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ABSTRACT

The aim of this study is trying to describe more details of superior mesenteric
artery margin in pancreaticoduodenectomy for pancreatic ductal adenocarcinoma, to
evaluate biological and prognostic implications of tumor budding in this margin, and
to provide more evidence for evaluation of RO surgery in pancreaticoduodenectomy.
46 patients in 5-years period are included in this study. Immunochemistry and
immunofluorescence are used to analyze tumor budding and epithelial-mesenchymal
transition. Superior mesenteric artery margin might be described from four aspects
including location, gross appearance, microscopic appearance and tumor budding.
We find that 1mm rule for R1 surgery is more appropriate to predict prognosis
(P = 0.009) than Omm rule (P = 0.141). Expression of cytokeratin in tumor budding
is significantly lower than primary tumor (P = 0.001), and it suggests that tumor
budding may participate the procedure of epithelial-mesenchymal transition.
High-grade tumor budding and decreasing cytokeratin of tumor budding correlate with
distant metastasis and has negative influence on prognosis. So superior mesenteric
artery margin might be not only an area that tumor cells may invade, but also a
pathway for distant metastasis. It is nhecessary to evaluate superior mesenteric artery
margin in pancreaticoduodenectomy for pancreatic cancer.

INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is one
of the most lethal malignancies. Five-year survival rate
is extremely low. Tumor resection is the only effective
treatment and achieving RO resection is critical for long-
term survival [1, 2], however, long-term survival after
pancreaticoduodenectomy cannot be reliably predicted [3].
Evaluation of superior mesenteric artery (SMA) margin is
one of the key problems.

Epithelial-mesenchymal transition (EMT) of
adherent epithelial cells to migratory mesenchymal status
has been implicated in tumor metastasis in preclinical
models [4]. Relationship between EMT and metastasis is
now a controversial problem [5-10].

Tumor budding is a type of infiltrative growth
pattern consisting of isolated tumor cells or small cell

clusters (< 5 cells) located at the invasive front of some
types of carcinomas [11, 12]. It is suggested that tumor
budding might represent local dissemination of cancer
cells into surrounding tissue, and correlate with EMT
[3, 13, 14]. Tumor budding has been proved to be an
independent prognostic factor of PDAC, however,
these studies are refined intra-tumor and retrospective
[11, 12]. It is hard to confirm that the invasive front
(surgical margin) where tumor budding and EMT really
exist.

The SMA margin was described as the most
important margin by the NCCN guidelines. It was
described as the soft tissue directly adjacent to the
proximal 3—4 cm of SMA [15].In our study, we are trying
to describe more details of SMA margin, which might
be helpful for surgeons to understand the SMA margin
comprehensively.
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RESULTS

According to the inclusion and exclusion criteria,
in total 46 patients are included in the current study
(Table 1). The average of overall survival (OS) is 26.20
months, disease free survival (DFS) is a 17.39 months, and
five-year survival rate is 26.5%.

For immunochemistry, tumor cells are not found
in 7 patients’ specimen because the primary tumor stays
far from the SMA margin. Low-grade tumor budding is
observed in 19 patients. These 26 (56.5%) patients have
been regarded as low-grade group. Another 20 (43.5%)
patients who possess high-grade tumor budding have
been regarded as high-grade group. Patients in high-grade
group have worse OS and DFS using univariate statistic,
P =0.006, P = 0.000, respectively. In Cox multivariate
analysis, high-grade tumor budding is also an independent
prognostic factor for OS and DFS (P = 0.01, P = 0.001,
respectively). Without considering the 7 patients who do
not have tumor cells in the specimen, high-grade group
still shows worse OS and DFS (P = 0.04, P = 0.003,
respectively).

For immunofiuorescence, fluorescence intensity value
of primary tumor is significantly higher than tumor budding
in 33 patients. They will be regarded as decreasing cytokeratin
group. On the contrary, other patients will be regarded as not
(Figure 1). Patients possessing decreasing cytokeratin also
suggest worse OS and DFS, P=0.041, P=0.002, respectively.

Furthermore, it is noteworthy that the presence of
high-grade tumor budding and decreasing cytokeratin
correlate with distant metastasis (P = 0.002, P = 0.000,
respectively). For all patients, the intensity value of tumor
budding (54.34 + 23.24) is significantly lower than the
primary tumor (161.16 +44.14), P=0.001.

0 mm rule for R1 surgery shows no effect on OS
and DFS (P = 0.141, P = 0.287, respectively). However, it
correlates with local recurrence (P = 0.041). Furthermore,
1 mm rule has advert effect on OS and DFS (P = 0.009,
P=0.005, respectively), but it shows no correlation with local
recurrence (P = 0.108). Receiver operating characteristic
(ROC) curve suggests that lmm rule is appropriate to
evaluate survival or recurrence of PDAC. (Figure 2).

In 5 cases, the maximum distance between
neighboring tumor cells is greater than 1mm. All of
these patients experienced recurrence and death after the
operation, but we did not get a positive statistical result.
The maximum distance does not correlate with high-grade
tumor budding or decreasing cytokeratin (P = 0.092,
P =0.077, respectively). Another phenomenon that some
tumor cells invaded far away from the primary tumor
has been observed in 3 cases, and these tumor cells are
evaluated as lymphovascular invasion (Figure 3).

In our study, we are trying to describe more details of
SMA margin, and this description will help us to perform the
operation. The four parts of the description are listed below.

Location

The name of SMA margin is chaotic in different
studies, it was named as SMA margin, retroperitoneal
margin, posterior margin, uncinate margin or mesenteric
margin before. According to these names, we would relate
it with margin locates at dorsal to the pancreatic head,
adjacent to superior mesenteric artery, and might contain
the mesopancreas. The definition of mesopancreas differs
in different studies [16-21]. However, we can find some
similarities between SMA margin and mesopancreas.
They both locate at dorsal to the pancreas, along SMA
to aorta [19]. Some studies also suggest that the skeleton
of SMA and specific part of aorta can maximize the
SMA margin [22, 23]. These conclusions which include
mesopancreas, region of lymph node dissection and
skeleton of SMA might describe the same problem from
different aspects [24]. According to these descriptions,
we define mesopancreas as a soft connective tissue along
SMA to the right anterior surface of aorta and confined
in the pancreatic area. We integrate this mesopancreas
into our definition SMA margin, and use this definition
to help us perform the meso-pancreatoduodenum excision
procedure.

Gross appearance

Some scholars put forward the definitions of
transection margin and mobilization margin. They drew
a conclusion that positive mobilization margin alone did
not influence the survival of PDAC patients [25]. Based
on these definitions, we believe that the SMA margin
is a coarse transection margin that has been resected
from SMA, but not a smooth mobilization margin that
mobilized through a natural space, which locates at dorsal
to retropancreatic fusion fascia. Normally when we get
a specimen, it is easy to find the smooth retropancreatic
fusion fascia (posterior margin) at the dorsal side. The end
of this smooth fascia is just the beginning of SMA margin,
then SMA margin continues until portal vein/portal vein
groove (PV/PVG) emerges.

Microscopic appearance

Retropancreatic fusion fascia is an important
definition. From the description of Baik Hwan Cho’s
study, it is a critical anatomical landmark during
retropancreatic mobilization of pancreatic head and
duodenum (the Kocher maneuver). The pancreatic
parenchyma, extrapancreatic nerve plexuses, SMA
and PV/SMV are wrapped within the fusion fascia and
exist in the same space in adults [26]. To protect SMA,
pancreaticoduodenectomy will break retropancreatic
fusion fascia, and the broken place is the exact position
of SMA margin. HIROHISA KITAGAWA’s study
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Table 1: Clinical and pathological characteristics in the total patient cohort, tumor budding group,

and R1 (1 mm) group

Parameters n Low grade High grade P-value <1 mm >1 mm P-value
Age (y) 60.87 + 11.27 60.90 + 11.22 60.82 + 11.70 0.983 64.71 +10.89 58.62 + 11.05 0.077
Operative time (min) 478.98 + 71.46 465.93 + 65.14 501.24 +78.11 0.106 502.41 +79.57 465.24 + 63.71 0.089
Blood loss (ml) 611.96 + 342.41 644.83 +352.12 555.89 +327.82 0.401 682.35 +300.49 570.69 + 363.40 0.291
Gender 0.858 0.650
Male 29 (63%) 18 (62.1%) 11 (64.7%) 10 (58.8%) 19 (65.5%)
Female 17 (37%) 11 (37.9%) 6(35.3%) 7 (41.2%) 10 (34.5%)
Tumor size (cm) 0.151 0.762
>3 cm 34 (73.9%) 24 (82.8%) 10 (58.8%) 13 (76.5%) 21 (72.4%)
<3cm 12 (26.1%) 5(17.2%) 7 (41.2%) 4(23.5%) 8 (27.6%)
Histological grade 0.783 0.930
Low 20 (43.5%) 13 (44.8%) 7 (41.2%) 7 (41.2%) 13 (44.8%)
Middle 20 (43.5%) 13 (44.8%) 7 (41.2%) 8 (47.1%) 12 (41.4%)
High 6 (13%) 3(10.3%) 3 (17.6%) 2 (11.8%) 4 (13.8%)
T stage 0.478 0.798
T1 0 0 0 0 0
T2 6 (13%) 3(10.3%) 3 (17.6%) 3 (17.6%) 3(10.3%)
T3 40 (87%) 26 (89.7%) 14 (82.4%) 14 (82.4%) 26 (89.3%)
T4 0 0 0 0 0
N stage 0.858 0.650
NO 17 (37%) 11 (37.9%) 6(35.3%) 7 (41.2%) 10 (34.5%)
N1 29 (63%) 18 (62.1%) 11 (64.7%) 10 (58.8%) 19 (65.5%)
Complication (Dindo—Clavien Classification) 0.631 0.439
1 10 (21.7%) 4(13.8%) 6(35.3%) 5(29.4%) 5(17.2%)
1 17 (37%) 12 (41.4%) 5(29.4%) 5(29.4%) 12 (41.4%)
Illa 14 (30.4%) 10 (34.5%) 4(23.5%) 4(23.5%) 10 (34.5%)
b 5(10.9%) 3(10.3%) 2(11.8%) 3 (17.6%) 2(6.9%)
v 0 0 0 0 0
Pancreatic fistula (ISGPF) 0.803 0.631
None 37 (80.4%) 23 (79.3%) 14 (82.4%) 14 (82.4%) 23 (79.3%)
A 5(10.9%) 4 (13.8%) 1(5.9%) 1(5.9%) 4(13.8%)
B 4(8.7%) 2(6.9%) 2 (11.8%) 2 (11.8%) 2(6.9%)
C 0 0 0 0 0
Adjuvant therapy 20 (43.5%) 12 (41.4%) 8 (47.1%) 0.708 7 (41.2%) 13 (44.8%) 0.809
SMV/PV resection 30 (65.2%) 19 (65.5%) 11 (64.7%) 0.956 14 (82.4%) 16 (55.2%) 0.062
Positive PV/PVG margin 9 (19.6%) 5(17.2%) 4(23.5%) 0.604 6(35.3%) 3(10.3%) 0.04
Perineural invasion 31 (67.4%) 20 (69%) 11 (64.7%) 0.766 11 (64.7%) 20 (69%) 0.766
Lymph node ratio 0.106 0.478
>0.2 6 (13%) 2(6.9%) 4(23.5%) 3 (17.6%) 3(10.3%)
<0.2 40 (87%) 27 (93.1%) 13 (76.5%) 14 (82.4%) 26 (89.7%)
Lymphovascular invasion 17 (37%) 8 (27.6%) 9 (52.9%) 0.085 8 (47.1%) 9 (31%) 0.227
Reoperation 7 (15.2%) 3(10.3%) 4(23.5%) 0.229 4(23.5%) 3(10.3%) 0.229
Length of stay (days) 42.54+23.74 44.24 +26.57 39.65+18.32 0.532 45.12£31.02 41.03 + 18.70 0.579
Total pancreaticoduodenectomy 11 (23.9%) 6(20.7%) 5(29.4%) 0.402 5(29.4%) 6(20.7%) 0.564
Resection of other organs 8 (17.4%) 5(17.2%) 3 (17.6%) 0.402 4(23.5%) 4 (13.8%) 0.564
Distant metastasis 25 (54.3%) 16 (64%) 9 (36%) 0.002 12 (60%) 13 (40%) 0.09
Local recurrence 20 (43.5%) 11 (55%) 9 (45%) 0.167 10 (50%) 10 (50%) 0.108
also proved that retropancreatic fusion fascia acts as a Tumor budding and EMT

barrier against infiltration by PDAC [27]. In conclusion,
pancreaticoduodenectomy will break retropancreatic
fusion fascia, which acts as a barrier, and expose the
dangerous place where the tumor cells always invade.
These descriptions may explain the result of some former
studies that PDAC patients benefit from routine resection
of SMV/PV and total meso-pancreatoduodenum excision,
as these procedures provide a smaller broken area of
retropancreatic fusion fascia than normal procedures
[28-30].

As mentioned above, tumor budding has been
proved to be an independent prognostic factor and might
correlate with EMT. In our view, it is very important and
meaningful to observe the behavior of tumor buddings
at surgical margin. As the theory mentioned in Caroline
S. Verbeke*s studies that tumor growth in PDAC is more
dispersed than in rectal cancer [31, 32]. Based on the
characteristic of EMT and tumor budding, we suppose that
this disperse behavior may be caused by tumor budding
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and EMT, and SMA margin might be a pathway for
metastasis.

DISCUSSION

For surgical oncology, surgical margin is always a
vital problem. As circumferential resection margin and
total mesorectal excision have become the consensus for
rectal cancer [33, 34], alike definitions are introduced into
pancreaticoduodenectomy. Besides traditional margins
including bile duct margin, pancreatic neck margin,
proximal and distal enteric margin, new margins have been
studied. In these studies, anterior and posterior margin are
less important because the studies of mobilization margin
and inhibition by retropancreatic fusion fascia [25, 27].
As PV/PVG margin can be solved by routine resection
of SMV/PV, we focus on the SMA margin. As a surgical
margin that can predict prognosis and judge surgery, SMA
margin should possess two important factors. One is that,
like pancreatic neck margin breaking pancreas, SMA
margin breaks retropancreatic fusion fascia. It is produced
by breaking some normal tissue or organs (transection,
sharp dissection), but not in a way of getting through
(mobilization, blunt dissection). The other important factor
is that production of the SMA margin is like opening
the “gate” for cancer cells to invasion and especially

metastasis. To investigate metastasis, EMT and tumor
budding [3, 9, 10, 13, 14, 35, 36], we designed this study.

In terms of the invasion aspect, we focus on R1
surgery, as there is still a lack of consensus of R1 rule. In
the past, represented by AJCC [37] 0 mm rule is applied in
North America. However, in Europe, represented by The
Royal College of Pathologists [38] Imm rule is preferred.
In our study, we drew the conclusion that 0 mm rule may
be a better judgement for tumor residue but not enough
for prognosis. ROC and Kaplan—Meier curve both support
Imm rule. We observed that some tumor cells could be
very dispersed (> 1 mm) and invaded far away from
primary tumor. Although these phenomena did not show
effect on prognosis, they did prove the hypothesis posed
by Verbeke [31]. These negative results for prognosis
may happen when primary tumor stays far away from
SMA margin. On the other hand, We did not find the
relationship between R1 status of PV/PVG margin and
prognosis, we are convinced that this is because our
aggressive choice of PV/SMV resection (65.2%). This
aggressive operation may weaken the influence of positive
portal vein margin.

From the metastasis aspect, tumor budding and
EMT are another interesting part in our study [13, 39].
EMT gives rise to the dissemination of single cancer cells
from primary tumor, which is similar with the definition of

Figure 1: These pictures show results of immunofluorescence. Figure (A) shows the invasive front and primary of the tumor.
Figure (B) shows the tumor budding and their decreasing fluorescence intensity value.
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Figure 2: Figure (A) shows that R1 surgery (1 mm rule) has adverse effect on OS and DFS using Kaplan-Meier survival curves. (C) shows
that 0 mm rule does not. (B) shows that high grade tumor budding affects OS and DFS. (D) shows that decreasing cytokeratin affects OS
and DFS. E shows the ROC curve for different R1 rule to evaluate survival and recurrence.

Figure 3: These pictures show how dispersed the distribution of PDAC could be. Figure (A) shows the maximum distance
between tumor cells, and figure (B) show lymphovascular invasion that have been observed. Arrows show the SMA margin.
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tumor budding [40]. Several studies proved the relationship
between E-Cadherin, B-catenin, snail, ZEB1, ZEB2
expression and tumor budding using immunochemistry,
and drew the conclusion of EMT induction at the tumor—
host interface, but more evidence are required [3, 41]. In
our study, we evaluated tumor budding at SMA margin
and proved two hypotheses. For one thing, decreasing
expression of cytokeratin supports that tumor budding
participates EMT procedure. For another, we proved that
tumor budding and EMT does correlate with metastasis, as
EMT events in surgical margin are the most possible place
to cause distant metastasis. In conclusion, SMA margin is
a pathway for metastasis.

Chemoresistance for PDAC is another problem that
lacks consensus. The main reason of this problem is the
low response rate for chemotherapy [42—46]. In our study,
every patients accepted adjuvant chemotherapy if physical
condition permits, and 20 patients (43.5%) in total accept
chemotherapy (gemcitabine + S1) after the operation.
We do not find adjuvant chemotherapy have positive
influence on DFS (P = 0.114). As EMT is responsible
for chemoresistance, we suppose that tumor budding
may possess the same feature. So we exclude high-
grade patients, the adjuvant chemotherapy still did not
affect DFS (P = 0.066), but its effect is more significant.
This conclusion may help us to select suitable patients
for adjuvant chemotherapy, and make a more precise
prediction of prognosis.

In the past years, we have found that SMA margin
is a very interesting and meaningful area for PDAC.
This area involves R1 surgery, prognosis, resectability,
neoadjuvant and adjuvant chemotherapy of PDAC.
Because of small sample size in our study, many
phenomena, like relationship between dispersiveness of
PDAC and EMT, could not be studied clearly. In the next
step of our study, we want to investigate the mechanism
of EMT in this margin and its effect on prognosis, as there
are some disadvantageous evidence have been reported
recently at animal experiments [9, 10]. As tumor budding
may form distant metastasis, possible correlation between
tumor budding, circulating tumor cell and cancer stem cell
is another interesting hypothesis waiting for us to study. If
any part of tumor budding can be confirmed as cancer stem
cell, it will be an ideal target for studying chemoresistance
and cancer stem cell-targeting therapy.

MATERIALS AND METHODS

Patients

Patients are included using the inclusion and exclusion
criteria. All patients accept pancreaticoduodenectomy or
total pancreaticoduodenectomy, combined with or without
resection of SMV/PV or other organs in Department of
Hepato-Pancreato-Biliary Surgery, Peking University
Cancer Hospital during a 5-year period (April, 2011 to

September, 2015). Ethical approval and written informed
consent have been obtained. Clinical, pathological and
prognostic information have been collected.

Inclusion and exclusion criteria

(1) Patients whose preoperative diagnosis and
postoperative pathology are both PDAC will be included,
and they receive PD or total PD.

(2) Patients do not receive any anticancer treatment
before the operation.

(3) All patients accept RO/R1 resection, and those
who accept R2 resection will be excluded.

(4) No distant metastasis is found before/during the
operation.

(5) All patients have signed the informed consent
and agreed to participate this study.

(6) Those patients who die of perioperative
complications will be excluded.

(7) Expect for gemcitabine + S1, patients who
accept other adjuvant chemotherapy will be excluded.

Surgical technique

An upper midline incision is usually made. The
greater omentum is firstly separated from transverse colon
to identify the anterior surface of the pancreas. Then the
colon is fully mobilized to expose the infrapancreatic
SMV. Kocher maneuver is performed to expose the place
where left renal vein contributes into the inferior vena
cava (IVC), as it will help confirm the position of SMA.
The lesser omentum is divided along hepatic artery to
the origin of celiac axis (CA), and gastroduodenal artery
(GDA) will be ligated. After removing the gallbladder,
common hepatic duct, stomach, and jejunum will be
dissected. Pancreatic neck is dissected in front of SMV.
We emphasize the method of how to dissect the pancreatic
uncinate process, where the SMA margin is. To get an
assessable SMA margin, electrocautery and ligation will
be the first choice to dissect pancreatic uncinate process,
but not using a load stapler. A meso-pancreatoduodenum
excision procedure is made to ensure en-bloc resection
of the mesopancreas with the specimen. The skeleton of
SMA and right anterior part of aorta (from SMA to CA) is
operated to maximize the margin. During this procedure,
the first jejuna artery (FJA) is carefully conserved
and the inferior pancreaticoduodenal artery (IPDA) is
ligated. If tumor infiltration is found, the SMV will be
partially resected and reconstructed either by end-to-end
anastomosis or insertion of a venous graft. (Figure 4).

Tissue processing

According to the definition of SMA margin, the
margin was found and marked using India ink, right after
the specimen was resected off. Then the margin was
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departed from the specimen. The thickness of the tissue
is always more than lcm, because we are trying to get
a margin that contains normal pancreas and part of the
primary tumor. Furthermore, we design a unique approach
to prevent the margin from shrinking. As is shown in
Figure 5, after we used the orange model to fix the margin
in natural and flat status, the specimen was fixed by
formalin for about 2 hours. Then the whole model was
embedded by 3% agarose gel. In this way, we can get a
perfect margin just like it was in the body and it will not
affect immunochemistry. After completing, the specimen
is paraffin-embedded. Each fragment is cut into 4 ym and
stained for HE, then the distance between tumor cells and
SMA margin are measured for every section. The fragment
that possesses the closest distance is used to describe R
status. Except for the SMA margin, PV/PVG margin and
traditional margins are evaluated by pathology department.
The posterior and anterior margin are not included in our
study, because former studies have already proved their
weak affect on prognosis [25, 27].

Immunohistochemistry and immunofluorescence

Immunochemistry has been performed using Anti-
pan Cytokeratin antibody [AE1+AE3] (1:200, ab961,
Abcam, Cambridge, UK) to highlight areas of tumor
budding. Without 9 patients who did not possess primary
tumor in SMA margin, sections of 37 patients were adopted
for immunofluorescence using Anti-pan Cytokeratin

antibody [PCK-26] (1:500, ab401, Abcam, Cambridge,
UK). Negative controls have been established to eliminate
nonspecific fluorescence. Fluorescence intensity value of
primary tumor (> 200 cells) and all tumor budding has
been measured by laser confocal scanning microscope
(LSM 780, ZEISS, Germany) and ZEISS ZEN software.
To guarantee comparability, photograph was captured in
certain condition using Plan-Apochromat 63 x /1.40 Oil
DIC M27 (master gain is 800, digital gain is 1.1, digital
offset is 0 and laser line attenuator transmission in 9%).

Assessment of tumor budding

According to the definition of tumor budding, it is de-
differentiated single cells or clusters of <5 cells in central
or periphery of the tumor. Tumor budding will be evaluated
by HE, immunochemistry and immunofluorescence. Two
experienced pathologists selected the highest density of
tumor budding for assessment. Tumor budding will be graded
as low (< 10TB/HPF) versus high (> 10TB/HPF). (Figure 6).

Dispersiveness of tumor cell

To investigate dispersiveness of infiltrating tumor
cells, distance between two nearest neighboring tumor
cells has been measured. The maximum distance has been
selected to represent the dispersiveness of PDAC, as former
study has proved that tumor cells are more dispersed in the
tumor periphery than the central part [32]. (Figure 6).

Figure 4: These pictures show the range of our surgery to get a integrate SMA margin. SMA superior mesenteric artery,
SMYV superior mesenteric vein, CA celiac axis, CHA common hepatic artery, PNM pancreatic neck margin, A Aorta, LRV left renal vein,
IVC inferior vena cava, S1 segment 1 of liver, GDA gastroduodenal artery, PV portal vein.
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Figure 5: These pictures show the process of how we get and manage the SMA margin. S stomach, T tumor, D duodenum,
CBD common bile duct, SMAM superior mesenteric artery margin, SMV superior mesenteric vein, PM posterior margin, PNM pancreatic
neck margin.

Figure 6: Figure (A) shows examples for high grade tumor-budding, and figure (B) shows examples for low grade tumor-budding. The
arrows show the SMA margin and invasive front of the tumor.
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Statistics

Data collection and statistical analysis were
performed with IBM SPSS Version 21 (SPSS Inc, Chicago,
IL, USA). Enumeration data were expressed as mean and
standard deviation, ranked data by cross-tabulation and
percentages, and survival data by Kaplan—-Meier method.
For statistical analysis, 7T test, McNemar, chi-square test,
and log-rank test were employed. Multivariate modeling
was performed by binary logistic regression. All tests were
performed two-sided at a significance level of P =0.05.

Abbreviations

PDAC: pancreatic ductal adenocarcinoma; EMT:
epithelial-mesenchymal  transition; SMA: superior
mesenteric artery; OS: overall survival; DFS: disease free
survival; ROC: receiver operating characteristic curve; PV/
PVG: portal vein/portal vein groove; IVC: inferior vena
cava; CA: celiac axis; GDA: gastroduodenal artery; FJA:
first jejuna artery; IPDA: inferior pancreaticoduodenal artery.
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