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Abstract: Chronic pancreatitis (CP) is a clinically defined, usually progressive chronic inflammatory disease of 

the pancreas based on a combination of signs and symptoms. Current criteria for diagnosis rely on 
overt moderate-severe morphologic changes on cross-sectional imaging. Late-stage disease is an 
irreversible condition associated with lost pancreatic function and complications that lead to poor 
quality of life (QOL). Historically treatment is symptomatic, supportive and often ineffective. This 
article describes our approach to the diagnosis of CP and discusses the limitations of current 
diagnostic criteria. Clinical unmet needs include reliably making a diagnosis of early stages of CP, 
accurately predicting disease progression and establishing biomarkers of different stages of CP. 
Addressing these needs will offer an opportunity for targeted approaches to prevent progression to 
end-stage disease.  
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1. Introduction

Chronic pancreatitis (CP) is an irreversible chronic

inflammatory disease of the pancreas that over time leads 
to exocrine and endocrine dysfunction in most patients. 
The classic triad of CP includes: (a) calcification in the 
pancreas on abdominal X-ray, (b) diabetes mellitus (DM) 

and (c) steatorrhea, is typically seen in patients with 
alcoholism and heavy smoking. Currently, the diagnosis of 
CP relies heavily on imaging findings with clinical signs of 
organ dysfunction that reflect an advanced stage of disease 
and etiologic factors with a high risk of CP contributing to 
the overall assessment. Diagnosis of CP at an earlier stage 
is important so that strategies to prevent progression can 

Abbreviations used in this paper. CECT, contrast-enhanced 
computed tomography; CP, chronic pancreatitis; DM, diabetes 
mellitus; EPI, exocrine pancreatic insufficiency; EUS, endoscopic 
ultrasound; HbA1c, hemoglobin A1C; MRCP, magnetic resonance 
cholangio-pancreatography; MRI, magnetic resonance imaging; 
NAPS2, North American Pancreatitis Study II; PDAC, pancreatic 
ductal adenocarcinoma; sMRCP, secretin enhanced MRCP; RAP,  
recurrent acute pancreatitis; TPIAT, total pancreatectomy with islet 
auto transplantation 
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be identified and justified.(1) However, early diagnosis is 
difficult as advanced morphologic changes may not be 
apparent on cross-sectional imaging and most cases of 
suspected early CP do not advance to end-stage CP. The 
gaps in knowledge include our ability to identify prevalent 
CP in patients who have suggestive clinical presentation or 
are at high-risk of disease progression, to predict disease 
course, and to identify accurate biomarkers for different 
stages of CP. Until additional research and consensus on 
systematic approaches are reached, the traditional 
approach to diagnosis of CP remains as the standard of 
care.   
     Our general approach to evaluation and management of 
CP from the perspective of a pancreatologist is 
published.(2) Evaluation includes taking good history of 
symptoms, personal and family history, risk factors and 
review of laboratory test results (Table 1).  
     The diagnosis of CP is established by the presence of 
definitive changes in the pancreatic parenchyma and/or 
ductal system on cross-sectional imaging, i.e. contrast-
enhanced computed tomography (CECT) scan of the 
abdomen and/or magnetic resonance imaging (MRI) with 
magnetic resonance cholangiopancreatography (MRCP), 
preferably with secretin injection. In select patients where 
the clinical presentation is convincing but cross-sectional 
imaging does not show obvious morphologic changes, an 
endoscopic ultrasound (EUS) is performed.  
 

 
Table 2. Genetic variants associated with CP* 
 

Recurrent acute pancreatitis in the trypsin-dependent pathway 
       Acinar Cell 

- PRSS1 (hereditary pancreatitis) 
- SPINK1/SPINK1 (familial pancreatitis) 
- CTRC (variants reducing gene expression, sporadic) 

      Duct Cell  
- CFTR / CFTR (cystic fibrosis, CFTR-related disorders) 
Mixed 
- Complex acute pancreatitis risk genotypes (CASR, CFTR, CTRC, PRSS1/2, etc) 
Extra pancreatic: 
- Genetic risks for gallstone disease linked to AP and RAP (polygenic risk, sex, BMI) 
- Hypertriglyceridemia risks (polygenic risk and environmental factors)  

 
Chronic pancreatitis risks 
       Genetic variants in the protein misfolding pathway 

-  CEL, CPA1, CTRC, PRSS1, etc) 
      Genetic variants in the cellular injury response pathway  

- GGT1 (oxidative stress in the duct cells) 
- UBR1 (unfolded protein response and secreted protein ubiquitination pathway) 
Genetic variants affecting severity of inflammation  
- PRSS1/2 locus (10kb insertion variant including T cell receptor B (TRB) variants increasing fibrosis response 

and PRSS2 promoters increasing PRSS2 expression.(4)) 
- CLDN2 (Alters endothelial CLDN2 expression and leukocyte adherence promoting inflammation. (5)) 

  (continued) 
 

Confounding condition risks 

Table 1. Clinical characteristics of CP 
Symptoms 

• Abdominal pain 

• Recurrent acute pancreatitis 

• Diarrhea and/or steatorrhea 

• Weight loss 

• Diabetes 

• Jaundice 
Laboratory testing 

• Abnormal serum amylase and/or lipase levels 

• Elevated liver injury test tests 

• Elevated blood sugar and Hemoglobin A1c levels 

• Low fecal elastase-1 

• High quantitative (24 hour) fecal fat 

• Vitamin deficiencies (e.g. fat-soluble vitamins, 
vitamin B12) 

Imaging features 

• Duct distortion, strictures and dilatation 

• Calcifications (parenchymal, ductal) 

• Gland atrophy 

• Common bile duct stricture 

• Local complications – necrosis, 
pancreatic/peripancreatic fluid collection(s), 
pseudocysts 
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Diabetes mellitus 

- Polygenic risk for Type 2 DM and others 
Chronic pain syndromes 

- Depression and anxiety genes(6, 7) 
- Chronic pain genes 
- Pharmacogenetic factors 

Celiac disease 
- Increases risk for CP 
- Confounds assessment of exocrine pancreas insufficiency.  

 

*This list is a high-level overview of common genetic risk. Genes are listed by symbols only. In many cases only 
PRSS1, CFTR, SPINK1 and CTRC gene variants are tested and interpreted within a Mendelian genetic framework 
rather than a precision medicine (complex disease modeling) approach. 
 

 
The extent of evaluation for the etiology of CP depends on 
history and clinical presentation. A summary of risk factors 
and etiologies of recurrent acute pancreatitis (RAP) and CP 
are given in the TIGAR-O list.(3) Testing for pathogenic 
variants in pancreatitis susceptibility genes (Table 2) is 
performed in patients without an obvious etiology and in 
those in whom the reported amount of alcohol 
consumption does not explain the disease. The utility of 
genetics in understanding the complexity of the 
pancreatitis syndromes is considered in the section on the 
role of genetics in the etiologic diagnosis of CP. 
 

    In patients with a confirmed diagnosis of CP, endocrine 
and exocrine function is evaluated by blood sugar and 
hemoglobin A1c levels and exocrine function by fecal 
elastase-1 testing. We currently do not routinely perform 
endoscopic pancreatic function testing in our practice. 
Testing for vitamin D, vitamin B12 and bone density is also 
performed (Table 3).  
 

The diagnosis of CP continues to be established 
based on definitive changes in the pancreatic 
parenchyma and/or ductal system on cross-
sectional imaging in patients. 

 

 

Table 3.  Laboratory and imaging tests at the time of diagnosis and during follow-up in patients with CP 
 

• Hemoglobin A1C (HbA1c), blood glucose (preferably fasting) – at diagnosis and every 6-12 months 

• Fecal elastase-1 – at diagnosis and then as needed 

• Quantitative fecal fat – in select cases, as needed (seldom used clinically) 

• Serum vitamin D, B12 – at diagnosis and every 6-12 months 

• Liver function panel, including serum albumin, total protein – at diagnosis, yearly and as needed  

• DEXA Scan – at diagnosis and every 3 years 

• Imaging tests (CT scan, MRI/MRCP) – as needed (including screening for sarcopenia) 
 

 
Probable CP. 
 

     In select patients with a high suspicion for CP, e.g. a 
patient with AP or RAP who has developed chronic 
abdominal pain, but cross-sectional imaging does not show 
morphologic changes of CP, a clinical diagnosis of “probable 
CP” is made with an expectation that during longitudinal 
follow-up definitive changes of CP will become evident on 
cross-sectional imaging to confirm the suspected 
diagnosis.(1, 8, 9) The problem is that the time between onset 
of symptoms and progression to CP can be prolonged to up 
to a decade.(8) Another issue is that there is no diagnostic 
code for this “probable CP” among ICD-10 codes so 
diagnostic codes for other established features must be 
used. Furthermore, the positive predictive value for ICD-10 
code-based diagnosis of verified CP using electronic health 
records is only 54.5%(10), indicating that more accurate 
diagnostic criteria are needed along with improved coding. 
 

In selective patients suspected to have CP but 
pancreatic imaging does not demonstrate 
characteristic changes, a diagnosis of “Probable 
CP” is made. 

 

     Patient education remains a central tenet of successful 
treatment. Taking the time to help patients understand the 
etiology and driving factors of their disease is important 
for many reasons. High among these is to provide some 
answers as to why the patient developed this condition, 
natural history of disease and to ensure their full 
participation in the treatment plan.   
 

Diagnostic criteria: Current approach and limitations 
 

Patients with evidence of CP on abdominal imaging.  
 

     Findings suggestive of CP on abdominal imaging include 
parenchymal and ductal changes such as calcifications, 
ductal dilatation, ductal stricture(s) and pancreatic 
atrophy. Currently, the diagnosis of CP relies on cross-
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sectional imaging (CT scan and/or MRI/MRCP) with 
evidence of changes related to chronic inflammation and 
fibrosis.(1, 11, 12) Imaging of the pancreas is used as a 
surrogate for underlying pathology (e.g. Cambridge 
criteria)(13) since routine biopsies of the pancreas at one or 
more locations has risks of pancreatitis, infection or 
pancreatic fluid leak.  Multiple attempts to diagnose CP 
with EUS have been proposed(14-16), but interobserver 
variations, disagreement on the type and number of 
criteria for early diagnosis and questions as to specificity 
of findings of fibrosis being CP continue to be major 
limitations.(1, 17-20) The limitations of currently accepted 
diagnostic criteria is that the imaging findings must be 
sufficiently advanced before a definitive diagnosis can be 
made. 
 

Imaging evidence of CP includes a combination of 
changes related to significant fibrosis (e.g., dilation 
of pancreatic ducts), calcifications, pseudocyst 
(suggesting previous AP) and atrophy. Isolated 
finding of many of these features alone may be 
nonspecific.  

 
Patients with clinical evidence of CP without significant 
changes on abdominal imaging. 
 
     The presence of definitive changes on imaging studies 
helps to establish the diagnosis of CP. However, a subset of 
patients in whom the clinical features are suggestive of CP 
likely have underlying CP, but due to the absence of obvious 
morphologic changes, making a diagnosis of CP is difficult 
based on current consensus diagnostic criteria. Several 
terminologies have been used for this clinical scenario, 
including “Early CP” and “Minimal change CP”. Approaches 
used in clinical practice for diagnosis in this situation 
include evaluation for parenchymal and ductal changes on 
EUS(18), MRI/MRCP(21-23), secretin enhanced MRCP 
(sMRCP)(24) and assessment of bicarbonate concentrations 
in duodenal aspirate after secretin stimulation using 
traditional (Dreiling’s tube) or endoscopic approach.(25-27) 
Comparisons between these approaches have been made 
in cross-sectional studies(28-30) and some studies have 
made comparisons with histology in patients undergoing 
total pancreatectomy with islet auto transplantation 
(TPIAT).(31) On EUS, which some consider the most 
sensitive modality for evaluation of the pancreas(17), the 
presence of five or more ductal and parenchymal features 
are considered to be consistent with CP, while fewer are 
considered inconclusive. Limitations of EUS include its 
subjective assessment, interobserver variability and the 
likelihood of features considered to be surrogate for 
fibrosis on histology to represent non-specific changes as 
they can also be seen in the absence of CP.(32)  

 
The diagnosis of CP in patients with compelling 
clinical characteristics, risk factors and/or 
biomarkers, but without imaging changes is 
difficult and often cannot be made without 

histology of the gland. Advanced imaging 
techniques and better biomarkers are needed.    

 

Fibrosis alone is not pathognomonic of CP.  
 

     Fibrosis is a response of the immune system to stress. In 
the pancreas, fibrosis is mediated by pancreatic stellate 
cells.(33, 34) The deposition of fibrosis in the pancreas by 
stellate cells is not specific to pancreatitis since, as an 
example, the fibrotic process is very robust in pancreatic 
cancer.(35, 36) Furthermore, the more sensitive the imaging 
technique, the less specific are the results.  
     In the absence of morphologic changes of definite CP on 
cross-sectional imaging, fibrosis has been documented in 
the pancreas on pathology (including autopsy) of 
longstanding alcohol use, smoking and multiple chronic 
diseases such as chronic kidney disease(37), liver 
cirrhosis(38), aging(39-41) and longstanding diabetes termed 
“pancreatopathy”(42) (Table 4).  

    The significance of such findings in the absence of clinical 
symptoms is unclear and it is believed that these changes 
do not represent true CP. (43) In contrast to other chronic 
conditions of the Digestive system, such as inflammatory 
bowel disease or chronic liver disease, histology from the 
pancreas for a pathologic assessment is not typically 
available to evaluate the stage of disease or monitor its 
progress. Moreover, expert pathologists agree that fibrosis 
alone, even at more advanced stages may be non-specific 
and cannot be used to make a diagnosis of CP. (43)  Likewise, 
pancreatic atrophy cannot be used to diagnose CP.(44)  

 

Imaging features suggestive of CP in the absence of 
symptoms should be interpreted with caution in 
the elderly and in patients with alcohol or tobacco, 
diabetes mellitus, chronic kidney disease, liver 
cirrhosis, pancreatic neoplasia and certain drugs.  
 

 

Fibrosis alone does not correlate with other features of CP. 
  

     Fibrosis, as well as other features that are characteristic 
of advanced CP such as exocrine pancreatic insufficiency 
(EPI), DM and chronic pain, do not develop at the same rate 

Table 4. Examples of conditions where features of 

“fibrosis” are noted on imaging (endoscopic 
ultrasound) and/or pathology (autopsy) with no 

clinical history or symptoms of pancreatitis. 
 

• Elderly 

• Chronic alcohol use 

• Chronic smoking 

• Diabetes 

• Chronic kidney disease 

• Liver cirrhosis 

• Intraductal Papillary Mucinous Neoplasm (IPMN) 

• Pancreatic ductal adenocarcinoma (PDAC) 

• Certain medications, e.g. cyclosporine 
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in all patients – although they may eventually coexist in 
end-stage disease. For example, a cross sectional 
comparison of patients with CP in the North American 
Pancreatitis Study II (NAPS2) and others demonstrates a 
poor correlation between fibrosis and pancreatitis pain 
syndromes(45), EPI(46), pancreatic cancer risk(47) or clinical 
course when detected in the earlier disease phases.(19)  This 
indicates that the progression of the CP syndrome 
represents semi-independent dysfunction and failure of 
the different specialized cell types and systems that 
contribute to pancreatic physiology and pathology.(11)   
 

Fibrosis is a biomarker of pancreatic stellate cell 
activation and collagen deposition versus 
reabsorption. Other cell types may have different 
levels of activation and resilience to stress 
resulting in asynchronous progression from 
normal pancreas to end-stage CP. 
 

 Imaging changes suggestive of “Early CP” typically do not 
progress to CP. 
 

     The current approach is to use caution in making a 
definitive diagnosis of CP in the absence of obvious 
morphologic changes, especially since a disease is difficult 
to “undiagnose.” The best way to make a confident 
diagnosis is longitudinal follow-up that confirms the 
presence of definitive changes associated with CP. As an 
example, during a median follow-up of 9 years at a tertiary 

care clinic, none of the 38 patients with chronic abdominal 
pain and 12 out of 38 (31.6%) diagnosed as “Early CP” 
based on EUS progressed to definite CP.(19) In another study 
that utilized EUS and pancreas function testing for 
diagnosis of CP, during an average follow-up of 7 years (IQR 
3.5–9.5), 19 of 90 patients (21%) progressed to definite CP 
(14). In Japan, a 2-year prospective study of 83 patients 
diagnosed with early CP noted that only 4 (4.8%) of 
patients progressed to CP, 48 (57.8%) remained 
unchanged and  31 (37.3%) improved or resolved(48) Table 
5 lists scenarios where Early CP is in the differential 
diagnosis. 
      Among these clinical scenarios, patients with prior AP 
or RAP have the highest risk of progressing to CP. In a 
systematic review of 14 studies, the probability of 
demonstrating features of CP on cross-sectional imaging 
during follow-up of at least one year was ~10% in patients 
with AP and ~36% in those with RAP(49). The probability of 
prevalent CP or future progression to CP in each of the 
other clinical scenarios in Table 5 is much lower.  
 

In most clinical cases, the imaging features 
suggestive of early CP will either resolve or fail to 
progress to CP. The group with highest risks are 
patient with AP and RAP, where rates of progression 
to CP may be 10% and 36%, respectively 

 

 

Table 5. Clinical scenarios where CP is in the differential diagnosis, cross-sectional imaging does not show obvious 

changes of CP and other diagnoses have been excluded* 
 

1. AP or RAP with or without chronic abdominal pain, exocrine and/or endocrine dysfunction 
2. Unexplained chronic abdominal pain with normal or mild elevations in serum pancreatic enzymes 
3. Vague upper abdominal symptoms, e.g. dyspepsia 
4. Unexplained diarrhea with low fecal elastase-1 levels and equivocal or no response to pancreatic enzyme 

replacement therapy 
*The likelihood of underlying CP varies based on the number and type of risk factors present (TIGAR-O List(3)). A 
confident diagnosis can only be established on longitudinal follow-up that confirms the presence of definitive changes 
of CP on cross-sectional imaging or histology. 
 

Correlation between various biomarkers of CP is best at the 
extremes of the disease spectrum.  
 

     CP is a syndrome, indicating that several features must 
be present to make a diagnosis. As noted above, the classic 
triad of parenchymal calcifications, diabetes mellitus and 
steatorrhea capture the synergy of structural and 
functional abnormalities that only exist in true CP. These 
features collectively represent end-stage disease when 
there is little hope of reversal.  
     The clinical challenge is in identifying patients with true 
early CP, or evidence that the underlying pathogenic 
processes will progress to CP in the future. Clarity on the 
pathophysiology will require subdividing RAP and CP into 
groups of pathophysiologic mechanisms that can be 
independently measured and followed, and the 
development of new models of disease that consider 

external stressors and interaction between systems before 
individualized care is available.  
 

Biomarkers of CP should be linked to specific cell 
types and processes, with correlation between 
clinical features of CP tracked on an individual 
basis.  

Unmet needs for making a diagnosis of CP. 
 

Clinical unmet needs for making an accurate and timely 
diagnosis of CP include:  
a) Identifying prevalent CP in patients with suggestive 

symptoms but without sufficient imaging changes to 
make a confident clinical diagnosis.  

b) Individualized prediction of disease progression and 
trajectory in those at-risk of or early established CP 

c) Monitoring of disease activity and evaluating the 
effectiveness of interventions.  
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    As noted in Table 5, in some clinical scenarios, CP is in 
the differential diagnosis. However, the lack of morphologic 
changes that meet the currently established criteria for CP 
diagnosis limits a clinician’s ability to differentiate patients 
in whom a diagnosis of CP can be established or excluded 
with confidence. Making a confirmed diagnosis can allow a 
clinician to focus on management, while exclusion of 
diagnosis leads to consideration of other potential 
explanations for the patient’s clinical presentation.  
     One concern of thought and opinion leaders for making 
diagnosis of Early CP in a lower-risk patient (e.g. chronic 
abdominal pain and normal or minimal changes of fibrosis  
on pancreatic imaging) is that the diagnosis of “CP” may 
trigger radical therapy, such as total pancreatectomy with 
islet autotransplantation (TPIAT).(1, 11) In contrast, doing  
“nothing” has a risk of the patient seeking treatment with 
another specialist who may embark on a therapeutic 
odyssey that leads to high cost and potential harm without 
significant benefit to the patient. We believe that the 
intensity of treatment be harmonized with the probability 
and certainty of diagnosis and stage, with reversible 
treatments (e.g. medications) takes precedence over 

irreversible treatments (e.g. surgical resections) unless 
otherwise required by clinical status.  
 

Early treatment of “probable CP” should focus on 
minimizing recurrent pancreatitis, adopting a 
healthy lifestyle and using low-risk treatments 
targeting specific signs and symptoms.  

  

     In addition to clinical presentation, the probability of 
prevalent CP varies based on the presence of risk factors 
with different effect sizes. Representative examples are 
listed in Table 6.  
   Although the overall risk can be high in certain situations, 
most patients who have a risk factor will never develop CP 
(e.g. heavy alcohol use without a history of AP). In contrast, 
patients with multiple risk factors such as heavy alcohol 
consumption and/or smoking with one or more prior 
episodes of AP have a high risk of progression to CP. (51, 53)  
     Accurately predicting which patients will progress to 
definite CP has several advantages in patient management.  
In addition to regular follow-up, those identified to be at 
high-risk of progression would be candidates for risk factor 
 

 

Table 6. Risk of pancreatitis associated with select risk factors 
 

Risk (%)* Pancreatitis Genetic risk factors Heavy alcohol 
 AP RAP PRSS1 

(p.R122H or 
p>N21I) 

Pancreas 
sufficient 
cystic fibrosis 

 

AP 20% 30-50% 80% 25% 6-8% 

CP 10% 33% 40% 5-10% 4-5% 
*Risk proportions shown are approximate.   Presence of more than one risk factor will further increase the risk. 
Based on Oli(50), Sankaran(49), Takeyama (51) and Yadav(52) 

modification and for emerging therapies such as those 
targeting chronic inflammation and preventing fibrosis 
when new treatments are available. In many cases of RAP, 
a primary underlying etiology can be identified that has 
targeted therapies to minimize further AP attacks.(53) High 
risk for diabetes mellitus should be managed with an 
endocrinologist to initiate optimal diet and minimize 
stressors (e.g. obesity). Celiac disease and AP / CP are 
diseases that overlap in a subset of patient.(54-56) The 
similarities of symptoms such as abdominal pain and 
maldigestion may confound early diagnosis and therefore 
treatment. Although pancreatitis increases the risk for 
pancreatic cancer, no effective screening program has been 
developed as in other high-risk groups.(57)  
     Given the heterogeneity of clinical presentation and 
course and, variability in the likelihood of CP among 
individuals with risk factors, having accurate biomarkers 
that can establish prevalent disease or predict future 
development of CP is needed. Biomarkers can include any 
combination of clinical symptoms, laboratory tests or 
imaging findings. There is no consensus regarding which 
biomarkers can accurately establish the diagnosis of Early 

CP or provide individualized prediction of disease 
progression.   
 

Initiating preventative treatment based on 
probability of progression to pancreatitis or its 
complications is a future goal, awaiting evidence-
based models and problem-based treatments.  

 

Mechanistic definition for CP 
 

   The Mechanistic Definition of CP proposed in 2016 and 
accepted by all major societies, (1, 11)  provides a useful 
framework for developing strategies to diagnose CP with a 
high probability at an earlier stage, and to study its 
progression through the different stages of disease (see 
Tables 6 and 7). The Mechanistic Definition is linked to a 
progressive disease model driven by injury and 
inflammation that is triggered by an episode of AP to 
initiate the inflammatory process.(11)  The key drivers are 
recurrent injury signaling, a pathogenic inflammatory 
response and/or failed regeneration of specialized cells.
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Table 8. The five stages of a progressive model based on Mechanistic Definition of CP. 
A) “At risk” (asymptomatic)
B) “Acute pancreatitis (initiates pancreatic inflammation)
C) “Early CP” (also called Suspected CP, and includes recurrent acute pancreatitis, RAP)
D) “Established CP” (defined by inflammation-related fibrosis and organ dysfunction)
E) “End Stage” (defined by loss of function and irreversible features)

Opportunities for progress. 

     One or more episodes of AP put the patient at high-risk 
of developing CP, with the likelihood of progression based 
on multiple risk factors. As a complex disorder, there is no 
“one size fits all” and personalized approaches are 
needed. It is also important to remember that at the time 
of initial presentation, as many as 40-50% of patients 
with CP may not have a prior history of AP.(58, 59) In 
contrast to older individuals, the rate of AP prior to CP is 
closer to 85%.(60) 
     The Mechanistic definition of CP is linked to a 
progressive model where the CP syndrome is broken 
down into 5 stages (Table 8).  
     In the context of early diagnosis of CP, the critical 
evaluation stage is C (Early CP / Suspected CP) which 
conceptually is characterized by a varying combination of 
(a) biomarkers of pancreatic injury and inflammation, (b)
biomarkers of fibrosis, and (c) loss of organ function,
depending on whether there is prevalent CP and the
probability of future progression to CP. The type and
number of risk factors in individual patients determine the
likelihood of prevalent CP and future progression to CP.
Patients with Established CP and End-stage CP will have
biomarkers of fibrosis and variable biomarkers of injury
and inflammation depending on the amount of ongoing
inflammatory process.

The role of genetics in the etiologic diagnosis of CP. 

     Genetics is important to understanding the underlying 
mechanisms causing AP, CP and their complications. The 
challenge for physicians is that traditional medical school 
training focuses on classic Mendelian genetics that can be 
discovered by familial genetic studies where one 
pathogenic variant is a key gene (autosomal dominant as in 
hereditary pancreatitis) or two pathogenic variants on 
opposite gene alleles (autosomal recessive as in cystic 
fibrosis) cause a stereotypic disease syndrome in a high 
proportion of variant carriers. What three decades of 
genetic research in CP has taught us is that while numerous 
genetic variants are associated with RAP and CP, most of 
these are not sufficient nor necessary for development of  

pancreatitis, and many are common in the general 
population without detectable effects. Thus, a Precision 
Medicine model where the genetic factors are considered 
within mechanistic, engineering-based models, and where 
the integrated gene x environment predations are linked to 
clinical decision support information that is useful to the 
clinician. One example of practical implementation of the 
precision medicine concepts is the SNaP-ShotTM Report 
(Ariel Precision Medicine, Pittsburgh, PA) based on 
~900,000 variants of known significance. Here, the 
characteristics of the patient are linked with the underlying 
genetic risk for different cell types and systems such as the 
Acinar Cell, Duct Cell, gallbladder disease (gallstone risk), 
dyslipidemia genes (hypertriglyceridemia risk), CP 
progression risk (linked to pathogenic immune processes), 
Type 2 diabetes risk (linked to T2DM polygenic risk score), 
and other predictors.  This type of tool has the potential to 
provide any healthcare provider deep insights into the 
etiology of a disorder such as pancreatitis with clinical 
decision support advice in real time, at the point of care.(61) 

New Precision Medicine tools are now available to 
assist in the diagnosis and management of specific 
aspects of pancreatitis and its complications. The 
effectiveness of these approaches compared to 
traditional management requires additional 
clinical studies.  

Future Directions. 

     The primary challenge of diagnosing, evaluating and 
treating inflammatory disorders of the pancreas is the 
great heterogeneity of etiologies, severities, complications 
and trajectories. The use of genetic risk factors and broad 
biomarker discovery panels will be useful in linking 
pathogenic processes with detection and monitoring tools. 
This discovery process is further challenged by limited 
training and discipline in measuring and recording the 
patient’s features. It is anticipated that ongoing work in the 
PROCEED study will help in developing biomarkers for the 
early diagnosis of CP and its progression.(62, 63) 
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