26 H. Maguchi and S, Tanno

Tanno S. Nakano Y. Nishikawa T. et al. Natural history of branch duct intraductal papiliary-
mucinous neoplasms of the pancreas without mural nodules: long-term follow-up results. Gut.
2008:57(3):339-43.

Tanno S. Nakano Y, Sugivama Y, et al. Incidence of synchronous and metachronous pancreatic car-
cinoma in 168 patients with branch duct intraductal papillary mucinous neoplasm. Pancreatology.
2010a:10(2-3):173-8.

Tanno S, Nakano Y. Koizumi K, et al. Pancreatic ductal adenocarcinomas in fong-term follow-up
patients with branch duct intraductal papillary mucinous neoplasms. Pancreas. 2010b:39(1):
3640,

Uehara H, Nakaizumi A. Ishikawa O, et al. Development of ductal careinoma of the pancreas dur-
ing follow-up of branch duct intraductal papillary mucinous neoplasm of the pancreas. Gut,
2008;57(11):1561-5.

Uechara H, Ishikawa O, Katayama K, et al. Size of mural nodule as an indicator of surgery for
branch duct intraductal papillary mucinous neoplasm of the pancreas during follow-up.
I Gastroenterol. 201 1:46(5):657-63.

Yamaguchi K, Ohuchida J, Chisuka T, et al. Intraductal papillary-mucinous tumor of the pancreas
‘concomitant with ductal carcinoma of the pancreas. Pancreatology. 2002:2(5):484-90.

Yamaguchi i, Kanemitsu S, Hatori T, et al. Pancreatic ductal adenocarcinoma derived from [PMN
and pancreatic ductal adenocarcinoma -concomitant with IPMN., Pancreas. 201 1:40¢4):
57 1-80. ‘ ’

- 16



Langenbecks Arch Surg (2015) 400:57-65
DOI 10.1007/s00423-014-1255-x

A replaced right hepatic artery adjacent to pancreatic carcinoma

should be divided to obtain R0

resection in pancreaticoduodenectomy

Ken-ichi Okada - Manabu Kawai « Seiko Hirono -
Motoki Miyazawa - Atsushi Shimizu - Yuji Kitahata -
Masaji Tani - Hiroki Yamaue

Received: 8 May 2014 /Accepted: 20 October 2014 /Published online: 31 October 2014

© Springer-Verlag Berlin Heidelberg 2014

Abstract

Background The aim of the present study was to clarify the
optimal surgical strategy in the patients with right hepatic
artery (RHA) variation undergoing pancreaticoduodenectomy
(PD) based on the tumor position and the R1 resection rate.
Methods A total of 180 consecutive patients who underwent
PD for pancreatic ductal adenocarcinoma between January
2000 and May 2013 were evaluated for RHA variation, sur-
gical outcome, and the R1 resection rate retrospectively. In
this study, we defined three types of tumors: (i) the resectable
type, where tumors were situated more than 10 mm away from
the root of the replaced right hepatic artery (frRHA)/replaced
common hepatic artery (rfCHA); (ii) the adjacent type, where
tumors were situated within 10 mm from the root of the
rRHA/rCHA without tumor abutment of the superior
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mesenteric artery (SMA); and (iii) the borderline resectable
type, where the tumor abuts the SMA, but does not to exceed
180° of the circumference of the vessel wall.

Results Twenty-five patients were identified to have a RHA
variation in preoperative imaging studies. There were 16
patients with resectable type tumors, five with adjacent type
tumors, and four with borderline resectable tumors. The
rRHA/CHA was preserved in 14 (88 %) patients with the
resectable type, all of the patients with the adjacent type and
none of the patients with the borderline type pancreatic carci-
nomas. The R1 resection rates were significantly higher in
patients with adjacent/borderline resectable type tumors
(78 %) compared to those with resectable type tumors (6 %)
(p=0.001).

Conclusion The rRHA of the adjacent type pancreatic carci-
noma should be divided to improve the rate of RO resection.

Keywords Replaced right hepatic artery -
Pancreaticoduodenectomy - Bordetline resectable disease

Introduction

Most cases of pancreatic carcinoma are discovered at an
advanced stage. Among these cases, the radical resection rate
remains less than 23 % [1]. In the current therapeutic strategy
for pancreatic ductal adenocarcinoma, radical resection with a
sufficient dissection margin is given priority [2-5]. Pancreatic
surgeons sometimes encounter right hepatic artery (RHA)
variations, including a replaced right hepatic artery ({RHA)
or replaced common hepatic artery (rCHA), which have been
reported to be present in 19-24 % of patients who undergo
pancreaticoduodenectomy (PD) [6-9].
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A recent study reported that the presence of RHA variation
in patients with pancreatic carcinoma did not affect the resect-
ability [7--9], although the relationship between the resectable/
borderline resectable category and the risk of an R1 resection
in patients with RHA variation has not been well discussed
[10, 11]. Therefore, more precise classification for patients
with TRHA based on the National Comprehensive Cancer
Network (NCCN) criteria should be developed, and the indi-
cations for preservation of the rRHA/rfCHA should be inves-
tigated in detail to avoid R1 resection. Although the definition
of RO has been controversial [12-14], the distance between
the tumor and the vascular structures directly influences the
local radicality of the resection. One of the main reasons for
R1 resection is the presence of tumor abutment of a major
artery. The aim of the present study was to clarify the optimal
resection strategy in patients with RHA variation undergoing
PD based on the tumor position and the R1 resection rate.

Patients and methods

Patient characteristics and perioperative therapy Between
January 2000 and May 2013, 180 consecutive patients
underwent pancreaticoduodenectomy (PD) with D2 node dis-
section, including 155 (86 %) with a normal right hepatic
artery (RHA) and 25 (14 %) with RHA vanations, including
23 replaced right hepatic arteries (rRHA) and two replaced
common hepatic arteries (tCHA), for invasive ductal adeno-
carcinoma in the pancreatic head at Wakayama Medical Uni-
versity Hospital. We have performed PD with antecolic
duodenojejunostomy since April 2004, with pylorus-
resecting fashion since April 2009 based on the results of
our two prospective, randomized, controlled trials [15, 16].
The patients with invasive ductal carcinoma derived from an
intraductal papillary mucinous neoplasm (IPMN) were ex-
cluded from this study. All of the patients with tumor encase-
ment of the rRHA were expected to undergo preoperative coil
embolization of the rRHA to enlarge the collateral pathways
and prevent ischemia-related complications, regardless of the
diameter of the rRHA. In this period, the indication of preop-
erative coil embolization for rRHA was tumor encasement of
the rRHA. We did not resect the para-aortic lymph nodes, but
did perform D2 lymph node dissection along the hepatic
artery, celiac axis, and superior mesenteric artery (SMA), with
semicircumferential dissection of the right/posterior-sided
nerve plexuses around the SMA in the present study [17].

Among the patients with a normal RHA, there were five
patients with Stage 1A, two with Stage IB, 49 with Stage
ITA, 94 with Stage 11B, one with Stage 111, and four with Stage
IV disease; among the patients with RHA variation, one
patient had Stage 1A, one had Stage IB, three had Stage IIA,
18 had Stage IIB, and two had Stage IV disease [18] (Table 1).

@ Springer

During the period between January 2000 and April 2010,
no patients with pancreatic carcinoma received neoadjuvant
therapy; patients were recommended to receive postoperative
adjuvant chemotherapy using systemic intravenous
gemcitabine since January 2002. The dose and schedule were
based on the CONKO-001 study [19]. During the period
between May 2010 and December 2011, the patients with
borderline resectable [10] pancreatic head carcinoma were
planned to receive S-1 standard-dose chemotherapy for nine
weeks and multifield radiotherapy focused on the
retropancreatic tissue for a total of 50 Gy over a five-week
period. After three weeks of rest for both therapies, the pa-
tients without progression of disease or new distant metastasis
underwent PD. Since January 2012, the patients with border-
line resectable pancreatic head carcinoma were planned to
receive S-1 standard-dose/gemcitabine 800 mg/m? chemo-
therapy preoperatively.

The safety and outcomes of the operation in patients with
rRHA/TCHA are discussed in terms of the stage, curability,
complications, and survival compared with the patients with-
out rRHA. All tissue specimens were reviewed after resection.
The microscopically positive sites of the peripancreatic tissue
margin were identified by macroscopic/microscopic histo-
pathological examinations of the pathological specimens. Ev-
ery patient was followed up in the outpatient clinic every one
to three months. The clinical data and follow-up information
for each patient were obtained from the medical records.

The types of relationships between the tumor and RHA
variation The following terminology was used to define and
classify three patterns of radicality in terms of the relationship
between the tumor and the root of the IRHA/rCHA retrospec-
tively. Resectable type: the patients with tumors situated more
than 10 mm away from the root of the fRHA, with or without
involvement of the fRHA (Fig. 1a). The patients with tumors
situated within 10 mm from the root of the rRHA without
tumor abutment of the SMA, who were not classified as
having the borderline resectable type, were classified as hav-
ing the adjacent type in this study (Fig. 1b). Borderline resect-
able type: the patients with tumor abutment of the SMA that
did not exceed 180° of the circumference of the vessel wall,
according to NCCN criteria (Fig. 1c) [10]. In patients with
RHA variation, the distances between the proximal edge of the
tumor and the root of the rRHA/ICHA were measured on
computed tomography (CT) images.

Imaging diagnosis of arterial anatomy and
resectability Between January 2000 and May 2003, all pa-
tients were expected to undergo angiography to obtain more
detailed information of arterial anatomy prior to PD in addi-
tion to the CT scan. Based on the findings, we performed
preoperative coil embolization for patients with rRHA encase-
ment. Since June 2005, we have used plain/dynamic
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Table 1 The patient characteristics and surgical outcomes

Without a replaced RHA (n=155) (86 %) With a replaced RHA (n=25) (14 %) p value

Age at surgery (years) 68+10 68+9 0.896
Gender (1)
Male 88 11 0.281
Female 67 14
BMI (kg/m?) 2243 234 0.227
Tumor size (cm) 26+8 28+6 0.134
Stage (n)

1A 532 %) 1(4.0 %) 0.999

1B 2(1.3 %) 1(4.0 %) 0.363

IV 49 (31.6 %) 3(12.0 %) 0.056

1B 94 (60.6 %) 18 (72.0 %) 0.375

i 1 (0.7 %) 0 0.999

v 4 (2.6 %) 2 (8.0 %) 0.196
Neoadjuvant therapy () 12 (7.7 %) 4 (16.0 %) 0.245
Adjuvant therapy (1) 129 (83.2 %) 20 (80.0 %) 0.775
Portal vein resection (1) 61 (39.4 %) 10 (40.0 %) 0.999
SMA plexuses hemidissection (1) 151 (974 %) 23 (92.0 %) 0.196
Length of operation (min) 417486 420+74 0.865
EBL (ml) 9971008 1046+762 0.778
Transfusion (+) () 62 (40.0 %) 11 (44.0 %) 0.827
Residual tumor (n)
RO 125 (80.6 %) 17 (68.0 %) 0.185
R1 30 (194 %) 8 (32.0 %)

RHA right hepatic artery, BMI body mass index, Stage the stage based on the TNM classification, SM4 superior mesenteric artery, EBL estimated blood loss
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A <4 Fig. 1 A schematic drawing showing the relationship between the tumor
and the root of the replaced right hepatic artery (rRHA). a Resectable
rRHA type: a potentially resectable tumor with/without rfRHA involvement. b
Adjacent type: a tumor situated within 10 nun from the root of the rRHA
without tumor abutment of the superior mesenteric artery. ¢ Borderline
resectable type: a tumor that abuts the superior mesenteric artery but not
exceeding 180 © of the circumference of the vessel wall according to
NCCN guidelines Double-headed arrows indicate that the distance
between the tumor and the root of the rRHA is <10 mm. T pancreatic
carcinoma, SMA superior mesenteric artery, #RIHA replaced right hepatic
artery

SMA

multidetector computerized tomography (MD-CT) with 3D-
CT image as a substitute for the angiography. The conditions
for dynamic MD-CT imaging were as follows: contrast mate-
rial injection: 99 ml/60 kg, 4 ml/s (0-25 s), shooting on 30 s
(early arterial phase), 45 s (late arterial phase), 65 s (portal
venous phase), and 180 s (equilibrium phase), 1.25-mm thick
from the neck to the pelvis (GE Healthcare, Light Speed
VCT).

rRHA

Definition of postoperative complications We evaluated the
liver ischemia with the hypodensity area on enhanced CT with
elevated aminotransferase. Delayed gastric emptying (DGE)
was defined according to a consensus definition and the
clinical grading of postoperative DGE proposed by the Inter-
national Study Group of Pancreatic Surgery (ISGPS) [20]. A
pancreatic fistula was defined by the International Study
Group of Pancreatic Fistula (ISGPF) guidelines [21]. Intra-
abdominal hemorrhage was defined by the ISGPS [22]. Bili-
ary fistulae were defined as the presence of bile in the drainage
fluid that persisted on postoperative day 4. Surgical site infec-
tions included surgical wounds or intra-abdominal abscesses
with positive cultures. An intra-abdominal abscess was de-
fined as intra-abdominal fluid collection with positive cul-
tures, identified by ultrasonography or CT that was associated
with a persistent fever and elevation of the white blood cell
C count. The global morbidity rate and the type of complications

rRHA were evaluated by Dindo’s classification [23]. Patients were
discharged only when they fulfilled the following criteria:
they could return to their preoperative activities of daily living,
they had no drains, no deep-site infections, normal laboratory
data, and the possibility for oral nutrition above the basal
metabolic level. Mortality was defined as death within 30 days
after surgery.

SMA

SMA

Pathological work-up Macroscopically identified dissected
surface was examined microscopically regarding the presence
of tumor cells. We defined the R1-status as the presence of
tumor cells at the resection margin.

Statistical analysis Descriptive statistics were employed to
examine the demographic characteristics of the study popula-
tion. Statistical comparisons between two groups were made
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using the Chi-square statistic, Fisher’s exact test or the Mann—
Whitney U test, where appropriate. The baseline characteris-
tics, surgical outcomes, and postoperative complications were
compared between the patients with and without RHA varia-
tion by means of the Chi-square test for continuous and
categorical variables. A value of p<0.05 was considered to
indicate a statistically significant difference. All of the analy-
ses were performed using the statistical software package
SPSS 11 (version 20.0; SPSS, Inc., Chicago, IL, USA).

Results

Patient characteristics In the present study, 25 patients were
identified to have RHA variation by preoperative imaging
studies. The variations of the RHA included 22 rRHA from
the superior mesenteric artery (SMA), two rCHA from SMA
and one RHA directly branched from the aorta. Cases of
accessory RHA were excluded from this study, and those were
treated as normal variation [24]. The accuracy to identify
vascular anomalies by the two independent attending radiol-
ogists was 100 %, and all rRHAs were identified preopera-
tively. Figure 2 presents a diagnostic and therapeutic flowchart
of 180 patients. There were no patients with occlusion of the
rRHA due to the tumor ingrowth, but six patients were diag-
nosed to have the rRHA encasement on CT (Fig. 3a, b). Two
patients in the resectable type and all of the borderline resect-
able type were diagnosed to have encasement of rRHA. These
six patients underwent preoperative coil embolization for the
rRHA (Fig. 3¢) and PD combined with rRHA resection.
Nineteen patients underwent PD that preserved the rRHA
(n=17)xCHA (n=2). A histopathological examination re-
vealed an R1 site in three patients (50 %) in the rRHA
resection group and five patients (26 %) in the rRHA/NCHA
preservation group (p=0.344). The median number of
resected and infiltrated lymph nodes were 22 (4-64) and 2
(0-26). Table | shows the characteristics and surgical out-
comes of 180 consecutive patients with/without rRHA/rCHA.
There were no significant differences between the two groups,
including the RO resection rates. In this series, the number of
patients who received systemic gemcitabine given by intrave-
nous infusion postoperatively was 144 (80 %), four patients
with arterial variants received both neoadjuvant and adjuvant
therapies, and 20 received only adjuvant therapies. One pa-
tient refused to receive both neoadjuvant and adjuvant therapy
(Table 1.). Eighty-nine of 180 patients finished adjuvant che-
motherapy as scheduled; the others refused because of poor
general condition, early recurrence, and prolonged
hospitalization.

The radicality in terms of the types of relationships between
the tumor and RHA variation There were 16 patients with

l All patients (n=180)J

_— T~

[ rRHA variation (+) {n=25) l ] rRHA variation (-) (n=155) |

Resectable type(n=16) l } Adjacent type(n=5) l ] BR type (n=4) ‘

n=2

] Encasement (-) {(n=19) | I Encasement (+) (n:S)J

l Coil embolization (n=6) ’

{ rRHA resecting PD

Adjacent/BR type
RO status (n=2)
R1 status (n=7)

rRHA preservating PD .

Resectable type
RO status (n=15)
R1 status (n=1)

Fig. 2 A diagnostic and therapeutic flowchart of 180 patients with
pancreatic ductal adenocarcinoma. Resectable type: the patients with
tumors situated more than 10 mm away from the root of the replaced
right hepatic artery (fRHA), with or without involvement of the rRHA.
The patients with tumors situated within 10 mm from the root of the
rRHA without tumor abutment of the SMA, who were not classified as
having the borderline resectable type, were classified as having the
adjacent type. Borderline resectable type: the patients with tumor abut-
ment of the SMA that did not exceed 180° of the circumference of the
vessel wall, according to NCCN criteria. Two patients in the resectable
type were diagnosed to have encasement in the distal side of rRHA. All
patients in the borderline resectable type were diagnosed to have encase-
ment in the root of tRHA. Six patients underwent preoperative coil
embolization for the rRFHA and pancreaticoduodenectomy (PD) com-
bined with tRHA resection. Nineteen patients underwent rRHA preserv-
ing PD. The R1 resection rates were significantly higher in patients with
adjacent/borderline resectable type tumors (78 %) compared to those with
resectable type tumors (6 %) (p=0.001). BR borderline resectable

resectable type tumors, five with adjacent type tumors, and
four with borderline resectable type tumors; the R1 resection
rates were 6 % (n=1), 80 % (n=4), and 75 % (n=3), respec-
tively (Fig. 4), i.e., the accuracy of preoperative prediction for
RO resection was 94 % in resectable type, and 20 % of
adjacent type. The R1 resection rates were significantly higher
in patients with adjacent/borderline resectable type tumors
(78 %) compared to those with resectable type tumors (6 %)
(p=0.001). The rRHA was preserved in 14 (88 %) patients
with the resectable type tumors, all of the patients with the
adjacent type (n=>5) and none of the patients with the border-
line type pancreatic carcinoma. The histopathological exami-
nation revealed positive margins for tumor infiltration in eight
patients (32 %) with right hepatic artery variation. Microscop-
ically positive margins were identified frequently in two
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Fig. 3 a, b The images of computed tomography (a)/angiography (b)
showed the tumor encasement (arrow) in the root of replaced right hepatic
artery (rRHA) of a patient with borderline resectable type pancreatic
ductal carcinoma. The patient underwent preoperative coil embolization
after ncoadjuvant chemoradiation therapy prior to
pancreaticoduodenectomy with rRHA combined resection. ¢ Immediate-
ly after the embolization of the root of the rRHA with two microcoils
(arrow), the vascular flow in distal tRHA from intrahepatic communica-
tion artery was confirmed

dissected sites. The root of rRHA/CHA in the periarterial
nerve plexuses around SMA was involved in three patients,
and the retropancreatic tissue adjacent to the periarterial nerve
plexuses around the rRHA/TCHA was involved in five pa-
tients. In resectable/adjacent type cases, all positive margins
(n=5) were identified in the retropancreatic tissue adjacent to
the periarterial nerve plexuses around the fRHA/YCHA. All
positive margins were identified at the dissection surface, and
there was no histopathological evidence of tumor cell infiltra-
tion into the artery.

Postoperative complications Table 2 shows the postoperative
complications in patients with a normal RHA and RHA var-
iation. There were no cases of hepatic infarction or hepatic
abscess in patients who underwent preoperative coil emboli-
zation in this series. Postoperative cholangitis due to arterial
devascularization was not found in this series. The incidence
of postoperative pancreatic fistula development, DGE, and
intra-abdominal hemorrhage revealed no significant differ-
ences between the two groups. The grading of the overall
postoperative complications evaluated by Dindo’s classifica-
tion also revealed no significant differences between the
groups. Four patients underwent reoperation due to an early
intra-abdominal hemorrhage (n=1), non-occlusive mesenteric
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Fig. 4 The R1 resection rates {or the three types of relationships between
the tumor and the replaced right hepatic artery. The rates were 6 % (n=1),
80 % (n=4), and 75 % (n=3), respectively, for resectable, adjacent, and
borderline resectable type tumors

ischemia (n=1), necrosis of the transverse colon (n=1), and
abdominal compartment syndrome after intra-abdominal
hemorrhage (1= 1). One patient died on postoperative day 22
due to non-occlusive mesenteric ischemia.

Survival The median follow-up for all patients was 15 (0—
119) months. The estimated one-year survival rate was
63.2 %, the estimated two-year survival rate was 35.5 %,
and the estimated median survival time was 17 months in all
patients. The patients who underwent RO resections (n=17)
showed a better survival than those with R1 resections (#=8)
in the RHA variation group (p=0.073, log-rank test).

The distance between the edge of the tumor and the root of the
replaced right/common hepatic artery The relationship be-
tween the radicality of the resection and the distance between
the edge of the tumor and the rRHA/CHA root in patients
who underwent PD is shown in Fig. 5. Microscopically pos-
itive margins were detected more frequently in the patients
with tumors situated <10 mm from the rRHA/fCHA (n=8)
than in those with tumors >10 mm from the tRHA/rCHA (n=
17) (p=0.001, x2 test).

Discussion

Although recent studies have reevaluated or redefined the R1
resection in pancreatic carcinoma, RO resection is still an
essential and surgical requirement for long-term survival
[12—14]. In this study, the investigation of the histopatholog-
ical features of the risk of R1 surgery of all cases revealed that
only serosal and retropancreatic tumor invasion increased the
risk of R1 resection. The presence of an RHA variation itself
did not affect the R1 resection rate. On the other hand, the
previous literature indicated that the invasion of the artery is a
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Table 2 The postoperative complications and outcomes

Without a replaced RHA (n=155) With a replaced RHA (n=25) p value
Liver ischemia 0 0
Pancreatic fistula® 19 3 0.999
Grade A 10 2 0.675
Grade B 5 1 0.999
Grade C 4 0 0.999
Delayed gastric emptying® 14 2 0.999
Grade A 6 0 0.999
Grade B 6 2 0.307
Grade C 2 0 0.999
Intra-abdominal hemorrhage® 6 0 0.999
Grade A 1 0 0.999
Grade B 0 0
Grade C 5 0 0.999
Dindo’s classification
0,1 1I 135 24 0.316
ia 8 1 0.999
b 5 0 0.999
IVa 4 0 0.999
IVb 2 0 0.999
\% 1 0 0.999
Reoperation 4 0 0.999
Mortality 1 0 0.999
RHA right hepatic artery

“ Pancreatic fistula was defined according to the International Study Group of Pancreatic Surgeons

® Delayed gastric emptying was defined according to the International Study Group of Pancreatic Surgeons
¢ Intra-abdominal hemorrhage was defined according to the International Study Group of Pancreatic Surgeons
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Fig.5 The patients with tumors situated <10 mm from the replaced right
hepatic artery had a greater incidence of R1 resection (p=0.001, x2 test)

crucial prognostic factor for pancreatic carcinoma [25]. The
proximity between the tumor and a major artery makes it
difficult to obtain sufficient surgical margins. Therefore, the
proximity of the pancreatic carcinoma to the right hepatic
artery variations would be expected to correlate with a poor
prognosis due to an increased R1 resection rate or the invasion
of the rRHA/TCHA.

We previously reported that the patients with pancreatic
body/tail carcinoma located within 10 mm from the root of the
splenic artery had a greater incidence of R1 resection [26]. In
the present study, we examined the impact of three different
types of tumors, in terms of the distance between the tumor
and the root of the IRHA/ICHA and the presence of arterial
abutment of the SMA. Not only the borderline type but also
the adjacent type showed a high R1 resection rate, and R1
resection correlates with a poor survival rate in patients with-
out lymph node metastasis.

To improve the RO rate (68 %) in patients with RHA
variation, we investigated the positive surgical margins from
resected specimens in patients who underwent PD. Eight of
the 25 patients who underwent PD had microscopically pos-
itive margins at the nerve plexuses of the root of the
rRHA/ICHA. In this series, five of the eight cases (63 %)
who were positive for infiltration at the surgical margins were
in the artery preservation group, and microscopically positive
margins were frequently identified in the retropancreatic tissue
adjacent to the periarterial nerve plexuses around the TRHA/
rCHA in patients with the resectable or adjacent type pancre-
atic carcinoma. This result suggests that it is technically and
oncologically difficult to achieve sufficient surgical margins
for pancreatic carcinoma in patients with right hepatic artery
variation who undergo PD, regardless of whether there is
tumor abutment. In fact, we had made a decision to preserve
an TRHA/rCHA for each case with the adjacent type of
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potentially resectable pancreatic carcinoma preoperatively.
Therefore, we suggest that en bloc resection of the rRHA
should be performed to obtain an RO resection in patients with
adjacent type pancreatic carcinoma who would otherwise
undergo preservation of the rRHA [27].

The patients with rCHA which has to be preserved should
be carefully selected for PD, as should the patients with
borderline resectable/unresectable pancreatic carcinoma. In
addition, our results also showed that the patients with tumors
located within 10 mm from the root of the rRHA, i.e.,
adjacent/borderline resectable type pancreatic carcinoma,
had a greater incidence of R1 curability. In particular, the R1
rate in the patients with the adjacent type pancreatic carcino-
ma, who tended to be treated the same as those with resectable
type pancreatic carcinoma, was 80 %. Therefore, preoperative
therapy may offer a better RO resection rate for the patients
with tumors located within 10 mm from the root of the rRHA,
including cases of adjacent type pancreatic carcinoma.

More effective regimens of neoadjuvant chemotherapy
should be established for unresectable pancreatic carcinoma
in the future [28, 29] because the rRHA resection strategy did
not increase the RO resection rate in patients with borderline
resectable type tumors in this study.

The major limitation of this study was that the survival
rates between the patients who underwent RO and R1 resec-
tion were not significantly different due to the small numbers
of patients and the shorter follow-up period in patients with
RHA variations. Although the small number in the subgroups,
in particular adjacent and borderline may not be sufficient to
draw any strong conclusion, the adjacent type would be a
distinct pitfall for pancreatic surgeons. Additional studies in
a larger number of patients and with a longer follow-up period
are warranted to confirm our present findings.

In conclusion, PD is a feasible and safe surgical modality in
patients with rRHA similar to patients with normal variants.
The R1 resection rate in patients who underwent rRHA pre-
serving PD was high in patients with adjacent type pancreatic
carcinoma. TRHA resecting PD of the patients with adjacent
type pancreatic carcinoma would improve the RO resection
rate.
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Summary Background Elpamotide is an HLA-A*24:02-re-
stricted epitope peptide of vascular endothelial growth factor
receptor 2 (VEGFR-2) and induces cytotoxic T lymphocytes
(CTLs) against VEGFR-2/KDR. Given the high expression of
VEGFR-2 in biliary tract cancer, combination
chemoimmunotherapy with elpamotide and gemcitabine holds
promise as a new therapy. Patients and Methods Patients with
unresectable advanced or recurrent biliary tract cancer were
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included in this single-arm phase Il trial, with the primary
endpoint of overall survival. Survival analysis was performed
in comparison with historical control data. The patients concur-
rently received gemeitabine once a week for 3 weeks (the fourth
week was skipped) and elpamotide once a week for 4 weeks.
Results Fifty-five patients were registered, of which 54 received
the regimen and were included in the full analysis set as well as
the safety analysis set. Median survival was 10.1 months, which
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was longer than the historical control, and the 1-year survival
rate was 44.4 %. Of these patients, injection site reactions were
observed in 64.8 %, in whom median survival was significantly
longer (14.8 months) compared to those with no injection site
reactions (5.7 months). The response rate was 18.5 %, and all
who responded exhibited injection site reactions. Serious ad-
verse reactions were observed in five patients (9 %), and there
were no treatment-related deaths. Conclusion Gemcitabine and
elpamotide combination therapy was tolerable and had a mod-
erate antitumor effect. For future development of therapies, it
will be necessary to optimize the target population for which
therapeutic effects could be expected.

Keywords Biliary tract cancer - Immunotherapy - Cancer
vaccines - Phase Il clinical trial - VEGFR2

Introduction

In Japan, the incidence of biliary tract cancer (BTC) was
ranked the sixth leading cause of cancer death in 2012. Al-
though BTC is rare in Europe and America, it is highly
prevalent in Japan, Chile, and East Asia [, 2], presenting a
serious health concern. The only hope for a complete cure is
early-stage surgical resection. However, many BTC cases are
unresectable due to locally advanced or distant metastasis.
Moreover, recurrence after curative resection is not rare.
Therefore, effective pharmacotherapies must be developed.

Vascular endothelial growth factor (VEGF)-A and its recep-
tor, VEGF receptor (VEGFR), is highly expressed in many
tumors including BTC [3]. VEGFR-2/KDR strongly promotes
tumor angiogenesis, and active immunization against VEGFR-
2/KDR has been reported to inhibit tumor growth and metas-
tasis [4]. Thus, VEGFR-2/KDR holds hope as a target for
tumor immunotherapy. Elpamotide, an HLA-A*24:02-restrict-
ed epitope peptide derived from VEGFR-2/KDR (KDR169),
induces cytotoxic T lymphocytes (CTLs) that specifically rec-
ognize VEGFR-2/KDR169. These CTLs target tumor vascular
endothelial cells that express KDR169-presenting HLA mole-
cules, i.e., VEGFR-2/KDR expressing cells.

In this study, we assessed the efficacy and safety of com-
bination immunotherapy with gemcitabine (Gem) and
elpamotide in patients with BTC.

Methods

Study design

This multicenter, open-labeled, single-arm, phase 11 trial,
which recruited patients via central registration, was conduct-

ed in accordance with the Declaration of Helsinki and the
Standards for the Implementation of Clinical Trials on

@ Springer

Pharmaceutical Products. The primary endpoint was overall
survival, and secondary endpoints included progression-free
survival and tumor regression. Sixteen facilities participated in
this trial. This study was registered with UMIN, Clinical Trials
Registry before the enrollment of the first subject (Registra-
tion number: UMIN000002500). Inclusion criteria of this trail
were shown in Table 1.

Study treatment

One course of elpamotide (4 weeks) consisted of a single
weekly subcutaneous injection (2.0 mg/ml/body) on day 1,
day 8, day 15, and day 22. One course of Gem (4 weeks)
consisted of a single weekly mediation (1000 mg/m*/30 min)
onday 1, day 8, and day 15 (day 22 was skipped). Criteria for
discontinuation were shown in Table I.

Efficacy and safety

Restaging CT was performed every 6 weeks and evaluated
according to RECIST criteria version 1.1. The final tumor
regression effect was determined by consensus of the image
evaluation committee. Overall survival was defined as time

Table 1  Criteria of this trial

Inclusion criteria
a) pathologically diagnosed adenocarcinoma or adenosquamous
carcinoma with bile duct origin (extrahepatic bile duct, intrahepatic
bile duct, gallbladder, or vater papilla)

b) unresectable or recurrent disease

c) HLA-A*24:02 positive

d) aged >20 years and <75 years

e) ECOG performance status of 0 or 1

f) expected to live for >3 months

g) adequate organ function meeting the following criteria:

white blood cell count >3500/mm? and <12,000/mm>, neutrophil count

>2000/mm?, hemoglobin 9.0 g/dL, platelet count >100,000/mm?,

total bilirubin <2.0 mg/dL, aspartate aminotransferase <150 IU/L,

alanine aminotransterase <150 1U/L, and serum creatinine <1.5 mg/

dL;

1) no previous history of chemotherapy, radiotherapy, or
immunotherapy for BTC

(eligible if adjuvant therapy with S-1 was performed =6 months before

registration)

i) if underwent laparotomy, it was performed >2 weeks before
registration

J) provision of written informed consent.

Criteria for discontinuation

a) when the primary disease observably worsened

b) when dose reduction of Gem was required for more than two stages

¢) when adverse events made continuation ditficult

d) when treatment was postponed for more than 28 days

¢) when 1.5 years had passed from registration
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from the day of registration to the day of death from any cause
or 1.5 years afterwards. Progression-free survival was counted
from the day of registration to the day of progressive discase by
clinical evaluation or imaging diagnosis, whichever was earlier.

Adverse cvents were evaluated at each hospital visit and
graded according to the Common Toxicity Criteria version 3
(CTCAE v3). Adverse events which could not be ruled out as
being related to the trial therapy were reported as adverse drug
reactions (ADRs). For each adverse event, we documented the
worst grade for each patient, and confirmed the incidence of
each by grade.

Exploratory assessment

Induction of VEGFR-2-specific CTLs and serum concentra-
tions of VEGFR-2 were analyzed only in subjects who pro-
vided specific consent to receive these assessments at some of
the participating medical institutions.

The induction of VEGFR-2-specific CTLs was evaluated
by an enzyme-linked immunospot assay. CTL positivity was
defined as when the calculated value (average spot number in
the peptide pulse group - average spot number in the negative
control group/average spot number in the peptide pulse group
% 100) by time was greater than that of day 1, and further when
the average spot number in the peptide pulse group was
greater than the average spot number and standard deviation
range in the negative control group.

Serum concentrations of VEGFR-2 were measured before
drug administration on day 1, day 8, and day 29, using
Quantikine® Human Soluble VEGFR-2 Immunoassay
(R&D Systems, Inc).

Statistical analysis

Overall survival, 1-year survival and progression-fiee survival
were estimated with the Kaplan-Meier method. To assess differ-
ences in overall survival between the elpamotide and historical
control groups [3, 6], log-rank tests and the Harrington-Fleming,
in which time is weighted and was used in anticipation that the
effects of the vaccine would present with time, were used.
Calculation of sample size was based on an additional
treatment effect of 15 % in the elpamotide group compared
with the 1-year survival rate in the historical control group,
which was derived from previous reports 35, 6]. The null
hypothesis was “no extension of 1-year survival” to achieve a
one-sided type I error of <10 % and a power of >80 %. We
estimated that the 1-year survival rate of the historical control
group based on patients with BTC was 15-30 %, and expected
elpamotide to add a treatment effect of 15 %. When the histor-
ical control group was set at 200 patients, the sample size
needed for the elpamotide group was calculated to be 4560
patients. Accordingly, we aimed to select a total of 50 patients.

Serum concentrations of VEGFR-2 were analyzed by post-
hoc test. All statistical analyses were conducted with SAS
software, version 9.1.3 (SAS Institute). '

Results
Patient characteristics

Of'the 55 patients registered from October 2009 to June 2011,
54 who underwent the trial therapy were included in the full
analysis set and safety analysis set. Patient characteristics are
summarized in Table 2. Compared to the historical control
group, the present trial had higher proportions of patients
without gallbladder cancer (66.7 % vs. 45-50.7 %) and those
having a performance status of 0 (90.7 % vs. 60 %).

Survival and response rate

Fourteen patients (25.9 %) survived >1.5 years, and two
completed the 1.5-year trial therapy. The median number of
courses of study treatment was 4.5 (range: 1-20), and the dose
intensity of elpamotide and Gem was 90.0 and 82.7 %,

Table 2 Patient characteristics (N _54)*

Characteristics No. of patients %

Age, years

<65 27 50

=65 27 50
Sex

Male 30 55.6

Female 24 444
Primary tumour site

Intrahepatic bile duct 20 37

Gallbladder 18 333

Extrahepatic bile duct 13 24.1

Ampulla of vater 3 5.6
Extent of disease

Metastatic 34 63

Locally advaced 20 37
Resection

No 37 68.5

Yes 17 315
Lymphocyte

>18 % 45 83.3

<18 % 9 16.7
PS (ECOG)

0 49 90.7

1 5 93

Clinical characteristics of the 54 paticnts who received clpamotide+GEM
PS (ECOG) Performance status (Eastern Cooperative Oncology Group)
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Fig. 1 Overall survival
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respectively. Main reasons for discontinuation were exacerba-
tion of primary disease (34 cases) and adverse event-related
reasons (6 cases).

Median survival was 10.1 months (95 % confidence inter-
val (CI): 8.0-14.0 months), which was longer than that of the
historical control (7.6 months) (P=0.079; Harrington-Fleming
method; P=0.043, log-rank test; Fig. 1). One-year survival
rate was 44.4 %, and median progression-free survival was
4.5 months (95 % CI: 2.8-7.1 months).

Median overall survival by site of origin was as follows:
intrahepatic bile duct (11.6 months), extrahepatic bile duct
(18.3 months), gallbladder (8.4 months), and vater papilla
(9.8 months). These were superior to the 8.7, 10.1, 6.5, and
9.3 months, respectively, in the historical control.

None of the patients achieved complete response, while 10
achieved partial response, with the imaging response rate of
18.5 %. Stable disease was maintained for >6 months in 8 of
28 patients (14.8 %).

Toxicity

Major hematologic ADRs included decreased white blood cell
counts (75.9 %), decreased platelet counts (72.2 %), and
decreased neutrophil counts (64.8 %). Major non-
hematologic ADRs included injection site reaction (68.5 %),
induration and erythema (64.8 and 27.8 %), nausea (51.9 %),
and decreased appetite and malaise (37.0 %). Severe adverse
effects were observed in five patients as follows:
pneumocystis pneumonia, loss of appetite, thrombotic micro-
angiopathy, interstitial lung disease, and fever. ADRs of grade
3 or higher are summarized in Table 3. There were no
treatment-related deaths.

@ Springer
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Subgroup analysis

Among 37 patients who developed injection site reactions
(ulcer, induration, or erythema), tumor regression was ob-
served in 10 (27 %) during the study period. Moreover, the
median overall survival of the 37 patients was significantly
longer (14.8 months) compared to that of the remaining 17
who developed no injection site reactions (5.7 months; Table 4
and Fig. 2).

Table3  Adverse drug reactions

Adverse drug reactions Grade 3 Grade 4

N % N %

Hematological

Decreased neutrophil count 16 296 3 356
Decreased lymphocyte count 9 167 0 00
Decreased white blood cell count 5 93 0 00
Decreased platelet count 4 74 1 1.9
Anermia 2 37 0 00
Non-hematological
Pneumocystis jiroveci pneumonia 1 19 0 00
Thrombotic microangiopathy 1 1.9 0 00
Decreased appetite 1 19 0 00
Interstitial lung disease 1 19 0 00
Elevated alanine aminotransferase level I 1.9 0 00
Elevated aspartate aminotransferase level 1 1.9 0 00
Elevated blood glucose level 1 19 0 00
Elevated gamma-glutamyltransferase level | 19 0 00
Elevated hepatic enzyme level I 19 0 00
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Table 4 Relationship between
the efficacy and injection site
reactions

With ISR (#=37)

Without ISR (n=17)

N (%) N (%) P-value
Response
Complete response (CR) 0(0.0) 0(0.0)
Partial response (PR) 10(27.0) 0 (0.0)
Stable disease (SD) 20 (54.1) 8 (47.1)
Progressive disease (PD) 7 (18.9) 7 (41.2)
Not evaluable (NE) 0 (0.0) 2(11.8)

Overall survival
) Median survival (95 % CI)
C1 confidence interval, ISR
injection site reaction

14.8 months (9.8, 18.4) 5.7 months (4.6, 8.6) 0.002 (H-F),

<0.001 (log-rank)

Exploratory analysis

The induction of VEGFR2-specific CTLs was assessed in
nine patients; six were positive (66.7 %). There was no clear
association between CTL positivity with treatment survival,
response rate, or ADRs.

Serum concentrations of VEGFR-2 were evaluated in 43
patients, and found to be significantly increased from baseline
(day 1) to day 8 (P=0.015), and significantly decreased from
day 8 to day 29 (P=0.010); there was no significant difference
from baseline to day 29. Response rate in the 31 patients
(72 %) with an elevated serum VEGFR-2 concentration at
day 8 was 19 %, and median survival was 13.3 months. There
was no apparent association between serum VEGFR-2 con-
centration and efficacy or ADRs.

Discussion

Tumor immunotherapy has recently gained much atten-
tion, and there are currently more than 100 clinical

studies in progress around the world. As a results, some
immunotherapeutic drugs already approved [7, 8], and
such approval reflects the findings that immunotherapy
activates the immune response in cancer patients and is
clinically effective.

The present trial was planned and conducted before
Gem plus cisplatin therapy became the standard chemo-
therapy for BTC based on results of the ABC-02 [9]
and BT-22 [10] trials. The reliable reference data at the
time of planning this trial were only the retrospective
data from two studies [5, 6]. Based on results from
those studies, we set the threshold 1-year survival rate
at 15-30 %, and expected to add a 15 % treatment
effect. The result was a 44.4 % l-year survival rate,
which was in line with this prediction. However, the
proportion of good performance status cases and of
those without gallbladder cancer were high in this trial.
Thus, in the comparison with the historical control,
improved survival may have been related to patient
background, rather than the vaccine’s additive effects.
Median survival with the standard Gem plus cisplatin

Fig. 2 Overall survival with or
without injection site reactions

Overall Survival (%)

With injecion site reactions

e xS B S8
s,

T
Yo, »,.” .
““ e
@
Without injection site reactions
%]
i 1 1] T T
0 5 10 15
Months
@ Springer



[nvest New Drugs

therapy in the ABC-02 and BT22 trials was 11.7 and
11.2 months, respectively. Based on the median survival of
10.1 months in the present trial, single-agent Gem chemother-
apy clearly lacks power as a platform for additive effects over
elpamotide.

Survival curves for subgroups of patients who did and did
not exhibit injection site reactions differed substantially. The
fact that those who exhibited injection site reactions showed
better long-term results suggests that it can be used as an
indicator for early determination of those likely to benefit
from therapy. This phenomenon was also observed in the
Gem =+ elpamotide trial (PEGASUS-PC Study), which
targeted advanced pancreatic cancer patients, and although
primitive, it may serve as a highly reliable indicator.

In conclusion, combined immunotherapy with Gem and
elpamotide was well-tolerated and showed moderate antitu-
mor effects. For future development of therapies, it will be
necessary to optimize the target population for which thera-
peutic effects could be expected.
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Abstract Borderline resectable (BR) pancreatic cancer
involves the portal vein and/or superior mesenteric vein
(PV/SMV), major arteries including the superior mesenteric
artery (SMA) or common hepatic artery (CHA), and some-
times includes the involvement of the celiac axis. We herein
describe tips and tricks for a surgical technique with video
assistance, which may increase the RO rates and decrease the
mortality and morbidity for BR pancreatic cancer patients.
First, we describe the techniques used for the “artery-first”
approach for BR pancreatic cancer with involvement of the
PV/SMV and/or SMA. Next, we describe the techniques
used for distal pancreatectomy with en-bloc celiac axis resec-
tion (DP-CAR) and tips for decreasing the delayed gastric
emptying (DGE) rates for advanced pancreatic body cancer.
The mesenteric approach, followed by the dissection of
posterior tissues of the SMV and SMA, is a feasible proce-
dure to obtain RO rates and decrease the mortality and mor-
bidity, and the combination of this aggressive procedure and
adjuvant chemo(radiation) therapy may improve the survival
of BR pancreatic cancer patients. The DP-CAR procedure
may increase the RO rates for pancreatic cancer patients with
involvement within 10 mm from the root of the splenic artery,
as well as the CHA or celiac axis, and preserving the left
gastric artery may lead to a decrease in the DGE rates in cases
where there is more than 10 mm between the tumor edge and
the root of the left gastric artery. The development of safer
surgical procedures is necessary to improve the survival of
BR pancreatic cancer patients.
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Instructions

Complete surgical resection is the sole curative treatment
for pancreatic cancer patients; however, only 15-20% of the
pancreatic patients are eligible for surgery [1, 2]. Therefore,
aggressive surgical procedures, including concomitant
portal vein and/or superior mesenteric vein (PV/SMV)
resection and/or resection of major arteries during
pancreatectomy, have been performed for advanced pancre-
atic cancer patients [3, 4] since Fortner et al. reported these
aggressive surgical procedures in 1973 [5]. Nevertheless,
these aggressive procedures have been considered to be
contraindicated because of the high assoeciated morbidity
and mortality rates [4]. Recently, the surgical techniques,
perioperative management and adjuvant chemotherapy or
chemoradiation therapy have improved, and the national
consensus of “borderline resectable (BR) pancreatic cancer”
has widely been used worldwide [6-8].

BR pancreatic cancer involves the PV/SMV and/or major
arteries (determined based on computed tomography [CT])
and is associated with a high risk of harboring radiographi-
cally occult metastases. Therefore, it is difficult for BR
pancreatic cancer patients to obtain pathologically negative
surgical margins to obtain survival benefits even if they
undergo extended surgical resection. The definition of the
National Comprehensive Cancer Network (NCCN) guide-
line 2013 described that: (1) no distant metastasis; (2)
venous involvement of the PV/SMV with distortion or nar-
rowing of the vein or occlusion of the vein with suitable
vessels proximal and distal, allowing for safe resection and
replacement; (3) gastroduodenal artery encasement up to the
hepatic artery with either short segment encasement or
direct abutment of the hepatic artery without extension to
the celiac axis; and (4) tumor abutment of the superior
mesenteric artery not to exceed more than 180 degrees of the
circumference of the vessel wall [9]. However, the defini-
tions of BR pancreatic cancer have subtle differences, and
vary by institution [9—11]. For example, distal pancreatec-
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tomy with en-bloc celiac axis resection (DP-CAR) has been
widely performed for BR pancreatic cancer patients with
radiological abutment of the celiac axis in Japan [12-15].

Although some studies have reported the advantages and
disadvantages of aggressive surgical procedures for a small
number of BR pancreatic cancer patients, it has not been
known whether these aggressive surgical procedures,
including concomitant dissection of the nerve plexus along
major arteries and the resection of major vessels, lead to
improvements in the survival of patients with BR pancreatic
cancer. Recently, neoadjuvant therapy has been recom-
mended for BR pancreatic cancer; however, it is unknown
what regimen is the most effective and safest, and whether
the neoadjuvant therapy could impact the survival [16-19].

The aim of this article is to suggest surgical techniques
that can be used to increase the RO rates and survival ben-
efits, as well as to decrease the morbidity and mortality rates
for BR pancreatic cancer using surgical videos.

Methods

We selected two operative procedures for BR pancreatic
cancer patients in this article: one was mesenteric approach
during pancreaticoduodenectomy (PD) for pancreatic head
cancer, and another was DP-CAR with preservation of the
left gastric artery (modified DP-CAR) for pancreatic body
cancer, and trimmed each operation videos. The tips and
tricks of the two operative procedures will be introduced with
videos assistance and some published research in this article.

Results

Mesenteric approach for BR pancreatic cancer located in
the pancreatic head (Video S1)

In Video S1, the patient was a 50-year-old male, and had the
cancer located in the head of the pancreas with abutment of
the SMA with 90 degrees of the circumference. Therefore,
he was diagnosed as BR pancreatic cancer, and underwent
neoadjuvant chemotherapy using gemcitabine and S-1.
First, the mesentery of the jejunum is incised at the line
between the Treiz ligament and the third portion of the
duodenum in order to identify the SMV and SMA at the line.
Next, the J1 and J2 arteries are approached at the root of the
SMA (Fig. 1), and the inferior pancreaticoduodenal artery
(IPDA) is also identified. After the J1 artery and IPDA are
ligated and divided, the posterior tissues of the SMA and
SMYV are dissected completely (Fig. 2). In cases with the
involvement of the SMA, right side semicirumferential dis-
section of the nerve plexus of the SMA may be required in
addition to this procedure in order to obtain negative surgi-
cal margins. The dissection of the tissues along the SMV

Fig. 1 After identification of the superior mesenteric artery (SMA)
and the superior mesenteric vein (SMV) at the line between the Treiz
ligament and the third portion of the duodenum, we approached the J1
and J2 arteries at the roots of the SMA to proceed with the posterior
approach for the SMA

Fig. 2 The dissection of the posterior fat tissues of the superior
mesenteric artery (SMA) and superior mesenteric vein (SMV) is com-
pleted via the mesenteric approach

and SMA is promoted cephalad toward the inferior border of
the pancreatic body.

After transection of the stomach or duodenum, the lymph
node dissection around the common hepatic artery and
hepatoduodenal ligament is performed. The dissection of
the nerve plexus around the common hepatic artery may
sometimes be required for pancreatic cancer with involve-
ment of the common hepatic artery and/or the root of the
gastroduodenal artery, especially for pancreatic neck cancer.
After the dissection around the common hepatic artery and
the hepatoduodenal ligament, the bile duct and the pancreas
are transected. In cases of pancreatic neck cancer, the inva-
sion of the confluence of the PV and SMV and even splenic
vein invasion are sometimes found behind the tumor, and a
procedure is needed that allows the range of the tumor to be
cleared by intraoperative ultrasound and dissection of the
posterior tissues between the pancreas and splenic artery
from the PV toward the left side of the tumor [20].

Next, the dissection of the nerve plexus from the celiac
trunk and the root of the SMA at the aorta to the pancreatic
head is performed, and the pancreatic head is dissected
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from the retroperitonum by the Kocher maneuver. After
transection of the jejunum, the pancreatic head is connected
with only the PV/SMYV, it the tumor involves the PV/SMV.
After the specimen is removed with the resection of the
PV/ISMYV, PV/SMV reconstruction is performed. If the length
of the resected PV/SMV is long, the splenic vein should be
divided and/or an autologous graft should be interposed for a
tension-free anastomosis in order to prevent the development
of vessel thrombosis after reconstruction [21].

Modified DP-CAR procedure for BR pancreatic cancer
located in the pancreatic body and/or tail (Video S2)

The patient was a 72-year-old male, and had the cancer
located in the body of the pancreas with radiographic inva-
sion of nerve plexus around the confluence of splenic artery
and common hepatic artery and celiac axis. Therefore, he was
diagnosed as having BR pancreatic cancer, and underwent
neoadjuvant chemotherapy using gemcitabine and S-1. After
neoadjuvant treatment, the tumor was stable disease, and his
common hepatic artery was preoperatively embolized by
angiographic coiling to increase arterial blood flow to the
liver via the pancreatoduodenal arcades from the SMA.

The DP-CAR procedure includes en-bloc resection of the
celiac axis, common hepatic artery and left gastric artery, in
addition to the distal pancreatectomy. The nerve plexus and
ganglions around the celiac axis and the SMA, and the
retroperitoneal fat tissues, are also dissected. No recon-
struction of the arterial system is required because of the
development of the collateral arterial pathways via the
pancreatoduodenal arcades from the SMA. Preoperative coil
embolization of the common hepatic artery is often per-
formed in order to enlarge the collateral pathways and
prevent ischemia-related complications. Moreover, the right
gastric vein, which usually joins to the portal vein, should be
preserved for the prevention of the congestive gastropathy.
If PV/SMV invasion is found and resection is required, the
use of an autologous graft should be considered for a
tension-free anastomosis after PV/SMV reconstruction to
prevent thrombosis in the reconstructed PV/SMV [21].

Furthermore, we reported DP-CAR with preservation of
the left gastric artery, named “modified DP-CAR”, and
found that the incidence of postoperative delayed gastric
emptying was lower in the modified DP-CAR than standard
DP-CAR. Therefore, we recommend the modified DP-CAR
procedure over the standard DP-CAR, if the length between
the edge of the tumor and the root of the left gastric artery is
longer than 10 mm [15].

Discussion

Some artery-first approaches have been reported for PD
[22], including the right posterior approach [23, 24], left

posterior approach [25] and mesenteric approach [26, 27].
BR pancreatic cancer located in the pancreatic head has
often required PV/SMV resection and lymph node dissec-
tion along the SMV and the SMA, and/or the dissection of
the nerve plexus along the SMA, in order to obtain negative
surgical margins. Therefore, the combination of the
mesenteric approach and the left posterior approach to the
SMA may be the most appropriate procedure for BR pan-
creatic cancer patients, because this approach makes it easy
to dissect the lymph nodes and nerve plexus along the SMA,
even for BR pancreatic cancer with PV/SMV involvement.
This approach also makes it easy to determine the
resectability at the beginning of the operation. However,
there is currently no evidence whether the mesenteric
approach and/or left posterior approach have clinical and
survival benefits for BR pancreatic cancer patients. There-
fore, further large studies, including randomized clinical
trials, are needed to confirm the optimal approach.

Distal pancreatectomy with en-bloc celiac axis resection
is sometimes performed to obtain RO resection for pancreatic
cancer with involvement of the celiac axis and/or common
hepatic artery [12-15], although the NCCN guidelines clas-
sify pancreatic cancers with involvement of the celiac axis as
unresectable [9]. Some studies have reported that DP-CAR is
a safe and feasible procedure, and this procedure may have
survival benefits for patients with pancreatic body and/or tail
cancer [13-15]. Furthermore, our data showed that the
DP-CAR procedure might lead to increased RO rates and
improve survival for patients with pancreatic body/tail cancer
within 10 mm from the root of the splenic artery [14].
However, further large studies are needed to determine
whether this aggressive surgery has survival benefits.

We also reported that the incidence of postoperative
delayed gastric emptying was lower in the modified
DP-CAR, which means DP-CAR with preservation of the
left gastric artery, than standard DP-CAR [15]. Therefore,
the pancreatic body/tail cancer, where the length between
the edge of the tumor and the root of the left gastric artery is
longer than 10 mm may be indicated for the modified
DP-CAR, because it is important to decrease morbidity rate
and postoperative adjuvant therapy starts as soon as possible
for advanced pancreatic cancer.

To obtain negative surgical margins for BR pancreatic
cancer, these aggressive surgical procedures are often
required. However, it remains unknown whether these
aggressive procedures improve the clinical and survival ben-
efits. Recent studies have reported the effectiveness of
neoadjuvant therapy to decrease the rates of the lymph node
metastasis, and the activity of the tumor cells [16-19, 28];
however, it is also controversial what regimen is the most
appropriate as neoadjuvant therapy, and whether chemo-
therapy or chemoradiation therapy is better for the BR pan-
creatic cancer patients.
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In conclusion, the combination of safe RO surgical resec-

tion and adjuvant therapies, including preoperative and post-
operative chemo(radiation) therapy, is essential to improve
the survival of the BR pancreatic cancer patients. The devel-
opment of safer and more effective multimodality treat-
ments is necessary for the BR pancreatic cancer patients.
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