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ABSTRACT  
Background: Patients with chronic pancreatitis (CP) have an increased risk of pancreatic cancer. We present the international consensus guidelines for surveillance of pancreatic cancer in CP.
Methods: The international group evaluated 10 statements generated from evidence on 5 questions relating to pancreatic cancer in CP. The GRADE approach was used to evaluate the level of evidence available per statement. The working group voted on each statement for strength of agreement, using a nine-point Likert scale in order to calculate Cronbach’s alpha reliability coefficient.
Results: In the following domains there was strong consensus: (1) the risk of pancreatic cancer in affected individuals with hereditary pancreatitis due to inherited PRSS1 mutations is high enough to justify surveillance; (2) the risk of pancreatic cancer in patients with CP associated with SPINK1 p. N34S is not high enough to justify surveillance; (3) surveillance should be undertaken in pancreatic specialist centers;  (4) surveillance should only be introduced after the age of 40 years and stopped when the patient would no longer be suitable for surgical intervention. All patients with CP should be advised to lead a healthy lifestyle aimed at avoiding risk factors for progression of CP and pancreatic cancer. There was only moderate or weak agreement on the best methods of screening and surveillance in other types of environmental, familial and genetic forms of CP.
Conclusions: Patients with inherited PRSS1 mutations should undergo surveillance for pancreatic cancer, but the best methods for cancer detection need further investigation.


INTRODUCTION
Chronic pancreatitis is a complex inflammatory disease with pain as the most dominant symptom.1 Pancreatic ductal adenocarcinoma (PDAC) can arise against a background of chronic pancreatitis although the relative risk varies considerably, in part because of other contributing factors including the duration of the disease, tobacco consumption, excess alcohol consumption, diet and physical activity, and late onset diabetes melitus.2 Mechanistically ongoing pancreatic parenchymal chronic inflammation is related to the acquisition of somatic KRAS mutations in pancreatic ductal cells and the development of pancreatic intraepithelial neoplasms, progressing to PDAC.3 Chronic pancreatitis can also promote acinar-to-ductal metaplasia, which has been linked to development of PDAC.4 The incidence of pancreatic cancer is approximately 10 per 105 per year with a slightly higher prevalence of around 12 per 105 whilst the incidence and prevalence of chronic pancreatitis are estimated at 5-12 per 105 per year and 50 per 105 respectively.5-11 The pooled relative risk estimates for pancreatic cancer among patients with CP varies from 2.7 to 13.3.12-15  Among all risk factors associated with pancreatic cancer, CP has the highest relative risk (RR) of greater than 2, with lower risk RR (<2) for tobacco smoking, diabetes mellitus (not treated with metformin), family history or metabolic syndrome.16 However, subsets of subjects with family history of pancreatic cancer or those with new-onset diabetes over age 50 years have much higher risks. Similarly, subsets of CP cohorts have markedly elevated risk of pancreatic cancer.17,18 Thus, guidelines on screening for pancreatic cancer in CP patients with the highest relative risk are important.  
Unlike sporadic chronic pancreatitis, the risk of PDAC in patients with autosomal dominant hereditary chronic pancreatitis, where the disease is due to gain-of-function mutations in the protease serine 1 (PRSS1) gene (e.g. p.N29I, p.R122H, p.A16V), appears to be much greater, with a relative risk of up to 87. 19-24  A study of patients with CP from Madras (tropical pancreatitis had an estimated relative risk of 100.25  Cystic fibrosis transmembrane conductance regulator (CFTR) mutations in patients with chronic pancreatitis are also associated with a small increased relative risk of PDAC.26-30  There is no established direct association however, between other inherited genes, variants or polymorphisms in patients with chronic pancreatitis linked to pancreatic cancer including a the serine protease inhibitor Kazal type 1 (SPINK1), chymotrypsin C (CTRC), or carboxyl-ester lipase (CEL).30-38 A study by Muller et al however  identified a hazard ratio  of 12.0 of PDAC in patients with pancreatitis carrying SPINK1 variants  compared to patients with idiopathic pancreatitis but with a wide 95% confidence interval (CI) of 3.0-47.8.39 
The  key  determinants  for  screening  are  the  prevalence  of  the  disease, the accuracy of the screening methodology and the cost-benefit ratio of the screening.40,41 The prevalence of pancreatic cancer, is not high enough per se to justify general (primary) screening of the adult population. 40,41  The fundamental requirement for screening is for the true positive to false positive (TP:FP) ratio to be >1.0, since the proportion of false positives must not exceed that of true positives to a great extent. 40  If the TP:FP ratio is greatly below 1.0, then any benefit derived from screening is lost due to the excess morbidity and mortality. Assuming the prevalence of the at-risk population is 10 per 105 of the general adult population and the sensitivity and specificity of the conventional screening modalities for pancreatic cancer to be 85%, then the TP:FP ratio is only 6 per 10–4, resulting in 1,764 false positives for each true positive.40 
Although several different treatment guidelines on chronic pancreatitis exist, the aim was to create a consensus guideline that is truly international and multidisciplinary, covering from development and early diagnosis to progression and treatment of chronic pancreatitis. To develop the first international guidelines on chronic pancreatitis, John Neoptolemos, David Whitcomb, Carlos Fernandez-Del Castillo, and Tooru Shimosegawa started at the European Pancreas Club (EPC) 2016 meeting on a joint venture with endorsement from the international societies: International Association of Pancreatology (IAP), American Pancreatic Association (APA), Japan Pancreas Society (JPS) and the European Pancreatic Club (EPC). International experts were identified to have a multidisciplinary representation within subgroups focusing on 16 key topics of chronic pancreatitis. The first major step was the agreement on a new mechanistic definition of chronic pancreatitis.1 Thereon several other parts of the consensus guidelines were published, covering the early diagnosis of chronic pancreatitis, imaging of chronic pancreatitis and understanding and management of pain.42-44 This manuscript is another part of the international consensus guidelines, covering the topic on screening for pancreatic cancer in chronic pancreatitis.
METHODS
A team of 25 worldwide experts on pancreatic cancer surveillance in chronic pancreatitis with WG appointed as chair of the group. In 2016 the Presidents of the IAP, APA, JPS and EPC agreed to develop International Consensus Guidelines for Chronic Pancreatitis in collaboration with members of the respective organisations. The initial series of meetings occurred EPC 48th Annual Meeting, Liverpool UK, 6th -9th July 2016; 20th Scientific Meeting of the IAP in conjunction with the 47th Annual Meeting of the JPS and the 6th Meeting of the Asian- Oceanic Pancreatic Association. August 4th – 8th, 2016, Sendai International Center, Japan; APA, 47th Annual Meeting. Boston, MA, USA, 26th – 29th October 2016; PancreasFest 2017, Pittsburgh USA. July 28th 31st 2017; 21st IAP Meeting in conjunction with the Latin American Pancreatic Study Group (1st) Joint Meeting in Buenos Aires, Argentina, September 28-30, 2017. Based on a review of data from the relevant literature all experts presented their perspectives on the role of surgery and timing of intervention in the treatment of chronic pancreatitis. The method of the systematic literature review on articles on chronic pancreatitis was previously described.39-41 The international experts evaluated 10 statements generated from evidence on 5 questions deemed to be the most clinically relevant on pancreatic cancer surveillance in chronic pancreatitis.
Grading
The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) approach was used to evaluate the level of evidence per statement (see http://www.uptodate.com/home/gradingtutorial). Quality assessment of evidence was graded as ‘high’ if there was (very) low probability of further research substantially changing the conclusions, ‘moderate’ if further research might completely change the conclusions, and ‘low’ if further research was likely to completely change the conclusions. The strengths of the recommendation were graded as ‘strong’ if it was very certain that benefits outweigh risks and burdens, ‘weak’ if risks and burdens appear to be finely balanced, or when benefits, risks, and burdens are closely balanced or uncertain, or ‘conditional’ if it was in between strong and weak recommendation.
Consensus
After grading, the working group of international experts voted on the 10 statements for strength of agreement, using a nine-point Likert scale. Out of the results, a Cronbach's alpha reliability coefficient was calculated per statement (http://hdl.handle.net/1805/344). The voting results were classified for agreement as either; ‘strong’ if 80% of votes were 7 or above, ‘conditional’ if 65% of votes were 7 or above, and ‘weak’ if less than 65% of votes were 7 or above. In addition, comments to each question and statements were compiled to explain the surrounding issues, supported by key references. An overview of results from the most important studies were tabulated and presented in the supplementary appendix. All statements and comments were reviewed by all authors to ensure the general relevance and applicability of the conclusions. Eventually a final draft of the document was generated and circulated to all authors for final editing and approval. 
RESULTS
Question 1: Should all patients with chronic pancreatitis undergo screening or surveillance for pancreatic cancer?
Statement 1.1: The prevalence of pancreatic cancer in sporadic chronic pancreatitis is not high enough to justify screening or surveillance.
Quality assessment: High; Recommendation: Conditional; Agreement: (= 74%).
Statement 1.2: The risk of pancreatic cancer in affected individuals with an autosomal dominant history of hereditary pancreatitis due to inherited PRSS1 mutations is high enough to justify surveillance.
Quality assessment: High; Recommendation: Strong; Agreement: (= 83%).
Statement 1.3: The risk of pancreatic cancer in affected individuals with an autosomal dominant history of hereditary pancreatitis but without PRSS1 mutations is high enough to justify surveillance.
Quality assessment: Moderate; Recommendation: Weak; Agreement: (= 57%).
Statement 1.4: The risk of pancreatic cancer in patients with chronic pancreatitis associated with SPINK1 p. N34S is not high enough to justify screening or surveillance.
Quality assessment: Moderate; Recommendation: Strong; Agreement: (= 80%).
Statement 1.5: The risk of pancreatic cancer in patients with chronic pancreatitis associated with other germline mutations including those of CFTR, CTRC, CPA1, and CEL, is not high enough to justify screening or surveillance.
Quality assessment: Moderate; Recommendation: Conditional; Agreement: (= 70%).
Comment
The pooled relative risk estimates for pancreatic cancer among patients with sporadic chronic pancreatitis in two collective studies ranged from 2.7 to 13.312, 13   Duell et al analysed 10 case-control studies involving 5,048 cases of pancreatic cancer and 10,947 controls taking part in the International Pancreatic Cancer Case-Control Consortium (PanC4). The association between chronic pancreatitis and pancreatic cancer (at intervals of >2 years between diagnoses) had an odds ratio of 2.71 (95% Confidence Interval [CI] = 1.96-3.74).13  Bang et al using nationwide data from Danish registries from 1995 through 2010, evaluated 11,972 patients with CP and 71,814 person-years compared with 119,720 age- and sex-matched controls and 917,436 person-years observation.45 A history of pancreatitis was associated with a hazard ratio for pancreatic cancer of 6.9 (95% CI: 5.6–8.6) .45  Different estimations of pancreatic cancer risk based on multiple meta-analyses in patients with CP are summarized in Table 1.12-15 Given the short life expectancy of pancreatic cancer patients the incidence tends to equal that of prevalence and thus this level of prevalence is insufficient for screening in patients with CP.40 
The relative risk for pancreatic cancer in patients with autosomal dominant hereditary chronic pancreatitis due to PRSS1 mutations is of up to 87 although the estimates are very wide.19-24 The risk of pancreatic cancer might be reduced by measures introduced to minimize the progression of chronic pancreatitis such as cessation of smoking and alcohol consumption as well as prophylactic total pancreatectomy in selected cases.2,46-49 
Following a call to members of the APA and the IAP to participate in a longitudinal study of hereditary pancreatitis, 37 physicians from 10 countries contributed records of 246 patients with early age (<30 years) symptom onset and a positive family history from April 1995 to February 1996.19 Reporting in March 1997, there were eight new pancreatic cancers during 8,531 person-years of follow-up, with a standardized incidence ratio of 53 (95% CI = 23-105).19 The estimated cumulative risk of pancreatic cancer to age 70 years was 40% (95% CI = 9-71%).19 
A registry study based on families with sequenced PRSS1 mutations by the European Registry of Hereditary Pancreatitis and Pancreatic Cancer EUROPAC) identified 418 affected individuals from 112 families in 14 countries, 58 (52%) families with the PRSS1 p.R122H, 24 (21%) the PRSS1 p.N29I, and 5 (4%) with the PRSS1 p.A16V mutation, plus 2 with rare mutations, and 21 (19%) with no PRSS1 mutation.22 Participants in the registry were contacted prospectively on a regular basis. Three hundred seventy-five patients (from 111 families) with follow-up data were observed over an observation period of 14,064 person years with 20 (5%) pancreatic cancers being detected (1 cancer per 703 person years of follow-up).22 The cumulative risk for pancreatic cancer was 44.0% (95% CI = 8.0-80.0%) at 70 years from symptom onset with a standardized incidence ratio of 67 (95% CI =50-82).22  
An update of the EUROPAC study in 2010 reported a total of 37 pancreatic cancer cases amongst 652 affected individuals from 149 Hereditary Pancreatitis families; there were 19 PDAC cases amongst 336 affected individuals from 71 PRSS1 p.R122H families; there were 10 PDAC cases amongst 157 affected individuals from 32 PRSS1 p.N29I families; there were three PDAC cases amongst 19 affected individuals from 10 A16V families; and there was one PDAC case amongst  10 affected individuals from  families with other PRSS1 mutations.50  Similar to the original report there were 10 PDAC cases amongst 134 affected individuals from 37 families with an autosomal dominant family history but without any PRSS1 mutations or deleterious variants/mutations of the SPINK1, CFTR and CTRC genes.50
A study of patients living in France, was based on contacting all clinical gastroenterologists and pediatricians and genetics laboratories in the country from 2005 with response rates of 84% and 100% respectively.23 Included in the analyses were 200 patients from 78 families with 6,673 person-years follow-up of whom 135 (67.5%) had a PRSS1 mutation (p.R122H in 78%, p.N29I in 12%, and other mutations in 10%).23  A pancreatic adenocarcinoma was diagnosed in ten patients (two were still alive at the census point) resulting in a cumulative risk at age 75 years were of 53.5% (95% CI = 7-76%).23
A recent study of USA patients organized from Pittsburgh, recruited 217 PRSS1 carriers including 83.9% with PRSS1 p.R122H and 11.5% with PRSS1 p.N29I mutations from 1995–2013.24  Individual follow-up was not possible in all patients and so the Social Security Death Index (SSDI), and the National Death Index (NDI) through the National Center for Health Statistics (NCHS) were used to determine outcomes. Through this method they identified deaths in 37 PRSS1 mutation carriers, five from pancreatic cancer with a standardized incidence ratio of 59 (95% CI = 19-138), and a cumulative risk at 70 years of 7.2% (95% CI = 0-15.4%).24 The observation period in person years was not mentioned and actual number of cases of pancreatic cancer could not be determined. 24
There are no tests currently available that could be regarded as screening tests and therefore diagnostic measures would be required for early detection. Carbohydrate antigen (CA)19-9, which has some utility in identifying pancreatic cancer in patients without pancreatitis, cannot be recommended in patients with CP as they often have raised CA19-9 in the absence of cancer, secondary to parenchymal inflammation.51 The recent guidelines from the UK National Institute for Health and Care Excellence recommend that surveillance for pancreatic cancer is offered to people with hereditary pancreatitis and a PRSS1 mutation.52 
The relative risk of pancreatic cancer in patients with cystic fibrosis and/or CFTR mutation carriers with/or without chronic pancreatitis is significantly increased but less so than that in patients with hereditary pancreatitis from PRSS1 mutations.26-30  A study of 28,511 patients with cystic fibrosis from 1985 through 1992 in the United States and Canada identified 13 digestive tract cancers, during 164,764 person-years of follow-up, giving a ratio of observed to expected cancers of 6.5 (3.5 to 11.1) but there was only one case of pancreatic cancer.26  As part of the same study the estimated numbers of patients with cystic fibrosis in 1992 as reported to the International Cystic Fibrosis Association, from 17 countries was approximately 24,500 with two cases of pancreatic cancer, giving an odds ratio of 31.5 with very wide confidence intervals (95 % CI = 4.8-205). 26  An analysis of nine patients with cystic fibrosis and pancreatic cancer identified from 1985 to 2006 reported from the USA, UK Germany, and Switzerland by Maisonneuve et al was equivalent to an incidence of approximately 1 per 105 per year with a risk ratio of 5.3 (95% CI = 2.4-10.1).28  They concluded that although the estimated risk of pancreatic cancer in cystic fibrosis was “greater than in the general population, compared with other causes of mortality, the absolute risk of pancreatic cancer in patients with cystic fibrosis is negligible”. 28  A further study by Maisonneuve et al followed 41,188 patients who received care at 250 cystic fibrosis care center programs in the USA from 1990 to 2009, with 344,114 patient-years of observation of non-transplanted patients and found only one pancreatic cancer, giving standardized incidence ratio of 0.8 (95% CI = 0.0- 4.2).53  A recent meta-analysis six cohort studies with 99,925 patients with cystic fibrosis providing 544,695 person-years by Yamada et al, found a pooled standardized incidence ratio for pancreatic cancer of 6-18 (95% CI= 1.31-29.27).54  Maisonneuve et al commented that “the low absolute number of patients with cancer, the lack of a well-established screening test, and the high burden of additional testing do not support the strong screening recommendations for pancreatobiliary cancers made by Yamada and colleagues”.55 
McWilliams et al tested 949 patients with pancreatic cancer to see if they were also carriers of one or more of the 39 common cystic fibrosis-associated CFTR mutations and compared these to 13,340 case controls from a clinical laboratory database for prenatal testing for CFTR mutations.29  Fifty (5.3%) of the patients with pancreatic cancer carried a common CFTR mutation compared to 510 (3.8%) of the controls, giving an odds ratio of 1.40 (95% CI = 1.04-1.89) and those with cancer more likely to be younger when diagnosed (<60 years), and more likely to be smokers.29 
Nearly all studies have not shown any direct association however, between most other inherited genes, variants or polymorphisms in patients with CP linked to pancreatic cancer, including SPINK1, CTRC, and CEL.30-38,53-56   A recent study combining 209 patients with pancreatitis and the SPINK1 p.N34S variant from two France centers and one England center identified seven cancers compared to three cancers in 302 patients with idiopathic pancreatitis (hazard ratio of 12.0, 95% CI = 3.0-47.8).39 
Whilst variants in carboxypeptidase A1 (CPA1) have been identified in patients with chronic pancreatitis from Europe and India (although not in Han Chinese), and separately in patients with PDAC from high risk families, there is no direct evidence to link  CPA1 variants in chronic pancreatitis patients with a risk of PDAC.55-59  Functionally impaired CPA1 variants were found in 29/944 (3.1%) cases from Germany and in 5/3,938 (0.1%) matched controls, in 8/600 (1.3%) cases in a repeat set from Europe, and in 9/2,432 (0.4%) of their controls,  from India in 5/230 (2.2%) cases and 0/264 controls, and from Japan in 5/247 (2.0%) cases and in 0/341 controls.57 A study in Han Chinese found only three (0.27%) functionally impaired CPA1 variants from 1,112 patients with idiopathic chronic pancreatitis versus two (0.13%)  out of 1,580 in controls, but without a significant association.58  Tamura and colleagues from John Hopkins University, identified CPA1 variants in seven patients with PDAC from a combined set of hospital and familial pancreatic cancer cases compared with one in 2,012 controls giving an odds ratio of 9.36 (95% CI = 1.15-76.02).59  The authors concluded that patients with CPA1 variants could potentially benefit from pancreatic cancer screening and surveillance, but added that  further investigation was needed to determine their lifetime risk of pancreatic cancer.59  The recent evidence report for the US Preventive Services Task Force on screening identified 18 cases of PDAC in 1,317 high familial risk individuals from 13 studies, only 12 of which were at an early stage and noted that that there was no direct evidence of the effect of screening on morbidity or mortality.60 
The relative risk of pancreatic cancer in patients with chronic pancreatitis in patients from India appears to be different from that in Europe and North America with differences in genetic and environmental risk factors.61  In India SPINK1 variants are associated with idiopathic chronic pancreatitis in 31.8-44% of cases, CFTR mutations in 9-32.6% of cases, CTRC mutations in 5.4-12.5% of cases and an odds ratio of 1.57-1.62 for the MORC4/CLDN2 locus.62  A study by Chari et al in 1994 followed 185 patients with chronic pancreatitis from the Diabetes Research Center in Madras, India for an average of 4.5 years.25  There were six deaths from cancer of the pancreas (average age at onset of 45.6 +/- 7.3 years) with a relative risk of 100.2 (95% CI = 37-218).25  A more recent study from the All India Institute of Medical Sciences, New Delhi, India of  402 patients with chronic pancreatitis with 3967 person-years of exposure, five patients developed pancreatic cancer (four with idiopathic, and one with hereditary chronic pancreatitis) after 16.60 ± 3.51 years of chronic pancreatitis (since diagnosis), giving a  standardized incidence ratio of 121 (95% CI = 39.7–295.9) .61 In a separate case-control study, 24 of 249 patients with pancreatic cancer had idiopathic chronic pancreatitis (none had alcohol-related pancreatitis) at a mean age of 45.6 ± 12.2 years, which gave an odd ratio of 97.7 (95% CI, = 12.7–751.4) compared to 1000 healthy controls after multivariable analysis .62 In this study the proportion of patients with pancreatic cancer and underlying chronic pancreatitis who had a SPINK1 variant (61.5%; 16 of 26 patients) was not significantly different from  the proportion of patients with idiopathic chronic pancreatitis in the cohort study who had a SPINK1 variant (47.8%; 32 of 67 patients).62

Question 2: What are the best available surveillance methods?
Statement 2.1: The best available surveillance methods are CT and MRI.
Quality assessment: Weak; Recommendation: Conditional; Agreement: (= 70%).
Statement 2.2: EUS should not be used for surveillance as early tumors may be obscured by inflammation, fibrosis and calcification.
Quality assessment: Moderate; Recommendation: Weak; Agreement: (= 52%).
Comment
There are no standard methods available for screening for early pancreatic cancer, even in high risk individuals. Therefore, surveillance would need to be undertaken using standard diagnostic techniques. Pancreas specific dual contrast multi-slice computed tomography (CT) is particularly useful in the diagnosis of pancreatic tumors.44,63,64  Magnetic resonance imaging (MRI) and magnetic resonance cholangio-pancreatography (MRCP), with or without secretin stimulation of pancreatic duct flow can also be used to identify pancreatic cancer.65-69  Endoluminal ultrasonography (EUS) is useful in helping to identify early pancreatic cancer against a normal pancreatic parenchyma. Identifying pancreatic cancer in the background of chronic pancreatitis is more difficult and early cancer may not be distinguishable against a background of parenchymal fibrosis and calcification in chronic pancreatitis.70-72   CT can be performed in general hospitals with no access to EUS or MRI and is less time consuming and a cheaper alternative than most secondary investigations.44  Whilst evidence for the use of EUS in surveillance for early pancreatic cancer that is curable in chronic pancreatitis is lacking, it is established as a diagnostic tool in cases of a suspicious lesion, although surgical resection remains the final option.52,73-78

Question 3: Where should surveillance for pancreatic cancer in patients with hereditary pancreatitis due to PRSS1 mutations be undertaken? 
Statement 3.1: Surveillance for pancreatic cancer in patients with hereditary pancreatitis due to PRSS1 mutations should be undertaken in pancreatic specialist centers. 
Quality assessment: Low; Recommendation: Strong; Agreement: (= 100%).
Comment
At the Fourth International Symposium of Inherited Diseases of the Pancreas in Chicago 2003 a key recommendation was that testing for PDAC in high risk groups should be performed only within the context of peer-reviewed protocols.79  Pancreatic specialist canters are best positioned to have experience in the progressive development of the optimum and most pragmatic approaches to screening and surveillance.80  Leading centers can centralize registries and promote surveillance for participating centers at a national level such as the National Familial Pancreas Tumor Registry (NFPTR) established at Johns Hopkins in 1994 by Ralph Hruban, and EUROPAC established at Liverpool in 1996 by John Neoptolemos.81 There is increasing interest  in using endoscopic duodenal lumen juice aspiration to detect premalignant changes in the main pancreatic duct.82-83  

Question 4: When should surveillance be initiated and stopped in hereditary pancreatitis?
Statement 4.1: Surveillance should only be introduced after the age of 40 years and stopped when the patient would no longer be suitable for surgical intervention.
Quality assessment: Moderate; Recommendation: Strong; Agreement: (= 97%).
Comment
The largest series of patients with hereditary pancreatitis and pancreatic cancer is from EUROPAC, 26 (6%) patients diagnosed with pancreatic cancer out of 418 affected patients, with the risk increasing from the age of 40 years onwards.22  A similar increase in risk from 40 years was reported by the APA and the IAP study with eight patients with pancreatic cancer from a cohort of 246 patients.19 The study by Shelton et al with 217 PRSS1 carriers (181 symptomatic) identified pancreatic cancer in five individuals, three symptomatic carriers and in two asymptomatic carriers, at a median age of death of 69 years with a range of 51-76 years.22  
A study from the German Registry of Hereditary Pancreatitis in Leipzig and Munster University in Germany reported on 101 subjects with PRSS1 mutations (75 symptomatic). Only three of these patients were diagnosed with pancreatic cancer,  with a median of 23 years (range 10-33) years after the onset of pancreatitis.21  This was a ‘snap-shot’ study without prospective follow-up and included 25 patients who had had pancreatic surgery, out of 75 symptomatic patients.21  In a recent study from India of 402 patients with chronic pancreatitis from any cause, there were five cases with pancreatic cancer diagnosed at a mean age of diagnosis of 50.9 years with a standard deviation of 10.1 years.62 
To address the threshold for screening given as 40 years of age, the risk of missing a case of pancreatic cancer and the cost benefit of screening higher risk individuals must be balanced. Lowenfels et al followed 497 Hereditary Pancreatitis patients observing 19 pancreatic cancer cases, only three of whom developed pancreatic cancer before the age 40 and all three were smokers.85  Suggesting little benefit of beginning screening before the age of 40, at least in non-smokers. 
[bookmark: _Toc426614]The frequency of surveillance will depend on the protocol being followed and may be modified according to molecular testing. There is no specified age to cease surveillance, as the risk continues to rise with age.19-22   A simple guide is to consider stopping surveillance when the patient has such a fall in performance status that they would not be able to have either curative surgical treatment and/or palliative chemotherapy if the diagnosis of PDAC was made.

Question 5: What advice should patients with chronic pancreatitis be given in managing their disease in order to reduce risk of developing PDAC?
[bookmark: _Toc426615][bookmark: _Toc426616]Statement 5.1: Patients should be advised to avoid use of tobacco, not drink alcohol, have a balanced healthy diet containing daily fruit and vegetables with a high folate intake, whilst moderating the intake of red meat and taking some form of regular high physical exercise, altogether aiming to avoid obesity.
Quality assessment: Moderate; Recommendation: Strong; Agreement: (= 91%).
Comment
Measures that might help to reduce the progression of chronic pancreatitis, may also directly and indirectly help to reduce the risk from developing pancreatic cancer, namely avoiding tobacco and alcohol consumption.2  There are also additional risk factors for PDAC that may be divided into genetic risk factors and environmental risk factors.16,17,86   Individuals at high risk for PDAC include individuals with hereditary pancreatitis, as well as those with  strong family history of pancreatic cancer, or familial cancer syndromes that include pancreatic cancer.16-19,22,40,41,80,86 Those at particularly high risk include those individuals with hereditary pancreatitis due to PRSS1 mutations and cancer causing germline mutations.17,19,22,40,41,50,80 Risk factors and factors that are protective of PDAC are shown in Table 2.86   
Brown et al estimated that lifestyle and environmental factors accounted for 31.5% of all pancreatic cancers in the UK in 2015.87 The contribution of tobacco smoking is 20-30% of all PDAC cases, alcohol consumption >30 (3.75 units) g /day accounts for <10%, whilst the attributable fraction for obesity varies from 3% to 27%.16,86,87   The top six of the twelve recommendations of the European Code against Cancer are directly relevant to helping to prevent pancreatic cancer (Table 3).88  The USA NIH-AARP (American Association of Retired Persons) Diet and Health Study, identified 1,057 cases of PDAC from 450,416 participants aged 50–71 years who had completed a diet and lifestyle questionnaire (1995–1996) followed up to December 2003.89  It was estimated that around 30% of PDAC cases were attributable to low healthy lifestyle scores that could have been prevented.89

DISCUSSION
The risk of pancreatic cancer might be reduced by measures introduced to minimize the progression of chronic pancreatitis such as cessation of smoking and alcohol consumption as well as prophylactic total pancreatectomy.2,45-49,85  Thus, variations in the estimates of relative risk are in part explained by differences in ascertainment of incident cases and the study design including the method of follow up, as well the impact of intervention (life-style, and medical and surgical measures) in prospectively followed up cohorts. In addition, although the number deaths from pancreatic cancer might be ascertained, the total number of cases might not necessarily be established.
There was a strong consensus that affected individuals with an autosomal dominant history of hereditary pancreatitis due to inherited, gain-of-function PRSS1 mutations should undergo surveillance but not patients with CP associated with SPINK1 p.N34S. The number of cancers associated with SPINK1 p. N34S is quite small and with a very wide confidence interval warranting further prospective studies.39 Surveillance in affected individuals with an autosomal dominant history of hereditary pancreatitis but without PRSS1 mutations was only weakly supported. The cumulative risk in this group of patients was not dissimilar to the group with gain-of-function PRSS1 mutations comprising 21 (19%) of the 418 affected individuals in the EUROPAC Registry, indicating the need for further studies.22 There was only  conditional agreement for surveillance in patients with CP associated with other germline mutations of CFTR, CTRC, CPA1, and CEL due to the low relative risk of pancreatic cancer. 30-38,53-60 The was conditional agreement that the best available surveillance methods were CT and MRI, and only weak agreement on the use of EUS as early tumors might be obscured by inflammation, fibrosis and calcification, and also there was a lack of any reported cases of early tumor detection in hereditary pancreatitis by EUS. There was strong agreement that surveillance for pancreatic cancer should be undertaken in pancreatic specialist centers, to be introduced after the age of 40 years and stopped when the patient would no longer be suitable for surgical intervention. There was strong agreement that patients should be advised to avoid use of tobacco, not drink alcohol, and advised about a balanced healthy diet.86
Altogether, we require better estimates of pancreatic cancer relative risk in CP, in different countries around the world, and we need more outcome information on prospective surveillance in hereditary pancreatitis.  In addition, we need better overall disease models where the interaction of multiple risk factors and their cumulative or potentiating effects can be defined and were guidance on the use of early detection biomarkers can be accurately defined.90,91
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Table 1: Summary of pancreatic cancer relative risk in patients with chronic pancreatitis.

	Author, year

	Type of
review
	Number of
studies
	Strata
	Summary
Relative Risk
(95% CI)

	Raimondi et al, 201012
	Meta-analysis
(16124 cases)
	12 case-control-studies
10 cohort studies

	Pancreatitis, unspecified 
Chronic pancreatitis 
Chronic pancreatitis (> 2 years)
Hereditary pancreatitis 
Tropical pancreatitis
	5.1 (3.5-7.3)
13.3 (6.1-28.9)
5.8 (2.1-15.9)
69.0 (56.4-84.4)
100. (37.0-218.)

	Duell et al, 201213
	Pooled analysis
(5048 cases)
	10 case-control studies
	Pancreatitis not otherwise specified (> 2 years)
	2.71 (1.96-3.74)

	Kirkegård, et al 201714

	Meta-analysis
(4098 cases)
	4 case-control studies
9 cohort studies
	No lag period
1-year lag period
2-year lag period
5-year lag period
Minimum 9-year lag period
	7.96 (2.36-26.9)
6.09 (3.79-9.79)
16.16 (12.6-20.7)
7.90 (4.26- 14.7)
3.53 (1.69-7.38)

	Tong et al, 201415

	Meta-analysis
(14667 cases)
	14 case-control studies
3 cohort studies
	Pancreatitis
Chronic pancreatitis
Acute pancreatitis
Diagnosis within 1 year
Diagnosis for no less than 2 years
Diagnosis for no less than 5 years
Diagnosis for no less than 10 years
	7.05 (6.42-7.75)
10.3 (9.13-11.7)
2.12 (1.59-2.83)
23.3 (14.0-38.9)
3.03 (2.41-3.81) 
2.82 (2.12-3.76) 
2.25 (1.59-3.19)





Table 2. Risk and protective factors for pancreatic cancer. *Factors that are amenable to primary prevention are highlighted. Modified from Maisonneuve and Lowenfels.86
	High Risk
Relative risk >2.0
	Moderate Risk
Relative risk =1.5-2.0
	Low Risk
Relative risk =1.1-1.5
	Protective
Relative risk <1.0

	Hereditary pancreatitis
Relative risk = 10-70
	Family history
Relative risk = 1.8
	Metabolic syndrome
Relative risk = 1.5
	*Fruits and vegetables
Relative risk = 0.7

	Germline mutations
Relative risk = 5-30
	Long-term diabetes mellitus
Relative risk = 1.8
	Helicobacter pylori
Relative risk = 1.5
	*High dietary folate
Relative risk = 0.7

	Chronic pancreatitis
Relative risk = 5-10
	*Tobacco smoking
Relative risk = 1.7
	*Obesity
Relative risk = 1.3
	Atopic Allery
Relative risk = 0.7

	
	
	Non-O blood group
Relative risk = 1,3
	*High physical activity
Relative risk = 0.9

	
	
	*Alcohol > 30g (3.8 units) per day
Relative risk = 1.2
	

	
	
	*Red meat consumption 
Relative risk = 1.2
	











Table 3. The top six of the twelve recommendations of the European Code against Cancer to prevent cancer: directly relevant to pancreatic cancer prevention.88
	Recommendations

	1. Do not smoke. Do not use any form of tobacco.

	2. Make your home smoke free. Support smoke-free policies in your workplace.

	3. Take action to be a healthy body weight.

	4. Be physically active in everyday life. Limit the time you spend sitting.

	5. Have a healthy diet:
· Eat plenty of whole grains, pulses, vegetables and fruits.
· Limit high-calorie foods (foods high in sugar or fat) and avoid sugary drinks.
· Avoid processed meat; limit red meat and foods high in salt.

	6. If you drink alcohol of any type, limit your intake.



 


REFERENCES
[bookmark: _bookmark33][bookmark: _bookmark32][bookmark: _bookmark31][bookmark: _bookmark30][bookmark: _bookmark29][bookmark: _bookmark28][bookmark: _bookmark27][bookmark: _bookmark26][bookmark: _bookmark25][bookmark: _bookmark24][bookmark: _bookmark23][bookmark: _bookmark22][bookmark: _bookmark21][bookmark: _bookmark20][bookmark: _bookmark19][bookmark: _bookmark18][bookmark: _bookmark17][bookmark: Conflict_of_interest][bookmark: References][bookmark: _bookmark0][bookmark: _bookmark1][bookmark: _bookmark2][bookmark: _bookmark3][bookmark: _bookmark4][bookmark: _bookmark5][bookmark: _bookmark6][bookmark: _bookmark7][bookmark: _bookmark8][bookmark: _bookmark9][bookmark: _bookmark10][bookmark: _bookmark11][bookmark: _bookmark12][bookmark: _bookmark13][bookmark: _bookmark14][bookmark: _bookmark15][bookmark: _bookmark16]1.      Whitcomb DC, Shimosegawa T, Chari ST, Forsmark CE, Frulloni L, Garg P, et al. Chronic pancreatitis: An international draft consensus proposal for a new mechanistic definition. Pancreatology 2016;16:218-24.
2.	Yadav D, Lowenfels AB. The epidemiology of pancreatitis and pancreatic cancer. Gastroenterology 2013;144:1252-61.
3.	Logsdon CD, Ji B. Ras activity in acinar cells links chronic pancreatitis and pancreatic cancer. Clin Gastroenterol Hepatol 2009;7:S40-3.
4.	Guerra C, Collado M, Navas C, Schuhmacher AJ, Hernández-Porras I, Cañamero M, et al. Pancreatitis-induced inflammation contributes to pancreatic cancer by inhibiting oncogene-induced senescence. Cancer Cell 2011;19:728-39.
5.	Rocca G, Gaia E, Iuliano R, Caselle MT, Rocca N, Calcamuggi G, et al. Increased incidence of cancer in chronic pancreatitis. J Clin Gastroenterol 1987;9:175-9.
6.	Lowenfels AB, Maisonneuve P, Cavallini G, Ammann RW, Lankisch PG, Andersen JR, et al. Pancreatitis and the risk of pancreatic cancer. International Pancreatitis Study Group. N Engl J Med 1993;328:1433-7.
7.	Bansal P, Sonnenberg A. Pancreatitis is a risk factor for pancreatic cancer. Gastroenterology 1995;109:247-51.
8.	Karlson BM, Ekbom A, Josefsson S, McLaughlin JK, Fraumeni JF Jr, Nyrén O. The risk of pancreatic cancer following pancreatitis: an association due to confounding? Gastroenterology 1997;113:587-92.
9.	Malka D, Hammel P, Maire F, Rufat P, Madeira I, Pessione F, et al. Risk of pancreatic adenocarcinoma in chronic pancreatitis. Gut 2002;51:849-52.
10.	Pedrazzoli S, Pasquali C, Guzzinati S, Berselli M, Sperti C. Survival rates and cause of death in 174 patients with chronic pancreatitis. J Gastrointest Surg 2008;12:1930-7.
11.	Goldacre MJ, Wotton CJ, Yeates D, Seagroatt V, Collier J. Liver cirrhosis, other liver diseases, pancreatitis and subsequent cancer: record linkage study. Eur J Gastroenterol Hepatol 2008;20:384-92.
12.	Raimondi S, Lowenfels AB, Morselli-Labate AM, Maisonneuve P, Pezzilli R. Pancreatic cancer in chronic pancreatitis; aetiology, incidence, and early detection. Best Pract Res Clin Gastroenterol 2010;24:349-58.
13.	Duell EJ, Lucenteforte E, Olson SH, Bracci PM, Li D, Risch HA, et al. Pancreatitis and pancreatic cancer risk: a pooled analysis in the International Pancreatic Cancer Case-Control Consortium (PanC4). Ann Oncol 2012;23:2964-70.
14.	Kirkegard J, Mortensen FV, Cronin-Fenton D. Chronic Pancreatitis and Pancreatic Cancer Risk: A Systematic Review and Meta-analysis. Am J Gastroenterol 2017;112:1366-1372.
15.	Tong GX, Geng QQ, Chai J, Cheng J, Chen PL, Liang H, et al. Association between pancreatitis and subsequent risk of pancreatic cancer: a systematic review of epidemiological studies. Asian Pac J Cancer Prev 2014;15:5029-34.
16.	Maisonneuve P, Lowenfels AB. Risk factors for pancreatic cancer: a summary review of meta-analytical studies. Int J Epidemiol 2015;44:186-98.
17. 	Chen F, Roberts NJ, Klein AP. Inherited pancreatic cancer. Chin Clin Oncol. 2017 Dec;6(6):58. doi: 10.21037/cco.2017.12.04.
18. 	Sharma A, Kandlakunta H, Nagpa SJS, Ziding F, Woos W, Petersen GM, et al. Model to determine risk of pancreatic cancer in patients with new-onset diabetes. Gastroenterology. 2018; 155: 730–9.
19.	Lowenfels AB, Maisonneuve P, DiMagno EP, Elitsur Y, Gates LK Jr, Perrault J, et al. Hereditary pancreatitis and the risk of pancreatic cancer. International Hereditary Pancreatitis Study Group. J Natl Cancer Inst 1997;89:442-6.

20.  Paolini O, Hastier P, Buckley M, Maes B, Demarquay JF, Staccini P, et al. The natural history of hereditary chronic pancreatitis: a study of 12 cases compared to chronic alcoholic pancreatitis. Pancreas 1998;17:266-71.
21.	Keim V, Bauer N, Teich N, Simon P, Lerch MM, Mössner J. Clinical characterization of patients with hereditary pancreatitis and mutations in the cationic trypsinogen gene. Am J Med 2001;111:622-6.
22.	Howes N, Lerch MM, Greenhalf W, Stocken DD, Ellis I, Simon P, et al. Clinical and genetic characteristics of hereditary pancreatitis in Europe. Clin Gastroenterol Hepatol 2004;2:252-61.
23.	Rebours V, Boutron-Ruault MC, Schnee M, Férec C, Le Maréchal C, Hentic O, et al. The natural history of hereditary pancreatitis: a national series. Gut 2009;58:97-103.
24.	Shelton CA, Umapathy C, Stello K, Yadav D, Whitcomb DC. Hereditary Pancreatitis in the United States: Survival and Rates of Pancreatic Cancer. Am J Gastroenterol 2018;113:1376.
25.	Chari ST, Mohan V, Pitchumoni CS, Viswanathan M, Madanagopalan N, Lowenfels AB. Risk of pancreatic carcinoma in tropical calcifying pancreatitis: an epidemiologic study. Pancreas 1994;9:62-6.
26.	Neglia JP, FitzSimmons SC, Maisonneuve P, Schöni MH, Schöni-Affolter F, Corey M, et al. The risk of cancer among patients with cystic fibrosis. Cystic Fibrosis and Cancer Study Group. N Engl J Med 1995;332:494-9.
27.	McWilliams R, Highsmith WE, Rabe KG, de Andrade M, Tordsen LA, Holtegaard LM, et al. Cystic fibrosis transmembrane regulator gene carrier status is a risk factor for young onset pancreatic adenocarcinoma. Gut 2005;54:1661-2.
28.	Maisonneuve P, Marshall BC, Lowenfels AB. Risk of pancreatic cancer in patients with cystic fibrosis. Gut 2007;56:1327-8.
29.	McWilliams RR, Petersen GM, Rabe KG, Holtegaard LM, Lynch PJ, Bishop MD, et al. Cystic fibrosis transmembrane conductance regulator (CFTR) gene mutations and risk for pancreatic adenocarcinoma. Cancer 2010;116:203-9.
30.	Cazacu IM, Farkas N, Garami A, Balaskó M, Mosdósi B, Alizadeh H, et al. Pancreatitis-Associated Genes and Pancreatic Cancer Risk: A Systematic Review and Meta-analysis. Pancreas 2018;47:1078-86.
31.	Piepoli A, Gentile A, Valvano MR, Barana D, Oliani C, Cotugno R, et al. Lack of association between UGT1A7, UGT1A9, ARP, SPINK1 and CFTR gene polymorphisms and pancreatic cancer in Italian patients. World J Gastroenterol 2006;12:6343-8.
32.	Schubert S, Traub F, Brakensiek K, von Kopylow K, Marohn B, Maelzer M, et al. CFTR, SPINK1, PRSS1, and CTRC mutations are not associated with pancreatic cancer in German patients. Pancreas 2014;43:1078-82.
33.	Matsubayashi H, Fukushima N, Sato N, Brune K, Canto M, Yeo CJ, et al. Polymorphisms of SPINK1 N34S and CFTR in patients with sporadic and familial pancreatic cancer. Cancer Biol Ther 2003;2:652-5.
34.	Teich N, Schulz HU, Witt H, Böhmig M, Keim V. N34S, a pancreatitis associated SPINK1 mutation, is not associated with sporadic pancreatic cancer. Pancreatology 2003;3:67-8.
35.	Lempinen M, Paju A, Kemppainen E, Smura T, Kylänpää ML, Nevanlinna H, Stenman J, Stenman UH, et al. Mutations N34S and P55S of the SPINK1 gene in patients with chronic pancreatitis or pancreatic cancer and in healthy subjects: a report from Finland. Scand J Gastroenterol 2005;40:225-30.
36.	Shimosegawa T, Kume K, Satoh K. Chronic pancreatitis and pancreatic cancer: prediction and mechanism. Clin Gastroenterol Hepatol 2009;7:S23-8.
37.	Shindo K, Yu J, Suenaga M, Fesharakizadeh S, Tamura K, Almario JAN, et al. Lack of association between the pancreatitis risk allele CEL-HYB and pancreatic cancer. Oncotarget 2017;8:50824-31.
38.	Dalva M, El Jellas K, Steine SJ, Johansson BB, Ringdal M, Torsvik J, et al. Copy number variants and VNTR length polymorphisms of the carboxyl-ester lipase (CEL) gene as risk factors in pancreatic cancer. Pancreatology 2017;17:83-8.
39.	Muller N, Saratitis I, Rouanet M, de Mestier L, Halloran C, Greenhalf W, et al. Natural history of SPINK1 germline mutation related-pancreatitis Ebiomedicine 2019;48:581-91. 
40.	Wong T, Howes N, Threadgold J, Smart HL, Lombard MG, Sutton R, et al. Molecular diagnosis of early pancreatic ductal adenocarcinoma in high-risk patients. Pancreatology 2001;1:486-509.
41.	Lennon AM, Wolfgang CL, Canto MI, Klein AP, Herman JM, Goggins M, et al. The Early Detection of Pancreatic Cancer: What Will It Take to Diagnose and Treat Curable Pancreatic Neoplasia? Cancer Res 2014.
42.	Drewes AM, Bouwense SAW, Campbell CM, Ceyhan GO, Delhaye M, Demir IE et al. Guidelines for the understanding and management of pain in chronic pancreatitis. Pancreatology 2017;17:720-31.
43.	Whitcomb DC, Shimosegawa T, Chari ST, Forsmark CE, Frulloni L, Garg P, et al. International consensus statements on early chronic Pancreatitis. Recommendations from the working group for the international consensus guidelines for chronic pancreatitis in collaboration with The International Association of Pancreatology, American Pancreatic Association, Japan Pancreas Society, PancreasFest Working Group and European Pancreatic Club. Pancreatology 2018; 18: 516–27. 
44.	Frøkjær JB, Akisik F, Farooq A, Akpinar B, Dasyam A, Drewes AM,, et al. Guidelines for the Diagnostic Cross Sectional Imaging and Severity Scoring of Chronic Pancreatitis. Pancreatology 2018;18:764-73.
45.	Bang UC, Benfield T, Hyldstrup L, Bendtsen F, Jensen J-E B. Mortality, cancer, and comorbidities associated with chronic pancreatitis: a Danish nationwide matched-cohort study. Gastroenterology 2014;146:989-94.
46.	Levy P, Milan C, Pignon JP, Baetz A, Bernades P. Mortality factors associated with chronic pancreatitis. Unidimensional and multidimensional analysis of a medical-surgical series of 240 patients. Gastroenterology 1989;96:1165-72.
47.	Majumder S, Chari ST. Chronic pancreatitis. Lancet 2016;387:1957-66.
48.	Sheel ARG, Baron RD, Dickerson LD, P. Ghaneh, Campbell F, Yip V, et al. The Liverpool duodenum and spleen preserving total pancreatectomy for advanced chronic pancreatitis. Langenbecks Arch Sur. 2019; 404: 831–40.
49.	Abu-El-Haija M, Anazawa T, Beilman GJ, Besselink MG, Del Chiaro M, Demir IE, et al. The role of total pancreatectomy with islet autotransplantation in the treatment of chronic pancreatitis: A report from the International Consensus Guidelines in chronic pancreatitis. Pancreatology. 2020: S1424-3903(20)30134-4.
50.	Grocock CJ, Rebours V, Delhaye M, Andren-Sandberg A, Weiss FU, Mountford R,  et al. The variable phenotype of the p.A16V mutation of cationic trypsinogen (PRSS1) in pancreatitis families. Gut 2010;59:357-63.
51.	Furuya N, Kawa S, Hasebe O, Tokoo M, Mukawa K, Maejima S, Oguchi H. Comparative study of CA242 and CA19-9 in chronic pancreatitis. Br J Cancer 1996;73:372-6.
52.	O'Reilly D, Fou L, Hasler E, Hawkins J, O'Connell S, Pelone F, et al. Diagnosis and management of pancreatic cancer in adults: A summary of guidelines from the UK National Institute for Health and Care Excellence. Pancreatology 2018;18:962-70.
53.	Maisonneuve P, Marshall BC, Knapp EA, Lowenfels AB. Cancer risk in cystic fibrosis: a 20-year nationwide study from the United States. J Natl Cancer Inst 2013;105:122-9.
54.	Yamada A, Komaki Y, Komaki F, Micic D, Zullow S, Sakuraba A. Risk of gastrointestinal cancers in patients with cystic fibrosis: a systematic review and meta-analysis. Lancet Oncol 2018;19:758-67.
55.	Maisonneuve P, Lowenfels AB, Hadjiliadis D, Khoruts A, Marshall BC. Gastrointestinal cancers in patients with cystic fibrosis. Lancet Oncol 2018;19:e368.
56.	Rosendahl J, Witt H, Szmola R, Bhatia E, Ozsvári B, Landt O, et al. Chymotrypsin C (CTRC) variants that diminish activity or secretion are associated with chronic pancreatitis. Nat Genet 2008;40:78-82.
57.	Witt H, Beer S, Rosendahl J, Chen JM, Chandak GR, Masamune A,et al. Variants in CPA1 are strongly associated with early onset chronic pancreatitis. Nat Genet 2013;45:1216-20.
58.	Wu H, Zhou DZ, Berki D, Geisz A, Zou W-B, Sun X-T, et al. No significant enrichment of rare functionally defective CPA1 variants in a large Chinese idiopathic chronic pancreatitis cohort. Hum Mutat 2017;38:959-63.
59.	Tamura K, Yu J, Hata T, Suenaga M, Shindo K, Abe T, et al. Mutations in the pancreatic secretory enzymes CPA1 and CPB1 are associated with pancreatic cancer. Proc Natl Acad Sci U S A 2018;115:4767-72.
60.	Henrikson NB, Aiello Bowles EJ, Blasi PR, Morrison CC, Nguyen M, Pillarisetty VG, et al. Screening for Pancreatic Cancer: Updated Evidence Report and Systematic Review for the US Preventive Services Task Force. JAMA 2019;322:445-54.
61.	Garg PK, Narayana D. Changing phenotype and disease behaviour of chronic pancreatitis in India: evidence for gene-environment interactions. Glob Health Epidemiol Genom 2016;1:e17.
62.	Midha S, Sreenivas V, Kabra M, Chattopadhyay TK, Joshi YK, Garg PK. Genetically Determined Chronic Pancreatitis but not Alcoholic Pancreatitis Is a Strong Risk Factor for Pancreatic Cancer. Pancreas 2016;45:1478-84.
63.	Buscail L, Escourrou J, Moreau J, Delvaux M, Louvel D, Lapeyre F, et al. Endoscopic ultrasonography in chronic pancreatitis: a comparative prospective study with conventional ultrasonography, computed tomography, and ERCP. Pancreas 1995; 10: 251-7.
64.	Glasbrenner B, Kahl S, Malfertheiner P. Modern diagnostics of chronic pancreatitis. Eur J Gastroenterol Hepatol 2002;14:935-41.
65.	Wiggermann P, Grützmann R, Weissenböck A, Kamusella P, Dittert DD, Stroszczynski C. Apparent diffusion coefficient measurements of the pancreas, pancreas carcinoma, and mass-forming focal pancreatitis. Acta Radiol 2012;53:135-9.
66.	Kang KM, Lee JM, Yoon JH, Kiefer B, Han JK, Choi BI. Intravoxel incoherent motion diffusion-weighted MR imaging for characterization of focal pancreatic lesions. Radiology 2014;270:444-53.
67.	Boninsegna E, Manfredi R, Negrelli R, Avesani G, Mehrabi S, Pozzi Mucelli R. Pancreatic duct stenosis: Differential diagnosis between malignant and benign conditions at secretin-enhanced MRCP. Clin Imaging 2017;41:137-43.
68.	Zhang TT, Wang L, Liu HH, Zhang C-Y, Li X-M, Lu J-P, et al. Differentiation of pancreatic carcinoma and mass-forming focal pancreatitis: qualitative and quantitative assessment by dynamic contrast-enhanced MRI combined with diffusion-weighted imaging. Oncotarget 2017;8:1744-59.
69.	Park HJ, Jang KM, Song KD, Kim SH, Kim YK, Cha MJ, et al. Value of unenhanced MRI with diffusion-weighted imaging for detection of primary small (<20 mm) solid pancreatic tumours and prediction of pancreatic ductal adenocarcinoma. Clin Radiol 2017;72:1076-84.
70.	Canto MI, Almario JA, Schulick RD, Yeo CJ, Klein A, Blackford A, et al. Risk of Neoplastic Progression in Individuals at High Risk for Pancreatic Cancer Undergoing Long-term Surveillance. Gastroenterology 2018;155:740-51.
71.	Barthet M, Portal I, Boujaoude J, Sahel J. Endoscopic ultrasonographic diagnosis of pancreatic cancer complicating chronic pancreatitis. Endoscopy 1996;28:487-91.
72.	Lee LS, Andersen DK, Ashida R, Brugge WR, Canto MI, Chang KJ, et al. Endoscopic Ultrasound and Related Technologies for the Diagnosis and Treatment of Pancreatic Disease - Research Gaps and Opportunities: Summary of a National Institute of Diabetes and Digestive and Kidney Diseases Workshop. Pancreas 2017;46:1242-50.
73.	Bartell N, Bittner K, Vetter MS, Kothari T, Kaul V, Kothari S. Role of Endoscopic Ultrasound in Detecting Pancreatic Cancer Missed on Cross-Sectional Imaging in Patients Presenting with Pancreatitis: A Retrospective Review. Dig Dis Sci 2019: 64: 3623-9.
74.	Narkhede RA, Desai GS, Prasad PP, Wagle PK. Diagnosis and Management of Pancreatic Adenocarcinoma in the Background of Chronic Pancreatitis: Core Issues. Dig Dis 2019;37:315-24.
75.	Vitali F, Strobel D, Frulloni L, Heinrich M, Pfeifer L, Goertz RS, et al. The importance of pancreatic inflammation in endosonographic diagnostics of solid pancreatic masses. Med Ultrason 2018;20:427-35.
76.	Harmsen FR, Domagk D, Dietrich CF, Hocke M. Discriminating chronic pancreatitis from pancreatic cancer: Contrast-enhanced EUS and multidetector computed tomography in direct comparison. Endosc Ultrasound 2018;7:395-403.
77.	Fusaroli P, Kypraios D, Caletti G, Eloubeidi MA. Pancreatico-biliary endoscopic ultrasound: a systematic review of the levels of evidence, performance and outcomes. World J Gastroenterol 2012;18:4243-56.
78.	Iglesias-Garcia J, Lindkvist B, Larino-Noia J, Domínguez-Muñoz JE. The role of EUS in relation to other imaging modalities in the differential diagnosis between mass forming chronic pancreatitis, autoimmune pancreatitis and ductal pancreatic adenocarcinoma. Rev Esp Enferm Dig 2012;104:315-21.
79.	Brand RE, Lerch MM, Rubinstein WS, Neoptolemos JP, Whitcomb DC, Hruban RH, et al. Advances in counselling and surveillance of patients at risk for pancreatic cancer. Gut 2007;56:1460-9.
80.	Canto MI, Harinck F, Hruban RH, Offerhaus GJ, Poley JW, Kamel I, et al. International Cancer of the Pancreas Screening (CAPS) Consortium summit on the management of patients with increased risk for familial pancreatic cancer. Gut 2013;62:339-47.
81.	Greenhalf W, Malats N, Nilsson M, Bartsch D, Neoptolemos JP. International registries of families at high risk of pancreatic cancer. Pancreatology 2008;8:558-65.
82.	Yan L, McFaul C, Howes N, Leslie J, Lancaster G, Wong T, et al. Molecular analysis to detect pancreatic ductal adenocarcinoma in high-risk groups. Gastroenterology 2005;128:2124-30.
83.	Suenaga M, Yu J, Shindo K, Tamura K, Almario JA, Zaykoski C, et al. Pancreatic Juice Mutation Concentrations Can Help Predict the Grade of Dysplasia in Patients Undergoing Pancreatic Surveillance. Clin Cancer Res 2018;24:2963-74.
84.	Nicholson JA, Greenhalf W, Jackson R, Cox TF, Butler JV, Hanna T, et al. Incidence of post-ERCP pancreatitis from direct pancreatic juice collection in hereditary pancreatitis and familial pancreatic cancer before and after the introduction of prophylactic pancreatic stents and rectal diclofenac. Pancreas 2015;44:260-5.
85.	Lowenfels AB, Maisonneuve P, Whitcomb DC, Lerch MM, DiMagno EP. Cigarette smoking as a risk factor for pancreatic cancer in patients with hereditary pancreatitis. JAMA 2001; 286: 169-70.
86.	Maisonneuve P, Lowenfels AB. Epidemiology and Prospects for Prevention of Pancreatic Cancer. In: Neoptolemos JP, Urrutia R, Abbruzzese J, Büchler MW, eds. Pancreatic Cancer. New York, NY: Springer New York, 2017:1-34.
87.	Brown KF, Rumgay H, Dunlop C, Ryan M, Quartly F, Cox A, et al. The fraction of cancer attributable to modifiable risk factors in England, Wales, Scotland, Northern Ireland, and the United Kingdom in 2015. Br J Cancer. 2018;118: 1130-41.
88.	Schuz J, Espina C, Villain P, Herrero R, Leon ME, Minozzi S, et al. European Code against Cancer 4th Edition: 12 ways to reduce your cancer risk. Cancer Epidemiol 2015;39 Suppl 1:S1-10.
89.	Jiao L, Mitrou PN, Reedy J, Graubard BI, Hollenbeck AR, Schatzkin A, et al. A combined healthy lifestyle score and risk of pancreatic cancer in a large cohort study. Arch Intern Med 2009;169: 764-70.
90.	Zhan W, Shelton CA, Greer PJ, Brand RE, Whitcomb DC. Germline Variants and Risk for Pancreatic Cancer: A Systematic Review and Emerging Concepts. Pancreas. 2018;47(8):924-36. 
91.	Whitcomb DC. Primer on Precision Medicine for Complex Chronic Disorders. Clin Transl Gastroenterol. 2019;10(7):e00067. 



Page 13 of 29

