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ABSTRACT

Background: The sentinel acute pancreatitis event (SAPE) hypothesis for pathogenesis of chronic
pancreatitis (CP) postulates that acute pancreatitis (AP), especially recurrent AP (RAP), precedes devel-
opment of CP. However, in a recent population-based study, 52/89 (58.4%) of CP had no prior episodes of
AP. In a large clinic-based CP cohort, we aimed to determine the incidence and timing of prior AP in
patients diagnosed with CP.

Methods: We retrospectively identified 499 consecutive patients with classic CP diagnosed at our
institution from January 2013 through December 2015. We abstracted their demographic and clinical
data, especially regarding prior AP.

Results: We identified 3 cohorts: 1) CP with no AP (n =231 [46.3%]), 2) AP before CP (n= 250 [50.1%]),
and 3) AP after CP (n = 18 [3.6%]). At CP diagnosis, 249 patients (49.9%) had no prior AP. Compared with
the “CP preceded by AP” cohort, the “CP without AP” cohort was older (59.2 + 13.9 vs 48.6 + 15.7 years;
P<.001), had a higher prevalence of diabetes mellitus (30.3% vs 12.4%; P<.001), reported less pain
(52.8% vs 87.6%; P<.001), and had a lower rate of endoscopic interventions (16.0% vs 39.2%; P <.001). In
the “CP preceded by AP” cohort, 117 (46.8%) had a single episode of AP and 133 (53.2%) had RAP.
Conclusion: Nearly half the patients with classic CP did not have prior AP. Only a quarter of patients had
CP that could potentially have evolved from prior RAP. Development of CP may be attributable to an
altogether different pathogenesis (a non-SAPE pathway) for a considerable proportion of patients.

© 2019 IAP and EPC. Published by Elsevier B.V. All rights reserved.

Introduction

steatorrhea [2,3]. Considerable advances in the areas of diagnosis,
treatment, and prevention have been made in recent years, but

Chronic pancreatitis (CP), first described by Comfort et al. [1], is
a progressive, fibroinflammatory disease and the resultant loss of
pancreatic parenchyma leads to endocrine and exocrine failure,
which manifests eventually as leads to diabetes mellitus and
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event; UPR, unfolded-protein response.
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many gaps still remain in the understanding of CP. Although the
1963 Marseilles classification [4] suggested that the primary lesion
responsible for the disease resided in the pancreatic duct, Comfort
and colleagues [5] subsequently proposed an alternative necrosis-
fibrosis hypothesis, which suggested that CP was the result of
repeated attacks of acute pancreatitis (AP). However, after this
hypothesis was proposed, several high-quality studies of surgical
and autopsy specimens suggested that CP was already established
by the time of the first attack of alcoholic pancreatitis and hence not
the result of prior AP [4,6—12].

The long-term, prospective, clinicopathologic study by Amman
and colleagues [13] strongly supported the necrosis-fibrosis
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hypothesis. However, their study did not include patients with
acute alcoholic pancreatitis; hence, they could not determine
whether CP was already established by the time of the first attack of
alcoholic pancreatitis. Subsequently, Whitcomb [14] published the
sentinel AP event (SAPE) hypothesis, noting that some patients
with hereditary pancreatitis or alcoholism progressed to CP with
little evidence of pancreatic necrosis. The SAPE hypothesis is a 2-hit
model, in which a single episode of AP causes infiltration of in-
flammatory cells and activation of stellate cells, with subsequent
ongoing injury or stress promoting fibrosis through the activated
immune cells. This process is proposed as the underlying mecha-
nism of CP development in patients with no prior necrosis. This
hypothesis has gained widespread acceptance in the pancreatic
community and also states that in those patients with CP where
there is no history of prior AP, the AP might be a subclinical event.
However, AP as recognized currently is a clinical entity with quite
significant abdominal pain, enzyme elevation and or imaging ab-
normalities. Hence it would be difficult to comprehend a term like
subclinical AP in support of SAPE hypothesis, if one would like to
explain the absence of clinical attacks of AP in patients with CP.

However, the relationship between AP and CP is far from simple.
Numerous studies and meta-analyses have reported that approxi-
mately 10% of all patients with AP will have subsequent CP, espe-
cially if they have recurrent acute pancreatitis (RAP) [15]. Patients
with a history of smoking and alcoholism have much higher fre-
quency of RAP and subsequent CP. However, the literature is un-
clear about how often AP is the initial clinical event for patients
with CP.

This complex relationship between AP and CP becomes even
more perplexing with the reports that many patients with a diag-
nosis of idiopathic AP and idiopathic RAP subsequently receive the
diagnosis of CP [16,17]. Whether CP is the original disease and AP is
the first clinical presentation, or whether the initial AP subse-
quently leads to CP (the SAPE hypothesis), is not clear from the
available evidence, and large-scale, population-based, prospective
studies to address this question are lacking. CP as commonly
described (classic or usual CP) implies exclusion of well-recognized
subsets such as obstructive pancreatitis (OCP; due to pancreatic
tumors, ductal strictures due to trauma, and necrotizing pancrea-
titis) and autoimmune pancreatitis (AIP). However, classic CP may
have further subsided like painless CP, hereditary CP, and early
onset and late onset CP. Alcoholic CP is still being considered as the
classic example of classic or usual CP.

Thus, to further elucidate the relationship between CP, AP, and
RAP, we decided to retrospectively study the most recent group of
patients at our institution with CP. The objectives were to deter-
mine the frequency of AP and RAP and the temporal relation of
those events to the diagnosis of CP. We also aimed to characterize
patients who had AP as the initial presentation and compare them
with patients who had CP but no prior AP. Lastly, we aimed to
define the etiologic spectrum of CP in this recent cohort.

Methods

This study was approved by the Mayo Clinic Institutional Review
Board. Written informed consent was obtained from all partici-
pating patients about the use of their medical records for research
purposes.

Patients

We retrospectively identified consecutive adult patients (aged
18 years and older) with a diagnosis of CP treated at Mayo Clinic
(Rochester, Minnesota), from January 1, 2013, through December
31, 2015. The Mayo Clinic Advanced Cohort Explorer tool was used

to query institutional databases and identify patients with CP (In-
ternational Classification of Diseases, Ninth Revision code 577.1; In-
ternational Classification of Diseases, Tenth Revision codes K86.0 and
K86.1).

Definitions

CP was diagnosed according to accepted criteria for findings on
computed tomography (CT), magnetic resonance imaging (MRI) or
magnetic resonance cholangiopancreatography, endoscopic retro-
grade cholangiopancreatography (Cambridge classification), endo-
scopic ultrasound (EUS) (presence of >5 findings or Rosemont
criteria [18]), pathology, or a combination thereof. AIP was diag-
nosed on the basis of the International Consensus Diagnostic
Criteria [19]. OCP was defined according to the following criteria: 1)
normal proximal pancreas, 2) stricture at the beginnings of dilated
ducts, 3) dilated pancreatic duct, and 4) atrophy of distal pancreas
[4,20,21]. We excluded patients with AIP and OCP from the study
(because they are now recognized as distinct entities) and catego-
rized the remaining patients as having classic CP.

All patients in our cohort were considered to have definitive CP.
For patients with AP, the interval from AP to CP was defined as the
period from the first AP episode to CP diagnosis. Patients were
considered to have alcohol-related CP if they had a habit of alcohol
abuse from history and the physician recorded the etiology as
alcohol. However, the amount and duration of alcohol history was
not ascertained. Patients with a convincing family history of
pancreatitis or CP-related gene mutation were categorized as hav-
ing a genetic cause. Smoking was considered the cause of CP if
patients smoked >1 pack per day for >5 years.

We considered the initial diagnostic imaging (or pathologic
findings) that could be confirmed in our institution as the method
used to establish the diagnosis. If the patient had received a diag-
nosis at another institution and the diagnosis was established only
from the medical record, we defined the diagnostic method as
“medical history.” The initial symptom of CP was recorded, if the
patient had multiple symptoms at the time of the hospital visit, we
included only the first symptom that was attributable to CP.

CP treatment was categorized as “medical” for patients who
required medication for pain, diabetes mellitus, or steatorrhea
related to CP. Treatment was categorized as “endoscopic” if patients
had endoscopic drainage or treatment for pancreatolithiasis or
ganglion block. Treatment was categorized as “surgical” if patients
had pancreatic resection or surgical drainage. If a patient required
multiple treatments, every administered treatment was counted
for the same patient.

For clinical outcomes, patients were considered to have exocrine
pancreatic insufficiency if they required pancreatic enzyme
replacement therapy. Pancreatic function tests were not available in
majority of patients. Patients were considered to have diabetes
mellitus if they required oral hypoglycemic agents or insulin. New-
onset diabetes mellitus was defined as diabetes that was diagnosed
for the first time after CP was diagnosed.

Data collection

Patient data were abstracted from the electronic medical re-
cords. We collected 1) characteristics of patients (age, sex, body
mass index at the time of CP diagnosis, history of alcohol con-
sumption, smoking habits, cause of CP, diabetes mellitus before CP
diagnosis, initial symptom prompting the hospital visit); 2) method
of diagnosing CP; 3) outcome measures (exocrine and endocrine
decrease, patients achieving symptom relief, duration of follow-
up); 4) administered treatment (medical, endoscopic, surgical, as
defined above).
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Statistical analyses

Categorical variables were compared by using the y [2] test and
Fisher exact test. Continuous variables were compared by using the
student t-test or Mann-Whitney U test. All analyses were per-
formed with SPSS statistical software, version 23 (IBM Corp.,
Armonk, NY, USA). Results were considered statistically significant
if the 2-tailed P value was <.05.

Results
Patient characteristics

We retrospectively reviewed records from 758 consecutive pa-
tients seen from 2013 to 2015. We excluded 83 cases of AIP and 176
cases of OCP; the remaining 499 cases were categorized as classic
CP. As shown in Fig. 1, 249 patients (49.9%) did not have AP before
CP was diagnosed. Among them, 18 patients had AP after the
diagnosis of CP, whereas 231 had no AP throughout the follow-up
period. In contrast, 250 cases (50.1%) had an episode of AP before
CP was diagnosed. In the “CP preceded by AP” cohort (n = 250), 117
(46.8%) had a single episode of AP and 133 (53.2%) had RAP. No
pancreatic events other than AP were observed before the diag-
nosis of CP in any patient.

Patient characteristics at the time of CP diagnosis are shown in
Table 1. The cause of CP was attributed to alcohol for 190 patients
(38.1%) and to smoking for 180 (36.1%). We noted considerable
overlap between these groups, with 107 patients categorized as
both alcohol users and smokers.

Table 2 summarizes the initial symptoms that prompted the
hospital visit and the treatments administered to patients with
classic CP. Three hundred and fifty-six patients (71.3%) reported
pain. This pain is chronic abdominal pain, similar to the pain seen in
classic CP. None of these patients had acute abdominal pain typical
of AP, nor imaging evidence of AP. Meanwhile, 74 patients (14.8%)
had no symptoms associated with CP. Diabetes mellitus was diag-
nosed after CP in 62 of 395 patients (15.7%). In total, 166 patients
(33.3%) required an oral hypoglycemic agent or insulin, and 219
(43.9%) received pancreatic enzyme replacement therapy.

Comparison of patients who did or did not have AP preceding CP

Table 3 shows the clinical characteristics, interventions, and
outcomes of patients with CP who did or did not have preceding AP.
Patients without prior AP differed from those with prior AP in terms
of older age (mean + SD, 59.2 + 13.9 vs 48.6 + 15.7 years; P<.001),a

Classic CP
n =499
no AP before CP AP before CP
n =249 n =250
(49.9%) (50.1%)
CP with no AP AP after CP
n=231 n=18
(46.3%) (3.6%)

Fig. 1. Flow Diagram of Patients With Classic Chronic Pancreatitis. AP indicates acute
pancreatitis; CP, chronic pancreatitis.

Table 1
Patient characteristics and method of diagnosing classic chronic pancreatitis
(n = 499).

Characteristic Value
Age, mean +SD, y 53.8+15.6
Sex, # (%)
Male 303 (60.7)
Female 196 (39.3)
Body mass index, mean + SD, kg/m? 259+6.2
Diabetes mellitus, # (%) 104 (20.8)
Cause of chronic pancreatitis, # (%)
Alcohol only® 83 (16.6)
Smoking only” 73 (14.6)
Both alcohol and smoking 107 (21.4)
Hereditary 29 (5.8)
Idiopathic 141 (28.3)
Other 66 (13.2)
Diagnostic method, # (%)
Computed tomography 230 (46.1)
Magnetic resonance imaging 42 (8.4)
Endoscopic ultrasonography 165 (33.1)
Endoscopic retrograde cholangiopancreatography 6(1.2)
Surgery 15(3.0)
Medical history? 41(8.2)

Alcohol abuse.

Cigarette smoking, >1 pack per day and >5 years.

Initial diagnostic method, confirmed at our institution.

Diagnosed at another institution and noted in the patient's medical record by
physician.

n T oW

o

Table 2
Initial symptom prompting hospital visit and subsequent treatment of patients with
classic chronic pancreatitis (n = 499).

nitial symptom, # (%)

Pain 356 (71.3)
Diarrhea 42 (8.4)
Weight loss 16 (3.2)
Jaundice 7(14)
Other 4(0.8)
Asymptomatic 74 (14.8)
Treatment, # (%)
Medical® 298 (59.7)
Endoscopic” 141 (28.3)
Surgical 87 (17.4)
No treatment 133 (26.7)

Clinical outcomes, # (%)
New-onset diabetes mellitus
Exocrine insufficiency
Duration of follow-up, median (range), mo

62/395 (15.7)
219 (43.9)
16 (0—252)

2 Continual medication for pain, diabetes mellitus, or “exocrine insufficiency”
associated with chronic pancreatitis.

b Endoscopic drainage, treatment for pancreatolithiasis, or ganglion block.

¢ Pancreatic resection or drainage.

higher prevalence of diabetes mellitus at the time of CP diagnosis
(30.3% vs 12.4%; P < .001), less pain (52.8% vs 87.6%; P <.001), and a
lower rate of endoscopic interventions (16.0% vs 39.2%; P<.001).
For the initial symptoms, the rate of diarrhea (12.1% vs 5.6%; P =.02)
and body weight loss (5.2% vs 0.8%; P=.004) were significantly
higher in patients without prior AP.

Clinical characteristics of patients with RAP or a single episode of AP
before CP

Among patients with CP who initially presented with AP, 133
(53.2%) had RAP. The cause or association of RAP was alcohol for 23
patients (17.3%), smoking for 36 (27.1%), with 14 patients (10.5%)
categorized as both alcohol users and smokers. Idiopathic RAP was
diagnosed in 32 (24.1%), accounting for 6.4% of all CP cases.
Meanwhile, 29 cases (21.8%) had multiple causes. The intervals
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Table 3
Comparison of patients who did or did not have AP preceding CP (n =481)".
Characteristic CP Without AP (n=231) CP Preceded by AP (n = 250) P Value
Age, mean +SD, y 59.2+139 48.6 +15.7 <.001
Sex, # (%) .82
Male 141 (61.0) 150 (60.0)
Female 90 (39.0) 100 (40.0)
Body mass index, mean + SD, kg/m? 26.2+6.3 257 +6.2 44
Diabetes mellitus, # (%) 70 (30.3) 31(12.4) <.001
Initial symptom, # (%)
Pain 122 (52.8) 219 (87.6) <.001
Diarrhea 28 (12.1) 14 (5.6) .02
Body weight loss 12 (5.2) 2(0.8) .004
Jaundice 6(2.6) 1(04) .06
No symptoms associated with pancreatitis 59 (25.5) 14 (5.6) <.001
Treatment, # (%)
Medical® 140 (60.6) 147 (58.8) .69
Endoscopic® 37 (16.0) 98 (39.2) <.001
Surgical’ 35(15.2) 49 (19.6) .20
No treatment 72 (31.2) 56 (22.4) .03
Clinical outcomes, # (%)
New-onset diabetes mellitus 21/161 (13.0) 38/218 (17.4) 25
Exocrine insufficiency 97 (42.0) 114 (45.6) 43
Duration of follow-up, median (range), mo 17 (0—252) 15 (0—236) .52

Abbreviations: AP, acute pancreatitis; CP, chronic pancreatitis.

2 Eighteen patients had their initial episode of AP after CP was diagnosed.
b

c
d

Endoscopic drainage, treatment for pancreatolithiasis, or ganglion block.
Pancreatic resection or percutaneous surgical treatment.

between the initial diagnosis of AP and subsequent diagnosis of CP
are detailed in Fig. 2.

Table 4 summarizes characteristics of patients with a single
episode of AP before CP and patients with RAP. Patients with RAP
were different from those of patients with single episode of AP in
terms of younger age (mean + SD, 44.8 +5.1 vs 53.0 + 15.3 years;
P <.001) and lower prevalence of diabetes mellitus (7.5% vs 17.9%;
P=.01) at CP diagnosis. New-onset diabetes mellitus (after the
diagnosis of CP) was significantly more common in patients with
RAP (30/123 [24.4%] vs 8/96 [8.3%]; P=.002).

Discussion

This recent single-center cohort study of 499 consecutive pa-
tients with CP had several important findings. Nearly half the pa-
tients (49.9%) did not have AP before CP was diagnosed, and
another 3.6% had AP after the diagnosis of CP. Of the 250 patients
with prior AP, only 53.2% had RAP, and approximately a quarter
were diagnosed with CP within 12 months after the episode of AP.
Of the patients with RAP, 24.1% had an idiopathic cause; these

Interval between first attack of AP and subsequent CP diagnosis

AP before CP : n =250
Recurrent AP (RAP) - n =133

;

<6 months :n = 48 6-12months :n =15
RAP:n=5 RAP :n=7

>12 months: n = 187
RAP :n =121

Fig. 2. Interval Between First Attack of AP and Subsequent Diagnosis of CP. The pa-
tients with RAP are a subset of the patients with AP before CP. AP indicates acute
pancreatitis; CP, chronic pancreatitis; RAP, recurrent acute pancreatitis.

Continual medication for pain, diabetes mellitus, or steatorrhea associated with chronic pancreatitis.

patients constituted 6.4% of the full CP cohort. These observations
have significant clinical implications and are useful for critically
assessing some key concepts and controversies regarding the
relationship between AP and CP.

A number of studies have monitored patients with AP for sub-
sequent development of CP. In these cohorts, all (or nearly all) pa-
tients with CP had a history of AP, which might explain why the
dominant hypotheses for pathogenesis of CP consider AP as an
important initiator of the process. The most recent consensus paper
on CP divided the clinical course into 5 stages: stage A is exposure
to risk factors (alcohol, smoking etc); stage B, SAPE, then RAP; stage
C, early CP; stage D, established CP, and stage E, advanced CP [22].
According to the SAPE hypothesis (the most widely accepted hy-
pothesis for pathogenesis of CP) an immune reaction to a sentinel
AP event triggers CP development. In the absence of a preceding AP
event, either a subclinical AP event has occurred, which would be
difficult to prove or disprove, or the SAPE hypothesis does not apply
to these patients. Another hypothesis of CP pathogenesis posits that
recurrent attacks of pancreatitis causes progressive inflammatory
damage, micronecrosis, and fibrosis (necrosis-fibrosis sequence)
[17,22—25]. With general agreement with SAPE hypothesis, in-
vestigators started looking at cohorts of AP for subsequent occur-
rence of RAP and CP [16,17]. A recent meta-analysis reported a 10%
rate of progression to CP in patients with AP and a much higher rate
of 36% progression to CP in patients who had RAP (22% of all AP)
[16]. While there are many studies looking at cohorts of AP for
subsequent development of CP, studies looking at cohorts of CP for
prior attacks of AP were very limited and is the main reason for our
study.

We compared our study findings with those of others that had
assessed prior AP in cohorts of patients with CP (Table 5). We
identified 2 studies of CP in which the data were obtained from
multicenter cohorts [26,27]. Although these studies reported data
from 14 to 13 centers, respectively, they included only 229 and 477
patients seen during an approximately equivalent period. In those
cohorts, 34% and 83% of patients did not have a history of AP and
approximately half the patients in both studies had alcohol listed as
the cause of CP. Thus, this evidence supports the observations of the
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Table 4
Comparison of patients with a single episode of AP or with RAP (n = 250).
Characteristic Single Episode of AP (n=117) RAP (n=133) P Value
Age, mean +SD, y 53.0+15.3 44.8 +15.1 <.001
Sex, # (%) .76
Male 69 (59.0) 81 (60.9)
Female 48 (41.0) 52 (39.1)
Body mass index, mean + SD, kg/m? 256+7.1 258+54 .82
Diabetes mellitus, # (%) 21(17.9) 10(7.5) .01
Cause of acute pancreatitis, # (%)
Alcohol only 16 (13.7) 9(6.8) .09
Smoking only 15(12.8) 22 (16.5) 48
Both alcohol and smoking 34(29.1) 14 (10.5) <.001
Hereditary 4(3.4) 20 (15.0) .002
Idiopathic 18 (15.4) 32(24.1) 11
Treatment, # (%)
Medical 61 (52.1) 86 (64.7) .04
Endoscopic 48 (41.0) 50 (37.6) .58
Surgical 19 (16.2) 30 (22.6) 21
None 31(26.5) 25(18.8) 15
Clinical outcome, # (%)
New-onset diabetes mellitus 8/96 (8.3) 30/123 (24.4) .002
Exocrine insufficiency 47 (40.2) 67 (50.4) 11
Follow-up, median (range), mo 16 (0—236) 13 (0—235) 40

Abbreviations: AP, acute pancreatitis; RAP, recurrent acute pancreatitis.

Table 5
Studies assessing prior AP in cohorts of CP.

Study Patients, # Study Period Centers, # Types of CP No Prior AP, # (%) Alcohol, # (%)
Sziics et al. [26] (2017) 229 2012-2014 14 All 78 (34.1) 103/228 (45.2)
Conwell et al. [27] (2017) 477° 2008-2011 13 AIP, obstructive excluded 396 (83.0) 238/521 (45.7)
Machicado et al. [32] (2018)" 89 1997—-2006 Olmsted county AIP, obstructive excluded 52 (58.4) 46 (51.7)
Current study 499 2011-2013 1 AIP, obstructive excluded 251 (50.3) 190 (38.1)

Abbreviations: AIP, autoimmune pancreatitis; AP, acute pancreatitis; CP, chronic pancreatitis.
2 The total cohort included 521 patients. After excluding cases of AIP and obstructive CP, 477 patients remained.

b Olmsted County population—based study.

present study, in which nearly half the patients with CP did not
have prior AP, and alcohol was felt to be the cause in 38% of pa-
tients. However, retrospective studies can be limited by missing
information, e.g., prior AP may be forgotten or unreported by the
patient, or the physician might not have asked for or documented
information appropriately. We therefore looked for population-
based studies, which presumably would have more accurate
documentation of the occurrence of prior AP and subsequent
diagnosis of CP. A study of residents of Olmsted County, Minnesota,
described 89 patients with CP from a 10-year period and reported
that 58% did not have a history of AP. Multiple previous publications
validated the reliability of Olmsted County data, as most of these
patients receive medical care in just two institutions and any attack
of AP would be unlikely to be missed. Fifty-two percent of that
group had alcohol noted as the cause of CP, which is similar to the
proportion in our study and the other 2 studies. This population-
based study further supports our findings that a considerable
proportion of patients with classic CP do not have a history of AP.

The hypothesis of subclinical AP causing CP is difficult to sub-
stantiate because of the lack of human data. An altogether different
mechanism may be possible for patients with no episodes of AP
before CP or perhaps more universally in CP. A recently published
mouse model study [28] strongly supports our notion that low-
level inflammation can cause progressive CP without overt acute
attacks. Chronic alcohol consumption and smoking are well-known
causes of endoplasmic reticulum (ER) stress and activation of the
unfolded protein response (UPR). As noted by Chaudhari et al. [29],
“Chronic ER stress and activation of the UPR through endogenous
or exogenous insults may result in impaired calcium and redox
homeostasis [and] oxidative stress via protein overload, thereby

also influencing vital mitochondrial functions.” We hypothesize
that chronic ER stress in acini due to alcohol, smoking, or an un-
known cause leads to patchy, subclinical acinar damage and
fibrosis. Progression to CP is not so much due to AP or RAP but to
low-grade subclinical inflammation triggered by ER stress and UPR.
This model may explain the short interval between AP and CP in
many patients with prior AP, and it does not preclude the possibility
of some patients with the first attack of alcoholic AP having no
evidence of underlying CP [13]. Furthermore, UPR could be uni-
versal in people who chronically abuse alcohol and smoke, with
recent reports from surgical pathology [6,30] suggesting that CP is
already established before the first clinical attack of AP for patients
who abuse alcohol. Nevertheless, most alcohol users will not have
AP or CP. A recent study [31,32] has suggested mechanisms that
may protect against development of pancreatitis due to alcohol-
induced UPR, although the triggers of an attack of clinical pancre-
atitis are unknown. Another notable study [33] has identified a
novel mechanism of synergy between alcohol and cigarette smoke
in causing unresolved ER stress and acinar cell death which sub-
sequently worsens pancreatitis responses. Therefore, on the basis
of previous and recent reports, pancreatitis pathogenesis is
considered to be related to “multiple hits on multiple targets”
model [34] caused by alcohol abuse and cigarette smoking.

The study provides strong evidence that CP develops without
prior AP for a considerable proportion of patients. In our study of
nearly 500 patients with CP, nearly half had no history of AP. One
strength of the study is that we present the most recent data on CP,
which reflects current practice patterns, from a cohort that is nearly
the same size as that of a 4-year study from 13 US academic centers
[27]. Our findings are further strengthened by the fairly uniform
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diagnostic and therapeutic approaches used at our institution, and
we believe this uniformity decreases the clinical diversity of data
compared with prior studies from multicenter cohorts.

Our study has many limitations that are associated with retro-
spective studies. Ours was a cross-sectional study, and long-term
follow-up to assess other aspects of the disease was not possible.
It is conceivable that some patients who did not have AP before CP
may have had mild (or subclinical) episodes and did not report
them to the clinician. However, it is very unlikely that half the
cohort would have had mild and unreported attacks of AP. The pain
that was observed in 122 patients with no prior AP was not the
typical abdominal pain of AP, but chronic abdominal pain that is
typically the symptom in CP which requires treatment. In addition,
none of these patients had imaging evidence of AP, neither at our
institution, nor from outside records.

In conclusion, nearly half the patients with CP did not have a
history of AP. These patients had different clinical characteristics
compared with patients who had a history of AP before CP was
diagnosed. Only a quarter of patients in the cohort had a history
that was consistent with the model of CP developing from prior AP
and subsequent RAP. CP may be the cause, rather than the result, of
AP in nearly a quarter of the patients with prior AP, in whom the
subsequent diagnosis of CP was made within 1 year after the initial
AP episode. These observations raise the possibility that, for a
considerable proportion of patients, their CP is not attributable to
progression from AP. In those patients, CP may have an altogether
different mechanism of pathogenesis, a possibility that requires
further study.
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