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Abstract: Early detection of pancreatic ductal adenocarcinoma (PDAC) requires further 

examination after selecting cases with risk factors for the condition, such as family history, 

hereditary pancreatic carcinoma syndrome, intraductal papillary mucinous neoplasms, or chronic 

pancreatitis. The Japan Study Group on the Early Detection of Pancreatic Cancer has investigated 

and clarified the clinicopathological features for the early diagnosis of PDAC. Further approaches 

for the early diagnosis of PDAC are warranted. 

1. Introduction 

Pancreatic ductal adenocarcinoma (PDAC) has an extremely poor prognosis, and the associated 

death toll continues to increase despite developments in treatment methods and diagnostic 

modalities(1)(2). This is primarily due to the difficulty of diagnosing PDAC in its early stage. However, 

several recent reports on early-stage PDAC have been published, and the improvement of prognosis 

for PDAC has been expected. Here, we present several approaches to diagnose PDAC in its early 

stages. 

2. Epidemiology 

According to the United States cancer statistics[1], the overall number of patients with cancer is 

still increasing. The number of deaths caused by PDAC is gradually increasing, affecting 

approximately 44,330 individuals per year. This makes PDAC the fourth leading cause of death in 

the United States. Based on the global data in 2012 (GLOBACON), PDAC is the twelfth most common 

cancer type, with 338,000 new cases, and the seventh most frequent cause of cancer-related mortality 

with 331,000 deaths[2]. Moreover, the age-standardized rate (ASR) incidence and ASR mortality 

associated with PDAC are higher in Japan than in other countries worldwide[2,3] (Table 1). 

Table 1. Comparison of incidence and mortality rate of pancreatic cancer in the world and in Japan, 

according to GLOBACON, 2012. 

 Worldwide Japan 

Incidence rate (male/female)(/100,000) 4.9/3.6 10.6/6.7 

Mortality rate(male/female) (/100,000) 4.8/3.4 8.4/6.1 

On the other hand, Japanese original cancer statistical data has been estimated with accuracy by 

the data collected from each prefecture[4]. According to this data[4], in 2016, malignant neoplasms of 

all organs caused 372,986 deaths, highlighting a constant increase[1]. The overall cancer incidence in 

2014 was as follows: (1) colorectal cancer, 135,434 cases; (2) gastric cancer, 129,239 cases; (3) lung 

cancer, 114,550 cases; (4) breast cancer, 78,529 cases; (5) prostate cancer, 74,459 cases; (6) liver cancer, 

40,666 cases; (7) pancreatic carcinoma, 36,239 cases; (8) lymphoma, 28,486 cases; (9) uterine 

carcinoma, 25,784 cases; (10) esophageal carcinoma, 22,784 cases; (11) gall bladder or bile duct 

carcinoma, 22,257 cases; (12) urinary bladder carcinoma, 20,107 cases; (13) thyroid cancer, 15,816 

cases; (14) leukemia, 12,068 cases; (15) ovarian carcinoma, 10,048 cases; and (16) others, 110,247 cases. 
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Thus, PDAC has the seventh-highest rate of incidence (Figure 1)[4]. The overall number of cancer-

related deaths in 2016 was as follows: (1) lung cancer, 73,838 cases; (2) colorectal cancer, 50,099 cases; 

(3) gastric cancer, 45,531 cases; (4) pancreatic carcinoma, 33,475 cases; (5) liver carcinoma, 28,528 cases; 

(6) gall bladder or bile duct carcinoma, 17,965 cases; (7) breast cancer, 14,015 cases; (8) lymphoma, 

12,384 cases; (9) prostatic cancer, 11,803 cases; (10) esophageal carcinoma, 11,483 cases; (11) leukemia, 

8,801 cases; (12) uterine carcinoma, 6,345 cases; (13) ovarian carcinoma, 4,758 cases; (14) thyroid 

carcinoma, 1,779 cases; and (15) others, 52,182 cases. Thus, PDAC occupies the fourth place (Figure 

2). Moreover, PDAC accounts for 8.6% of all deaths[5], with a sex-related mortality at 28.0/10,000 

individuals for men and 25.6/10,000 individuals for women. Although the prognosis of malignant 

tumors in other organs has improved owing to the development of various treatment methods, the 

prognosis of PDAC remains extremely poor. Moreover, while the 10-year relative survival rates per 

organ published by the National Cancer Center Hospital were 69.8% for colorectal cancer, 69.0% for 

gastric cancer, and 80.4% for breast cancer, the rate for PDAC was only 4.9%[4]. Furthermore, the 

overall 5-year survival rate for resected patients with PDAC from 2001 to 2007 was 18.8% and the 5-

year survival rate for non-resection cases was extremely low at 3.1%[6]. 

 

Figure 1. Overall cancer incidence rate according to affected organ (in Japan). The overall cancer 

incidence in 2014 was as follows: (1) colorectal cancer, 135,434 cases; (2) gastric cancer, 129,239 cases; 

(3) lung cancer, 114,550 cases; (4) breast cancer, 78,529 cases; (5) prostate cancer, 74,459 cases; (6) liver 

cancer, 40,666 cases; and (7) pancreatic carcinoma, 36,239 cases. Thus, pancreatic ductal 

adenocarcinoma occupies the seventh place(2). 
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Figure 2. Mortality rate in according to the affected organ (in Japan). The overall numbers of cancer-

related deaths in 2016 were as follows: (1) lung cancer, 73,838 cases; (2) colorectal cancer, 50,099 cases; 

(3) gastric cancer, 45,531 cases; and (4) pancreatic carcinoma, 33,475 cases (men: 17,060 cases, women: 

16,415 cases). 

Meanwhile, according to the Japan pancreatic cancer registry of the Japan Pancreas Society, the 

5-year survival rates for Union for International Cancer Control (UICC) stages 0, Ia, and Ib are 85.8%, 

68.7%, and 59.7%, respectively, which are relatively favorable compared with the overall prognosis 

of PDAC. This demonstrates that early diagnosis and resection can help improve prognosis[6]. 

However, UICC stage 0, Ia, and Ib cases of all PDAC account for just 1.7%, 4.1%, and 6.3%, 

respectively[6]. These data revealed the difficulty to diagnose PDAC in the early stage. The early 

diagnosis of PDAC is expected to contribute to the improvement of its prognosis. 

3. Risk factors 

According to the Japanese Clinical Guidelines for PDAC in 2016[7], risk factors for PDAC include 

a family history of pancreatic carcinoma, hereditary pancreatic carcinoma syndrome, intraductal 

papillary mucinous neoplasms (IPMNs), chronic pancreatitis, diabetes, alcohol consumption, and 

smoking. Patients with several risk factors should be further examined to detect the pancreatic 

carcinoma. 

3.1. Family history or hereditary pancreatic carcinoma syndrome 

Familial pancreatic carcinoma is defined as “PDAC arising in a family with two or more first-

degree relatives (parents, siblings, and/or children) with PDAC.” Approximately 3%–10% of all 

patients with pancreatic carcinoma have a family history of cancer[8]. Breast and ovarian cancer, 

Peutz–Jegher, and familial atypical multiple mole melanoma syndromes are defined as hereditary 

pancreatic carcinoma syndromes. Evaluating patients at high risk for PDAC is important to elucidate 

on the mechanism of carcinogenesis and genetics[9,10]. Canto et al. performed diagnostic imaging on 

patients at a high risk for PDAC of either hereditary pancreatic carcinoma syndrome or a family 

history of PDAC and demonstrated the usefulness of endoscopic ultrasonography (EUS) for 

identifying pancreatic lesions[11]. Canto et al. recently reported that long-term pancreatic cancer 

screening programs could detect resectable PDAC and improve the prognosis of high-risk 

individuals[12]. Harinck et al. revealed that magnetic resonance imaging (MRI) and EUS played 

complementary roles in the detection of pancreatic lesions in patients at high risk for PDAC, including 
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hereditary pancreatic carcinoma syndrome[13]. These reports demonstrated the importance of 

systematic screening for patients at a high risk for PDAC. 

3.2. IPMN 

Patients with IPMN are at risk not only for intraductal papillary mucinous carcinoma but also 

for PDAC concomitant with IPMN[14]. The reported incidence rate of PDAC concomitant with IPMN 

is 2.0%–11.2%[14]. Regular follow-up of IPMN cases is extremely important for the early detection of 

PDAC[15]. 

3.3. Chronic pancreatitis 

Results of a multicenter, retrospective study conducted in Japan indicated that the standard 

morbidity ratio of chronic pancreatitis for PDAC is high (11.8%), making it an important risk factor 

for PDAC[16]. However, screening methods for chronic pancreatitis for the early detection of PDAC 

have not yet been established. The revised diagnostic criteria for chronic pancreatitis, 2009[17] 

introduced the recent concept of early chronic pancreatitis. Early chronic pancreatitis was defined by 

the Japanese Clinical Diagnostic Criteria for Chronic Pancreatitis, 2009. Early chronic pancreatitis not 

only satisfies the conditions for definitive or probable diagnoses in diagnostic criteria but also satisfies 

two or more of the following conditions: (i) repetitive episodes of upper abdominal pain, (ii) 

abnormal pancreatic enzyme values in the blood or urine, (iii) pancreatic exocrine dysfunction, and 

(iv) history of persistently consuming ≥80 g of alcohol per day. In addition, a patient should also 

exhibit specific EUS findings of Rosemont classification[18] and imaging findings of pancreatic duct of 

Cambridge classification[19]. According to this concept, pancreatitis should be diagnosed and treated 

at the early stages to prevent progression to chronic pancreatitis. The diagnosis of early chronic 

pancreatitis will provide opportunities to detect early-stage PDAC associated with chronic 

pancreatitis[20]. 

3.4. Tobacco and alcohol  

Lifestyle-related factors, particularly tobacco smoking and alcohol consumption, affect the risk 

of PDAC. Based on the meta-analysis on smoking as a risk factor for PDAC[21], the pooled relative 

risk (RR) of current and former smokers was 1.66 [95% confidence interval (CI), 1.38–1.98] and 1.40 

(95% CI, 1.16–1.67) when compared with never smokers, respectively. On the contrary, a meta-

analysis on alcohol consumption as a risk factor for PDAC revealed that the pooled RR of heavy 

drinkers and former smokers was 1.66 (95% CI, 1.38–1.98) and 1.40 (95% CI, 1.16–1.67) when 

compared with never drinkers, respectively[22]. However, the mechanisms underlying the effects of 

tobacco and alcohol have not been clarified yet. Information regarding tobacco smoking and alcohol 

consumption being risk factors for PDAC should be spread to the public.  

3.5. Diabetes mellitus 

Diabetes mellitus (DM) is considered one of the risk factors for PDAC. Many studies have been 

conducted to reveal the relationship between and the mechanism of DM and PDAC[23]. A meta-

analysis revealed the relationship between DM and increased risks of PDAC in both males and 

females[24]. Further studies for identifying the pathogenic mechanisms of the relationship between 

between DM and PDAC are warranted.  

4. Attempts to achieve early diagnosis of pancreatic carcinoma 

The identification of various risk factors and advances in diagnostic imaging have increased the 

number of pancreatic carcinoma cases reported in early stages[25,26]. Recently, the reported number of 

stage 0 cases with high-grade pancreatic intraepithelial neoplasia (PanIN) has also been increasing. 

Factors that need to be considered in the detection of stage 0 cases of PDAC have been described 

below: 
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4.1. PanIN 

In 2001, PanIN was defined as the precursor lesion of PDAC. PanIN manifests as consequential 

development of low- to high-grade lesions. Recently, these lesions have been confirmed to have 

several alterations in KRAS, TP53, p16, and SMAD4. Patients with high-grade PanIN are expected to 

have long-term survival (Figure 3)[27]. Such patients survive without recurrence for 6 years 

postoperatively. Egawa et al.(6 ) and Kanno et al.[28] revealed the 5-year survival rate for stage 0 PDAC 

as 85.8% and 94.7%, respectively. Thus, accumulating cases of high-grade PanIN are crucial to 

understand its causation, which would dictate appropriate treatment and improve the prognosis of 

pancreatic carcinoma. 

 

Figure 3. A case with high-grade pancreatic intraepithelial neoplasia. (a) Magnetic resonance 

cholangiopancreatography reveals that the main pancreatic duct is narrowed (arrow) in the 

pancreatic body and the caudal side pancreatic duct is mildly dilated (arrowhead). (b) Endoscopic 

retrograde cholangiopancreatography reveals that the main pancreatic duct is locally narrowed (arrow) in the 

pancreatic body and the caudal side pancreatic duct is mildly dilated (arrowhead). (c) Histopathological imaging 

reveals intraepithelial cancer in the main pancreatic duct. 

4.2. micro RNA and cancer-derived exosomes 

Recently, microRNAs (miRNAs) have gained attention as molecules involved in cancer 

progression. MiRNA are small, approximately 19–25 nucleotides long non-coding RNAs that post-

transcriptionally regulate gene expression[29]. On the contrary, several studies have reported that 

exosomes contribute to tumor cell proliferation by supporting cancer cells with anti-apoptotic 

protein. Some studies have tried to use these molecules as diagnostic tools[30]. Interestingly, a 

combined evaluation of serum exosomes expressing proteins and miRNA markers revealed that 

PDAC patients present a distinct pattern of exosomes and miRNA markers providing a novel 

diagnostic strategy[31]. In the near future, it will become possible to use several molecules as miRNA 

or exosomes in serum or pancreatic juice in liquid biopsy. 

4.3. Hematological and biochemical tests and tumor markers 

Hematological and biochemical tests are usually nonspecific. However, abnormal findings 

sometimes help diagnose PDAC. The high serum levels of pancreatic enzymes often lead to PDAC 

diagnosis[32]. The purpose of the high serum levels of pancreatic enzymes is to obstruct the pancreatic 
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duct. Further imaging examinations should be performed when cases with high serum levels of 

pancreatic enzymes are found.  

Tumor markers are neither tumor-specific nor pancreatic cancer-specific. The glycoprotein 

carbohydrate antigen 19-9 (CA19-9) is one of the important tumor markers for PDAC[33]. Elevated 

CA19-9 serum levels are useful as poor predictors of PDAC. However, CA19-9 is not suitable as a 

screening tool for detecting early-stage PDAC in asymptomatic patients. The combined use of other 

tumor markers, such as carcinoempryonic antigen (CEA), DUPAN 2, or Span 1, is very important for 

diagnosing PDAC.  

4.4. Importance of endoscopic retrograde cholangiopancreatography (ERCP) for early diagnosis of pancreatic 

carcinoma 

The use of ERCP in the diagnosis of pancreatic carcinoma has conventionally been avoided 

owing to its low diagnostic ability[34] and associated risks for post-ERCP pancreatitis[35,36]. Thus, EUS, 

which provides clear images without the risk of post-ERCP pancreatitis, is an essential modality for 

diagnosing PDAC. In particular, EUS-fine needle aspiration (EUS-FNA) has enabled the 

histopathological diagnosis of PDAC, dramatically changing the diagnostic algorithm for PDAC. 

However, EUS-FNA can barely detect cases of high-grade PanIN without a pancreatic mass. 

Moreover, ERCP is an important diagnostic modality for early-stage PDAC, which involves 

aggressive performance of pancreatic juice cytology using endoscopic nasopancreatic drainage 

(ENPD)[25]. Based on Japanese clinical data for PDAC[7], the Japan Pancreas Society established the 

Japanese Clinical Guideline for PDAC. In this guideline, ERCP was emphasized for detecting early-

stage PDAC in CQ-D7 and diagnostic algorithm (Figure 4). Issues on selecting cases demonstrating 

changes in the main pancreatic duct and performing ERCP and ENPD by reducing the risk of post-

ERCP pancreatitis should be addressed in the future. 

 

Figure 4. Algorithm of pancreatic cancer diagnosis (adopted from ref.7). 

4.5. Cooperation of local clinics and regional hospitals 

The selection of cases requiring further examination is very important to diagnose early-stage 

PDAC. The Pancreatic Carcinoma Early Diagnosis Project, also known as the Onomichi Project, was 

established in 2007 and is based on the cooperation of the JA Onomichi General Hospital and local 
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clinics. Many cases of early-stage PDAC have been diagnosed via this project[37]. The doctors of the 

JA Onomichi General Hospital have delivered lectures on the risk factors of PDAC, ultrasonography 

(US) of the pancreas, and importance of US screening and EUS diagnostic imaging to disseminate 

information on the clinical characteristics of PDAC. Patients with abnormal US findings examined by 

local doctors were referred to the JA Onomichi General Hospital for further examination. A model 

case, such as the Onomichi Project, should be employed in other areas for the detection of early-stage 

PDAC. 

4.6. Japan Study Group on the Early Detection of Pancreatic Cancer (JEDPAC) 

JEDPAC was established in 2014 to clarify the clinicopathological features of pancreatic 

carcinoma diagnosed in the early stages. The imaging and pathological characteristics of early-stage 

PDAC have been gradually investigated by this study group. This study will elucidate the clinical 

and genetic findings and contribute to the improvement of the prognosis of PDAC. 

5. Current status of pancreatic carcinoma diagnosed in the early stages 

The clinical features of the early-stage PDAC need to be clarified to diagnose many cases of 

PDAC in the early stage. JEDPAC investigated the clinical findings of 51 cases of stage 0 pancreatic 

carcinoma and 149 cases of stage 1 pancreatic carcinoma[28]. The features of PDAC diagnosed in the 

early stages have been gradually clarified based on the results of this survey (Table 1). PDAC 

diagnosed in the early stages had several risk factors, including diabetes in 64 cases (32%), smoking 

in 62 (31%), and IPMN in 52 (26%) (Table 2). Early-stage PDAC was diagnosed via further 

investigation of these cases, which revealed the presence of symptoms in 50 cases (25.0%), 

abnormalities during examination or follow-up for other diseases in 103 (51.5%), and abnormalities 

during medical health checkup in 34 (17%) (Figure 2). Various diagnostic imaging modalities were 

used for further examining stage 0 and 1 PDAC cases. CT, MRI, and EUS were performed for >80% 

of all cases. However, most abnormal findings detected via these diagnostic imaging modalities were 

indirect findings, such as main pancreatic duct dilatation or retention cysts, without direct findings 

of PDAC (Table 3). Thus, the detection of indirect findings on diagnostic imaging in asymptomatic 

cases and further examination on such cases is important for the early diagnosis of PDAC. Further 

examinations using EUS, ERCP, and EUS-FNA were performed in 173 (86.5%), 141 (70.5%), and 69 

cases (34%), respectively. These results indicated the importance of ERCP in the early diagnosis of 

pancreatic carcinoma. The diagnostic strategies for the early diagnosis of PDAC should be 

constructed based on these results. 

Table 2. Clinical background of patients (quoted from ref. 23). 

Sex (male/female) 111/89 

Age, mean ± SD (range), years 68.8 ± 9.5 (38-88) 

Stage (0/1), number of cases 51/149 

Observation period, mean (range), days 1240.8 (66–3635) 

Location, head/body/tail, number of cases (%) 86 (43.0)/103 (51.5)/11 (5.5) 

Table 3. Risk factors observed in patients (quoted from ref. 23). 

Risk factors (including overlapping 

cases) 
 

Number of cases 

(%) 

 Diabetes 64 (32.0) 

 Smoking 62 (31.0) 

 
Intraductal papillary mucinous 

neoplasm 
52 (26.0) 

 Heavy Alcohol consumption 30 (15.0) 

 Chronic pancreatitis 26 (13.0) 

 Obesity 13 (6.5) 
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Family history of pancreatic 

carcinoma 
9 (4.5) 

Table 4. Diagnostic imaging findings (quoted from ref. 23). 

Diagnostic imaging modalities and findings 
Number of 

patients (%) 

Abdominal ultrasound 135/200 (67.5) 

Findings (some 

overlapping cases) 

Pancreatic duct dilatation 101/135 (74.8) 

Pancreatic duct stenosis 27/135 (20.0) 

Pancreatic tumors 71/135 (52.6) 

Computed tomography 196/200 (98.0) 

Findings (some 

overlapping cases) 

Pancreatic duct dilatation 156/196 (79.6) 

Pancreatic tumors 101/196 (51.5) 

Atrophy/fatty metamorphosis of pancreatic 

parenchyma 
82/196 (41.8) 

Magnetic resonance imaging 173/200 (86.5) 

Findings (some 

overlapping cases) 

Pancreatic duct dilatation 143/173 (82.7) 

Pancreatic tumors 78/1733 (45.1) 

Endoscopic ultrasonography 173/200 (86.5) 

Findings (some 

overlapping cases) 

Pancreatic duct dilatation 153/173 (88.4) 

Pancreatic duct stenosis 98/173 (56.6) 

Pancreatic tumors 132/173 (76.3) 

7. Conclusions 

Recent investigations have revealed several clinical characteristics of PDAC diagnosed in the 

early stage. Cooperation between local clinics and regional hospitals is crucial to detect PDAC in its 

early stages. To acquire this cooperation, one should provide the clinical findings of early-stage 

PDAC to local clinics so that they can refer cases with abnormal findings to regional hospitals. Data 

on the risk factors or imaging findings of early-stage PDAC is very important. However, because the 

potential for the diagnosis of early-stage PDAC is limited, new approaches are warranted. 

Abbreviations: CT, computed tomography; DM, diabetes mellitus; ENPD, endoscopic nasopancreatic duct 

drainage; ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic ultrasonography; FNA, 

fine needle aspiration; IPMN, intraductal papillary mucinous neoplasm; MRI, magnetic resonance imaging; 

PDAC, pancreatic ductal adenocarcinoma; US, ultrasonography 

Supplementary Materials: None. 

Acknowledgement: This work was supported in part by a Grant-in-Aid from the Japan Society for 

the Promotion of Science (18K07897 to A. Kanno). The authors would like to thank Enago 

(www.enago.jp) for the English language review. 

Author contributions: Kanno A, Masamune A, Hanada K, Kikuyama M and Kitano M designed the 

review and wrote the manuscript; all authors gave final approval of the article. 

Conflicts of Interest: The authors declare no conflict of interest. 

References 

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin. 2018;68:7-30. 

2. Ferlay J, Soerjomataram I, Dikshit R,  Eser S, Mathers C, Rebelo M, Parkin DM, Forman D, Bray F.Cancer 

incidence and mortality worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer. 

2015;136:E359-86. 

3. Pourhoseingholi MA, Ashtari S, Hajizadeh N, Fazeli Z, Zali MR. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2019                   Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2019                   doi:10.20944/preprints201901.0133.v1

Peer-reviewed version available at Diagnostics 2019, 9, 18; doi:10.3390/diagnostics9010018

http://dx.doi.org/10.20944/preprints201901.0133.v1
http://dx.doi.org/10.3390/diagnostics9010018


 9 

 Systematic review of pancreatic cancer epidemiology in Asia-Pacific Region: major patterns in GLOBACON 

2012. 

Gastroenterol Hepatol Bed Bench. 2017;10:245-57.  

4. Ministry of Health, Labour and Welfare. http://www.mhlw.go.jp/toukei/saikin/hw/jinkou/suikei15/ 

5. Japanese Association of Clinical Cancer Centers. 

http://www.gunma-cc.jp/sarukihan/seizonritu/seizonritu2007.html 

6. Egawa S, Toma H, Ohigashi H, Okusaka T, Hatori T, Maguchi H, Yanagisawa A, Tanaka M. Japan Pancreatic 

Cancer Registry; 30th year anniversary: Japan Pancreas Society. Pancreas. 2012;41:985-92. 

7. Yamaguchi K, Okusaka T, Shimizu K, Furuse J, Ito Y, Hanada K, Shimosegawa T, Okazaki K; Clinical Practice 

Guidelines for Pancr Committee for Revision of Clinical Guidelines for Pancreatic Cancer of the Japan 

Pancreas Society. eatic Cancer 2016 From the Japan Pancreas Society: A Synopsis. Pancreas. 2017;46:595-604. 

8. Permuth-Wey J, Egan KM. Family history is a significant risk factor for pancreatic cancer: results from a 

systematic review and meta-analysis. Fam Cancer. 2009;8:109-17. 

9. Klein AP, Brune KA, Petersen GM, Goggins M, Tersmette AC, Offerhaus GJ, Griffin C, Cameron JL, Yeo CJ, 

Kern S, Hruban RH. Prospective risk of pancreatic cancer in familial pancreatic cancer kindreds. Cancer Res. 

2004;64:2634-8. 

10. Shi C, Hruban RH, Klein AP. Familial pancreatic cancer. Arch Pathol Lab Med. 2009;133:365-74. 

11. Canto MI, Hruban RH, Fishman EK, Kamel IR, Schulick R, Zhang Z, Topazian M, Takahashi N, Fletcher J, 

Petersen G, et al. Frequent detection of pancreatic lesions in asymptomatic high-risk individuals. 

Gastroenterology. 2012;142:796-804. 

12. Canto MI, Almario JA, Schulick RD, Yeo CJ, Klein A, Blackford A, Shin EJ, Sanyal A, Yenokyan G, Lennon 

AM. Risk of Neoplastic Progression in Individuals at High Risk for Pancreatic Cancer Undergoing Long-

term Surveillance. Gastroenterology. 2018;155:740-51. 

13. Harinck F, Konings IC, Kluijt I, Kluijt I, Poley JW, van Hooft JE, van Dullemen HM, Nio CY, Krak NC, 

Hermans JJ, et al. A multicentre comparative prospective blinded analysis of EUS and MRI for screening 

of pancreatic cancer in high-risk individuals. Gut. 2016;65:1505-13. 

14. Tanaka M. Intraductal Papillary Mucinous Neoplasm of the Pancreas as the Main Focus for Early Detection 

of Pancreatic Adenocarcinoma. Pancreas. 2018;47:544-550. 15. Kamata K, Kitano M, Kudo M, Sakamoto H, 

Kadosaka K, Miyata T, Imai H, Maekawa K, Chikugo T, Kumano M, et al. Value of EUS in early detection 

of pancreatic ductal adenocarcinomas in patients with intraductal papillary mucinous neoplasms. 

Endoscopy. 2014;46:22-9. 

16. Ueda J, Tanaka M, Ohtsuka T, Tokunaga S, Shimosegawa T; Research Committee of Intractable Diseases of 

the Pancreas.Surgery for chronic pancreatitis decreases the risk for pancreatic cancer: a multicenter 

retrospective analysis. Surgery. 2013;153:357-64. 

17. Shimosegawa T, Kataoka K, Kamisawa T, Miyakawa H, Ohara H, Ito T, Naruse S, Sata N, Suda K, Hirota M, 

et al. The revised Japanese clinical diagnostic criteria for chronic pancreatitis. J Gastroenterol. 2010;45:584-

91. 

18. Sarner M, Cotton PB. Classification of pancreatitis. Gut. 1984;25:756-9. 

19. Catalano MF, Sahai A, Levy M, Romagnuolo J, Wiersema M, Brugge W, Freeman M, Yamao K, Canto M, 

Hernandez LV. EUS-based criteria for the diagnosis of chronic pancreatitis: the Rosemont classification. 

Gastrointest Endosc. 2009;69:1251-61.  

20. Rashid S, Singh N, Gupta S, Rashid S, Nalika N, Sachdev V, Bal CS, Datta Gupta S, Chauhan SS, Saraya A. 

Progression of Chronic Pancreatitis to Pancreatic Cancer: Is There a Role of Gene Mutations as a Screening 

Tool? Pancreas. 2018;47:227-32. 

21. Korc M, Jeon CY, Edderkaoui M, Pandol SJ, Petrov MS; Consortium for the Study of Chronic Pancreatitis, 

Diabetes, and Pancreatic Cancer (CPDPC). Tobacco and alcohol as risk factors for pancreatic cancer. Best 

Pract Res Clin Gastroenterol. 2017;31:529-36.  

22. Illés D, Terzin V, Holzinger G, Kosár K, Róka R, Zsóri G, Ábrahám G, Czakó L. New-onset type 2 diabetes 

mellitus – A high-risk group suitable for the screening of pancreatic cancer? Pancreatology. 2016;16:266-71. 

23. Khadka R, Tian W, Hao X,  Koirala R. Risk factor, early diagnosis and overall survival on outcome of 

association between pancreatic cancer and diabetes mellitus: Changes and advances, a review. Int J Surg. 

2018;52:342-6. 

24. Ben Q, Xu M, Ning X,  Liu J, Hong S, Huang W, Zhang H, Li Z. Diabetes mellitus and risk of pancreatic 

cancer: A meta-analysis of cohort studies. Eur J Cancer. 2011;47:1928-37. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2019                   Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2019                   doi:10.20944/preprints201901.0133.v1

Peer-reviewed version available at Diagnostics 2019, 9, 18; doi:10.3390/diagnostics9010018

http://dx.doi.org/10.20944/preprints201901.0133.v1
http://dx.doi.org/10.3390/diagnostics9010018


 10 

25. Iiboshi T, Hanada K, Fukuda T, Yonehara S, Sasaki T, Chayama K. Value of cytodiagnosis using endoscopic 

nasopancreatic drainage for early diagnosis of pancreatic cancer: establishing a new method for the early 

detection of pancreatic carcinoma in situ. Pancreas. 2012;41:523-9. 

26. Hanada K, Okazaki A, Hirano N, Izumi Y, Teraoka Y, Ikemoto J, Kanemitsu K, Hino F, Fukuda T, Yonehara 

S. Diagnostic strategies for early pancreatic cancer. J Gastroenterol. 2015;50:147-54. 

27. Okada T, Motoi F, Kanno A, Masamune A, Ishida K, Fujishima F, Rikiyama T, Katayose Y, Egawa S, 

Shimosegawa T, et al. Pancreatic intraepithelial neoplasia-3 with localized acute pancreatitis in the main 

pancreatic duct. Clin J Gastroenterol. 2013;6:164-8. 

28. Kanno A, Masamune A, Hanada K, Maguchi H, Shimizu Y, Ueki T, Hasebe O, Ohtsuka T, Nakamura M, 

Takenaka M, et al. Multicenter study of early pancreatic cancer in Japan. Pancreatology. 2018;18:61-67. 

29. Singh PK, Brand RE, Mehla K. MicroRNAs in pancreatic cancer metabolism. Nat Rev Gastroenterol Hepatol. 

2012;9:334-44.  

30. Raposo G, Stoorvogel W. Extracellular vesicles: exosomes, microvesicles, and friends. J Cell Biol. 2013;200:373-

83.  

31. Madhavan B, Yue S, Galli U, Rana S, Gross W, Müller M, Giese NA, Kalthoff H, Becker T, Büchler MW, et al. 

Combined evaluation of a panel of protein and miRNA serum-exosome biomarkers for pancreatic cancer 

diagnosis increases sensitivity and specificity. Int J Cancer. 2015;136:2616-27.  

32. Lin A, Feller ER. Pancreatic carcinoma as a cause of unexplained pancreatitis: report of ten cases. Ann Intern 

Med. 1990;113:166-7. 

33. Hansson GC, Karlsson KA, Larson G, McKibbin JM, Blaszczyk M, Herlyn M, Steplewski Z, Koprowski H. 

Mouse monoclonal antibodies against human cancer cell lines with specificities for blood group and related 

antigens. Characterization by antibody binding to glycosphingolipids in a chromatogram binding assay. J 

Biol Chem. 1983;258:4091-7. 

34. Yamaguchi T, Shirai Y, Nakamura N, Sudo K, Nakamura K, Hironaka S, Hara T, Denda T. Usefulness of 

brush cytology combined with pancreatic juice cytology in the diagnosis of pancreatic cancer: significance 

of pancreatic juice cytology after brushing. Pancreas. 2012;41:1225-9. 

35. Loperfido S, Angelini G, Benedetti G, Chilovi F, Costan F, De Berardinis F, De Bernardin M, Ederle A, Fina 

P, Fratton A. Major early complications from diagnostic and therapeutic ERCP: a prospective multicenter 

study. Gastrointest Endosc. 1998;48:1-10. 

36. Mine T, Morizane T, Kawaguchi Y, Akashi R, Hanada K, Ito T, Kanno A, Kida M, Miyagawa H, Yamaguchi 

T, et al. Clinical practice guideline for post-ERCP pancreatitis. J Gastroenterol. 2017;52:1013-22. 

37. Hanada K, Okazaki A, Hirano N, Izumi Y, Minami T, Ikemoto J, Kanemitsu K, Hino F. Effective screening 

for early diagnosis of pancreatic cancer. Best Pract Res Clin Gastroenterol. 2015;29:929-39. 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2019                   Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2019                   doi:10.20944/preprints201901.0133.v1

Peer-reviewed version available at Diagnostics 2019, 9, 18; doi:10.3390/diagnostics9010018

http://dx.doi.org/10.20944/preprints201901.0133.v1
http://dx.doi.org/10.3390/diagnostics9010018

