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Abstract

Acute pancreatitis (AP) is a disease characterized by an acute inflammatory phase followed by

a convalescent phase. Diabetes mellitus (DM) was historically felt to be a transient phenomenon
related to acute inflammation; however, it is increasingly recognized as an important late and
chronic complication. There are several challenges that have prevented precisely determining the
incidence rate of DM following AP and understanding the underlying mechanisms. The Diabetes
RFElated to Acute Pancreatitis and its Mechanisms (DREAM) Study is a prospective cohort study
designed to address these and other knowledge gaps to provide the evidence needed to screen for,
prevent, and treat DM following AP. In the following article, we summarize literature regarding
the epidemiology of DM following AP, and provide the rationale and an overview of the DREAM
study.
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BACKGROUND AND RATIONALE

Acute pancreatitis (AP) is an inflammatory disease of the pancreas that accounts for

more than 300,000 hospitalizations and health care costs exceeding $2 billion annually

in the United States.1:2 The incidence of AP is increasing in both North America and
Europe.3 Complications can develop during hospitalization or subsequently during follow-
up, and include diabetes mellitus (DM), exocrine pancreatic insufficiency, complications
from walled-off pancreatic necrosis, and recurrent episodes of AP.4-8 Hyperglycemia was
historically considered a transient phenomenon of AP during hospitalization; however,
meta-analyses have reported that approximately one-quarter of AP patients will develop
DM within three years of discharge, suggesting it is a relatively common long term
complication.”:8 The suboptimal rigor of previous research has made it challenging to
precisely define the incidence rate, accurately identify risk factors, and understand the
underlying mechanisms of this problem.

Defining an accurate incidence rate requires prospective ascertainment of DM status over a
sustained period of time, preferably with testing methodology that is both highly sensitive
and specific. Passive or retrospective determination of the development of DM is likely

to underestimate the true incidence, and extended follow-up periods are necessary to
understand the cumulative risk. Understanding the risk, both in the short and long term, is
necessary to guide patient education and surveillance recommendations and to identify those
at highest risk who may benefit from preventative strategies. Prospective data collection
helps to minimize various forms of bias, including the ascertainment of DM status. One
recent prospective study of 152 AP subjects without pre-existing DM reported a cumulative
incidence of DM of 7% at 1 year and 11% at 2 years, as well as the composite endpoint

of DM or pre-DM in 43% at 2 years.? This likely represents the most precise risk estimate
to date. However, this study included few patients with moderate or severe disease. Various
risk factors have been identified in prior studies, including the development of severe AP
(particularly with pancreatic necrosis), exocrine pancreatic insufficiency, and a non-biliary
etiology, but simultaneous assessment of comprehensive risk factors, including canonical
risk factors for type 2 DM (T2D) has not been previously performed.8:10 Considering these
limitations, screening for DM is not currently recommended in routine clinical practice
following AP discharge.

In addition to estimating the risk of DM following AP, there are a number of additional
knowledge gaps. Importantly, the pathophysiology is incompletely understood. The
development of DM in patients with mild, interstitial AP suggests the role of factors
other than mere reduction of islet cell mass from physical destruction of the pancreatic
parenchyma due to necrosis. A number of potential mechanisms of disease have been
proposed, including localized inflammation leading to insulin resistance and beta-cell
autoimmunity; however, they are primarily based on inferential associations from clinical
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observations in AP and/or other forms of pancreatogenic DM.1%:11 In light of these gaps, it
is not currently possible to provide tailored recommendations for prevention or treatment of
DM following AP.

The National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) supported
Type 1 Diabetes in Acute Pancreatitis Consortium (T1DAPC) was formed in 2020, and has
developed and launched the Diabetes RElated to Acute pancreatitis and its Mechanisms
(DREAM) study to address these knowledge gaps and related scientific objectives.12 The
current article describes the design of the DREAM study and, along with other articles

in this issue, outlines a series of primary and ancillary studies to permit a spectrum of
metabolic, immunologic, imaging, and other analyses to better understand DM following
AP.

STUDY DESIGN

Synopsis

The DREAM study is a multicenter, observational cohort study prospectively enrolling
adults with a recent episode of AP to investigate the incidence, etiology, and
pathophysiology of DM following AP. Participants will undergo prospective characterization
of glycemic status, islet function, and beta cell autoimmunity, as well as serial collection

of clinical data, participant-completed questionnaires, imaging studies, and biological
specimens to address a host of scientific objectives.

Primary Objective

The primary objective of the DREAM study is to define the cumulative incidence and
clinical characteristics associated with the development of DM after one or more episode

of AP. Therefore, patients with a recent diagnosis of AP and without pre-existing DM will
undergo longitudinal laboratory assessment of glycemic status after AP resolution. This will
be assessed using a combination of fasting glucose, glycated hemoglobin (HbA1c), and
2-hour postprandial glucose (from an oral glucose tolerance test [OGTT]).

Secondary Objectives

In addition to characterizing the incidence of DM following AP, we are keen to investigate
the various potential mechanisms contributing to this complication. Dynamic metabolic
testing (including OGTT, mixed meal tolerance tests (MMTT), and frequently sample
intravenous glucose tolerance tests (FSIGTT)) and longitudinal collection of additional data,
including beta cell autoantibodies and biosamples, from participants will provide a rich
dataset to simultaneously pursue a number of objectives (Table 1), including to:

. Comprehensively characterize islet cell function and endocrine alterations after
AP and their relationship with the development of DM13

. Investigate the immunologic mechanisms of DM after AP, including the
contribution of beta-cell autoimmunity4
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. Examine the utility of morphological changes seen with magnetic resonance
imaging (MRI) and computed tomography (CT) as a biomarker for the
development of DM after AP15

Eligibility Criteria

Adults (ages 18-75 at the time of enrollment) with a diagnosis of AP within the preceding
90 days and agreeable to longitudinal assessments will be eligible for participation. The
study will recruit patients with no preference to sex or race. For the purposes of this study,
AP will be diagnosed according to the revised Atlanta criteria, which requires the presence
of two of the following criteria: upper abdominal pain, elevation of serum amylase and/or
lipase to =3 times the upper limit of normal, and/or features of AP on cross-sectional
imaging.16 Since patients undergoing an endoscopic retrograde cholangiopancreatography
(ERCP) may frequently experience post-procedural pain and elevated pancreatic enzymes,
these patients must be hospitalized for >48 hours to satisfy the study definition for AP.
Patients with a prior history of AP are eligible for participation.

There are a number of exclusion criteria that are intended to define the target study
population, eliminate unacceptable sources of bias or confounding, and to protect the safety
of participants (Table 2). In brief, the criteria include the presence of any of the following
prior to or at the time of enrollment: calcific chronic pancreatitis, direct endoscopic

or percutaneous necrosectomy or drainage of necrotic collection(s), pancreatic surgery,
pancreatic tumors, use of a medication with high diabetogenic potential, pregnancy (at the
time of enrollment), or any severe systemic illness that will confound outcome assessments
of DM and immunological outcomes or pose additional risk for harms. Patients with
autoimmune pancreatitis (diagnosed according to the International Consensus Diagnostic
Criteria) are eligible for participation if they otherwise meet the eligibility criteria, including
the study definition of AP.17

Study Assessments

The planned assessments are comprehensive, including collection of clinical data, patient-
reported outcomes, detailed metabolic testing, cross-sectional imaging, and biospecimens
for future analyses (Table 3). All participants will undergo screening for pre-existing DM at
enrollment. While the primary study population involves patients without a previous clinical
diagnosis of DM, we will also enroll a smaller number of patients with pre-existing DM to
complete baseline assessments and serve as disease controls. Standardized procedures will
be used to collect participant (eg, age, sex, race/ethnicity), clinical, laboratory, and imaging
data, as well as biospecimens at baseline and during longitudinal follow-up for additional
planned studies to investigate the mechanisms of DM after AP. The collection method of

all biosamples is prescribed in a study-specific biospecimen standard operating procedure to
ensure consistency across the study sites.18

Baseline assessments will include history, exam, CT or MRI imaging, and laboratory
assessments. Demographics, concomitant medications, and family history will be collected.
Details related to AP, including the etiology, clinical course, and severity grade of the
qualifying episode will be recorded. Questionnaires will be administered to assess quality
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of life (using PROMIS Global Health and PROMIS-29), dietary intake patterns (using
Vioscreen Food Frequency Questionnaire [FFQ]), and symptoms of exocrine pancreatic
dysfunction (using Exocrine Pancreatic Insufficiency Gl Symptom Tracker). Computed
tomography and MRI scans performed for clinical care will be reviewed using standardized
forms to assess the pancreas and severity of disease by a dedicated site radiologist, and scans
will be uploaded to a central imaging repository. Lastly, blood and stool samples will be
obtained for the study biorepository.

Participants without DM at baseline (ie, at risk for DM) will undergo longitudinal
assessments. At the first follow-up visit (approximately 3 months after the diagnosis of the
qualifying AP episode) all participants will undergo assessment of DM status and beta cell
function with an OGTT (Fig. 1). Subsequently, participants will be followed over time with
serial assessment of their glycemic status using fasting glucose and HbA1c at specified
intervals. The majority of participants will also undergo serial OGTT to enhance the
sensitivity to diagnose DM and pre-DM status, and estimate changes in beta cell function,
as further described in this issue.13 Alternatively, smaller groups of participants without
pre-existing DM may undergo either MMTTs or FSIGTTs to obtain further metabolic
insights.13 Information related to interval changes in participants’ medical history (eg,
recurrence of AP, change in medications) and patient-reported outcomes (eg, quality of

life, symptoms of exocrine pancreatic dysfunction) will be collected. Interval cross-sectional
imaging studies will be reviewed by site radiologists. Additionally, a subset of participants
without DM at 3 months will also be invited to undergo serial cross-sectional imaging with
MRI using a standardized research imaging protocol to assess for imaging predictors of DM
following AP.15 Lastly, participants who develop DM during follow-up will be invited for

a one-time visit for additional collection of questionnaire data, MMTT, research MRI, and
biospecimens.

OUTCOMES

The primary endpoint of the DREAM study is the incidence of DM following the qualifying
episode of AP defined as the combination of both concurrent newly diagnosed DM (ie,
initially diagnosed at the time of the qualifying AP episode) and new-onset DM (ie,
diagnosed during longitudinal follow-up).1® The chronology of DM in relation to the
qualifying episode of AP and definition for both DM and pre-diabetes for the DREAM study
are described in Table 4. DM status will be serially assessed using the combination of fasting
glucose and HbA1c, according to the American Diabetes Association diagnostic criteria.1®
Furthermore, to identify individuals with lack of concordance of tests for diagnosing DM,
we will also measure a 2-hour postprandial glucose level (during OGTT) as a sensitive
method of diagnosis for participants in the serial OGTT arm. When participants partially
satisfy diagnostic criteria for DM, they will be asked to repeat a fasting plasma glucose

and HbA1c during the same time window. We will also assess the development of either
diabetes or prediabetes as a secondary endpoint. Lastly, the frequency, distribution, and
temporal emergence of islet autoantibodies will be evaluated in relation to DM, as described
elsewherel4,

Pancreas. Author manuscript; available in PMC 2023 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hart et al.

Page 7

While the primary objective is to evaluate the incidence and mechanisms of DM, the
study design affords the opportunity to investigate other aspects of the natural history of
AP. Specifically, we will evaluate the readmission rate, incidence of exocrine pancreatic
dysfunction (serially measured with a combination of symptoms and fecal elastase-1
levels), changes in quality of life, healthcare utilization, and the recurrence of AP and/or
progression to chronic pancreatitis. Additional secondary endpoints related to metabolic
and immunological mechanisms of diabetes as well as imaging findings are discussed
elsewhere.13-15

STATISTICAL CONSIDERATIONS

We will apply a discrete time-to-event regression analysis with interval censoring because
we anticipate the occurrence of DM for most participants will be detected at the scheduled
visits (eg, 3, 6, 12, 18, 24, and 36 months). We will enroll up to 1000 participants (including
up to 800 without pre-existing DM who will undergo longitudinal follow-up and up to

200 with pre-existing DM who will only undergo baseline assessment) into the DREAM
study. We are estimating cumulative dropout rates of 5%, 10%, 15%, 20%, 25%, and 30%

at 6, 12, 18, 24, 30, and 36 months of follow-up, respectively. Assuming cumulative DM
incidence rates of 4.5%, 9%, 12%, 15%, 18%, and 21% at 6, 12, 18, 24, 30, and 36 months
of follow-up, respectively, the 95% confidence interval for a sample size of 800 participants
without pre-existing DM will have limits of £ 4% at 24 months based on a simulation

study with 1000 Monte Carlo samples; confidence intervals for different enrollment sizes are
depicted in Supplemental Figure 1. Analyses for all primary and secondary outcomes will be
repeated using a broader definition of new-onset dysglycemia, which includes the primary
statistical endpoint of DM as well as pre-DM.

We will also investigate relevant clinical factors (eg, AP severity, AP etiology, baseline body
mass index, etc.) as to whether they significantly affect the discrete-time hazard function by
including them in the regression model. We will perform secondary analyses using: 1) the
discrete time-to-events hazards regression model, and 2) nested case-control designs with a
1:4 allocation ratio of cases to controls. Such nested case-control study designs with 800
participants (allowing for 20% loss to follow-up at 24 months) will yield 80% statistical
power with a two-sided 0.05 significance level test to detect an odds ratio of 1.80 for a
binary risk factor that has 50% prevalence in the controls; alternate power calculations for
different enrollment sizes are shown in Supplemental Figure 2.

STUDY EXECUTION

The DREAM study includes the 10 clinical centers (with at least 3 additional satellite sites)
of the Type 1 Diabetes in Acute Pancreatitis Consortium (T1DAPC) from throughout the
United States. Investigators have formed a combination of working groups and committees
that worked collaboratively in an iterative manner to develop the DREAM study protocol
and execution plans, as previously introduced.1? In addition to these teams, the Data
Coordinating Center provides central administrative, regulatory, and statistical support for
T1DAPC, including DREAM.20 In accordance with NIH policies, the study is approved
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through a single institutional review board, and reviewed on a biannual basis by an NIH-
appointed Data and Safety Monitoring Board (DSMB).

DISCUSSION

There are multiple knowledge gaps in the understanding of AP and its complications. In

the DREAM study, we will directly address important clinical questions related to the
development of DM following AP and its underlying mechanisms, including beta-cell
autoimmunity. In addition to the lack of robust data on the incidence of diabetes following
AP, there is limiting understanding of the phenotype and pathophysiology of the disease,
which we aim to investigate. Important questions include the factors associated with and
the frequency at which islet cell autoimmunity occurs following exocrine pancreas injury
and whether the kinetics of immune response and resolution relate to subsequent clinical
phenotype. Further, the natural history of beta cell function in those who do and do not
develop diabetes is unknown. Detailed metabolic testing will provide refined estimates of
the incidence of DM and characterize the type and trajectory of metabolic and endocrine
alterations, including beta cell function and alterations in pancreatic and incretin hormone
responses. Serial assessments of clinical, immunological, cross-sectional imaging, and other
data elements will be combined with paired biological specimens to create a comprehensive
dataset that can be used to assess additional questions related to the natural history of AP
and other disease-related complications.

One of the guiding principles in the design of the DREAM study has been to create a
rigorous protocol that addresses limitations of previous research. Importantly, prospective
assessment of DM status is critical to minimize biased estimates of case ascertainment.

In addition to fasting glucose and HbA1c values, we are implementing the use of serial
OGTT to provide a sensitive estimate of DM. By performing systematic screening, we will
increase the accuracy of identifying incident DM and its timing in relation to the qualifying
AP episode. Similarly, the prospective and systematic collection of comprehensive data
elements will allow investigation of the potential influence of covariates, including, but

not limited to: etiology of AP, clinical severity of AP, imaging severity of AP, beta-cell
autoantibodies, exocrine pancreatic dysfunction, changes in pancreas volume, and alterations
in the intestinal microbiome. The assessment of patient-related outcomes (eg, quality of life)
has not been attempted in a study of this scale in the United States, and will help identify
patient-centric outcomes warranting additional investigation. Lastly, the large sample size
will allow us to conduct robust subgroup and sensitivity analyses to understand the various
interactions between patient and disease-related factors.

Proactive measures have been undertaken to protect the scientific rigor and enhance

the feasibility of the DREAM study, utilizing the interdisciplinary team of investigators
from the disciplines of gastroenterology, endocrinology, immunology, and biostatistics.
First, considering the critical role of biospecimen analyses for the planned translational
studies, we convened a Biospecimen Committee to develop study-specific biospecimen
standard operating procedures.1® This guidance is intended to minimize heterogeneity
across the clinical centers due to confounding related to variations in biosample collection,
processing, storage, and/or shipping. Next, the Protocol Committee developed a series of
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study-specific Manual of Procedures to provide explicit guidance for completion of study
assessments, including case report forms, for the participating sites. This manual will

be updated on an as needed basis to address common questions or recurring situations
where clarifying information is needed. We sought guidance from T1DAPC investigators
and the NIH-representatives participating in recent and ongoing studies in pancreatitis to
refine, and when possible harmonize, study definitions, data elements, case report forms,
and research methodology.21-25 Lastly, we have convened a Recruitment and Retention
Committee concurrently with study planning to provide guidance and feedback regarding
implications of decisions on participant burden.2® There is not a precedent in the United
States for a prospective cohort study in AP of this scale, so we will prospectively monitor
recruitment and retention rates, completion of study assessments, and collaboratively discuss
any needs to alter the sample size, number, and/or frequency of study assessments to
maintain feasibility. Final decisions regarding modifications to the study protocol will be
made by the TLDAPC Steering Committee and approved by the NIDDK, DSMB, and single
institutional review board before implementation.

In summary, the DREAM study is a prospective cohort study of patients with one or

more episode of AP at risk for developing DM. The primary goal of the DREAM study

is to investigate the incidence and mechanisms of DM following AP. Study results will
generate an evidence base that will provide clinicians with further guidance regarding the
surveillance of DM following AP, and generate the data needed to further investigate tailored
preventative and treatment strategies to improve the lives of our patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.

Overview of metabolic testing and imaging groups for the Diabetes Related to Acute
Pancreatitis and its Mechanisms (DREAM) Study. Participation in the longitudinal
metabolic groups is mutually exclusive, whereas participation in the longitudinal research
magnetic resonance imaging (MRI) can occur irrespective of the metabolic testing group.
*For participants without DM at 3 months. TOne-time MMTT and MRI are performed if
participant is not previously enrolled in MRI and MMTT groups, respectively. w/o, without.
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TABLE 1.
Selected Outcome Measures for the Diabetes Related to Acute Pancreatitis and Its Mechanisms (DREAM)
Study
Category Selected Outcome Measure(s)

Diabetes risk

Metabolic alterations

Immunological

Imaging

Acute Pancreatitis

Patient-reported
Outcomes

Biorepository

Incidence of DM and pre-diabetes following AP

Clinical risk factors for incident DM and pre-diabetes

Insulin secretion, beta cell function, and insulin sensitivity

Hormones released from other islet cells (e.g., glucagon and pancreatic polypeptide)

Incretin hormone release

Presence of beta-cell autoantibodies

Changes in the innate and adaptive immune responses

Pancreatic necrosis

Pancreatic volume (atrophy)

Hospital readmission rate
Exocrine pancreatic function
Incidence of recurrent AP

Progression to chronic pancreatitis

Quality of life

Dietary intake patterns

Symptoms of exocrine pancreatic dysfunction, abdominal pain, etc.

Storage of blood (plasma, serum, DNA) and stool (microbiome, metabolome) for future translational

studies
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TABLE 2.

Exclusion Criteria for the Diabetes Related to Acute Pancreatitis and Its Mechanisms (DREAM) Study

10
11

Diagnosis of definite CP at enrollment based on either of the following criteria met by CT scan (including non-contrast enhanced)
or MRI with MRCP:

. Parenchymal or ductal calcifications on CT scan (after excluding the possibility that calcifications are vascular)
. Intraductal filling defects suggestive of calcifications on MRI and/or MRCP
Potential participants with post-ERCP AP who are hospitalized for <48 hours.

Prior (ie, before enrollment) direct endoscopic necrosectomy of the pancreas or percutaneous necrosectomy or drainage of
necrotic collection(s). Participants who require this during follow-up will remain in the study.

Pancreatic tumors, including ductal adenocarcinoma, neuroendocrine tumors, and metastasis.
Confirmed or suspected cystic tumor associated with main pancreatic duct dilation or believed to be the cause of AP.

Prior pancreatic surgery, including, but not limited to distal pancreatectomy, pancreaticoduodenectomy, pancreatic necrosectomy,
Frey procedure.

Use of disallowed concomitant medications within 30 days prior to enroliment. A comprehensive list of disallowed medications is
listed and will be routinely updated in the study’s Manual of Procedures.

Severe systemic illness that in the judgement of the investigative team will confound outcome assessments of DM and
immunological outcomes or pose additional risk for harms, including: history of solid organ transplant, AIDS, active treatment
for cancer (except non-melanoma skin cancer) within 12 months prior to enrollment, chronic kidney disease with eGFR <30 or on
dialysis prior to AP, and cirrhosis (based on imaging or biopsy), or any other medical condition that in the opinion of the site-PI
carries a life expectancy of <12 months.

Known pregnancy at the time of enrollment. Participants who become pregnant during follow-up will remain in the study, but
undergo modifications to study assessments for safety.

Incarceration.

Any other condition or factor that would compromise the participant’s safety or the scientific integrity of the study.

AIDS indicates acquired immunodeficiency syndrome; CP, chronic pancreatitis; CT, computed tomography; eGFR, estimated glomerular filtration

rate; ERCP, endoscopic retrograde cholangiopancreatography; MRCP, magnetic resonance cholangiopancreatography; MRI, magnetic resonance
imaging; PI, principal investigator
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TABLE 4.

Chronology of Diabetes (DM) in Relation to the Qualifying Episode of AP and Definition for DM and
Prediabetes for the Diabetes Related to Acute Pancreatitis and Its Mechanisms (DREAM) Study

Chronology of DM

Pre-existing DM Assigned at baseline for participants with DM present prior to the onset of the qualifying episode of AP
Unclassified Assigned at baseline for the situation where a participant without pre-existing DM has at least one abnormal
parameter of DM during the qualifying AP episode, but cannot be further classified until follow-up testing is
completed
Concurrent newly DM in which an abnormal parameter of DM is identified during the qualifying AP episode, but DM criteria are
diagnosed DM not confirmed until the 3-month visit
Transient Situation in which an abnormal parameter of DM is identified during the AP episode, but DM criteria are not met
hyperglycemia at the 3-month visit.

New-onset DM after AP DM was not present during qualifying episode of AP, but is diagnosed at the 3-month visit or during subsequent
follow-up

Definitions for DM and prediabetes

DM diagnosis Any of the three following criteria are met during follow-up:
1 History of DM verified by review of medical records
2 Use of an antidiabetic medication for the purpose of treating DM
3 Laboratory evidence of DM documented by two abnormal parameters on the same date or two

ey . . *
abnormalities with repeat testing

Prediabetes Abnormal values on two or more of the following tests at the same visit:
1 HbA1c level 5.7-6.49%
2 Fasting blood glucose 100-125 mg/dl|
3 2-hour blood glucose 140-199 mg/dl during a 75-g OGTT

*

Parameters of DM include: fasting blood glucose =126 mg/dl, 2-hour blood glucose =200 mg/dl during a 75-g oral glucose tolerance test, HbAlc
level 26.5%, and the presence of classic symptoms of DM (polyuria, polydipsia, polyphagia, weakness, weight loss) with a random blood glucose
=200 mg/dl (does not require a second abnormal parameter

Pancreas. Author manuscript; available in PMC 2023 July 01.



	Abstract
	BACKGROUND AND RATIONALE
	STUDY DESIGN
	Synopsis
	Primary Objective
	Secondary Objectives
	Eligibility Criteria
	Study Assessments

	OUTCOMES
	STATISTICAL CONSIDERATIONS
	STUDY EXECUTION
	DISCUSSION
	References
	FIGURE 1.
	TABLE 1.
	TABLE 2.
	TABLE 3.
	TABLE 4.



