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Abstract
AIM: To retrospectively study pancreatic cancer patients with respect to their ABO blood type and diabetes.

[bookmark: OLE_LINK555][bookmark: OLE_LINK556]METHODS: Our analysis included a cohort of 1017 patients with pancreatic ductal cancer diagnosed at our hospital in Tokyo. They were divided into two groups: 114 patients with long-standing type 2 diabetes (DM group, defined as diabetes lasting for at least three years before the diagnosis of pancreatic cancer) and 903 patients without diabetes (non-DM group). Multivariate analysis was performed to identify factors that are associated with long-standing diabetes. The DM group was further divided into three subgroups according to the duration of diabetes (3 to 5 years, 5.1 to 14.9 years, and 15 years or more) and univariate analyses were performed. 

[bookmark: OLE_LINK535][bookmark: OLE_LINK536][bookmark: OLE_LINK537]RESULTS: Of the 883 pancreatic cancer patients with serologically assessed ABO blood type, 217 (24.6%) had blood type O. Compared with the non-DM group, the DM group had a higher frequency of blood type B [odds ratio (OR): 2.61, 95% confidence interval (CI): 1.24-5.47; reference group: blood type A]. Moreover, male (OR: 3.17, 95%CI: 1.67-6.06), older than 70 years of age (OR: 2.19, 95%CI: 1.20-3.98) and presence of a family history of diabetes (OR: 6.21, 95%CI: 3.38-11.36) were associated with long-standing type 2 diabetes. The mean ages were 64.8 ± 9.2, 67.1 ± 9.8, and 71.7 ± 7.0　years old in the subgroups with the duration of diabetes, 3-5 years, 5.1-14.9 years, and 15 years or more, respectively (P = 0.007). A comparison of ABO blood type distribution among the subgroups also showed a significant difference (P = 0.03).

CONCLUSION: The association of pancreatic cancer with blood type and duration of diabetes needs to be further examined in prospective studies.
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INTRODUCTION
Pancreatic cancer is the fifth leading cause of cancer deaths in Japan, accounting for approximately 26 000 deaths each year [1]. Because of the poor prognosis, identifying high-risk individuals and the modifying risk factors are important strategies for preventing pancreatic cancer. Despite intensive research efforts, the etiology of sporadic pancreatic cancer remains largely unknown. Epidemiologic studies have consistently shown that smoking and long-standing type 2 diabetes are two modifiable risk factors for pancreatic cancer[2,3]. The association between diabetes and pancreatic cancer is complex because diabetes and pancreatic cancer development may involve a similar pathogenesis and share common risk factors, such as obesity, smoking and insulin resistance. Moreover, although long-standing type 2 diabetes is a risk factor for pancreatic cancer, new-onset diabetes may also result from pancreatic cancer[4, 5]. There is a lack of data on the proportion of pancreatic cancer cases that can be attributed to long-standing diabetes and the prevalence of pancreatic cancer-induced new-onset diabetes. 
[bookmark: OLE_LINK539][bookmark: OLE_LINK540]In addition, although an association between the ABO blood type and various diseases was proposed 50 years ago[6,7], the ABO blood type has recently been confirmed to be associated with malignant tumors, including skin cancer[8], esophageal cancer[9], hepatocellular carcinoma[10] and pancreatic cancer[11-16]. Regarding pancreatic cancer risk, both epidemiologic[11-15] and genome-wide association studies (GWAS)[16] showed that individuals carrying the O blood type had the lowest risk compared with those with non-O blood types. 
Although diabetic patients may represent a high-risk group for pancreatic cancer, the increasing prevalence of type 2 diabetes in the general population and the lack of specific biomarkers do not justify screening all diabetic patients for the early detection of pancreatic cancer. It is possible that among diabetic patients, a subset of diabetics who are at high risk of developing pancreatic cancer may show different characteristics from other diabetics, including the duration of diabetes and blood type distribution. In this study, we retrospectively examined 1017 patients with pancreatic cancer, focusing on the duration of type 2 diabetes and the ABO blood type.

[bookmark: OLE_LINK113][bookmark: OLE_LINK126][bookmark: OLE_LINK133][bookmark: OLE_LINK170][bookmark: OLE_LINK315][bookmark: OLE_LINK481]MATERIALS AND METHODS
Patients
We reviewed the medical records of patients with pancreatic ductal cancer diagnosed between 1975 and 2009 at Tokyo Metropolitan Komagome Hospital. A total of 1022 patients were included in the present analysis. Overall, 66.3% had histological confirmation, and the remaining patients were diagnosed based on either endoscopic retrograde cholangiopancreatography or at least two imaging modalities. To exclude the possibility that new-onset diabetes was caused by pancreatic cancer, we defined individuals with long-standing diabetes as those who had diabetes for at least 3 years before the diagnosis of pancreatic cancer. Among the 1022 patients, we excluded 5 patients with long-standing diabetes due to diagnoses other than type 2 diabetes. 
The subjects were divided into two groups: 114 patients with long-standing type 2 diabetes (DM group) and 903 patients without long-standing type 2 diabetes (non-DM group). Furthermore, we classified the DM group into 3 subgroups according to the duration of preexisting diabetes: a relatively short period of 3 to 5 years (DM-S group: 31 patients), a medium range of 5.1 to 14.9 years (DM-M group: 48 patients), and a relatively long period of 15 years or more (DM-L group: 35 patients). Information on gender, age, smoking status, ABO blood type, diabetes, a family history of diabetes and tumor location was recorded from medical charts. The ABO blood type was assessed serologically, and the information of DM was primarily based on self-report. For 92 patients in the DM group, their medical history revealed the type of medical treatment that they had received for diabetes.
This study was approved by the Institutional Review Board of Tokyo Metropolitan Komagome Hospital.

Statistical analysis
[bookmark: OLE_LINK544][bookmark: OLE_LINK545][bookmark: OLE_LINK546]First, age, gender, smoking status (never vs former or current), a family history of diabetes (present vs absent in a first-degree relative), the location of the cancer (head vs body or tail) and the ABO blood type were compared using univariate analysis. A two-sample t-test was conducted with age as a continuous variable. A χ2 test was used for categorical variables. The unconditional logistic regression method was used to compare the DM group with the non-DM group using variables that showed a P value of less than 0.15 in the univariate analyses. Variables for which the P value exceeded 0.05 were eliminated in a stepwise fashion such that only those that had a statistically significant association with long-standing type 2 diabetes were included in the final regression model. In this analysis, blood type A was used as a reference group. The final models were evaluated for goodness-of-fit with the Hosmer-Lemeshow test. 
Similar to the analyses mentioned above, we performed univariate analyses among 3 subgroups of the DM group. A one-way analysis of variance was conducted for continuous variables, and a χ2 test was used for categorical variables. 
We used the χ2 test to compare the ABO blood type distribution in our pancreatic cancer patients with the distribution reported from a nationally representative sample of the Japanese population [17].
All of the P values were two-sided, with statistical significance set at P < 0.05. All of the statistical analyses were performed using the SPSS (Statistical Package for the Social Sciences) 19 statistical package software (IBM Japan, Tokyo). 

RESULTS
Table 1 shows the characteristics of the DM group and the non-DM group and the results of univariate analyses. The sex ratio (male/female) was significantly higher in the DM group than in the non-DM group (P = 0.002). The mean age of the DM group was 1.8 years older at the diagnosis of pancreatic cancer than the non-DM group (67.9±9.2 years vs 66.1±10.6 years, P = 0.08). In accordance with this result, there were more patients older than 70 years of age in the DM group than the non-DM group (P = 0.009). Subjects in the DM group were more likely to have a family history of diabetes than those in the non-DM group (P < 0.001). The distribution of the ABO blood type seemed to differ between the DM group and non-DM group (P = 0.06). There were no significant differences in the smoking status (P = 0.28) or tumor locations (P = 0.37) between the two groups.
The logistic regression method using candidate variables resulting from the univariate analyses revealed that sex, age, a family history of diabetes and ABO blood type were associated with long-standing type 2 diabetes. Interestingly, the frequency of blood type B was significantly higher in the DM group than in the non-DM group (Table 1). The Hosmer-Lemeshow test showed that the regression model had an acceptable goodness-of- fit (P > 0.05).
There were no significant differences in gender, smoking status, a family history of diabetes or the location of cancer among the 3 subgroups defined by the duration of diabetes. However, significant differences in age (P = 0.007) and the ABO blood type (P = 0.03) were observed among the 3 subgroups (Table 2). We found a significant difference in the ABO blood type distribution between our pancreatic cancer patients and the general Japanese population [17] (P = 0.02). As shown in Table 3, our patients had a lower frequency of blood type O and a higher frequency of blood type A. 

DISCUSSION
In our retrospective examination of 1017 pancreatic cancer patients, we found that the distribution of the ABO blood type in our cases is different from that of the general Japanese population. Furthermore, the distribution of the blood type also seemed to differ between the DM group and the non-DM group, with the DM group having a higher frequency of blood type B. This finding suggests that long-standing type 2 diabetes and other underlying factors that are associated with diabetes, such as blood type, might play a role in predisposing diabetic patients to pancreatic cancer. 
Because of the increasing prevalence of type 2 diabetes in the general population and the absence of specific biomarkers, it is not cost-effective to screen for pancreatic cancer in asymptomatic diabetics. Therefore, it is important to identify a subset of diabetics with a higher susceptibility to pancreatic cancer than other diabetics. We addressed this issue by focusing on the duration of diabetes and the ABO blood type.
It remains unclear whether the duration of diabetes significantly predicts pancreatic cancer risk. Previous studies have noted an inverse association between the duration of diabetes and the pancreatic cancer risk; the association appeared to be strongest among individuals with a duration of diabetes less than 4 years, with a relative risk of 2.1 (95%CI: 1.9-2.3)[3]. However, in a large Korean cohort study, the pancreatic cancer risk was significantly increased with an increasing duration of diabetes in men: the hazard ratios were 2.0, 2.4 and 3.0 for individuals with a duration of diabetes less than 4.9 years, 5.0-9.9 years, and 10 years or more, respectively[18]. Despite the inverse association observed in a meta-analysis published in 2005, individuals with long-standing diabetes (> 5 years) were still at a 50% increased risk of pancreatic cancer[3]. Interestingly, when we divided the DM group into 3 subgroups according to the duration of diabetes, we found that among long-standing diabetes-related pancreatic cancer cases, there may be several subgroups that are associated with a specific blood type and characterized by the period from the onset of diabetes to the occurrence of pancreatic cancer. This finding suggests that patients with long-standing type 2 diabetes might not be considered a single uniform group.
[bookmark: OLE_LINK547][bookmark: OLE_LINK548]Regarding the ABO blood type, several lines of evidence in recent years have shown that the ABO blood type is associated with a risk of pancreatic cancer. A prospective cohort study noted an elevated risk of incidental pancreatic cancer among subjects with blood type A, AB or B compared with blood type O, and those with blood type B had the highest risk [11]. In addition, they also reported increased risk with the addition of each non-O allele[12]. A recent GWAS, which mainly involved Caucasian populations, identified an association between a single-nucleotide polymorphism (SNP) in the ABO gene locus (rs505922) and pancreatic cancer [16]. Accordingly, an article by Nakao and co-workers, which is the only study on pancreatic cancer and the ABO blood type alleles in Japanese subjects, showed that the risk of pancreatic cancer was higher among those with the non-O blood type than those with the O blood type[14]. The distribution of the ABO blood type in our overall pancreatic cancer patients was similar to that reported in the Nakao’s article. In fact, when the ABO blood type distribution in our pancreatic cancer patients was compared with their cases[14], univariate analysis with the chi-square test showed no difference between them (P = 0.56). Moreover, considering that the frequency of the O blood type in our patients was lower than that observed in the general Japanese population, our study provided indirect evidence that the O blood type may be associated with a lower risk of pancreatic cancer in Japanese people.
Another interesting finding is that the B blood type is more common in pancreatic cancer patients with long-standing type 2 diabetes than in those without diabetes. The association between the ABO blood type and diabetes is controversial. Advances in genome-wide sequencing have provided novel insights into the pathogenesis of diabetes mellitus. A recent GWAS showed that genetic variants in the ABO locus were associated with not only diabetes risk, with blood group B showing a decreased risk compared with blood group O[19], but also the plasma levels of soluble intercellular adhesion molecule 1 and soluble E selectin[19-22], both of which are markers of inflammation and are thought to be related to the risk of type 2 diabetes mellitus[23, 24]. In addition, a SNP at the ABO locus was reported to be strongly associated with serum tumor necrosis factor alpha[25], which is a pro-inflammatory cytokine that modulates rates of pancreatic ductal cell apoptosis[26], and an adipocytokine that has been implicated in the development of insulin resistance[27]. Although the mechanism underlying the association between ABO blood type, diabetes and pancreatic cancer has not been clarified, these findings suggest interactions among ABO blood types, inflammatory markers, type 2 diabetes and pancreatic cancer. 
A major strength of this study is a large cohort of pancreatic cancer patients. Our study has several limitations. First, the major limitation is the lack of an appropriate control group comprising long-standing type 2 diabetes patients without pancreatic cancer. Although our finding showed that the B blood type is more common among pancreatic cancer patients with long-standing type 2 diabetes, a prospective cohort study of diabetics is warranted to confirm whether long-term diabetics with the B blood type have an increased risk of pancreatic cancer. Second, because the study subjects were selected from one hospital, the generalization of our results to other populations is unclear. As mentioned above, with regard to the distribution of the ABO blood type, pancreatic cancer cases in Nakao’s study were comparable to ours. Thus, our subjects are not particularly unique. Third, the history of diabetes was mainly based on self-reporting, and the accuracy of the self-reported information is unknown. However, because it is unlikely that a patient would be forgetful regarding the minimum duration of 3 years, a self-report that the duration was 3 years or more than 3 years was likely to be reliable. Fourth, we cannot exclude the possibility that the significant differences observed in ABO blood types among the 3 subgroups were due to chance because of the small number of subjects in each subgroup. This issue warrants further examination in a larger population.
In summary, the retrospective examination of a large cohort of pancreatic cancer patients showed that the B blood type is more common in pancreatic cancer patients with long-standing type 2 diabetes than in those without diabetes. Further studies are needed to better define the set of factors associated with an increased susceptibility to pancreatic cancer in diabetic patients.

COMMENTS
Background
Pancreatic cancer is a dismal disease and refractory to almost all current therapies. Because of the poor prognosis, identifying high-risk individuals and modifying risk factors are important strategies for preventing pancreatic cancer. Currently, smoking habits and type 2 diabetes are well-known modifiable risk factors for pancreatic cancer. However, the prevalence of smoking and the increasing incidence of type 2 diabetes in the general population do not justify screening all subjects for the early detection of pancreatic cancer. 

Research frontiers
Recently, there has been emerging evidence that the ABO blood type is associated with pancreatic cancer risk. A prospective cohort study noted an elevated risk of incidental pancreatic cancer among subjects with blood type A, AB or B compared with blood type O, and those with blood type B had the highest risk. 

Innovations and breakthroughs
In their retrospective examination of a large cohort of pancreatic cancer patients, authors found that the distribution of the ABO blood type seemed to differ between patients with long-standing type 2 diabetes and those without, with the former showing a higher frequency of blood type B. In addition, when they divided the former group into 3 subgroups according to the duration of diabetes, they found that there may be several subgroups associated with a specific blood type and characterized by the duration of diabetes. These findings suggest that long-standing type 2 diabetes and other underlying factors, such as blood type and period of diabetes, may play a role in predisposing diabetic patients to pancreatic cancer.

Applications
Although their results should be replicated in prospective studies, they may be useful to define a subset of diabetics that is associated with increased susceptibility to pancreatic cancer. 

Terminology
Long-standing type 2 diabetes: type 2 diabetes represents a complex interaction between hereditary conditions and environmental factors and is essentially different from diabetes secondary to pancreatic cancer. Long-standing diabetes here is defined as diabetes for at least 3 years prior to the diagnosis of pancreatic cancer. This duration should be sufficient to rule out diabetes secondary to the tumor due to the rapid fatal course of pancreatic cancer.

Peer review 
Nice retrospective study that is well supported by advanced statistical methodology. Extremely well written in idiomatic English, and limitations are appropriately described. All in all, a good study with marginal clinical relevance.
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[bookmark: OLE_LINK568][bookmark: OLE_LINK569][bookmark: OLE_LINK570][bookmark: OLE_LINK553][bookmark: OLE_LINK554][bookmark: OLE_LINK589][bookmark: OLE_LINK590][bookmark: OLE_LINK591]Table 1 Characteristics of the diabetes mellitus group and the non-diabetes mellitus group n (%)


	Variables
	DM group
(n = 114)
	Non-DM group
(n = 903)
	P values
	OR (95%CI)

	Sex
	
	
	0.002
	

	   Female
	33 (28.9)
	398 (44.1)
	
	

	   Male
	81 (71.1)
	505 (55.9)
	
	3.17 (1.67-6.06)

	Age
	
	
	0.009
	

	   < 70 yr
	53 (46.5)
	541 (59.9)
	
	

	   ≥ 70 yr 
	61 (53.5)
	362 (40.1)
	
	2.19 (1.20-3.98)

	Smoking status
	[bookmark: OLE_LINK562][bookmark: OLE_LINK563][bookmark: OLE_LINK564][bookmark: OLE_LINK565](n = 991)
	(n = 715)
	0.28
	

	 Former and current smokers
	60 (60.6)
	392 (54.8)
	
	

	 Non-smokers
	39 (39.4)
	323 (45.2)
	
	

	Tumor location
	
	
	0.37
	

	   Head
	58 (50.9)
	501 (55.5)
	
	

	   Body/Tail
	56 (49.1)
	402 (44.5)
	
	

	Family history of DM
	(n = 76)
	(n = 393)
	<0.001
	

	   No
	41 (53.9)
	335 (85.2)
	
	

	   Yes
	35 (46.1)
	58 (14.8)
	
	6.21 (3.38-11.36)

	ABO blood type
	(n = 104)
	(n = 779)
	0.06
	

	   A
	35 (33.7)
	338 (43.4)
	
	

	   B
	28 (26.9)
	175 (22.5)
	
	2.61 (1.24-5.47)

	   O
	34 (32.7)
	183 (23.5)
	
	1.92 (0.95-3.87)

	   AB
	7 (6.7)
	83 (10.7)
	
	0.94 (0.28-3.14)


1Because of missing data, the numbers of subjects are presented for smoking status, family history of diabetes, and ABO blood type in each group. Diabetes mellitus (DM) group represents pancreatic cancer patients with long-standing type 2 diabetes, defined as diabetes lasting at 3 years prior to the diagnosis of pancreas cancer. Non-DM group represents pancreatic cancer patients without long-standing type 2 diabetes. OR: Odds ratio; CI: Confidence interval.

Table 2 Comparison of characteristics among 3 diabetes mellitus subgroups according to duration of diabetes
	Variables
	DM-S
[bookmark: OLE_LINK571][bookmark: OLE_LINK572][bookmark: OLE_LINK573][bookmark: OLE_LINK574][bookmark: OLE_LINK575][bookmark: OLE_LINK576](n = 31)
	DM-M
(n = 48)
	DM-L
(n = 35)
	P values

	Sex ratio (M/F)
	2.44
	2.69
	2.18
	0.91

	Mean age (yr)
	64.8±9.2
	67.1±9.8
	71.7±7.0
	0.007

	 ≥ 70 
	[bookmark: OLE_LINK580][bookmark: OLE_LINK581][bookmark: OLE_LINK582]41.9%
	47.9%
	71.4%
	0.03

	Smoking status
	[bookmark: OLE_LINK577][bookmark: OLE_LINK578][bookmark: OLE_LINK579][bookmark: OLE_LINK583][bookmark: OLE_LINK584][bookmark: OLE_LINK586](n = 261)
	(n = 43)
	(n = 30)
	0.12

	Former and current smokers
	50.0%
	72.1%
	53.3%
	

	Tumor location: Head 
	54.8%
	47.9%
	51.4%
	0.83

	Family history of DM
	(n = 16)
	(n = 36)
	(n = 24)
	0.64

	  Positive family history of DM
	56.3%
	44.4%
	41.7%
	

	ABO blood type
	(n = 26)
	(n = 44)
	(n = 34)
	0.03

	      A
	19.2%
	52.3%
	20.6%
	

	      B
	26.9%
	18.2%
	38.2%
	

	      O
	42.3%
	27.3%
	32.4%
	

	      AB
	11.5%
	2.3%
	8.8%
	


1Because of missing data, the numbers of subjects are presented for smoking status, family history of diabetes and ABO blood type in each group. DM: Diabetes mellitus; DM-S: Patients with diabetes of 3-5 years; DM-M: Patients with diabetes of 5.1-14.9 years; DM-L; Patients with diabetes of 15 years or more
Table 3 Comparison of the distribution of ABO blood type between our cases and the general Japanese population n (%)
	ABO blood type     
	Our pancreatic cancer patients (n = 883)
	[bookmark: OLE_LINK587][bookmark: OLE_LINK588]General Japanese population (n = 4 465 349)1

	
	
	

	 A
	373 (42.2)
	1 725 950 (38.7)

	 B
	203 (23.0)
	988 996 (22.2)

	 O
	217 (24.6)
	1 305 924 (29.3)

	 AB
	90 (10.2)
	444 479 (10.0)


        1The data was referred to Fujitas’ article [17].
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