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Introduction

Pancreatic neuroendocrine tumors (PanNET) are relatively rare neoplasms, although their incidence has increased in the past decades, probably due to better detection with improved imaging techniques and increased awareness by professionals [START_REF] Hallet | Exploring the rising incidence of neuroendocrine tumors: A population-based analysis of epidemiology, metastatic presentation, and outcomes: Neuroendocrine Tumor Epidemiology[END_REF][START_REF] Dasari | Trends in the Incidence, Prevalence, and Survival Outcomes in Patients With Neuroendocrine Tumors in the United States[END_REF]. Surgical resection is the reference treatment for localized PanNET because it provides a good chance of cure [START_REF] Falconi | ENETS Consensus Guidelines Update for the Management of Patients with Functional Pancreatic Neuroendocrine Tumors and Non-Functional Pancreatic Neuroendocrine Tumors[END_REF]. Nevertheless, recurrence occurs in 15% to 20% of patients following curative-intent surgery [START_REF] Ausania | Can we predict recurrence in WHO G1-G2 pancreatic neuroendocrine neoplasms? Results from a multiinstitutional Spanish study[END_REF][START_REF] Kim | Time-trend and recurrence analysis of pancreatic neuroendocrine tumors[END_REF]. The main features influencing postoperative PanNET recurrence are tumor size, Tstage, lymph-node metastases, vascular invasion, Ki67 proliferation index and tumor grade [START_REF] Falconi | ENETS Consensus Guidelines Update for the Management of Patients with Functional Pancreatic Neuroendocrine Tumors and Non-Functional Pancreatic Neuroendocrine Tumors[END_REF][START_REF] Ausania | Can we predict recurrence in WHO G1-G2 pancreatic neuroendocrine neoplasms? Results from a multiinstitutional Spanish study[END_REF][START_REF] Kim | Time-trend and recurrence analysis of pancreatic neuroendocrine tumors[END_REF][START_REF] Rindi | Competitive Testing of the WHO 2010 versus the WHO 2017 Grading of Pancreatic Neuroendocrine Neoplasms: Data from a Large International Cohort Study[END_REF].

The ABO blood type system is defined by the expression of human blood group antigens A, B, AB or O on the surface of cells, and the presence of anti-B and/or anti-A antibodies in serum. Although the precise underlying mechanisms are not fully understood, the ABO blood type could play a role in the development and progression of cancer. Indeed, numerous studies have reported an association between non-O blood type and negative outcomes in various types of malignancies [START_REF] Zhang | ABO blood groups and risk of cancer: a systematic review and meta-analysis[END_REF][START_REF] Franchini | The prognostic value of ABO blood group in cancer patients[END_REF][START_REF] Iodice | ABO blood group and cancer[END_REF] and patients with O blood-type were found to have a significantly decreased risk of death in a large cohort of patients operated on for pancreatic ductal adenocarcinoma(HR 0.78, p=0.037) [START_REF] Rahbari | AB0 blood group and prognosis in patients with pancreatic cancer[END_REF].

On the other hand, the impact of ABO type has not been extensively explored in PanNET. Surprisingly, it has been suggested that O blood type is associated with a higher rate of PanNET in patients with type 1 multiple endocrine neoplasia (MEN1) [START_REF] Weisbrod | Association of Type-O Blood with Neuroendocrine Tumors in Multiple Endocrine Neoplasia Type 1[END_REF] and von Hippel-Lindau disease (VHL) [START_REF] Weisbrod | Association of Type O Blood with Pancreatic Neuroendocrine Tumors in Von Hippel-Lindau Syndrome[END_REF]. Nevertheless, these results were contested in other studies evaluating either patients with MEN1 [START_REF] Nell | No Association of Blood Type O With Neuroendocrine Tumors in Multiple Endocrine Neoplasia Type 1[END_REF][START_REF] Bartsch | Higher Risk of Aggressive Pancreatic Neuroendocrine Tumors in MEN1 Patients With MEN1 Mutations Affecting the CHES1 Interacting MENIN Domain[END_REF] or sporadic PanNET [START_REF] Iodice | ABO blood group and cancer[END_REF][START_REF] Ben | Association between ABO blood types and sporadic pancreatic neuroendocrine tumors in the Chinese Han population[END_REF]. Moreover, the prognostic role of the ABO type has not been explored in PanNET.

Thus, we performed a retrospective study to evaluate the impact of the ABO and Rhesus blood types on the risk of recurrence in patients who underwent curative surgical resection of PanNET.

Patients and Methods

Patients

All consecutive patients operated on for non-metastatic PanNET in Beaujon University Hospital from January 1 st , 2003 to January 1 st , 2018 were included in the study. Pathological proof was available in all cases. Patients with poorly-differentiated carcinoma, mixed neuroendocrine-non-neuroendocrine neoplasms or with metastatic disease identified before or during surgery were excluded.

All patients were operated on in the same surgery unit with standardized techniques and monitoring. The preoperative work-up included contrast-enhanced cross-sectional imaging (CT-scan or MRI) and somatostatinreceptor imaging. The postoperative follow-up was standardized and included clinical, biological and morphological examinations every 6 months for 2 years then yearly thereafter.

Data collection

We collected retrospective epidemiological, surgical, pathological, and follow-up data in all patients. Tumor grade was evaluated retrospectively according to the 2019 WHO classification (G1 with a Ki-67 index < 3%, G2 with a Ki-67 index of 3-20%, and G3 with a Ki-67 index > 20%) [START_REF]WHO Classification of Tumours[END_REF]. All PanNET stages were determined retrospectively according to the 2017 UICC Tumor-Nodes-Metastasis classification [START_REF] Bierley | International Union against Cancer[END_REF].

Blood type (A, B, AB or O), rhesus (D, C, E, c, e) and Kell systems were determined preoperatively in all patients and centrally collected in the Etablissement Français du Sang database of Beaujon University Hospital.

Patients without complete blood type data were excluded from the study.

Data collection was performed after receiving patient agreement according to the Declaration of Helsinki and the study was approved by the Institutional Review Board (IRB 00006477) of Paris University, France.

Statistical analyses

Quantitative variables were expressed as medians (25-75 interquartile range) and compared using the Mann-Whitney test. Qualitative variables were expressed as frequencies (percentages) and compared using the Chisquare test. The distribution of ABO groups in our cohort was compared to that in the French population [START_REF][END_REF].

The primary endpoint was recurrence-free survival (RFS), which was defined as the time between the date of PanNET surgical resection and of recurrence (local, regional or distant, identified during regular clinical and morphological follow-up) or that date of the last news. Patients without recurrence at the final follow-up visit were censored. The end date of the study was July 1, 2019. Survival rates were estimated using the Kaplan-Meier method and compared using the log-rank test. Factors associated with RFS were evaluated using the Cox proportional hazard models. All relevant baseline variables were entered into a univariate analysis, and then all noncollinear variables with p values < 0.15 were entered into a multivariate analysis. All analyses were twosided. P values < 0.05 were considered to be significant. Analyses were performed with SPSS® (version 20; IBM) software.

Results

Patients

Ninety-eight out of 398 patients operated on for PanNET between 2003 and 2018 were excluded (72 with metastases, 11 with non-metastatic poorly-differentiated carcinoma or mixed neuroendocrine-nonneuroendocrine neoplasms and 15 patients without blood type characterization). Thus, 300 patients were included in the study.

The F/M ratio was 1.34 and the median age was 53.6 years old (Table 1). Forty patients had an oncogenetic syndrome (24 with MEN1, 13 with VHL, 2 with tuberous sclerosis and 2 with type 1 neurofibromatosis). A functional syndrome existed in 53 patients (17.7%), including hypersecretion of insulin, gastrin, glucagon, thyrocalcitonin and parathormone-related protein in 40, 9, 2, 1 and 1 patients, respectively. Nearly half of the patients underwent parenchyma-sparing surgical procedures (enucleation or median pancreatectomy).

Pancreaticoduodenectomy and distal pancreatectomy were performed in 22.7% and 30.3%, respectively.

The median tumor size at pathological examination of the resected specimens was 2 cm, and a proportion of patients presented with factors usually associated with recurrence. Notably, 37.7% of PanNET were G2 or G3, 19.4% were pT3-pT4 and 25.7% had regional lymph-node metastases.

Blood type characterization and association with tumor features

The most prevalent blood types were O (45%) and A (42%) (Table 2). As expected, the B and AB types were much rarer (10% and 3%, respectively). Eighty-three percent of patients were positive for Rhesus D (RhD+).

There was no difference in the distribution of ABO blood types between our cohort and the French population, for all blood types (p=0.95) or O RhD+ vs. other types (p=0.74) (Table 3).

There was no significant correlation between blood type and tumor features: functioning syndrome, oncogenetic syndrome, ki67, tumor size and stage, lymph node status and pathological characteristics. Patients with O RhD+ type tended to have a lower median Ki67 (1% [START_REF] Hallet | Exploring the rising incidence of neuroendocrine tumors: A population-based analysis of epidemiology, metastatic presentation, and outcomes: Neuroendocrine Tumor Epidemiology[END_REF][START_REF] Dasari | Trends in the Incidence, Prevalence, and Survival Outcomes in Patients With Neuroendocrine Tumors in the United States[END_REF][START_REF] Falconi | ENETS Consensus Guidelines Update for the Management of Patients with Functional Pancreatic Neuroendocrine Tumors and Non-Functional Pancreatic Neuroendocrine Tumors[END_REF][START_REF] Ausania | Can we predict recurrence in WHO G1-G2 pancreatic neuroendocrine neoplasms? Results from a multiinstitutional Spanish study[END_REF] vs. 2% [START_REF] Hallet | Exploring the rising incidence of neuroendocrine tumors: A population-based analysis of epidemiology, metastatic presentation, and outcomes: Neuroendocrine Tumor Epidemiology[END_REF][START_REF] Dasari | Trends in the Incidence, Prevalence, and Survival Outcomes in Patients With Neuroendocrine Tumors in the United States[END_REF][START_REF] Falconi | ENETS Consensus Guidelines Update for the Management of Patients with Functional Pancreatic Neuroendocrine Tumors and Non-Functional Pancreatic Neuroendocrine Tumors[END_REF][START_REF] Ausania | Can we predict recurrence in WHO G1-G2 pancreatic neuroendocrine neoplasms? Results from a multiinstitutional Spanish study[END_REF], p=0.063) and Rhesus c positive patients tended to have fewer lymph-node metastases (23.2% vs. 37.2%, p=0.057).

Recurrence-free survival analyses

The median total postoperative follow-up was 43.9 months (17.0-77.8). Recurrence occurred in 50 patients (16.7%). The 5-and 10-year RFS rates were 77.6 ± 3.1% and 67.1 ± 5.6%, respectively.

O RhD+ type was associated with a decreased risk of recurrence (HR= 0.51, 95% CI [0.27-0.97], p=0.035) on univariate analysis (Figure 1 and Table 4). The 5-and 10-year RFS rates were 85.4 ± 3.9% and 71.2 ± 13.4% in O RhD+ patients, versus 72.4 ± 4.4% and 62.6 ± 5.8% otherwise, respectively. Conversely, no significant survival impact was identified with A type (HR 1,32, 95%CI [0.76-2.31], p=0,32), B type (HR 1,67, 95% CI [0.75-2.73], p=0,20) or AB type (HR 0,046, 95% CI [0-27.12], p=0,34), alone or combined with RhD (Table S1).

The O RhD+ blood group was independently associated with a significantly decreased risk of recurrence on multivariable analysis adjusted for the main prognostic factors and the existence of an oncogenetic syndrome (HR 0.34, 95% CI [0.15-0.75], p=0.007) (Table 4). Older age (HR 1.04, 95% CI [1.01-1.06], p=0.010), higher Ki67 (HR 1.11, 95% CI [1.06-1.16], p<0.001), larger PanNET size (HR 1.23, 95% CI [1.11-1.37], p<0.001) and lymph-node metastases (HR 3.50, 95% CI [1.75-7.01], p<0.001) were also independent factors of a poor prognosis, while there was a statistical tendency for a poorer prognosis with the presence of a functional syndrome and R1 margin status (Table 4).

Discussion

To the best of our knowledge, this is the first study to show that ABO blood type has a significant prognostic impact in patients with PanNET. Our results show that O RhD+ patients may have a decreased risk of PanNET recurrence following curative-intent resection, independent from classic prognostic factors, which are mainly related to tumor characteristics.

The classification of human blood based on the inherited properties of red blood cells (erythrocytes) is

determined by the presence or absence of the antigens A and B, which are carried on the surface of the red cells.

Persons may thus have type A, type B, type O, or type AB blood. The ABO genes have three main allele forms: A, B, and O. Alleles A and B encode for a glycosyltransferase that enzymatically modifies the H antigen to create the A and B antigens. ABO blood groups are determined by the presence of the A and B antigens on the surface membrane of erythrocytes and anti-B and/or anti-A antibodies in serum. Conversely, the O allele encodes for a nonfunctional glycosyltransferase and is characterized by both anti-A and anti-B antibodies in serum. The expression of glycoproteins forming these blood groups is not only found in erythrocytes but can also be found in normal tissue throughout the body, including the pancreas. In addition, blood group antigens are expressed on the surface of malignant digestive tumor cells, although their expression is frequently altered [START_REF] Itzkowitz | Cancer-associated alterations of blood group antigen expression in the human pancreas[END_REF][START_REF] Pour | Expression of blood group-related antigens ABH, Lewis A, Lewis B, Lewis X, Lewis Y, and CA 19-9 in pancreatic cancer cells in comparison with the patient's blood group type[END_REF].

Numerous studies and meta-analyses have reported an association between non-O blood type and an increased risk of various malignancies [START_REF] Zhang | ABO blood groups and risk of cancer: a systematic review and meta-analysis[END_REF][START_REF] Franchini | The prognostic value of ABO blood group in cancer patients[END_REF], including pancreatic [START_REF] Iodice | ABO blood group and cancer[END_REF][START_REF] Wolpin | ABO blood group and the risk of pancreatic cancer[END_REF], renal [START_REF] Joh | ABO blood group and risk of renal cell cancer[END_REF], gastric [START_REF] Wang | ABO blood group system and gastric cancer: a case-control study and meta-analysis[END_REF], biliary [START_REF] Zhou | Evaluation of risk factors for extrahepatic cholangiocarcinoma: ABO blood group, hepatitis B virus and their synergism[END_REF], breast [START_REF] Miao | Influence of ABO blood group and Rhesus factor on breast cancer risk: a meta-analysis of 9665 breast cancer patients and 244,768 controls[END_REF] and nasopharyngeal carcinomas [START_REF] Sheng | ABO blood group and nasopharyngeal carcinoma risk in a population of Southeast China[END_REF]. Additional studies have reported a positive prognostic impact of the O blood type. Rahbari et al. [START_REF] Rahbari | AB0 blood group and prognosis in patients with pancreatic cancer[END_REF] reported its association with a decreased risk of death (HR 0.78, p=0.037) in 627 patients operated on for an exocrine pancreatic carcinoma. Similarly, non-O blood type was associated with increased risks of death (HR 1.68, p=0.004) and recurrence (HR 1.53, p=0.065) in 900 patients undergoing renal-cell carcinoma resection [START_REF] Kaffenberger | ABO blood group is a predictor of survival in patients undergoing surgery for renal cell carcinoma[END_REF], as well as increased risks of death and recurrence in 333 patients operated on for non-small cell lung cancer [START_REF] Fukumoto | The ABO blood group is an independent prognostic factor in patients with resected non-small cell lung cancer[END_REF]. Thus our results are consistent with the results in the literature.

Although ABO gene products may play a role in carcinogenesis, the precise underlying mechanisms have not been fully investigated. Altered ABO antigen expression in tumor cells has been associated with the development and prognosis of cancer [START_REF] Franchini | The prognostic value of ABO blood group in cancer patients[END_REF]. The ABO-glycosyltransferase or the glycosylation pattern itself may also play a role. Indeed, changes in glycosylation favor the acquisition of biological features essential for tumor progression [START_REF] Pinho | Glycosylation in cancer: mechanisms and clinical implications[END_REF]. Pro-oncogenic glycosyltransferase modification may occur only in A and B blood types, since O blood type lacks functional glycosyltransferase. Indeed, Wolpin et al. [START_REF] Wolpin | Variant ABO blood group alleles, secretor status, and risk of pancreatic cancer: results from the pancreatic cancer cohort consortium[END_REF] showed that glycosyltransferase activity had a greater prognostic value than blood type itself. The risk of pancreatic cancer in patients with the A² phenotype characterized by reduced glycosyltransferase activity and fewer complex A antigens on the cell surface, was similar to that in O-type patients, and both of these groups had a decreased risk compared to those with an A 1 phenotype, whose enzymatic activity is normal (p=0.004). Moreover, preclinical data have suggested that A and B antigens mediate resistance to apoptosis and escape from immune surveillance [START_REF] Marionneau | Expression of histo-blood group A antigen increases resistance to apoptosis and facilitates escape from immune control of rat colon carcinoma cells[END_REF], suggesting that A and B antibodies have a protective function in patients with O blood type [START_REF] Fukumoto | The ABO blood group is an independent prognostic factor in patients with resected non-small cell lung cancer[END_REF]. Another hypothesis is that ABO gene products are associated with alterations in tissue inflammatory state (TNFα) and intercellular adhesion (ICAM1), both mechanisms that play a major role in tumor progression [START_REF] Paré | Novel association of ABO histoblood group antigen with soluble ICAM-1: results of a genome-wide association study of 6,578 women[END_REF]. Although the ABO system has been associated with the occurrence and prognosis of pancreatic exocrine cancer (and other malignancies), there are very few studies in PanNET. In a study including 181 patients with von Hippel-Lindau disease (VHL), O blood type was associated with the occurrence of PanNET and larger tumor size [START_REF] Weisbrod | Association of Type O Blood with Pancreatic Neuroendocrine Tumors in Von Hippel-Lindau Syndrome[END_REF]. However this study may not be fully relevant because PNET were not pathologically confirmed but defined as any solid or complex pancreatic lesions. This may explain in part, the unusually high prevalence of "PanNET" in this VHL cohort (72%, vs. 15-20% in the literature), which may have included a proportion of misdiagnosed patients. This same team published a similar study in 105 patients with type 1 multiple endocrine neoplasia (MEN1) [START_REF] Weisbrod | Association of Type-O Blood with Neuroendocrine Tumors in Multiple Endocrine Neoplasia Type 1[END_REF]. O blood type was associated with the occurrence of neuroendocrine tumors of all types (duodenum, stomach, pancreas, lung, thymus). The prevalence of NET was 53% in O-type and 28% in non-Otype MEN1 patients (p=0.01). Once again, the pathological confirmation of these NET was not systematic.

However, these results were disputed in other studies. In one study the ABO blood type of 200 MEN1 patients from the Dutch National MEN1 database was not correlated to the occurrence of NET [START_REF] Nell | No Association of Blood Type O With Neuroendocrine Tumors in Multiple Endocrine Neoplasia Type 1[END_REF]. The prevalence of NET was 66% and 69% in patients with O or non-O blood groups, respectively (p=0.67). Another study of 62 patients also did not confirm the association between blood type and neuroendocrine tumors in MEN1 patients [START_REF] Bartsch | Higher Risk of Aggressive Pancreatic Neuroendocrine Tumors in MEN1 Patients With MEN1 Mutations Affecting the CHES1 Interacting MENIN Domain[END_REF]. No association was reported between blood group and the occurrence of PanNET in one study that included more than 15,000 subjects, although the number of patients with PanNET was limited (n=14) [START_REF] Iodice | ABO blood group and cancer[END_REF]. The same results were reported in a Chinese case-control study including 387 patients with PanNET [START_REF] Ben | Association between ABO blood types and sporadic pancreatic neuroendocrine tumors in the Chinese Han population[END_REF].

In conclusion, patients with O RhD+ blood type have a significantly decreased risk of recurrence following PanNET curative-intent resection, independent from classical prognostic features. Thus, we confirm that tumorrelated features are highly important to evaluate the risk of recurrence in patients with PanNET, and show for the first time that patient-related characteristics such as blood type should also be taken into account and could be used to adapt the postoperative follow-up in these patients. 

Figure 1 .

 1 Figure 1. Comparison of recurrence-free survival following PanNET resection, between patients with or without O-RhD+ blood type.

  

Table 1 .

 1 Characteristics of 300 patients operated on for PanNET 14

	6 (45-63.7)

Table 2 .

 2 Blood type characterization of 300 patients operated on for PanNET

		Univariate		Multivariate	
		HR	95% CI	p-value	HR	95% CI	p-value
	Age (each additional						
		1.02	1.00-1.05	0.048	1.04	1.01-1.06	0.010
	year)						
	Oncogenetic syndrome 0.49	0.19-1.24	0.133	0.55	0.17-1.81	0.326
	Functioning syndrome 1.67	0.83-3.35	0.148	2.33	0.91-5.98	0.078
	Ki67 (each additional						
		1.15	1.10-1.20	<0.001	1.11	1.06-1.16	<0.001
	%)						
	Size (each additional						
		1.28	1.20-1.38	<0.001	1.23	1.11-1.37	<0.001
	cm)						
	N1 status	4.55	2.57-8.05	<0.001	3.50	1.75-7.01	<0.001
	R1 margins	7.03	3.21-15.38	<0.001	2.16	0.87-5.32	0.097
	O-RhD+ group	0.51	0.27-0.97	0.035	0.34	0.15-0.75	0.007

Table 4 .

 4 Univariate and multivariate Cox proportional hazard analyses of factors influencing the risk of recurrence following pancreatic neuroendocrine tumors curative-intent surgical resection. The following variables had p<0.15 at univariate analysis but were collinear to other variables and were thus not entered into the multivariate model: multiple tumors, incidentalomas, tumor grade, T stage, vascular emboli and perineural invasion.
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