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Introduction: Vascular resection remains a subject of debate in the management of Pancreatic Ductal Adenocarcinoma (PDAC). These French recommendations were drafted on behalf of the French National Institute of Cancer (INCA-2019).

Material and Methods: A systematic literature search, with PubMed, Medline® (OvidSP), EMBASE, the Cochrane Library, was performed for abstracts published in English from January 2008 to June 2019, and identified systematic reviews/metaanalyses, retrospective analyses and case series dedicated to vascular resections in the setting of PDAC. All selected articles were graded for level of evidence and strength of recommendation was given according to the GRADE system.

Results: Neoadjuvant treatment should be performed rather than direct surgery in borderline and locally advanced non-metastatic PDAC with venous and/or arterial infiltration (T4 stage). Patients who respond or those with stable disease and good performance status should undergo surgical exploration to assess resectability because cross-sectional imaging often fails to identify the extent of the remaining viable tumor. Combining vascular resection with pancreatectomy in these cases increases the feasibility of curative resection which is still the only option to improve long-term survival. Venous resection (VR) is recommended if resection is possible in the presence of limited lateral or circumferential involvement but without venous occlusion and in the absence of arterial contact with the celiac axis (CA; cephalic tumors) or the superior mesenteric artery (SMA; all tumor locations) (Grade B). The patients should be in good general condition because mortality and morbidity are higher than following pancreatectomy without VR (Grade B). In case of planned VR, neoadjuvant treatment is recommended since it improves both rate of R0 resections and survival compared to upfront surgery (Grade B). Due to their complexity and specificities, arterial resection (AR; mainly the hepatic artery (HA) or the CA) must be discussed in selected patients, in multidisciplinary team meetings in tertiary referral centers, according to the tumor location and the type of arterial extension. In case of invasion of a short segment of the common HA, resection with arterial reconstruction may be proposed after neoadjuvant therapy. In case of SMA invasion, neoadjuvant therapy may be followed by laparotomy with dissection and biopsy of peri-arterial tissues. A pancreaticoduodenectomy (PD) with SMA-resection is not recommended if the frozen section examination is positive (Grade C). In case of distal PDAC with invasion of the CA, a distal pancreatectomy with CA-resection without arterial reconstruction may be proposed after neoadjuvant therapy and radiologic embolization of the CA branches (expert opinion).

Conclusion: For PDAC with vascular involvement, neoadjuvant treatment followed by pancreatectomy with venous resection or even arterial resection can be proposed as a curative option in selected patients with selected vascular involvement.
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INTRODUCTION—RESECTABILITY OF PANCREATIC DUCTAL ADENOCARCINOMAS (PDAC)

Selection of patients for vascular resection is based on the probability of obtaining complete surgical resection (R0), because unlike R1 resection, this can result in prolonged survival or even be curative [Level of Evidence (LE) 3] (1–7). The presence and extent of vascular involvement are determined on high-quality thin-section images, with an anatomical basis for the classification of tumors as “borderline resectable” or “locally advanced” but not metastatic (8, 9). Many classifications have been used to define the extent of PDAC, which is based on the relationship between the tumor and the venous or arterial axes (10, 11) (LE 3). The most common system is the National Comprehensive Cancer Network's (NCCN) classification, updated in November 2018 (12) (LE 2) (Supplemental Material 1). The notion of a “borderline” tumor has recently changed to take into account the anatomical classification, the probability of a histologically incomplete resection (R1), the patient's clinical status (general condition, co-morbidities, performance-status, “fragility syndrome”) and the “biological” status of the disease (LE 2) (13–16). The International Consensus on the definition of “borderline” tumors recommends to use a threshold CA 19-9 rate ≥ 500 units/mL for the latter (14) (LE 3) (Supplemental Materials 2, 3).

A recent study (17) has shown that a standardized pathological protocol R0-resection based on 1 mm clearance was rarely achieved after upfront venous resection due to microscopic involvement of the SMV-groove (LE 4). It is important to note that patients considered to be at high risk of R1 resection and/or those with an unfavorable clinical and/or “biological” status are now candidates for neoadjuvant therapy (18–26) (LE 3). In one North American study (27) the benefits of neoadjuvant therapy were found to be significant in the presence of “unilateral” venous involvement (Ishikawa II-III) (LE 3). The PV patency ratio and its improvement under treatment are new prognostic indicators for PDAC treated with preoperative chemo-radiotherapy (28) (LE 4).

For borderline resectable PDAC, several more recent studies including two meta-analyses (29, 30) (LE 3), one phase II trial (31) and one randomized controlled trial (32) (LE 2), have confirmed that survival was improved after neo-adjuvant therapy followed by surgery than after upfront surgery followed by adjuvant therapy, even in an intent-to-treat analysis. The NCCN recommendations version 1.2019 (November 8, 2018) state that: “Immediate” resection of borderline tumors is no longer recommended (unlike 2016 recommendations), despite the absence of a randomized trial (neoadjuvant therapy vs. “immediate” surgery) and the definition of the best therapeutic protocol to use” (12, 15) (LE 2).

The purpose of neoadjuvant therapy is to increase the rate of patients candidates for potentially curative secondary resection. A systematic review published in 2017 (33) compared the pathological data in patients who underwent “upfront” surgery to those who underwent surgery after “neoadjuvant treatment.” A significant reduction in the relative risk (RR) of R1 resection (RR = 0.66) and other negative predictive factors (tumor size, lymph node metastases, perineural extension, and lymphatic emboli) were observed after neoadjuvant treatment (LE 3) (Supplemental Material 4).

Due to the high prevalence of “borderline resectable” and “locally advanced” PDAC (around 15 and 25% respectively) and the lack of consensus about the treatment of theses entities, our aim was to establish recommendations regarding the treatment of PDAC with vascular involvement based on the existing literature.



METHODOLOGY

The National Institute of Cancer (INCa) commissioned these Guidelines in January 2017 and appointed a guideline leader (chair A.S.) who invited selected authors, all involved in the management of PDAC, to participate in the project development (May 2017). The key questions were prepared by the coordinating team and then approved by the other members. The coordinating team formed task-force subgroups, each with its own leader (J.R.D. for surgery), and divided the key topics among these task forces (October 2017). Process and steps taken to reach the final recommendations were illustrated in Table 1.


Table 1. Flow chart of process and steps taken to reach the final recommendations.
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The INCa team independently performed systematic literature searches, with PubMed, Medline® (OvidSP), EMBASE, the Cochrane Library, and the internet for abstracts published from January 2008 to December 2017. Each task force also performed a systematic literature search. The literature search was restricted to abstracts published in English. Searches were updated every 3 months until June 2019. The search focused on fully published randomized controlled trials (RCTs), meta-analyses, prospective series and national and international guidelines and consensus. However, the literature search concerning vascular resections identified no RCT, only 4 systematic reviews/metaanalyses on venous resection and 2 systematic reviews/meta-analysis on arterial resection; thus, retrospective analyses and case series were also included. Conversely all case reports were excluded.

Manuscripts from abstracts containing relevant data were included. A summary of each reviewed manuscript was completed and summarized in literature tables for each key topic to prepare evidence-based and well-balanced statements on the assigned key questions for each task force. All selected articles were graded by the level of evidence and strength of recommendation according to The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) system (Supplemental Material Methodology).

Each task force developed a draft and proposed statements on their assigned key questions, which were discussed on 4 plenary meetings (from November 2017 to September 2018). Recommendations were formulated based on the available evidence. All recommendations included a Grade rating based on the quality of evidence and strength of recommendation (Supplemental Material Methodology).

A first synthesis of the work from different groups was completed in January 2019. Thereafter, a combined document with all recommendations was created, which was reviewed and approved by all the group leaders, finalized and submitted to a national external review by 70 physicians, oncologists and surgeons (out of 126 solicited by the INCa), selected by regional cancer networks and 17 scientific societies collaborating in this project. The final manuscript was drafted after taking into account all comments and answering questions from the external validation group (April 2019) (Supplemental Material Methodology). All authors agreed on the final draft of the manuscript containing the recommendations. After agreement of all group members during a final plenary session held in Paris in May 2019, the guidelines was published online in November 2019 (https://www.e-cancer.fr).

These Guidelines will be considered for review every year or sooner if new and relevant evidence becomes available. An update will be done every 3 years after the publication of the recommendations. Any updates to the Guidelines in the interim will be noted on the INCa website.

These Guidelines are an official statement of the French Association of Hepatobiliary and Pancreatic Surgery and Liver Transplantation (ACHBT). It provides practical advice on how to manage pancreatic adenocarcinoma.



VASCULAR RESECTION FOR PANCREATIC CANCER


Venous Resection
 
“What Are the Indications of Venous Resection?”
 
Recommendations

Venous resection associated with pancreatectomy is recommended if resection is possible in the presence of limited lateral or circumferential involvement but without venous occlusion and in the absence of arterial contact with the celiac trunk (cephalic tumors) or the superior mesenteric artery (all tumor locations) (Grade B).

The patients should be in good general condition because mortality and morbidity are higher than in pancreatectomy without venous resection (Grade B).

In the case of a planned venous resection, neoadjuvant treatment is recommended since it improves the rate of R0 resections and survival (Grade B).



Comments

Performing venous resection (VR) followed by reconstruction of the mesenteric-portal venous axis during pancreatic resections for PDAC may allow “en-bloc” resection facilitated by the superior mesenteric artery (SMA) “first” approach (34, 35). Pancreaticoduodenectomies (PDs) are associated with VR in up to 25% of cases in France and Europe (less frequently in the US and more frequently in Japan). Distal pancreatic resections are associated with VR in 5–35% of cases (36–39) (LE 4), and in 12% of cases according to a survey by the French Association of Surgery (40) (LE 3) (Table 2). Total pancreatectomies (TP) are performed in more than 50% of cases with VR (57% according to a survey by the French Association of Surgery) (41) (LE 4).

1. The decision to perform a VR may be planned or unplanned based on a possible intraoperative diagnosis of extension limited to the venous axis [Superior Mesenteric Vein (SMV); venous confluence, portal vein (PV)]. Unplanned pancreatectomies with venous resections were associated with more R1 resections in a retrospective study (42) (LE 4).

2. The anatomical location and extent of the PDAC has a fundamental impact on the location and length of the VR [PV, venous confluence, SMV or SMV plus one of its associated branches (the first jejunal vein) (43–49) (LE 3)]. If a tumor of the neck or the right part of the pancreatic body invades the venous axis, the PD can be extended to the left, with the pancreatic section located to the left of the median line at the origin of the splenic artery, and the venous resection performed “en bloc” (50) (LE 4). In case of a segmental VR during distal pancreatectomy, the veins draining the cephalic pancreas actually limit mobilization of both venous extremities and increase the need for an interposition graft for reconstruction (39) (LE 4).

3. The length of the VR has a negative prognostic value “per se” because it reflects the extent of disease (51, 52). The threshold associated with a poorer prognosis is > 2 cm (41, 51) (LE 3), or > 3 cm (52) (LE 4). In the case of locally advanced cancer and complex VR (venous occlusion with portal hypertension), the temporary use of a mesenteric-portal shunt to limit the duration of hepatic venous ischemia has been suggested (53–55) (LE 4).

4. The reconstruction technique depends on the type and length of the VR (LE 4): The technique may include a lateral resection followed by a direct suture or autologous patch venoplasty [type 1-2 VR according to the ISGPS classification (56)], a segmental resection followed by direct end-to-end anastomotic reconstruction with a “growth factor” (type 3 VR) or a “long” resection. In the latter setting (type 4 VR), if mesenteric root mobilization and lowering of the right liver are insufficient to compensate for the length of the VR (57), interposed graft reconstruction may be used, including an autologous venous or peritoneal (58), a cryopreserved homologous (59), a heterologous (60), or a prosthetic (61–65) graft. A recent study (66) reported the prognosis after reconstruction in 229 VRs (LE 4) and the median benefit to survival with segmental VR followed by a end-to-end anastomosis (usually planned). In this study, 129 patients underwent lateral VR followed by a direct suture (Group 1: 56%), 64 underwent a segmental VR followed by end-to-end anastomosis (Group 2: 28%) and 36 underwent VR followed by interposed graft reconstruction (Group 3: 16%). The surgical morbidity and mortality were comparable in all 3 groups. However, median survival was significantly different in the three groups: 27.6 months, 18.8 months and 13 months in groups 2, 1, and 3, respectively (66).

If the venous splenoportal confluence is resected, the splenic vein territory is at risk of: (a) segmental portal hypertension (SPH) with gastric congestion; (b) varicose veins at the gastrojejunal anastomosis and pancreaticojejunal sites and esophageal varices with a late risk of upper GI bleeding; and (c) splenomegaly and thrombocytopenia, in case of prolonged survival (67, 68) (LE 4). In case of gastric congestion, reimplantation of the splenic vein is possible in the inferior mesenteric vein (IMV) (69) or the left renal vein (44, 54) (LE 4). However, reimplantation is not necessary if the resection has preserved the confluence between the splenic and left gastric veins and/or the IMV (70, 71) (LE 4).

5. Impact of the reconstruction technique on the long-term permeability of venous reconstructions.

A recent meta-analysis has shown that reconstruction with interposition grafts (IG) influences the long-term permeability of venous reconstructions but not survival (65). This meta-analysis of 14 studies including 257 VRs with IG and 570 VRs without, showed that when venous reconstruction was performed with an IG, post-operative morbidity, mortality, and survival at 1, 3, and 5 years were comparable to those observed with other reconstruction techniques.

However, the risk of venous axis thrombosis was significantly higher at 6 months (OR = 2.75; 95% CI = 1.32–5.73; p = 0.007) (65) (LE 3). This meta-analysis confirmed the study by Liao et al. (62) which showed no difference in survival in 65 VRs for PAC reconstructed with 29 prosthetic grafts vs. 36 direct end-to-end anastomoses. The median survival was 11 and 12 months, respectively, and 1 and 3-year survival rates were 36 and 4% vs. 36 and 9%, respectively (LE 4).

In a study of 173 VRs, 3 factors, excluding local-regional recurrences, favored the development of secondary thrombosis: preoperative chemotherapy (53 vs. 9%; p < 0.0001), preoperative radiation therapy (35 vs. 2%; p < 0.0001), and surgical duration (618 ± 57 vs. 424 ± 20 min; p = 0.002) (72). In this study, patients with thrombosis were more likely to have received a prosthetic graft than patients with patent venous reconstruction (18 vs. 2.7%; p < 0.03; OR: 7.7). On multivariate analysis, operative time (OR: 1.01; 95% CI, 1.01–1.02) and prosthetic graft (OR: 8.12; 95% CI, 1.1–74) were independent predictors of thrombosis (LE4). In another study including 90 VR with different techniques of reconstruction, the rate of thrombosis was 18% (16/90) and varied according to the technique (73). All reconstructions with primary end-to-end anastomosis (n = 28) or transverse venorrhaphy (n = 9) remained patent while longitudinal venorrhaphy (LV: n = 17), patch venoplasty (pv: n = 17) and graft reconstructions (GR: n = 19) were all associated with significant rates of thrombosis (p = 0.001 vs. no thrombosis). The rates of thrombosis were 23% for LV (4/17), 29% for pv (5/17) and 37% for GR (7/19), respectively. In that study, neoadjuvant therapy did not influence the vascular permeability rate of venous reconstructions and long-term aspirin did not have a preventive effect (LE 4). In a North American series of 43 VRs (2007–2013), all patients received aspirin or low molecular weight heparin (LMWH) whatever the reconstruction technique (63) (Table 3). After a median follow-up of 13 months, the venous permeability rate was 91%. Four patients (9%), 2 on LMWH and 2 on aspirin, developed postoperative thrombosis detected after a median of 72 days (range, 16–238) (LE 3).

There are no recommendations for the prevention of thrombosis by anticoagulation or longterm aspirin. A systematic review compared data from 8 studies using anticoagulation (AC+ group: aspirin, clopidogrel, heparin or warfarin; n = 266) and 5 studies without any “preventive” methods (AC– group: n = 95) (74). However, in the AC+ group, treatment compliance was only 50% and more grafts were interposed (30 vs. 2, Fisher's exact test: p < 0.001). The post-operative morbidity and mortality rates were comparable in both groups. The early mesenterico-portal thrombosis rates were not significantly different (AC+: 7%, vs. AC−: 3%, Fisher's exact test: p = 0.270) between the groups and this complication was associated with high mortality (8/20: 40%). Early mesenteric portal thrombosis rates were comparable after excluding interposed grafts (1 and 2%) (LE4).

Finally, acute thrombosis is very rare in the immediate post-operative period. In a multicenter study of 406 VRs, only 7 patients developed acute thrombosis (1.7%) (38) (LE 4) and in a Japanese study of 197 VRs, only 3 patients developed acute thrombosis (1.5%) (75) (LE 4). Overall, the 1-year permeability rates ranged from 82 to 93% (61–63, 75) (Table 3) (LE 4). Conversely, late thrombosis is frequent, often associated with recurrence (75% after a median of 15 months), and accompanied by portal hypertension and ascites in 75% of cases (61, 72, 75, 76) (LE 4). Percutaneous insertion of a stent under fluoroscopic guidance can treat ascites and decrease the risk of death from recurrent bleeding (76) (LE 4).

6. Histological invasion of the resected vein (V+) is a marker of tumor aggressiveness (37, 77–83) (LE 4).

6.1. The degree of the tumor/vein interface (TVI ≤ or > 180°) on high-quality CT is predictive of V+ and the grade of invasion (36, 78) (LE 4). In the study by Nakao et al. (36) (297 VR including 174 V+, 66%), the V+ rate was 51% (42/82) for unilateral venous contact (NAKAO PV-B), 74% (72/97) for bilateral venous contact (Nakao PV-C) and 93% (63/68) for complete stenosis (Nakao PV-D) (36) (LE 4). In another study by Tran Cao et al. (78) (98 VR), despite neoadjuvant therapy in ~80% of patients, the V+ rate was 69% (64/93 evaluated, including 42 media or intima invasions); the V+ rate was 29% in the absence of tumor/vein contact, 65% in the presence of a TVI ≤ 180°, 80% in case of TVI > 180° and 89% in case of venous occlusion (Area under the curve = 0.768) (LE 4).

6.2. The prevalence of V+ is estimated in various ways, mainly because there is no standardized pathological protocol and due to “missing” results because the resected vein is not identified on the surgical specimen by the surgeon (especially in the case of lateral resection). V+ varies from <40% (81) to nearly 80% (82) or 100% (83) (LE 4). In a Japanese series of 160 VRs there were more V+ with distal pancreatectomy (29 V+/55 DP including 8 patients with celiac axis en bloc resection: 53%) than with PD (33 V+/105 PD: 31%) (p = 0.009) (37) (LE 4). In 2 recent meta-analyses on VR (79, 84), 39% (17–78% depending on the series included) (79) and 42% (84) of resected veins did not show any histological invasion (LE 3).

6.3. The prognostic value of V+ “per se” is debated because the results differ among monocentric retrospective studies (85). In 2 retrospective monocentric studies involving more than 100 patients (229 and 136 VRs), V+ had no negative prognostic value “per se” (65, 86) (LE 4). However, in most observational studies (38, 50, 78, 82, 87–90) (LE 4) and in one meta-analysis (91) (LE 3), survival was reduced in patients with V+, and it was an independent negative predictive factor, including after neoadjuvant treatment (92) (LE 4). In a case-control study of VRs matched for venous invasion (81) (36 V+ patients vs. 66 V– patients), median overall survival (11.9 vs. 16.1 months; p = 0.01) and progression-free survival (7.4 vs. 10.9 months) were significantly reduced and there were more metastatic events (75 vs. 46%; p = 0.01) for V+ (LE 4). In a monocentric retrospective series of 90 segmental VRs (59% with neo-adjuvant treatment), V+ was observed in 58% (52/90 including 34/52 media or intima) (93); overall survival was reduced, although this was not statistically significant (14 vs. 21 months, p = 0.08), and recurrence-free survival was significantly altered, mainly due to locoregional recurrence (11.3 vs. 15.8 months, p = 0.03) (LE 4). In the meta-analysis published by Song et al. (79) (2000–2016−18 observational studies−5,242 pancreatectomies including 2,199 VRs (42%), and a V+ rate of 58% for 1,218/2,096 pathologic examinations of the venous wall) V+ had a significant independent negative impact on survival (HR = 1.88; 95% CI = 1.48–2.39; p < 0.001) (LE 3). In this meta-analysis, V+ was significantly associated with poorly differentiated tumors (p = 0.002), N+ (p < 0.001), perineural invasion (p < 0.001), R1 resection (p = 0.004), and recurrence (p < 0.001) (79). On the other hand, a recent study from the MD Anderson Cancer Center (94) in 127 patients including 114 (90%) who received neoadjuvant therapy, did not report any negative prognostic value for cancer cells at the vein edge, suggesting that transection of the SMV-PV through a macroscopically normal vein may be performed to minimize resected vein length with no negative effect on oncological outcomes. On the other hand, cancer invasion in the lumen was adversely associated with recurrence free and overall survival (p < 0.05) (94) (LE 4).

6.4. The extent of tumor invasion (grades 1: adventitia, 2: media, and 3: intima) described by Nakao (18) is often poorly evaluated and the prognostic value of this feature is also debated (82, 87, 89, 90, 93), including after neoadjuvant treatment (92, 94) (LE 4). In the series by Roch et al. (93), the 3 grades of tumor invasion had no significant impact on overall or disease-free survival (14.4 vs. 15.5 vs. 7.4 months, p = 0.08 and 11.2 vs. 12.2 vs. 5 months, p = 0.59, respectively), although survival was very short in case of intra-luminal tumor invasion (however, the number of patients was low) (LE 4). Conversely, in the study by Addeo et al. (95), V+ was not associated with a significant reduction in overall median survival (20 vs. 27 months; p = 0.08) but invasion of the intima was found to be an independent predictor of poor survival (HR = 2.25; p = 0.0001) (LE 4).

Finally, it is difficult to intraoperatively distinguish V+ from adventitious fibrotic adhesions secondary to peritumoural inflammation (96), particularly after neoadjuvant treatment. Although a desmoplastic reaction will result in negative pathologic examination of the resected vein, the benefit of a neoadjuvant strategy exceeds the risk of incomplete resection (15) (LE 2). In all studies, the survival of V– patients is comparable to that of patients with “standard” resection (97) (LE 4). However, a matched comparative study on small samples (98) (19 PD+VR with V-: 10 “upfront” VR/9 after chemoradiotherapy vs. 19 patients in the control group: 11 “upfront” VR/8 after chemoradiotherapy) reported that survival was better in patients who underwent VR and whose vein was V– than in patients who underwent standard PD, suggesting the benefit of systematic venous resection in the absence of any venous contact (LE 3).

7. Results of VR morbidity, mortality and survival.

7.1. Many comparative monocentric studies have reported equivalent results for postoperative morbidity, mortality, and survival after PD with or without VR in the absence of neo-adjuvant treatment (i.e., upfront) (99, 100) (LE 4). Thus, in 2014, the International Study Group of Pancreatic Surgery (ISGPS) recommended “upfront” VR for borderline tumors (56) (LE 3), despite the potential benefit of multimodal treatment (28–31) (LE 2). Regarding morbidity, only one series of 127 VRs reported a high rate of postoperative bleeding with, surprisingly, one fourth of the patients requiring repeat laparotomy, usually for bleeding (101). However, the Comprehensive Complication Index (Supplemental Material 5) did not differ from that in 657 standard PDs (median score 8·7 vs. 8·7; p = 0·175) due to low 90-day mortality (3.1 vs. 3.3% (LE 4).

Regarding survival rates, a Japanese monocentric comparative study including 375 patients, including 142 classified as “borderline resectable” who underwent upfront resection, showed that the rate of R0 resections was lower in case of VR (n = 91) (69 vs. 77%) including when preoperative CT scan demonstrated unilateral venous contact (Nakao Type B) (77). Moreover, the N+ rate was higher (80 vs. 65%) and the prognosis was poorer than that in patients with “clearly” resectable tumors (median cancer-specific survival: 14.4 vs. 24.4 months and median recurrence-free survival: 12 vs. 16.5 months; p = 0.0038). Survival was correlated with the severity of venous involvement observed on preoperative CT scan (Nakao Types B, C, or D: median specific survival 26, 12, and 16 months, respectively). Post-operative chemotherapy had a positive impact on cancer-specific survival regardless of the type of venous extension (Nakao Type B: 26 vs. 13 months; Type C: 27 vs. 8.6 months, p < 0.0001; Type D: 20 vs. 9.6 months, p < 0.0052), but compliance to treatment at 3 and 6 months was lower in case of venous involvement (57 and 45% vs. 73 and 55%, respectively) (77) (LE 4).

7.2. Several comparative national surveys have reported conflicting results. They have mainly included VRs performed without neoadjuvant treatment.

7.2.1. A survey performed in the United Kingdom (“UK Vascular Resection for Pancreatic Cancer Study Group”) was reported in 2 publications (102, 103) (LE 3). This survey included 1,070 patients, 840 who underwent standard PD and 230 with PD+VR. The rates of delayed gastric emptying (11 vs. 5%; p = 0.0007) and blood transfusion (32 vs. 22%; p = 0.002) were significantly higher in the PD + VR group, but hospital mortality and survival were comparable (18 months in both groups) despite a higher R1 resection rate in PD+VR (63 vs. 52%; p = 0.003; 71% for histologically positive veins).

7.2.2. Three surveys conducted in North America (“American College of Surgeons—National Surgical Quality Improvement Program Database”) reported conflicting results on morbidity and mortality with VRs (104–106) (Table 4). The most recent study published in 2017 (106), was performed over a 14-month period in 43 institutions (Pancreatectomy Demonstration Project) and included 1,414 PDs: 1,162 standard (82%), 194 PD + VRs (14%), and 58 PDs with arterial resection (PD + ARs: 4%). Overall morbidity and surgical mortality were comparable in the 3 groups (standard PD: 44 and 1.5%; PD + VRs: 47 and 3.6%; PD + ARs: 51 and 3.6%, respectively; NS). However, venous resections were associated with a longer operating time, higher transfusion rates, more septic events, more deep venous thrombosis and a longer hospital stay (LE 4).

7.2.3. An observational study performed from 2001 to 2012 in Japan included 937 PDs and compared the results of 435 CPD+VRs (46%) to 502 standard PDs (54%) (107). The mortality and morbidity rates of PD+VR were comparable to those observed after standard PD (respectively: 2% at 90 days in both groups and 21 vs. 19.5%). Overall survival was comparable (HR = 1.16; p = 0.20) but median survival was significantly different (PD+VR: 18.5 vs. standard PD: 25.8 months; p < 0.001). This study suggests that venous resection should be limited to patients with no arterial contact on preoperative imaging (median survival: 30 vs. 18.6 months). Adjuvant chemotherapy was found to be an independent predictor of survival (patients with borderline resectable tumors with PV/SMV involvement had a median survival of 29.7 months; HR = 3) (LE3).

7.2.4. A study performed in France by the French Association of Surgery included 1,399 resections (1,325 PDs and 74 TPs) performed from 2004 to 2009, including 997 standard resections and 402 VRs (29%) (41). Post-operative morbidity and mortality rates were comparable, but survival was significantly reduced in the case of venous resection, including in the subset of the R0N0 patients. VRs were associated with larger (p < 0.001) and more often undifferentiated (p = 0.004) tumors. Lymph node invasion (p = 0.042) and R1 resections were also more frequent (p < 0.001). Overall morbidity and post-operative mortality (PD+VR: 5 vs. 3%; p = 0.16) were comparable. The median and 3-year survival rates of PD+VR were significantly reduced [21 months and 31% vs. 29 months and 44%, respectively (p = 0.0002)]. Multivariate analysis showed that VR was a negative prognostic factor (HR = 1.75; 95% CI = 1.28–2.40; p = 0.0005). However, VRs after neoadjuvant treatment were associated with a better prognosis (HR = 0.52; 95% CI = 0.29–0.94; p = 0.031). In the PD+VR group, three factors were found to have independent negative prognostic value in multivariate analysis: the N+/N ratio, regardless of the cut-off (0.1 and 0.2: p = 0.093; ≥ 0.3: p = 0.0098), R1 resection (p = 0.010) and segmental VR (p = 0.016). Finally, adjuvant chemotherapy was found to be an independent predictive factor of a good prognosis (HR = 0.55; 95% CI = 0.35–0.85; p = 0.006) (LE 3), as previously reported by Yamada et al. (77) (LE 4).

7.3. Four meta-analyses were selected for a comparison of VR results with those observed after “standard” resection (84, 91, 108, 109) (Table 5).

7.3.1. The meta-analysis including the largest number of patients, and published in 2016 (84) (27 studies−9,005 patients including 1,587 PD+VR) reported an increased risk of postoperative mortality (“risk difference” (RD) = 0.01; 95% CI = 0.00–0.03; p = 0·02) and resection R1/R2 vs. R0 (RD = 0.09; 95% CI = 0.06–0.13; p < 0.001) in case of PD+VR. In addition, survival at 1, 3, and 5 years was significantly reduced (respectively: HR = 1.23; 95% CI = 1.07–1.43; p = 0.005; HR = 1.48; 95% CI = 1.14–1.91; p = 0.004 and HR = 3.18; 95% CI = 1.95–5.19; p < 0.001). Median overall survival was 14.3 months in the PD+VR group vs. 19.5 months in the standard PD group (p = 0.063). This meta-analysis concluded that neo-adjuvant treatment was recommended in the setting of planned VR (LE 2).

7.3.2. The most recent meta-analysis, published in 2017 (108) (16 studies−4,145 patients including 1,207 PD+VR) confirmed the results of the previous study on the increased risk of post-operative mortality (OR = 1.72(1.02–2.92); p = 0.04) and R1 resection (OR = 1.59(1.35–1.86) p < 0.0001) as well as the significant reduction in 5-year survival (HR = 0.20(0.070.55); p = 0.020) in the VR group. Patients had larger tumors (p = 0.030) and a higher perineural invasion rate (p = 0.009). This meta-analysis concluded that “upfront” venous resection was not cost-effective and that indications for surgery were needed (LE 2).


Table 2. Frequency of venous resections associated with distal pancreatectomies in the literature.
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Table 3. Permeability of venous reconstructions after resection for cancer; results of literature (EEA, end to end anastomosis; PTFE, poly tetra fluoro ethylene graft).
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Table 4. Morbi-mortality of venous resections (VR) during pancreatico-duodenectomy (PD): North American surveys (“American College of Surgeons—National Surgical Quality Improvement Program Database”).
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Table 5. Meta-analyses of venous resections (VR) during pancreaticoduodenectomies for cancer.

[image: Table 5]





Arterial Resections (AR)
 
“What Are the Indications of Arterial Resection?”


Recommendations

Due to their complexity and specificities, planned PDs with arterial resection (excluding SMA) must be discussed in multidisciplinary team (MDT) meetings in tertiary referral centers (expert opinion).

1. A PD with planned arterial resection (except for SMA) may be proposed in selected patients with stable tumors or after tumor response to neoadjuvant therapy. This must be evaluated according to the location of the tumor and the type of arterial extension (Grade B):

a) in case of accessory right HA in the vicinity of the tumor, preoperative embolization followed by “en bloc” resection is recommended (expert opinion),

b) in case of right HA—total liver: resection after neoadjuvant therapy, including arterial reconstruction (using graft interposition if needed) may be proposed (expert opinion),

c) in case of invasion of a short segment of the common HA (invasion of the origin of the GDA): resection after neoadjuvant therapy with arterial reconstruction, may be proposed (expert opinion).

2. In case of SMA invasion, neoadjuvant therapy is recommended, followed by laparotomy with dissection and biopsy of peri-arterial tissues in case of tumor stability or tumor response. If the frozen section examination is positive, a PD with arterial resection is not recommended (Grade C).

3. In case of distal PDAC with invasion of the celiac axis, neoadjuvant therapy is recommended. In case of stabilization or tumor response, a distal pancreatectomy with celiac axis resection without arterial reconstruction may be proposed after radiologic embolization of the CA branches (expert opinion).



Comments

1. The invasion of the common hepatic artery (CHA) or the gastroduodenal artery (GDA) at its origin, of the superior mesenteric artery (SMA), or the celiac axis (CA) is usually considered as a contraindication for resection due to the risks of both morbidity and mortality, and poor oncological results (56, 110–113) (LE 3). A study in Japan (77) including 137 resectable tumors and 142 tumors classified as “borderline” on imaging (91 PV+, 21 CHA+, and 30 SMA+) showed that in the absence of neaoadjuvant therapy patients with histological invasion of CHA (n = 21) or SMA (n = 30) were more often N+ (resectable: 65%; VP+: 80%; CHA +: 86%; SMA +: 93%; p < 0.001) and had fewer R0 resections (resectable: 105 R0/32 R1 (77%); PV+: 64 R0/27 R1 (69%); CHA +: 10 R0/11 R1 (48%); SMA +: 11 R0/19 R1 (37%); p < 0.0001) (LE 3).

The report from the French Association of Surgery (41) (2004–2009) showed that in France AR was performed during pancreatectomy for PDAC in 2% of cases (37/1670, 27 + VR) with a morbidity rate of 54%, a 30-day mortality rate of 8% and a 3-year survival rate of 8% (median: 12.7 months, median survival rate without recurrence, 7 months). In a VR study in this series, AR significantly increased mortality (RR = 2.09; 95% CI = 0.99–4.38; p = 0.05) (LE 4).

A meta-analysis published in 2011 selected 26 studies (adding up to 366 ARs vs. 2,243 non-AR pancreatectomies) including only 5 studies with SMA resection all involving fewer than 30 patients (114). This meta-analysis reported: (a) a significantly increased risk of morbidity (median: 54%) and surgical mortality (median: 12%) (OR = 5; 95% CI = 2.69–9.45; p < 0.0001; I2 = 24%); (b) a significant reduction in survival at 1 year, including after exclusion of post-operative mortality (49%; OR = 0.49; 95% CI = 0.31–0.78; p = 0.002; I2 = 35%), at 3 years (8%; OR = 0.39; 95% CI = 0.17–0.86; p = 0.02; I2 = 49%), with no survivors at 5 years; and (c) a significantly higher operative mortality (with heterogeneous delays: in-hospital, 30 to 90 days) than pancreatectomy with VR (OR = 8.87; 95% CI = 3.40–23.13; p < 0.0001; I2 = 5%) which was associated with a significantly higher 1-year survival (OR = 0.50; 95% CI = 0.31–0.82; p = 0.006; I2 = 40%). AR still had a negative prognostic value when mortality was adjusted for tumor size, R1 resection and synchronous VR. However, in this meta-analysis, most of the included studies reported patients receiving upfront resections (LE 2).

Since this meta-analysis, several retrospective mono-centric studies including small numbers of patients have reported AR results (mainly common HA or celiac axis, more rarely SMA) (44, 117–119) (LE 4). A recent systematic review (115) (2000–2016) of 13 studies including 70 patients undergoing pancreatectomy with SMA resection, which is rarely performed (out of 10,726 undergoing pancreatectomy) concluded that there was no evidence to support SMA resection. Indeed, in the 25 patients with available individual patient-level outcome data, perioperative morbidity ranged from 39 to 91%, the mortality rate was 25% and median survival was only 11 months (LE 4).

However, the increasing use of neoadjuvant therapy protocols has increased the pool of selected patients who are candidates for “secondary” resection despite an initial suspected arterial invasion (116).

Both the Mayo Clinic group (24, 120) and Bachellier et al. (121) reported more than 100 ARs (LE 4). In 2018, the Mayo Clinic group reported results in 111 patients who underwent pancreatectomy with AR [HA (n = 60), celiac (n = 49), SMA (n = 15), multiple ARs (n = 15)] including 55% with reconstruction and 51% with simultaneous VRs (120). Most cases were planned (77%) and were performed after 2010 (78%). Overall 90-day major morbidity (≥ grade III) and mortality were 54 and 13%, respectively. Post-pancreatectomy hemorrhage (mainly related to POPF) was associated with major morbidity (OR 5.1, p = 0.005), reoperation (OR = 23.0, p = 0.004), ICU (OR 5.5, p < 0.001), readmission (OR 2.6, p = 0.004) and increased mortality (OR 6.1, p < 0.001). Median survival was 28.5 months. A significant decrease in mortality was observed after 2010 (9 vs. 29%, p = 0.02) (120). In 2019, the same group published the results of “total neoadjuvant therapy” (i.e., systemic chemotherapy followed by chemoradiation) in 123 (63%) BR and 71 (37%) LA PDAC resected between 2010 and 2017 (LE 4) (24). Sixty-four (33%) patients did not undergo AR and 50 patients underwent simultaneous VR and AR (26%). Overall, 69 patients (36%) had major complications (including 34/64 ARs; 53%). Overall 90-day mortality was 6.7% with 13 deaths including 8 patients (62%) who underwent combined VR/AR resection. Only 62 (32%) patients received adjuvant chemotherapy, as also reported by Loveday et al. (39%) (119) (LE 4). Median and 3-year recurrence free survival and overall survival rates were 23.5 and 58.8 months, and 32 and 62%, respectively. Multivariate predictors of RFS and OS were: ≥ 6 chemotherapy cycles (HR = 0.45; p < 0.001), optimal CA19–9 response (HR = 0.49; p = 0.01), and major pathological response (HR = 0.16; p < 0.001).

Bachellier et al. (121) reported 118 pancreatectomies (51 PD, 18 TP, and 49 DP) with ARs [CA (50), HA (29), SMA (35), and other segments (4)] including 85% with reconstruction and 89% with simultaneous VR (LE 4). Overall mortality and morbidity were 5.1 and 41.5%, respectively. The rates of R0 resection and pathological invasion of venous and arterial walls were 52, 74, and 58%, respectively. Median overall survival after resection was 13.7 months. In multivariate analysis, R0 resection (HR: 0.60; P = 0.01) and venous invasion (HR: 1.67; P = 0.04) were independent prognostic factors.

On the other hand, the Heidelberg group reported that they described as a more conservative approach to the major arterial axes, in particular the SMA:

- a first study published in 2016 (122) reported that, out of 65 ARs performed in 1,828 patients, only 18% received neoadjuvant therapy (65/1828: 3.5%; 12 PDs, 8 distal pancreatectomies and 45 TPs; p < 0.001). In that study, ASA grade III-IV vs. grade I-II scores were predictive of hospital mortality (OR = 2.65; 95% CI = 1.34–5.52; p = 0.007). AR was not found to be an independent factor of mortality “per se,” but multivariate analysis of hospital mortality factors identified TPs, with a 90-day mortality rate of 16%, and operating times as confounding factors with a high relative risk of death (TP: OR = 2.37,; 95% CI = 1.22–4.7; p = 0.012; operating times 300 min. −419 vs. < 300 min.: OR = 4.99; 95% CI = 1.33–32.45; p = 0.038; operating times ≥ 420 vs. < 300 min.: OR = 11; 95% CI = 3.2–70.4; p = 0.001) (LE 4).

- a study published in 2017 by the same group (123) described radical tumor removal by sharp dissection along the CA and the SMA with complete dissection of all soft tissue between both arteries and superior mesenteric/portal vein (“TRIANGLE operation”). In case of positive frozen section(s) of the arterial sheaths, “non-resection” and palliative treatment were indicated. This study included a consecutive series of 15 patients. The R0 resection rate (1 mm) was 40% (6/15) in patients who had pancreatectomy with “arterial sparing” resection (LE 4).

2. Three additional situations can be distinguished and in each of these 3, AR must be planned:

2.1 First, anatomical variants of HA: “Right” HA arising from the SMA during a planned PD for a “clearly” resectable tumor:

a) The HA may be “accessory”: recent data suggest that preoperative embolization by interventional radiology followed several days later by “en bloc” resection may be performed with no significant risks of liver/biliary ischemia due to development of intrahepatic arterial shunts (124) (LE 4). A systematic review has shown the feasibility and lack of morbidity and mortality of this strategy (125) (LE 4). This strategy avoids opening the accessory tumor/HA interface, which can be exposed with the risk of tumor spillage in case of RHA preservation (126) (LE 4).

b) The HA can perfuse the “total liver” (Michell type 9: 1–5%): in this rare setting, it requires reconstruction of any type [direct anastomosis, by an interposed “reversed” saphenous vein graft (44, 53, 117) (LE 4) or reversal of the splenic artery (127) (LE 4)] to ensure vascularization of the biliary tree and the hepatico-jejunostomy following PD. HA should be reconstructed before continuing pancreatic resection to avoid any liver ischemia, particularly when an associated venous resection is needed.

2.2 Second, PD and resection of modal HA:

Most PDs with AR reported in the literature included resection of a short segment of the common HA, usually with reconstruction. Only one Japanese study by Miyazaki et al. (128) (LE 4) reported 20/21 patients who underwent HA resection without reconstruction. Twelve of these patients had received preoperative embolization of the common HA (CHA) for collateral vessel formation. In this short series there was no relevant specific morbidity, except for a temporary postoperative increase of liver enzymes.

2.3 Third, distal pancreatectomy (DP) with celiac axis resection (DP-CAR), for PDAC of the body and tail with invasion of the CA or the origin of the CHA:

The “Appleby” procedure was initially described for the resection of gastric cancers invading the celiac area. In the 1970's, Nimura et al. (129) described this technique for body and tail PDACs and showed improved survival compared to standard DP (129, 130). In the 1990's, Hishinuma et al. modified the technique by preserving the stomach (“modified Appleby”) (131) (LE 4).

The principles of the intervention are to: (a) increase the rate of R0 resectability; (b) ensure lymphatic clearance around the CA and its branches; (c) preserve the collateral circulation from the SMA and pancreaticoduodenal arcades (PDA) to the liver, the biliary tract and the stomach, and (d) avoid any arterial reconstruction with subsequent anastomotic complications.

This procedure is contraindicated when the CA is invaded at its origin on the aorta or if the GDA is invaded (132–134) (LE 4). Indeed, DP-CAR requires a tumor-free and patent GDA to ensure “reverse flow” vascularization of the liver and bile ducts from the SMA through the PDA and GDA (12) (LE 2) and, for many authors, the use of preoperative occlusion of CHA or, at the best, the 3 branches of the CA to favor development of arterial collaterals thus reducing the risk of bile ducts and gastric ischemia (135, 136) (LE 4). Embolization should be performed 1–2 weeks before resection (137, 138) (LE 4). This procedure, which avoids any arterial reconstruction, remains controversial. Some authors prefer reconstruction in case of insufficient flow during an intraoperative “Doppler” control (139, 140) (LE 4). Embolization is not effective in the case of “total liver” HA arising from the SMA, which requires reconstruction (137, 138) (LE 4).

2.3.1 Monocentric studies:

Several monocentric, mainly Japanese, studies with small groups of patients, have been published in the past 10 years and were included in two recent systematic reviews, with reported median survivals ranging from 10 to 26 months and 5-year survival rates of 20% (97) (LE 4).

- A single-center study conducted in North America (139) included 11 patients who underwent preoperative chemoradiotherapy and showed that median recurrence-free survival was only 21 weeks despite a 90% R0 resection rate and an overall median survival rate of 26 months (LE 4).

- A single-center series performed in Japan (135) included 80 consecutive DP-CARs (19982015), and reported rates of Clavien-Dindo ≥ III morbidity, pancreatic fistula, and ischemic gastropathy of 41% (n = 33), 58% (n = 47), and 25% (n = 20), respectively. Post-operative mortality was 5% (n = 4). The survival rate at 1, 2 and 5 years was 81, 57, and 33%, respectively, and median survival was 30.9 months. The survival rate was significantly higher in 12 patients who received neoadjuvant treatment (100, 90, and 79% vs. 78, 51.5, and 27%, respectively, in the 68 patients who received up front surgery; p < 0.0001) (135) (LE 4). Preoperative CHA embolization was routinely performed (median: 7 days before surgery: 1–16), and since 2007 embolization of the left gastric artery has been added to limit the risk of ischemic gastropathy (unchanged rate) (LE 4).

- The rate of ischemic gastropathy was 10% in a Japanese series including 50 patients (11 with synchronous VR) (136) (LE 4). Twenty-six of the 50 patients received preoperative therapy (14 with chemotherapy, 11 with chemoradiotherapy) and the remaining 24 underwent upfront surgery. Twenty-two patients who had early division of the celiac axis with emergence of the left gastric artery (LGA) before the trunk of the hepatic and splenic arteries and had a distance between the LGA emergence and carcinoma >10 mm underwent a “modified DPCAR.” With this technique the CA is divided just below the LGA emergence. Left gastric artery resection (and a combination of left inferior phrenic artery resection) was a significant risk factor for ischemic gastropathy. Twenty-eight patients (56%) completed the planned adjuvant chemotherapy. The postoperative comparison at 2 and 3 months demonstrated higher nutritional values in patients who underwent LGA-preserving DP-CAR than those with LGAresecting DP-CAR. In this study, the R1-resection rate declined from 58% during the upfront strategy period to 19% during the neoadjuvant therapy strategy period (P = 0.005).

Another recent retrospective study (141) compared the outcomes of patients receiving (n = 11) or not (n = 9) various regimens of neoadjuvant chemotherapy (mainly GEM-nab-PTX). Despite the small number of patients, those who received neoadjuvant chemotherapy had significantly less arterial invasion (p = 0.025), lymphatic invasion (p < 0.0001), and vascular invasion (p = 0.035) with significantly higher recurrence-free and overall survival rates.

- A retrospective study in Japan (142) including 50 patients defined a prognostic score based on the following independent negative prognostic factors: intraoperative blood loss (≥940 mL, HR = 25; p = 0.0003) and 3 biological factors including preoperative thrombocytopenia (<150 x 109/L; HR = 7.4; p = 0.0043), CRP rate (≥0.4 mg/dL; HR = 7; p = 0.0018), and CA19-9 rate (≥300 U/mL; HR = 8; p = 0.0053). These 3 preoperative biological factors were assigned 1 point each. The total score was predictive of survival: with a score of 0 (26 patients) “disease-specific” 1- and 5-year survival was 96 and 49%, respectively, and median survival was 50.6 months. With a score of 1 (15 patients) 1-year survival was 87% (5 years: NA) and median survival was 22.3 months. Patients with a score of 2 or 3 had a 1- and 5- year survival of 33 and 0%, respectively, and a median survival of 7.7 months (LE 4).

- A single-center, case-controlled study in North America (Johns Hopkins Hospital−2004–2016) (143) compared data from 17 patients (including 11 operated on in 2014 and 2015, 9/11 after neoadjuvant therapy) with data from 51 DP (1:3). The most common neoadjuvant therapy was Folfirinox (80%). Although the procedure was longer than DP without CA resection (404 vs. 309 min; p = 0.003), there was no significant difference in blood loss, overall morbidity, pancreatic fistula rate, length of hospital stay, surgical mortality, or readmission rates. The R0 resection rate was 82% in the DP-CAR group vs. 92% in the DP group (p = 0.35). Median overall survival was 20 months in the DP-CAR group vs. 19 months in the DP group (p = 0.76) (LE4).

2.3.2 Multicentre studies:

- A 14-month multicentre North American College of Surgeons-National Surgical Quality Improvement Program (ACS-NSQIP) Pancreatectomy Demonstration Project included 822 DPs from 43 hospitals (144). Twenty patients who underwent DP-CAR (“modified” Appleby; 2.4%) recruited in 16 centers (obviously a limitation for this study) were compared to 172 patients who underwent DP who were matched for age, sex, BMI, albumin blood level, ASA score, pancreatic consistency, main pancreatic duct diameter, and pathology (60% PDAC).

The procedure was longer for DP-CAR (median 276 vs. 207 min; p < 0.01) and the rates of postoperative acute renal failure (10 vs. 1%; p < 0.03) and 30-day mortality (10 vs. 1%; p < 0.03) were also significantly higher (LE 3).

- A multicentre comparative study in Japan (7 centers; 2001–2012) (145) included 395 patients: Group 1 (323 DP with splenectomy) and Group 2 (72 DP-CAR). Ninety-three percent of Group 1 patients had a “resectable” tumor while group 2 patients had borderline or locally advanced tumors at presentation. Post-operative morbidity was significantly higher in Group 2 (63 vs. 47%; p = 0.017) and the overall median survival was shorter (17.5 vs. 28.6 months; p = 0.004). In Group 2, 61/72 patients received adjuvant chemotherapy (85 vs. 20% in group 1). Overall median survival was longer in these patients than that in the 65 patients in Group 1 (65/323 = 20%) who underwent R1 resection (21.9 vs. 16.7 months; p = 0.024). This result suggests that: (a) DP-CAR is indicated in case of a high probability of R1 resection with standard PD; and (b) adjuvant CT is beneficial after DP-CAR (LE 3).

- A multicentre retrospective European study was published in 2018 (146) (LE 3). This study included 68 patients who underwent surgery in 20 institutions from 2000 to 2016, and reported 53% R0 resection, 25% major morbidity, 21% grade B/C pancreatic fistula, and a 16% mortality rate. Overall, 82% of the patients received neo-adjuvant or adjuvant chemotherapy. Median survival in patients with PDAC was 18 months (95% CI = 10–37). Preoperative CA embolization was not associated with a lower risk of ischemic complications.

2.3.3 Two systematic reviews were published in 2016:

a) The first included 19 studies (1975–2014) and 240 patients (147) (LE 3). Only 50% (0–100%) of the patients received neoadjuvant treatment depending on the study period and none survived after 5 years in the absence of neoadjuvant therapy. The rate of preoperative HA embolization ranged from 0 to 50%. CA resection was associated with VR in 38% of the cases. Clavien-Dindo III-IV morbidity was 27%, “ischemic” morbidity (cholecystitis, gastric perforation) was 10%, and 90-day mortality ranged from 0 to 18%. The R0 resection rate was 74%. Half of the patients received adjuvant therapy (range: 30–86%). Median survival was 14 months (9–25 months) and 18 months, respectively, for pre- and post-operative treatment.

b) The second study included 18 studies performed up to 2014 (148) (LE 3) and provided the following additional data: (a) a 11.5% vascular reconstruction rate; (b) a significantly higher frequency of delayed gastric emptying (HR = 5.67); (c) a comparable pancreatic fistula rate; (d) pain relief in 89% of patients; and (e) a 37% rate of post-operative diarrhea due to transit acceleration. This review concluded that despite longer surgery, a higher risk of transfusions, a 10% re-intervention rate, higher morbidity (HR = 2.1), and higher but not significant surgical mortality (HR = 1.8), survival with DP-CAR at 1, 2, and 3 years (65, 30, and 19%, respectively) was comparable to DP without CA resection [HR = 1.36; (95% CI = 0.997–1.850). Median and mean survival rates were 24 months (95% CI = 18.26–29.98) and 17 months (95% CI = 13.52–20.48), respectively.

ARs are therefore very rarely indicated, often associated with venous resection (24, 97, 120, 121) (LE 3), and must be “planned” since they require routine neoadjuvant treatment and frequent preoperative arterial embolization. Surgery should always begin with an “artery first” approach (34, 35) to accurately evaluate any persistent arterial involvement confirmed by frozen section examination (34, 35, 116). Forty (121) to 70% (24, 119) of patients do not receive postoperative chemotherapy (primarily single agent gemcitabine) due to postoperative morbidity and prolonged recovery time and there are few data on patient quality of life. Interestingly, a recent study from the MD Anderson Cancer Center (149) including 127 patients who received neoadjuvant treatment before PD (including vascular resection in 58 (46%); VR = 44, AR = 3, both = 11) reported that: (a) all patients experienced at least a transient skeletal muscle, visceral fat and subcutaneous fat loss; but (b) a relative increase in skeletal muscle (HR = 0.50) and albumin (HR = 0.57) during the first postoperative 12-months were associated with improved overall survival. This suggests that persistent postoperative skeletal muscle loss may represent an early marker of poorer outcomes.






CONCLUSIONS

PD with venous resection improves survival compared to no resection, especially with R0 resection. Mortality and morbidity are higher in PD with venous resection than in PD without vascular resection. PD with upfront venous resection has a poorer oncological results (increased risk of R1 resection, poorer survival) than PD with venous resection after neoadjuvant treatment. PD with arterial resection is associated with increased morbidity and mortality (compared to PD with venous resection) and has not been shown to be beneficial. A distal splenopancreatectomy with celiac axis resection is associated with increased morbidity and mortality and the oncological benefit of this approach has not been clearly demonstrated.

Today, literature provides more support for neoadjuvant therapy in the management of pancreatic cancer. Waiting for RCTs results including clearly resectable tumors, neoadjuvant therapy and a complete R0 resection in all patients who require planned vascular resection with (or without) reconstruction should be the goal. Such patients should be treated by an experienced team in both preoperative/neoadjuvant therapy and vascular resection at the time of pancreatic resection. Such expertise is not available at every centers, which makes another strong case for the regionalization of complex cancer care that involves multiple treatments.



AUTHOR CONTRIBUTIONS

JD and AS contributed equally to the design and implementation of the research, to the analysis of the results, and to the writing of the manuscript.



ACKNOWLEDGMENTS

The authors acknowledge Pr. Emmanuel Buc MD PHD (ebuc@chuclermontferrand.fr), Pr. Stéphanie Truant MD PHD (stephanie.truant@chrulille.fr), and Pr. Lilian Schwarz MD PHD (lilian.schwarz@gmail.com) for their contribution to the surgical guidelines. The authors also acknowledge the methodologists and coordinating team of the French National Institute of Cancer (INCa): Gabriel FERRAND (gferrand@institutcancer.fr); Marianne DUPERRAY (mduperray@institutcancer.fr); Camille DE PERETTI (cdeperetti@institutcancer.fr); Tristan ROUE (troue@institutcancer.fr) and Christine VERMEL (cvermel@institutcancer.fr).

These Guidelines were funded by UNICANCER (section: National Program of Guidelines) and labellised by decision of the President of the French National Cancer Institute (INCa): N° 2019-49, dated 02/09/2019, published in the Official Bulletin for Health Protection and Solidarity.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2020.00040/full#supplementary-material



REFERENCES

 1. Halperin DM, Varadhachary GR. Resectable, borderline resectable, and locally advanced pancreatic cancer: what does it matter? Curr Oncol Rep. (2014) 16:366. doi: 10.1007/s11912-013-0366-9

 2. Liu L, Katz MH, Lee SM, Fischer LK, Prakash L, Parker N, et al. Superior mesenteric artery margin of posttherapy pancreaticoduodenectomy and prognosis in patients with pancreatic ductal adenocarcinoma. Am J Surg Pathol. (2015) 39:1395–403. doi: 10.1097/PAS.0000000000000491

 3. Strobel O, Hank T, Hinz U, Bergmann F, Schneider L, Springfeld C, et al. Pancreatic cancer surgery: the new r-status counts. Ann Surg. (2017) 265:565–73. doi: 10.1097/SLA.0000000000001731

 4. Delpero JR, Jeune F, Bachellier P, Regenet N, Le Treut YP, Paye F, et al. Prognostic value of resection margin involvement after pancreaticoduodenectomy for ductal adenocarcinoma: updates from a french prospective multicenter study. Ann Surg. (2017) 266:787–96. doi: 10.1097/SLA.0000000000002432

 5. Neoptolemos JP, Palmer DH, Ghaneh P, Psarelli EE, Valle JW, Halloran CM, et al. Comparison of adjuvant gemcitabine and capecitabine with gemcitabine monotherapy in patients with resected pancreatic cancer (ESPAC-4): a multicentre, open-label, randomised, phase 3 trial. Lancet. (2017) 389:1011–24. doi: 10.1016/S0140-6736(16)32409-6

 6. Demir IE, Jäger C, Schlitter AM, Konukiewitz B, Stecher L, Schorn S, et al. R0 Versus R1 resection matters after pancreaticoduodenectomy, and less after distal or total pancreatectomy for pancreatic cancer. Ann Surg. (2018) 268:1058–68. doi: 10.1097/SLA.0000000000002345

 7. Ghaneh P, Kleeff J, Halloran CM, Raraty M, Jackson R, Melling J, et al. The impact of positive resection margins on survival and recurrence following resection and adjuvant chemotherapy for pancreatic ductal adenocarcinoma. Ann Surg. (2019) 269:520–9. doi: 10.1097/SLA.0000000000002557

 8. Zins M, Matos C, Cassinotto C. Pancreatic adenocarcinoma staging in the era of preoperative chemotherapy and radiation therapy. Radiology. (2018) 287:374–90. doi: 10.1148/radiol.2018171670

 9. Beleù A, Calabrese A, Rizzo G, Capelli P, Bellini N, Caloggero S, et al. Preoperative imaging evaluation after downstaging of pancreatic ductal adenocarcin oma: a multi-center study. Cancers. (2019) 11:E267. doi: 10.3390/cancers11020267

 10. Abrams RA, Lowy AM, O'Reilly EM, Wolff RA, Picozzi VJ, Pisters PW. Combined modality treatment of resectable and borderline resectable pancreas cancer: expert consensus statement. Ann Surg Oncol. (2009) 16:1751–6. doi: 10.1245/s10434-009-0413-9

 11. Callery MP, Chang KJ, Fishman EK, Talamonti MS, Traverso WL, Linehan DC. Pretreatment assessment of resectable and borderline resectable pancreatic cancer: expert consensus statement. Ann Surg Oncol. (2009) 16:1727–33. doi: 10.1245/s10434-009-0408-6

 12. Tempero MA, Malafa MP, Chiorean EG, Czito B, Scaife C, Narang AK, et al. Pancreatic adenocarcinoma, version 1.2019. J Natl Compr Canc Netw. (2019) 17:202–10. doi: 10.6004/jnccn.2019.0003

 13. Katz MH, Marsh R, Herman JM, Shi Q, Collison E, Venook AP, et al. Borderline resectable pancreatic cancer: need for standardization and methods for optimal clinical trial design. Ann Surg Oncol. (2013) 20:2787–95. doi: 10.1245/s10434-013-2886-9

 14. Petrelli F, Inno A, Barni S, Ghidini A, Labianca R, Falconi M, et al. Borderline resectable pancreatic cancer: more than an anatomical concept. Dig Liver Dis. (2017) 49:223–6. doi: 10.1016/j.dld.2016.11.010

 15. Khorana AA, Mangu PB, Berlin J, Engebretson A, Hong TS, Maitra A, et al. Potentially curable pancreatic cancer: american society of clinical oncology clinical practice guideline update. J Clin Oncol. (2017) 35:2324–8. doi: 10.1200/JCO.2017.72.4948

 16. Isaji S, Mizuno S, Windsor JA, Bassi C, Fernández-Del Castillo C, Hackert T, et al. International consensus on definition and criteria of borderline resectable pancreatic ductal adenocarcinoma 2017. Pancreatology. (2018) 18:2–11. doi: 10.1016/j.pan.2017.11.011

 17. Kleive D, Verbeke CS. Pancreatoduodenectomy with venous resection for ductal adenocarcinoma rarely achieves complete (R0) resection. HPB. (2019). doi: 10.1016/j.hpb.2019.05.005. [Epub ahead of print].

 18. Evans DB, George B, Tsai S. Non-metastatic pancreatic cancer: resectable, borderline resectable, and locally advanced-definitions of increasing importance for the optimal delivery of multimodality therapy. Ann Surg Oncol. (2015) 22:3409–13. doi: 10.1245/s10434-015-4649-2

 19. Cloyd JM, Katz MH, Prakash L, Varadhachary GR, Wolff RA, Shroff RT, et al. Preoperative therapy and pancreatoduodenectomy for pancreatic ductal adenocarcinoma: a 25-year single-institution experience. J Gastrointest Surg. (2017) 21:164–74. doi: 10.1007/s11605-016-3265-1

 20. Lee JH, Kang CM, Bang SM, Choi JY, Seong JS, Hwang HK, et al. The role of neoadjuvant chemoradiation therapy in patients with borderline re sectable pancreaticcancer with isolated venous vascular involvement. Medicine. (2015) 94:e1233. doi: 10.1097/MD.0000000000001233

 21. Reni M, Zanon S, Balzano G, Nobile S, Pircher CC, Chiaravalli M, et al. Selecting patients for resection after primary chemotherapy for nonmetastatic pancreatic adenocarcinoma. Ann Oncol. (2017) 28:2786–92. doi: 10.1093/annonc/mdx495

 22. Nagakawa Y, Sahara Y, Hosokawa Y, Murakami Y, Yamaue H, Satoi S, et al. Clinical impact of neoadjuvant chemotherapy and chemoradiotherapy in borderline resectable pancreatic cancer: analysis of 884 patients at facilities specializingin pancreatic surgery. Ann Surg Oncol. (2019) 26:1629–36. doi: 10.1245/s10434-018-07131-8

 23. Gemenetzis G, Groot VP, Blair AB, Laheru DA, Zheng L2, Narang AK, et al. Survival in locally advanced pancreatic cancer after neoadjuvant therapy and surgical resection. Ann Surg. (2019) 270:340–7. doi: 10.1097/SLA.0000000000002753

 24. Truty MJ, Kendrick ML, Nagorney DM, Smoot RL, Cleary SP, Graham RP, et al. Factors predicting response, perioperative outcomes, and survival following total neoadjuvant therapy for borderline/locally advanced pancreatic cancer. Ann Surg. (2019). doi: 10.1097/SLA.0000000000003284. [Epub ahead of print].

 25. Strobel O, Neoptolemos J, Jäger D, Büchler MW. Optimizing the outcomes of pancreatic cancer surgery. Nat Rev Clin Oncol. (2019) 16:11–26. doi: 10.1038/s41571-018-0112-1

 26. Seufferlein T, Hammel P, Delpero JR, Macarulla T, Pfeiffer P, Prager GW, et al. Optimizing the management of locally advanced pancreatic cancer with a focus on induction chemotherapy: expert opinion based on a review of current evidence. Cancer Treat Rev. (2019) 77:1–10. doi: 10.1016/j.ctrv.2019.05.007

 27. Chun YS, Milestone BN, Watson JC, Cohen SJ, Burtness B, Engstrom PF, et al. Defining venous involvement in borderline resectable pancreatic cancer. Ann Surg Oncol. (2010) 17:2832–8. doi: 10.1245/s10434-010-1284-9

 28. Jaseanchiun W, Kato H, Hayasaki A, Fujii T, Iizawa Y, Tanemura A, et al. The clinical impact of portal venous patency ratio on prognosis of patients with pancreatic ductal adenocarcinoma undergoing pancreatectomy with combined resection of portal vein following preoperative chemoradiotherapy. Pancreatology. (2019) 19:307–15. doi: 10.1016/j.pan.2019.01.020

 29. Versteijne E, Vogel JA, Besselink MG, Busch ORC, Wilmink JW, Daams JG, et al. Meta-analysis comparing upfront surgery with neoadjuvant treatment in patients with resectable or borderline resectable pancreatic cancer. Br J Surg. (2018) 105:946–58. doi: 10.1002/bjs.10870

 30. Unno M, Hata T, Motoi F. Long-term outcome following neoadjuvant therapy for resectable and borderline resectable pancreatic cancer compared to upfront surgery: a meta-analysis of comparative studies by intention-to-treat analysis. Surg Today. (2019) 49:295–9. doi: 10.1007/s00595-019-01786-w

 31. Murphy JE, Wo JY, Ryan DP, Jiang W, Yeap BY, Drapek LC, et al. Total neoadjuvant therapy with FOLFIRINOX followed by individualized chemoradiotherapy for borderline resectable pancreatic adenocarcinoma: a phase 2 clinical trial. JAMA Oncol. (2018) 4:963–9. doi: 10.1001/jamaoncol.2018.0329

 32. Jang JY, Han Y, Lee H, Kim SW, Kwon W, Lee KH, et al. Oncological benefits of neoadjuvant chemoradiation with gemcitabine versus upfront surgery in patients with borderline resectable pancreatic cancer: a prospective, randomized, openlabel, multicenter phase 2/3 trial. Ann Surg. (2018) 268:215–22. doi: 10.1097/SLA.0000000000002705

 33. Schorn S, Demir IE, Reyes CM, Saricaoglu C, Samm N, Schirren R, et al. The impact of neoadjuvant therapy on the histopathological features of pancreatic ductal adenocarcinoma - a systematic review and meta-analysis. Cancer Treat Rev. (2017) 55:96–106. doi: 10.1016/j.ctrv.2017.03.003

 34. Negoi I, Hostiuc S, Runcanu A, Negoi RI, Beuran M. Superior mesenteric artery first approach versus standard pancreaticoduodenectomy:a systematic review and meta-analysis. Hepatobiliary Pancreat Dis Int. (2017) 16:127–38. doi: 10.1016/S1499-3872(16)60134-0

 35. Ironside N, Barreto SG, Loveday B, Shrikhande SV, Windsor JA, Pandanaboyana S. Meta-analysis of an artery-first approach versus standard pancreatoduodenectomy on perioperative outcomes and survival. Br J Surg. (2018) 105:628–36. doi: 10.1002/bjs.10832

 36. Nakao A, Kanzaki A, Fujii T, Kodera Y, Yamada S, Sugimoto H, et al. Correlation between radiographic classification and pathological grade of portal vein wall invasion in pancreatic head cancer. Ann Surg. (2012) 255:103–8. doi: 10.1097/SLA.0b013e318237872e

 37. Okabayashi T, Shima Y, Iwata J, Morita S, Sumiyoshi T, Kozuki A, et al. Reconsideration about the aggressive surgery for resectable pancreatic cancer: a focus on real pathological portosplenomesenteric venous invasion. Langenbecks Arch Surg. 400:487–94. doi: 10.1007/s00423-015-1305-z

 38. Ramacciato G, Nigri G, Petrucciani N, Pinna AD, Ravaioli M, Jovine E, et al. Pancreatectomy with mesenteric and portal vein resection for borderline resectable pancreatic cancer: multicenter study of 406 patients. Ann Surg Oncol. (2016) 23:2028–37. doi: 10.1245/s10434-016-5123-5

 39. Rosso E, Langella S, Addeo P, Nobili C, Oussoultzoglou E, Jaeck D, et al. A safe technique for radical antegrade modular pancreatosplenectomy with venous resection for pancreatic cancer. J Am Coll Surg. (2013) 217:e35–9. doi: 10.1016/j.jamcollsurg.2013.08.007

 40. Paye F, Micelli Lupinacci R, Bachellier P, Boher JM, Delpero JR, French Surgical Association (AFC). Distal pancreatectomy for pancreatic carcinoma in the era of multimodal treatment. Br J Surg. (2015) 102:229–36. doi: 10.1002/bjs.9708

 41. Delpero JR, Boher JM, Sauvanet A, Le Treut YP, Sa-Cunha A, Mabrut JY, et al. Pancreatic adenocarcinoma with venous involvement: is up-front synchronous portalsuperior mesenteric vein resection still justified? A survey of the Association Française de Chirurgie. Ann Surg Oncol. (2015) 22:1874–83. doi: 10.1245/s10434-014-4304-3

 42. Kim PT, Wei AC, Atenafu EG, Cavallucci D, Cleary SP, Moulton CA, et al. Planned versus unplanned portal vein resections during pancreaticoduodenectomy for adenocarcinoma. Br J Surg. (2013) 100:1349–56. doi: 10.1002/bjs.9222

 43. Katz MH, Fleming JB, Pisters PW, Lee JE, Evans DB. Anatomy of the superior mesenteric vein with special reference to the surgical management of first-order branch involvement at pancreaticoduodenectomy. Ann Surg. (2008) 248:1098–102. doi: 10.1097/SLA.0b013e31818730f0

 44. Katz MH, Lee JE, Pisters PW, Skoracki R, Tamm E, Flemming JB. Retroperitoneal dissection in patients with borderline resectable pancreatic cancer: operative principles and techniques. J Am Coll Surg. (2012) 215:e11–8. doi: 10.1016/j.jamcollsurg.2012.05.015

 45. Alemi F, Rocha FG, Helton WS, Biehl T, Alseidi A. Classification and techniques of en bloc venous reconstruction for pancreaticoduodenectomy. HPB. (2016) 18:827–34. doi: 10.1016/j.hpb.2016.05.015

 46. Negoi I, Beuran M, Hostiuc S, Negoi RI, Inoue Y. Surgical anatomy of the superior mesenteric vessels related to pancreaticoduodenectomy: a systematic review and meta-analysis. J Gastrointest Surg. (2018) 22:802–17. doi: 10.1007/s11605-018-3669-1

 47. Kobayashi Y, Sakamoto Y, Arita J, Akamatsu N, Kaneko J, Hasegawa K, et al. Vascular anatomy of the jejunal mesentery and complications associated with division of the first jejunal venous trunk during pancreaticoduodenectomy. J Surg Oncol. (2018) 117:1297–304. doi: 10.1002/jso.24948

 48. Hosokawa Y, Nagakawa Y, Sahara Y, Takishita C, Nakajima T, Hijikata Y, et al. Surgical outcomes of pancreaticoduodenectomy for pancreatic cancer with proximal dorsal jejunalvein involvement. J Gastrointest Surg. (2018) 22:1179–85. doi: 10.1007/s11605-018-3722-0

 49. Kawabata Y, Tanaka T, Ishikawa N, Hayashi H, Tajima Y. Modified total mesopancreatoduodenum excision with pancreaticoduodenectomy as a mesopancreatic plane surgery in borderline resectable pancreatic cancer. Eur J Surg Oncol. (2016) 42:698–705. doi: 10.1016/j.ejso.2016.02.241

 50. Strasberg SM, Sanchez LA, Hawkins WG, Fields RC, Linehan DC. Resection of tumors of the neck of the pancréas with venous invasion: the “Whipple at the Splenic Artery (WATSA)” procedure. J Gastrointest Surg. (2012) 16:1048–54. doi: 10.1007/s11605-012-1841-6

 51. Kurihara C, Yoshimi F, Sasaki K, Nakao K, Iijima T, Kawasaki H, et al. Impact of portal vein invasion and resection length in pancreatoduodenectomy on the survival rate of pancreatic head cancer. Hepatogastroenterology. (2013) 60:1759–65. doi: 10.5754/hge121287

 52. Kaneoka Y, Yamaguchi A, Isogai M. Portal or superior mesenteric vein resection for pancreatic head adenocarcinoma: prognostic value of the length of venous resection. Surgery. (2009) 145:417–25. doi: 10.1016/j.surg.2008.12.009

 53. Bachellier P, Rosso E, Fuchshuber P, Addeo P, David P, Oussoultzoglou E, et al. Use of a temporary intraoperative mesentericoportal shunt for pancreatic resection for locally advanced pancreatic cancer with portal vein occlusion and portal hypertension. Surgery. (2014) 155:449–56. doi: 10.1016/j.surg.2013.09.003

 54. Christians KK, Riggle K, Keim R, Pappas S, Tsai S, Ritch P, et al. Distal splenorenal and temporary mesocaval shunting at the time of pancreatectomy for cancer: initial experience from the Medical College of Wisconsin. Surgery. (2013) 154:123–13. doi: 10.1016/j.surg.2012.11.019

 55. Simoneau E, Goumard C, Lee JE, Vauthey JN, Aloia TA, Chun YS, et al. Pancreaticoduodenectomy with Mesocaval Shunt for Locally Advanced Pancreatic Adenocarcinoma. Ann Surg Oncol. (2019) 26:652. doi: 10.1245/s10434-018-07093-x

 56. Bockhorn M, Uzunoglu FG, Adham M, Imrie C, Milicevic M, Sandberg AA, et al. Borderline resectable pancreatic cancer: a consensus statement by the international study group of pancreatic surgery (ISGPS). Surgery. (2014) 155:977–88. doi: 10.1016/j.surg.2014.02.001

 57. Kim SM, Min SK, Park D, Min SI, Jang JY, Kim SW, et al. Reconstruction of portal vein and superior mesenteric vein after extensive resection for pancreatic cancer. J Korean Surg Soc. (2013) 84:346–52. doi: 10.4174/jkss.2013.84.6.346

 58. Dokmak S, Chérif R, Duquesne I, Delattre R, Aussilhou B, Soubrane O, et al. Laparoscopic pancreaticoduodenectomy with reconstruction of the portal vein with the parietal peritoneum. Ann Surg Oncol. (2016) 23:2664. doi: 10.1245/s10434-016-5207-2

 59. Yamamoto M, Akamatsu N, Aoki T, Sakamoto Y, Tamura S, Hasegawa K, et al. Safety and efficacy of cryopreserved homologous veins for venous reconstruction in pancreatoduodenectomy. Surgery. (2017) 161:385–93. doi: 10.1016/j.surg.2016.08.016

 60. Kleive D, Berstad AE, Verbeke CS, Haugvik SP, Gladhaug IP, Line PD, et al. Coldstored cadaveric venous allograft for superior mesenteric/portal vein reconstruction during pancreatic surgery. HPB. (2016) 18:615–22. doi: 10.1016/j.hpb.2016.05.010

 61. Chu CK, Farnell MB, Nguyen JH, Stauffer JA, Kooby DA, Sclabas GM, et al. Prosthetic graft reconstruction after portal vein resection in pancreaticoduodenectomy: a multicenter analysis. J Am Coll Surg. (2010) 211:316–24. doi: 10.1016/j.jamcollsurg.2010.04.005

 62. Liao K, Wang H, Chen Q, Wu Z, Zhang L. Prosthetic graft for superior mesentericportal vein reconstruction in pancreaticoduodenectomy: a retrospective, multicenter study. J Gastrointest Surg. (2014) 18:1452–61. doi: 10.1007/s11605-014-2549-6

 63. Krepline AN, Christians KK, Duelge K, Mahmoud A, Ritch P, George B, et al. Patency rates of portal vein/superior mesenteric vein reconstruction after pancreatectomy for pancreatic cancer. J Gastrointest Surg,. (2014) 18:2016–25. doi: 10.1007/s11605-014-2635-9

 64. Al Faraï A, Garnier J, Ewald J, Marchese U, Gilabert M, Moureau-Zabotto L, et al. International Study Group of Pancreatic Surgery type 3 and 4 venous resections in patients with pancreatic adenocarcinoma: the Paoli-Calmettes Institute experience. Eur J Surg Oncol. (2019) 45:1912–8. doi: 10.1016/j.ejso.2019.06.003

 65. Song W, Yang Q, Chen L, Sun Q, Zhou D, Ye S, et al. Pancreatoduodenectomy combined with portal-superior mesenteric vein resection and reconstruction with interposition grafts for cancer: a meta-analysis. Oncotarget. (2017) 8:81520–8. doi: 10.18632/oncotarget.20866

 66. Ravikumar R, Sabin C, Abu Hilal M, Al-Hilli A, Aroori S, Bond-Smith G, et al. Impact of portal vein infiltration and type of venous reconstruction in surgery for borderline resectable pancreatic cancer. Br J Surg. (2017) 104:1539–48. doi: 10.1002/bjs.10580

 67. Rosado ID, Bhalla S, Sanchez LA, Fields RC, Hawkins WG, Strasberg SM. Pattern of venous collateral development after splenic vein occlusion in an extended whipple procedure (whipple at the splenic artery) and long-term results. J Gastrointest Surg. (2017) 21:516–26. doi: 10.1007/s11605-016-3325-6

 68. Ono Y, Matsueda K, Koga R, Takahashi Y, Arita J, Takahashi M, et al. Sinistral portal hypertension after pancreaticoduodenectomy with splenic vein ligation. Br J Surg. 102:219–28. doi: 10.1002/bjs.9707

 69. Ferreira N, Oussoultzoglou E, Fuchshuber P, Ntourakis D, Narita M, Rather M, et al. Splenic vein-inferior mesenteric vein anastomosis to lessen left-sided portal hypertension after pancreaticoduodenectomy with concomitant vascular resection. Arch Surg. (2011) 146:1375–81. doi: 10.1001/archsurg.2011.688

 70. Tanaka H, Nakao A, Oshima K, Iede K, Oshima Y, Kobayashi H, et al. Splenic vein reconstruction is unnecessary in pancreatoduodenectomy combined with resection of the superior mesenteric vein portal vein confluence according to short term outcomes. HPB. (2017) 19:785–92. doi: 10.1016/j.hpb.2017.02.438

 71. Tanaka M, Ito H, Ono Y, Matsueda K, Mise Y, Ishizawa T, et al. Impact of portal vein resection with splenic vein reconstruction after pancreatoduoden ectomy on sinistral portal hypertension: who needs reconstruction? Surgery. (2019) 165:291–7. doi: 10.1016/j.surg.2018.08.025

 72. Glebova NO, Hicks CW, Piazza KM, Abularrage CJ, Cameron AM, Schulick RD, et al. Technical risk factors for portal vein reconstruction thrombosis in pancreatic resection. J Vasc Surg. (2015) 62:424–33. doi: 10.1016/j.jvs.2015.01.061

 73. Dua MM, Tran TB, Klausner J, Hwa KJ, Poultsides GA, Norton JA, et al. Pancreatectomy with vein reconstruction: technique matters. HPB. (2015) 17:824–31. doi: 10.1111/hpb.12463

 74. Chandrasegaram MD, Eslick GD, Lee W, Brooke-Smith ME, Padbury R, Worthley CS, et al. Anticoagulation policy after venous resection with a pancreatectomy: a systematic review. HPB. (2014) 16:691–8. doi: 10.1111/hpb.12205

 75. Fujii T, Nakao A, Yamada S, Suenaga M, Hattori M, Takami H, et al. Vein resections > 3 cm during pancreatectomy are associated with poor 1-year patency rates. Surgery. (2015) 157:708–15. doi: 10.1016/j.surg.2014.12.002

 76. Kang MJ, Jang JY, Chang YR, Jung W, Kim SW. Portal vein patency after pancreatoduodenectomy for periampullary cancer. Br J Surg. (2015) 102:77–84. doi: 10.1002/bjs.9682

 77. Yamada S, Fujii T, Sugimoto H, Nomoto S, Takeda S, Kodera Y, et al. Aggressive surgery for borderline resectable pancreatic cancer: evaluation of National Comprehensive Cancer Network guidelines. Pancreas. (2013) 42:1004–10. doi: 10.1097/MPA.0b013e31827b2d7c

 78. Lapshyn H, Bronsert P, Bolm L, Werner M, Hopt UT, Makowiec F, et al. Prognostic factors after pancreatoduodenectomy with en bloc portal venous resection for pancreatic cancer. Langenbecks Arch Surg. (2016) 401:63–9. doi: 10.1007/s00423-015-1363-2

 79. Song A, Liu F, Wu L, Si X, Zhou Y. Histopathologic tumor invasion of superior mesenteric vein/ portal vein is a poor prognostic indicator in patients with pancreatic ductal adenocarcinoma: results from a systematic review and meta-analysis. Oncotarget. (2017) 8:32600–7. doi: 10.18632/oncotarget.15938

 80. Tran Cao HS, Balachandran A, Wang H, Nogueras-González GM, Bailey CE, Lee JE, et al. Radiographic tumor-vein interface as a predictor of intraoperative, pathologic and oncologic outcomes in resectable and borderline resectable pancreatic cancer. J Gastrointest Surg. (2014) 18:269–78. doi: 10.1007/s11605-013-2374-3

 81. Mierke F, Hempel S, Distler M, Aust DE, Saeger HD, Weitz J, et al. Impact of portal vein involvement from pancreatic cancer on metastatic pattern after surgical resection. Ann Surg Oncol. (2016) 23(Suppl. 5):730–6. doi: 10.1245/s10434-016-5515-6

 82. Wang F, Gill AJ, Neale M, Puttaswamy V, Gananadha S, Pavlakis N, et al. Adverse tumor biology associated with mesenterico-portal vein resection influences survival in patients with pancreatic ductal adenocarcinoma. Ann Surg Oncol. (2014) 21:19371947. doi: 10.1245/s10434-014-3554-4

 83. Ramacciato G, Mercantini P, Petrucciani N, Giaccaglia V, Nigri G, Ravaioli M, et al. Does portal-superior mesenteric vein invasion still indicate irresectability for pancreatic carcinoma? Ann Surg Oncol. (2009) 16:817–25. doi: 10.1245/s10434-008-0281-8

 84. Giovinazzo F, Turri G, Katz MH, Heaton N, Ahmed I. Meta-analysis of benefits of portal-superior mesenteric vein resection in pancreatic resection for ductal adenocarcinoma. Br J Surg. (2016) 103:179–91. doi: 10.1002/bjs.9969

 85. Tewari M. Significance of pathological positive superior mesenteric/portal venous invasion in pancreatic cancer. Hepatobiliary Pancreat Dis Int. (2016) 15:572–8. doi: 10.1016/S1499-3872(16)60156-X

 86. Yekebas EF, Bogoevski D, Cataldegirmen G, Kunze C, Marx A, Vashist YK, et al. En bloc vascular resection for locally advanced pancreatic malignancies infiltrating major blood vessels: perioperative outcome and long-term survival in 136 patients. Ann Surg. (2008) 247:300–9. doi: 10.1097/SLA.0b013e31815aab22

 87. Han SS, Park SJ, Kim SH, Cho SY, Kim YK, Kim TH, et al. Clinical significance of portal-superior mesenteric vein resection in pancreatoduodenectomy for pancreatic head cancer. Pancreas. (2012) 41:102–6. doi: 10.1097/MPA.0b013e318221c595

 88. Beltrame V, Gruppo M, Pedrazzoli S, Merigliano S, Pastorelli D, Sperti C. Mesenteric-portal vein resection during pancreatectomy for pancreatic cancer. Gastroenterol Res Pract. (2015) 2015:659730. doi: 10.1155/2015/659730

 89. Hoshimoto S, Hishinuma S, Shirakawa H, Tomikawa M, Ozawa I, Wakamatsu S, et al. Reassessment of the clinical significance of portal-superior mesenteric vein invasion in borderline resectable pancreatic cancer. Eur J Surg Oncol. (2017) 43:10681075. doi: 10.1016/j.ejso.2017.03.020

 90. Malleo G, Maggino L, Marchegiani G, Feriani G, Esposito A, Landoni L, et al. Pancreatectomy with venous resection for pT3 head adenocarcinoma: perioperative outcomes, recurrence pattern and prognostic implications of histologically confirmed vascular infiltration. Pancreatology. (2017) 17:847–57. doi: 10.1016/j.pan.2017.08.005

 91. Yu XZ, Li J, Fu DL, Di Y, Yang F, Hao SJ, et al. Benefit from synchronous portalsuperior mesenteric vein resection during pancreaticoduodenectomy for cancer: a meta-analysis. Eur J Surg Oncol. (2014) 40:371–8. doi: 10.1016/j.ejso.2014.01.010

 92. Wang J, Estrella JS, Peng L, Rashid A, Varadhachary GR, Wang H, et al. Histologic tumor involvement of superior mesenteric vein/portal vein predicts poor prognosis in patients with stage II pancreatic adenocarcinoma treated with néoadjuvant chemoradiation. Cancer. (2011) 118:3801–11. doi: 10.1002/cncr.26717

 93. Roch AM, House MG, Cioffi J, Ceppa EP, Zyromski NJ, Nakeeb A, et al. Significance of portal vein invasion and extent of invasion in patients undergoing pancreatoduodenectomy for pancreatic adenocarcinoma. J Gastrointest Surg. (2016) 20:479–87. doi: 10.1007/s11605-015-3005-y

 94. Prakash LR, Wang H, Zhao J, Nogueras-Gonzalez GM, Cloyd JM, Tzeng CD, et al. Significance of cancer cells at the vein edge in patients with pancreatic adenocarcinoma following pancreatectomy with vein resection. J Gastrointest Surg. (2019). doi: 10.1007/s11605-019-04126-y. [Epub ahead of print].

 95. Addeo P, Velten M, Averous G, Faitot F, Nguimpi-Tambou M, Nappo G, et al. Prognostic value of venous invasion in resected T3 pancreatic adenocarcinoma: depth of invasion matters. Surgery. (2017) 162:264–74. doi: 10.1016/j.surg.2017.03.008

 96. Kishi Y, Nara S, Esaki M, Hiraoka N, Shimada K. Feasibility of resecting the portal vein only when necessary during pancreatoduodenec tomy for pancreatic cancer. BJS Open. (2019) 3:327–35. doi: 10.1002/bjs5.50130

 97. Kasumova GG, Conway WC, Tseng JF. The role of venous and arterial resection in pancreatic cancer surgery. Ann Surg Oncol. (2018) 25:51–8. doi: 10.1245/s10434-016-5676-3

 98. Turrini O, Ewald J, Barbier L, Mokart D, Blache JL, Delpero JR. Should the portal vein be routinely resected during pancreaticoduodenectomy for adenocarcinoma? Ann Surg. (2013) 257:726–30. doi: 10.1097/SLA.0b013e318269d23c.

 99. Barreto SG, Windsor JA. Justifying vein resection with pancreatoduodenectomy. Lancet Oncol. (2016) 17:e118–24. doi: 10.1016/S1470-2045(15)00463-5

 100. Kelly KJ, Winslow E, Kooby D, Lad NL, Parikh AA, Scoggins CR, et al. Vein involvement during pancreaticoduodenectomy: is there a need for redefinition of “borderline resectable disease”? J Gastrointest Surg. (2013) 17:1209–17. doi: 10.1007/s11605-013-2178-5

 101. Kleive D, Sahakyan MA, Berstad AE, Verbeke CS, Gladhaug IP, Edwin B, et al. Trends in indications, complications and outcomes for venous resection during panc reatoduodenectomy. Br J Surg. (2017) 104:1558–67. doi: 10.1002/bjs.10603

 102. Ravikumar R, Sabin C, Abu Hilal M, Bramhall S, White S, Wigmore S, et al. Portal vein resection in borderline resectable pancreatic cancer: a United Kingdom multicenter study. J Am Coll Surg. (2014) 218:401–11. doi: 10.1016/j.jamcollsurg.2013.11.017

 103. Elberm H, Ravikumar R, Sabin C, Abu Hilal M, Al-Hilli A, Aroori S, et al. Outcome after pancreaticoduodenectomy for T3 adenocarcinoma: a multivariable analysis from the UK Vascular Resection for Pancreatic Cancer Study Group. Eur J Surg Oncol. (2015) 41:1500–7. doi: 10.1016/j.ejso.2015.08.158

 104. Castleberry AW, White RR, De La Fuente SG, Clary BM, Blazer DG 3rd, McCann RL, et al. The impact of vascular resection on early postoperative outcomes after pancreaticoduodenectomy: an analysis of the American College of Surgeons National Surgical Quality Improvement Program database. Ann Surg Oncol. (2012) 19:4068–77. doi: 10.1245/s10434-012-2585-y

 105. Worni M, Castleberry AW, Clary BM, Gloor B, Carvalho E, Jacobs DO, et al. Concomitant vascular reconstruction during pancreatectomy for malignant disease: a propensity score-adjusted, population-based trend analysis involving 10,206 patients. JAMA Surg. (2013) 148:331–8. doi: 10.1001/jamasurg.2013.1058

 106. Beane JD, House MG, Pitt SC, Zarzaur B, Kilbane EM, Hall BL, et al. Pancreatoduodenectomy with venous or arterial resection: a NSQIP propensity score analysis. HPB. (2017) 19:254–63. doi: 10.1016/j.hpb.2016.11.013

 107. Murakami Y, Satoi S, Motoi F, Sho M, Kawai M, Matsumoto I, et al. Portal or superior mesenteric vein resection in pancreatoduodenectomy for pancreatic head carcinoma. Br J Surg. (2015) 102:837–46. doi: 10.1002/bjs.9799

 108. Bell R, Ao BT, Ironside N, Bartlett A, Windsor JA, Pandanaboyana S. Meta-analysis and cost effective analysis of portal-superior mesenteric vein resection during pancreatoduodenectomy: impact on margin status and survival. Surg Oncol. (2017) 26:53–62. doi: 10.1016/j.suronc.2016.12.007

 109. Zhou Y, Zhang Z, Liu Y, Li B, Xu D. Pancreatectomy combined with superior mesenteric vein-portal vein resection for pancreatic cancer: a meta-analysis. World J Surg. (2012) 36:884–91. doi: 10.1007/s00268-012-1461-z

 110. Rehders A, Stoecklein NH, Güray A, Riediger R, Alexander A, Knoefel WT. Vascular invasion in pancreatic cancer: tumor biology or tumor topography? Surgery. (2012) 152(3 Suppl. 1):S143–51. doi: 10.1016/j.surg.2012.05.012

 111. Ravikumar R, Holroyd D, Fusai G. Is there a role for arterial reconstruction in surgery for pancreatic cancer? World J Gastrointest Surg. (2013) 5:27–9. doi: 10.4240/wjgs.v5.i3.27

 112. Ouaïssi M, Turrini O, Hubert C, Louis G, Gigot JF, Mabrut JY. Vascular resection during radical resection of pancreatic adenocarcinomas: evolution over the past 15 years. J Hepatobiliary Pancreat Sci. (2014) 21:623–38. doi: 10.1002/jhbp.122

 113. Alemi F, Alseidi A, Scott Helton W, Rocha FG. Multidisciplinary management of locally advanced pancreatic ductal adenocarcinoma. Curr Probl Surg. (2015) 52:362–98. doi: 10.1067/j.cpsurg.2015.07.003

 114. Mollberg N, Rahbari NN, Koch M, Hartwig W, Hoeger Y, Büchler MW, et al. Arterial resection during pancreatectomy for pancreatic cancer: a systematic review and meta-analysis. Ann Surg. (2011) 254:882–93. doi: 10.1097/SLA.0b013e31823ac299

 115. Jegatheeswaran S, Baltatzis M, Jamdar S, Siriwardena AK. Superior mesenteric artery (SMA) resection during pancreatectomy for malignant disease of the pancreas: a systematic review. HPB. (2017) 19:483–90. doi: 10.1016/j.hpb.2017.02.437

 116. Klaiber U, Mihaljevic A, Hackert T. Radical pancreatic cancer surgery—with arterial resection. Transl Gastroenterol Hepatol. (2019) 4:8 doi: 10.21037/tgh.2019.01.07

 117. Christians KK, Pilgrim CH, Tsai S, Ritch P, George B, Erickson B, et al. Arterial resection at the time of pancreatectomy for cancer. Surgery. (2014) 155:919926. doi: 10.1016/j.surg.2014.01.003

 118. Del Chiaro M, Rangelova E, Halimi A, Ateeb Z, Scandavini C, Valente R, et al. Pancreatectomy with arterial resection is superior to palliation in patients with bord erline resectableor locally advanced pancreatic cancer. HPB. (2019) 21:219225. doi: 10.1016/j.hpb.2018.07.017

 119. Loveday BPT, Zilbert N, Serrano PE, Tomiyama K, Tremblay A, Fox AM, et al. Neoadjuvant therapy and major arterial resection for potentially reconstructable arterial involvement by stage 3 adenocarcinoma of the pancreas. HPB. (2019) 21:643–52. doi: 10.1016/j.hpb.2018.10.004

 120. Tee MC, Krajewski AC, Groeschl RT, Farnell MB, Nagorney DM, Kendrick ML, et al. Indications and perioperative outcomes for pancreatectomy with arterial resection. J Am Coll Surg. (2018) 227:255–69. doi: 10.1016/j.jamcollsurg.2018.05.001

 121. Bachellier P, Addeo P, Faitot F, Nappo G, Dufour P. Pancreatectomy with arterial resection for pancreatic adenocarcinoma: how can it be done safely and with which outcomes?: a single institution's experience with 118 patients. Ann Surg. (2018). doi: 10.1097/SLA.0000000000003010. [Epub ahead of print].

 122. Hartwig W, Gluth A, Hinz U, Koliogiannis D, Strobel O, Hackert T, et al. Outcomes after extended pancreatectomy in patients with borderline resectable and locally advanced pancreatic cancer. Brit J Surg. (2016) 103:1683–94. doi: 10.1002/bjs.10221

 123. Hackert T, Strobel O, Michalski CW, Mihaljevic AL, Mehrabi A, Müller-Stich B, et al. The TRIANGLE operation - radical surgery after néoadjuvant treatment for advanced pancreatic cancer: a single arm observational study. HPB. (2017) 19:1001–7. doi: 10.1016/j.hpb.2017.07.007

 124. Ishikawa M, Yamagami T, Kakizawa H, Hieda M, Toyota N, Fukumoto W, et al. Preoperative coil embolization in patients with a replaced hepatic artery scheduled for pancreatectomy with splanchnic artery resection helps to prevent ischemic organ injury. J Comput Assist Tomogr. (2016) 40:172–6. doi: 10.1097/RCT.0000000000000325

 125. El Amrani M, Pruvot FR, Truant S. Management of the right hepatic artery in pancreaticoduodenectomy: a systematic review. J Gastrointest Oncol. (2016) 7:298305. doi: 10.3978/j.issn.2078-6891.2015.093

 126. Turrini O, Wiebke EA, Delpero JR, Viret F, Lillemoe KD, Schmidt CM. Preservation of replaced or accessory right hepatic artery during pancreaticoduodenectomy for adenocarcinoma: impact on margin status and survival. J Gastrointest Surg. (2010) 14:1813–9. doi: 10.1007/s11605-010-1272-1

 127. Hackert T, Weitz J, Büchler MW. Splenic artery use for arterial reconstruction in pancreatic surgery. Langenbecks Arch Surg. (2014) 399:667–71. doi: 10.1007/s00423-014-1200-z

 128. Miyazaki M, Yoshitomi H, Takano S, Shimizu H, Kato A, Yoshidome H, et al. Combined hepatic arterial resection in pancreatic resections for locally advanced pancreatic cancer. Langenbecks Arch Surg. (2017) 402:447–56. doi: 10.1007/s00423-017-1578-5

 129. Nimura Y, Hattori T, Miura K, Nakashima N, Hibi M. Resection of advanced pancreatic body-tail carcinoma by Appleby's operation. Shujutu. (1976) 30:885–9.

 130. Mayumi T, Nimura Y, Kamiya J, Kondo S, Nagino M, Kanai M, et al. Distal pancreatectomy with en bloc resection of the celiac artery for carcinoma of the body and tail of the pancreas. Int J Pancreatol. (1997) 22:15–21. doi: 10.1007/BF02803900

 131. Hishinuma S, Ogata Y, Tomikawa M, Ozawa I. Stomach-preserving distal pancreatectomy with combined resection of the celiac artery: radical procedure for locally advanced cancer of the pancreatic body. J Gastrointest Surg. (2007) 11:743749. doi: 10.1007/s11605-007-0143-x

 132. Sperti C, Berselli M, Pedrazzoli S. Distal pancreatectomy for body-tail pancreatic cancer: is there a role for celiac axis resection? Pancreatology. (2010) 10:491–8. doi: 10.1159/000276984

 133. Okada K, Kawai M, Tani M, Hirono S, Miyazawa M, Shimizu A, et al. Surgical strategy for patients with pancreatic body/tail carcinoma: who should undergo distal pancreatectomy with en bloc celiac axis resection? Surgery. (2013) 153:365–72. doi: 10.1016/j.surg.2012.07.036

 134. Strasberg SM, Fields R. Left-sided pancreatic cancer: distal pancreatectomy and its variants: radical antegrade modular pancreatosplenectomy and distal pancreatectomy with celiac axis resection. Cancer J. (2012) 18:562–70. doi: 10.1097/PPO.0b013e31827596c5

 135. Nakamura T, Hirano S, Noji T, Asano T, Okamura K, Tsuchikawa T, et al. Distal pancreatectomy with en bloc celiac axis resection (modified appleby procedure) for locally advanced pancreatic body cancer: a single-center review of 80 consecutive patients. Ann Surg Oncol. (2016) 23(Suppl. 5):969–75. doi: 10.1245/s10434-016-5493-8

 136. Okada KI, Kawai M, Hirono S, Miyazawa M, Kitahata Y, Ueno M, et al. Ischemic gastropathy after distal pancreatectomy with en bloc celiac axis resection for pancreatic body cancer. Langenbecks Arch Surg. (2018) 403:561–71. doi: 10.1007/s00423-018-1692-z

 137. Egorov VI, Petrov RV, Lozhkin MV, Maynovskaya OA, Starostina NS, Chernaya NR, et al. Liver blood supply aftera modified Appleby procedure in classical and aberrant arterial anatomy. World J Gastrointest Surg. (2013) 5:51–61. doi: 10.4240/wjgs.v5.i3.51

 138. Cesaretti M, Abdel-Rehim M, Barbier L, Dokmak S, Hammel P, Sauvanet A. Modified Appleby procedure for borderline resectable/locally advanced distal pancreatic adenocarcinoma: a major procedure for selected patients. J Visc Surg. (2016) 153:173–81. doi: 10.1016/j.jviscsurg.2015.11.014

 139. Baumgartner JM, Krasinskas A, Daouadi M, Zureikat A, Marsh W, Lee K, et al. Distal pancreatectomy with en bloc celiac axis resection for locally advanced pancreatic adenocarcinoma following néoadjuvant therapy. J Gastrointest Surg. (2012) 16:1152–9. doi: 10.1007/s11605-012-1839-0

 140. Mittal A, de Reuver PR, Shanbhag S, Staerkle RF, Neale M, Thoo C, et al. Distal pancreatectomy, splenectomy, and celiac axis resection (DPS-CAR): common hepatic arterial stump pressure should determine the need for arterial reconstruction. Surgery. (2015) 157:811–7. doi: 10.1016/j.surg.2014.10.006

 141. Yoshiya S, Fukuzawa K, Inokuchi S, Kosai-Fujimoto Y, Sanefuji K, Iwaki K, et al. Efficacy of neoadjuvant chemotherapy in distal pancreatectomy with en bloc celiac axis resection(DP-CAR) for locally advanced pancreatic cancer. J Gastrointest Surg. (2019). doi: 10.1007/s11605-019-04324-8. [Epub ahead of print].

 142. Miura T, Hirano S, Nakamura T, Tanaka E, Shichinohe T, Tsuchikawa T, et al. A new preoperative prognostic scoring system to predict prognosis in patients with locally advanced pancreatic body cancer who undergo distal pancreatectomy with en bloc celiac axis resection: a retrospective cohort study. Surgery. (2014) 155:457–67. doi: 10.1016/j.surg.2013.10.024

 143. Peters NA, Javed AA, Cameron JL, Makary MA, Hirose K, Pawlik TM, et al. Modified appleby procedure for pancreatic adenocarcinoma: does improved néoadjuvant therapy warrant such an aggressive approach? Ann Surg Oncol. (2016) 23:3757–64. doi: 10.1245/s10434-016-5303-3

 144. Beane JD, House MG, Pitt SC, Kilbane EM, Hall BL, Parmar AD, et al. Distal pancreatectomy with celiac axis resection: what are the added risks? HPB. (2015) 17:777–84. doi: 10.1111/hpb.12453

 145. Yamamoto T, Satoi S, Kawai M, Motoi F, Sho M, Uemura KI, et al. Is distal pancreatectomy with en-bloc celiac axis resection effective for patients with locally advanced pancreatic ductal adenocarcinoma? Multicenter surgical group study. Pancreatology. (2018) 18:106–13. doi: 10.1016/j.pan.2017.11.005

 146. Klompmaker S, van Hilst J, Gerritsen SL, Adham M, Teresa Albiol Quer M, Bassi C, et al. Outcomes after distal pancreatectomy with celiac axis resection for pancreatic cancer: a pan-european retrospective cohort study. Ann Surg Oncol. (2018) 25:1440–7. doi: 10.1245/s10434-018-6391-z

 147. Klompmaker S, de Rooij T, Korteweg JJ, van Dieren S, van Lienden KP, vanGulik TM, et al. Systematic review of outcomes after distal pancreatectomy with coeliac axis resection for locally advanced pancreatic cancer. Brit J Surg. (2016) 103:941–9. doi: 10.1002/bjs.10148

 148. Gong H, Ma R, Gong J, Cai C, Song Z, Xu B. Distal pancreatectomy with en bloc celiac axis resection for locally advanced pancreatic cancer: a systematic review and meta-analysis. Medicine. (2016) 95:e3061. doi: 10.1097/MD.0000000000003061

 149. Cloyd JM, Nogueras-González GM, Prakash LR, Petzel MQB, Parker NH, Ngo-Huang AT, et al. Anthropometric changes in patients with pancreatic cancer undergoing preoperative therapy and pancreatoduodenectomy. J Gastrointest Surg. (2018) 22:703–12. doi: 10.1007/s11605-017-3618-4

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Delpero and Sauvanet. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fonc-10-00040-t005.jpg
References Studies Patients VR Morbidity Mortality 3-years 5-years

survival survival
Zhou et al. (109)* 19 2,047 661 OR=095 OR=1.19 -
p=067 p=048

Yuetal. (91)¥ 22 2,890 794 NS NS NS

Giovinazzo etal. 27 9,005 1,687 HR=1.48

(84 p=0004 p <0.001
Bell et al. 16 4,145 1,207 - HR =020
(108)® p=0020

“Less pencreatic fistulas: OR = 0.53 (IC 95%: (95% Cl: 0.35-0.79; p = 0.002).

¥ Less pancreatic fistula; FP: p = 0.01; VR group: larger tumors (o < 0.001), N+ (o = 0.03), R1 (o < 0.001); R1 independent negative factor for survival at 2 years (OR = 2.93, p <
0.007) and 5 years (OR = 4.25; P < 0.00002). Histological invasion of the vein: independent factor of poor prognosis (OR = 0.29; p = 0.004).

RD, risk difference; VR group: resection R1/R2: RD = 0.09 (95% Cl: 0.06-0.13; p = 0.001) Median overall survival of the VR group: 14.3% vs. 19.5 months; p < 0.063.

SVR Grouj 0.030); higher perineural invasions rate (o = 0.009).






OPS/images/fonc-10-00040-t003.jpg
References VR Reconstruction Follow-up average Permeability (% and Thrombosis during Thrombosis

(months) median duration) hospitalization
Chu et al. 2010 (61)" 33 PTFE 14 76% 21 months 3
Krepiine et al. 3 all types 13 91% - 4
63
Lizo et al. 36 EEA - 6/12 months - 5
(62 94-86%
29 PTFE = 6/12 months 1 5
83-83%
Fuji et al. (75)° 197 EEA - - 3 18

“US reviow (1994-2009); (PTFE—median diameter: 12mm (8-20); “ringed”in 73% of cases). No graft infection. Mortalty: 2 patients (6%) including 1 of 3 patients with early thrombosis.
*“Suture (7, 16%), venous saphenous “patch” (9, 21%), terminal anastomosis (13, 30%), jugular graft (14, 33%); all patients received aspiin or low molecular weight heparin (LMWH); 4
thromboses: 2 on LMWH and 2 on aspirin within a median of 72 days (16-238).

£3-center study in China (2007-2012); 76 RV (65 for PDAC). Thrombosis after PTFE on day 4 was treated with thrombolysis (heparin + urokinase). The delay for late thrombosis was
3,3,5, 5, 11, and 17 months in the PTFE group and 4, 5, 8, 12, and 22 months in the TA group. Morbidity: 29% PTFE vs. 33% TA; mortality: 3% PTFE vs. 7% TA (NS despite PTFE for
larger tumors (p = 0.016), longer operating time (o < 0.001) and greater bieeding (o = 0.04). There was no graft infection. There was no difference in survival for the 65 PDACs (29/65
PTFE and 36/65 TA; median 11 vs. 12 months; survival at 1 and 3 years: 36 and 4 vs. 36 and 9%, respectively).

Series condlucted in Japan: 197 VRs (197/810 pancreatectomies; 2000-2014); controlled permeabilty every 4-6 months to assess the rate of severe secondary anastomotic stenosis
(70% of the caliber; AUC = 0.83); 3 acute thromboses after immediate surgery: 2 reoperations (1 reattempt; 1 venous graft); 1 conservatively treated). Exclucing the 21 stenoses releted
to early neoplastic recurrence, 18 patients had severe, symptomatic secondary stenosis in 16 cases (refractory ascites: 9, encephalopathies: 4, and gastrointestinal hemorthages: 7,
including 2 treatedt with a stent and 1 by mesocaval shunt). The multivariate analysis showed independent factors for the occurrence of severe stenosis: the surgical duration (=520 min;
HR = 15.24; 95% Cl: 3.75-104.4; p < 0.001) and the resected vein length >3cm (HR = 5.96; 95% Cl: 1.8-22.7; p = 0.003). This study suggested that an autologous graft could
nekion fhi Hats





OPS/images/fonc-10-00040-t004.jpg
References Period n VR Morbidity Mortality

Castiebeny et al. 2005- 3582 281 40 vs. 33%,

(104" 2009 ©%) OR = 1.36; p = 0.02

Worni et al. 2000~ 10,206 412 OR = 1.36, p = 0.008 6vs. 2%,
(105)¥ 2009 (4%) OR=4.32;p <0.001
Beane et al. 14 months 1,414 194 47 vs. 44%, 36vs. 1.5%,
(106) (14%) NS NS

*Adjusted post-operative mortalty risk.
¥ Adfusted propensity scores; higher risk of ntraoperative complications: OR = 1.94, p
in the table is observed (paradoxically) in high volume hospitals.

Al 3 surveys reported longer operating times and higher transfusion quantities.

.001; comparable mortality and hospitalization times for alldata sets but the mortality shown





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Vascular Resection for Pancreatic Cancer: 2019 French Recommendations Based on a Literature Review From 2008 to 6-2019



		Introduction—Resectability of Pancreatic Ductal Adenocarcinomas (PDAC)



		Methodology



		Vascular Resection for Pancreatic Cancer



		Venous Resection



		“What Are the Indications of Venous Resection?”



		Recommendations



		Comments















		Arterial Resections (AR)



		“What Are the Indications of Arterial Resection?”



		Recommendations



		Comments



















		Conclusions



		Author Contributions



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
, frontiers
in Oncology

Vascular Resection for Pancreatic
Cancer: 2019 French
Recommendations Based on a
Literature Review From 2008 to
6-2019





OPS/images/fonc-10-00040-t001.jpg
——|  Methodology comitee (INCa)

l

Guidelines leader

|

Invited selected authors

|

Clinical questions

v

Systematic literature review ] Task force subgroups

|

Formulating recommendations

v

Quality of evidence and

strength of recommendations (Grade) | All groups

v

First manuscript -—] External review

v

Final consensus mecting —| All groups

v

Validation of the guidelines L Publication of the guidelines






OPS/images/fonc-10-00040-t002.jpg
References n VR all PR* VR + DP % VR + DP

Nakao et al. (36) 297 15 5%
Okabayashi et al. (37) 160 55 34%
Ramacaiato et al. (38) 408 87 21%
Rosso et al.¥ (39) - 18 32%
Paye et al.£ (40) 402 33 7.5%

PR': pancreatic resections (PD, DR, TP).

£1,399 patients included in a French multicentre survey (41); 402 patients with VR; 271
distal pancreatic resections: VR: 33/271: 12%.

¥ Series of distal pancreatectomies using the RAMPS technique.









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Oncology





