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CHAPTER 6

ABSTRACT

Background and objective: More insight into the incidence of and factors associated
with progression following a first episode of acute pancreatitis (AP) would offer op-
portunities for improvements in disease management and patient counseling.

Methods: A long-term post-hoc analysis of a prospective cohort of patients with AP
(2008-2015) was performed. Primary endpoints were recurrent acute pancreatitis
(RAP), chronic pancreatitis (CP), and pancreatic cancer. Cumulative incidence calcu-
lations and risk analyses were performed.

Results: Overall, 1,184 patients with a median follow-up of 9 years (IQR: 7-11) were
included. RAP and CP occurred in 301 patients (25%) and 72 patients (6%), with
the highest incidences observed for alcoholic pancreatitis (40% and 22%). Pancreatic
cancer was diagnosed in 14 patients (1%). Predictive factors for RAP were alcoholic
and idiopathic pancreatitis (OR 2.70, 95% CI 1.51-4.82 and OR 2.06, 95% CI
1.40-3.02), and no pancreatic interventions (OR 1.82, 95% CI 1.10-3.01). Non-
biliary etiology (alcohol: OR 5.24, 95% CI 1.94-14.16, idiopathic: OR 4.57, 95%
CI 2.05-10.16, and other: OR 2.97, 95% CI 1.11-7.94), RAP (OR 4.93, 95% CI
2.84-8.58), prior pancreatic interventions (OR 3.10, 95% CI 1.20-8.02), smoking
(OR 2.33, 95% CI 1.14-4.78), and male sex (OR 2.06, 95% CI 1.05-4.05) were
independently associated with CP.

Conclusion: Disease progression was observed in a quarter of pancreatitis patients.

We identified several risk factors that may be helpful to devise personalized strategies
with the intention to reduce the impact of disease progression in patients with AP.
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Long-term follow-up after acute pancreatitis

INTRODUCTION

Opver the years, the incidence of acute pancreatitis (AP) has gradually increased (1, 2).
Although most patients fully recover from a first episode of AP, a subset of patients
develop recurrent acute pancreatitis (RAP), chronic pancreatitis (CP) or pancreatic
cancer (3-5). RAP exposes patients to new episodes of considerable risks of pancre-
atitis-related complications (5). CP is a debilitating and difficult to manage disease,
which has a profound impact on patients’ quality of life (QoL) (6, 7). Furthermore,
with pancreatic cancer being one of the most fatal malignancies with an overall actual
5-year survival rate below 5% (8), it is crucial to gain insight into which patients are
at risk for disease progression as preventive measures and a more intensive follow-up
could be offered to these patients.

Several previous cohort studies on transition of AP to RAP and CP have been pub-
lished (3, 5, 9-12). However, most of these studies originated from a time when AP
and CP were seen as separate diseases. To date, evidence suggests that AP, RAD, and
CP represent a disease continuum. The mechanisms and risk factors underlying dis-
ease progression, however, are still not properly understood (13). Furthermore, these
previous studies do not consider the association between AP and pancreatic cancer.
AP has previously been linked to pancreatic cancer, but it is still unclear whether there
is a direct correlation or if this relationship is solely driven by progression to RAP and
CP (14-17). Furthermore, once diagnosed with CP, little is known whether the risk
for pancreatic cancer differs for patients with or without a previous diagnosis of RAP.

This long-term follow-up study aims to gain insight into the incidence of and factors as-
sociated with transition to RAP, CP, and pancreatic cancer following a first episode of AP.

METHODS

Study design and population

This study is a long-term post-hoc analysis of a prospective nationwide cohort study
to investigate the risk of and factors associated with disease progression. Patients were
selected from a nationwide cohort of AP patients who were prospectively registered in a
consecutive manner between 2008 and 2015. A subset of these patients were included
in previous trials of the Dutch Pancreatitis Study Group (DPSG) (18-21). For the
present study, only patients with a first episode of AP from 17 different hospitals were
eligible for inclusion. AP was defined according to the 2012 revised Atlanta classifica-
tion (22). An overview of the definitions of the different etiologies is provided in the
Supplementary Appendix. Exclusion criteria included no survival of index admission,
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(suspected) CP or pancreatic cancer prior to the index date, missing baseline data that
could not be retrieved, and loss to follow-up. Written informed consent was obtained
from each participant prior to registration. Both the registration cohort study and the
previous trials were approved by a central medical ethics committee. All authors had
access to the study data and reviewed and approved the final manuscript.

Data collection

Demographic and clinical characteristics at index admission were prospectively col-
lected during the patients’ inclusion in the various trials. Medical records were checked
for disease progression, readmissions, laboratory and imaging reports, endoscopic or
surgical pancreatic interventions, and mortality during long-term follow-up by using
a standardized case record form. Additionally, a standard follow-up questionnaire
regarding alcohol and smoking behavior (including quit dates in the case of smok-
ing or alcohol cessation), medication use, QoL (i.e., SF-36), and pain severity (i.e.,
Izbicki Pain Questionnaire) was sent via post to patients who were still alive at the end
of follow-up. Non-responders received up to two reminders. Data were checked for
completeness and verified by the second author (NS). Any discrepancies were resolved
by discussion until consensus was reached.

Study outcomes

The primary endpoints were RAP, CP or pancreatic cancer. RAP was defined as a new
episode of AP meeting the revised Atlanta criteria and requiring hospitalization (22).
Definite CP was diagnosed according to the M-ANNHEIM-criteria (23). Pancreatic
cancer was diagnosed based on histopathology or detected on imaging when no histol-
ogy was obtained. Secondary endpoints included new onset of diabetes mellitus and/
or exocrine pancreatic insufficiency (EPI), medication for (potential) pancreatic pain,
endoscopic or surgical pancreatic interventions, QoL, pain severity, and mortality
due to pancreatic pathology. EPI was defined in case of a fecal elastase-1 test < 200
pg/g or use of exogenous pancreatic enzymes. Diabetes mellitus was registered when
patients were using oral diabetic medication or insulin therapy. The follow-up period
was defined as the time between initial enrollment and the date of data collection or
the date of death for non-surviving patients.

Data analysis and statistical methods
Data were analyzed by using SPSS version 28 (IBM Corp: Armonk, NY, USA). Cat-

egorical data are presented as frequencies with percentages and continuous variables as
medians with interquartile ranges (IQR). Between-group differences were analyzed us-
ing the Mann-Whitney U test for continuous data, and Fisher’s exact test or X -test for
categorical data. Logistic regression models were performed to identify potential risk
factors for disease progression and presented as odds ratios (ORs) with their respective
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95% confidence intervals (CI). A subgroup analysis in biliary pancreatitis patients
was performed to evaluate the protective role of cholecystectomy and endoscopic
retrograde cholangiopancreatography (ERCP) in preventing RAP. For CP, a subgroup
analysis was performed for patients without a history of RAP. In the logistic regression
models, missing data were handled by using multiple imputation for variables with
less than 20% missing values. Additionally, sensitivity analyses on the original dataset
were performed. Cox proportional hazards models were used to calculate the cumula-
tive incidence risk scores for RAD, CP, and pancreatic cancer. Results were stratified by
initial etiology and by history of RAP. Furthermore, subgroup analyses were performed
for patients in whom preventive measures (i.e., ERCP, cholecystectomy, alcohol- and
smoking counselling) were taken as proposed in current guidelines to lower the risk for
disease progression. A two-sided p-value of less than 0.05 was considered significant.

RESULTS

Study population

In total, 1,377 patients were prospectively registered of whom 1,184 were included in
this long-term follow-up study (Figure S1). Median follow-up was 9 years (IQR 7 —
11). Patient and disease characteristics at baseline are provided in Table 1. The median
age was 59 years (IQR 45 — 71) and 56% were male. The most frequent etiology of AP
was biliary (63%), followed by alcoholic (13%) and idiopathic (13%). The majority
of patients had a mild disease course (70%). In 269 moderately-severe AP patients
(23%), AP was complicated by transient organ failure and/or local complications. In
total, 82 patients (7%) developed persistent organ failure (i.e., severe pancreatitis).
The follow-up questionnaire was sent to 917 patients (77%) of whom 370 responded
(response rate: 40%).

Study outcomes

RAP occurred in 301 patients (25%), with a median time from the initial pancreatitis
episode of 9 months (IQR 2 — 34) (Table 2). CP was diagnosed in 72 patients (6%)
after a median follow-up period of 31 months (IQR 7 — 61) and was preceded by RAP
in 45 patients (63%). Pancreatic cancer was diagnosed in 14 patients (1%) of whom
one patient was previously diagnosed with both RAP and CP and five patients with
only RAP. Median time to pancreatic cancer diagnosis was 24 months (IQR 4 — 84).
New onset diabetes and EPI was observed in 12% (n=147) and 9% (n=105) of pa-
tients, respectively. Pancreatic surgery was performed in 37 patients (3%), 60 patients
underwent endoscopic pancreatic therapy (5%) and 52 patients (4%) needed medical
treatment for pancreatic pain. Overall, 267 patients (23%) died during follow-up.
Death was related to pancreatic diseases in 31 patients (3%).
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Table 1. Patient and disease characteristics in 1,184 patients with a first episode of acute pancreatitis

n

Age (year), median (P25 — P75) 1184 59 (45-71)

Male sex, no. (%) 1184 660 (56)

Body mass index, median (P25 — P75) 741 28 (25-31)

Etiology, no. (%) 1184
Biliary 740 (63)
Alcoholic 156 (13)
Idiopathic 156 (13)

Other 132 (11)

Smoking, no. (%) 1029
Current 276 (23)

Past 151 (13)
Never 602 (51)

Alcohol, no. (%) 1066

Current’ 649 (55)
Heavy users 112 (10)
Excessive users 49 (4)
Social users 488 (41)

Past 35 (3)

Never 382 (32)

ASA-classification, no. (%) 1184
I 225 (19)

I 520 (44)

111 430 (36)

v 9 (1)

C-Reactive Protein (CRP) < 48 hours after admission, median (P25 1176 162 (73 —287)

-P75)

Leukocytes < 48 hours after admission, median (P25 — P75) 1178 15(11-19)

APACHE-score < 48 hours after admission, median (P25 — P75) 1172 7 (4-9)

IMRIE score < 48 hours after admission, median (P25 — P75) 1173 1(1-2)

Severity according to Atlanta, no. (%) Mild Moderate/severe
Predicted severity at admission” 1175 506 (43) 669 (57)
Actual severity after admission 1184 833 (70) 269 (23) /82 (7)

CT Severity Index score, median (P25 — P75)+ 215 6(4-38)
Necrosis, no. (%)+ 351 257 (22)
Extent necrosis, no. (%)+ 253
Pancreatic parenchymal 33 (3)
Peripancreatic tissue 80 (7)
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Table 1. Patient and disease characteristics in 1,184 patients with a first episode of acute pancreatitis

(continued)
Both 140 (12)
Peripancreatic collections, no. (%)+ 351 305 (26)
Persistent organ failure, no. (%) 1184 82 (7)
Pancreatic intervention, no. (%) 1184 119 (10)
Radiological percutaneous drainage 83 (7)
Endoscopic procedure’ 64 (5)
Surgical procedure? 37 (3)
ERCP < 3 months after onset acute pancreatitis, no. (%)** 1182 263 (22)
Cholecystectomy, no. (%) 1182 689 (58)
Prior to first episode of acute pancreatitis 105 (9)
Performed after first episode of acute pancreatitis 584 (49)
< 3 months after onset acute pancreatitis 400 (34)
> 3 months after onset acute pancreatitis 182 (15)
Date unknown 2(2)
Follow-up questionnaire, no. (%) 1184
Questionnaire completed 370
Questionnaire not completed 547
No reply 414
Current address unknown 48
Refused questionnaire 85
Not available for questionnaire (i.e., no survival) 267 (23)

*Divided into categories as defined by the National Institute for Public Health and Environment: Heavy
users = at least once a week > 4 units/day (women)/ 2 6 units/day (men), excessive users = > 21 unitshweek
(men)/>14 units/week (woman). #Predicted severe acute pancreatitis was defined as an Acute Physiology and
Chronic Health Evaluation (APACHE II) score 2 8, Imrie score = 3 or C-reactive protein > 150 mg/L.
+Only described for the moderately severe and severe acute pancreatitis patients (n = 351). fEndoscopic
drainage andfor endoscopic necrosectomy. {Surgical drainage andfor surgical necrosectomy. **Only ERCP
procedures that included a sphincterotomy, nettoyagelstone-extraction andlor stenting therapy were included
in the evaluation. Abbreviations: ASA American Society of Anesthesiologists, ERCP endoscopic retrograde
cholangiopancreatography.
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Table 2. Primary and secondary study endpoints of 1,184 patients with a first episode of acute pancreatitis

n
Follow up duration (years), median (P25 — P75) 1184 9(7-11)
Mortality, no. (%) 1184 267 (23)
Due to pancreatic diseases 241 31 (3)
Recurrent pancreatitis 1184 301 (25)
Number of recurrences 301
1 episode 179 (15)
2 episodes 49 (4)
23 episodes 73 (6)
Time to recurrent pancreatitis (months), median (P25 — P75) 301 9(2-34)
Etiology first acute pancreatitis episode, no. (%) 301
Biliary 153/740 (21)
Alcoholic 62/156 (40)
Idiopathic 52/156 (33)
Other 34/132 (26)
Chronic pancreatitis, no. (%) 1184 72 (6)
Time to chronic pancreatitis (months), median (P25 — P75) 71 31 (7 -61)
Etiology first acute pancreatitis, no. (%) 72
Biliary 13/740 (2)
Alcoholic 35/156 (22)
Idiopathic 16/156 (10)
Other 8/132 (6)
History of recurrent pancreatitis 72 45172 (63)
Pancreatic cancer, no. (%) 1183 14 (1)
Time to pancreatic cancer (months), median (P25 — P75) 14 24 (4-84)
Etiology first acute pancreatitis, no. (%) 14
Biliary 3/740 (0)
Alcoholic 2/156 (1)
Idiopathic 71155 (5)
Other 2/132 (2)
History of recurrent pancreatitis 14 5/14 (36)
History of chronic pancreatitis 14 0/14 (0)
History of recurrent and chronic pancreatitis 14 1/14 (7)
New onset diabetes, no. (%) 1184 147 (12)
Exocrine pancreatic insufficiency, no. (%) 1184 105 (9)
Medication for pancreatic pain, no. (%) 1181 52 (4)
Endoscopic therapy during follow-up, no. (%) 1184 60 (5)
Surgery during follow-up, no. (%) 1183 37 (3)
Pancreatic resection 26 (2)
Other surgical procedures* 13 (1)

*Surgical drainage (n = 3), surgical necrosectomy (n = 2), bypass surgery because of duodenal obstruction (n

=6) and fistulotomy (n = 2).
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Recurrent acute pancreatitis

The risks of RAP for different variables after multiple imputations are summarized
in Table 3 (see Table S1 for non-imputed data). In the multivariate model, factors
independently associated with development of RAP were alcoholic and idiopathic
pancreatitis (OR 2.70, 95% CI 1.51 — 4.82 and OR 2.06, 95% CI 1.40 — 3.02), and
no pancreatic intervention(s) performed during the initial episode (OR 1.82, 95% CI
1.10 — 3.01). In the subgroup analysis for biliary pancreatitis patients, independent
protective factors for RAP were ERCP < 3 months after onset of AP (OR 0.37, 95%
CI 0.23 — 0.61) and cholecystectomy when performed prior to or < 3 months after
onset of AP (OR 0.16, 95% CI 0.11 — 0.25) (Table S2). The cumulative risk for RAP
over 9 years was the highest among patients with an initial alcoholic etiology (40%)
(Figure 1A).
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Figure 1. Cumulative incidence over time for disease progression.
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CHAPTER 6

Subgroup analyses for biliary interventions, smoking and alcohol

An overview of the preventive measures taken in our biliary cohort and the recurrence
rate is provided in the Supplementary Appendix (Figure 2A and 2B). ERCP < 3 months
after hospitalization was performed in 233 patients (31%). In these patients, 10%
(24/233) developed RAP after ERCP. The overall recurrence rate within this subgroup
was 15% (36/233). This was significantly lower compared to patients who underwent
an ERCP > 3 months after AP (P<.001), but not significantly different from those in
whom no ERCP was performed (P=.287). Cholecystectomy was performed before or
< 3 months after the first episode of AP in 61% of biliary patients (n=446). The lowest
recurrence rate (14%) was observed in this subgroup. Cholecystectomy > 3 months
after hospitalization was not associated with a lower recurrence rate compared to no
cholecystectomy. No significant differences in recurrence rates were observed between
patients who quit smoking versus continued smoking (Table S4) and between patients
who stopped drinking alcohol versus continued drinking (Table S5A). Within the
subgroup of alcoholic pancreatitis patients, alcohol cessation was significantly asso-
ciated with a lower recurrence rate compared with long-term alcohol consumption

(p=.043) (Table S5B).

Chronic pancreatitis

Table 4 presents the results of the logistic regression analyses for development of CP
(see Table S6 for non-imputed data). In multivariate analysis, non-biliary etiology
(alcohol: OR 5.24, 95% CI 1.94 — 14.16, idiopathic: OR 4.57, 95% CI 2.05 — 10.16,
and other: OR 2.97, 95% CI 1.11 — 7.94), RAP (OR 4.93, 95% CI 2.84 — 8.58),
pancreatic intervention(s) performed during the initial episode (OR 3.10, 95% CI
1.20 — 8.02), smoking (OR 2.33, 95% CI 1.14 — 4.78), and male sex (OR 2.06, 95%
CI 1.05 — 4.05) were independently associated with CP. Multivariate analyses with
RAP removed as covariate are presented in Table 4. Patients with alcoholic AP (22%)
and a history of RAP (15%) had the highest cumulative risk for developing CP over
9 years (Figure 1B and 1C).

Subgroup analyses for smoking and alcohol

No significant differences in progression rates to CP were observed between patients
who continued smoking and drinking versus patients who reported cessation of smok-
ing and alcohol cessation at long-term follow-up (Table S7 and S8).

Pancreatic cancer

The number of patients who developed pancreatic cancer was insufficient to perform
multivariate analysis. Of the 14 patients who developed pancreatic cancer, 7 were
diagnosed within 2 years after onset of AP. In 57% of these patients (4/7) the cause of
the initial AP episode was unknown. When introducing a 5-years lag period, 5 patients
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remained of whom 1 patient with idiopathic AP. Pancreatic cancer was preceded by
RAP in 6 patients (43%) of whom 1 patient was also diagnosed with CP (Figure 1D).

Quality of life and pain severity

QoL was not significantly different between patient with and without progression to
RAP and CP (p>.05) (Table §9). Regarding pain severity, both RAP and CP patients
reported significantly higher Izbicki Pain scores (P=.004 and p<.001) compared to
their controls.

DISCUSSION

This long-term clinical follow-up study showed that 25% of patients developed RAP,
6% of patients progressed to CP, and 1% of patients were diagnosed with pancreatic
cancer. Median duration from index admission to RAP, CP, and pancreatic cancer
was 9 months (IQR 2 — 34), 31 months (IQR 7 — 61), and 24 months (IQR 4-84),
respectively. Several independent predictive factors were identified for both RAP and
CP.

The reported progression rates after a first episode of AP vary widely among previous
studies (3, 5, 9-12). The latest meta-analysis, with a median follow-up between 18-
180 months, reported a pooled prevalence rate of 22% for RAP and 10% for CP (24).
Some of the included studies were population-based matched cohort studies, which
allow for a smaller sample size and automatically control for confounding factors
by socioeconomic position (14, 15). A drawback of these studies is that the effects
of matching factors on disease occurrences of interest (i.e., RAP, CP, and pancreatic
cancer) could not be evaluated. Moreover, no adjustment were made for potentially
confounding factors such as alcohol and smoking due to the limited data available.
Therefore, the incidence of and risk factors associated with transition to these pan-
creatic diseases following a first episode of AP are best investigated in prospective ob-
servational cohort studies. The risk of progression after a first episode of AP has been
investigated by our study group in such manner before (3, 4). In this previous study,
17% and 8% of patients developed RAP and CD, respectively (3). Pancreatic cancer
following AP was observed in 1% of patients (4). In both previous studies, however,
patients were followed up for a maximum of 5 years, which is probably too short and
may have led to an underestimation of the progression rate. In the present study with
a significantly longer follow-up period, 25% of patients were diagnosed with RAP of
whom 33 patients (11%) developed the first recurrent attack after more than 5 years
follow-up. This leaves us with a recurrence rate of 23% within 5 years, which is higher
than our previous study, but comparable to the meta-analysis (24). On the contrary,
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we found a lower incidence of CP, which can be explained by a smaller proportion
of alcoholic pancreatitis patients included in the current study (25). Furthermore,
our incidence rate of pancreatic cancer was comparable to the previous study (4),
but significantly higher compared to the 0.2% incidence rate of the Dutch general
population between 2008 and 2011 (26). When introducing a lag-period of 2 and
5 years, as proposed by previous studies to avoid misdiagnosis of pancreatic cancer
as AP (14, 27), our incidence rate was still three and two times higher (0.6% and
0.4%, respectively). In our study, 50% of the pancreatic cancer patients (n=7) were
diagnosed within 2 years after the first pancreatic episode, of whom 4 were idiopathic
pancreatitis patients, indicating a possible diagnostic delay. This may raise the ques-
tion whether follow-up imaging would allow for an earlier diagnosis in idiopathic
pancreatitis patients. As follow-up imaging has previously been proposed for these
patients to further investigate etiology and identify the need of a cholecystectomy,
screening for pancreatic cancer may be another indication (28, 29).

Several important findings emerged from our data when examining risk factors for
disease transition. Consistent with other studies, the highest cumulative incidence of
RAP and CP was observed among alcoholic pancreatitis patients (10, 11). Alcoholic
pancreatitis was an independent risk factor for both RAP and CP, which resulted in
a three- and five-times higher risk compared with biliary pancreatitis. Independent
preventive factors for RAP in biliary patients were an ERCP and cholecystectomy
prior to or < 3 months after onset of AP. As shown in other studies (30, 31), our
results emphasize once again the importance of these preventive measures. Although
these interventions are already standard of practice for biliary pancreatitis, the timing
of an ERCP and cholecystectomy can be challenging, especially in severe AP patients.
With respect to ERCP, a conservative treatment strategy is opted for patients without
cholangitis or persistent choledocholithiasis. However, in the case of patients who are
considered unfit for surgery, an ERCP with sphincterotomy should be considered to
reduce the risk of recurrent biliary events (30). In patients fit for surgery, a cholecys-
tectomy should preferably be performed during index admission in mild pancreatitis
patients, and within 8 weeks in severe pancreatitis patients in the absence of peripan-
creatic collections (32). In our cohort of biliary patients, no significant difference in
recurrence rate was observed between patients who underwent ERCP within 3 months
after AP and patients in whom ERCP was not performed. However, confounding
by indication may have played a role, as ERCP is only indicated in cases of proven
choledocholithiasis. In the long-term, not all of these patients need to undergo ERCP.
However, in case of choledocholithiasis, our results show that ERCP should preferably
be performed < 3 months after hospitalization. For cholecystectomy, the protective
effect is negligible compared to no cholecystectomy if performed > 3 months after the
onset of AP. Therefore, to significantly reduce the risk of recurrent gallstone-related
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complications, cholecystectomy should ideally be performed in all patients with bili-
ary pancreatitis within 3 months after the first episode of AP. Our study shows that
there is significant room for improvement in the follow-up of patients with biliary
pancreatitis, as cholecystectomy was not performed in one quarter of the patients.
Furthermore, we have demonstrated that patients with biliary pancreatitis have the
lowest risk of developing CP if the causative factor is appropriately treated.

Interestingly, the risk of RAP was lower in patients who underwent pancreatic inter-
ventions during the index episode, but at the expense of a higher risk of developing
CP. A possible explanation for this latter being that pancreatic interventions might
be prone for causing permanent pancreatic damage and consequently accelerating
chronic inflammation. Confounding by indication could also play a role here as
pancreatic interventions are more frequently performed in patients with moderate/
severe pancreatitis, in our population, however, disease severity and complications
proved not to be associated with disease progression. Furthermore, a recent study
showed that one in four necrotizing pancreatitis patients suffer from a disconnected
pancreatic duct, which is associated with higher risk of RAP if not treated accord-
ingly (33). This partly explains the higher risk of RAP for patients not undergoing
endoscopic drainage with long-term indwelling of double-pigtail plastic stents. Previ-
ous studies on factors associated with disease progression yielded conflicting results
for pancreatic necrosis and disease severity (3, 8, 24). In this study, disease severity
and complications were no determinants of disease progression, which is consistent
with the most-recent meta-analysis (24). To further explore the impact of pancreatic
necrosis on progression rate, we have performed additional regression analyses for
disease severity and complications within the subgroup of patients with predicted
severe pancreatitis, which failed to detect any relevant statistically differences [data
not shown]. For CP, other independent risk factors than those previously mentioned,
were male sex, smoking, and RAP, which is in line with previous studies (3, 25). In the
majority of patients, CP was preceded by RAP (63%). Post-hoc risk analyses for the
impact of lifestyle modifications showed that alcohol cessation significantly reduced
the risk of RAP in patients with alcoholic pancreatitis, which was not the case for CP.
Associations between smoking cessation and a reduced risk of RAP and CP were also
not found. This was presumably due to limited data available on current smoking and
alcohol use. Their impact on disease progression may therefore be underestimated.
Both smoking and alcohol have, however, previously been identified as important
independent risk factors for disease progression and related complications. Therefore,
counselling for alcohol and smoking cessation should be standard of follow-up care
(34-37). In our study population, disease progression was not significantly associated
with a lower QoL.
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This study evaluated the likelihood of developing pancreatic diseases following AP
after a median follow up of more than 9 years in a prospective cohort of 1,184 pa-
tients and therefore provides a more in-depth insight compared to previous studies.
Additionally, our study suggests that preventive measures for disease progression are
not sufficiently implemented in current practice, which should become a point of
attention in future care.

This study has some limitations. First, follow-up data were retrospectively collected,
which may have led to information bias. Second, data on current smoking and alcohol
consumption were only provided by a limited number of patients. Third, our ability
to explore the relation between CP and pancreatic cancer was limited due to a small
subset of CP patients (37). Finally, we have pragmatically chosen a cut-off of 3 months
between the first presentation of acute biliary pancreatitis and the performance of bili-
ary procedures, as logistics (i.e., waiting lists) often delay these procedures. Although
we acknowledge that this is longer than the recommendations based on the existing
literature, we believe that the use of this interval more accurately reflects current clini-
cal practice (38).

CONCLUSION

One in four patients with AP will develop RAP, CP, or pancreatic cancer after a first
episode of AP. We identified several risk factors that may be helpful to devise person-
alized strategies, such as lifestyle counselling, biliary interventions or more intense
follow-up for those at risk for disease progression. Our findings should encourage
physicians to improve preventive interventions and follow-up care for those patients
at risk for pancreatic disease progression.
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Supplementary file S1. Diagnostic criteria for the different etiologies

Alcoholic etiology

>3 units/day or >4 units 48hrs prior to the start of acute pancreatitis, in absence of
gallstones and/or CBD dilatation

Biliary etiology

In the case of one of the following criteria

1. Gallstones and/or sludge diagnosed on imaging (transabdominal or endoscopic
ultrasound or computed tomography);

2. A dilated common bile duct on ultrasound (>8 mm in patients <75 years old or
>10 mm in patients >75 years old);

3. Alanine aminotransferase (ALAT) level >2 times higher than normal values

And in the absence of alcohol abuse or evidence of other etiology (high risk medica-

tion/genetic factors etc.)

Hypertriglyceridemia as etiology

Fasting serum triglyceride >1000 mg/dl (11.2 mmol/l), in absence of criteria for a
biliary etiology

Hypercalcemia as etiology
Serum calcium >12 mg/dl or 3 mmol/l, in absence of criteria for a biliary etiology

Post-ERCP as etiology (Coton criteria, 4 of 4)
(1) Upper abdominal pain;

(2) Serum lipase or amylase levels above three times the upper level of normal;
(3) Timeframe: 24hrs after ERCP
(4) At least 2 days of hospitalization after ERCP

Medication as etiology

Use of 1 or more drugs with a known association with AP, in absence of criteria for a
biliary etiology. Definite association: Acetaminophen, asparaginase, azathioprine, bort-
ezomib, capecitabine, carbamazepine, cimetidine, cisplatin, cytarabine, didanosine,
enalapril, erythromycin, oestrogens, furosemide, hydrochlorothiazide, i erferon alfa,
itraconazole, lamivudine, mercaptopurine, mesalazine, olsalazine, methyldopa, metro-
nidazole, octreotide, olanzapine, opiates, oxyphenbutazone, pentamidine, pentavalent
antimony compounds, phenformin, simvastatin, steroids, sulfasalazine, co-trimoxazole
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CHAPTER 6

Idiopathic etiology
Patients lacking any of the above-mentioned criteria and with no recent history of

surgery/abdominal trauma of any evidence of familial/genetic cause of pancreatitis
were classified as idiopathic
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1.337 patients with acute
pancreatitis who were

assessed for eligibility

138 Excluded

24 Diagnosis of pancreatic cancer

48 Diagnosis of chronic
pancreatitis

40 Prior episode of acute
pancreatitis

26 No survival of first episode of
acute pancreatitis

1.199 eligible patients

with a first episode of
acute pancreatitis

15 Excluded
11 Lost to follow-up
4 Missing data

1.184 patients included

Supplementary figure S1. Flowchart patient inclusion
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RAP
N=153

Before RAP
n=30

ERCP < 3 mo after onset
n=24

ERCP > 3 mo after onset
n=6

Biliary AP

N =740

After RAP
n=36

n=12

ERCP < 3 mo after onset

n=24

ERCP > 3 mo after onset

No RAP
N =587

l I n=209 I

ERCP < 3 mo after onset
n=197

ERCP > 3 mo after onset
n=12

Supplementary figure 2A. Preventive measures taken in biliary pancreatitis patients to reduce the risk of

recurrence — ERCP

Abbreviations: AP acute pancreatitis, RAP recurrent acute pancreatitis, ERCP endoscopic retrograde cholangio-

pancreatography, mo months

RAP

N=153

!

'

After AP
n=97

|

Cholecystectomy < 3 mo
after onset
n=27

Before RAP
ni=33

After RAP
n=64

Cholecystectomy >3 mo
after onset
n=6

Cholecystectomy —n—»

Before AP

LE:]

Cholecystectomy < 3 mo
after onset
n=29

Cholecystectomy > 3 mo
after onset
n=34

Date unknown
n=1

No RAP
N =587

After AP
n=414

}

Cholecystectomy _'w

=

Before AP
n=>54

Cholecystectomy < 3 mo

after onset
n=328

Cholecystectomy > 3 mo
after onset
n=85

Date unknown
n=1

Supplementary figure 2B. Preventive measures taken in biliary pancreatitis patients to reduce the risk of

recurrence — cholecystectomy

Abbreviations: AP acute pancreatitis, RAP recurrent acute pancreatitis, mo months
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Supplementary table S3A. Subgroup analysis of preventive measures taken in biliary pancreatitis
patients to reduce the risk of recurrence - ERCP
Total No ERCP ERCP ERCP AvsB AvsC BvsC
(n=740) (n=465) <3 mo >3 mo
after AP after AP
(n=233) (n=42)

No RAP 587 (79%) 378 (81%) 197 (85%) 12 (29%) P =.287 P<.001 P <.001
RAP 153 (21%) 87 (19%) 36 (15%) 30 (71%)

RAP before ERCP N/A N/A 12 (5%) 24 (57%)

RAP after ERCP N/A N/A 24 (10%) 6 (14%)

Abbreviations: AP acute pancreatitis, RAP recurrent acute pancreatitis, ERCP endoscopic retrograde
cholangiopancreatography, mo montbs.

Supplementary table S3B. Subgroup analysis of preventive measures taken in biliary pancreatitis
patients to reduce the risk of recurrence - cholecystectomy

Total No cholx Cholx Cholx AvsB AvsC BvsC
(n=737)* (n=166) beforeor >3 mo

<3 mo after AP

after AP (n=125)

(n=4406)
No RAP 586 (80%) 119 (72%) 382 (86%) 85 (68%) P <.001 P =.548 P <.001
RAP 151 (20%) 48 (28%) 64 (14%) 40 (32%)
RAP before cholx N/A N/A 29 (7%) 34 (27%)
RAP after cholx  N/A N/A 35 (8%)** 6 (5%)

*Data on cholecystectomy were missing for 3 patients. **Including 8 patients who underwent cholecystectomy
prior to their first episode of acute pancreatitis. Abbreviations: AP acute pancreatitis, RAP recurrent acute
pancreatitis, chobx cholecystectomy, mo montbs.
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Supplementary table S4. Subgroup analysis of the effect of smoking on progression to recurrent

pancreatitis*

No RAP RAP Total
Patients who quit smoking 14 (88%) 2 (13%) 16
Patients who continued smoking 15 (58%) 11 (42%) 26
Total 29 (69%) 13 (31%) 42
P =.084

*Data on smoking were available in 15% (42/276) of the patients who reported current smoking at inclusion.
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Supplementary table S5A. Subgroup analysis of the effect of alcohol consumption on progression to
recurrent pancreatitis

No RAP RAP Total
Alcohol cessation 38 (84%) 7 (16%) 45
No alcohol cessation 102 (76%) 32 (24%) 134
Total 140 (78%) 39 (22%) 179

P =.242

*Data on alcohol consumption were available in 28% (179/649) of the patients who reported alcohol
consumption at inclusion.

Supplementary table S5B. Subgroup analysis of the effect of alcohol consumption on progression to
recurrent pancreatitis stratified for alcoholic etiology

No RAP RAP Total
Alcoholic AP Alcohol cessation 8 (89%) 1(11%) 9
P =.043 No alcohol cessation 9 (45%) 11 (55%) 20
Total 17 (59%) 12 (41%) 29
Non-alcoholic AP Alcohol cessation 30 (83%) 6 (17%) 36
P =1.000 No alcohol cessation 93 (82%) 21 (18%) 114
Total 123 (82%) 27 (18%) 150
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Supplementary table S7. Subgroup analysis of the effect of smoking on progression to chronic
pancreatitis’

No CP Ccp Total
Patients who quit smoking 19 (100%) 0 (0%) 19
Patients who continued smoking 18 (78%) 5 (22%) 23
Total 37 (88%) 5 (12%) 42

P =.530

*Data on smoking were available in 15% (42/276) of the patients who reported current smoking at inclusion.
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Supplementary table S8A. Subgroup analysis of the effect of alcohol consumption on progression to

chronic pancreatitis

No CP (014 Total
Alcohol cessation 46 (90%) 5 (10%) 51
No alcohol cessation 122 (95%) 6 (5%) 128
Total 168 (94%) 11 (6%) 179

P =.298

*Data on alcohol consumption were available in 28% (179/649) of the patients who reported current alcohol

consumption at inclusion.

Supplementary table S8B. Subgroup analysis of the effect of alcohol consumption on progression to

chronic pancreatitis stratified for alcoholic etiology

No CP cr Total
Alcoholic AP Alcohol cessation 7 (70%) 3 (30%) 10
P =.633 No alcohol cessation 16 (84%) 3 (16%) 19
Total 23 (79%) 6 (21%) 29
Non-alcoholic AP Alcohol cessation 39 (95%) 2 (5%) 41
P=.614 No alcohol cessation 106 (97%) 3 (3%) 109
Total 145 (97%) 5 (3%) 150
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Supplementary table S9. Cross-sectional analysis of long-term quality of life and Izbicki Pain Scores in
acute pancreatitis patients’

Recurrent pancreatitis Chronic pancreatitis
(RAP) (CP)
Overall RAP* No RAP () No CP
(n=370) (n=66) (n=293) P-value (n=21) (n=349) P-value
PCS+ 49.1 +10.3 48.4+10.1 49.3+10.4 .489 48.2+9.3 49.2+10.3 .364
Mean + SD
MCS+ 48.8+10.3 48.0+10.9 49.0+10.2 .760 45.5+£12.2 49.0 £10.1 .125
Mean + SD
Overall RAP* No RAP Ccp No CP
(n=347) (n=60) (n=278) (n=18) (n=329)
Izbicki Pain 10.3+16.0 16.2+20.2 84+13.5 .004 30.5+28.2 9.2+14.3 <.001
score++
Mean + SD

*Data on quality of life were obtained for 370 patients (31%) of whom 77 patients had developed RAP and 21
patients were diagnosed with CP all recurrent pancreatitis patients were not included in these analyses because
they have further transited to chronic pancreatitis. +Regression weights derived from normative data of the Dutch
general population were used to compute the physical and mental component summaries (PCS and MCS) of the
SF-12 (range 0 — 100). Higher scores indicate a better quality of life, whereas a score of 50 represents the mean
in the general population.++Scale ranges from 0 to 100 points (increasing scores indicating more pain severity).

Questions consist of 4 items: frequency of pain, intensity of pain, use of pain medication and disease-related
inability to work.
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