4.7 (3.3-5.8) n=31 5.2 (4.3-6.2) n=25 <0.0001

Etiology (1st attack)

    Divisum 1/52 (2%) 4 (13%) 2/25 (8%) 0.08

    Biliary 11/52 (21%) 5 (16%) 3/25 (12%) 0.65

    Trauma 5/52 (10%) 1 (3%) 1/25 (4%) 0.60

    Genetic (Sanger confirmed) 10 (19%) 2 (6%) 8 (31%) 0.06

    Viral/systemic/toxic/drug 22/52 (42%) 16 (52%) 6/25 (24%) 0.11

    Metabolic 1/52 (2%) 1 (3%) 1/25 (4%) 0.80

    Idiopathic or other 6/52 (12%) 4 (13%) 7/25 (28%) 0.19

Family history 0.14

    None 49 (91%) 28 (90%) 20/25 (80%)

    Pancreatitis 2 (4%) 2 (6%) 5/25 (20%)

    Pancreatic cancer 3 (6%) 1 (3%) 0

Data presented as n (%) or median (25th –75th percentile)
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Table 2.

Type and number of genes involved in each group.

AP
Total N=54

ARP
Total N=31

CP
Total N=26

P-value

Genetic Testing done, yes 54 (100%) 31 (100%) 26 (100%)

   Genetic variants, yes 10 (19%) 2 (6%) 8 (31%) 0.06

Genes 11 genes 2 genes 12 genes

   CASR 1 (2%) 0 0 1.00

   CFTR 6 (11%) 1 (3%) 5 (19%) 0.15

   CPA1 2 (4%) 1 (3%) 0 1.00

   CTRC 1 (2%) 0 0 1.00

   PRSS1 1 (2%) 0 3 (12%) 0.06

   SPINK1 0 0 4 (15%) 0.003

More than one gene affected 1 (2%) 0 (0%) 4 (15%) 0.01

Number of genes affected -

   0 44 (81%) 29 (94%) 18 (69%)

   1 9 (17%) 2 (6%) 4 (15%)

   2 1 (2%) 0 (0%) 4 (15%)
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