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Background: The incidence of portal vein/superior mesenteric vein (PV/SMV) resection during pancreatoduodenectomy is
increasing in clinical practice. This study investigated the clinical significance of preoperative PV/SMV assessment and intrao-
perative resection and their correlation with pathological results and long-term survival outcomes.
Methods:We analyzed 443 patients undergoing pancreatoduodenectomy at a tertiary center from 2012 to 2017 based on PV/SMV
resection. Subgroup analyses were performed based on preoperative PV/SMV involvement, resection, and margin status.
Results: Total of 441 patients were analyzed; 175 had PV/SMV involvement on preoperative radiological assessments and 128
underwent PV/SMV resection. True pathological invasion was observed in 78 patients (60.9%), with 34.3% showing no invasion
and negative margins. The positive predictive value for preoperative PV/SMV involvement was 61.7%, with a false-negative value
of 28.9%. Overall survival of patients who underwent PV/SMV resection was worse than those who did not (2-year survival rate,
38.1% vs 54.9%, P < 0.001). Patients without PV/SMV resection with an rR1/R1 margin showed no decrease in survival compared
to those with PV/SMV resection and R0 margins (54.9% vs 40.3%, P = 0.029). Prognostic factors included hypertension, PV/SMV
resection, PV/SMV R2 margin, T stage, N stage, cell differentiation, adjuvant treatment, and recurrence.
Conclusion: PV/SMV resection could ensure R0 resection but may lead to unnecessary resection. Careful consideration is
essential in determining the need for PV/SMV resection. Poor survival in such patients highlights the need for tailored treatments,
including neoadjuvant therapy, for those who are expected to undergo PV/SMV resections.
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Introduction

Approximately 20% of patients with pancreatic ductal adeno-
carcinoma (PDAC) are resectable at diagnosis, while most

present with advanced or metastatic disease[1]. Due to the ana-
tomical proximity of the venous confluence to the pancreatic
head, portal vein (PV) and superior mesenteric vein (SMV)
involvement is common in PDAC[2]. Pancreatoduodenectomy
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(PD) is the treatment of choice for PDAC located at the pancrea-
tic head, and the National Comprehensive Cancer Network
(NCCN) criteria has clarified PDAC as resectable or borderline
resectable based on PV/SMV involvement[3]. In patients with
borderline resectable disease, PV/SMV resection and reconstruc-
tion may be necessary to achieve R0 resection, which is asso-
ciated with improved survival[4,5].

The use of PV/SMV resection has increased with advance-
ments in surgical techniques and neoadjuvant therapy. It is
common to resect the PV/SMV along with the specimen if the
vessel invasion is definite or dissection is considered impossible,
as reported in our previous study[6]. However, even when the
tumor is dissected from the vessel, the decision to resect the PV/
SMV intraoperatively remains complex and must consider both
oncological and vascular integrity. Additionally, preoperative
imaging often overestimates tumor invasion, leading to poten-
tially unnecessary resections, especially after neoadjuvant
therapy[7,8].

Previous studies have attempted to predict PV/SMV involve-
ment preoperatively[9,10], but discrepancies between radiological
findings and pathological results remain a challenge. In many
cases, radiological signs suggestive of invasion were later identi-
fied as inflammation or fibrosis rather than true cancer
invasion[11]. This discrepancy raises critical questions about the
reliability of imaging as a predictor for vascular resection and
demanding surgeons’ decision-making processes that lead from
radiological suspicion to surgical resection.

The benefit of PV/SMV resection itself is still under debate.
While some studies have reported improved outcomes with
aggressive resections[12,13], others indicated increased morbidity
without clear survival benefits[14]. This ongoing debate high-
lights the necessity for a more discerning approach to PV/SMV
resection and a clearer understanding of its true impact on
patient outcomes[15], particularly in cases where the tumor is
dissected from the vessel and the specimen has been removed.

Therefore, our study aimed to evaluate the role of preoperative
PV/SMV assessment in relation to intraoperative decision-making,
postoperative pathological findings, and long-term survival,
thereby contributing to the body of evidence for future surgical
consensus.

Patients and methods

Patients

This study is in line with the STROCSS criteria[16]. This study
included 443 consecutive patients who underwent PD and were
pathologically confirmed to have PDAC at a tertiary center
in the Republic of Korea between January 2012 and
December 2017. Patients who underwent a prior pancreatect-
omy and the patient diagnosed with distant metastasis during
surgery were excluded. All the data were maintained in
a prospectively collected database and retrospectively reviewed.
This study was approved by the Institutional Review Board, and
the requirement for written informed consent for this retrospec-
tive study was waived.

Preoperative radiological evaluation

Preoperative radiologic imaging, including computed tomogra-
phy (CT) and magnetic resonance, was reviewed, and patients

were categorized into three groups based on the degree of tumor-
vein interface (TVI) of the PV/SMV: no involvement, abutment,
and encasement/invasion, as reported in a previous study from
our institution[9]. Abutment was defined as tumor contact with
vessel within 180° without any deformity of the vessel wall,
which corresponded to the NCCN criteria for resectable pan-
creatic cancer (Fig. 1A). Encasement, characterized by tumor
contact with the vessel >180°, and invasion, defined as any
deformity, both met the criteria for borderline resectable pan-
creatic cancer (Fig. 1B). Each category was classified according
to the NCCN criteria as either resectable or borderline resectable
pancreatic cancer. Following subcategorization, the groups were
analyzed.

Operative procedures and postoperative pathologic
assessment

Pylorus-preserving pancreatoduodenectomy was defined as the
standard procedure, although Whipple operation or pylorus-
resecting pancreatoduodenectomy were allowed, depending on
the clinical situation. Standard lymphadenectomy, which typi-
cally encompasses lymph nodes around the pancreas, the hepa-
toduodenal ligament, and common hepatic artery, was
performed in patients without risk factors such as preoperatively
suspected lymph node metastasis or vascular invasion. In
patients with such risk factors, extended lymphadenectomy,
including vascular skeletonization, was performed. This
involved the dissection of lymph nodes deemed necessary
based on the individual patient, including areas around the
celiac axis, the superior mesenteric artery and vein, and the
para-aortic area. Furthermore, in selected cases, the nerve plexus
or ganglion on the right side of the celiac axis and superior
mesenteric artery was dissected semicircumferentially.

During surgery, operators decided whether to resect the PV/
SMV after dissection around the PV/SMV, as reported in
a previous study[6]. En-bloc resection with the vessel was typi-
cally performed when vessel invasion was definite or dissection
is considered impossible. However, if upon separation of the
tumor from the vessel, the vessel wall appeared discolored,
showing a darkened or irregular color differing from the normal
appearance of other parts of the PV/SMV, showed signs of
dissection, or if the tumor was very close to the PV/SMV margin
with suspected preoperative vessel involvement, additional
resection of the vessel was performed post-specimen extraction.
Vessel resection was performed by either segmental or wedge
resection, based on the vascular surgeon’s preference or degree

Figure 1. Contrast-enhanced computed tomography image showing portal
vein/superior mesenteric vein (arrowhead) involvement by the tumor (arrow);
abutment (A) and encasement/invasion (B).
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of tumor contact. Reconstruction was either primarily repaired
or performed using a graft (autologous vein, allograft, or syn-
thetic graft, based on the consulted vascular surgeon’s prefer-
ence and the circumstances).

Pathological examination of the margin status was reviewed
by a pancreas-biliary system-specialized pathologist with more
than 10 years of experience. As reported in a previous study,
resection margin status was divided into 3 groups: (1) R0
(grossly and microscopically negative resection margin, micro-
scopic safety margin ≥1 mm); (2) rR1 (revised grossly negative
but microscopically positive resection margin, 0 mm < safety
margin < 1 mm); (3) R1 (classic microscopic positive resection
margin, safety margin = 0 mm)[17–19].

Postoperative complication and surveillance strategy
following surgical resection

All patients underwent CT 5 or 7 days postoperatively for
evaluation of complications, and complications were graded
based on the Clavien–Dindo classification[20]. Postoperative sur-
gical complications categorized as ≥ Clavien–Dindo grade 3 that
occurred within 30 days were analyzed. A postoperative pan-
creatic fistula (POPF) was defined according to the International
Study Group for Pancreatic Fistula[21]. Postpancreatectomy
hemorrhage (PPH) was also defined according to the
International Study Group of Pancreatic Surgery[22].

At our institute, comprehensive postoperative surveillance,
including CA19-9 levels and contrast-enhanced abdominopelvic
CT, was implemented after treatment. Recurrence was primarily
diagnosed using radiologic modalities or an increase in CA19-9
levels. As previously reported, local recurrence was defined as
follows: if a local ill-defined mass or soft tissue or increase in the
size of lymph nodes along visceral vessels around the pancreatic
bed was found[19]. When combined with distant recurrence, such
as liver, lung, or peritoneal seeding, we did not regard it as local
recurrence.

The follow-up period for our patients extended from the time
of surgery until either the patient’s death or last recorded follow-
up appointment. We calculated the overall survival (OS) as the
duration from surgery to the occurrence of death by any cause.

Statistical analysis

Statistical analyses were conducted using IBM SPSS version
28.0 and R software version 4.3.2. We employed the χ2 test or
Fisher’s exact test for nominal variables, and the Student’s t-test
or analysis of variance for continuous variables. A P-value
of <0.05 was considered at significant, and P < 0.1 marginally
significant. Survival data were analyzed using the Kaplan–Meier
method and compared using the log-rank test. Significant vari-
ables from univariate analysis were further examined by multi-
variate analysis using a Cox proportional hazards regression
model.

Results

Demographics and clinicopathological characteristics
between patients with PV/SMV resection and without PV/
SMV Resection

A total of 441 patients were included in the analysis. The
male-to-female ratio was 1.67:1, with a mean patient age of

63.5 years. Preoperative radiological assessment showed that
175 patients were suspected to have PV/SMV involvement of
the tumor, consisting of abutments from 85 and 90 patients with
encasement or invasion. PV/SMV resection was performed in
128 patients (29.0%), and the results were compared with those
without PV/SMV resection (Table 1).

Patients who underwent PV/SMV resection had a higher pro-
portion of neoadjuvant treatment (14.1% vs 2.9%, P < 0.001)
and preoperative radiological PV/SMV involvement (80.5% vs
23.0%, P < 0.001). The operation time was longer in patients
who underwent PV/SMV resection (391.7 vs 332.0 min, P <
0.001), and estimated blood loss was also greater compared to
those without PV/SMV resection (670.2 vs 413.0 mL, P <
0.001). In patients undergoing PV/SMV resection, 113 patients
(88.3%) had segmental resections, while the remaining 15
patients (11.7%) underwent wedge resections. Of these, 120
patients (93.8%) underwent en-bloc resections, while 8 patients
(6.3%) had sequential resections. Of these patients, 20 (15.6%)
required a graft for vascular reconstruction. Pathologic tumor
size was larger (3.1 vs 2.8 cm, P < 0.001) with advanced T stages
(P = 0.022) in patients with PV/SMV resection, despite similar
total number of retrieved lymph node (21.6 vs 21.4, P = 0.884).
Postoperative outcomes, including complications of Clavien–
Dindo grade ≥3 (25.8% vs 23.6%, P = 0.724), clinically relevant
POPF (6.2% vs 8.3%, P = 0.590), and PPH grade ≥B (6.2% vs
5.4%, P = 0.912) were equivalent between the two groups.

Preoperative radiologic involvement of PV/SMV and
subsequent surgical resection with following pathological
margin status

Fig. 2 shows the pathological margin status of the PV/SMV
according to preoperative radiologic involvement of the PV/
SMV and intraoperative resection. Preoperative radiological
assessment showed that 175 patients were suspected of having
PV/SMV involvement. Among them, 100 patients underwent
PV/SMV resection, whereas 25 patients without preoperative
involvement underwent resection.

In patients with PV/SMV resection, true pathologic invasion
was in 78 patients (60.9%), and when the PV/SMV groove
margin was evaluated, 44 patients had R0 and six rR1 cases in
50 patients without PV/SMV invasion despite resection. Among
the 25 patients with PV/SMV resection who were not suspicious
of preoperative involvement, 12 patients had true pathologic
invasion, and 10 patients had R0, with three rR1 for the PV/
SMV groove margin. When the PV/SMV was not resected in
patients with preoperative PV/SMV involvement (n = 72), R0
resection was achieved in 34 patients with 32 rR1, four R1, and
two R2 margin statuses (Fig. 2).

When we evaluated the accuracy of preoperative PV/SMV
involvement, the positive predictive value was 61.1% (107/
175) and the negative predictive value was 28.6% (76/266).
These parameters were evaluated after excluding patients who
received neoadjuvant treatment; the positive and negative pre-
dictive values were 60.5% and 29.0%, respectively.

Survival analysis according to preoperative PV/SMV
involvement, PV/SMV resection, margin status, and
neoadjuvant/adjuvant therapy

After a median follow-up of 22.0 months (interquartile rage,
11.0–42.0 months), the median survival time for all patients in
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the study was 25.0 months (95% CI: 22.0–28.0 months), with
2-year and 5-year survival rates (YSR) of 50.0% and 22.0%,
respectively (Supplementary Figure 1, http://links.lww.com/JS9/
D960). Patients who underwent PV/SMV resection had signifi-
cantly poorer survival rates than those who did not (2YSR,
38.1% vs 54.9%, P < 0.001) (Fig. 3A), and a similar pattern
was observed when the patients were limited to those with
preoperative PV/SMV involvement (37.8% vs 59.5%,
P = 0.015) (Supplementary Figure 2, http://links.lww.com/JS9/
D960). When comparing disease-free survival (2-year disease-free
survival rate: 15.2% vs 29.2%, P < 0.001) and cumulative recur-
rence rate (2-year recurrence rate: 80.0% vs 64.8%, P = 0.002)
based on PV/SMV resection, patients with resection showed
poorer prognosis (Fig. 3B and C).

When patients with preoperative radiologic PV/SMV involve-
ment were compared to those without involvement, a marginally
significant difference in survival was observed (2YSR, 46.8% vs
52.2%, P = 0.057) (Fig. 4A). There was no significant difference

in survival between patients who received neoadjuvant therapy
and those who did not (48.1% vs 50.1%, P = 0.344); however,
patients who received adjuvant therapy demonstrated signifi-
cantly better survival compared to those who did not (60.5%
vs 31.6%, P < 0.001) (Fig. 4B and C).

When patients who underwent PV/SMV resection with an R0
resection were compared to those who did not undergo PV/SMV
resection with a margin of rR1 or R1 status, there was no
observed survival gain (2YSR, 40.3% vs 54.9%, P = 0.029)
(Fig. 5A). When these patients were further divided according
to pathological PV/SMV involvement, no significant survival
difference was observed between patients who achieved R0
margins with PV/SMV resection and pathological PV/SMV
involvement, and those without PV/SMV resection whose mar-
gins were rR1 or R1 (39.1% vs 54.9%, P = 0.233) (Fig. 5B).
Patients who underwent PV/SMV resection with an R0 margin
and no pathological PV/SMV involvement also did not demon-
strate better survival compared to those without PV/SMV

Table 1
Demographic and clinicopathologic characteristics of patients with and without PV/SMV resection.

PV/SMV resection (+)(n = 128) PV/SMV resection (−)(n = 313) P-value

Age 62.9 ± 10.7 63.7 ± 10.0 0.474
Sex (M/F) 84/44 192/121 0.462
Body mass index 22.7 ± 3.1 22.9 ± 3.1 0.541
Preoperative hypertension 56 (43.8%) 127 (40.6%) 0.612
Preoperative diabetes 50 (39.1%) 127 (40.6%) 0.852
ASA class (1/2/3) 15/97/16 49/238/26 0.266
CA19-9 (median, IQR) 69.5 (21.5–375.9) 122.6 (30.8–406.9) 0.130
Neoadjuvant therapy 18 (14.1%) 9 (2.9%) <0.001

FFX + GnP/5-FU/Gem 6/3/9 4/2/3 0.714
Radiologic PV/SMV involvement 103 (80.5%) 72 (23.0%) <0.001

Abutment 36 (28.1%) 49 (15.7%)
Encasement/invasion 67 (52.3%) 23 (7.3%)

NCCN criteria (R/BR) 61/67 290/23 <0.001
Operation (PPPD/Whipple/PrPD) 54/20/54 168/31/114 0.057
Operation time (minute) 391.7 ± 68.1 332.0 ± 64.2 <0.001
Estimated blood loss (mL) 670.2 ± 496.7 413.0 ± 339.9 <0.001
PV/SMV resection NA

Resection type (segmental/wedge) 113/15 NA
Resection timing (en-bloc/sequential) 120/8 NA
Reconstruction (primary/graft) 108/20 NA

Pathologic tumor size (cm) 3.1 ± 0.9 2.8 ± 1.0 <0.001
Total retrieved lymph node 21.5 ± 9.8 21.5 ± 10.4 0.997
Positive lymph node 2.3 ± 3.6 1.6 ± 2.0 0.051
T stage (1/2/3/4) 17/91/19/1 67/219/27/0 0.022
N stage (0/1/2) 31/66/31 102/134/77 0.161
Cell differentiation (well/mod/poor/un) 4/86/37/1 20/209/76/8 0.268
R status (R0/rR1/R1/R2) 66/47/14/1 183/110/14/6 0.065
PV/SMV margin (R0/rR1/R1/R2) 89/32/6/1 214/90/6/3 0.354
Lymphovascular invasion 91 (72.8%) 204 (66.7%) 0.259
Perineural invasion 124 (97.6%) 297 (94.9%) 0.304
Postoperative hospital stay (days) 12.6 ± 5.7 14.2 ± 10.3 0.043
Complication Clavien–Dindo grade ≥3 33 (25.8%) 74 (23.6%) 0.724
Clinically relevant POPF 8 (6.2%) 26 (8.3%) 0.590
Postpancreatectomy hemorrhage grade ≥B 8 (6.2%) 17 (5.4%) 0.912
Adjuvant treatment 77 (60.6%) 200 (66.4%) 0.299

FFX + GnP/5-FU/Gem/outside 4/38/26/9 5/123/49/23 0.220
Recurrence 92 (71.9%) 203 (65.7%) 0.253
Recurrence pattern (local/systemic/both) 20/48/24 62/110/31 0.055

ASA, American Society of Anesthesiologists; BR, borderline resectable; CA19-9, carbohydrate antigen 19-9; FFX, FOLFIRINOX; GnP, Gemcitabine + nab-Paclitaxel; IQR, interquartile range; NA, not available;
POPF, postoperative pancreatic fistula; PPPD, pylorus-preserving pancreatoduodenectomy; PrPD, pylorus-resecting pancreatoduodenectomy; PV, portal vein; R, resectable; SMV, superior mesenteric vein.
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resection whose margins were rR1 or R1 (41.1% vs 54.9%,
P = 0.011) (Fig. 5C). The 2YSR was equivalent to that of
patients who underwent PV/SMV resection with rR1 or R1
margins and no pathological PV/SMV involvement (54.9% vs
66.7%, P = 0.185), although this group had a small number of
patients (n = 6).

Prognostic factors for OS

Table 2 presents the prognostic factors for OS in patients after
surgical resection. Univariate analysis revealed that age, body
mass index, preoperative hypertension, initial CA19-9, preo-
perative radiologic PV/SMV involvement, estimated blood loss,
intraoperative PV/SMV resection, pathologic PV/SMV invasion,
PV/SMV margin status, pathologic tumor size, T stage, N stage,
cell differentiation, lymphovascular invasion, perineural inva-
sion, adjuvant treatment, and recurrence were significantly asso-
ciated with survival following resection of PDAC.

Multivariate Cox regression model revealed preoperative
hypertension (hazard ratio [HR]: 1.552, P < 0.001), intraopera-
tive PV/SMV resection (HR: 1.343, P = 0.018), PV/SMV R2
margin (HR: 6.024, P = 0.001), T stage (P = 0.025), N2 stage
(HR: 2.217, P < 0.001) compared to N0 stage, moderate differ-
entiation (HR: 1.778, P = 0.035), poor differentiation (HR:
3.428, P < 0.001) and undifferentiation (HR: 4.047, P = 0.009)
compared to well differentiation, adjuvant treatment (HR: 0.398,
P < 0.001), and recurrence (HR: 2.310, P < 0.001) remained
significant.

Discussion

The management of PDAC remains a formidable challenge in
surgical oncology due to its aggressive nature and the close
anatomical proximity of the major vasculature, including the
PV/SMV. Surgical resection offers the only potential cure;

however, only a small proportion of patients are eligible for
this treatment. Some patients may require more aggressive treat-
ments including combined PV/SMV resection with the tumor.
Although advancements in radiological imaging techniques have
made preoperative assessments of PV/SMV involvement helpful
in deciding whether to resect the PV/SMV intraoperatively, there
remains a gap in its pathological correlation. Furthermore, the
controversy surrounding the survival benefits of aggressive PV/
SMV resection versus more conservative approaches has not
been resolved.

In this study, 175 patients (39.7%) who underwent PD for
PDAC had preoperative radiological PV/SMV involvement.
A total of 128 patients (29.0%) underwent combined PV/SMV
resection, and true pathological invasion was confirmed in 78
patients (60.9%). Patients who underwent PV/SMV resection
had significantly poorer survival and recurrence outcomes than
those who did not undergo resection. Moreover, patients who
underwent PV/SMV resection with R0 margins demonstrated no
survival benefit compared to those who did not undergo PV/SMV
resection with rR1 or R1 margins. Multivariate Cox regression
analysis revealed that preoperative hypertension, intraoperative
PV/SMV resection, PV/SMV R2 margin, T stage, N2 stage com-
pared to N0 stage, moderate, poor, and undifferentiation com-
pared to well differentiation, adjuvant treatment, and recurrence
were significantly associated with OS.

The role of preoperative radiological assessment in determin-
ing PV/SMV involvement and guiding resection decisions has
been a subject of long-standing debate, with varying degrees of
success in predicting actual tumor invasion. In this study, pre-
operative radiological assessment did not definitely predict the
need for PV/SMV resection, yielding a positive predictive value
of 61.1% and a false-negative value of 28.6%. A previous study
conducted by our institute, which utilized CT to predict vessel
invasion based on parameters such as tumor size, length of
vessel involvement, and TVI, reported a sensitivity of 87% and

Figure 2. Flowchart of study patients based on preoperative radiological involvement, resection, and its margin status. NA, not available; PV, portal vein; SMV,
superior mesenteric vein.
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specificity of 75%, with an overall accuracy of 81%[9].
However, as the TVI increased, its sensitivity and accuracy
decreased significantly in this study, thereby raising the question
of its clinical utility. The sensitivity of radiological prediction is
also important for surgeons planning PV/SMV resection to
achieve R0 resection in patients with suspicious preoperative
vessel involvement. Additionally, a previous meta-analysis
reported a wide range of true pathologic PV/SMV involvement,
varying from 17% to 78%[5], highlighting the discrepancies
between pre/intraoperative assessment and pathological confir-
mations of PV/SMV invasion. Recently, with the increasing use

of neoadjuvant therapy, differentiating between PV/SMV inva-
sion and changes due to fibrosis or inflammation based solely on
imaging findings has become increasingly challenging[23].
Therefore, it is necessary to develop a practical model that can
accurately predict vessel involvement based on the previously
reported model[9], rather than relying solely on TVI assessments.

Another potential approach is the integration of radiomics.
CT-based radiomics has been shown to improve the predictive
accuracy of PV/SMV involvement and margin status. A recent
Chinese study developed a radiomics-based risk model that
combined radiomics features with venous deformity to estimate

Figure 3.Comparison of overall survival (A), disease-free survival (B), and cumulative recurrence rate (C) between patients who underwent PV/SMV resection and
those who did not.
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PV/SMV involvement, achieving an area under the curve of
0.928, which was significantly higher than conventional imaging
assessments[10]. Furthermore, according to Bian et al.,
a radiomics score derived from CT imaging was also signifi-
cantly associated with the pathologic PV/SMV margin, with an
area under the curve of 0.750[24]. Incorporating such radiomics
models could enhance the identification of patients who require
PV/SMV resection, thereby improving clinical decision-making.
Moreover, the intraoperative decision-making process remains
crucial for determining the necessity of PV/SMV resection, even
in patients with a low likelihood of preoperative radiological
PV/SMV involvement. During surgery, careful dissection should
be attempted first, and PV/SMV resection should be considered

if dissection is not feasible or if vessel involvement is definitively
confirmed preoperatively. Additionally, intraoperative frozen
biopsy can also provide valuable information to assist in decid-
ing whether PV/SMV resection is necessary, allowing surgeons
to evaluate the TVI in real-time and make more informed deci-
sions to achieve an optimal surgical extent.

Despite significant advancements in surgical techniques and
improvements in perioperative care, PD remains associated with
considerable morbidity, ranging from 30% to 50%[22]. Besides
the complexity of the operation itself, combined PV/SMV resec-
tion can raise concerns about an increased rate of complications.
However, our study found that complication rate did not differ
between patients undergoing PV/SMV resection and those

Figure 4. Comparison of overall survival according to preoperative PV/SMV involvement (A), neoadjuvant therapy (B), and adjuvant therapy (C).
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without PV/SMV resection (complication Clavien–Dindo grade 3
or more, 25.8% vs 23.6%, P = 0.724). These results are consistent
with other studies[7,25–27], indicating that PV/SMV resection can be
performed with manageable risks. However, there are studies sug-
gesting contrary results of an elevated risk of complications follow-
ing combined PV/SMV resection in some patients[5,28,29]. Therefore,
further research is essential for safety and technical advancements
in PV/SMV resection, including the selection of appropriate grafts
and perioperative care, including the standardization of anticoagu-
lation. Moreover, it is crucial to perform vessel resection under
well-planned circumstances to minimize complications.

Previous reports have indicated that long-term survival out-
comes in patients with PV/SMV resection are satisfactory[12,13].
However, when the survival outcomes of PV/SMV resection are
evaluated, making direct comparisons between patients with PV/
SMV resection and those without resection is challenging. First,
many patients with PV/SMV resection had true pathologic
invasion and a higher risk of distant metastasis through the
portomesenteric system, leading to a poorer prognosis[6,7].
Additionally, patients who underwent PV/SMV resection were
more likely to have advanced disease, such as larger tumor size
and more extensive local invasion. Tumor biology, including

Figure 5. Comparison of overall survival between patients without PV/SMV resection who had rR1/R1 margin and (A) those with PV/SMV resection and R0
margin, (B) those who underwent PV/SMV resection with R0 margin and pathological PV/SMV involvement, and (C) those who underwent PV/SMV resection with
R0 margin, but no pathological PV/SMV involvement.
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infiltrative subtypes and microinvasion markers such as lympho-
vascular invasion and perineural invasion, may also contribute,
as tumors requiring PV/SMV resection often exhibit aggressive
features such as poor differentiation and deeper infiltration[30].
This suggests that tumors requiring PV/SMV resection may
have worse biological behavior, contributing to poorer out-
comes in these patients. Despite using multivariate analysis to
adjust for these factors, residual confounding may still exist, and
such factors could impact the observed survival differences.
Therefore, making direct comparisons between patients with
and without PV/SMV resection remains inherently challenging.
Second, the achievement of an R0 resection was not invariably
assured even if the PV/SMV was resected. Kleive et al conducted

a detailed histopathological mapping of the tumor and its rela-
tionship to the margins and concluded that if the tumor infil-
trated the vein, the surface of the SMV groove was most likely
also involved, whether the vessel was resected or not[31].

The survival benefit of PV/SMV resection was analyzed by
comparing patients who achieved an R0 margin with vessel
resection and those who achieved an R1 margin without vessel
resection. A previous study from our institute demonstrated that
patients who achieved R0 margins following PV/SMV resection
exhibited better survival than those who did not undergo com-
bined PV/SMV resection with R1 margins[6]. However, the
above-mentioned study defined R1 margins based on the
0-mm margin rule, whereas our current study included patients

Table 2
Cox regression model for the predictors of overall survival of pancreatic cancer following surgical resection.

Univariate analysis Multivariate analysis

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

Age 1.015 1.004–1.026 0.009 1.002 0.989–1.015 0.780
Sex (male) 276 0.980 0.784–1.224 0.858
Body mass index 0.954 0.920–0.989 0.011 0.960 0.922–1.001 0.053
Preoperative hypertension 183 1.357 1.093–1.684 0.006 1.552 1.231–1.957 <0.001
Preoperative diabetes 178 1.194 0.961–1.484 0.110
ASA score (vs 1) 64 Ref. 0.307

2 335 1.160 0.842–1.598 0.363
3 42 1.421 0.908–2.226 0.125

Initial CA19-9 1.000 1.000–1.000 0.015 1.000 1.000–1.000 0.859
Preoperative biliary drainage 257 1.112 0.891–1.389 0.347
Neoadjuvant treatment 27 1.224 0.801–1.870 0.351
Preoperative PV/SMV involvement 175 1.232 0.991–1.531 0.061 0.647

Contact 85 1.035 0.779–1.376 0.812 0.863 0.632–1.179 0.355
Encasement/invasion 90 1.454 1.117–1.891 0.005 0.923 0.654–1.301 0.646

Operation type (vs PPPD) 222 Ref. 0.127
Whipple 51 1.385 0.975–1.966 0.069
PrPD 168 1.178 0.936–1.482 0.162

Estimated blood loss 1.000 1.000–1.001 <0.001 1.000 1.000–1.000 0.082
PV/SMV resection 128 1.539 1.222–1.938 <0.001 1.343 1.052–1.716 0.018
Pathologic PV/SMV invasion 81 1.579 1.212–2.057 0.001 1.084 0.718–1.635 0.701
PV/SMV margin status (vs R0) 303 Ref. 0.042 0.053

rR1 122 1.099 0.866–1.394 0.439 1.071 0.834–1.376 0.589
R1 12 1.731 0.944–3.174 0.076 1.221 0.651–2.292 0.534
R2 4 4.257 1.578–11.486 0.004 6.024 2.063–17.589 0.001

Pathologic tumor size 1.296 1.166–1.440 <0.001 1.224 0.991–1.513 0.061
T stage (vs T1) 84 Ref. <0.001 0.025

T2 310 1.745 1.294–2.351 <0.001 1.306 0.867–1.967 0.202
T3, T4 47 2.040 1.334–3.119 0.001 0.804 0.363–1.779 0.590

N stage (vs N0) 133 Ref. <0.001 <0.001
N1 200 1.414 1.094–1.828 0.008 1.324 1.000–1.753 0.050
N2 108 2.234 1.661–3.078 <0.001 2.217 1.594–3.082 <0.001

Cell differentiation (vs well) 24 Ref. <0.001 – <0.001
Moderately 295 1.457 0.900–2.358 0.126 1.778 1.041–3.039 0.035
Poorly 113 2.525 1.522–4.190 <0.001 3.428 1.952–6.023 <0.001
Undifferentiated 9 1.707 0.633–4.603 0.291 4.047 1.41–11.618 0.009

Lymphovascular invasion 295 1.556 1.228–1.971 <0.001 0.966 0.694–1.345 0.839
Perineural invasion 421 2.387 1.269–4.487 0.007 1.260 0.628–2.528 0.515
Complication, CD grade ≥3 107 1.178 0.921–1.507 0.193
CR-POPF 34 1.022 0.680–1.538 0.915
PPH grade ≥B 25 1.207 0.776–1.878 0.404
Adjuvant treatment 277 0.473 0.380–0.590 <0.001 0.398 0.305–0.495 <0.001
Recurrence 295 2.596 1.981–3.403 <0.001 2.310 1.738–3.070 <0.001

ASA, American Society of Anesthesiologists; CA19-9, carbohydrate antigen 19-9; CD, Clavien–Dindo; POPF, postoperative pancreatic fistula; PPH, postpancreatectomy hemorrhage; PPPD, pylorus-
preserving pancreatoduodenectomy; PrPD, pylorus-resecting pancreatoduodenectomy; PV, portal vein; SMV, superior mesenteric vein.
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using revised R1 margins (1-mm margin rule). Furthermore, the
potential for short-term and long-term complications from PV/
SMV resection, such as PV thrombosis and left-sided portal
hypertension due to splenic vein ligation, should not be
underestimated[28]. Left-sided portal hypertension and PV
thrombosis can lead to varix formation and subsequent bleed-
ing. Recurrent bleeding can significantly worsen the patient’s
general condition, delaying the initiation and continuation of
adjuvant therapy, which may ultimately compromise long-term
outcomes. In some cases, massive bleeding may occur, leading
to significant morbidity or even mortality. Additionally, hypers-
plenism contributes to pancytopenia, reducing the patient’s
tolerance to chemotherapy and increasing the risk of further
bleeding. Moreover, compromised liver function due to decreased
blood supply from these complications can also affect the overall
prognosis and the patient’s capacity for the adjuvant therapy.
Therefore, PV/SMV resection may be required only in cases
where R1 resection is anticipated, advocating for a more con-
servative surgical approach because PV/SMV resection cannot
always guarantee R0 resection, and the rR1 margin was not
associated with worse survival outcomes compared to R0
margins.

Pancreatic cancer has a dismal prognosis, with a 5-year OS
rate of approximately 12%[32]; however, the effectiveness of
FOLFIRINOX and gemcitabine with nab-paclitaxel has been
recently revealed in borderline resectable/locally advanced
cases, and these regimens have been used as adjuvant therapy
regimens[33]. Therefore, effective neoadjuvant therapy and adju-
vant therapy are more important these days and provide survival
benefits compared to surgical methods. Therefore, patients need
to proceed quickly with adjuvant therapy through more conser-
vative surgeries with fewer complications. Neoadjuvant therapy
can be considered in patients with definite PV/SMV involvement
on preoperative radiological assessments.

This study has some limitations. First, most patients under-
went upfront surgery during the study period. Recently, the
number of patients receiving neoadjuvant therapy for pancreatic
cancer has increased with the widespread use of FOLFIRINOX
or gemcitabine with nab-paclitaxel. This trend is particularly
notable for borderline resectable pancreatic cancer and even in
select resectable cases with PV/SMV abutment. The authors are
planning further studies to analyze the clinical implications of
PV/SMV involvement and resection in patients receiving neoad-
juvant therapy. Second, this was a retrospective study, although
we collected data prospectively. The possibility of uncontrolled
confounding factors cannot be fully ignored; therefore, further
studies with well-controlled designs for these variables are
required to strengthen these results. Notably, our institution
is currently participating in an ongoing international multi-
center randomized controlled trial comparing neoadjuvant
FOLFIRINOX with upfront surgery in resectable pancreatic
cancer[34]. This trial, which aims to enroll 609 patients, will
evaluate outcomes such as OS, disease-free survival, resection
rate, and R0 resection rate, with subgroup analyses planned for
PV/SMV abutment cases. Third, the number of patients in the
subgroups was relatively small to perform a subgroup analysis
to draw definitive conclusions, such as comparing survival
based on PV/SMV margin status. To address this limitation,
future studies should aim to increase the sample size in these
subgroups, possibly through multicenter collaboration, to
enhance the robustness and generalizability of the findings.

In conclusion, PV/SMV resection could potentially guarantee
a higher R0 rate in patients with preoperative vessel involve-
ment. However, this may lead to unnecessary resection in some
cases. Furthermore, achieving an R0 margin through PV/SMV
resection does not improve survival outcomes compared with
those without resection but with positive margins. Therefore,
careful evaluation of the need for PV/SMV resection is recom-
mended before and during surgery. It is necessary to proceed
with adjuvant therapy immediately after conservative surgery.
PV/SMV resection is associated with poor prognosis, suggesting
a severe disease status, and an optimal treatment strategy,
including neoadjuvant therapy, could be considered.
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