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Abstract
There was remarkable progress in the understanding of 
the role genetic risk factors in chronic pancreatitis. These 
factors seem to be much more important than thought in 
the past. The rare autosomal-dominant mutations N29I 
and R122H of PRSS1 (cationic trypsinogen) as well as 
the variant N34S of SPINK1 (pancreatic secretory trypsin 
inhibitor) are associated to a disease onset in childhood 
or youth. Compared to chronic alcoholic pancreatitis the 
progression is slow so that for a long time only signs 
of acute-recurrent pancreatitis are found. Only at later 
time points (more than 10-15 years) there is evidence 
for chronic pancreatitis in the majority of patients. Acute 
recurrent pancreatitis may therefore be regarded as a 
transition state until definite signs of chronic pancreatitis 
are detectable. 
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INTRODUCTION: FROM ACUTE TO 
ACUTE-RECURRENT AND TO CHRONIC 
PANCREATITIS
Pancreatitis is general is divided into acute and chronic 
forms. Acute pancreatitis is defined as a disease in which 
both exocrine and endocrine function of  the gland may 
recover to normal (restitution ad integrum). In some 

patients with severe acute pancreatitis, a residual functional 
defect may persistent but there is no recurrent episode 
(Figure 1). Whereas acute pancreatitis may be related 
to either bile duct stones or alcohol, the main cause of  
chronic pancreatitis is heavy alcohol consumption[1].  
Patients presenting with an acute flare of  alcoholic 
pancreatitis often show evidence for chronic alteration 
of  the duct, therefore already having definite signs of  
chronic pancreatitis. The pathogenesis of  alcoholic 
chronic pancreatitis is under debate. Whereas one group 
of  investigators believe that acute alcoholic pancreatitis 
proceeds to chronic pancreatitis, others think that this 
is primarily a chronic disease. It is furthermore under 
discussion whether alcoholic pancreatitis, when initiated, 
may, even at complete cessation of  alcohol consumption, 
ever recover to normal or not.

Acute-recurrent pancreatitis may be regarded as a 
transition state between acute and chronic pancreatitis 
that is characterized by repetitive acute episodes without 
evidence for chronic inflammation (Figure 1). This patient 
group is difficult to define as we only have a description 
of  the disease within a limited time interval. It is unclear at 
the moment of  the investigation whether the pancreatitis 
resumes completely or progresses to chronic disease. Only 
the investigation of  the long-term course of  the disease will 
show us to what group the respective patient belongs to.

In the recent years several genetic risk factors were 
identified in pancreatitis[2]. In particular, mutations of  the 
cationic trypsinogen (PRSS1), secretory pancreatic trypsin 
inhibitor 1 (SPINK1), and the cystic fibrosis transmembrane 
conductance regulator (CFTR) were described. The 
mutation G191R of  the anionic trypsinogen (PRSS2) was 
shown to act as a factor protecting from pancreatitis[3]. In 
patients with autosomal- dominant traits the mutations 
N29I and R122H of  PRSS1 as well as a triplication of  the 
trypsinogen was found[4]. The other mutations were mainly 
found in sporadic, but also in alcohol-induced disease[5]. 
In this short review I will discuss the classification of  
hereditary or idiopathic pancreatitis, but mainly focus on 
the description of  the course of  disease in patients with 
genetic risk factor in order to rule out whether an acute-
recurrent form exists at all. These data are mainly based on 
an investigation of  patients and their families[6,7].

HEREDITARY OR IDIOPATHIC
PANCREATITIS
The term "hereditary pancreatitis" was created in the 



fifties of  the last century and described an accumulation 
of  patients with pancreatitis in one family[8]. Its use is 
not uniform as several different definitions can be found 
in the literature. Most authors request 2 patients within 
one generation or more than 2 patients in more than one 
generation. Due to its origin in the pre-genetic area the 
term is purely phenomenological. After identification of  
mutations of  the cationic trypsinogen (PRSS1), of  the 
pancreatic secretory trypsin inhibitor (SPINK1) and of  the 
cystic fibrosis transmembrane conductance regulator (CFTR) 
in patients with pancreatitis[2] it became evident that only less 
than 5% of  the patients with genetic risk factors fulfil any of  
these definitions of  “hereditary pancreatitis”. In our group 
of  patients, for example, 35% of  families with autosomal-
dominant trypsinogen mutations (N29I and R122H) cannot 
be classified as suffering from “hereditary” pancreatitis. In 
consequence, the definition of  “hereditary pancreatitis” will 
have to be changed.

Another problem is the use of  "idiopathic" pancreatitis 
in patients with genetic risk factor. Recently, even the 
term "familial-idiopathic pancreatitis" was created for 
those families having 2 members with pancreatitis[9]. Both  
concepts are contradictions in term as "idiopathic" means  
absence of  any risk factor and familial accumulation or 
mutations always point to a risk factor. It is my suggestion  
to substitute the term "idiopathic" by "sporadic" that is 
also used in other diseases. “Autosomal-dominant” and 
“familial pancreatitis” (in case of  absence of  an autosomal 
-dominant trait) could be used to formally describe the  
familial association of  the disease. 

HOW FREQUENT ARE MUTATION IN 
PANCREATITIS?
After the first description of  trypsinogen mutations 
several reports were published which showed up to 10% 
of  autosomal-dominant mutations N29I or R122H in 
patients with "idiopathic" pancreatitis[10,11]. This is typical 
for an initial enthusiasm that overestimates the significance 
of  a new finding. Later, the investigation of  larger groups 
of  patients revealed that trypsinogen mutations were 
present much less frequently. Interestingly, the smaller the 
study was, the larger were the percentages of  mutations 
and the higher were the impact factors of  the journals in 
which the data were published. As noted already[12] this was 

nice example for a publication bias favouring "positive" 
findings that are preferably published in journals with high 
impact factor.

Table 1 shows an overview on the frequency of  the 
various mutations in the different groups of  patients. 
The data largely based on our own genetic findings in 
more than 1000 patients with non-alcoholic chronic 
pancreatitis[5,12] and on several other studies[13-17]. The 
different groups are defined by family history (autosomal-
dominant, familiar, sporadic) and the alcohol consumption. 
In approximately 75% of  the patients with autosomal-
dominant disease mutations of  the cationic trypsinogen 
(N29I or R122H) were found. Recently a triplication 
of  the trypsinogen was identified[4], but its frequency is 
unclear at the moment. A positive family history without 
clear autosomal-dominant trait (familial pancreatitis) 
predisposes to the SPINK1 mutation N34S, but also 
PRSS1 variants (A16V, N29I, R122H) can be seen. In 
patients with sporadic disease all three genes (PRSS1, 
SPINK1, CFTR) contribute to the risk of  the disease, 
but, as already mentioned above, autosomal-dominant 
mutations are extremely rare.

In alcoholic chronic pancreatitis 15% of  the patient 
exhibit SPINK1 or CFTR mutations [13,14]. In 22% of  
patients with pancreas divisium, mutations of  the CFTR 
molecule can be identified[16]. In tropical pancreatitis half  
of  the patients were affected from the variant N34S of  
SPINK1[17]. Recently Witt et al[3] reported the identification 
of  a PRSS1 mutation (G191R) protecting from pancreatitis. 
This supports the central role of  trypsin in the pathogenesis 
of  pancreatitis. Taken together, in approximately 25% of  the 
patients with chronic pancreatitis a genetic risk factor can be 
identified. A regularly updated list of  PRSS1 and SPINK1 
mutations can be found in the internet (http://www.uni-
leipzig.de/pancreasmutation).

MUTATIONS AND RISK OF PANCREATITIS
The different mutations in pancreatitis confer a different 

Clinical
characteristic of
chronic pancreatitis

% of all
patients            With mutation Without

mutation
Type of mutation %      %

Autosomal-dominant     1 PRSS1:R122H, N29I 70-80       10-20
PRSS1:triplication 10-20

Familial     3 PRSS1:R122H, N29I 15       50
PRSS1:A16V < 5
SPINK1:N34S 30
Other SPINK1 mutations 5

Sporadic   20 PRSS1:R122H, N29I << 1       15-50
PRSS1:A16V < 5
SPINK1:N34S 20-40
CFTR:various 20-40

Alcoholic   75-80 SPINK1:N34S 5       85
CFTR:various 10

Pancreas
divisum

    3 CFTR:various 20       80

Tropical
pancreatitis

    ? SPINK1:N34S 50       50

All groups:
protective mutation

    1 PRSS1:G191R In controls: 3

Table 1  Mutations in different groups of patients suffering 
from pancreatitis

Normal gland

Acute pancreatitis

Recurrent acute
pancreatitis

Focal necrosis scar

Chronic pancreatitis

Figure 1  Relationship between acute, acute-recurrent and chronic pancreatitis.
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risk of  pancreatitis. This may be calculated from the 
frequencies of  mutations in the healthy general publication 
and in patients. In trypsinogen mutations N29I and R122H 
approximately 80% of  the subjects suffer from disease[7,16].  
Apart from families with autosomal-dominant disease the 
mutations are obviously absent in healthy subjects. At a 
prevalence of  chronic pancreatitis of  50-100/100.000 it 
may be estimated that PRSS1 mutation increase the risk 
for pancreatitis by a factor of  at least 1000-2000. The 
homozygous SPINK1 N34S is detected in healthy subjects 
at a rate of  1/10.000, and in patients with pancreatitis it 
is found in approximately 5%-10% of  those with N34S-
associated disease[19]. Therefore it may be assumed that 
the homozygous N34S increased the risk by a factor of  
about 500. The heterozygous N34S of  SPINK1 as well as 
CFTR mutations are associated with a 20-40-fold risk of  
pancreatitis[18]. This is in difference to the role of  alcohol 
that increased the risk of  disease only by a factor of  3, 
5-11[20]. A conclusion from these data would be that genetic 
risk factors confer a much higher risk than the consumption 
of  alcohol. It may also be concluded that alcohol is a very 
frequent but weak risk factor of  chronic pancreatitis. 

F i g u r e 2 s h ow s a n a t t e m p t f o r a g r a p h i c a l 
representation of  these data. Autosomal-dominant 
trypsinogen mutations or homozygous N34S may be 
regarded as strong risk factors (× 100-1000). Variants 
of  SPINK1 or CFTR confer an intermediate r isk  
(× 10-100). Weak factors (increase up to 10 fold) like 

alcohol consumption are supplementary and may modify 
the course of  chronic pancreatitis. The graph shows that 
interaction of  environmental and genetic factors (i.e. 
N34S + alcohol or PRSS1 + smoking) further increased 
the probability of  a disease. It is also shown that SPINK1 
mutations are stronger risk factors than CFTR variants 
and in their homozygous form they were similar to the 
autosomal-dominant trypsinogen mutations. Therefore, it 
is no longer justified to degrade them to "disease modifier" 
as done recently[21].

PROGRESSION OF GENETIC PANCREATITIS
The majority of  subjects with autosomal-dominant 
tr ypsinogen mutations N29I and R122H get i l l in 
childhood[6], but this is also true for those with the variant 
N34S of  SPINK1[7] and a considerable number of  patients 
without any detectable risk factor ("early onset idiopathic"). 
The data from our patient group were shown in Figure 3[7]. 
The progression of  disease was analysed in both patient 
groups. As shown in Figure 4, in the majority of  the 
patients with the PRSS1 mutations N29I and R122H the 
initial event was a severe acute episode leading to treatment 
in a hospital. At the same time point there was no evidence 
for definite signs of  chronic pancreatitis in the majority 
of  these patients. Only several years later there is a slowly 
increasing rate of  duct dilatation or calcification that may 
be regarded as definite prove of  chronic pancreatitis. 
However, even after a follow-up time of  20 years after the 
first symptoms, only 30% of  the patients show evidence 
for calcifications or duct dilatation. The onset of  diabetes 
seems to be even later as after 10 years less than 10% and 
after 20 years less than 20% were diabetic (Figure 4). This 
shows that the signs of  chronic pancreatitis may be absent 
when patients were not observed long enough. 

The progression of  disease in patients with N34S of  
SPINK1 was rather similar. There was a hospital stay early 
in the course of  the disease, a slow appearance of  duct 
dilatation or calcifications and a late onset of  diabetes 
(Figure 5). Compared to patients with alcoholic chronic 
pancreatitis (Figure 6) the progression of  disease is much 
slower, as in more than 50% of  the alcoholics diabetes and 
calcification were observed already after a follow-up time 
of  less than 15 years.

1000

100

10

1

N34S (homozygous)

N291/R122H + smoking
N291/R122H

N34S + alcohol
N34S/CFTR

Alcohol 80 g/d

Without detectable risk

Re
la

tiv
e 

ris
k

M
ild

M
od

er
at

e
Se

ve
re

Figure 2  Strength of genetic and environmental risk factors of chronic pancreatitis.

0       10      20      30     40      50      60
Age (yr)

Pr
ob

ab
ili

ty

1.0

0.8

0.6

0.4

0.2

0.0

PRSS 1

SPINK 1

Figure 3  Age at onset of pancreatitis in patients with mutations N29I and R122H 
of the cationic trypsinogen and mutation N34S of SPINK1.
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Figure 4  Progression of pancreatitis in patients with PRSS1 mutations N29I and 
R122H.
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DOES ACUTE RECURRENT PANCREATITIS
EXIST IN PATIENTS WITH GENETIC RISK
factors?
The data shown above suggest that in a significant number 
of  patients definite signs of  chronic pancreatitis may be 
found only after a long follow-up time. From this finding 
it may be suspected that acute-recurrent pancreatitis is only 
a transition state that finally ends in chronic pancreatitis. 
To analyse this presence of  either calcifications or duct 
dilatations in patients with PRSS1 (N29I and R122H) 
or SPINK1 (N34S) mutations were analysed by Kaplan-
Meier. As shown in Figure 7 in approximately 80% 
of  the patients with SPINK1 show at least one of  the 
definite signs of  chronic pancreatitis after a follow-

up time of  15-20 years. In 50% of  the patients with a 
PRSS1 mutation a chronic pancreatitis can be diagnosed 
after 25 years of  follow-up. This may, however, be an 
underestimation of  chronic pancreatitis as only two signs 
were evaluated. Histological specimens were available in 
only a few patients and the retrospective study design 
tends to overlook patients with chronic disease. The data 
suggests that recurrent acute pancreatitis is present in 
patients with genetic risk factors, but with time there is a 
slow progression to chronic pancreatitis. In the majority of  
patients, however, one has to wait a long time and in some 
others recurrent pancreatitis may persist.

CONCLUSION
The autosomal-dominant mutations N29I and R122H 
of  PRSS1 (cationic trypsinogen), N34S of  SPINK1 
(pancreatic secretory trypsin inhibitor) lead to a disease 
onset in childhood or youth. Compared to chronic 
alcoholic pancreatitis the progression is low so that for 
a long time only signs of  acute-recurrent pancreatitis 
are found. At later time points (more than 15-20 years) 
there is evidence for chronic pancreatitis (duct dilatation, 
calcification, histological prove of  chronic pancreatitis). 
In patients with genetic risk factors acute recurrent 
pancreatitis may therefore be regarded as a transition state 
until definite signs of  chronic pancreatitis are detectable. 
The progression of  disease, however, is slow so that the 
clinical picture is compatible with an acute-recurrent 
pancreatitis for a very long time.
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