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a b s t r a c t 

Background: Borderline resectable pancreatic cancer may require extended resections in order to achieve 

tumor-free margins, especially in the case of up-front resections, but it is important to know the limits 

of surgical therapy in this disease. This study aimed to investigate the impact of extent of pancreatic and 

venous resection on short- and long-term outcomes in patients with pancreatic adenocarcinoma (PDAC). 

Methods: This was a retrospective study from a prospectively maintained database of pancreatic resec- 

tions for PDAC. Short- and long-term outcomes were analyzed in patients having borderline resectable 

PDAC submitted to up-front total pancreatectomy (TP) or pancreaticoduodenectomy (PD) with simultane- 

ous portal vein (PV) and/or superior mesenteric vein (SMV) resection. Venous resections were carried out 

as tangential venous resection (TVR) or segmental venous resection (SVR). Patients were divided into 4 

groups: (1) PD + TVR, (2) PD + SVR, (3) TP + TVR, (4) TP + SVR. Uni- and multivariate Cox regression 

analysis were performed to identify factors associated with survival. 

Results: Ninety-nine patients were submitted to simultaneous pancreatic and venous resection for PDAC. 

Among them, 25 were submitted to PD + TVR (25.3%), 12 to PD + SVR (12.1%), 23 to TP + TVR (23.2%), 

and 39 to TP + SVR (39.4%). Overall, major morbidity (Clavien-Dindo grade ≥ IIIA) was 26.3%. Thirty- and 

90-day mortality were 3% and 11.1%, respectively. There were no significant differences among groups in 

terms of short-term outcomes. Median overall survival of patients submitted to PD + TVR was signifi- 

cantly higher than those to TP + SVR (29.5 vs 7.9 months, P = 0.001). Multivariate analysis identified TP 

(HR = 2.11; 95% CI: 1.31–3.44; P = 0.002) and SVR (HR = 2.01; 95% CI: 1.27–3.15; P = 0.003) as the only 

independent prognostic factors for overall survival. 

Conclusions: Up-front TP associated to SVR was predictive of worse survival in borderline resectable 

PDAC. Perioperative treatments in high-risk surgical groups may improve such poor outcomes. 

© 2019 First Affiliated Hospital, Zhejiang University School of Medicine in China. Published by Elsevier 

B.V. All rights reserved. 
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ntroduction 

Pancreatic cancer is one of the leading causes of cancer-related

eath worldwide [1] . With regard to loco-regional invasion of pan-

reatic carcinoma, the International Study Group for Pancreatic

urgery (ISGPS) has recently attempted to distinguish unresectable

rom borderline resectable tumors [2] , basing on the recommenda-

ions of the National Comprehensive Cancer Network (NCCN) [3] .

n general, a borderline resectable cancer denotes a tumor involv-

ng adjacent vascular structures and for which resection, whether
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echnically feasible, will be likely compromised by macroscopic

esidual disease in the absence of a vascular resection. In order to

chieve negative resection margins, extended pancreatectomy with

dditional resection of adjacent organs involved in continuity, may

e also required in some cases [4] . Although recent studies have

lready demonstrated that standard total pancreatectomy (TP) and

ancreaticoduodenectomy (PD) are comparable in terms of short-

nd long-term outcomes, to what extent pancreatectomy can be

onsidered safe when vascular resection is associated, is still un-

nown. Little is also known about what factors are associated with

verall survival (OS) when simultaneous vascular resection is per-

ormed. Identifying high-risk surgical groups and reserving periop-

rative treatments for those with the poorest prognosis, may po-

entially improve their survival [2,5,6] . In this context, the objective
a. Published by Elsevier B.V. All rights reserved. 
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of the present study was to assess the impact of extent of up-front

pancreatic and venous resection on short- and long-term survival

in patients with borderline resectable pancreatic adenocarcinoma

(PDAC). 

Methods 

Study design and population 

Data from a prospectively collected shared database from two

institutions of the same city (S.Orsola-Malpighi Hospital and Mag-

giore Hospital, Bologna, Italy) between 2004 and 2016 were

retrieved. The data search included patients having borderline

PDAC [3] submitted to pancreatectomy with simultaneous portal

vein (PV) and/or superior mesenteric vein (SMV) resection. Patients

were divided into four groups on the extent of pancreatic and vas-

cular resection: (1) PD + tangential venous resection (TVR), (2)

PD + segmental venous resection (SVR), (3) TP + TVR, and (4)

TP + SVR. The study protocol was conformed by the ethical guide-

lines of the 1975 Declaration of Helsinki (6th revision, 2008) as

reflected in a priori approval by the institution’s human research

committee. Informed consent was obtained from each patient in-

cluded in the study. 

Variable analysis 

Preoperative evaluation included abdominal ultrasonography

and computed tomography (CT). Magnetic resonance imaging

(MRI) and endoscopic ultrasound (EUS) with fine-needle aspiration

(FNA) were also performed when clinically indicated. When neces-

sary, obstructive jaundice was treated with the placement of plas-

tic stent through endoscopic retrograde cholangiopancreatography

(ERCP) or percutaneous transhepatic cholangiography (PTC). Dis-

tortion/narrowing/occlusion of the mesenterico-portal veins with

a technical possibility of reconstruction were accepted as indica-

tion for explorative laparotomy. In contrast, celiac trunk/aorta in-

filtration, engagement ( > 180 °) of the superior mesenteric artery

or thrombosis of the mesenterico-portal axis with cavernomatous

transformation evidenced either by preoperative imaging or intra-

operation were considered as absolute contraindications for cura-

tive surgery. Post-operative complications were routinely recorded.

The definition of postoperative complications was adopted from IS-

GPS [7-9] . Complications were classified according to the Clavien

classification of surgical complications [10] and grade ≥ IIIA was

considered as “major” complications. Post-operative mortality was

defined as death within the first 30 and 90 days after surgery. Mul-

tivisceral resection was defined as a resection of further organs

other than pancreas and the vascular structures. Data on adjuvant

therapy were collected when possible. Microscopic invasion (R1)

of resection margins was defined as cancer cells microscopically

present < 1 mm from the margin, according to the Royal College

of Pathologists guidelines [11] . Data regarding depth of venous wall

invasion were not reported in this study. 

Surgical technique 

After abdominal exploration, patients were considered poten-

tially eligible for resection in absence of peritoneal dissemina-

tion, arterial infiltration of the celiac trunk or mesenteric root en-

casement. For masses located right to the mesenteric/portal axis,

Whipple PD was the procedure of choice. Central tumor location

in the pancreatic corpus or multifocal tumors were usually treated

with TP. Bile duct and pancreatic section margins were routinely

checked by frozen section to confirm tumor-free margin. Mobi-

lization of the specimen was performed before vascular resection,

hereby resulting in en-bloc resection that includes the involved
essel as the last step of the operation. Whether tangential resec-

ion of the lateral SMV/PV (TVR) or SVR was performed depended

n tumor extent. TVR in case of attachment of the tumor to the

ight-sided SMV/PV was usually reconstructed by direct closure of

he defect or with a small patch. When more than one-third of

he lateral wall had to be resected, SVR was performed. The pre-

erred reconstruction technique after segmental resection was pri-

ary end-to-end anastomosis. Tension-free anastomosis was facil-

tated by mobilization of the mesenteric root. When a tension-free

nastomosis was not technically obtained, continuity was restored

y interposition of an allogeneic cadaveric graft. 

tatistical analysis 

Continuous variables were expressed as medians and interquar-

ile ranges (IQR), and the values in the different groups were com-

ared using the Mann–Whitney U test. Categorical variables were

xpressed as prevalence, and the groups were compared using the

hi-squared test or the Fisher’s exact test, as appropriate. OS was

omputed from the day of surgery until the death of the patient,

nd the last follow-up visit was treated as censoring event. Differ-

nces in survival were investigated using the Kaplan–Meier esti-

ate and the log-rank test. Uni- and multivariate Cox regression

nalyses were performed to examine the impact of patient, tu-

or and resection characteristics on long-term survival. Prognos-

ic factors with P < 0.100 in univariate analysis were entered into

 multivariate regression model to determine independent predic-

ors. Two-sided P values were considered statistically significant at

 < 0.05. The statistical analysis was carried out using SPSS Ver-

ion 13.0 software (SPSS Inc., Chicago, IL, USA). 

esults 

emographics and histological data 

In total, 940 patients underwent pancreatic surgical resection

ithin the study period. Ninety-nine patients underwent PD or TP

ith simultaneous SMV/PV resection for PDAC. Distal resections

nd vena cava and/or arterial combined resection were excluded to

btain more comparable and homogenous groups of patients. De-

ographic and operative characteristics are summarized in Table 1 .

edian age of patients was 68 years (IQR 61-72). PD was per-

ormed in 37 patients (37.4%), whereas TP in 62 (62.6%). Vascu-

ar resections included TVR with simple venous suture ( n = 44)

r with vein patch reconstruction ( n = 4). SVR included resections

ith primary end-to-end anastomosis ( n = 39) or with interposi-

ion graft ( n = 12). Histology revealed neoplastic vein infiltration in

4 patients (54.5%) whereas 45 patients (45.5%) had only vascular

dherences. Tumor-free (R0) resection margins ( n = 57) accounted

or 57.6% on final histology. 

ollow-up 

Major complications (Clavien-Dindo grade ≥ IIIA) occurred in

6.3% of patients ( Table 2 ). Pancreatic fistula occurred in 27.0% of

ll PD. Thirty- and 90-day mortality were 3% and 11.1%, respec-

ively. Vascular thrombosis complicated the postoperative course in

wo patients and was lethal in one, who died on postoperative day

. Besides vascular complications, five patients died due to sepsis

nd two patients due to postoperative hemorrhage. Three patients

ied after discharge due to hypoglycaemia in two cases and unex-

ected progression of disease in one case. All but one death oc-

urred after TP. Median hospital stay was 15 days (IQR 12-22). 

None of the patients received neoadjuvant treatment. Eighty-

even patients died returning a median survival of 15.6 months,

ith 1-, 3-, and 5-year survival probabilities of 59.0%, 16.1% and
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Table 1 

Demographics and operative characteristics ( n = 99). 

Variables Values 

Age (yr, median, IQR) 68 (61–72) 

Sex (M/F) 43/56 

Diabetes mellitus 22 (22.2%) 

ASA score 

1–2 47 (47.5%) 

3–4 52 (52.5%) 

CA 19–9 (U/mL, median, IQR) 213 (90–656) 

Preoperative biliary drainage 

ERCP 44 (44.4%) 

PTC 6 (6.1%) 

None 1 (1.0%) 

Voice preoperative biliary drainage 

FNA 48 (48.5%) 

Vascular invasion at imaging 

EUS 24/37 (64.9%) 

CT 26/71 (36.6%) 

MRI 1/20 (5.0%) 

Pancreatic resection 

Pancreaticoduodenectomy 37 (37.4%) 

Total pancreatectomy 62 (62.6%) 

Vascular reconstruction 

Venorrhaphy 44 (44.4%) 

End-to-end anastomosis 39 (39.4%) 

Graft insertion 12 (12.1%) 

Patch 4 (4.0%) 

Operative time (min, median, IQR) 345 (287–405) 

Multivisceral resection 14 (14.1%) 

IQR: Interquartile range; M: Male; F: Female; ASA: American So- 

ciety of Anesthesiologists; ERCP: Endoscopic retrograde cholan- 

giopancreatography; PTC: Percutaneous transhepatic cholangiogra- 

phy; FNA: Fine-needle aspiration; EUS: Endoscopic ultrasound; CT: 

Computed tomography; MRI: magnetic resonance imaging. 

Table 2 

Short-term outcomes of all patients ( n = 99). 

Variables Values 

Clavien-Dindo grade ≥ IIIA 26 (26.3%) 

Pancreatic fistula a 10 (27.0%) 

A 7 (7.1%) 

B 2 (2.0%) 

C 1 (1.0%) 

DGE 18 (18.2%) 

PPH 14 (14.1%) 

Portal vein thrombosis 1 (1.0%) 

Arterial thrombosis 1 (1.0%) 

Hospital stay (d, median, IQR) 15 (12–22) 

30-day mortality 3 (3.0%) 

90-day mortality 11 (11.1%) 

a For 37 patients underwent pancreaticoduodenectomy. DGE: 

Delayed gastric empty; PPH: Post post-pancreatectomy hemor- 

rhage; IQR: Interquartile range. 
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Fig. 1. Overall survival between patients submitted to total pancreatectomy (TP) or 

pancreato-duodenectomy (PD) with concomitant segmental venous resection (SVR) 

or tangential venous resection (TVR). 
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.7%, respectively. Taking main histological features, it was ob-

erved that survival of patients without vascular involvement was

n the border of significance compared to patients with histo-

ogical proven vascular infiltration (17.4 months vs. 13.7 months;

 = 0.054). No significant difference in survival was seen between

atients with tumor positive (R1: 12.9 months) and tumor-free

R0: 16.2 months) resection margins ( P = 0.134). Uni- and mul-

ivariate analysis identified TP (HR = 2.11; 95% CI: 1.31–3.44;

 = 0.002) and SVR (HR = 2.01; 95% CI: 1.27–3.15; P = 0.003) as the

nly independent prognostic factors for OS ( Table 3 ). 

ffect of pancreatectomy and vascular resection on survival 

When PD + TVR, PD + SVR, TP + TVR and TP + SVR were

ompared, age, American Society of Anesthesiologists (ASA) score,

A 19-9 levels and diabetes were comparable among these groups

 Table 4 ). No differences were found in regards to tumor size (max-
mal transverse diameter), nodal status (N stage) and lymph node

atio. Histology did not reveal difference in terms of true vascu-

ar invasion, whereas positive microscopic resection margins (R1)

ere significantly different among the 4 groups ( P = 0.007). When

omparing survival features ( Fig. 1 ), median OS was significantly

etter after PD + TVR (29.5 months) than after TP + SVR (7.9

onths) ( P = 0.001). PD + SVR had intermediate survival rates

13.7 months) and was not significantly different compared to

P + TVR (18.9 months) ( P = 0.480). 

iscussion 

This study includes 99 consecutive up-front pancreatectomies

ith simultaneous venous resection for borderline resectable

DAC. TP and SVR were independently associated with OS,

hereas, among all combinations of pancreatic and vascular resec-

ion, TP associated to SVR showed the worst survival feature. 

Borderline resectable cancer represents approximately 30–40%

f stages at diagnosis [12] . Such surgical approach is currently

ndorsed by expert consensus suggesting it as the standard of

ractice for PDAC locally involving the PV and/or SMV [13] . The

reoperative evaluation of resectability/vascular involvement is 

ommonly accomplished using radiologic and endoscopic tech-

iques; however, it is often difficult to distinguish real tumor

nfiltration from inflammatory adhesion basing on imaging results

lone [14] . For this reason, our two centers share a common

urgical strategy which consists of a systematic preventive venous

esection whenever invasion is macroscopically suspected [15] .

n fact, venous excision or even multivisceral resection increases

he chance of complete tumor clearance [5,16-19] . In our study,

istology revealed real neoplastic vein infiltration in about half of

he patients, and a R0 resection margin status of 57.6% [11] . Al-

hough many studies, including ours, did not establish pathological

vidence of tumor invasion in the PV/SMV as a negative prognostic

actor for survival [17,20-24] , patients with extended pancreatec-

omy were demonstrated to have a significantly higher rate of R1

argins compared to standard resections [5,25,26] , representing

imply the epiphenomenon of a more extended disease rather

han a consequence of tumor size, anatomical location [27] ,
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Table 3 

Univariate and multivariate Cox regression analysis for overall survival. 

Variables 
Univariate Multivariate 

95% CI HR P value 95% CI HR P value 

Age 0.96–1.00 0.98 0 .199 – – –

Female 0.77–1.80 1.19 0 .443 – – –

Tumor position 

Head/uncinate process Ref. Ref. Ref. – – –

Body and tail 0.58–2.54 1.22 0 .595 – – –

Diffuse 0.61–4.70 1.70 0 .303 – – –

Multivisceral resection 0.73–2.33 1.31 0 .363 – – –

TP vs. PD 1.48–3.80 2.37 < 0 .001 1.31–3.44 2.11 0.002 

SVR vs. TVR 1.62–3.91 2.51 < 0 .001 1.27–3.15 2.01 0.003 

Clavien-Dindo grade ≥ IIIA 0.48–1.26 0.78 0 .311 – – –

N stage (N1 vs N0) 0.63–1.93 1.10 0 .727 – – –

Resection margin (R1 vs R0) 0.84–1.98 1.29 0 .245 – – –

Tumor grade 

G1 Ref. Ref. Ref. – – –

G2 0.43–2.44 1.03 0 .941 – – –

G3/G4 0.68–3.86 1.62 0 .271 – – –

Perineural invasion 0.73–2.29 1.29 0 .397 – – –

Vascular infiltration 0.94–2.25 1.46 0 .087 0.97–2.39 1.52 0.067 

Adjuvant chemotherapy 0.41–0.99 0.64 0 .043 0.42–1.03 0.65 0.068 

Ref.: Reference; 95% CI: 95% Confidence interval; HR: Hazard ratio; TP: Total pancreatectomy; PD: Pancreaticoduodenectomy; SVR: 

Segmental venous resection; TVR: Tangential venous resection. 

Table 4 

Comparison between patients undergoing TP and PD for PDAC with TVR or SVR. 

Variables PD + TVR ( n = 25) PD + SVR ( n = 12) TP + TVR ( n = 23) TP + SVR ( n = 39) P value 

Age (yr, median, IQR) 68 (61–73) 64 (57–73) 68 (61–76) 69 (60–72) 0.950 

Sex (M/F) 12/13 6/6 11/12 14/25 0.681 

Diabetes mellitus 4 (16.0%) 3 (25.0%) 7 (30.4%) 8 (20.5%) 0.553 

ASA Score 0.112 

1–2 17 (68.0%) 4 (33.3%) 10 (43.5%) 16 (41.0%) 

3–4 8 (32.0%) 8 (66.7%) 13 (56.5%) 23 (59.0%) 

CA 19–9 (U/mL, median, range) 208 (83–398) 117 (21–1458) 243.5 (101–617) 220 (56–1420) 0.868 

Operative time (min, median, IQR) 315 (265–375) 380 (302–458) 350 (287–405) 370 (285–435) 0.465 

Multivisceral resection 1 (4.0%) 1 (8.3%) 4 (17.4%) 8 (20.5%) 0.266 

Tumor position 

Head/uncinate process 25 (100%) 12 (100%) 20 (87.0%) 29 (74.4%) 0.090 

Body and tail 0 0 2 (8.7%) 7 (17.9%) 

Diffuse 0 0 1 (4.3%) 3 (7.7%) 

Tumor size (mm, median, IQR) 30.0 (25.0–35.0) 30 (25.5–37.5) 30.0 (25.0–40.0) 33.0 (25.0–40.0) 0.495 

N stage 0.715 

N0 3 (12.0%) 2 (16.7%) 5 (21.7%) 9 (23.1%) 

N1 22 (88.0%) 10 (83.3%) 18 (78.3%) 30 (76.9%) 

LN ratio (median, IQR) 0.12 (0.06–0.28) 0.09 (0.06–0.14) 0.12 (0.06–0.28) 0.09 (0.02–0.14) 0.246 

Perineural invasion 23 (92.0%) 9 (75.0%) 17 (73.9%) 32 (82.1%) 0.382 

Resection margin 0.007 

R0 21 (84.0%) 7 (58.3%) 8 (34.8%) 21 (53.8%) 

R1 4 (16.0%) 5 (41.7%) 15 (65.2%) 18 (46.2%) 

Histologic vascular invasion 10 (40.0%) 7 (58.3%) 13 (56.5%) 24 (61.5%) 0.390 

Clavien-Dindo grade ≥ IIIA 5 (20.0%) 3 (25.0%) 8 (34.8%) 10 (25.6%) 0.709 

Hospital stay (d, median, IQR) 14 (10–19) 15 (12–25) 15 (10–19) 16 (12–25) 0.183 

30-day mortality 0 0 0 3 (7.7%) 0.190 

90-day mortality 1 (4.0%) 0 2 (8.7%) 8 (20.5%) 0.093 

Adjuvant chemotherapy 18 (72.0%) 5 (41.7%) 16 (69.6%) 18 (46.2%) 0.078 

TP: Total pancreatectomy; PD: Pancreatoduodenectomy; PDAC: Pancreatic ductal adenocarcinoma; TVR: Tangential venous resection; 

SVR: Segmental venous resection; IQR: Interquartile range; M: Male; F: Female; ASA: American Society of Anesthesiologists; LN: 

Lymph node. 
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mobilization margins [28] or a difference in histological processing

and sampling standards [29] . This finding was also confirmed

in our study, where the rate of R1 resections ranged from 41.7%

to 65.2% in the SVR/TP groups, compared to only 16.0% in the

PD + TVR group. However, the only independent predictors of

survival were TP and SVR, suggesting that these two surgical

features, especially when combined, represents a surrogate of a

more advanced disease. Even though it seems to be obvious that

a more extended operation is associated to a poorer prognosis,

the last reports aiming to compare standard TP vs. PD showed

no differences in terms of short- and long-term outcomes [30,31] .
n the contrary, when vascular or multivisceral resection was

ssociated, TP was found to carry a higher risk for in-hospital

ortality [5] , whereas no differences existed after comparison

f different venous reconstructions [32,33] . In our study, for

he first time, TP and SVR (i.e. PV/SMV resection reconstructed

y end-to-end anastomosis with or without graft interposition)

ere predictive of worse survival in borderline resectable PDAC.

oreover, TP + SVR revealed 20.5% 90-day mortality while other

ombinations ranged from 0–8.7% and this could be explained

y the relative high number of associated multivisceral resec-

ions, other than by the more complex vascular resections (and
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econstructions) performed. Besides oncological aspects, long-term

ife-threatening complications co-related with the apancreatic

tate which characterizes the patients who underwent TP, may

ave affected negatively the survival outcomes of the TP groups.

owever, we were unable to ascertain the cause of death in some

atients of our series but we acknowledge that this important

spect, consequent to the type of pancreatectomy performed,

urely requires further dedicated studies [34] . 

This study has other limitations. First, we are aware that selec-

ion bias may have affected the allocation of TP vs. PD, although

his would have not changed our findings. Similarly to our finding,

artwig et al. [5] performed TP in 33.2% of their patients who had

n extended resection, compared with only 13.7% in those having

 standard resection. This confirms the presence of the same bias,

hich is that TP may have been performed in place of PD due to

he extent of vascular or multivisceral resection, trying to achieve

umor-free margins. Second, the small number of patients included

ay have prevented significances in baseline characteristics. Third,

ll patients received up-front surgery without neoadjuvant ther-

py. This was in accordance with NCCN 2014 Guidelines [35] . Up-

ront resection in patients with borderline resectable disease is no

onger recommended, as of the 2016 (end of our study) version of

hese guidelines. However, even though neoadjuvant therapy has

een demonstrated to potentially improve the long-term progno-

is of patients with borderline resectable tumors, no randomized

hase III trials have compared the approach of neoadjuvant ther-

py in borderline resectable disease versus up-front surgery. We

o not know whether the results presented would have been bet-

er than expected if the more recent chemotherapy protocols had

een used. Nevertheless, according to the most recent (2018) NCCN

uidelines, which state that “a borderline resectable lesion can be

efined as one in which there is a higher likelihood of an incom-

lete resection”, it is increasingly important to assess preopera-

ively the extent of pancreatic and vascular resection in order to

dentify high-risk features that would probably benefit more from

reoperative treatments rather than surgery alone [36,37] . 

In conclusion, radical resection is the only chance of cure for

ancreatic malignancies and preventive vascular resection is justi-

ed in case of macroscopically suspected venous involvement. The

igh probability of obtaining poor survival features if up-front TP

nd SVR are performed, suggests that perioperative treatments in

hese high-risk surgical groups should be further analyzed. 
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