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Abstract

Background: Recurrent acute pancreatitis (RAP) and chronic
pancreatitis (CP) are complex syndromes associated with nu-
merous etiologies, clinical variables and complications. We
developed the North American Pancreatitis Study 2 (NAPS2)
to be sufficiently powered to understand the complex envi-
ronmental, metabolic and genetic mechanisms underlying
RAP and CP. Methods: Between August 2000 and Septem-
ber 2006, a consortium of 20 expert academic and private

sites prospectively ascertained 1,000 human subjects with
RAP or CP, plus 695 controls (spouse, family, friend or unre-
lated). Standardized questionnaires were completed by both
the physicians and study subjects and blood was drawn for
genomic DNA and biomarker studies. All data were double-
entered into a database and systematically reviewed to min-
imize errors and include missing data. Results: A total of
1,000 subjects (460 RAP, 540 CP) and 695 controls who com-
pleted consentformsand questionnaires and donated blood
samples comprised the final dataset. Data were organized
according to diagnosis, supporting documentation, etiolog-
ical classification, clinical signs and symptoms (including
pain patterns and duration, and quality of life), past medical
history, family history, environmental exposures (including

KARGER ©2008 S. Karger AG, Basel and IAP
1424-3903/08/0085-0520$24.50/0
Fax +41 61 306 12 34
E-Mail karger@karger.ch

www.karger.com

Accessible online at:
www.karger.com/pan

David C. Whitcomb, MD, PhD

UPMC Presbyterian, M2 C-Wing

200 Lothrop Street, Pittsburgh, PA 15213 (USA)
Tel. +1 412 648 9604, Fax +1 412 383 7236
E-Mail whitcomb@pitt.edu



alcohol and tobacco use), medication use and therapeutic
interventions. Upon achieving the target enrollment, data
were organized and classified to facilitate future analysis.
The approaches, rationale and datasets are described, along
with final demographic results. Conclusion: The NAPS2 con-
sortium has successfully completed a prospective ascertain-
ment of 1,000 subjects with RAP and CP from the USA. These
data will be useful in elucidating the environmental, meta-
bolic and genetic conditions, and to investigate the complex
interactions that underlie RAP and CP.

Copyright © 2008 S. Karger AG, Basel and IAP

Introduction

Recurrent acute pancreatitis (RAP) and chronic pan-
creatitis (CP) represent complex inflammatory syn-
dromes in humans, with multiple etiologies and unpre-
dictable clinical courses [1-3]. In 1996, the discovery that
mutations in the cationic trypsinogen gene (PRSS1) were
the cause of RAP and CP in patients with hereditary pan-
creatitis [4] indicated that unregulated pancreatic trypsin
activity was a critical triggering step in the complex in-
flammatory process [5]. Although only a small fraction
of subjects with RAP or CP have PRSSI mutations [6-8],
the association of mutations in the cystic fibrosis trans-
membrane conductance regulator gene (CFTR), serine
protease inhibitor, Kazal type 1 gene (SPINK1) and other
genes demonstrate that the underlying mechanism of in-
jury in RAP and CP is complex.

To better resolve the multiple factors resulting in RAP
and CP in human subjects, we organized the North
American Pancreatitis Study 2 (NAPS2!). The overall
goal of this project was to complete a detailed clinical,
demographic, serological and genetic study of 1,000 pa-
tients with RAP or CP, and multiple matched controls
from within the USA. The study was organized through
the Midwest Multicenter Pancreatic Study Group [9]
(now the North American Pancreatic Study Group [10])
and supported by a grant through the National Institute
of Diabetes and Digestive and Kidney Diseases (NIDDK).
The grant supported the establishment of a national net-
work of centers with expertise in pancreatic disease for
the recruitment and follow-up of patients with RAP and
CP with spousal controls or population-matched con-
trols, plus parent or sibling controls when available, and
the creation of a biorepository for further study. The

! The NAPSI study is not yet funded.

The NAPS2 Approach to CP

study was designed to help determine the prevalence of
known genetic variations and autoimmune markers as-
sociated with RAP and CP, and to better delineate the
interaction of environmental and genetic factors in the
expression of the clinical manifestations of CP and con-
sequential risk of pancreatic cancer. Herein we describe
the participating centers, diverse symptomatology, meth-
ods used for diagnosis, etiological classification and treat-
ment approaches.

Methods

1. Participating Centers

Twenty centers participated in the study. The majority of these
centers represent secondary or tertiary referral centers across the
USA with an established expertise in the diagnosis and manage-
ment of pancreatic disorders. The University of Pittsburgh served
as the coordinating center. The study was approved by the Insti-
tutional Review Boards at each participating center and all en-
rolled patients and controls signed an informed consent form pri-
or to enrollment.

2. Subject Recruitment and Sample Collection

The study was designed to recruit consecutive patients with
RAP or CP using broad but strict entry criteria and detailed phe-
notyping. Subjects fulfilling the entry criteria for RAP or CP at
the participating sites were offered participation in the study by
their physician or physician’s associate. RAP was defined by the
presence of two or more attacks of documented acute pancreatitis
(AP) but with no imaging evidence of CP. AP was defined by clin-
ical criteria (typical abdominal pain with elevation of pancreatic
enzymes >3 times normal) or imaging evidence of AP. The pri-
mary entry criteria for CP were predetermined, definitive evi-
dence of CP on imaging studies — endoscopic retrograde cholan-
giopancreatography (ERCP) using the Cambridge classification
or CT scan [11] which was fulfilled in 447 (83%) patients. Enroll-
ment was based on evidence of CP on histology (alone or in con-
junction with magnetic resonance cholangiopancreatography
[MRCP] or endoscopic ultrasound [EUS]) in 27 (5%), EUS alone
in 37 (7%), MRCP (alone or with EUS or abdominal ultrasound
[USG]) in 13 (2%). In nearly 3% (n = 16) of CP cases, details of
imaging or histology were not available to the participating
centers.

Pancreatitis subjects who agreed to participate in the study
completed the patient questionnaire (see below) with the assis-
tance of a trained study coordinator, and provided a blood sample
(a minimum of two lavender top tubes for DNA and one serum
separator tube, with additional samples collected depending on
thelocal protocols). The study enrolled four types of controls. The
primary controls included a spouse, plus any first-degree family
members. The spouse controls were selected to broadly control for
race, ethnicity, gender and environmental exposure, and the fam-
ily members were included for potential genetic analysis. If a
spouse was not available, an accompanying friend was invited to
participate. Finally, centers were encouraged to recruit subjects
without pancreatitis as unrelated controls. One of the investiga-
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Table 1. TWEAK criteria used in the NAPS2 study to determine ‘at-risk’ drinking in controls and patients with RAP and CP

Criteria Question asked Positive response Points
Tolerance How many drinks could you consume in a day? >5 (females) 2
>5 (males)
Worry Did close friends or relatives worry or complain about your drinking? Yes 2
Eye-opener Did you sometimes take a drink in the morning when you first got up? Yes 1
Amnesia Did a friend or family member ever tell you about things you said or did while you were =~ Yes 1
drinking that you could not remember?
K’-ut down Did you feel a need to cut down on drinking other than to prevent attacks of pancreatitis? Yes 1
Maximum score 7

The reference period used for pancreatitis patients was ‘in the months before getting pancreatitis’. No reference period was used

for controls.

tors (M.E.M.) recruited 100 community controls over 50 years of
age from a family practice seen for routine health maintenance or
chronic medical problems who did not have a history of pancre-
atitis. All control subjects completed the patient questionnaire
and provided a blood sample.

Document and Specimen Management. The completed forms
and supporting documentation (e.g. reports of imaging studies,
pathology reports, hospital discharge summaries) were mailed to
the central data site in Pittsburgh along with the blood samples
by overnight courier. Upon arrival, each blood sample was as-
signed a unique laboratory number, with the linking codes kept
in a secure computer and a paper copy locked in a metal filing
cabinet within the coordinating center office which was also
locked. Genomic DNA was initially extracted from whole blood
using the Puregene System® (Gentra Systems, Minneapolis,
Minn., USA) with later samples extracted using the Flexgene
DNA® kit (Qiagen, Valencia, Calif., USA) with a modified manu-
facturer’s buffy coat protocol. Serum was isolated from 6 ml of
whole blood in serum-separator tubes. Serum and a whole-blood
sample were stored in a freezer at -80°C.

Two comprehensive questionnaires per affected subject, one
completed by the subject and the other by the subject’s physician-
investigator, were used for data collection using paper forms with
spaces reserved for subject or physician comments (see below).
The subject questionnaire was designed to collect information on
demographics, family and personal history, environmental his-
tory including smoking and alcohol consumption, clinical ques-
tions relating to pancreatitis, medication use, disability, and qual-
ity of life (SF12). The physician questionnaire consisted of sec-
tions on AP, RAP and CP, working etiological diagnosis and
documentation of risk factors, medical or surgical therapies the
patient had undergone and a list of the patient’s current medica-
tions. The questionnaire for control subjects was identical to the
subject questionnaire. Physician-investigators did not complete a
questionnaire for control subjects.

522 Pancreatology 2008;8:520-531

3. Affected Subject Questionnaire

a. Demographics and Family Medical Histories

The affected subject questionnaire was completed by all af-
fected and control subjects. Demographic questions included age,
sex, race, Ashkenazi Jewish ancestry, current and maximum
height and weight, number of siblings and children. In the section
on family and personal history, subjects were asked whether they
had a personal or family history of a variety of diseases (acute,
chronic or hereditary pancreatitis, cystic fibrosis and features of
atypical cystic fibrosis (e.g. male infertility), liver disease includ-
ing cirrhosis, gallstone disease or cholecystectomy, major system-
ic diseases (e.g. cardiovascular diseases, kidney disease) and can-
cers (pancreatic, breast, liver, colon, ovarian, endometrial, and
others)). Information regarding family members was queried to
allow for assessment of whether a particular condition was pres-
ent, what relationship the affected person had with the subject
(parents, siblings, etc.) and the total number of immediate family
members (siblings, children) affected. A positive response was
considered a ‘yes’ while non-response was considered a ‘no’. This
outline allowed for the construction of a pedigree without collect-
ing personal identifiers on subjects outside of the study without
their permission.

b. Tobacco Smoking

Subjects were asked whether they ever smoked (ever smoker
defined as a history of smoking =100 cigarettes during their life-
time), date of initiating smoking, date of smoking cessation (for
former smokers) and the average number of cigarettes smoked in
a day. Ever smokers were classified as current or former smokers.

c. Alcohol Consumption

A comprehensive alcohol intake history was obtained to assess
lifetime use in terms of quantity, type, duration, and pattern and
the relationship between alcohol use and the onset and progres-
sion of pancreatic disease. The presence of alcoholism was as-
sessed using the TWEAK questions, alcohol consumption during
the maximum lifetime drinking period, and the lifetime, age-de-
pendent drinking patterns.

Whitcomb et al.



Table 2. Description of drinking patterns during an average
month used in the NAPS2 study to assess patterns of drinking in
controls and patients with RAP and CP

Drinking Description

pattern

1 Abstinent (none)
Occasionally (less than 15 drinks per month on
average — no binges)

3 Weekend drinker (up to 6 drinks per day for up to
2 days per week)

4 Moderate drinking (15 drinks per month up to two
drinks per day)

5 Heavier drinking (more than two drinks per day)

6 Binge drinking (at least 3 days in a row of heavy

drinking of more than 6 drinks per day)

Subjects were asked whether they ever drank alcohol (‘no’ was
defined as <20 drinks in a lifetime). It they answered ‘yes’, they
were asked about drinking in the months before developing pan-
creatitis using the TWEAK questions (‘Hold’ version - table 1),
since this questionnaire has been validated in detecting ‘at-risk
drinking’ in both men and women [12]. Subjects were further asked
the age that they began drinking at least one drink per month and
the age when they began drinking the most alcohol in their life. The
average amount consumed on a drinking day during the maximum
lifetime drinking period (could be non-consecutive), the number
of days per month that this amount was consumed, most number
of drinks consumed on any one day, the type of alcohol (including
number of drinks of beer, wine or mixed drinks) and the duration
of alcohol consumption at this level was asked.

The responses to these questions were used to determine the
drinking categories and the total alcohol exposure during the max-
imum lifetime drinking period. The average weekly alcohol intake
(quantity-frequency criteria, i.e. average amount consumed on a
drinking day and the number of days per month that this amount
was consumed) was used to stratify subjects into the following five
drinking categories (drinks/week): Abstainers: no alcohol use or
<20 drinks in lifetime; Light drinkers: <3 drinks/week; Moderate
drinkers: 4-7 drinks/week for females; 4-14 drinks/week for males;
Heavy drinkers: 8-34 drinks/week for females; 15-34 drinks/week
for males; Very heavy drinkers: =35 drinks/week. These alcohol
use categories are similar to the National Health Interview Survey
(NHIS) [13] except that we used a different reference period (‘max-
imum lifetime drinking period’ rather than ‘the past 12 months’)
and we subdivided the ‘Heavier’ NHIS category into ‘Heavy’ and
‘Very Heavy’ categories. 13 subjects (7 controls, 2 RAP, 4 CP) did
not provide any information on drinking. In 42 (6%) controls,
32 (7%) RAP and 67 (12%) CP subjects who did not provide infor-
mation on quantity or frequency of alcohol use or both during the
maximum lifetime drinking period, drinking categories were as-
signed after review of the available response on quantity or fre-
quency in conjunction with TWEAK questions and drinking
patterns (see below). Thus, drinking category could not be assigned
to 32 (4.6%) controls, 11 (2.4%) RAP and 4 (1%) CP subjects.

The NAPS2 Approach to CP

Drinking patterns and amounts during the subject’s lifetime
were assessed using a series of questions linked to choices of six
drinking patterns (table 2). This group of questions began with a
background statement, ‘Drinking patterns often change after an
event such as college, marriage, loss of a spouse, unemployment,
religious reasons, development of pancreatitis or other health
problem’. The subjects were first asked about the age at which they
first began drinking alcohol and their drinking pattern, about
subsequent major life events (with free text allowed) and the age
that resulted in change to a new drinking pattern, and the number
of drinks consumed on an average drinking day. Among ever
drinkers, 83% of subjects provided information on both drinking
patterns and age associated with pattern changes. Using this, we
estimated the total duration of drinking (lifetime and before di-
agnosis of pancreatitis) and lifetime drinking patterns, based on
the assumption that a previous drinking pattern continued until
the onset of the new drinking pattern. The responses to drinking
patterns were also used to create variables indicating the pattern
of alcohol intake for each individual for every year between ages
15 and 65 years.

We calculated the proportion of lifetime drinking accounted
by the maximum lifetime drinking period. We also calculated the
proportion of total drinking time within each drinking pattern.
Since the information on the amount of alcohol consumption
linked to the drinking patterns and ages was limited to quantity
and did not include frequency, a precise estimation of alcohol
consumption outside the maximum lifetime drinking period was
not possible.

The questions concerning alcohol consumption included sev-
eral similar questions about ages and amounts of typical and
heaviest drinking to test for internal consistency, and the amounts
of alcohol consumption were compared with the risk score derived
from the TWEAK questions. In addition, the physicians were
asked whether the working diagnosis for the etiology of pancreati-
tis was alcohol, and alcohol as a contributing factor was included
as a choice in the TIGAR-O classification system (see physician
questionnaire description) [3]. The physician’s impression and the
subject’s responses could then be compared, and the subjects with
inconsistent responses could be identified and re-evaluated.

d. Pancreatitis History

Questions on pancreatitis included whether the patient had a
history of AP, RAP or CP; date of diagnosis; attacks of and hospi-
talizations for AP, and abdominal pain (if any, frequency, dura-
tion, date for first hospitalization); presence of diabetes or steator-
rhea; and medication use (analgesics, all other prescription and
non-prescription medications).

e. Pain and Quality of Life

A series of questions was used to help understand the type and
severity of pain based on recommendations of the AGA technical
review of the topic [14]. Subjects were asked about presence, type
of pain and triggers of pain; number of days (work or school)
missed in the previous month due to pain, and whether they were
on disability or unemployed because of pain. A multiple choice
question was used to classify pattern and severity of pain (table 3)
based on the patterns described by Ammann et al. [15]. For assess-
ing quality of life, a standardized questionnaire (SF12) was used.
A subset of patients was also asked general questions relating to
bowel habits and abdominal symptoms in order to associate spe-
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Table 3. Description of pain patterns used in the NAPS2 study to
assess patterns of pain in patients with RAP and CP

Pain Description

pattern

A I have episodes of mild to moderate pain, usually
controlled by medicines

B I have constant mild to moderate pain, usually
controlled by medicines

C I am usually free of abdominal pain, but I have episodes
of severe pain

D I have constant mild pain that is controlled,
plus episodes of severe pain

E I have constant severe pain that does not change

Table 4. List of etiologies used by physicians in the NAPS2 study
to identify the working diagnosis or diagnoses in patients with
RAP and CP

Alcohol

Cystic fibrosis
Gallstones
Hyperlipidemia
Hyperparathyroidism
Hereditary
Medication
Pancreas divisum
Trauma
Idiopathic

Other

Comments

cific symptoms with pancreatic disease and compare them with
symptoms among the control population.

4. Physician Questionnaire

The physician questionnaire forms for pancreatitis subjects
were completed by a recognized expert in pancreatic diseases at
participating centers, usually with the assistance of a clinical re-
search coordinator. The information in the questionnaire was
supplemented by medical record documentation of key diagnos-
tic, laboratory and hospital reports.

a. Acute Pancreatitis

In the section on AP, physicians were asked whether a subject
was ever diagnosed with AP; date of first diagnosis of AP; how AP
was documented (clinical, i.e. pain with pancreatic enzyme eleva-
tions >3 times normal vs. imaging studies); whether the severity
of first episode of AP was mild (edematous, or pancreatic necrosis
<30%) or severe (defined as APACHE-II score of >8, Imrie score
>3, Ranson’s score >3, CRP =150 mg/dl, or >30% pancreatic ne-
crosis); number of additional AP attacks, and if any of the recur-
rent attacks was worse than initial AP attack.

524 Pancreatology 2008;8:520-531

b. Chronic Pancreatitis

Physicians were asked whether a subject had CP (yes, no, sus-
pected); date of onset of symptoms suggestive of CP; presence,
frequency and type of pain (similar to patient questionnaire); ev-
idence of previous pancreatic disease; first imaging evidence of
CP; details of imaging studies (ERCP, CT scan, ultrasound,
MRCP, and EUS) used to diagnose CP (whether performed, if
normal or abnormal, dates of normal and first abnormal test, and
a description of diagnostic findings); details of histology (wheth-
er a histological examination was ever performed, method of ob-
taining tissue, and a description of histological findings); wheth-
er a subject had exocrine or endocrine insufficiency. The primary
entry criteria for CP were definitive evidence of CP on imaging
studies - ERCP using the Cambridge classification or on CT scan
which was fulfilled in 447 patients (83%). Enrollment was based
on evidence of CP on histology (alone or in conjunction with
MRCP or EUS) in 27 (5%), EUS alone in 37 (7%), MRCP (alone or
with EUS or USG) in 13 (2%). Of these 50 subjects where the di-
agnosis was based on EUS or MRCP, 35 (70%) were reported to
have an abnormal ERCP or CT scan. In nearly 3% (n = 16) of CP
cases, details of imaging or histology were not available to the
participating centers.

c. Disease Classification, Severity, Complications and

Treatments

Specific questions on the major complications of CP, including
exocrine insufficiency, endocrine insufficiency, and pain patterns
(table 3) were assessed. The physicians also provided information
on working diagnosis and presence of risk factors based on the
TIGAR-O classification system (tables 4, 5). A positive response
to the categories was considered a ‘yes’ and a non-response was
considered a ‘no’. Physicians then indicated which therapies were
attempted and whether they were believed to be helpful (table 6).
A list of the patients’ current medications, dose, and date when
initiated was also recorded. Finally, space for free text to describe
any interesting or unique observations in the patient was also in-
cluded in the questionnaire.

5. Quality Control

a. Data Infrastructure

Patient questionnaires and medical reports were faxed or
mailed to the NAPS study coordinator at the University of Pitts-
burgh. As noted above, files were kept in locked cabinets within
aresearch wing at the university whose entry was by key card ac-
cess. Files were not allowed to be taken out of the research area.
All data entry and recoding of descriptive responses were per-
formed in this research wing. Only approved personnel had ac-
cess to the paper charts, and they retrieved and re-filed charts
with assistance of the study coordinator or their assistant as nec-
essary.

b. Data Entry System

Questionnaire and laboratory data were managed using the
Progeny® (Version 5) software product (Progeny Software, LLC,
South Bend, Ind., USA). Progeny is a commonly used program for
managing clinical data where there is a need to track familial re-
lationships of study subjects. The software has specific features
designed to track and graphically display the relationships of
study participants. It incorporates a rich set of data types appro-
priate for the NAPS2 questionnaire data. Based on a Sybase SQL
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Table 5. TIGAR-O classification used in the NAPS2 study to iden-
tify the presence of risk factors in patients with RAP and CP

Toxic-metabolic
Alcohol
Tobacco smoking
Hypercalcemia
Hyperlipidemia
Chronic renal failure
Medications
Toxins
Idiopathic
Early onset
Late onset
Tropical
Genetic
Cationic trypsinogen mutation
CFTR mutations
SPINK1 mutations
ay-Antitrypsin deficiency
Other
Autoimmune
Isolated autoimmine chronic pancreatitis
Syndromic autoimmune chronic pancreatitis
- Sjogren’s syndrome-associated chronic pancreatitis
- Inflammatory bowel disease-associated chronic pancreatitis
— Primary biliary cirrhosis-associated chronic pancreatitis
Other
Recurrent and severe acute pancreatitis-associated chronic
pancreatitis
Post-necrotic (severe acute pancreatitis)
Vascular disease/ischemic
Post-irradiation
Obstructive
Pancreas divisum
Sphincter of Oddi disorders
Duct obstruction (e.g. tumor)
Preampullary duodenal wall cysts
Post-traumatic PD scars

database, Progeny provides a powerful user interface for manag-
ing and entering data. This interface makes it relatively easy for
data entry personnel to enter all questionnaire data with minimal
training. Progeny allowed us to design a data entry display for
each page of the paper questionnaires. Text and entry fields on the
display were arranged to match the layout of questionnaires. The
display method was developed to maximize accurate data entry
and simplify training of data entry personnel.

In addition to the graphical pedigree display, Progeny has a
convenient interface for selecting specific cases and subsets of
data for display and review. Queries of data can be designed by
building logical combinations of fields using a ‘drag-and-drop’
interface. Relatively complexlogical constructions can be created,
including the matching of substrings on text data types. Data se-
lected for review appears in tabular form similar to an ordinary
spreadsheet. Field values can be reviewed or modified within this

The NAPS2 Approach to CP

Table 6. List of medical and surgical therapies used by physicians
in the NAPS2 study to identify which therapies were tried in pa-
tients with RAP and CP and whether they were helpful

Medical therapies
Octreotide
Pancreatic enzymes
Vitamins and antioxidants
Pain medications (names)
Bentyl
Other

Endoscopy (ERCP)
Sphincterotomy
Stenting of the bile duct
Stenting of the pancreatic duct
Gallstone removal
Pancreas stone removal
Other

Surgical therapies
Surgical sphincterotomy
Celiac nerve block
Cyst/pseudocyst operation
Drainage operation
Partial or complete removal of pancreas
Other

Physicians recorded whether therapies were attempted, and if
so, what the response was: helpful, no change, made symptoms
WOrse, or unsure.

spreadsheet view or the data can be exported as a text file with
choice of field delimiter. While Progeny does have facilities for
some statistical analyses and the creation of computed fields, we
routinely exported subsets of data for analysis with other soft-
ware.

c. Data Quality

All questionnaire data were entered twice by qualified inde-
pendent data entry personnel provided with a user ID and pass-
word, in order to provide quality control on the data entry pro-
cess. Because Progeny lacks a feature for comparing duplicate
data entry, software was written locally to report differences be-
tween the two sets of data. Data were exported from Progeny and
areport listing discrepancies for each case was prepared. For each
reported discrepancy, data entry personnel reviewed the original
paper chart to ensure Progeny had the correct values.

Data entry personnel were trained to provide careful and con-
sistent entry of study data. Questionnaire responses which were
illegible or confusing were flagged by data entry personnel and
reviewed by physicians who were working members of the NAPS2
study. All descriptive or open-ended questions were coded by a
group of physicians using printed guidelines. Coding was tracked
on paper, including initials of the coder and date, which was then
added to the subject’s chart. Coded data were double entered to
ensure accuracy. A codebook was also developed with details on
each original and newly created variable for all subsequent data
users.

Pancreatology 2008;8:520-531 525



d. Method for Handling Descriptive Responses

In the patient and physician questionnaires, the responses to
several questions were asked in a descriptive, open-ended format.
For imaging studies, physicians were asked to provide a descrip-
tion of diagnostic findings. These responses were coded with the
purpose of organizing the findings in a standardized fashion to
evaluate for presence of CP on each diagnostic test, severity of CP
(whenever possible) and presence of individual findings. Cam-
bridge classification was used to code for ERCP findings and a
similar classification was used to code MRCP findings. Since
there is no standardized and widely used classification system for
cross-sectional imaging studies, we used the findings equivalent
to Cambridge classification to code for CT scan findings [11] and
a similar system was used to code for MRI and abdominal USG
findings. EUS findings were coded as ductal (irregular contour of
main pancreatic duct, dilatation of main pancreatic duct, dilata-
tion of side branches, increased echogenicity/thickness of main
pancreatic duct wall) or parenchymal changes (calculi/calcifica-
tions, focal areas of reduced echogenicity in the pancreas, hyper-
echogenic foci, hyperechogenic strands, cysts in the pancreas, ac-
centuation of lobular pattern). Pancreatic findings on imaging
studies that did not fall into the above-mentioned descriptions
were coded as ‘other pancreatic findings’ (e.g. pancreatic atrophy,
pseudocysts, inflammatory changes in and around pancreas,
pancreas divisum), while non-pancreatic findings were captured
under biliary and liver findings. When the imaging findings were
not recorded in sufficient detail in the descriptive diagnostic find-
ings to allow for a CP diagnosis, the studies, identified by physi-
cians as abnormal and meeting the enrollment criteria for CP,
were used in conjunction with the descriptive diagnostic find-
ings, and responses to questions on previous evidence of pancre-
atic disease and first imaging evidence of CP to determine the
presence of CP on diagnostic tests.

Descriptive responses for histologic findings were reviewed
and coded as indicative of CP, presence of calcifications, autoim-
mune pancreatitis, IPMN, adenocarcinoma, or other findings.
Descriptive responses for some conditions not covered in the
working diagnosis or risk factors were recoded using the TIGAR-
O classification system or were classified as miscellaneous if they
did not fall into one of the TIGAR-O categories.

Patient and physician responses for medications were strati-
fied into medication groups (e.g. NSAIDS, narcotics, antihyper-
tensives, vitamins). The information on analgesic medication
type helped to assist in pain control assessment and was trans-
lated into a morphine-related analgesic potency [16].

6. Data Management and Statistics

Much of the data management, coding of new variables, and
initial statistical analysis was carried out using the R Project soft-
ware for statistical computing (www.r-project.org) and SPSS Ver-
sion 14 (SPSS Inc., Chicago, Ill., USA). R is an open source soft-
ware system that works on Windows, Macintosh, and Unix/Linux
computers. It has both data management capabilities and a wide
range of statistical functions. R includes a scripting language that
allows for the recording (and playback) of all commands entered
during data analysis. This feature was utilized during the creation
of new summary variables based on logical combinations of up to
ten or more fields. For example, physicians reported a wide vari-
ety of findings on imaging tests. In order to report the number of
cases where physicians reported a diagnosis of CP, we exam-
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ine combinations of responses in twelve fields. An R script pro-
vides a detailed record of the calculations and allows the process
to be manually reviewed for accuracy and shared with other re-
searchers.

SPSS was primarily used for preparation of many of the data
tables and basic descriptive statistics. Exchange of data between
the three programs, Progeny, R, and SPSS, was accomplished by
structuring datasets in standardized formats for export and im-
port.

7. Data Coordination and Access from Participating Sites

An operations manual with explanations of the intention of
each question and standard operating procedures was prepared
and distributed to all sites at the initiation of the study. During
the data entry and data classification process, a data codebook
was developed that documented how all of the data were orga-
nized and how the data were structured for comparison. This co-
debookincludes a detailed description of all data fields, including
the specific logic used to create new variables. The possibility of
making the final NAPS2 data available with access controls for
the principal investigators via the World Wide Web is also being
evaluated. This will allow participating centers to access the final
dataset for their site via an SSL secured website. Data subsets will
be distributed by consent of the local principal investigator ac-
cording IRB guidelines.

Results

1. Subject Recruitment and Patient Groups

A total of 1,035 subjects and 708 controls were recruit-
ed from 20 sites and assigned study numbers. However,
35 subjects and 13 controls were excluded from the final
dataset because of missing components such as missing
patient or physician questionnaire, duplicate patients, or
failure to receive a blood sample. 82 pancreatitis patients
who were enrolled as part of the pilot study from the Uni-
versity of Pittsburgh prior to the NAPS2 study funding
period are included in the final dataset.

The physician response whether a subject had CP was
used as the primary criteria for determining the disease
status of patients as CP or RAP. Subjects in whom physi-
cians provided a ‘yes’ response were classified as CP, while
those with a ‘no’ or ‘suspected’ response were classified
as RAP. 13 patients with an initial designation of RAP
based on this definition who had evidence of calcifica-
tions on imaging studies were reclassified as CP, and 8
patients with an initial diagnosis of CP who did not fulfill
the entry criteria for CP were reclassified as RAP after
approval from the primary site.

Thus, the final dataset consists of 540 subjects with
CP, 460 with RAP, and 695 controls. The distribution of
subjects within the control group is as follows: 238 spouse,
191 family member, 266 friends/unrelated. The data are
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organized into a dataset that contains 1,695 unique lines
and nearly 1,000 unique data elements. As shown in ta-
ble 7, the NAPS2 cohort appears to be homogenous indi-
cated by a generally similar distribution of age, gender
and race among controls and pancreatitis subjects across
the centers, and the proportion of RAP and CP subjects
in whom physicians considered alcohol as a cause or risk
factor.

2. Calculation of Time-Dependent Variables

For calculating all ages and age-related variables, the
date of birth and the corresponding date for an event
were used. For disease-related variables (e.g. age of first
diagnosis of AP, etc.), we used the physician response as
the primary criteria to calculate time-dependent vari-
ables. The patient responses were used only when the
dates were missing or stated as unknown in the physician
questionnaire. The earliest date of abnormal imaging
study or histology documenting CP was used to calculate
the age at diagnosis of CP.

Discussion

Progress in understanding the pathophysiology and
appropriate treatment for RAP and CP has been slow. It
is now recognized that RAP and CP are complex syn-
dromes with multiple genetic and environmental etiolo-
gies and converging pathologic pathways [3, 5, 17]. Re-
solving complex syndromes requires a large number of
subjects (e.g. hundreds to thousands) because of the con-
founding effects of multiple factors and uncontrolled or
unknown variables in clinically based human studies
(18-20].

The challenge in investigating RAP and CP is that
most centers only see a few dozen patients per year, and
these patients are usually very heterogeneous in etiology,
severity and complications. This limitation can be over-
come through the creation of cooperative groups and
consortiums, as was recently demonstrated by the work
of the NIDDK IBD Genetics Consortium [21, 22]. The
results of the current study demonstrate that an effective,
multicenter consortium can be developed to study pan-
creatic diseases, and that the goal of recruiting >1,000
subjects is achievable. The control population recruit-
ment resulted in attaining data for 695 subjects, which
should be sufficient for most future analyses based on
national studies on alcohol and tobacco use and growing
numbers of population controls with high-density geno-
typing data.

The NAPS2 Approach to CP

While the collection of biological samples for DNA
analysis was a major goal, the greatest effort was directed
toward obtaining the best possible phenotypes within
the budget of a single grant. The rationale for the design
of the questionnaire was that CP was an end result - a
scar - rather than a disease, and that what was important
were combinations of risk factors that, together, defined
an immune-mediated pathologic process or pathway.
Thus, the disorder is the patient-specific, high-risk path-
way, not the end-stage pathology [17, 23]. Since the end-
stage pathology is not the disorder, case-control designs
alone will be inadequate for investigating complex disor-
ders whose etiology is based upon a variety of more com-
plex gene-gene or gene—environment interactions [24].
A prospective cohort study is preferable for studies of
common diseases that appear to be genetically complex
and are likely due to the synergism of multiple genetic
variants with small independent effects rather than a
single major gene [24]. The greatest barrier to conduct-
ing a major prospective cohort study is incorporating a
sufficient number of individuals from the general popu-
lation to observe the natural disease occurrences over
time. For example, a prospective cohort study as de-
scribed by Manolio et al. [24] would require the detailed
ascertainment, repeated measures and close follow-up of
1,000,000 people for 5 years in order to ascertain just un-
der 500 subjects with disorders as uncommon as CP! To
circumvent this limitation, we developed the mechanis-
tic SAPE hypothesis model [5, 25], which suggests that
AP, and especially RAP, are prerequisites for the devel-
opment of CP. Thus, CP was considered an end-stage fea-
ture of RAP.

Within the NAPS2 questionnaires we include items
that could be organized according to the SAPE model
(e.g. sequential steps, each with multiple, mechanism-as-
sociated risk factors, with progression through steps over
time). Using broad, but pancreatitis-specific entry crite-
ria (i.e. two or more episodes of AP or any evidence of CP
on imaging studies) and detailed analysis of risk factors,
disease stage (control, RAP, CP) and disease feature (e.g.
fibrosis, pain) will allow future NAPS2 analysis studies
to focus on specific mechanistic features in highly ho-
mogenous subpopulations (e.g. studies controlled for
smoking, alcohol consumption, gender, family history,
age of onset, degree of fibrosis, diabetes mellitus, etc.).
Thus, because the element of time was included, the
NAPS?2 study can be analyzed as a virtual cohort study.
Furthermore, collection of matched controls using iden-
tical questions allows for feature-by-feature comparisons
(including estimating genetic variants in the population
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Table 7. Distribution of controls and patients with RAP and CP, demographic information and whether alcohol was considered as a
cause or etiology in affected subjects by physicians from each participating center in the final dataset of the NAPS2 study

All University Medical Uni-  Evanston University Brigham and  Mayo Clinic, Duke Univer- Indiana
of versity of Northwestern — of Women’s Jacksonville  sity Medical =~ Univer-
Pittsburgh ~ South Carolina Healthcare Michigan Hospital Center sity
Controls
Number 695 136 125 76 31 39 50 33 9
Mean age (* standard deviation) 52*15 49+12 49%*13 55+ 14 52+13 49+ 14 46*+13 5114 46*9
Gender (% males) 36 40 36 33 42 31 24 33 11
Race
White, % 87 96 90 85 84 82 60 91 89
Black, % 6 1 7 8 3 3 26 0
Other, % 7 3 3 7 13 15 14 6 11
Recurrent acute pancreatitis
Number 460 131 110 29 30 31 10 25 11
Mean age (* standard deviation) 46*16 46*15 44*17 52+16 4615 44+ 14 44+12 52=*16 4021
Gender (% males) 45 42 45 52 37 74 40 52 36
Race
White, % 90 93 92 86 93 90 80 84 91
Black, % 5 5 5 7 0 0 10 16 9
Other, % 4 2 4 7 7 10 10 0 0
Alcohol indicated as cause or
risk factor by physicians 26 27 22 34 20 42 20 16 0
Chronic pancreatitis
Number 540 150 46 37 45 28 24 18 56
Mean age (* standard deviation) 49+16 48*+17 46=*16 61+14 51+13 45+ 14 53+16 45%12 49+ 14
Gender (% males) 52 50 46 68 53 54 62 61 54
Race
White, % 85 92 78 86 75 75 100 78 89
Black, % 11 20 11 14 7 0 22 7
Other, % 4 1 2 3 11 18 0 0 4
Alcohol indicated as cause or
risk factor by physicians 44 39 41 51 40 32 33 39 64

Values are rounded to zero decimal places.

from which the subjects were drawn), rather than group
averages. While our NAPS2 population falls between the
traditional case-control and prospective cohort study, we
believe that it has laid the foundation for an effective
study of complex disease susceptibility, severity and
modifier genes in a cost-effective manner. We anticipate
that it will therefore be useful in developing personalized
medicine approaches.

The NAPS2 study has a number of significant limita-
tions, in part, because of the time and cost of a definitive
cohort study. First, the study was observational. Thus, we
could not standardize the equipment and methods to es-
tablish the diagnosis and staging of the subjects accord-
ing to strict protocols and standardized operating proce-
dures (SOPs). Secondly, the cost of collecting and bank-
ing serum for biomarkers and proteomic analysis under
strict SOPs could not be supported. However, three sites
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(University of Pittsburgh, Northwestern University, and
University of Michigan) are part of the NCI-sponsored
Early Detection Research Network (EDRN), and repre-
sentative serum samples were collected according to
EDRN protocol. Third, the grant did not allow for peri-
odic re-evaluation of the patients to better define and
characterize etiologies, progression or regression. How-
ever, the consent forms included a statement where pa-
tients could agree to be contacted in the future. Finally,
the subjects were ascertained as consecutive patients and
often represent the demographics and socioeconomic
status of groups that have access to tertiary care centers.
Therefore, some important patient subsets, such as cer-
tain minority populations, may be too small to perform
adequate independent analyses.

The ability to conduct complex genetic and gene-en-
vironment studies is likely the greatest strength of the
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University ~ St. Louis ~ Dartmouth- North Missis- ~ University Cedars-Sinai  Rush Univer- Washington University ~Ochsner University Washington Coun-
of Utah University Hitchcock sippi Medical ~ of Medical sity Medical ~Hospital of Penn- Clinicand  of ty Hospital, Hagers-
Medical Center Center Cincinnati ~ Center Center sylvania Foundation  Florida town, Maryland
21 11 17 14 19 4 4 3 0 0 3 100
5017 52+12 47%*16 59+17 46+17 46+15 49+21 5610 38x16 6710
38 36 35 36 26 50 25 67 33 41
71 91 88 79 79 100 50 100 33 99
0 0 0 21 21 0 25 0 0
29 9 12 0 0 0 25 0 67 1
19 3 14 17 8 7 2 2 4 6 1 0
44+ 16 392  50x16 54+ 16 44+11 44+11 64+10 4030 55+14 32%11 44
21 67 43 41 25 57 50 0 75 17 0
89 100 93 88 75 86 50 100 100 100 0
0 0 0 6 25 0 50 0 0 0 100
11 0 7 6 0 14 0 0 0 0 0
21 33 14 41 50 43 0 0 50 17 0
21 39 21 19 21 4 3 2 3 1 2 0
479 53+16 53*13 57%+13 43+16 42+12 5024 4121 5613 64 3217
29 49 52 74 52 25 67 100 33 0 0
95 77 95 74 81 75 33 50 100 100 0
5 18 0 26 19 0 33 0 0 0 50
0 5 5 0 0 25 33 50 0 0 50
33 33 67 74 57 25 33 0 67 0 50

NAPS2 study. To date, a limited number of small pilot
studies have been conducted using data from pilot studies
at the Pittsburgh study site [26-35]. The primary genetic
studies planned for NAPS2 have awaited final phenotyp-
ic categorization as described in this report. Future stud-
ies that take advantage of new technologies such as ge-
nome-wide association studies should provide critical
new insights into the etiology and pathogenesis of RAP
and CP.
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