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The emerging landscape of
biorepositories among pancreatitis
consortia studies in the US

Check for updates

Cordelia Li1, Dhiraj Yadav2, Mark E. Lowe3, Aliye Uc4, Maisam Abu-El-Haija5, Walter G. Park6,
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Biorepositories with validated collection and preservation of biospecimens are crucial for biomarker
and therapeutic discovery. Presently, multiple US federally funded, multicenter pancreatitis consortia
studies maintain active biorepositories. The current study provides a comprehensive comparison of
their collection methods and intended usage. Beyond each sample’s intended usage, these samples
hold potential for novel applications based on emergingmethodologies in the field. We anticipate that
this review will provide useful information to help guide a consensus among pancreatitis consortium
studies on optimal specimen collection and storage methods, which will further accelerate the tempo
of discovery platforms in the pancreatitis space.

In the rapidly evolving landscape of preclinical and clinical research, bior-
epositories emerge as a cornerstone in advancing our understanding of
complex diseases. These repositories are essential for collecting, cataloging,
and storing biological samples for various applications, including the
identification of novel disease biomarkers and the support of translational
studies. International collaborative consortia for pancreatic disease, such as
the Pancreatic Cancer Early Detection Consortium (PRECEDE) and the
PANcreaticDiseaseReseArchConsortium(PANDoRA), have accumulated
tens of thousands of biospecimens, provided novel insights into disease
nature and mechanisms, and contributed to the development of official
standards of care and guidelines for diseases and patient care1,2. As a result,
the implementation of standardized protocols for biorepositories becomes
imperative to ensure that scientific progress is substantiated by reliable and
high-quality materials.

Pancreatitis is a life-threatening inflammatory disorder forwhich there
has been growing interest in developing clinical consortia studies3. There are
currently several existing protocols within and beyond the pancreatitis field
on how to collect and organize a biorepository. However, a comprehensive
comparison and analysis of biorepositories within emerging multicenter
pancreatitis consortia studies in the US has not been conducted. This paper
aims to highlight the vast biorepositories established over the past decade by
US federally funded clinical consortia studies for pancreatitis disease, review
the similarities and differences in sample acquisition methods between

studies, and assess the potential for the scientific community to leverage this
valuable resource for investigating important research questions.

Currently existing pancreatitis consortia studies
As of 2024, the largest and most comprehensive biorepositories are housed
within multicenter consortia studies in the US and funded by federal
agencies. These studies are noteworthy for the highly diverse biospecimens
they maintain that support a wide range of research applications. We spe-
cifically focus on US federally funded, multicenter pancreatitis consortia
studies as subjects of comparison and analysis. The seven studies that meet
these criteria include SVI, PROCEED, INSPPIRE 2, POST, SHARP,
ACCESS-AP, and DREAM (Table 1).

The Stent vs Indomethacin Study (SVI) was one of the earliest studies
that initiated thedevelopment of amulticenter biorepository forpancreatitis
patient samples, beginning in 2015. Its main objective was to ascertain
whether indomethacin treatment alone could prevent post-ERCP pan-
creatitis (PEP) without the need for a prophylactic pancreatic duct stent
placement (PSP). The study collected samples from patients at elevated risk
for PEP to develop a foundation for future translational research initiatives
using biorepository samples4,5.

In 2017, the PROspective Evaluation of Chronic Pancreatitis for Epi-
dEmiologic and Translational StuDies (PROCEED) study was initiated
under the Consortium for the Study of Chronic Pancreatitis, Diabetes, and
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Pancreatic Cancer (CPDPC). PROCEED aimed to examine a well-
phenotyped study population at different stages of pancreatitis to accu-
rately define disease progression and associated complications. In addition
to its primary research objectives, the longitudinal study also created an
extensive biorepository to support translational studies related to diagnostic,
predictive, and prognostic biomarker testing6.

Also founded as an ancillary study to the CPDPC cohort during 2017,
the INternational Study Group of Pediatric Pancreatitis: In Search for a
CuRECohort Study (INSPPIRE 2). INSPPIRE 2was created as a prospective
cohort to study risk factors, natural history, and outcomes of acute recurrent
pancreatitis (ARP) and chronic pancreatitis (CP) in children. This study
similarly generated a biorepository focused on identifying biomarkers for
early diagnosis of CP in childrenwith progressive ARP, as well as predictors
of long-term complications7.

To assess patient selection and timing for total pancreatectomy with
islet auto transplantation (TPIAT) as a treatment forARP,CP, anddiabetes,
the Prospective Observational Study of Total Pancreatectomy with Islet
Autotransplantation (POST) was developed in 2017. Patients at any age
undergoing TPIAT were enrolled to develop a risk model for guiding
informed decisions related to the timing of a TPIAT intervention, and a
biorepository was established to facilitate further ancillary research8.

The SpHincterotomy for Acute Recurrent Pancreatitis Randomized
Trial (SHARP)was initiated in 2018 to evaluate the efficacy of two treatment
approaches in managing ARP and pancreas divisum: endoscopic ultra-
sound with endoscopic retrograde cholangiopancreatography (ERCP) and
minor papilla endoscopic sphincterotomy (miES) versus endoscopic
ultrasound with a sham procedure. The study established the creation of a
biological biorepository for future exploratory analyses of genetic and
laboratory associations with patient outcomes9.

By 2020, A Case-CrossovEr study deSign to inform tailored interven-
tions to prevent disease progression in Acute Pancreatitis (ACCESS-AP) was
developed to investigate the impact of short-term changes in alcohol con-
sumption on the risk of acute pancreatitis (AP) orARP. This study aimed to
provide data on covariates such as drinking patterns and behavioral changes
prior to and following AP or ARP. ACCESS-AP further established a
biorepository togenerate preclinical dataonbiomarkers thathavepredictive
potential or actionable targets for therapeutic agents10,11.

The most recent cohort in 2022 was the Diabetes RElated to Acute
Pancreatitis and Its Mechanisms (DREAM) Study, created to investigate the
incidence, etiology, andpathophysiologyofdiabetes followingAP.Established
under the Type 1Diabetes in Acute Pancreatitis Consortium (T1DAPC), the
study’s primary objective is to define the cumulative incidence and clinical
characteristics associated with the development of diabetes, pathophysiology,
and immunologicalmechanismsof diabetes after oneormore episodes ofAP.
A biorepository was established to allow continued investigation of covariate
influences contributing to diabetes onset following AP12–14.

Overview of the biospecimen collection process
Biospecimen preservation involves several essential steps to preserve the
viability and quality of samples over a prolonged period of time (Fig. 1). In
this paper, the term “biospecimens” is synonymouswith “samples” andmay
be used interchangeably. The process begins by collecting samples from
patients of interest, including blood, urine, saliva, stool, and other bodily
fluids or biological tissues. Following collection, the samples undergo
laboratory processing to prepare for long-term storage and potential use in
subsequent research studies. After processing, they are transported to a
central repository and stored under highly controlled conditions. These
storage facilities preserve samples and associated data until they are
necessary for future research usage.

To protect the integrity of these valuable samples, standardized
operating procedures (SOPs) must be implemented. Thus, it is impera-
tive that all pancreatitis consortia studies with an established bior-
epository impose detailed SOPs that maximize the preservation of the
collected biospecimens to ensure consistency andminimize variability in
future research outcomes.T
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Biospecimen types collected
The biorepository process begins with the collection of biospecimens from
patients of interest, which typically occurs during hospitalization, ambula-
tory visits, research-only visits, or surgery, depending on each study’s
objective. The biospecimens collected by the consortia in this review fall
under four main sample types: blood, fluids, stool, and pancreatic tissue.

All seven studies collect blood samples for biorepository use. Several
different forms of blood samples can be subsequently processed and stored,
including serum, plasma, peripheral blood mononuclear cells (PBMCs),
DNAorRNA, andwhole blood (Table 2). Six out of the seven studies collect
non-blood-derived fluid sample types, including urine, saliva, duodenal
fluid, and pure pancreatic juice (Table 3). Only four studies collect stool
samples (Table 4).

Finally, only the POST consortium study is documented to have col-
lected pancreas tissue samples. For pancreatic tissue, one to two samples of
approximately 300micrograms each are collected, contingent upon patient
consent. One set of samples is preserved through paraffin embedding for
histological analysis, while a separate sample of similar size is snap-frozen
and then stored at −80 °C for various downstream analyses, such as RNA
extraction and mass spectrometry.

Timing and frequency of collection
The exact timing and frequency of biospecimen collection contribute to
variability among samples, especially when they are collected at different
stages of disease progression. Given that definitions of pancreatitis stages
remain ambiguous and vary across studies, it is crucial for studies storing
pancreatitis samples to have clear guidelines on the specific time points for
sample collection. We utilize the PROCEED guidelines of definitive char-
acteristics for each stage to classify pancreatitis disease types15. Five consortia
studies collect samples at multiple time points to support longitudinal
studies dedicated to delineating disease progression. They are: PROCEED,
INSPPIRE 2, POST, ACCESS-AP, and DREAM (Fig. 2). Furthermore,
while data related to the history of patients with AP and CP at the time of
sample procurement may be available upon request, access to the metadata
requires approval from a formal ancillary studies committee.

Biospecimen processing time
After the biospecimens are collected, the duration of processing time can
affect sample quality and viability. Variability in this time frame is evident
across the SOPs of each study, as several studies permit a wide range of
intervals between collection and processing.

For blood samples, some consortia studies, including PROCEED,
POST, SHARP, and ACCESS-AP, specify that serum, plasma, and PBMC
processingmust occur within 4 h of collection16,17. In contrast, SVI specifies
that processing shouldoccurwithin 24 hof collection, and INSPPIRE2does
not impose a strict time frame for blood sample processing (Table 2).
Moreover, DREAM specifies that serum and plasma processingmust occur
within 4 h of collection, while PBMC processing can occur within 12 h of
collection, and whole blood processing does not have a maximum time
frame. Finally, PROCEED specifies that whole blood (RNA) processing
should occurwithin 72 h, andwhole blood (DNA) processing does not have
a maximum time frame.

A similar time restriction applies to urine samples; PROCEED,
INSPPIRE 2, POST, SHARP, and ACCESS-AP all require urine collection
and processing to be completed within 4 h, and SVI mandates only 2 h
between collection. For other fluid samples, INSPPIRE 2 and POST do not
specify a maximum time frame between collection and processing of saliva
samples, whereas PROCEED consistently requires processing of all samples
within 4 h, and SVI requires processing of saliva and duodenal fluid within
24 h (Table 3)16.

For stool samples, the time frame is generally longer, as most samples
are procured throughhome collection kits (Table 4). PROCEED, INSPPIRE
2, andDREAMspecify amaximum time frame of 14 days after collection in
stabilizer tubes before samples are frozen at the central repository16. SVI
collects stool samples from a digital rectal examination during indo-
methacin administration and immediately places samples in short-term
storage at−20 °C or −70 °C (preferred).

Overall, the variations in time frames and additional steps prior to
processing demonstrate how each consortium has taken different, subtle
approaches to preserve sample quality and produce reliable analytical results.

Methods of biospecimen processing and storage
before transportation
Biorepository consortia studies have largely standardized the processing
techniques for blood samples. Each study’s SOPs cover major steps such as
centrifugation and aliquoting. For blood samples, the first step is typically
centrifugation, which separates the blood into layers (e.g., serum, plasma,
PBMCs) before further processing occurs (Table 2). Moreover, the type of
additive used is consistent among consortia, depending on the blood sample
type being processed. Following processing, samples are aliquoted, with
slight variations among consortia studies in theminimum volume required
for each sample layer.

Fig. 1 | Biospecimen handling process.Diagram of
the four main steps in the biospecimen handling
process employed by consortia. The process begins
with Collection, where biospecimen samples are
obtained during ambulatory visits, research visits,
hospitalization, or before, during, or after surgery.
Following collection, the samples undergo Proces-
sing, which includes processing within a maximum
time frame after collection, sample addition to spe-
cified tubes as outlined in each study’s SOP, ali-
quoting the samples, and placing them in short-term
storage. All samples are eventually Transported to
the central repository of each consortium. Note that
the Transportation step may occur concurrently
with or after processing, depending on the specific
protocol. Finally, the samples are placed in Storage,
typically by freezing, to maintain their quality for
future use.
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After processing, a number of consortia studies also stipulate certain
short-term storage conditions before being transported to long-term sto-
rage. For instance, the SVI consortium mandates that all blood samples be
stored in a freezer at temperatures between−20 °C and −70 °C as soon as
they are aliquoted and transferred to long-term storage within 24 h of
processing. The PROCEED consortium offers additional specifications for
every blood sample type. Before freezing, plasma aliquots can be kept on ice
or in the refrigerator at 4 °C for up to 4 h. In contrast, whole blood (RNA)
aliquots should be kept at ambient temperature for 2–72 h and then frozen
at −20 °C for at least 24 h before transferring to long-term storage. Both
PROCEED and ACCESS-AP also require PBMC aliquots to be frozen at
−80 °C for 4–96 h before being moved to long-term storage16. The POST
cohort allows all blood aliquots (serum, plasma, and PBMCs) to be kept on
ice or in the refrigerator for up to 4 h prior to freezing.

The processing of fluid samples has greater variation across consortia
studies. Four of the six studies that collect urine samples (PROCEED,
INSPPIRE 2, POST, and ACCESS-AP) list centrifugation as a processing
step where only the supernatant layer is aliquoted (Table 3). Furthermore,
PROCEEDand INSPPIRE 2 require that the supernatantmust be separated
into three aliquots: one with no additives, one with an RNase inhibitor, and
one with a protease inhibitor. Afterward, aliquots with specified minimum
volumes are prepared for long-term storage16.

Out of the four studies that collected saliva samples, each consortium
had varying procedures upon sample collection. The SVI protocol allows
saliva samples to be directly aliquoted without any additives and requires
samples to be placed in a −20 °C to −70 °C freezer immediately after ali-
quoting before being moved to long-term storage conditions within 24 h of
processing. The POST protocol, on the contrary, instructs saliva samples to
be mixed with additives upon collection in the ORAcollect Dx kit. The
PROCEED SOP varies depending on the volume of saliva collected. If the
samples collected are under 2mL, they can be aliquoted without cen-
trifugation or added media; if the samples are over 2mL, 1mL should be
mixed with an RNase inhibitor without centrifugation before aliquoting16.
Based on its intended use for DNA collection, the INSPPIRE 2 cohort
adheres to a distinct protocol. After being collected in the Oragene DIS-
COVER kit and transported to the central repository, the saliva samples
undergo DNA purification before being placed into long-term storage.

The least amount of processing is needed for stool samples, and pro-
tocols again differ according to the intended use. The SVI network stores
stool samples in a −20 °C or −70 °C freezer immediately after collection
without additional processing requirements (Table 4). PROCEED,
INSPPIRE 2, andDREAM all use the OMNIgene•GUT kit for microbiome
profiling, and DREAM further uses OMNImet•GUT for metabolome
profiling16.

The processing of pancreas tissue samples by the POST study varies
depending on the intended use, either for histopathological evaluation or
gene expression analysis. The first set of samples intended for histology is
stored at ambient temperature for 24–72 h and washed twice with a 70%
alcohol solution. These tissues were later shipped at ambient temperature
and embedded in paraffin blocks at the central repository. The second set of

samples intended for transcriptome analysis using RNA is refrigerated at
4 °C for 24–72 h to allow the RNA-Later solution to penetrate the tissue.
Subsequently, RNA-later tissues were shipped on dry ice to the central
repository and stored at −80 °C until RNA extraction and library
preparation.

Although most key biospecimen processing steps are generally con-
sistent across studies, some variation remains within particular procedural
steps. These variations draw attention to the different procedures required
for distinct intended uses and may indicate the need for standardized
procedures to guarantee even more uniformity in research involving
biospecimens.

Biospecimen transportation conditions to the central
repository
All biorepository samples fromeach study are eventually shippedand stored
long-term at a designated central repository. The responsibilities of each
study’s central repository vary. Some repositories, such as PROCEED, allow
individual satellite centers to process all samples before shipping them to the
central repository16. Other repositories, such as INSPPIRE 2, handle all
processing of blood and saliva samples after they arrive at the central
repository.

The majority of studies mandate that samples be sent to the central
repository either at ambient temperature or frozen on dry ice. All studies,
except INSPPIRE 2, require blood samples to be shipped on dry ice, and
DREAM requires its cryopreserved PBMC samples to be shipped in liquid
nitrogen16,17. All studies also require urine samples to be shipped frozen on
dry ice.While INSPPIRE 2 and POST allow saliva samples to be shipped at
ambient temperature to the central repository, SVI and PROCEED require
saliva samples to be shipped on dry ice. Lastly, SVI requires stool samples to
be shipped on dry ice, while PROCEED, INSPPIRE 2, andDREAM require
stool samples to be shippedat ambient temperature fromhome collection to
the clinical center before being shipped to the central repository16,17. Despite
having differing responsibilities, all central repositories are essential for the
effective operation of biorepositories.

Storage requirements
The final step in the biospecimen process is placing samples in long-term
storage to preserve them indefinitely. Each study has a designated data
coordinating center responsible for the governance of data storage, hand-
ling, and protection.Moreover, all data are de-identified in accordancewith
the guidelines for privacy and confidentiality of human research partici-
pants, and the associated clinical information for each biorepository is
available upon request.

In general, all studies require samples to be frozen and stored in a
freezer. For blood samples, most studies specify storage in a−80 °C freezer.
A few studies, such as SVI and POST, allow specimens to be stored at
−70 °C. Additionally, consortia studies that collect PBMC samples,
including PROCEED, ACCESS-AP, andDREAM, specify the placement of
PBMC samples in a liquid nitrogen freezer16,17. Similarly, most studies
generally require urine, saliva, stool, and tissue samples to be stored in a

Fig. 2 | Pancreatitis disease types from which
biospecimens were collected by each
consortium study. Timeline that provides an
overview of the pancreatitis disease types from
which each consortium study collected biospeci-
mens as pancreatitis progresses from acute to
chronic stages. The consortia studies listed at each
main stage (Acute Pancreatitis, Acute Recurrent
Pancreatitis, andChronic Pancreatitis) represent the
studies involved in biospecimen collection at those
disease stages. Consortia studies conducting long-
itudinal studies have multiple collection points
across different stages of pancreatitis.
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−80 °C freezer, while SVI and POST allow urine samples to be stored at
−70 °C16,17. Overall, these variations in storage practices further highlight
the opportunity to align protocols for biospecimens, depending on their
intended use.

Cited and potential other uses of biospecimens
In addition to providing detailed SOPs for the collection and processing of
biorepository samples, each study lists several envisioneduses for the sample
types collected (Table 5). Several common uses for blood samples include
serum immune profiling, whole blood transcriptomic analyses, PBMC
immune profiling, plasma proteomics, autoantibody and neo-antigen
screening, genomics, and other functional assays. Examples of usages for
fluid samples include utilizingurine samples for toxicologypanels and saliva
samples for genomics. Stool samples are mostly used for microbiome and
metabolomic profiling.

Beyond each sample’s intended purpose, additional novel assays and
metrics could be applied to the biorepository collections based on emerging
methodologies in the field. Specifically, several promising applications
include the detection of extracellular vesicles, T-cell receptor sequencing,
blood microsampling, and further multi-omics approaches18–20. With the
help of these novel techniques, a deeper understanding of disease
mechanisms, patient stratification, and therapeutic interventions can ulti-
mately be achieved.

Moreover, numerous publications have emerged from the consortia
studies reporting various research outcomes associated with utilizing the
collected biospecimens. For instance, the PROCEED consortium leveraged
its samples for advanced applications, including serum immune profiling to
better understand immune responses in pancreatitis disease continuumand
mass cytometry by time-of-flight (CyTOF) analysis for biomarkerdiscovery
in CP21,22. These techniques are examples of versatile expansions on the
conventional use of biorepository samples, and they illuminate the potential
for addressing broader health outcomes in a way that is highly useful to a
clinical setting.

Discussion
The current review analyzes the biorepositories established over the
past decade through sevenUS federally funded,multicenter pancreatitis
consortia studies, which together collect and store a wide array of
biospecimens, along with detailed phenotypic metadata. These bior-
epositories, which contain several biospecimen types from differing
pancreatitis patients, provide a solid basis for multimodal research that
can help us deepen our understanding of pancreatitis. By choosing to

analyze methods produced by well-established, major contributors
within the realm of pancreatitis biorepository consortia, we can develop
a greater understanding of the most time-tested and effective methods
for biorepository collection, processing, and storage. We aimed to
address three important objectives: (1) provide knowledge of the
immense biorepositories established in the last decade through US
federally funded, multicenter clinical consortia studies for pancreatitis,
(2) understand the similarities and differences between consortia stu-
dies as they relate to sample acquisition, and (3) emphasize the potential
for the scientific community to leverage the biorepositories to investi-
gate additional research questions.

Several similarities were identified in the biorepository processing
methods across studies, including the types of biospecimens collected,
major processing steps, and long-term storage conditions. Additional
comparison of INSPPIRE 2 and POST pediatric protocols with adult
protocols from other consortia studies revealed no differences in the
written protocols between the two age groups in terms of volume or
other pediatric-specific requirements. Moreover, we noted important
differences across consortia studies primarily related to the biospecimen
collection time points, processing times, short-term storage conditions,
central repository roles, and cited uses for various sample types. These
differences can influence the viability and stability of samples; for
instance, recent studies suggest that even brief processing delays could
impact the stability of important analytes, such as immunological
markers, in blood samples23. As such, current biospecimen protocols
that allow for delays in processing may affect the chemical composition
of samples, which could introduce variability in further analyses. Yet
ultimately, existing protocol variations among consortia studies, such as
collection time points and sample type diversity, allow for a wider range
of available specimens that can be used for many distinct research
interests.

Due to the observed variability between biorepository protocols, the
question of the most effective practices for pancreatitis biorepositories
subsequently arises. However, we recognize that each study has distinct
initial objectives, and variability in sample protocols arises from these
differing purposes. Researchers planning to conduct specific experi-
ments using such biospecimens should take this variability into account.
For this reason, a singular consensus practice cannot be reasonably
implemented as each protocol is tailored to the specific needs and
objectives of the study. Nonetheless, the generalized best practices
include a maximally detailed protocol, continuous reevaluation of the
workflow, and a multidisciplinary team of clinicians and researchers

Table 5 | Envisioned uses of stored biospecimens cited by consortia studies

Study Sample types collected Cited uses of biospecimens

SVI serum, plasma, whole blood, urine, saliva, duodenal
fluid, stool

indomethacin drug levels, toxicology panel, genomics, stool microbiome profiling, and
metabolomics4

PROCEED serum, plasma, PBMCs, whole blood (DNA, RNA) plasma proteomics, serum immune profiling6,21

urine, saliva, pancreatic fluid urine proteomics, pancreatic fluid prostaglandin E2 levels6

stool, pancreas tissue stool microbiome profiling6

INSPPIRE 2 plasma, whole blood (DNA), urine, saliva genomics7

stool microbiome profiling

POST serum, plasma, PBMCs, urine, saliva, pancreatic tissue genomics8

SHARP serum, plasma, buffy coat, urine genomics integrated with multimodal profiling from electronic health record and imaging
metadata9

ACCESS-AP serum, plasma, PBMCs transcriptomics, proteomics10

urine toxicology10

DREAM whole blood (DNA, RNA), PBMCs transcriptomics, flow cytometry, mass cytometry by time-of-flight (CyTOF)14

serum, plasma, DNA, RNA genomics, proteomics, autoantibody, and neo-antigen screening14

stool microbiome profiling and metabolomics17
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convened early on and throughout the process, as well as broad avail-
ability to the scientific community once the biorepositories have
matured.

The potential of these biorepositories extends beyond the original
applications for which these samples were intended. These samples offer a
plethora of opportunities for novel assays and research applications, espe-
cially when coupled with an abundance of emerging methodologies. The
current review emphasizes how the scientific community can leverage these
valuable biorepositories to address additional research questions and
advance their related fields.

In conclusion, although this paper focuses on pancreatitis disease
andUS federally fundedmulticenter consortia studies, we anticipate the
current review will promote greater awareness of the existing landscape
of current biorepository consortia and provide a direct comparison of
the similarities and differences between consortia studies as they relate
to sample acquisition. Furthermore, by offering a framework for con-
sensus among pancreatitis biorepositories, our findings may help to
optimize specimen collection and storage practices. Finally, not only are
these insights relevant to pancreatitis research, but they can be widely
applicable to biorepository disease consortia across various fields, thus
demonstrating the potential for biorepository consortia to drive sci-
entific breakthroughs and deepen our comprehension of human dis-
eases worldwide.

Data availability
No datasets were generated or analyzed during the current study.
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