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BACKGROUND & AIMS: The clinical course of chronic
pancreatitis is unpredictable. There is no model to assess dis-
ease severity or progression or predict patient outcomes.
METHODS: We performed a prospective study of 91 patients
with chronic pancreatitis; data were collected from patients
seen at academic centers in Europe from January 2011 through
April 2014. We analyzed correlations between clinical, labora-
tory, and imaging data with number of hospital readmissions
and in-hospital days over the next 12 months; the parameters
with the highest degree of correlation were used to develop a
3-stage chronic pancreatitis prognosis score (COPPS). The pre-
dictive strength was validated in 129 independent subjects
identified from 2 prospective databases. RESULTS: The mean
number of hospital admissions was 1.9 (95% confidence interval
[CI], 1.39-2.44) and 15.2 for hospital days (95% CI, 10.76-
19.71) for the development cohort and 10.9 for the validation
cohort (95% CI, 7.54-14.30) (P = .08). Based on bivariate cor-
relations, pain (numeric rating scale), level of glycated hemo-
globin Alc, level of C-reactive protein, body mass index, and
platelet count were used to develop the COPPS system. The
patients’ median COPPS was 8.9 points (range, 5-14). The sys-
tem accurately discriminated stages of disease severity (low to
high): A (5-6 points), B (7-9), and C (10-15). In Pearson cor-
relation analysis of the development cohort, the COPPS corre-
lated with hospital admissions (0.39; P < .01) and number of
hospital days (0.33; P < .01). The correlation was validated in the
validation set (Pearson correlation values of 0.36 and 0.44; P <
.01). COPPS did not correlate with results from the Cambridge
classification system. CONCLUSIONS: We developed and vali-
dated an easy to use dynamic multivariate scoring system, similar
to the Child-Pugh-Score for liver cirrhosis. The COPPS allows
objective monitoring of patients with chronic pancreatitis,
determining risk for readmission to hospital and potential length
of hospital stay.

Keywords: C-reactive Protein; BMI; Pancreas; Clinical Scoring
System; Child-Pugh-Turcotte Score.

hronic pancreatitis, as defined by the German

“S3-consensus guidelines,” is a disease of the
pancreas in which recurrent inflammatory episodes result in
replacement of pancreatic parenchyma by fibrous connective
tissue. This fibrotic reorganization of the pancreas leads to a
progressive exocrine and endocrine pancreatic insufficiency.
In addition, characteristic complications arise, such as
pseudocyst formation, pancreatic duct obstruction, duodenal
obstruction, vascular complications, bile duct stenosis,
malnutrition, and pain syndrome. Pain presents as the main
symptom of patients with chronic pancreatitis. Chronic
pancreatitis significantly reduces the quality of life and the
life expectancy of affected patients."” Many of the symptoms
and complications mentioned previously can be treated and
treatment effects need to be monitored.

The first classification system of chronic pancreatitis
developed at a symposium in Marseilles in 1963 focused on
morphological changes and etiology underlying the disease.’
In its revised version, published in 1985, these morpho-
logical changes were specified and linked to a potential loss
of endocrine and exocrine organ function® and further
subtypes were introduced in the consecutively published
Marseilles-Rome classification.” The Cambridge classifica-
tion, which was the first clinical grading system for chronic
pancreatitis, was based on changes in ductal morphology on
endoscopic retrograde pancreatography and to some extent
equivalent findings on ultrasound or computed tomogra-
phy.>” The Cambridge criteria remain the standard for
grading of chronic pancreatitis on imaging, but already

*Authors share co-first authorship; SAuthors share co-senior authorship.

Abbreviations used in this paper: BMI, body mass index; Cl, confidence
interval; COPPS, chronic pancreatitis prognosis score; ERCP, endoscopic
retrograde cholangiopancreatography; HbA1c, glycated hemoglobin A1c;
TRIPOD, Individual Prognosis Or Diagnosis statement.
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EDITOR’S NOTES

BACKGROUND AND CONTEXT

The clinical course of chronic pancreatitis is
unpredictable. There is no model to assess disease
severity or progression or predict patient outcomes.

NEW FINDINGS

The researchers developed and validated a chronic
pancreatitis prognosis score (COPPS); an easy to use
dynamic multivariate system csimilar to the Child-Pugh-
Score for liver cirrhosis

LIMITATIONS

The system should be tested with a larger set of
outpatients as part of an international multicenter cohort
that is in development.

IMPACT

The COPPS system allows objective monitoring of patients
with chronic pancreatitis, determining risk for readmission
to hospital and potential length of hospital stay.

when first introduced, experts stated that morphological
changes in chronic pancreatitis might not reflect the func-
tional or histological state of the pancreas and early stages
of the disease might be missed.”® More recently proposed
classification systems from Zurich, Kerala, Manchester,
Heidelberg, and Mannheim help to describe the natural
progression of the disease by grading the severity on the
basis of imaging, clinical symptoms, need for intervention,
and loss of function,”’ *® but are neither suited to assess the
current severity nor to evaluate short- to mid-term out-
comes of the disease. Furthermore, none of the published
severity scoring systems have been developed in a pro-
spective cohort of patients nor have they been evaluated
for predicting relevant clinical outcome parameters. We
hypothesized that it would be possible to develop and
validate a simple and dynamic scoring system, comparable
to the Turcotte-Child-Pugh score for liver cirrhosis'**®
based on routine laboratory parameters, pain symptoms,
body mass index (BMI), or imaging. The aim of the study
was to test this system in a prospective manner and
validate the scoring against clinical variables in 2 indepen-
dent patient cohorts with the future potential to predict the
response to therapy and risk of complications.

Patients and Methods
Aims and Study Design

This study was designed according to the Transparent
Reporting of a multivariable prediction model for Individual
Prognosis Or Diagnosis statement (TRIPOD).'® In the first
phase, we conducted a prospective single-center cohort study
on 91 patients (development cohort) with preexisting chronic
pancreatitis to develop a severity scoring system in chronic
pancreatitis, by using readily available routine laboratory
parameters, BMI, imaging, and standardized assessment of pain
symptoms. In the second phase, the score was validated in
an independent cohort from 2 prospectively recruited
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databases at academic centers (Aalborg, Denmark, and Greifs-
wald, Germany) comprising 129 subjects (validation cohort),
see Figure 1. With regard to the TRIPOD recommendation, we
performed a type 3 study by developing a prediction model
using 1 data set and an evaluation of its performance on
separate data.'® Baseline parameters were collected at the time
of inclusion. Twelve months from inclusion, the patients were
contacted via phone or approached when in the hospital as an
outpatient and endpoints were recorded. For the development
cohort, the first patient was recruited on January 31, 2011, and
follow-up for the last patient ended in April 2, 2014
(Figure 1A). The study was approved by the institutional ethics
committees and conducted in accordance with the declaration
of Helsinki. No additional diagnostic or therapeutic procedures
were performed as result of study participation nor did inclu-
sion in the study influence medical care of the patients. Except
for the study investigators, all medical personnel were blinded
to the study results or as to whether a patient was included.

A Development

91 patients with proven chronic pancreatitis from
Greifswald, Germany
- Prospective recruitment and assessment of baseline
parameters

Internal validation, R = 1000

91 cases with complete 1-year follow up
- Assessment of re-hospitalizations, need for interventions
and pancreatic complications

January 31t 2011-April 2@ 2014

Y

COPPS System

| External validation from chronic pancreatitis databases

28 patients
Greifswald, Germany

101 patients
Aalborg, Denmark

V

Assessment of baseline parameters
at index date

129 cases with complete 1-year follow up
- Assessment of re-hospitalizations and
comparison to COPPS score

January 2015-January 2016

Figure 1.Flow chart for development (A) and external
validation (B) of COPPS.
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End points

As primary endpoints and surrogates for severity of disease,
(re)-admission to hospital, measured as number of hospitalizations
and total number of days spent in hospital within 12 months from
inclusion, were chosen. Secondary outcomes were pancreatitis-
related readmissions, pancreatitis-related complications, and
need for endoscopic or surgical interventions. A hospital stay was
considered related to pancreatitis if admission was due to an acute
episode of pancreatitis, abdominal pain likely caused by pancrea-
titis, pancreatic endoscopy or surgery, or infectious complications
including the pancreas. Although long-term mortality is increased
in patients with chronic pancreatitis with a hazard ratio (HR) 3.6 to
5.0 when compared with the normal population,'” we could not
use mortality as the primary endpoint for the development of a
scoring system due to a low annual event rate.

Inclusion Criteria

Inclusion criteria for the development cohort included
written informed consent given by patients and preexisting
chronic pancreatitis. The diagnosis of chronic pancreatitis was
made if 1 or more of the following criteria were met and no
other diagnosis was more likely?:

e recurrent bouts of pancreatic pain with documented rise
in amylase or lipase activity for a duration of more than
1 year and radiological evidence supporting the diagnosis

e pancreatic calcifications

e histological proof of chronic pancreatitis

e unequivocal changes in pancreatic duct morphology

with

e severely abnormal function tests

maldigestion

pancreatic

The validation patients from Germany had identical
inclusion criteria, whereas for Danish patients the diagnosis

Table 1.Baseline Parameters Used for Score Development
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of chronic pancreatitis was established according to the
Liineburg score.'®*?

Assessment of Prognostic Factors

Initial screening included a list of 14 routine laboratory
parameters, which were measured using the clinical standard
procedure of the respective institutional clinical chemistry
department, BMI (measured as body weight in kilograms
divided by square height in meters), pain severity as worst pain
on numeric rating scale (0-10; 0 = no pain; 10 = worst
imaginable pain) within the past 7 days, and grading of
pancreatic morphology based on the available imaging
according to the modified Cambridge Score.”®”° Analysis
of imaging was conducted by expert endoscopists with
experience in more than 1000 endoscopic retrograde chol-
angiopancreatographies (ERCPs) or diagnostic radiologists with
expertise in abdominal imaging, who were blinded to any other
study related information. Values were expressed using SI
units. Reference ranges for development and validation cohort
as well as in between centers were identical and are displayed
in Table 1.

Statistical Analysis

Data analysis began after the follow-up period of the last
patient was completed. To identify single variables for score
development, linear correlation (parametric and nonpara-
metric) analysis was performed and parameters that would
show the best fit with closest correlation to both primary
endpoints were included in further analysis. Cases with missing
data were excluded pairwise from the analyses (Table 1).
Each of the best-fitting 5 parameters were graded into 3
categories (1 = within normal range, 2 = moderately altered,
3 = significantly abnormal) according the parameter values,
and the numbers were summed to achieve the final composed
score value of 5 to 15. Scores of all patients were again

Parameter Reference value Mean value 95% Cl SD Missing data
HbA1c <6.5% 5.9 5.54-6.30 1.82 0
Conjugated bilirubin 0-5 umol/L 8.0 4.53-11.49 14.80 19
NRS <3 3.1 2.50-3.67 2.80 0
BMI 18-24.99 kg/m? 243 23.34-25.29 4.67 0
Stool elastase >200 ug/g 220.0 182.57-257.52 179.95 0
ALAT 0.18-0.60 pkatal/L 0.7 0.52-0.97 1.08 1
gGT 0-0.65 ukatal/L 3.9 2.38-5.47 7.39 1
INR 1.0-1.2 11 1.06-1.18 0.28 0
Quick 70%-130% 92.9 87.93-97.78 23.65 0
Albumin 34-50 g/L 37.2 30.62-37.73 17.07 0
CRP <5.0 mg/L 24.6 15.99-33.25 41.43 0
Platelets 140-440 Gptl/L 269.8 245.29-294.25 117.6 0
Urea 2.5-6.4 mmol/L 5.8 4.71-6.48 4.75 0
MCV 80-95 fl 91.4 89.69-93.01 7.97 0
Triglycerides 0-1.9mmol/L 21 1.57-2.65 2.56 3
Total bilirubin 0-17 umol/L 15.7 9.67-21.74 28.96 0
CSs <1 2.6 2.31-2.86 1.24 9

ALAT, alanine transaminase; CRP, C-reactive protein; CS, Cambridge Score; gGT, gamma-glutamyl transaminase; INR,
international normalized ratio; MCV, mean corpuscular volume; NRS, numeric rating scale for pain: 0 = no pain, 10 = worst

imaginable pain.
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correlated against primary endpoints using linear correlation,
but score values were then grouped into 3 categories (A, B, C)
indicating increasing risk for readmission. The final score was
internally validated by using ordinary nonparametric boot-
strapping for linear Pearson correlation with 1000 repeats. As
for the external validation cohort, both sum of the individual
scores (5 to 15) as well as grouped categories A, B, and C were
correlated to the primary endpoints. Cohort comparison was
conducted pairwise using unpaired t test for comparison of
means and x? test for comparison of distribution. Hospital
admission rates and days spent in hospital according to
chronic pancreatitis prognosis score (COPPS) category were
compared using Kruskal-Wallis test and Dunn’s multiple
comparison test. The model was not adjusted during the
validation process. Data and statistics were handled using R
2.1.0 (http://cran.r-project.org/src/base/R-2/R-2.1.0.tar.gz)
and R-studio 1.0.153 (https://github.com/rstudio/rstudio/
tarball/v1.0.153). Before final submission for publication, all
authors declared to have proofread the manuscript and
approved draft submission.

Results

Baseline Parameters Development Cohort
Between January 2011 and January 2013, 91 patients
with unequivocal evidence of chronic pancreatitis were
prospectively included. Four of these cases were recruited
from the outpatient clinic, all others were hospitalized at the
time of inclusion. The median age was 55 (range, 25-88
years), 20 cases (22.0%) were women and 71 cases (78%)
were men. Suspected etiology of pancreatitis was alcoholic
(67.0%), obstructive (2.2%), hereditary (3.3%), and auto-
immune (1.1%); the remaining cases were classified as
idiopathic (26.4%). Exocrine pancreatic insufficiency,
determined by low fecal elastase activity, was present in
62.9%, and 41.0% were diabetics (1.3% type 1, 17.5% type
2, 16.4% type 3.c, 5.8% unknown). Relevant comorbidities
included fatty liver disease and cirrhosis, gastroesophageal
reflux, hyperlipidemia, and hypertension. The modified
Cambridge Score could be calculated for 82 (90.1%) cases
using endoscopic ultrasound, ERCP, or computed tomogra-
phy imaging and reached an average value of 2.6 (95%
confidence interval [CI], 2.31-2.86; SD 1.24). Five (5.5%)
were categorized Cambridge 0, 9 (9.9%) reached Cam-
bridge 1, 29 (31.9%) reached Cambridge II, 11 (12.1%)
reached Cambridge III, and 28 (30.8%) were classified as

Table 2.Chronic Pancreatitis Prognosis Score (COPPS)
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Cambridge IV. The average length of the initial hospital stay
at the time of inclusion was 11.6 days (95% CI, 7.59-15.64;
SD 19.336). In 83% of the cases, chronic pancreatitis
was the reason for admission. Demographics and all
other baseline parameters used for score development are
displayed in Tables 1 and 3.

Primary and Secondary End points

During the 1-year follow-up period, subjects were
admitted 1.9 times to the hospital on average (95% CI,
1.39-2.44), making up for a total of 257 admissions within
12 months’ time, 137 of which could be directly linked to
chronic pancreatitis. The average time spent in hospital
was 15.24 days per patient within 12 months, adding to
1856 days total, of which 1050 days were directly
pancreatitis related. During the follow-up period, one 87-
year-old patient with newly suspected pancreatic malig-
nancy died of pulmonary embolism (1.1% overall mortal-
ity). During the follow-up period, 20 patients (22.0%)
underwent pancreatic surgery for chronic pancreatitis
and 39 patients (42.9%) had at least 1 therapeutic endo-
scopic procedure with a total of 17 common bile duct and
29 pancreatic duct stent insertions. An additional 66
therapeutic ERCPs were performed without stenting (eg,
for stent removal).

Correlation Analysis and Score Development

In a first step, all evaluated baseline parameters were
correlated to the primary endpoints. Of those initially
recorded, 4 showed significant (P < .05) correlation with
either the number of hospitalizations or combined length of
hospital stays (glycated hemoglobin Alc [HbAlc], BMI,
C-reactive protein, platelets). These parameters were
considered for the development of a scoring system. Details
of the individual statistics are found in Supplementary
Table 1. Additionally, the numeric rating scale for worst
pain within the past 7 days ranging from 0 to 10 was
included despite the lack of significant correlation, as it is
the factor most significantly linked to quality of life in these
patients. Using these 5 parameters, we developed a score by
adopting a grading system similar to the Child-Pugh-
Turcotte score for liver cirrhosis,'* as described previ-
ously. The final score can be found in Table 2. As for HbAlc
and BMI, a negative correlation was seen; lower values

1 point 2 points 3 points
NRS (1-10), most intense day within the past 7 d 0-2 3-6 7-10
HbA1c, % >6.0 5.5-6.0 <55
CRP, mg/L <31 3.1-20 >20
BMI, kg/m? >25 18-25 <18
Thrombocytes, Gpt/L 150-400 100-150 <100, >400

COPPS A = 5-6 points

COPPS B = 7-9 points COPPS C = 10-15 points

CRP, C-reactive protein; NRS, numeric rating scale for pain: 0 = no pain, 10 = worst imaginable pain.
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Table 3.Demographic and Clinical Characteristics of Test and Validation Cohort

Development Validation Comparison
n 91 129 —
Age, median (range) 55 (25-88) 56 (19-85) P =.89
Female sex (%) 20 (22.0) 31 (24.0) =.75
Etiology (%) P=.74
Alcoholic 61 (67.0) 78 (60.5)
Obstructive 2.2 11 (8.5)
Hereditary 3 (3.63) 4 (3.1)
Autoimmune 1(1.1) 1(0.8)
Idiopathic 24 (26.4) 35 (27.1)
Distribution of score A9 A7 P = .50
B 47 B 71
C 35 C 51
Mean no. hospital stays within 12 mo 1.9 (1.39-2.44) 1.5 (1.18-1.90) P=.23
from inclusion (95% CI): all admissions
Mean no. hospital stays within 12 mo from 1.5 (1.07-1.94) 1.0 (0.71-1.27) P = .05
inclusion (95% CI): pancreatic admissions
Mean no. of days spent in hospital within 15.24 (10.76-19.71) 10.9 (7,54-14,30) P=.12
12 mo from inclusion (95% CI): all admissions
Mean no. of days spent in hospital within 11.5 (7.93-15,15) 8.0 (4.92-11,06) P=.14
12 mo from inclusion (95% CI): pancreatic admissions
COPPS parameters
NRS (95% Cl) 3.1 (2.50-3.67) 4.6 (4.01-5.13) P < .01
HbA1c (95% Cl) 5.9 (5.54-6.30) 6.4 (6.09-6.64) P = .06
BMI (95% CI) 23.4 (22.70-24.07) P=.2

CRP (95% ClI)
Platelets (95% ClI)

24.6 (15.99-33.25)

(
(

24.3 (23.34-25.29)
(

269.8 (245.29-294.25)

19.5 (13.56-25.47) =.34
315.6 (284.4-346.7) P=.03

predict more severe disease. There was no direct link
between low HbAlc and hypoglycemia during the hospital
stays of the respective patients (P = .47). Although for
platelet count the incline of the correlation curve was
positive, a large diversion of the distribution was seen in
patients with higher hospitalization rates, pointing toward
a dichotomous relation. Thus, very high and very low
platelet counts were associated with severe disease. The
scoring system was calculated for all 91 study subjects
(100%) and reached 8.9 points on average (95% CI, 8.50-
9.28; SD 1.88) with a minimum of 5 and maximum of 14
points. Nine patients (9.9%) were COPPS category A, 47
(51.6%) were COPPS category B, and the remaining 35
(38.5%) were COPPS category C. The newly developed score
values were positively correlated to the total number of
hospitalizations (Pearson 0.48; Kendal-Tau 0.36) and to the
combined number of days spent in hospital for any reason
(Pearson 0.34; Kendal-Tau 0.31) (Figure 24 and B), as well
as hospitalizations (Pearson 0.40; Kendal-Tau 0.25) and
duration of stays (Pearson 0.25; Kendal-Tau 0.22) that were
directly linked to pancreatitis on a significance level of <.05
(Figure 2C and D). Conversely, when grouping the patients
by the respective COPPS category (A, B, C), the hospital
readmission rate as well as days spent in hospital for either
all admissions or pancreas-related admissions were signif-
icantly higher in category C when compared with A or B
(Figure 3). Linear correlation of COPPS category to primary
outcome showed significance on level of P = .01 for read-
mission (all admissions: Pearson 0.39, Kendal-Tau 0.35;
pancreatic admissions: Pearson 0.30, Kendal-Tau 0.24) and

for number of hospital days, respectively (all admissions:
Pearson 0.33, Kendal-Tau 0.32; pancreatic admissions:
Pearson 0.25, Kendal-Tau 0.23). Of all secondary outcomes
analyzed, COPPS showed significant association with the
number of therapeutic endoscopies during follow-up
(Pearson 0.35; Kendal-Tau 0.26; P < .01). There was no
significant association with the Cambridge classification
grade, number of pancreatic surgical procedures, anxiety,
decreased quality of life, continued opioid use, continuation
of alcohol consumption, or smoking (Supplementary
Table 2). Patients whose initial hospital stay was longer
also had higher COPPS scores (P < .05).

Validation

Significant bias and overoptimistic prognosis during
score development was excluded by nonparametric boot-
strapping, with R = 1000 for Pearson correlation coefficient
of COPPS score of both number of hospital stays as well as
days spent in hospital (Supplementary Figure 1). To validate
the newly developed scoring system, it was used on an
independent cohort of 129 patients with confirmed chronic
pancreatitis, who were identified from 2 prospective
patient databases at 2 tertiary referral centers for
pancreatic disease. Laboratory values as well as pain
scoring were extracted from the electronic patient record
of the respective index stay and the combined length of
hospital stays, and number of hospitalizations in the
consecutive year were recorded analogously to the devel-
opment cohort. The characteristics of the validation cohort
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Figure 2. Linear correlation between number of hospital stays in patients from the development cohort with chronic pancreatitis
within 1 year from inclusion and points according to COPPS. All admissions (A): Pearson 0.48; Kendal-Tau 0.36; P < .01. Pancreatic
admissions (C): Pearson 0.40; Kendal-Tau 0.25; P < .01. Linear correlation between combined number of days spent in hospital in
patients from the development cohort with chronic pancreatitis within 1 year from inclusion and points according to COPPS. All
admissions (B): Pearson 0.34; Kendal-Tau 0.31; P < .01. Pancreatic admissions (D): Pearson 0.25; Kendal-Tau 0.22; P < .01.

did not differ significantly from the development cohort
except for platelet count, pain and number of hospital ad-
missions directly related to the pancreas (Table 3). The
COPPS distribution was similar to the development cohort
(Table 3) and was significantly positively correlated to the

number and length of hospital stays in the year after their
inclusion time point (P < .05) with similar correlation
coefficients in this independent cohort, thus validating the
value of COPPS for grading and predicting the severity of
chronic pancreatitis (Figure 4).
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Figure 3. Patients from the development cohort grouped by the respective COPPS category plotted against number of
hospital stays within 1 year from inclusion. COPPS category C was associated with significantly higher rate of all (A) and
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against combined number of days spent in hospital within 1 year from inclusion. COPPS category C was associated with
significantly higher number of days spent in hospital for all (B) and pancreatic admissions (C). Dot plot with boxes and
whiskers. Individual dots indicate distribution of samples, red dot indicate outliers. *P < .05, *P < .01.

Discussion increasing prevalence.”’ Although most patients with

The worldwide incidence of chronic pancreatitis is chronic pancreatitis are treated as outpatients, in 2008
reported to be between 1.6 and 23 per 100, 000, with an there were 10. 267 (International Classification of Diseases,
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Figure 4. Linear correlation between number of hospital stays in patients from the validation cohort with chronic pancreatitis
within 1 year from index date and points according to COPPS. All admissions (A): Pearson 0.36; Kendal-Tau 0.16; P < .01.
Pancreatic admissions (C): Pearson 0.24; Kendal-Tau 0.13; P < .01. Linear correlation between combined number of days
spent in hospital in patients from the validation cohort with chronic pancreatitis within 1 year from inclusion and points ac-
cording to COPPS. All admissions (B): Pearson 0.44; Kendal-Tau 0.19; P < .01. Pancreatic admissions (D): Pearson 0.32;
Kendal-Tau 0.15; P < .05.

10th Revision: K86) hospital admissions for chronic
pancreatitis in Germany alone (Federal Statistics Office).
This does not include those patients who were coded as

having acute pancreatitis, including those due to an acute
episode of chronic pancreatitis (50, 673 cases). Evaluating
records from the United States, United Kingdom, the
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Netherlands, and Finland confirmed an increasing number
of annual hospital admissions amounting to a 30% increase
within 6 years.”” This substantiates the high socioeconomic
significance of the disease. Mortality from chronic pancre-
atitis is reported to be 12.8 % to 19.8 % over a mean
observation period of 6.3 to 9.8 years.”* *° Total mortality
in the same studies was reported to be 28.8 % to 35 %.
Continued alcohol consumption results in a significantly
reduced survival rate.’® Thirty-three percent of patients
suffering from chronic pancreatitis are no longer able to
pursue their profession.”” Keeping this in mind, we aimed
to establish an objective, dynamic scoring system with the
potential to respond to disease-specific treatment and that
predicts the natural course of the disease.

Development of the COPPS

We developed a clinical scoring system to assess the
severity and prognosis of patients with chronic pancreatitis.
The number of hospital readmissions and total time in
hospital within 1 year from inclusion were chosen as pri-
mary endpoints and surrogates for disease activity as well
as an indirect measure of health care utilization. After
screening a total of 14 routine laboratory parameters, BMI,
and pain measured as highest score on the numeric rating
scale within the past 7 days, we selected the 4 parameters
that correlated best with primary endpoints and used them
in combination with the numeric rating scale for pain to
compose the COPPS 3-level activity scoring system. By
including only routine laboratory parameters and pain,
COPPS can be used by general physicians in the outpatient
setting and hospitalists alike to reliably predict the risk of
hospital (re)admission as a measure of disease severity.
Margins of the individual laboratory parameters were
established by deliberately using simple statistical methods
and clinical judgment rather than complicated algorithms.
This ensures that COPPS can be easily calculated on the
one hand and achieves well-distinguishable ranges for
the individual parameters. On the other hand, it may allow
physicians to prioritize their treatment strategy by identi-
fying potential factors that most significantly contribute to
a high score and to assess the outcome of their treatment
choices in the short to medium term. It could therefore
meet critical criteria for new grading systems recently
demanded in an international draft consensus proposal
for a new mechanistic definition of chronic pancreatitis.”®
The question of whether COPPS can help to guide treat-
ment, needs to be tested prospectively. COPPS is in
many ways similar to the long-established Child-Pugh-
Turcotte score that has proven its value in grading
the severity of liver cirrhosis and short- to medium-
term mortality,”'ls with 2 distinct differences. Different
outcome criteria were used and parameters contributing
to the score were identified by prospective testing; how-
ever, the predictive strength of COPPS with regard to the
primary endpoint chosen is equal, suggesting that it
could be as helpful in clinical decision making as the
Child-Pugh-Turcotte score.”? !
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Comparison With Previous Scoring Systems
Previously suggested classifications and staging sys-
tems for chronic pancreatitis lack these qualities. All clas-
sifications for chronic pancreatitis have been developed on
the basis of single-center experience or expert consensus,
not prospective studies. The first system that included a
grading was published by Sarner and Cotton® in 1984,
known as the Cambridge classification, and is still used
today in its revised version.”?’ It is solely based on modes
of ductal and parenchymal imaging, but was later found to
be correlated with pancreatic exocrine function,**** qual-
ity of life, and pain by some,** but imaging results were not
well correlated to pain patterns.’> Ammann and col-
leagues”*® introduced the concept of stage-wise progres-
sion in alcoholic pancreatitis with more advanced disease
being defined by definite morphological changes and the
presence of exocrine with or without endocrine insuffi-
ciency. Despite this disease model fitting the clinical
experience of many experts, it is not suited to stage chronic
pancreatitis on a day-to-day basis, as it does not take short-
term outcomes and impact of treatment into account.
Three more recent staging systems originating from Ker-
ala, Manchester, and Heidelberg incorporate the use of
imaging as a basis of diagnosing chronic pancreatitis and
grade disease stage depending on the presence of
pancreatic complications, functional impairment (exocrine
or endocrine insufficiency), and pain into 3 groups (mild
moderate, severe).'’”'” This kind of classification again
seems to be accurately fitted to describe the natural his-
tory of disease as seen by a retrospective analysis of the
Manchester cohort.'’ A retrospective analysis of patients
who underwent surgery included in the study by Biichler
et al*? showed that pancreatic complications and not pain
was the most frequent indication for an operation, but
failed to define a cutoff for when surgery was indicated to
prevent further deterioration. This is a question we will
address by using the COPPS score in a prospective multi-
center setting currently recruiting. The very complex M-
ANNHEIM system includes a scoring system based on
symptoms and clinical interventions, but was not corre-
lated against any valid outcome criteria when
first developed.'® A study by He et al®” in 89 patients with
chronic pancreatitis showed that patients with early
M-ANNHEIM stage profited better from endoscopic ther-
apy as measured by improvement on the Izbicki pain score,
thus demonstrating some prognostic value of the grading
system. A recent study from Denmark identified pain and
low serum albumin to be predictive for hospital admission
in a prospective cohort of 170 outpatients,"® some of
whom were included in the validation cohort of this study.
This study by Olesen et al'’ underscores the predictive
value of opioid use as surrogate for impairment by pain
and nutritional state and how those contribute to fre-
quency of hospitalization. The fact that in our study low
BMI, but not low albumin, was a risk factor for frequent
hospital stays could be due to cohort differences. In our
study, patients were younger, and more likely to be men,
and exocrine pancreatic insufficiency was less frequent
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with an average BMI of 24.1, pointing toward a better
nutritional state where albumin levels are not yet signifi-
cantly affected, indicating a potentially lower rate of
fibrosis.*® The fact that low, but not high, HbAlc was
correlated with increasing risk for hospital admission
was surprising. It could indicate that in patients with
chronic pancreatitis, hypoglycemia as a result of brittle
diabetes rather than consequences of long-lasting hyper-
glycemia, such as micro- and macrovascular disease, was
associated with hospital admission, although we did not
find a higher rate of hypoglycemia in the patients’ records
with low HbA1c. Whether the course of diabetes in chronic
pancreatitis is different from other forms of diabetes is
still under investigation. Another possibility is that also
nondiabetic patients who are underweight or having star-
vation hypoglycemia with bad pancreatitis flares are
contributing to this finding. Interestingly COPPS did not
correlate well with previously established morphological
scores or the need for surgery, indicating that a composite
score for clinical activity and morphology does not corre-
late well in patients with chronic pancreatitis. The positive
correlation with need for therapeutic endoscopy is some-
what expected, as in those endoscopies obviously would
lead to higher readmission rates, the primary outcome of
this study.

Strengths and Limitations

All patients included in the development cohort
were prospectively recruited and none were lost to
follow-up. Also, from the initially screened parameters,
some data were missing, all parameters included in the
final score were complete, for both development and
validation. The composition of the cohort with regard to
demographics and etiology was comparable to similar
cohorts from the Western hemisphere. Internal validation
by bootstrapping excluded significant bias during the
development of the score. In a second independent set
of patients that was recruited from prospective databases
we could externally validate our finding by again
demonstrating correlation of COPPS with the number of
readmissions and combined length of hospital stays.
This was despite differences in cohort composition with
regard to mean numeric rating scale and platelets, but
similar overall demographic and disease-specific charac-
teristics. Taken together, this further supports the poten-
tial value of COPPS. In both the development and
validation cohorts, the percentage of patients with low
COPPS score (5-6, COPPS A) was low. This might be
because most patients were recruited among hospitalized
patients with expectedly higher disease activity at tertiary
centers. In fact, a long initial hospital stay was indepen-
dently associated with higher risk for readmission in our
cohort. On the other hand, pancreatitis guidelines advocate
for management of these patients at high-volume centers;
therefore, the potential spectrum bias reflects a desirable
situation. By testing COPPS in a larger set of outpatients
as part of an international multicenter cohort for which
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we are currently recruiting patients, this issue can
be resolved.

Conclusion

In a type 3 study regarding the TRIPOD reporting
criteria, we developed a multivariate prediction model to
foresee the individual short-term (12-month) prognosis
of patients suffering from chronic pancreatitis by using
C-reactive protein, platelet count, HbAlc, BMI, and pain.

Supplementary Material

Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://doi.org/10.1053/
j-gastro.2017.08.073.

References

1. Olesen SS, Juel J, Nielsen AK, et al. Pain severity
reduces life quality in chronic pancreatitis: implications
for design of future outcome trials. Pancreatology 2014;
14:497-502.

2. Hoffmeister A, Mayerle J, Beglinger C, et al. English
language version of the S3-consensus guidelines on
chronic pancreatitis: definition, aetiology, diagnostic
examinations, medical, endoscopic and surgical man-
agement of chronic pancreatitis. Z Fir Gastroenterol
2015;53:1447-1495.

3. Perrier CV. Symposium on the etiology and pathological
anatomy of chronic pancreatitis: Marseilles, 1963. Am
J Dig Dis 1964;9:371-376.

4. Singer MV, Gyr K, Sarles H. Revised classification of
pancreatitis. Report of the Second International Sym-
posium on the Classification of Pancreatitis in Marseille,
France, March 28-30, 1984. Gastroenterology 1985;
89:683-685.

5. Sarles H, Adler G, Dani R, et al. The pancreatitis classi-
fication of Marseilles-Rome 1988. Scand J Gastroenterol
1989;24:641-642.

6. Sarner M, Cotton PB. Classification of pancreatitis. Gut
1984;25:756-759.

7. Axon AT, Classen M, Cotton PB, et al. Pancreatography
in chronic pancreatitis: international definitions. Gut
1984;25:1107-1112.

8. Banks PA. Classification and diagnosis of chronic
pancreatitis. J Gastroenterol 2007;42(Suppl 17):148-151.

9. Ammann RW. A clinically based classification system for
alcoholic chronic pancreatitis: summary of an interna-
tional workshop on chronic pancreatitis. Pancreas 1997;
14:215-221.

10. Ramesh H. Proposal for a new grading system for
chronic pancreatitis: the ABC system. J Clin Gastro-
enterol 2002;35:67-70.

11. Bagul A, Siriwardena AK. Evaluation of the Manchester
classification system for chronic pancreatitis. JOP 2006;
7:390-396.

(%]
&
o«
£
a
=
=
=
-]
(=]



http://www.gastrojournal.org
https://doi.org/10.1053/j.gastro.2017.08.073
https://doi.org/10.1053/j.gastro.2017.08.073
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref1
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref1
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref1
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref1
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref1
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref2
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref2
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref2
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref2
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref2
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref2
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref2
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref3
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref3
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref3
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref3
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref4
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref4
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref4
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref4
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref4
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref4
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref5
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref5
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref5
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref5
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref6
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref6
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref6
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref7
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref7
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref7
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref7
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref8
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref8
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref8
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref9
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref9
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref9
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref9
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref9
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref10
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref10
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref10
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref10
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref11
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref11
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref11
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref11

e
=
=
e
F
B
=
=
=B
&

1554 Beyer et al

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Buchler MW, Martignoni ME, Friess H, et al. A proposal
for a new clinical classification of chronic pancreatitis.
BMC Gastroenterol 2009;9:93.

Schneider A, Léhr JM, Singer MV. The M-ANNHEIM
classification of chronic pancreatitis: introduction of a
unifying classification system based on a review of
previous classifications of the disease. J Gastroenterol
2007;42:101-119.

Child CG, Turcotte JG. Surgery and portal hypertension.
In: Child CG, ed. The Liver and portal hypertension.
Philadelphia: W.B. Saunders, 1964:50-64.

Pugh RN, Murray-Lyon IM, Dawson JL, et al. Transection
of the oesophagus for bleeding oesophageal varices.
Br J Surg 1973;60:646-649.

Collins GS, Reitsma JB, Altman DG, et al. Transparent
Reporting of a multivariable prediction model for Indi-
vidual Prognosis Or Diagnosis (TRIPOD): the TRIPOD
Statement. Br J Surg 2015;102:148-158.

Bang UC, Benfield T, Hyldstrup L, et al. Mortality, cancer,
and comorbidities associated with chronic pancreatitis:
a Danish nationwide matched-cohort study. Gastroen-
terology 2014;146:989-994.

Lankisch PG, Breuer N, Bruns A, et al. Natural history of
acute pancreatitis: a long-term population-based study.
Am J Gastroenterol 2009;104:2797-2805; quiz 2806.
Olesen SS, Poulsen JL, Broberg MCH, et al. Opioid
treatment and hypoalbuminemia are associated with
increased hospitalisation rates in chronic pancreatitis
outpatients. Pancreatology 2016;16:807-813.

Jones SN, Lees WR, Frost RA. Diagnosis and grading of
chronic pancreatitis by morphological criteria derived by
ultrasound and pancreatography. Clin Radiol 1988;
39:43-48.

Dufour MC, Adamson MD. The epidemiology of alcohol-
induced pancreatitis. Pancreas 2003;27:286-290.
Spanier BWM, Dijkgraaf MGW, Bruno MJ. Trends and
forecasts of hospital admissions for acute and chronic
pancreatitis in the Netherlands. Eur J Gastroenterol
Hepatol 2008;20:653-658.

Ammann RW, Akovbiantz A, Largiader F, et al. Course
and outcome of chronic pancreatitis. Longitudinal study
of a mixed medical-surgical series of 245 patients.
Gastroenterology 1984;86:820-828.

Miyake H, Harada H, Kunichika K, et al. Clinical course
and prognosis of chronic pancreatitis. Pancreas 1987;
2:378-385.

Lankisch PG, Léhr-Happe A, Otto J, et al. Natural course
in chronic pancreatitis. Pain, exocrine and endocrine
pancreatic insufficiency and prognosis of the disease.
Digestion 1993;54:148-155.

Suchsland T, Aghdassi A, Kihn K, et al. Predictive
factors for and incidence of hospital readmissions
of patients with acute and chronic pancreatitis.
Pancreatology 2015;15:265-270.

Gastard J, Joubaud F, Farbos T, et al. Etiology and
course of primary chronic pancreatitis in Western France.
Digestion 1973;9:416-428.

Whitcomb DC, Frulloni L, Garg P, et al. Chronic pancre-
atitis: an international draft consensus proposal for a new
mechanistic definition. Pancreatology 2016;16:218-224.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Gastroenterology Vol. 153, No. 6

Valenzuela Granados V, Salazar-Quifiones M, Cheng-
Zarate L, et al. [Comparison of the prognostic value of
mortality Child Pugh Score and forecasting models of
chronic liver disease in patients with decompensated
cirrhosis of the Hospital Nacional Cayetano Heredia,
Lima-Peru]. Rev Gastroenterol Pert 2015;35:307-312;
[in Spanish].

Campbell J, McPeake J, Shaw M, et al. Validation and
analysis of prognostic scoring systems for critically ill
patients with cirrhosis admitted to ICU. Crit Care 2015;
19:364.

Mallaiyappan M, Sawalakhe NR, Sasidharan M, et al.
Retrospective and prospective validation of model for
end-stage liver disease (MELD) score in predicting
mortality in patients of alcoholic liver disease. Trop
Gastroenterol 2013;34:252-258.

Braganza JM, Hunt LP, Warwick F. Relationship
between pancreatic exocrine function and ductal
morphology in chronic pancreatitis. Gastroenterology
1982;82:1341-1347.

Bozkurt T, Braun U, Leferink S, et al. Comparison of
pancreatic morphology and exocrine functional impair-
ment in patients with chronic pancreatitis. Gut 1994;
35:1132-1136.

Mokrowiecka A, Pinkowski D, Malecka-Panas E, et al.
Clinical, emotional and social factors associated with
quality of life in chronic pancreatitis. Pancreatology 2010;
10:39-46.

Wilcox CM, Yadav D, Ye T, et al. Chronic pancreatitis
pain pattern and severity are independent of abdominal
imaging findings. Clin Gastroenterol Hepatol 2015;
13:552-560; quiz e28-e29.

Ammann RW, Muench R, Otto R, et al. Evolution and
regression of pancreatic calcification in chronic pancre-
atitis. A prospective long-term study of 107 patients.
Gastroenterology 1988;95:1018-1028.

He Y-X, Xu H-W, Sun X-T, et al. Endoscopic manage-
ment of early-stage chronic pancreatitis based on
M-ANNHEIM classification system: a prospective study.
Pancreas 2014;43:829-833.

Gress TM, Miiller-Pillasch F, Lerch MM, et al. Balance
of expression of genes coding for extracellular
matrix proteins and extracellular matrix degrading pro-
teases in chronic pancreatitis. Z Gastroenterol 1994;
32:221-225.

Author names in bold designate shared co-first authorship

Received January 26, 2017. Accepted August 24, 2017.

Reprint requests

Address requests for reprints to: Julia Mayerle, MD, Medizinische Klinik
und Poliklinik 1, Klinikum der Universitdt Minchen, Marchioninistrasse 15,
81377 Muinchen, Germany. e-mail: Julia.mayerle@med.uni-muenchen.de;
fax: (+) 49 89 4400 78887.

Conflicts of interest
The authors disclose no conflicts.

Funding
This work was supported by the Deutsche Krebshilfe/Dr. Mildred-Scheel-
Stiftung (109102), the Deutsche Forschungsgemeinschaft (DFG 1947/A3, MA

4115/1-2/3),

the European Union (EU-FP-7: EPC-TM), BMBF FKZ:

01EK1511A, and Landesexzellenzinitiative MV — PePPP.


http://refhub.elsevier.com/S0016-5085(17)36147-4/sref12
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref12
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref12
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref13
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref13
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref13
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref13
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref13
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref13
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref14
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref14
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref14
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref14
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref15
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref15
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref15
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref15
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref16
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref16
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref16
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref16
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref16
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref17
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref17
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref17
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref17
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref17
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref18
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref18
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref18
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref18
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref19
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref19
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref19
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref19
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref19
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref20
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref20
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref20
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref20
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref20
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref21
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref21
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref21
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref22
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref22
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref22
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref22
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref22
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref23
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref23
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref23
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref23
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref23
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref24
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref24
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref24
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref24
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref25
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref25
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref25
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref25
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref25
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref26
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref26
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref26
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref26
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref26
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref27
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref27
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref27
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref27
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref28
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref28
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref28
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref28
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref29
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref29
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref29
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref29
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref29
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref29
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref29
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref29
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref30
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref30
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref30
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref30
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref31
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref31
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref31
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref31
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref31
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref31
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref32
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref32
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref32
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref32
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref32
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref33
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref33
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref33
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref33
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref33
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref34
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref34
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref34
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref34
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref34
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref35
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref35
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref35
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref35
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref35
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref35
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref36
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref36
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref36
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref36
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref36
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref37
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref37
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref37
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref37
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref37
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref38
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref38
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref38
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref38
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref38
http://refhub.elsevier.com/S0016-5085(17)36147-4/sref38
mailto:Julia.mayerle@med.uni-muenchen.de

December 2017 Development of a Chronic Pancreatitis Prognosis Score 1554.e1

A C
All admissions Pancreatic admissions
Histogram of t Histogram of t

n

o d-n ~ o o J A n o _|oo
| e e e e — ° L T T T T T T ’—y—}—| ° L T T T T T T
0.1 02 03 04 05 06 07 3 -2 1 0 1 2 3 0.0 0.2 04 0.6 3 2 4 0 1 2 3
 of Quantiles of Standard Normal [ o Quantiles of Standard Normal
t1* = 0.4890647 t1*= 0.4026916
Bias =-0.007877783 Bias =-0.001511422
Std. error = 0.08953487 Std. error = 0.1066704
B D
All admissions Pancreatic admissions
Histogram of t Histogram of t
0?0 0!1 072 0?3‘ 0?4 0f5 0(6 302 04 0 1 2 3 -0’.1 I 0T1 072 DT3 0T4 0T5 Ofﬁ -; -I2 -I1 (; 1‘ ; ;
t Quantiles of Standard Normal o Quantiles of Standard Normal

t1* = 0.3428333 t1* = 0.2555995
Bias = 0.002937214 Bias = 0.01175938
Std. error = 0.1040878 Std. error = 0.1168278

Supplementary Figure 1. Results from ordinary nonparametric bootstrap for COPPS category A, B, and C and number of
hospital stays within 1 year from inclusion for internal validation of development cohort based on 1000 bootstrap replicates
(R = 1000). All admissions (A): Bias, standard error: t1* —0.007877783, 0.08953487. Pancreatic admissions (C): Bias, standard
error: t1* —0.001511422, 0.1066704. Results from ordinary nonparametric bootstrap for COPPS category A, B, and C and
number of days spent in hospital within 1 year from inclusion for internal validation of development cohort based on 1000
bootstrap replicates (R = 1000). All admissions (B): Bias, standard error: t1* 0.002937214, 0.1040878. Pancreatic admissions
(D): Bias, standard error: t1* —0.01175938, 0.1168278.



Supplementary Table 1.Results From Correlation Analysis for Individual Parameters Showing Significant Results

HbA1c BMI CRP Platelets Smoking Alcohol NRS

HS HD HS HD HS HD HS HD HS HD HS HD HS HD

R P R P RR P R P R P R P R P R P R P R P R P R P R? P R P

All hospital admissions

Pearson -03 .01 -02 .04 -02 .03 -02 .08 01 .19 01 .19 02 .04 02 .1 029 .006 .024 .02 031 .002 0.29 .004 0.15 2 0.01 .9
Kendal -0.3 .001 -02 .01 -02 .03 -02 .02 02 .02 02 .03 04 2 01 .3 013 .11 0.1 17 0143 .11 0.05 .49 0.001 1.0 -0.04 .6
Pancreas specific hospital admissions

Pearson -0.20 .06 -0.15 .15 -0.14 .18 -0.12 .27 0.15 .16 0.08 .41 0.41 .02 024 .02 0.16 .12 0.1 33 024 .02 02 .05 0.12 .28 0.00 .97
Kendal -0.14 .07 -0.11 .16 -0.13 .10 -0.11 .14 0.20 .01 0.17 .03 0.13 .09 0.12 .10 0.03 .65 0.02 .74 0.05 .49 0.09 .27 -0.,02 .78 -0.03 .64

NOTE. Values in bold depict significant P values. CRP, C-reactive protein; HD, total number of days spent in hospital with 1 year from inclusion; HS, number of hospital
stays within 1 year from inclusion; NRS, numerical rating scale.

Supplementary Table 2.Secondary Outcome Parameters and COPPS

Cambridge  Number of therapeutic No. of pancreatic Anxiety Continued opioid Decreased Continued alcohol Continued tobacco
classification endoscopies surgical procedures (categorical) use (categorical) QOL (categorical) use (categorical) use (categorical)
R? P R? P R? P X2 P X2 P X2 P X2 P X2 P
COPPS category
Pearson —0.09 91 0.35 .0005 —0.01 .89 3.39 18 0.77 .06 1.50 A7 1.33 .55 3.47 A7
Kendall —0.01 .96 0.26 .002 —0.005 .95 —_ — —_ — —_ — —_ — —_ —_

Cambridge score, endoscopies, and surgery were treated as continues variables using linear regression. All others were considered categorical and generalized linear
regression was used.
QOL, quality of life measured as EQ5D<80%.
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