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Abstract

Purpose—Determine inter-observer variability among radiologists in assigning Cambridge
Classification (CC) of chronic pancreatitis (CP) based on magnetic resonance imaging (MRI)/
magnetic resonance cholangiopancreatography (MRCP) and contrast-enhanced CT (CECT).

Methods—Among 422 eligible subjects enrolled into the PROCEED study between 6/2017 and
8/2018, 39 were selected randomly for this study (chronic abdominal pain (n=8; CC of 0),
suspected CP (n=22; CC of 0, 1 or 2) or definite CP (n=9; CC of 3 or 4). Each imaging was scored
by the local radiologist (LRs) and three of five central radiologists (CRs) at other consortium sites.
The CRs were blinded to clinical data and site information of the participants. We compared the
CC score assigned by the LR with the consensus CC score assigned by the CRs. The weighted
kappa statistic (K) was used to estimate the inter-observer agreement.

Results—For the majority of subjects (34/39), the group assignment by LR agreed with the
consensus composite CT/MRCP score by the CRs (concordance ranging from 75% to 89%
depending on cohort group). There was moderate agreement (63% and 67% agreed, respectively)
between CRs and LRs in both the CT score (weighted Kappa [95% CI] = 0.56 [0.34, 0.78]; p-
value = 0.57) and the MR score (weighted Kappa [95% CI] = 0.68 [0.49, 0.86]; p-value = 0.72).
The composite CT/MR score showed moderate agreement (weighted Kappa [95% CI] = 0.62
[0.43, 0.81]; p-value = 0.80).

Conclusion—There is a high degree of concordance among radiologists for assignment of CC
using MRI and CT.

Keywords

Chronic Pancreatitis; Inter-observer Variability; Computerized Tomography; Magnetic Resonance
Cholangiopancreatography

Introduction

Chronic pancreatitis (CP) is a chronic inflammatory disorder of the pancreas with abdominal
pain as the predominant clinical symptom. Other manifestations of CP include acute
pancreatitis, progressive pancreatic exocrine and endocrine insufficiency, as well as long-
term complications such as pancreatic cancer [1-3]. Advanced CP is characterized by any
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combination of calcifications, parenchymal atrophy, and fibrosis which in turn can lead to
distortion or irregular dilation of the pancreatic duct (PD)[4]. Changes of advanced CP can
be identified easily on imaging, but diagnosing early CP is challenging [5-7]. The
understanding of the pathogenesis of CP is incomplete and many classifications have been
proposed [8-11]. More recently, a mechanistic definition accepted by major international
societies has been proposed, which recognizes the different stages during the evolution of
CP and the role of genetic, environmental and other factors[7,12].

Prospective Evaluation of Chronic Pancreatitis for Epidemiologic and Translational Studies
(PROCEED) is an ongoing multi-institutional prospective longitudinal cohort study being
performed by the Consortium for the study of Chronic Pancreatitis, Diabetes, and Pancreatic
Cancer (CPDPC)[13].In addition to establishing a research cohort, the objectives of
PROCEED are to define the risk of progression from suspected to definite CP, development
of exocrine and or endocrine dysfunction, test the predictive capability of biomarkers of
diagnosis and prognosis of CP, and to develop a platform to conduct translational,
mechanistic and genetic studies. Subjects in PROCEED are enrolled into three sub cohorts,
namely controls, suspected CP and definite CP to represent the spectrum of the natural
history of CP[12]. Controls are subdivided into those with no pancreatic disease (Green I)
and those with chronic abdominal pain of suspected pancreatic origin (Green II), while
suspected CP sub cohort consists of three groups, including indeterminate CP (Yellow 1),
acute pancreatitis (Yellow Il) and recurrent acute pancreatitis (Yellow I11). Subjects with
definite CP are assigned to the Red group. Except for no pancreas disease controls, the
assignment of subjects in each of other groups is based on clinical history and specific
findings on CT scan and/or MRI/MRCP (Table 1). Imaging studies for study participants are
reviewed by a designated radiologist at each participating clinical center[13].

PROCEED investigators chose to use the Cambridge classification (CC) as the primary
criteria for assigning subjects into specific groups (Table 2). CC, initially proposed over 3
decades ago to define the severity of CP on endoscopic retrograde
cholangiopancreatography (ERCP), ultrasound and CT scan, has later been adapted for
MRCP [14,8,1]. CC has been endorsed by the practice guidelines of the American
Pancreatic Association[1]. The rationale and implications for using CC at baseline
assessment and during follow-up in PROCEED have been published previously[15].

Since no prior study has systematically used CC to assign subjects into subgroups and
follow them to determine disease progression similar to PROCEED, the primary aim of this
study was to determine the validity of group assignment of subjects enrolled into
PROCEED. Moreover, to the best of our knowledge, interobserver variability of CC by CT
scan and MRI/MRCP has not been validated previously. Therefore, a secondary aim of our
study was to evaluate intra- and inter-observer variability of radiologists for CC of CP using
CT and MRCP.

Materials and Methods

The PROCEED study was approved by the Institutional Review Boards of the participating
institutions and all subjects provided an informed consent prior to enroliment. Detailed
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methodology of the PROCEED study (ClinicalTrials.gov ID NCT03099850) has been
recently published[13]. Of 422 participants enrolled in PROCEED between June 2017 and
August 2018, 39 subjects were randomly sampled from four categories of disease severity
without reference to their data on the case report forms. There are four pre-defined cohort
groups in PROCEED: chronic upper abdominal pain of suspected pancreatic origin or Green
Il (n =8; CC =0), indeterminate CP with no prior acute pancreatitis or Yellow | (n = 4; CC
=1 or 2), acute pancreatitis (Yellow Il) or recurrent acute pancreatitis (Yellow I11) (n = 18;
CC =0, 1, or 2), and definite CP or Red groups (n =9; CC = 3 or 4) (Table 1). Anonymized
images from CT scan and secretin-MRCP examination of each participant used for
PROCEED group assignment were anonymized and uploaded to a HIPAA secure website
for distribution to the consortium radiologists participating in this study. Each image was
reviewed by three of five subspecialty trained abdominal radiologists (called Central
Radiologists, or CR) from 5 different participating clinical centers under CPDPC. The
radiologists at clinical center who contributed to the PROCEED cohort assignment at
enrollment are called Local Radiologists, or LR.

Imaging Technique

CT scans for all subjects were performed with intravenous contrast. Contiguous 5 mm or
thinner axial sections were displayed. All subjects underwent contrast-enhanced pancreatic
protocol MRI and all, but 7 patients underwent MRCP, with or without secretin, with
standard imaging parameters (Table 3). The CT and MRI machines, type and amount of
intravenous contrast administered for these exams varied based on institutional preferences.

Image Analysis

The CRs were blinded to any clinical or demographic information as the images were
completely anonymized. They interpreted the images using their preferred DICOM viewer
on an independent workstation and recorded their findings to a secure database maintained
by the CPDPC (https://cpdpc.mdanderson.org). Each imaging study was scored by 3 CRs,
who were randomly selected from the participating 5 CRs. Each CR independently scored
the CT scans and MRCP exams into one of three CC scoring categories: 0 (normal imaging
appearance of pancreas), 1-2 (equivocal or findings of mild CP), and 3-4 (definitive
imaging findings of CP by CC). An exception was that a scoring category of 3—4 was also
assigned to images with definite pancreatic calcifications, independent of the score per CC.
For each CT scan, the consensus CT score from the three CRs was considered the majority
vote among the three scoring categories: 0, 1-2, and 3—4. In case the scores from the three
CRs were: 0, 1-2 and 3-4, with no majority vote, we used the middle range, 1-2, as the
consensus score. All CTs were decided by majority vote. The consensus MRI/MRCP score
was defined similarly for each MRI/MRCP exam. Lack of majority vote was seen for only 1
MR exam for which consensus score of 1-2 was adopted. For each subject, the higher
category between the consensus CT score and the consensus MRI/MRCP score was
considered the consensus composite score of both CT and MRCP. One of the CT scans was
unavailable for review due to technical issues and was not included in the analysis.
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Statistical Analyses

Results

For CT images, we compared the consensus CT score by the CR and the Cambridge CT
score by the LR in a 3 by 3 table for the 38 of the 39 subjects for whom CT was available for
review. Similar 3 by 3 tables were produced for the consensus MRI/MRCP score, and the
consensus composite score. Weighted Kappa coefficients are calculated to quantify
agreement. For each of the four groups (Green 11, Yellow I, Yellow II-111, Red), we
calculated the proportion of patients whose consensus composite scores by the CR agreed
with the enrollment criteria for imaging for that group, e.g. for Green Il CC for both CT and
MR was scored 0 by the LR as well as consensus of CRs. The weighted kappa statistic (K)
was used to estimate the intra- and inter-observer agreement as following: poor (<0.4),
moderate (0.4-0.6), good (0.6-0.8), or excellent (>0.8). SAS v9.4 (SAS Institute, Inc. Cary,
NC) was used for statistical analysis.

Median age of the patients was 49 years (range 20-67 years); there were 18 males and 21
females. For the majority of the patients, the actual cohort assignment by the LR agrees with
the consensus composite CT/MR score by the CRs, with concordance ranging from 75% to
88.9% (Table 4). Interestingly, lower concordance was seen only in the Indeterminate CP
group, where the total number of subjects was 4. For all other groups, the concordance was
excellent, i.e. >80%. Among the composite CC scores assigned by the LRs to the subjects
included in the study, a score of 1 or 2 was the most common at 41% (n=16 of 39) followed
by a score of 0 at 36% (n=14). Among the composite CC scores assigned by the CRs, scores
of 0 and scores of 1 or 2 were equally common at 36% (n=14 each). There was moderate
agreement (63% and 67% agreed, respectively) between CRs and LRs in both the CT score
(weighted Kappa [95% CI] = 0.56 [0.34, 0.78]; p-value = 0.57) and the MR score (weighted
Kappa [95% CI] = 0.68 [0.49, 0.86]; p-value = 0.72) (Table 5A and Table 5B). The
composite CT/MR score showed moderate agreement (weighted Kappa [95% CI] = 0.62
[0.43, 0.81]; p-value = 0.80) (Table 5C). Agreement for each of the studies as well as the
composite scores was good to excellent at the extremes, i.e. for scores of 3—4 or 0, but
moderate for scores of 1-2.

Discussion

We found high degree of concordance between the LR and CRs for assignment of subjects
using CC of CP into PROCEED. Moreover, we also noted at least moderate agreement
between the CRs and LR for CC of CP for both CT and MRI/MRCP. These data are an
important step towards standardization of imaging reports for CP which has implications for
research as well as clinical care of patients.

PROCEED is the first longitudinal cohort study of CP in the United States. Due to a lack of
consensus regarding the diagnostic features of CP, PROCEED investigators chose CC on
cross-sectional imaging as the primary criteria to objectively classify patients into different
groups representing the spectrum of CP during its evolution. After initial enrollment,
subjects will be followed longitudinally for progression based on imaging findings which
will be correlated with clinical symptomatology (e.g. acute pancreatitis, diabetes, etc.) and
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other factors (e.g. demographics, risk factors, etc.) that may play a role in determining the
natural history of CP. Therefore, accurate classification of subjects into sub cohort groups is
critical to make valid inference of the accumulated data. Therefore, our results
demonstrating a high degree of concordance for cohort assignment between the LR and the
consensus interpretation among the CRs is reassuring. In only one of the four groups,
indeterminate CP, the concordance was <80% - however, the sample size of this group was
too small to draw definitive conclusions. Since the primary outcome of PROCEED is
transition to definite CP (CC 3 or 4) for which the concordance was high (89%), we do not
feel that a lower concordance for CC 1-2 category will affect the primary results of the
study. Moreover, whether and how often morphological changes in patients with CC 1-2
category evolve over time is an important clinical question that will be answered by
secondary analyses of PROCEED data.

In addition to CC, PROCEED investigators will also capture granular data on parenchymal
and ductal features as well as pancreas function on CT and MR images. This includes
findings such as T1 signal intensity, duodenal filling after secretin, pancreatic ductal
compliance with secretin, etc.[15]. We believe that such analyses as well as novel features
on MR will address the limitations of CC and help in developing newer measures to
characterize and standardize CT and MR changes aiding in diagnosis and follow-up of
CP[16,17].

Ours is the first study to evaluate interobserver variability of CC on CT and MR. There was
overall good to excellent agreement between LRs and CRs for assignment of subjects into
PROCEED cohorts using CC based composite CT/MR scores. The high degree of
concordance observed in our study between LRs and CRs for assignment of subjects into the
definite CP (Red) and the Green (Chronic abdominal pain) categories is due to the lack of
ambiguity in interpretation of either advanced features of CP such as pancreatic ductal
obstruction, filling defects and severe irregularity or a normal appearing pancreas on
imaging. Inclusion of pancreatic calcifications (not described in CC as one of the criteria for
assigning patients into the definite CP category) may also have accounted for the high
degree of concordance in the Red (Definite CP) group. A somewhat lower degree of
concordance between LRs and CRs for assignment of subjects to indeterminate CP group
(YYellow I) based on CC scores of 1 or 2, is likely related to ambiguous and subjective nature
of some of the features included in CC such as “slight gland enlargement”, “heterogeneous
parenchyma” and “abnormal main duct” (Figure 1).

Given limitations of CC, there is a need for a newer and more comprehensive, standardized
and validated classification system for CP, the capitalizing on the recent advances in cross-
sectional imaging[18]. The necessity for such a classification was endorsed by the
international guidelines for imaging and severity scoring of CP[19]. The PROCEED study is
adopting the reporting standards proposed by the CPDPC CP on cross-sectional
imaging[15]. We believe that data from the PROCEED will be a step towards developing a
new cross-sectional imaging-based classification system for CP.

Our study has a few limitations. The study population included is relatively small, especially
in the Indeterminate CP group. Therefore, similar studies by other groups and in a larger
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number of patients would be helpful to determine external validity of our observations. A
recent small study reported on interobserver variability among radiologists for interpretation
on CT findings of CP[20]. Although the study did not specifically evaluate CC, findings of
this study show moderate agreement for CT scan findings and are reassuring. The CT and
MRI technique was not uniform in all patients as the imaging was performed in different
hospitals. However, all patients had contrast-enhanced CT and MRI exams using widely
established imaging parameters.

Conclusion

We found a high degree of concordance for group assignment of cross-sectional imaging-
based Cambridge scores for CP by the LR and CRs in the PROCEED study. There was at
least moderate agreement among radiologists for CC on CT and MR. These observations
provide validity for the use of CC as the primary criteria for phenotyping subjects in the
PROCEED study. It is anticipated that primary and secondary analyses of data from the
study will add new knowledge to our understanding of morphologic evolution of CP.
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Figure 1.
2D thick-slab MRCP image (a) obtained 2 minutes after secretin administration

demonstrates smooth contour of a prominent main pancreatic duct, which is tortuous (white
arrow) in the region of pancreatic body. Note 2 abnormal branch ducts in the pancreatic
head/neck (arrowheads). An axial image (b) from contrast-enhanced CT scan of the same
patient demonstrates the prominent and slightly tortuous pancreatic duct (white arrows) in
the body of pancreas. The apparent contour irregularity of PD from the tortuosity likely
resulted in 2 of the 3 CRs categorizing the CT as grade 3 per CC with composite CT/MR
score of 3, discordant from the corresponding composite CT/MR score of 1 by the LR.
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