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ABSTRACT

Background. Pancreatic resection with concomitant vascu-
lar resection is increasingly practiced with outcomes mainly
reported from specialist centers but lacking results from pro-
spective global data. This study aimed to investigate factors
associated with short-term outcomes after vascular resec-
tions in pancreatic surgery worldwide.

Patients and Methods. Data were extracted from a pro-
spective, multicenter, international cross-sectional snapshot
study in 2021 (pancreasgroup.org) assessing short-term out-
comes after pancreatic surgery worldwide (NCT04652271).
In the patient cohort of pancreatic surgery with simultaneous
vascular resection for various diseases, short-term outcomes
were reported and compared with established benchmark
values. Factors affecting major complications, mortality, and
histopathological resection status were assessed in multi-
variable logistic regression analyses with interaction testing.

Pascale Tinguely, Camila Hidalgo Salinas, Sebastian M. Staubli:
Shared first authorship

© The Author(s) 2025

First Received: 3 March 2025
Accepted: 6 July 2025
Published online: 26 August 2025

G. K. Fusai, MR, FRCS
e-mail: g.fusai@ucl.ac.uk

Results. From a total of 3926 patients undergoing pan-
creatic surgery, 565 had associated vascular resections, of
which 444 had venous resections alone and 121 had arterial
resections alone or with concomitant venous resection. Of
the 153 (47%) benchmark cases with pancreatoduodenec-
tomy and venous resection, median postoperative morbidity
fell within established benchmark criteria. Median 90-day
major complication and mortality rates were similar in pan-
creatic resection with venous, arterial or no vascular resec-
tions (45 and 10%, 47 and 6.6%, 42 and 9.6% respectively).
Patients undergoing arterial resections that developed a
clinically relevant pancreatic fistula faced substantially
elevated odds of 90-day mortality (OR 8.8 CI 1.6-48). In
pancreatic ductal adenocarcinoma, the R1 rate was 26%,
neoadjuvant chemotherapy being protective for both overall
and venous-specific margins.

Conclusions. Vascular pancreatic surgery is performed
across diverse healthcare settings worldwide. While perio-
perative complications were comparable to nonvascular pan-
creatic resections, the observed 90-day mortality was con-
siderable overall. International collaborative efforts should
focus on understanding practice variations and improve
accessibility of optimal perioperative care to promote res-
cue capabilities.
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Surgical resection remains the only potentially curative
option in malignant disease originating from the pancreas
or distal bile duct, and occasionally is necessary for benign
and premalignant conditions as well.'”> The presence of
vascular involvement significantly increases the degree of
surgical complexity in patients requiring pancreatic surgery,
including simultaneous portomesenteric venous and arterial
resections. The favorable safety, efficacy, and oncological
outcomes reported from specialized pancreatic centers has
encouraged surgeons worldwide to adopt this practice.*®
In pancreatic ductal adenocarcinoma (PDAC) specifically,
a shift in paradigm regarding resection as a continuum of
oncological care was further introduced by neoadjuvant
treatments, depending on factors such as tumor localiza-
tion, type of affected vasculature, and degree of vascular
involvement.’

Nevertheless, several controversies remain in the clini-
cal decision-making and treatment evaluation for patients
needing combined pancreatic and vascular resections glob-
ally. The generalization of favorable results, mainly reported
from specialized high-volume centers, to a global surgical
community, including centers from lower resource envi-
ronments, is difficult, considering the differences in short-
term outcomes reported across countries of varying Human
Development Index (HDI) and associated learning curves.>®
True outcomes and current practice of such highly com-
plex procedures from worldwide cohorts remain mostly
unknown. In addition, international reports on the effect of
neoadjuvant treatment on short-term outcomes and specific
resection margins in pancreatic with simultaneous vascular
resections remain scarce.”!!

The aim of this study was to assess factors associated with
perioperative morbidity and histological resection margins,
including the role of neoadjuvant treatment, in a worldwide
prospective cohort of pancreatic surgery with concomitant
vascular resection.

PATIENTS AND METHODS
Data and Patient Cohort

Data from a prospective, multicenter, cross-sectional
snapshot study of patients undergoing pancreatic surgery
across the globe in 2021 were used in this study (pancreas-
group.org, NCT04652271, ISRCTN95140761).8 The pan-
creasgroup.org study was a prospective study of consecutive
patients undergoing pancreatic resections over a predefined
period of 3 months in 2021 with a 90-day follow-up. Routine
secondary data were collected and no changes to clinical
care were made. The principal investigator at each partici-
pating center was responsible for their appropriate institu-
tional research committee compliance, according to local

and national regulations. We abided by the STrengthening
the Reporting of OBservational studies in Epidemiology
(STROBE) guidelines.'?

Inclusion and Exclusion Criteria

In this study, only adult patients undergoing pancreatic
resections were included, irrespective of indication (benign
or malignant), operative approach (open, laparoscopic, or
robotic), timing (elective or emergency), extent (partial or
total pancreatectomy), vascular resection and type thereof,
and concomitant resection of other organs. Pancreatic biop-
sies, abandoned pancreatic resections, bypass procedures,
drainage procedures, pancreas transplantation (whole organ
or islet cell), and ablation or necrosectomy procedures were
excluded. There were no restrictions on hospital or proce-
dural volumes for participating centers. This was deliber-
ately set to obtain a representative global sample and allow
for the inclusion of cases from surgical centers in countries
with limited resources, where case volumes are typically
low.

Outcomes and Definitions

Postoperative complications were documented accord-
ing to the Clavien—Dindo classification of surgical com-
plication.!® Clavien-Dindo grade > 3a complications were
considered major complications.'*'* The comprehensive
complication index® (CCI)!>!6 at discharge was calculated
retrospectively. Failure-to-rescue (FTR) was calculated as
the number of patients that died over the total number of
patients with major postoperative complications on post-
operative day 90.'” The HDI categories were based on the
relevant data for the year 2021.'® Benchmark patients under-
going pancreatoduodenectomy with simultaneous venous
resection were selected according to the established bench-
mark criteria, which included body mass index (BMI) < 35,
American Society of Anesthesiologists (ASA) < 3, no severe
cardiac disease, no severe chronic obstructive pulmonary
disease, no insulin requirement, no arterial resection, and
no minimally invasive surgery.*

Statistical Methods

We report baseline and perioperative characteristics as
well as postoperative outcomes as median and interquar-
tile range or as frequency and percentage, as appropriate.
Descriptive outcome data across groups was compared
using Fisher’s exact for binary or categorical data and the
Kruskal-Wallis test for continuous data. Benchmark crite-
ria were used to compare outcomes in patients undergoing
venous resections. Exploratory multivariable logistic regres-
sion was performed to investigate the association of baseline
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and perioperative factors with (i) major complication rate
overall and in the specific subgroup of patients undergoing
pancreatoduodenectomy and (ii) histopathological resec-
tion margin status (RO versus R1/R2, overall and for venous
margins specifically) in PDAC. Baseline characteristics
available in our patient cohort known or thought to affect
these outcomes were included in the multivariable analy-
ses. Exploratory interaction, in limited unadjusted logistic
regression, between clinically relevant complications and
types of vascular resection on mortality, was conducted prior
to multivariable logistic regression on mortality. Multivari-
able analysis was also performed to assess factors potentially
associated with 90-day mortality introducing interaction
terms significant in exploratory analysis.

Effect sizes and ranges of uncertainty were reported as
odds ratios (OR) and 95% confidence intervals (CI). Basic
assumptions justifying logistic regression analysis (multicol-
linearity of independent variables, linearity between inde-
pendent variables, and dependent variables’ log odds) were
analyzed and found as satisfied. The threshold for statistical
significance was set to alpha < 0.05.

Missing Data

We excluded covariates with over 20% missing observa-
tions from regression analyses. We assessed the nature of
missingness in covariates missing less than 20% of data and
used multiple imputation by chained equations to impute age
and pancreatic gland texture, which were deemed missing

HDI |

B very High
B High

B Low/Medium

at random (MAR). The potential explanations for missing-
ness of imputed variables did not appear to correlate with
the clinical outcome. We performed sensitivity analysis of
imputed against complete case in multivariable regressions
to assess any departures from the MAR assumption. The
imputation model, with 40 imputed datasets, included the
selected regression covariates, outcome variable, final his-
topathology, preoperative radiation therapy, HDI, and pre-
operative comorbidities.

We performed all statistical analyses using STATA/IC
version 18.0 (STATACORP, 4905 Lakeway Dr College Sta-
tion, TX 77845, USA).

RESULTS
Cohort Characteristics

From the pancreasgroup.org cohort comprising 4223
patients across 317 centers worldwide, 3925 met the inclu-
sion criteria for this study, of whom 565 (14%) patients
underwent vascular pancreatic surgery from 167 centers.
Among the patients undergoing vascular resections, 444
(79%) had venous resections and 121 (21%) had arterial
resections with or without concomitant venous resection.
Vascular pancreatic surgery was performed in 52 countries
and from Asia, Africa, North America, South America,
Europe, and Oceania, of which 458, 91, and 16 patients
were treated in very high, high, and medium/low HDI coun-
tries, respectively (Fig. 1). The main indication for vascular

Created with mapchart.n

FIG 1 World map of contributing countries according to the 2020 Human Development Index
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pancreatic surgery was PDAC in 429 (76%) patients, and the
most commonly performed pancreatic resections were pan-
creatoduodenectomy, total pancreatectomy, and distal pan-
createctomy in 396 (70%), 91 (16%), and 77 (14%) patients,
respectively (Table 1). For PDAC, neoadjuvant chemother-
apy was administered in 434 (23%) patients overall and in
156 (36%) undergoing vascular pancreatic surgery, with 54%
of patients undergoing arterial resection receiving neoadju-
vant/induction chemotherapy.

Short-Term Clinical Outcomes

A complication of any grade was observed in 3513
(90%) patients overall within 90 days postoperatively, with
comparable rates regardless of whether vascular resection
was performed or type of vascular resection (p = 0.553)
(Table 2). The median CCI score until hospital discharge
overall was 8.7 (IQR 0-30). Median CCI was higher in
patients undergoing vascular resection (p < 0.001) and it
was higher in patients undergoing arterial resection than in
venous resection only (p = 0.011). A total of 1664 (42%)
patients experienced a major complication overall. Among
patients undergoing arterial resections, 57 (47%) experi-
enced a major complication; however, no statistical differ-
ence was observed across patients without vascular resection
or venous or arterial resection in our cohort (p = 0.284).
The most common clinically relevant complications directly
related to the pancreatic procedure were pancreatic fistula
(14%, 500/3639), delayed gastric emptying (8%, 299/3603),
postoperative hemorrhage (7%, 252/3586), and biliary leak-
age (3%, 115/3585), with 4% (99/2329) in the pancreatoduo-
denectomy subgroup and none in the total pancreatectomy
subgroup. In patients undergoing venous resections, with or
without arterial resection, 4% (20/500) developed portal vein
thrombosis, among which 11 patients required no treatment
or only pharmacological treatment, while 2 died as a result.
The venous thrombosis rate was significantly lower in the
direct (tangential or end-to-end) than in the graft (autolo-
gous, cadaveric, or prosthetic) reconstruction (3% [11/411]
versus 12% [8/67] respectively, p = 0.002).

On multivariable analysis following multiple imputa-
tion, soft pancreatic texture, ASA over two, and intraop-
erative transfusion emerged as independent predictors of
90-day major complication rate. Although not statistically
significant (p = 0.070), the point estimate of the odds ratio
for arterial resection and reconstruction (OR 1.46, 95% CI
0.97-2.21) was higher than for venous resection alone (OR
1.06, 95% CI 0.85-1.33; no vascular resection as reference
category (Fig. 2A).

In the subgroup of patients undergoing pancreatoduo-
denectomy with venous resection, 47% of cases qualified as
benchmark cases. Across HDI groups, the rates of bench-
mark cases were lowest in very high HDI (43%), while in

countries of high and low/medium HDI they were 65% and
67%, respectively. All postoperative morbidity benchmark
outcomes at discharge captured in this cohort lied within
established benchmark limits (Fig. 3).

Postoperative mortality within 90 days was 9.6%
(377/3,925), with similar rates between arterial and venous
resection groups (p = 0.294) (Table 2). We identified a sig-
nificantly relevant interaction between clinically relevant
postoperative pancreatic fistula (POPF) and arterial resec-
tion (OR 6.2 [95% CI 1.2-31.1]) on exploratory interaction
analyses. On multivariable analysis, while arterial resec-
tion alone (OR 0.4 [95% CI 0.14-1.13]) and clinically rel-
evant POPF (OR 1.5 [95% CI 1.1-2.0]) did not increase
mortality risk, patients that developed a clinically relevant
POPF having undergone arterial resection (OR 8.8 [95% CI
1.6—47.6]) faced substantially elevated mortality risk even
after controlling for age, ASA, and Charlson comorbidity
index (Fig. 2B). No significant interactions were observed
between vascular resection type and clinically relevant
delayed gastric emptying (DGE), bile leak, or postopera-
tive hemorrhage (PPH). However, clinically relevant PPH
demonstrated a consistently strong association with 90-day
mortality regardless of vascular resection type (OR 4.1 [95%
CI 3.0-5.6]) in multivariable analysis. Other covariates sig-
nificantly associated with 90-day mortality in this analysis
included ASA over two and intraoperative transfusion.

The overall failure-to-rescue (FTR) rate was 23%, which
remained consistent among patients undergoing venous-only
resections (23%). In contrast, patients who underwent arte-
rial resections demonstrated an FTR rate of 14%. Multivari-
able logistic regression controlling for ASA grade, Charlson
comorbidity index, and age showed no significant associa-
tion between vascular resection type and FTR (arterial OR
0.53 [95% CI 0.26-1.06]). Notably, patients undergoing arte-
rial resections had a significantly higher prevalence of ASA
sores > 2 compared with venous resections (p = 0.003).

Histopathological Margin Status

The overall positive resection margin rate in patients
undergoing vascular resection was 29%, with the most fre-
quently affected margin being the posterior margin in 13%.
In patients with PDAC, the positive resection margin rate
was 26%, the most frequent R1 site being the posterior mar-
gin in 12% (Table 2). In these patients, multivariable analy-
ses of the overall resection margin status showed that the
type of vascular resection (arterial versus nonarterial) did
not affect R1 status (OR 1.57, CI 0.89-2.76, p = 0.119),
while the administration of neoadjuvant chemotherapy was
associated with a lower R1 (OR 0.61, CI 0.39-0.97, p =
0.036), adjusting for the tumor’s pathological T-stage and
N-stage. Equally, in patients with PDAC undergoing venous
resections, neoadjuvant chemotherapy was protective for
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TABLE 1 Baseline and perioperative characteristics of patients undergoing pancreatic resections

N 3926

Without vascular resection
n = 3360

With concomitant
venous resection only n
=444

With concomitant arterial
resection + venous resection
n=121

Patient demographics
Age
Age > 65
Missing data
Male sex
BMI
BMI > 35
Missing data
ASA > 2
Charlson comorbidity index > 2
Charlson comorbidity index > 4
Country HDI group
Very high
High
Mid/low
Preoperative therapy
Biliary drainage
Missing data
Preop chemotherapy alone
FOLFIRINOX
Gemcitabine-abraxane
Other
Missing data
Preop chemoradiation
Preop radiotherapy alone
Type of pancreatic resection
Pancreatoduodenectomy
Total pancreatectomy
Distal pancreatectomy
Central pancreatectomy
Surgical approach
Open surgery
Minimally invasive
Type of vascular reconstruction
Tangential
End-to-end
Autologous or cadaveric graft
Prosthetic graft
Missing data
Gland characteristics
Soft
Missing data
Duct size smaller than 3 mm
Missing data
Intraoperative therapy
Intraoperative blood transfusion

Intra- and/or postop octreotide

65 (55-72)
1583 (47)
3(0.1)
1,741(52)

24.9 (22.2-27.8)
110 3.3)

43 (1.3)

1119 (33)

1115 (33)

196 (6)

2803 (84)
345 (10)
212 (6)

1109 (33)
20 (0.6)
326 (10)
166 (51)
43 (13)
113 (35)
3(0.9)
53(2)
6(0.2)

2153 (64)
208 (6)
978 (29)
21 (0.6)

2864 (85)
496 (15)

N/A
N/A
N/A
N/A
N/A

1792 (53)
482 (14)
998 (30)
822 (24)

690 (21)
1216 (36)

67 (59-73)

239 (54)

1(0.2)

208 (47)

24.3 (22.0-27.0)
12 (2.7)

6 (1.4)

168 (38)

187 (42)

33(7)

380 (86)
59 (13)
5(1)

186 (42)
4(0.9)

118 (27)
73 (62)
28 (24)
17 (14)

25 (6)
2 (0.5)

328 (74)
66 (15)
49 (11)
1(0.2)

434 (98)
10 (2)

170 (38)
197 (44)
33(7)
26 (6)
18 (4)

178 (40)
54 (12)
116 (26)
77 (17)

141 (32)
143 (32)

66 (56-73)

63 (52)

67 (55)

23.7 (21.3-27.1)
2(1.7)

56 (46)
53 (44)
14 (12)

78 (64)
32 (26)
11(9)

46 (38)
43 (36)
29 (67)
9(21)
5(12)

10 (8)
2(1.7)

68 (56)
25 21)
28 (23)

118 (98)
3Q2)

14 (12)
34 (28)
7(6)
1 (1)
65 (54)

35 (29)
29 (24)
28 (23)
45 (37)

55 (45)
50 (41)
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Table 1 (continued)

N 3926 Without vascular resection With concomitant With concomitant arterial
n = 3360 venous resection only n resection + venous resection
=444 n=121
Pathology
PDAC 1423 (42) 351 (79) 78 (64)
Cholangiocarcinoma 200 (6) 26 (6) 7 (6)
Neuroendocrine tumor 335 (10) 19 (4) 7 (6)
Ampullary carcinoma 388 (12) 13 (3) 12 (10)
Chronic pancreatitis 167 (5) 8(2) 8(7)
IPMN 235(7) 712) 2(2)
Duodenal adenocarcinoma 108 (3) 6 (1) 2(2)

Values are shown as medians and (IQR) or numbers and (percentages) as appropriate.

HDI Human Development Index, BMI body mass index, ASA American Society of Anesthesiologists, COPD chronic obstructive pulmonary
disease, PDAC pancreatic ductal adenocarcinoma, /PMN intraductal papillary mucinous neoplasm, PPPD pylorus-preserving pancreatico-duo-

denectomy, PD pancreatico-duodenectomy

a positive venous resection margin (superior mesenteric
vein [SMV] and/or portal vein [PV] margin) (OR 0.48, CI
0.24-0.99, p = 0.049), adjusting for the tumor’s pathological
T-stage and N-stage.

DISCUSSION

This study demonstrates that pancreatic surgery with vas-
cular resection, including arterial resection and reconstruc-
tion, is performed globally with postoperative morbidity
rates comparable to nonvascular resection. To our knowl-
edge, this represents the first prospective report of outcomes
after vascular pancreatic surgery in a global patient collec-
tive, including institutions of varying case volume from a
range of healthcare systems, including medium and low
HDI countries, providing real-world evidence. Critically,
the major complication rates in patients from medium and
low HDI were comparable to those from high and very high
HDI settings, challenging assumptions that resource limi-
tations necessarily translate to inferior surgical outcomes.
However, the nonsignificant trend toward higher mortality in
medium and low HDI countries suggests that while technical
surgical execution remains consistent globally, differences
in complication management and rescue capabilities may be
the determining factors for ultimate patient outcomes. This
finding underscores the importance of investigating failure-
to-rescue mechanisms in vascular pancreatic surgery across
different healthcare environments.

Overall in-hospital complications were comparable to
previous reports and within established benchmark criteria
in the subgroup of patients undergoing pancreatoduodenec-
tomy and venous resection.* However, our observed overall
90-day mortality of 9.6%—with similar rates between arte-
rial and venous pancreatic surgery—exceeded previously
reported rates of 6.3% and 5.1% in a recent large series

and meta-analysis of pancreatic resections with venous
reconstruction.®!° Potential explanations for the elevated
mortality in our cohort may be related to the methodology
applied by the pancreasgroup.org study, which was aimed at
the inclusion of cases specifically from centers where case
volumes are typically lower, and reporting an unselected
patient population. As a result, this introduces heterogeneity
in practice that allows us to examine the true global practice
of vascular pancreatic surgery, giving centers that are under
reported in the literature a platform to report their outcomes.
The significant interaction between arterial resection and
clinically relevant POPF resulting in an eightfold increase
in odds of mortality, for example, represents a crucial find-
ing that may influence perioperative management strate-
gies. To support this, we observe lower rates of pancrea-
toduodenectomy but higher rates of total pancreatectomy in
patients undergoing arterial resection, suggesting a potential
approach to mitigate mortality risk in the setting of POPF.
Examining mortality in relation to major complications,
FTR rates were 14% in patients undergoing arterial resection
compared with 23% in venous resection and nonresection
patients. Importantly, patient selection factors including age
and comorbidities did not explain the observed variation
in FTR rates. Notably, patients undergoing arterial resec-
tion had a significantly higher rate of ASA scores > 2 than
venous resections. Given our global patient cohort from
very heterogeneous environments with varying expertise,
resources, and case volume, this finding may thus reflect
hospital-related factors influencing rescue capabilities,
whereby centers with superior rescue infrastructure under-
take more complex arterial resections in increasingly comor-
bid patients. While this warrants further investigation, the
lower rates of benchmark patients in very high HDI com-
pared with high and middle/low HDI countries may indi-
cate that centers with potentially higher resources are able
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TABLE 2 Postoperative outcomes of patients undergoing pancreatic resections

Without vascular resection

With concomitant With concomitant arterial

n =3360 venous resection only n resection + venous resection
=444 n=121
Complications
Any complication (90 days) 3013 (90) 391 (88) 109 (90)
CCI (at discharge) 8.7 (0-30) 21 (0-31) 23 (0-37)
Major complications (90 days) 1408 (42) 199 (45) 57 (47)
POPF B/C 459 (14) 30 (7) 11(9)
Missing 239 (7) 23 (5) 24 (20)
DGE B/C 244 (7) 40 (9) 15 (12)
Missing 270 (8) 26 (6) 26 (21)
PPH B/C 252 (6) 28 (6) 9(7)
Missing 339 (9) 27 (6) 25 (21)
Bile leak B/C 94 (3) 17 (4) 4(3)
Missing 290 (9) 25 (6) 25 (21)
Mortality (90 days) 323 (10) 46 (10) 8(7)
Failure-to-rescue (FTR) rate 23% (322/1,408) 23% (46/199) 14% (8/57)
Length of stay
Intensive/high/intermediate dependency 1 (0-3) 2 (1-5) 3(1-7)
unit stay
Length of hospital stay 13 (7-17) 13 (9-20) 12 (7-19)
Readmission within 90 days 574 (17) 67 (15) 18 (15)
Missing data 434 (13) 61 (14) 12 (10)
Histology for PDAC only (n = 1852)
Lymphovascular invasion 804 (57) 231 (66) 42 (54)
Perineural invasion 985 (69) 283 (81) 47 (60)
R1 margin 321 (23) 103 (29) 22 (28)
Posterior margin 153 (11) 44 (13) 16 (21)
SMV margin 84 (6) 34 (10) 6 (8)
Portal vein margin 4(0.3) 14 (4) 23)
SMA margin 62 (4) 23(7) 709
Pancreas transection margin 49 (4) 23 (7) 9(12)
Bile duct margin 13 (1) - 6(8)
Gastric/proximal jejunum 5(00.4) 1(0.3) 8 (10)
Distal duodenum 5(0.4) - 5(6)
Other 16 (1) 2(D) 1(D)

Values are shown as numbers and (percentages).

CCI comprehensive complication index, POPF postoperative pancreatic fistula, DGE delayed gastric emptying, PPH postoperative hemorrhage,

SMYV superior mesenteric vein, SMA superior mesenteric artery

to undertake these operations in complex patients without
increased risk in surgical outcomes. Factors beyond patient
and disease-related aspects, such as case volume (not avail-
able in the current analysis) and resource-bound aspects on
an institutional level, possibly affect FTR in pancreatic sur-
gery,”®?2 which our group is currently investigating across
the worldwide pancreasgroup.org network.”?

Another finding that underscores the real-world oncologi-
cal practice patterns was the generally low rate of neoad-
juvant chemotherapy (36% in the subgroup of all arterial
resections). This is particularly notable given that current

guidelines recommend neoadjuvant therapy for all border-
line resectable and locally advanced disease'. Although we
lacked data on initial resectability status, this observation
highlights critical gaps between recommendations and clini-
cal implementation on a global scale. These findings empha-
size the need to further investigate real-world adherence to
guidelines across diverse healthcare systems and under-
scores the importance of global health initiatives aimed at
improving chemotherapy accessibility.

Surgical resection margin status is one of the prognostic
factors affecting long-term survival after surgery for patients
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FIG. 2 Forest plots of multivariable analyses of A 90-day major
morbidity in the overall cohort (no vessel resection as reference cat-
egory for venous and arterial resections) and B 90-day mortality with
an interaction term for clinically relevant postoperative pancreatic fis-

tula (crPOPF) and vascular resection (full factorial interactions with
main effects factored into the effect estimates, however not displayed
in forest plot for clarity)

7 Benchmark
- PancreasGroup
62
21 19 18
9 14 0 14
[ ] B e S
I .
Any Major Median CCI™ Pancreatic Clinically Clinically PV thrombosis In hospital
complication at complication at discharge 2 leak rate (%) relevant POPF relevant PPH rate mortality
discharge (%) at discharge (%)? (%)*
(%)

! Clavien-Dindo Grade > 3a; 2 CCI = Comprehensive Complication Index;

3 POPF = postoperative pancreatic fistula;

4PPH = post -pancreatectomy —haemorrhage

FIG. 3 Bar graph of postoperative complications at discharge in benchmark cohort undergoing pancreatoduodenectomy with simultaneous

venous resection
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with PDAC.%"-° In the present global patient collective, R1
resection status was lower than reported in other reports on
venous resections.”> A probable reason may be the lack of
a universally accepted definition in resection margin status
for PDAC,??” with “R1” generally defined as the presence
of tumor cells < 1 mm from the resection margin as per the
British Royal College Of Pathologists in Europe, and a zero
millimeter rule (presence of residual cells at the cut surface)
in North America, leading to a discrepancy in the histo-
pathological reporting between different continents. Know-
ing the benefits of using standardized pathological protocols
in predicting oncological outcomes,’® the importance of gen-
eralizable reporting of resection margins on a global level
has been highlighted.!"*” Neoadjuvant chemotherapy led to
lower R1 rates (OR 0.61) in our vascular surgery cohort and
lower venous margin positivity (OR 0.48) in patients with
PDAC, providing strong support for neoadjuvant treatment
in borderline resectable and locally advanced disease, align-
ing with previous reports,'®?3! as well as in the venous
resection margin specifically. While most patients received
a FOLFIRINOX regimen, no subgroup analysis on type of
neoadjuvant therapy were made owing to small numbers
in individual subgroups. Controversy exists whether the
specific location of positive margins affect oncological out-
comes,*>*? and future research on this topic, and specifically
in vascular resections, might add substantial knowledge to
the field.

The most important limitation of this study is the hetero-
geneity in data collection, arising from the very nature of
this truly international worldwide pancreasgroup.org snap-
shot study, introducing inherent selection bias and poten-
tial variations in data quality and completeness. Maximum
efforts to limit heterogeneity were made in the design of
pancreasgroup.org study, providing definitions for individual
variables and applying restrictions for multilayered vari-
ables, while multiple imputation was used in this analysis
to address data incompleteness. However, differences in the
understanding of individual parameters across countries and
continents might have introduced a non-quantifiable bias in
data assessment. The interpretation of R1 status must be
considered within the broader context of its limitations as a
surrogate endpoint in pancreatic cancer outcomes. R1 sta-
tus is inherently dependent on pathologist expertise, intro-
ducing significant interobserver variability that may con-
found outcome comparisons across our global cohort. This
pathologist-dependent variability is particularly relevant in
our international study, where protocols vary considerably
between healthcare systems. Furthermore, while R1 status
serves as an important prognostic marker, it represents only
one component of the complex oncological picture in PDAC,
where factors such as tumor biology, response to systemic
therapy, and overall disease burden often outweigh margin
status in determining long-term survival. The relatively low

R1 rates observed in our study, particularly in the context of
complex vascular resections, should therefore be interpreted
cautiously given these methodological limitations. Since
the pancreasgroup.org study was designed for short-term
outcomes after all pancreatic surgery, individual variables
more specific to vascular resections, such as the response to
neoadjuvant chemotherapy, the reason for vascular resection,
and the center’s surgical volume/expertise, were not avail-
able in this cohort. Importantly, this included data on the
initial resectability status—up-front versus borderline resect-
able versus locally advanced disease—and detailed radio-
logical resectability criteria, which is lacking and therefore
precluded conclusions specific to either subgroup.'”

In conclusion, vascular pancreatic surgery demonstrates
comparable complication rates globally across all HDI lev-
els, with mortality differences reflecting rescue capabili-
ties rather than surgical technique. The eightfold mortality
increase from arterial resection-pancreatic fistula interac-
tion and suboptimal neoadjuvant therapy adherence repre-
sent critical targets for improvement. Future research must
investigate institutional rescue factors to optimize global
outcomes.
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