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Abstract
Pancreatectomy for pancreatic cancer with arterial invasion is controversial and performed infrequently. As its indication evolves and
neoadjuvant chemotherapy also evolves, it is meaningful to identify short- and long-term outcomes of pancreatectomy with arterial
resection (AR). This study aimed to retrospectively analyze the clinical outcomes of pancreatectomy with AR for pancreatic ductal
adenocarcinoma.
Patients with pancreatic ductal adenocarcinoma treated with pancreatectomy with AR at our institute between January 2000 and

April 2017 were retrospectively reviewed. Operative outcome and survival were compared according to the presence of neoadjuvant
chemotherapy.
This study included 109 patients (38 underwent surgery after neoadjuvant chemotherapy, 71 underwent upfront surgery). The

median hospital stay was 17 (interquartile range, 12–26.5) days. Clinically relevant postoperative pancreatic fistula (grade B or C)
occurred in 14 patients (12.8%). Themajor morbidity (≥grade III) andmortality rates were 26.6% and 0.9%, respectively. R0 resection
was achieved in 80 patients (73.4%). Microscopic actual tumor invasion into the arterial wall was identified in 25 patients (22.9%). The
median overall survival (OS) of all patients was 18.4 months. The neoadjuvant chemotherapy group showed better OS than the
upfront surgery group, without statistical significance (25.3 vs 16.2 months, P= .06). Progression-free survival was better in patients
with neoadjuvant chemotherapy (13.2 vs 7.1 months, P= .01). Patients with partial response to neoadjuvant chemotherapy showed
better OS than those with stable disease (33.7 vs 17.5 months, P= .04).
Pancreatectomy with AR for advanced pancreatic cancer showed acceptable procedure-related morbidity and mortality. A

survival benefit of neoadjuvant chemotherapy was identified, compared to upfront surgery.

Abbreviations: AR= arterial resection, AR= arterial resection, BRPC= borderline resectable pancreatic cancer, CA= celiac axis,
CT = computed tomography, DP = distal pancreatectomy, FOLFIRINOX = fluorouracil, leucovorin, irinotecan, and oxaliplatin, HA =
hepatic artery, LAPC = locally advanced unresectable pancreatic cancer, OS = overall survival, PD = pancreaticoduodenectomy,
PDAC = pancreatic ductal adenocarcinoma, PFS = progression-free survival, POPF = postoperative pancreatic fistula, PV = portal
vein, RECIST= response evaluation criteria in solid tumors, SMA= superior mesenteric artery, SMV= superior mesenteric vein, TP=
total pancreatectomy.
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1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the most
aggressive malignancies. Only 10% to 20% of cases are
potentially curable with surgical resection upon diagnosis.[1,2]

This notorious disease with dismal prognosis and poor clinical
outcome is characterized by aggressive local invasion and early
metastases. To define localized progression and the potential
involvement of major vessels, PDAC has been subdivided into
resectable pancreatic cancer, borderline resectable pancreatic
cancer (BRPC), and locally advanced unresectable pancreatic
cancer (LAPC). These definitions have been suggested by the
National Comprehensive Cancer Network.[3] Resectability is
mostly determined using imaging-based assessment of the tumor
extent in the context of invasion into the celiac axis (CA), hepatic
artery (HA), superior mesenteric artery (SMA), and superior
mesenteric vein/portal vein (SMV/PV).
LAPC without metastasis occurs in approximately 30% of

newly diagnosed cases.[4] Although the National Comprehensive
Cancer Network guidelines recommend neoadjuvant therapy for
locally advanced disease, they have not addressed the appropriate
timing of conversion surgery after neoadjuvant therapy,
especially for cancers invading the major arteries. Furthermore,
although neoadjuvant therapy allows conversion of an unre-
sectable tumor to a resectable tumor, only one-third of patients
initially determined to have LAPC would be expected to undergo
surgery.[5] Ferrone et al[6] reported that determining resectability
by means of cross-sectional imaging is no longer appropriate in
patients who received the FOLFIRINOX regimen (fluorouracil,
leucovorin, irinotecan, and oxaliplatin) with or without radiation
therapy as neoadjuvant treatment.
Studies have reported favorable results of planned arterial

resection (AR) at the time of pancreatectomy, with acceptable
morbidity and mortality.[7,8] However, those studies, which
included a small number of patients, have not reported the short-
or long-term outcomes of AR stratified according to upfront
surgery or surgery following neoadjuvant therapy. Thus, it is
meaningful to identify the short- and long-term outcomes of
pancreatectomy with AR in the setting of upfront surgery and
neoadjuvant therapy.
In the present study, we retrospectively analyzed and evaluated

the clinical outcomes of patients who underwent pancreatectomy
with AR as upfront surgery or following neoadjuvant treatment.
2. Materials and methods

2.1. Patient database

Between January 2000 and April 2017, a total of 2457
consecutive patients with PDAC underwent surgical resection
at Asan Medical Center, Seoul, South Korea. Of these, patients
who underwent pancreatectomy combined with major AR for
BRPC or LAPC were selected for the present study. Pancreatec-
tomy included distal pancreatectomy (DP), pancreaticoduode-
nectomy (PD), and total pancreatectomy (TP), and the resected
major arteries included the HA, CA, and SMA. Patients
presenting with resectable cancer at diagnosis according to the
National Comprehensive Cancer Networkguidelines,[3,9,10] those
with distant metastasis, or those with other forms of pancreatic
cancer (eg, acinous carcinoma, endocrine tumor, or mucinous
carcinoma) were excluded. A total of 11 patients (7 cases of HA
resection and 4 cases of left gastric artery resection) who
underwent unplanned AR owing to incidental arterial injury
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during the operation were also excluded because the focus of this
study included not only short-term postoperative outcomes but
also the oncologic outcomes of pancreatectomy with AR for
LAPC or BRPC. On the basis of the above inclusion and
exclusion criteria, the data of selected patients were obtained
from the electronic medical records of our institute and were
retrospectively reviewed.
The following clinicopathologic data were collected and

analyzed: age, sex, body mass index, presence of neoadjuvant
chemotherapy, duration and number of cycles of neoadjuvant
chemotherapy, response to neoadjuvant chemotherapy, opera-
tive procedures, pathologic findings, tumor size, TNM (tumor-
node-metastasis) stage (American Joint Committee on Cancer
stage, 8th edition), postoperative pancreatic fistula (POPF), and
postoperative complications.
For patients who received neoadjuvant chemotherapy, an

experienced oncologist and radiologist reviewed and evaluated
the response to neoadjuvant chemotherapy according to the
revised Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1.[11] An experienced pathologist evaluated the
pathologic regression of residual carcinoma following the
schemes of the Histologic Grading of the Extent of Residual
Carcinoma guidelines.[12] For postoperative surveillance, all
patients underwent contrast-enhanced abdominoperineal com-
puted tomography (CT) and carbohydrate antigen 19-9 (CA 19-
9) test every 3 months for the first 2 years following surgery and
subsequently every 6 months. The diagnosis of recurrence was
based on the detection of new progressive lesions and elevated
CA19-9 levels. When lesions of potential recurrent disease were
detected, 18F-fluorodeoxyglucose positron emission tomography
and/or chest CT were performed. Then, biopsy was performed, if
a differential diagnosis is needed. The duration of overall survival
(OS) wasmeasured from the time of the first treatment (surgery or
neoadjuvant chemotherapy) until death or the last visit to the
outpatient department. This retrospective cohort study was
approved by the AsanMedical Center Institutional Review Board
(Approval number: 2018-1560).

2.2. Neoadjuvant chemotherapy

Because neoadjuvant chemotherapy was not established at our
institution until October 2007, upfront pancreatectomy with AR
was performed for curative resection in selected patients who had
focal involvement of major arteries including the HA, CA, and
SMA. After neoadjuvant therapy was established in 2007,
patients with PDAC involving major arteries (BRPC or LAPC) as
determined during preoperative imaging have been considered
candidates for neoadjuvant therapy. After neoadjuvant chemo-
therapy, if the patients did not show progressive disease without
distant metastasis, surgery can be considered. The regimen and
management of neoadjuvant chemotherapy are explained in the
Results section.

2.3. Surgical technique

Before operation, we routinely evaluate arterial variation and
invasion using dynamic helical CT. In principle, when BRPC or
LAPC is converted to resectable carcinoma by neoadjuvant
therapy, the patient becomes a candidate for curative resection.
However, in this study, surgical treatment with planned AR was
also performed even when the tumor was not within the
resectable range because of persisting focal involvement of the
artery or vein, despite neoadjuvant therapy being performed. In



Table 1

Demographics and perioperative outcome of patients who under-
went pancreatectomy with arterial resection.

Variable Total (N=109)

Age, median (IQR), yr 59 (51–65)
Sex, female:male, n 38:71
Body mass index, median (IQR), kg/m2 23.00 (21.10–25.15)
CA 19-9, median (IQR), U/mL 68.90 (26.80–224.75)
CEA, median (IQR), ng/mL 2.15 (1.30–4.08)
Neoadjuvant chemotherapy-to-upfront surgery ratio 38:71
Operation method, n
Open 105 (96.3%)
Laparoscopic 4 (3.7%)

Operation type, n
PD 42 (38.5%)
DP 47 (43.1%)
TP 20 (18.3%)

Arterial resection site, n (PD/DP/TP)
HA 54 (31/6/17)
SMA 10 (10/0/0)
CA 45 (1/41/3)

Anastomosis method, n (HA/SMA/CA)
End-to-end anastomosis 46 (37/7/2)
Wedge resection with primary repair or patch 5 (4/1/0)
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cases in which the tumor was incidentally found to be
macroscopically adhered to or had invaded an artery, AR was
sometimes performed to increase resectability and achieve a
margin-negative resection. Four main methods of resection and
anastomosis for the artery were used (See Fig. 1, http://links.lww.
com/MD/E838 Supplemental content, which illustrates 4 major
methods of resection and anastomosis for arteries). The first was
end-to-end anastomosis in which the segmentally invaded site
was resected, and the remaining proximal part and distal portions
were sutured. The second was wedge resection followed by
primary repair or patching. In the third method, if the affected
area was long and could not be directly anastomosed, an
autonomous vein, cadaveric vessel, or synthetic graft (polytetra-
fluoroethylene) was used for end-to-end anastomosis. In the
fourth method, resection without anastomosis was applied,
especially in cases requiring mainly CA resection.
If only invasion into the right or left HA had occurred, the

anastomosis was determined according to the backflow condition
after the resection. We assessed arterial blood backflow by
identifying blood pumping at the remnant arterial stump or
intraoperative ultrasonography. For all surgical procedures, low-
molecular-weight heparin was routinely used to prevent
thrombosis.
Graft application 13 (9/2/2)
Non-anastomosis 45 (4/0/41)

Concurrent vein resection (PV or SMV), n (%) 62 (56.9%)
Hospital stay after surgery, median (IQR), days 17.0 (12.0–26.5)
POPF, n, (%)

∗

Negative, n (%) 87 (79.8%)
Biochemical leakage 8 (7.3%)
Grade B 13 (11.9%)
Grade C 1 (0.9%)

Complication grade†

Negative, n (%) 57 (52.3%)
Grade I, n (%) 2 (1.8%)
Grade II, n (%) 21 (19.3%)
Grade III, n (%) 26 (23.9%)
Grade IV, n (%) 2 (1.8%)
Grade V, n (%) 1 (0.9%)

Mortality (90-d in-hospital), n (%) 1 (0.9%)

CA= celiac artery, CA 19-9= carbohydrate antigen 19-9, CEA= carcinoembryonic antigen, DP=
2.4. Statistical analysis

Statistical analyses were performed using SPSS 21.0 (IBM Corp.,
Armonk, NY). Continuous variables were compared using
Student t test. Categorical variables were compared using the
Chi-square test or Fisher exact test. All tests were 2-sided, and a
P-value of �.05 was considered statistically significant. Survival
curves were generated using the Kaplan–Meier method. The
comparison of survival according to the presence of neoadjuvant
chemotherapy, response to neoadjuvant chemotherapy, and
location of the resected artery was performed using the log-rank
test. Risk factors for OS and progression-free survival (PFS) were
tested in a multivariable logistic regression with background
elimination model, with results expressed as odds ratios with
95% confidence intervals. The significance level for variable
elimination was 0.05.
distal pancreatectomy, HA=hepatic artery, IQR= interquartile range, PD=pancreaticoduodenect-
omy, POPF=postoperative pancreatic fistula, PV=portal vein, SMA= superior mesenteric artery,
SMV= superior mesenteric vein, TP= total pancreatectomy.
∗
POPF was graded according to the definition updated in 2016 by the International Study Group

Pancreatic Fistula.
† Complication grade was classified according to the Clavien–Dindo classification.
3. Results

According to the inclusion and exclusion criteria, 109 patients
treated with pancreatectomy combined with major AR for PDAC
were included. The demographics and perioperative outcomes of
the 109 patients (71 men, 38 women) are shown in Table 1. The
median age at diagnosis was 59 (interquartile range [IQR], 51–
65) years. The median body mass index was 23.00 (IQR, 21.10–
25.15) kg/m2. Of the patients, 38 underwent surgery after
neoadjuvant chemotherapy and 71 underwent upfront surgery.
Patients who underwent upfront surgery were treated between
2000 and 2016 and those who received neoadjuvant treatment
underwent surgery between 2007 and 2017. None of the patients
received neoadjuvant chemotherapy combined with radiation
therapy. Themedian CA 19-9 level was 68.9ng/mL (mean, 707.7
ng/mL; range, 0.5–40,700ng/mL). All 4 laparoscopic operations
involved laparoscopic DP with CA resection. Overall, 42 cases of
PD, 46 cases of DP, and 21 cases of TP with AR were performed.
HA or SMA resection was mainly performed in PD, and CA
resection was performed in DP. The types of graft used for
anastomosis were as follows: autonomous inferior mesenteric
3

vein (n=1), cadaveric iliac artery (n=1), cadaveric iliac vein (n=
5), and synthetic graft (polytetrafluoroethylene) (n=5). Figure 1
shows TP with CA resection and cadaveric iliac artery
interposition. The non-anastomosis cases included 45 patients
(41 cases of DP with CA resection, 1 case of DP with left HA
resection; normal anatomy, 1 case of PD with left HA resection;
right HA from SMA,Michels type III, 1 case of PD with right HA
resection; accessory left HA from left gastric artery, Michels type
V, and 1 case of TP with left HA resection; common HA from
SMA,Michels type IX).[13] Concurrent PV or SMV resection was
performed in 62 patients (56.9%). The median length of hospital
stay was 17 (IQR, 12–26.5) days. Clinically relevant POPF (grade
B or C) occurred in 14 patients (12.8%). The incidence of grade
III complications according to the Clavien–Dindo classification
was 23.9% and that of grade IV complications was 1.8%.

http://links.lww.com/MD/E838
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Figure 1. Intraoperative finding of TP with CA resection performed for LAPC (A). After CA resection, the SMA and proper HA were connected with cadaveric iliac
artery graft. Dynamic helical CT was performed at 5 d postoperatively (B). Triangle, proper hepatic artery; arrow, cadaveric iliac artery graft. CA = celiac axis, CT =
computed tomography, HA = hepatic artery, LAPC = locally advanced unresectable pancreatic cancer, SMA = superior mesenteric artery, TP = total
pancreatectomy.
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In-hospital 90-day mortality occurred because of hepatic failure
in 1 patient. This single case also represents the overall 90-day
mortality. Additionally, the incidence of above-grade III
complications in 11 cases of unplanned AR, which were excluded
from this study, was 18.2%, and mortality was 0%.
The details of postoperative complications according to the

location of the resected artery are described in Table 2. Two cases
of hepatic infarction occurred in HA resection. One case was
right HA from SMA (Michels type III) and the patient had PD
with PV resection and right HA resection with end to side
anastomosis to left HA. After surgery, hepatic infarction occurred
at segment 4; the patient was discharged postoperative 22 days
after ICU care. Anatomy in the other case was normal and the
patient had PD with common HA resection and cadaveric vein
interposition. Hepatic infarction occurred at segments 1, 4 and
the patient was discharged postoperative 17 days with
conservative treatment. Three cases of hepatic infarction
Table 2

Postoperative complications after pancreatectomy with arterial
resection according to the location of arterial resection.

Location of arterial resection Complication type n (%)

HA (n=54) POPF B or C 4 (7.4%)
Diarrhea 2 (3.7%)
Uncontrolled ascites 1 (1.9%)
Pseudoaneurysm 1 (1.9%)
PV or SMV thrombosis, stenosis 1 (1.9%)
Hepatic infarction 2 (3.7%)

CA (n=45) POPF B or C 10 (22.2%)
Ileus 1 (2.2%)
Pseudoaneurysm 1 (2.2%)
PV or SMV thrombosis, stenosis 3 (6.7%)
Hepatic infarction

∗
3 (6.7%)

SMA (n=10) Melena 1 (10%)
Uncontrolled diarrhea† 3 (30%)
PV or SMV thrombosis, stenosis 1 (10%)

CA= celiac artery, HA=hepatic artery, PV=portal vein, SMA= superior mesenteric artery, SMV=
superior mesenteric vein.
∗
One patient with hepatic infarction died.

† Uncontrolled diarrhea was defined as watery diarrhea with a frequency of >3 times/d despite the
administration of 2 or more medications.
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occurred in CA resection. All of these cases had DP with CA
resection. One patient was a 69-year-old woman, who expired
postoperative 11 days with left liver infarction and liver failure.
The patient showed weak right HA flow and left HA occlusion.
The other 2 patients had multifocal hepatic infarction due to PV
thrombus. In present study, there were 3 non-anastomosis cases
of PD or TP with right or left HA resection. All 3 cases showed
elevated serum alanine aminotransferase and aspartate amino-
transferase in postoperative 1 day (4 times higher than baseline),
but thereafter liver enzyme decreased and normalized before
postoperative 7 days. Among them, 2 patients were discharged
postoperative 11 and 12 days without complication including
hepatic infarction or abscess. Pseudoaneurysm of replaced right
HA from SMA occurred at postoperative 22 days in PD with left
HA resection, Michels type III. Pseudoaneurysmwas treated with
embolization, nevertheless, no liver failure or abscess occurred
after the procedure. This patient was discharged postoperative 63
days after POPF treatment.
Table 3 shows the pathological outcomes. The median tumor

size was 3.50 (IQR, 2.85–4.50) cm. R0 resection was achieved in
80 patients (73.4%), and microscopic actual tumor invasion into
the arterial wall was identified in 25 patients (22.9%). Therefore,
the actual proportion of pathologic T4 grade cases was 22.9%.
One patient with M1 disease underwent combined hepatic
resection for an incidentally found single metastatic nodule.
Lymphovascular invasion was present in 49 patients (45%), and
perineural invasion was identified in 99 patients (90.8%). The
mean number of harvested lymph nodes was 19.58, and the mean
number of positive lymph nodes was 1.88. The lymph node ratio
was 11.14%.
Figure 2 shows the Kaplan–Meier survival curves of the OS

and PFS of patients who underwent pancreatectomy with AR.
The mean follow up time was 24.5 months (range, 5.0–130
months). The median OS following the first treatment was 18.4
(IQR, 15.7–21.0) months, and the estimated 1-, 2-, and 5-yearOS
rates were 75.2%, 40.7%, and 10.5%, respectively. The median
PFS was 9.8 (IQR, 8.3–11.2) months, and the estimated 1-, 2-,
and 5-year PFS rates were 36.7%, 11.8%, and 1.8%,
respectively.
We compared the neoadjuvant chemotherapy group with the

upfront surgery group in terms of perioperative and pathologic



Table 3

Pathologic outcome of patients undergoing pancreatectomy with
arterial resection.

Variables Total (N=109)

Tumor size, median (IQR), cm 3.50 (2.85–4.50)
TNM stage

∗

T, n (%)
T1 9 (8.3%)
T2 47 (43.1%)
T3 28 (25.7%)
T4 25 (22.9%)

N, n (%)
N0 34 (31.2%)
N1 50 (45.9%)
N2 23 (21.1%)
Nx 2 (1.8%)

M, n (%)
M0 108 (99.1%)
M1 1 (0.9%)

Staging, n (%)
IA 7 (6.4%)
IB 13 (11.8%)
IIA 10 (9.2%)
IIB 44 (40.4%)
III 32 (29.4%)
IV 1 (0.9%)

R0 resection 80 (73.4%)
Pathologic artery invasion, n (%) 25 (22.9%)
Lymphovascular invasion, n (%) 49 (45.0%)
Perineural invasion, n (%) 99 (90.8%)
No. of harvested lymph nodes, mean±SD, n 19.58±11.91
Positive lymph nodes, mean±SD, n 1.88±1.92
Lymph node ratio, mean±SD, % 11.14±13.74%

IQR= interquartile range, SD= standard deviation, TNM= tumor-node-metastasis.
∗
The TNM stage was graded according to American Joint Committee on Cancer stage, 8th edition.
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outcomes (Table 4). The operation type, AR type, concurrent
vein resection, R0 resection, tumor size, and pathologic arterial
invasion did not differ between the 2 groups; however, the
proportion of patients according to TNM stage was different
between the 2 groups. The incidence of lymphovascular invasion
was lower in the neoadjuvant chemotherapy group but that of
perineural invasion was similar between the 2 groups. The
number of positive lymph nodes and the lymph node ratio were
Figure 2. Kaplan–Meier survival curves of patients who underwent pancreatectom
mo, and the estimated 1-, 2-, and 5-yr OS rates were 75.2%, 40.7%, and 10.5%, re
estimated 1-, 2-, and 5-yr PFS rates were 36.7%, 11.8%, and 1.8%, respective
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smaller in the neoadjuvant chemotherapy group. The duration of
hospital stay and the complication rates were not different
between the 2 groups; however, clinically relevant POPF
occurred more frequently in the neoadjuvant chemotherapy
group. There was no difference in the rate of postoperative
adjuvant treatment after surgery between the 2 groups.
The treatment regimens and treatment process of patients with

neoadjuvant chemotherapy are shown in Table 5. Of the 38
patients with neoadjuvant chemotherapy, 21 received FOLFIR-
INOX and 16 received gemcitabine-based chemotherapy. The
mean duration of neoadjuvant treatment was 3.76±1.79
months, and the median number of treatment cycles was 6
(IQR, 5–8). Of the patients who received neoadjuvant chemo-
therapy, with the exception of 1 patient with missing pre-
chemotherapy data, 15 patients (39.5%) showed a partial
response and 22 (57.9%) patients showed stable disease
according to RECIST 1.1. Of 38 patients who received
neoadjuvant chemotherapy, 27 were assessed for histologic
grading of the extent of residual carcinoma following neo-
adjuvant chemotherapy; 1 patient showed grade 1 residual
disease (near total regression), 17 patients showed grade 2–3
(minimal to moderate regression), and 9 patients showed grade 3
(minimal regression).
As shown in Figure 3, the OS was better in the neoadjuvant

chemotherapy group than in the upfront surgery group, but the
difference was not statistically significant (25.3 vs 16.2 months,
P= .06). PFS was better in patients who underwent surgery
following neoadjuvant chemotherapy (13.2 vs 7.1 months,
P= .01). When the 38 patients with neoadjuvant treatment were
classified according to RECIST 1.1, the partial response group
showed better survival than the stable disease group (33.7 vs
17.5months, P= .04); however, PFS was not statistically different
between the 2 groups (13.6 vs 11.2 months, P= .20).
We also compared the neoadjuvant chemotherapy group and

the upfront surgery group according to operation type. In PD and
TP, the proportion of patients according to TNM stage was
different between the 2 groups. The incidence of lymphovascular
invasion and the lymph node ratio were smaller in the
neoadjuvant chemotherapy group (See Table 1, http://links.
lww.com/MD/E834 Supplemental content, which shows com-
parison of outcomes between neoadjuvant chemotherapy and
upfront surgery in PD and TP). In case of DP, HA resection was
more frequently performed in the upfront surgery group. The
proportion of patients according to TNM stage was also
y with arterial resection (N=109). (A) The median overall survival (OS) was 18.4
spectively. (B) The median progression-free survival (PFS) was 9.8 mo, and the
ly.
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Table 4

Comparison of outcomes between neoadjuvant chemotherapy and upfront surgery.

Variables
Neoadjuvant chemotherapy

(n=38)
Upfront surgery

(n=71) P-value

Operation type, n (%) .587
PD 10 (26.3%) 32 (45.1%)
DP 24 (63.2%) 23 (32.4%)
TP 4 (10.5%) 16 (22.5%)

Arterial resection site, n (PD/DP/TP) .124
HA 11 (8/0/3) 43 (20/6/17)
SMA 1 (1/0/0) 9 (9/0/0)
CA 26 (1/23/2) 19 (1/15/3)

Concurrent vein resection (PV or SMV), n (%) 20 (52.6%) 42 (59.2%) .512
Resection margin status .657
R0 resection 29 (76.3%) 51 (71.8%)
R1 resection 9 (23.7%) 20 (28.2%)

Tumor size, median (IQR), cm 3.35 (2.50–4.20) 3.50 (3.00–4.50) .055
Pathologic artery invasion, n (%) 9 (23.7%) 16 (22.5%) 1.000
TNM stage

∗
<.001

IA 6 1
IB 8 5
IIA 5 5
IIB 10 34
III 7 25
IV 1 0

Lymphovascular invasion, n (%) 10 (26.3%) 39 (54.9%) .005
Perineural invasion, n (%) 34 (89.5%) 65 (91.5%) .737
No. of harvested lymph nodes, mean±SD, n 17.65±9.18 20.62±13.09 .176
Positive lymph node, mean±SD, n 0.95±1.43 2.38±1.96 .000
Lymph node ratio, mean±SD, % 5.84±8.40% 13.98±15.18% .003
Hospital stay after surgery, median (IQR), d 14.0 (10.0–23.5) 18.0 (13.0–28.0) .607
Clinically relevant POPF, n (%) 10 (26.3%) 4 (5.6%) .026
Complications, n (%) 19 (50%) 33 (46.5%) .628
Adjuvant treatment .870
No 7 (18.4%) 14 (19.7%)
Chemotherapy 27 (71.1%) 38 (53.5%)
Radiation therapy 0 (0.0%) 4 (5.6%)
CCRTx 4 (10.5%) 15 (21.1%)

CA= celiac artery, CCRTx=concurrent chemoradiation therapy, DP=distal pancreatectomy, HA=hepatic artery, IQR= interquartile range, PD=pancreaticoduodenectomy, POPF=postoperative pancreatic
fistula, PV=portal vein, SD= standard deviation, SMA= superior mesenteric artery, SMV= superior mesenteric vein, TP= total pancreatectomy.
∗
The TNM stage was graded according to American Joint Committee on Cancer stage, 8th edition.

Table 5

Treatment regimens and management of patients with neoadju-
vant chemotherapy.

Neoadjuvant chemotherapy regimen, n 38

FOLFIRINOX 21 (55.3%)
Gemcitabine-based 16 (42.1%)
Unknown 1 (2.6%)
Neoadjuvant chemotherapy duration, mean±SD, mo 3.76 (± 1.79)
Neoadjuvant chemotherapy cycles, median (IQR), n 6 (5–8)
Response to neoadjuvant chemotherapy (RECIST), n
Partial response 15 (39.4%)
Stable disease 22 (57.9%)
NA 1 (2.6%)

Histologic grading of the extent of residual carcinoma, n
Near-total regression 1 (2.6%)
Minimal-to-moderate regression 17 (44.7%)
Minimal regression 9 (23.7%)
NA 11 (28.9%)

FOLFIRINOX= fluorouracil, leucovorin, irinotecan, and oxaliplatin, IQR= interquartile range, NA=not
available, RECIST= response evaluation criteria in solid tumors, SD= standard deviation.
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different, and the lymph node ratio was also smaller in the
neoadjuvant chemotherapy group (See Table 2, http://links.lww.
com/MD/E835 Supplemental content, which shows comparison
of outcomes between neoadjuvant chemotherapy and upfront
surgery in DP). Clinically relevant POPF occurred more
frequently in the neoadjuvant chemotherapy group (33.3% vs
4.3%, P= .023).
In the subgroup analysis according to operation type, OS and

PFS were better in the neoadjuvant chemotherapy group after PD
and TP (See Fig. 2, Supplemental content, http://links.lww.com/
MD/E901 which illustrates Kaplan–Meier survival curves of
patients who underwent upfront surgery and those who
underwent surgery following neoadjuvant chemotherapy accord-
ing to operation type). In case of PD, the median OS was 14.5
months in the upfront surgery group and 32.5 months in the
neoadjuvant chemotherapy group (P= .041). The median PFS
was 6.1 months in the upfront surgery group and 16.9 months in
the neoadjuvant chemotherapy group (P= .005). In the subgroup
analysis in case of DP, there was no statistical difference between
the neoadjuvant chemotherapy and upfront surgery groups.

http://links.lww.com/MD/E835
http://links.lww.com/MD/E835
http://links.lww.com/MD/E901
http://links.lww.com/MD/E901


Figure 3. Kaplan–Meier survival curves of patients who underwent upfront surgery (n=71) and those who underwent surgery following neoadjuvant chemotherapy
(n=38). (A) The median overall survival (OS) and the estimated 1-, 2-, and 5-yr OS rates were 16.2 mo and 69.0%, 35.2%, and 8.2%, respectively, in the upfront
surgery group, and 25.3 mo and 86.8%, 51.5%, and 13.7%, respectively, in the neoadjuvant chemotherapy group (P= .06). (B) The median progression-free
survival (PFS) and the estimated 1-, 2-, and 5-yr PFS rates were 7.1 mo and 27.5%, 10.1%, and 1.4%, respectively, in the upfront surgery group, and 13.2 mo and
53.4%, 13.2%, and not available, respectively, in the neoadjuvant chemotherapy group (P= .01). (C) Survival comparison of patients with a partial response (n=15)
and those with stable disease (n=22) in the neoadjuvant chemotherapy group. The median OS and the estimated 1-, 2-, and 5-yr OS rates were 33.7 mo and
92.9%, 68.8%, and not available, respectively, in the partial response group, and 18.1 mo and 78.3%, 40.3%, and 7.2%, respectively, in the stable disease group
(P= .04). (D) The median PFS and the estimated 1- and 2-yr PFS rates were 13.6 mo and 60.0% and 20.0%, respectively, in the partial response group, and 11.2
mo and 48.6% and 8.2%, respectively, in the stable disease group (P= .20).
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The SMA resection group (n=10) had a shorter median PFS
than the CA resection group or the HA resection group. (See Fig.
3, Supplemental content, http://links.lww.com/MD/E901 which
illustrates Kaplan–Meier survival curves according to the
location of AR).
A multivariable logistic regression model identified upfront

surgery (P= .008) as an independent risk factor for OS (See Table
3, http://links.lww.com/MD/E836 Supplemental content, which
shows univariate and multivariate models of risk factor for OS),
and upfront surgery (P= .011) and SMA resection (P= .023) were
identified as risk factors for PFS (See Table 4, http://links.lww.
com/MD/E837 Supplemental content, which shows univariate and
multivariate models of risk factor for progression free survival).
4. Discussion

PDAC is an aggressive disease for which operative resection is the
only curative therapy. However, even if patients with PDAC
undergo surgery, a low level of survival is expected. In the United
Kingdom, Ravikumar et al reported an OS of 1.5 years after
conventional PD and an OS of 1.52 years after PD with vein
resection, whereas the OS of patients who underwent bypass
operation was 0.67 years.[14] Amano et al reported a median OS
of 12 months in 23 cases of pancreatectomy with arterial
reconstruction.[15] Recently, Bachellier et al reported a median
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OS of 15.5 months in 118 cases of pancreatectomy with AR.[16]

According to studies from our institution, the median survival of
patients with resectable PDAC was 24.6 months[17] and the
median survival of patients who underwent pancreatectomy with
PV or SMV resection for PDAC was 17.2 months.[18] When
compared with the above results, it is meaningful that the median
survival was 18.4 months in patients who underwent pancrea-
tectomy with AR for PDAC. It cannot be judged with certainty
that operation is better than chemotherapy for patients with
LAPC; however, a previous study reported a median survival of
19.9 months in 33 patients with BRPC or LAPC treated with
FOLFIRINOX followed by consolidative chemoradation,[19]

which is comparable to our result. Among these 33 patients, 5
had R0 resection, and the median OS was 22.0 months. Further,
in another study, the median OS was significantly longer in
patients with LAPC who underwent resection after FOLFIR-
INOX therapy than in non-resected patients with LAPC.[20]

Therefore, we suggest that even in the presence of arterial
invasion, pancreatectomy with AR should be considered.
In this study, 21 patients received FOLFIRINOX and 16

received gemcitabine-based chemotherapy. FOLFIRINOX neo-
adjuvant chemotherapy started in 2013, but gemciabine-based
regimen started in 2007. R0 resection (66.7% vs 87.5%,
P= .248), OS (37.9 months vs 27.1 months, P= .068), and
PFS (18.7 months vs 13.2 months, P= .138) were not statistically

http://links.lww.com/MD/E901
http://links.lww.com/MD/E836
http://links.lww.com/MD/E837
http://links.lww.com/MD/E837
http://www.md-journal.com
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different between the 2 groups. Yoo et al reported that
FOLFIRINOX was feasible and effective as neoadjuvant
chemotherapy for patients with BRPC and may have improved
efficacy compared to a gemcitabine-based regimen.[21] Dhir et al
also reported that neoadjuvant FOLFIRINOX was associated
with a 4.9-month improvement in survival compared with G-nP
after adjustment for covariates for resectable and BRPC.[22] As in
previous reports, it has been shown that FOLFIRINOX may
yield better results regarding oncological outcome in the current
study even though there were no statistical differences in
our study.
The rate of invasion into the arterial wall on actual biopsy was

22.9%, which means that the radiologic or macroscopic findings
in the operative field do not always coincide with the actual
invasion. Because the current imaging modalities have a limited
ability to distinguish between vascular abutment, adherence, and
invasion,[23] surgeons are unable to identify whether invasion
into the arterial wall is present in the preoperative stage. In
addition, with the increasing application of neoadjuvant therapy,
it is sometimes difficult to determine the timing for surgical
resection in patients suspected of having arterial invasion or
abutment. If the arterial invasion shows improvement after
neoadjuvant chemotherapy, surgery can be decided without
hesitation. However, even if the tumor extent is reduced, surgery
cannot be easily decided if arterial invasion remains. In our study,
we concluded that if pancreatectomy with AR is useful option for
survival gain in this situation.
The pathologic outcomes of patients who responded to

neoadjuvant chemotherapy showed that subsequent pancreatec-
tomy with AR was associated with improved oncological
outcomes in terms of the number of positive lymph nodes,
positive lymph node ratio, lymphovascular invasion, and TNM
stage. Similar R0 resection, pathologic arterial invasion, and
perineural invasion were not expected results, but rate of
pathologic arterial invasion after pancreatectomy was reported
as 8.3% to 74.2% in previous studies,[7,8,16,24] which means that
the pathologic results are not yet clear even if there is radiologic
invasion. Currently, there are few cases where pancreatectomy is
performed directly on LAPC, and this pancreatectomy with AR
itself is a rare operation; further research on these pathological
findings is needed. In addition, some pathologic findings did not
differ, but positive lymph nodes, positive lymph node ratio,
lymphovascular invasion, and TNM stage seemed to be different
between the 2 groups. Therefore, neoadjuvant treatment may be
considered more oncologically advantageous. The OS of patients
who underwent pancreatectomy with AR following neoadjuvant
chemotherapy was comparable with the OS reported in previous
studies investigating general pancreatectomy without AR.[17,25]

In addition, patients with partial response showed better OS than
patients with stable disease (33.7 vs 17.5 months, P= .04), and
similar results have been previously reported.[26] On the basis of
these results, pancreatectomy with AR could be particularly
useful in patients with partial response after neoadjuvant
chemotherapy. In the subgroup analysis according to operation
type, the oncologic outcome was better in the neoadjuvant
chemotherapy group after PD and TP, but not after DP. This
difference according to operation type could not be definitely
explained because the number of patients is smaller in subgroup
analyses. However, the proportion of patients with partial
response was higher in the PD and TP groups (42.9%) than in the
DP group (37.5%).More cases need to be accumulated to explain
the discrepancy in these results.
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In our study, the SMA resection group showed a shorter PFS
than the CA and HA resection groups. There is 1 study that
examined the oncological outcome according to the location of
pancreatectomy with AR. Tee et al[27] reported no long-term
survival detriment based on the arterial invasion type. However,
this report also described a small number of cases (15 SMA
resection cases). SMA resection is more likely to cause serious
complications for patients; however, as data are insufficient,
more clinical cases are needed to further analyze oncological
survival according to the involved artery.
Most surgeons are reluctant to perform pancreatectomy with

AR for PDAC because of the difficulty of the procedure and the
high incidence of morbidity and mortality following surgery. In
previously, pancreatectomy with AR was associated with
increased morbidity and mortality and did not improve long-
term survival.[28,29] Mollberg et al reported perioperative
morbidity rates ranging from 16.7% to 100% (median,
53.6%) in 14 studies, and the mortality rates ranged from 0%
to 45.5% (median, 11.8%) in 22 studies.[30] A recent study also
reported somewhat unsatisfactory results in which 111 elective
pancreatectomies with AR (from 1990 to 2017) were associated
with a high overall 90-day major morbidity (≥grade III) and
mortality (54% and 13%, respectively).[27] Comparatively, our
study, which included a relatively recent cohort (from 2000 to
2017), demonstrated significantly lower morbidity and mortality
rates. Major complications (classified as Clavien–Dindo grades
III to V), including complicated fluid collection, POPF,
hepaticojejunostomy stricture, venous thrombosis or stenosis,
pseudoaneurysm, acute renal failure, hepatic infarction, hepatic
failure, and septic shock, occurred in 26.6% of our cohort,
whereas 90-day mortality was reported in 1 patient. This patient,
who underwent DP with CA resection and PV resection, died of
hepatic failure after 11 postoperative days. The reasons why the
morbidity and mortality rates in the present study were lower
than those in other studies are unclear, but there may be 2
possible explanations. First, the operators or participating
vascular surgeons had a wide-ranging experience in organ
transplantation and were specialized in with AR with anastomo-
sis. Second, our study cohort included relatively young patients
(median age, 59 years) compared with other studies.[27,31,32]

More aggressive procedures were performed selectively in
younger patients who might have been better able to withstand
operative insults than average-aged patients with PDAC.
In present study, there was no liver abscess or liver failure after

PD or TP with right or left HA resection and non-anastomosis.
Recently, Asano et al reported that liver abscess occurred in 11%
of PD with replaced right HA resection and non-anastomosis.[33]

Yang et al reported neither liver abscess nor biliary fistula
occurred in 11 patients who treated with pancreatectomy with
HA resection and non-anastomosis.[34] The reason of hepatic
infarction or abscess did not occur can be explained by network
between left HA and right HA at hilar plate,[35,36] collateral
circulation of liver such as right inferior phrenic artery[37] and
assessing adequate hepatic blood flow with identifying blood
pumping at the remnant arterial stump or intraoperative
ultrasonography. However, because the number of cases are
still small, it should not be concluded that resection of left or right
HA during pancreatectomy will not cause liver abscess or liver
function. When resecting HA, it should be considered that
abnormality of liver perfusion can occur, which may lead to liver
failure. Differences in the incidence of POPF were found in DP.
Our clinically relevant POPF rate after DP in neoadjuvant group
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was high (33.3%), but there are reports that percentage of
clinically relevant POPF after DP with CA resection after
neoadjuvant chemotherapy is 32% to 40%, comparable to our
reports.[24,38] Clinically relevant POPF after conventional open
DP at our institution was also 3.7%,[39] which is comparable to
upfront DP in this study (4.3%). Neoadjuvant treatment may
have influenced the incidence of POPF.
The present study has some limitations. Data were collected

retrospectively, and only highly selected patients were included.
In addition, as the data for this study were derived from a large
tertiary center, it may be difficult to generalize the results.
Although this study included a large number of patients who
underwent neoadjuvant therapy or upfront surgery, the patients
were selected empirically. Thus, the comparison between surgery
following neoadjuvant chemotherapy and upfront surgery may
also be statistically biased. Nevertheless, this series demonstrated
that pancreatectomy with AR for PDAC could be safely
performed in selected patients. Furthermore, extended surgical
resection might improve survival in patients with persistent
involvement of the arteries despite a response to neoadjuvant
chemotherapy. This suggests that more patients with BRPC or
LAPC may have the potential for cure with neoadjuvant
chemotherapy and extended surgical treatment.
Pancreatectomy with AR for pancreatic cancer with arterial

invasion may be an acceptable procedure in terms of procedure-
related morbidity and mortality, although a survival benefit may
be achieved only in highly selected patients. A survival benefit has
been identified in patients who underwent neoadjuvant chemo-
therapy compared with those who underwent upfront surgery;
however, further studies are needed to establish better selection
criteria for improving survival through AR.
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