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Acute pancreatitis as a risk factor of chronic pancreatitis and pancreatic cancer.
An overview

David Solil', Petr Dite'#, Michal Senkyrik', Martina Bojkova?, Bohuslav Kianicka*

This is an overview of relation between acute and chronic pancreatitis and between acute pancreatitis and pancreatic
cancer. Acute pancreatitis and recurrent acute pancreatitis are an etiological factor of chronic pancreatitis. Population-
based studies have calculated the risk of acute recurrent pancreatitis after the first attack of acute pancreatitis to be
20% and development of chronic pancreatitis after first attack of acute pancreatitis is 10%. An important risk factor is
tobacco smoking. Acute and chronic pancreatitis are risk factors for pancreatic cancer. The risk of acute pancreatitis is
related to the number of recurrences of acute pancreatitis, but not the etiology of acute pancreatitis. Acute pancreatitis,
as well as chronic pancreatitis, are risk factors for pancreatic cancer. After an attack of acute pancreatitis or recurrent

acute pancreatitis a patient should be regarded as a high risk.
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INTRODUCTION

Acute pancreatitis is a disease with a high incidence
and one of the most common indications for hospi-
talization for non-cancerous gastrointestinal diseases.
A German study from 2011 showed an incidence of acute
pancreatitis ranging from 13 to 43 cases per 100.000 in-
habitants'. Data from 2017 published in Germany indicate
a hospitalization rate of 24 patients per 100.000 inhabit-
ants with acute pancreatitis®. The activation of inflamma-
tory processes such as trypsinogen activation, the role of
nuclear factor kappa beta (NF-«B) in acinar cells causing
a strong inflammatory response and local and systemic
damage play a major role in the pathogenesis of acute
pancreatitis, but other pathological processes such as
lysosomal dysfunction, oxidative stress, pH changes or
autophagy with endoplasmic reticulum involvement are
also important?.

ACUTE PANCREATITIS AS A RISK FACTOR FOR
CHRONIC PANCREATITIS

Acute pancreatitis and acute recurrent pancreatitis are
significant risk factors for the development of chronic
pancreatitis. Chronic pancreatitis is characterized as a
progressive process of inflammation with fibrosis of the
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pancreatic tissue and scarring. A new definition of chron-
ic pancreatitis, published in 2016, defines the disease as a
pathological fibroinflammatory syndrome of the pancreas
in the presence of genetic, environmental and/or other
risk factors, leading to a pathological reaction with the
development of parenchymal damage®. The conservative
model of the development of chronic pancreatitis includes
five stages (A-E). Stage A is a risk, asymptomatic stage,
stage C is a stage of early form chronic pancreatitis with
positivity of biomarkers, stage D is characterized by clini-
cal features - immune dysregulation, islet dysfunction,
acinar dysfunction, pathologic pain, or metaplasia. Last
stage E is the end stage of chronic pancreatitis, with fi-
brosis, exocrine insufficiency diabetes mellitus type 3c,
or pancreatic ductal adenocarcinoma. Stage B is a stage,
where acute pancreatitis and acute recurrent pancreatitis
precede as an initiating phenomenon of this stage - early
chronic pancreatitis. This is called the "two-hit" model,
when after acute pancreatitis the gland is damaged and
then an abnormal inflammatory response occurs, with
activation of pancreatic stellate cells. A study evaluating
14 publications (Table 1) with a total of 8,492 patients
showed that 10% of patients after the first episode of acute
pancreatitis and 36% of patients with recurrent acute pan-
creatitis were diagnosed with chronic pancreatitis within
12 months of the acute attack®. Alcohol and smoking were
found to be the most important risk factors for the devel-
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opment of chronic pancreatitis, following acute pancreati-
tis. Similar results were obtained in a retrospective study
by Bertilsson et al. evaluating 1457 people after the first
attack of acute pancreatitis. Also in this study, alcohol and
smoking were risk factors for chronic pancreatitis, as well
as the risk of biliary etiology of acute pancreatitis (53%)
(ref.®). Finally, in a study from 2020, looking at predictors
of the onset and development of chronic pancreatitis, id-
iopathic juvenile and idiopathic senile variants of chronic
pancreatitis were shown to be particularly important, in
addition to alcohol’.

In our study from 2020, we confirmed that chronic
pancreatitis can occur after the first attack of acute pan-
creatitis, and that this is significantly potentiated by the
presence of a metabolic syndrome (obesity, arterial hyper-
tension, hypertriglyceridemia, type 2 diabetes mellitus).
The interval of development of chronic pancreatitis after
the first attack of acute pancreatitis was 12 months in per-
sons with presence of metabolic syndrome and an average
of 20 months in the group without metabolic syndrome.
According to these results, the metabolic syndrome is a
factor significantly potentiating or accelerating the devel-
opment of chronic pancreatitis®.

ACUTE PANCREATITIS AS A RISK FACTOR FOR
PANCREATITIC CANCER

Acute pancreatitis and pancreatic carcinoma are
diseases whose association is still a matter of debate’.
A Danish study involving follow-up of 41.669 people with
acute pancreatitis showed that the incidence of pancreatic
carcinoma after the diagnosis of acute pancreatitis was
higher in the two years following the diagnosis of acute
pancreatitis (HR 19.28: 95%CI, 14.62-25.41). In the fol-
lowing years after the first attack of acute pancreatitis,
although the incidence of pancreatic cancer decreased,
the number of pancreatic cancer diagnoses was still high
(HR 2.02: 95%Cl, 1.57-2.61). These results suggest that
the risk of pancreatic cancer after acute pancreatitis is
long-term'®. A Swedish population-based study published
in 2018, similar to the study from Denmark, showed the
highest incidence of pancreatic cancer during the first
few years after acute pancreatitis, but 10 years after acute
pancreatitis, the incidence of cancer was similar to that
of the control group'. A recent US study compared the
risk of pancreatic cancer in 35,500 people with acute
pancreatitis versus a control group 3-10 years after acute

Table 1. Characteristics of Included Studies®.

Study Year Country Study design Population Study Total Patients Mean Accrual Patients Severity
or hospital period patients followed follow-up rate per with first  criteria
based included up, n time, mo month episode of

AP, n (%)

Madsen and 1979 Denmark Prospective Hospital =~ 1960-1975 122 112 180 0.7 101 (83) Not stated

Schmidt cohort

Reid and 1980 Australia Prospective Hospital 1968-1975 113 113 Not 1.3 113 (100) Not stated

Kune cohort stated

Angelini 1993 Italy Prospective  Hospital ~ 1974-1990 300 118 52.8 1.6 Not stated Not stated

et al. cohort

Doepel et al. 1993 Finland Prospective ~ Hospital =~ 1974-1988 67 37 74.4 0.4 Not stated Ranson

cohort

Seidensticker 1995 Germany Prospective Hospital — 1976-1992 38 37 34 0.2 38(100) Ranson >4

et al. cohort

Lund etal. 2006 Denmark Retrospective Hospital 1995-1998 155 138 Not 6.5 155 (100) Ranson >3

cohort stated

Gargetal. 2007 India Prospective  Hospital 1995-2003 75 75 17.6 08 0 Not stated

cohort

Yasuda et al. 2008 Japan Prospective  Hospital 1990-2006 103 45 56 0.5 Notstated JSS>2

cohort

Lankisch 2009 Germany Prospective Hospital 1987-2004 532 501 93.6 2.6 532(100) APACHE

et al. cohort 1I>8

Takeyama 2009 Japan Prospective  Population 1987-2004 717 174 Not 4.6  Not stated JSS>2

cohort stated

Nojgaard 2011 Denmark Prospective Population 1977-2008 352 352 158.5 6.2  Not stated Not stated

et al. cohort

Yadavetal. 2012 United  Retrospective Population 1996-2007 7456 6010 40 69 7456 (100) Not stated

States cohort

Cavestro 2014 Italy Prospective  Hospital ~ 2002-2011 196 196 52.2 1.9 196 (100) Revised

et al. cohort Atlanta

Nikkolaet 2014 Finland Prospective Hospital ~2001-2005 120 79 24 o0r 84 3 120(100) Revised

al. cohort Atlanta
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Table 2. Higher risk of pancreatic carcinoma after the diagnosis of acute pancreatitis'.

Study (Country) Total patients included  Risk

Denmark 41,669 HR 2.02: 95 %CI, 1.57-2.61

Sweden 49,749 769 individuals developed pancreatic cancer, of whom 536 (69.7%) had a history
of acute pancreatitis

UsS 35,500 HR 1.7, 95 % CI, 1.4-2.0

Rijkers et al. 731 the rate ratio of pancreatic cancer was almost 9 times higher in patients who

developed chronic pancreatitis compared with those who did not (P = 0.049).

Head and Neck

Fig. 1. Image depicting location of pancreatic adenocarcinoma within the pancreas in patients with acute pancreatitis'.

pancreatitis'?. The results of this study also confirmed a
significantly increased incidence of pancreatic cancer af-
ter acute pancreatitis (HR 1.7, 95% CI, 1.4-2.0). As men-
tioned above, acute pancreatitis can progress to chronic
pancreatitis. A study by Rijkers et al. investigating the
course of changes after acute pancreatitis found that in
a cohort of 731 patients who developed chronic pancre-
atitis after acute pancreatitis, only two patients out of 51
developed pancreatic cancer'. In contrast, the incidence
of pancreatic cancer was up to nine times higher in those
who did not progress from acute disease to chronic pan-
creatitis'* (Table 2). In a population-based study, Park et
al. demonstrated that smoking, high BMI and diabetes
mellitus are significant risk factors for pancreatic cancer'.

One of the most common etiological factors of acute
pancreatitis is alcohol. Interestingly, alcoholic versus
non-alcoholic forms of acute and chronic pancreatitis
do not differ in terms of the initiation of pancreatic can-
cer'®. Alcohol drinking was not identified as a risk factor
leading to pancreatic cancer in a study from the United
States's. Age play an important role in the development of
pancreatic cancer following an attack of acute pancreati-
tis. Compared with the control group, younger individu-
als with pancreatic cancer after acute pancreatitis have a
better prognosis. One of the reasons for this is probably
that they are diagnosed at an early stage'>". Risk factors
for pancreatic cancer are also overweight, liver cirrhosis,
prediabetes/diabetes mellitus, and gallbladder concre-
tions?. Gender is also a risk factor, although the findings
are inconclusive?, but women with acute pancreatitis and
pancreatic cancer predominate??.

Regarding the localization of pancreatic adenocarci-
noma, the head of the pancreas was the most frequent lo-

calisation in subjects after acute pancreatitis (53%) (ref.")
(Fig. 1). This localization is one possible explanation for
the presence of carcinoma accompanied by simple hyper-
amylasaemia or acute pancreatitis due to pancreatic duc-
tal permeability®. In persons with unclear etiology of acute
pancreatitis, the possibility of pancreatic adenocarcinoma
should always be considered. In such a case, CEA and
CA19-9, which are elevated in pancreatic disease termed
APUE (Acute Pancreatitis of Undetermined Etiology)
(ref.2*?*) and may be a marker of the presence of early-
stage pancreatic adenocarcinoma, should be investigated.
In the study by Singh et al, CEA and CA19-9 levels were
lower or less frequently elevated in APUE without the
presence of pancreatic adenocarcinoma®. A limitation
of the investigation is, of course, that CA19-9 and CEA
levels may also be elevated in acute biliary pancreatitis or
hepatobiliary disease.

CONCLUSION

Acute pancreatitis is one of the risk factors for pancre-
atic adenocarcinoma. The maximum of this risk is usually
within 2 years after acute pancreatitis, which does not
change the fact that acute pancreatitis is a long-term risk.
Pancreatic adenocarcinoma may also be present after the
presentation of acute pancreatitis. Therefore, in the case
of APUE the possibility of pancreatic adenocarcinoma
should always be considered. In such case, we can diag-
nose pancreatic adenocarcinoma at an early stage.

Smoking, obesity or diabetes mellitus are significant
risk factors for pancreatic cancer but may be unrelated to
acute pancreatitis. Acute pancreatitis, including a form of
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acute recurrent pancreatitis, is also an etiologic factor in
the development of chronic pancreatitis. While opinions
on the relationship between acute pancreatitis and pan-
creatic cancer are not clear-cut, chronic pancreatitis can
clearly be considered a significant risk.

Search strategy and selection criteria

MEDLINE, PubMed and EMBASE data were
searched for published studies during last seven years-
from 2017 to 2023 (except one publication from year
2011) in patients with acute, or chronic pancreatitis, resp.
pancreatic adenocarcinoma. The selection criteria were
the evaluation of papers in patients with acute pancre-
atitis, which developed to chronic pancreatitis, and the
publications with topic acute pancreatitis and pancreatic
cancer, resp. patients with pancreatic cancer and a history
of acute pancreatitis. In this overview study the etiology
or grading, resp. complications of acute pancreatitis was
not evaluated.

Author contributions: PD: study design; DS, MB, PD:
data collection; MS, BK: data interpretation; PD, DS:
literature search and manuscript writing.
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