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Abstract
Purpose Pancreatic body/tail cancer commonly invades the hepatic artery or celiac artery, making surgical resection difficult.
Distal pancreatectomy with celiac axis resection (DP-CAR) has recently been performed to achieve curative resection of these
tumors. However, the safety and efficacy remain unclear. This study aimed to clarify the efficacy and safety of DP-CAR, mainly
focusing on the combination with neoadjuvant therapy (NAT).
Methods We retrospectively reviewed 31 consecutive patients with pancreatic ductal adenocarcinoma who underwent DP-CAR
between 2010 and 2016. Data from 7 patients who underwent DP-CAR without NATwere used as a reference (upfront surgery,
US).
Results Gemcitabine + S-1 (GS) (n = 17) and gemcitabine + albumin-bound paclitaxel (GnP) (n = 8) were frequently used as
NAT. DP-CAR following NATwas performed safely with 1 death, resulting in a mortality rate of 3%. The median survival time
(MST) in the NAT group was 38.6 months, while that in the US group was 15.6 months. The NAT group had a high R0 resection
rate (74%), while only 1 of 7 cases in the US group achieved R0 resection. Within the NAT group, patients treated with GS
showed favorable overall survival with 39.5 months of MST, while that of patients treated with GnP was 19.8 months.
Conclusion The combination of NATandDP-CARwas feasible and safe for pancreatic body/tail cancer invading the celiac artery
and/or hepatic artery. This strategy should be further assessed for the optimal regimen and duration of NAT in prospective studies.
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Introduction

Pancreatic body/tail cancer is usually diagnosed at an ad-
vanced stage. Even without distant metastasis, it commonly
invades the hepatic artery (HA) and/or celiac artery (CA),
making surgical resection difficult. According to National

Comprehensive Cancer Network (NCCN) guidelines [1], con-
tact of a tumor with the HA and/or CA is defined as borderline
resectable (BR), with a higher likelihood of incomplete resec-
tion, or unresectable (UR). Distal pancreatectomy with celiac
axis resection (DP-CAR), or modified Appleby procedure,
may be the only option for tumor eradication in patients with
such advanced pancreatic cancer.

This procedure was originally performed by Appleby in a
patient with advanced gastric cancer involving nodal metasta-
ses and the CA [2] and was modified by omitting gastrectomy
for resection of advanced pancreatic body cancer [3–5]. Since
Hirano and the HokkaidoUniversity group reported long-term
results for this procedure in 2007 [6], several reports have
demonstrated its safety and efficacy [7–9]. However, the sur-
vival benefit for this procedure is still limited. Recent meta-
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analyses revealed that the median survival time of patients
who underwent DP-CAR was 14.4–17.0 months [10, 11].
However, safety remains a concern. The Hokkaido
University group reported a post-DP-CAR mortality rate of
5% in their long-term follow-up analysis [12]. Due to these
problems, DP-CAR has not been widely accepted.

Recently, multidisciplinary treatment combining surgical re-
section and chemo(radio)therapy for pancreatic cancer has been
widely accepted for the improvement of survival, especially in
advanced cancer. For BR or UR pancreatic cancer, several
guidelines or expert consensus statements, such as those from
the NCCN [1], International StudyGroup of Pancreatic Surgery
(ISGPS) [13], or European Organization for Research and
Treatment of Cancer [14], recommend neoadjuvant therapy
(NAT) or preoperative treatment. However, reports regarding
the combination of DP-CAR and preoperative treatment are
limited. To the best of our knowledge, in this study, we report
the largest single-institution experience using this combination.
The objective of this study was to clarify the efficacy and safety
of DP-CAR, focusing on the combination with NAT.

Materials and methods

Patients

This study included 31 consecutive patients who underwent
DP-CAR for pancreatic body/tail cancer without distant metas-
tasis following neoadjuvant chemo(radio)therapy in Chiba
Un ive r s i t y Hosp i t a l b e tween 2010 and 2016 .
Clinicopathologic data from these patients were collected ret-
rospectively and analyzed in this study. All 31 patients had
invasive ductal adenocarcinoma of the pancreas, diagnosed
with histological analysis. Cases with incidental para-aortic
lymph node metastasis that was detected only on postoperative
histological analysis were included in this study. The stages of
pancreatic carcinoma were based on the TNM Classification of
Malignant Tumors 8th edition of the Union for International
Cancer Control (UICC) [15]. Resectability status (R, resectable;
BR, borderline resectable; UR, unresectable) was defined using
the NCCN guidelines [1]. Resection margin status (R) was also
defined according to the UICC TNM classification [15]: resec-
tion margin positivity was defined as 1 or more cancer cells at
any tumor surface (R1). Pathological responses to NAT were
defined with the Evans grading system [16]. Completion of
adjuvant therapy was defined as treatment for 4 months or
more. Postoperative complications were graded according to
the Clavien-Dindo classification [17]. Postoperative pancreatic
fistula and delayed gastric emptying were defined according to
the classification of the ISGPS [18, 19]. Response rate was
defined as the ratio of cases in which computed tomography
(CT) images obtained before surgery showed a partial response
(PR) or complete response (CR) with NAT, according to the

revised Response Evaluation Criteria in Solid Tumors
(RECIST) guideline (ver. 1.1) [20]. Data of 7 patients who
underwent DP-CAR without NAT between 2004 and 2016,
including 5 patients who underwent DP-CAR before we started
to use NAT (2004–2009) and 2 patients who refused to have
NAT, were used as a reference.

This study was conducted in accordance with the ethical
standards of the Committee on Human Experimentation and
was approved by the Institutional Ethics Committee of our
institution (Chiba University, Graduate School of Medicine
#2732). The methods were carried out in accordance with
the approved guidelines.

Indication for DP-CAR, preoperative treatment,
and operative procedure

DP-CAR was indicated in patients with pancreatic body cancer
possibly involving or contacting the CA, common hepatic ar-
tery (CHA), or origin of the splenic artery, based on imaging
diagnosis or intraoperative findings. Preoperative coil emboli-
zation of the CHA and left gastric artery (LGA) was performed
except in cases with the replacement of the HA by the superior
mesenteric artery (SMA) [12, 21]. Multidetector-row CT was
usually repeated every 3 months after initiation of NAT.
Surgerywas performed if patient status and organ functionwere
well maintained and CT images met the following criteria, even
when a response to NATwas not observed: (1) without distant
metastasis, (2) without SMA or gastroduodenal artery (GDA)
stenosis or deformity due to tumor invasion, and (3) without
tumor contact or invasion of the aorta.

From 2010 to 2014, we used gemcitabine and S-1 (GS) for
combined NAT (n = 17), according to the protocol of
Nakamura et al. [22]: briefly, we treated patients with
60mg/m2/day S-1 on days 1–14 and 1000mg/m2 gemcitabine
on days 8 and 15 of a 21-day cycle. After 2015, we changed
the neoadjuvant treatment protocol to gemcitabine and
albumin-bound paclitaxel (nab-PTX) combined therapy
(GnP) (n = 8). We administered 1000 mg/m2 gemcitabine
and 125 mg/m2 nab-PTX on days 1 and 8 of a 21-day cycle.
Six patients were referred to our hospital after receiving che-
mo or chemoradiation therapy other than GS or GnP.

The DP-CAR procedure basically included en bloc resec-
tion of the celiac axis including the celiac plexus, CHA, and
left gastric artery. Arterial flow to the liver through the GDA
was confirmed using Doppler ultrasonography or confirma-
tion of pulsation in the proper hepatic artery during the oper-
ation. Reconstruction of the HAwas not required in all cases.
We performed regional lymph node dissection, but not exten-
sive dissection of the SMA plexus, adrenal gland, ganglions,
or Gerota’s fascia, except for cases in which direct invasion to
these regions was suspected on preoperative imaging or intra-
operative findings. Resection and reconstruction of the portal
vein or superior mesenteric vein were performed when
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necessary. Patients were treated with adjuvant therapy using
either gemcitabine, S-1, or GS therapy, if the performance
status was acceptable.

Statistical analysis

Cumulative survival was estimated using the Kaplan-Meier
method, and the differences in survival were examined using
the log-rank test. P < 0.05 was considered significant.
Statistical analyses were performed using JMP 12 software
(SAS Institute Inc., Cary, NC, USA).

Results

Patient characteristics

Table 1 shows the characteristics of 31 patients who received
NAT. Median age was 66 years and 68% of patients were
male. Average serum carbohydrate antigen 19-9 (CA19-9)
level was relatively high at 1164 IU/ml. As we only performed
DP-CAR for tumor contacting the CA and/or CHA, most
patients were classified as BR (87%). Four patients were clas-
sified as UR due to tumor contact with the GDA or aorta at the
time of diagnosis. The background of these patients was com-
parable to that of the 7 patients who underwent upfront sur-
gery (US).

Effects of neoadjuvant therapy

We then analyzed the effects of NAT. Starting in 2010, we
used NAT for BR and UR pancreatic cancer patients. GS
was most frequently used as NAT (n = 17), followed by GnP
(n = 8). The duration between the initiation of NAT and sur-
gery was a median of 90 days (range, 33–699). The response
rate with NATwas 39%, and the median serum CA19-9 level
decreased from 1164 to 241 IU/ml (P = 0.006) (Table 1).

Surgical, short-term, and long-term outcomes

Table 2 shows surgical and perioperative outcomes.
Preoperative coil embolization was generally performed be-
fore surgery. Embolization was performed safely without any
complications, such as coil dislocation in the proper hepatic
artery. CHA and LGA coil embolization was performed in 24
of 31 patients who underwent NAT. Embolization was not
performed in 4 patients due to a replacement of the right or
common HA by the SMA, and in 3 patients due to technical
difficulties. The median duration between coil embolization
and surgery was 49 days (range, 3–369).

The mean operative time and blood loss were 350 min and
1274 ml, respectively. Portal vein resection was performed in
12 cases (39%). Grade III or higher Clavien-Dindo complica-
tions occurred in 13 patients (42%), most of which were post-
operative pancreatic fistulas. Ischemic complications were

Table 1 Clinical characteristics of patients who underwent DP-CAR and factors related to neoadjuvant therapy

Factors Neoadjuvant (n = 31) Upfront surgery (n = 7)

Age (years old: median (range)) 66 (38–80) 62 (50–77)

Sex (male) 21 (68%) 5

CA19-9 level at the diagnosis (IU/ml) (mean ± S.D.) 1164 ± 1782* 808 ± 1117

Tumor size at diagnosis (mm) (mean ± S.D.) 41.2 ± 14.1 31.1 ± 9.6

Resectability

Borderline resectable (BR) 27 (87%) 7

Unresectable (UR) 4 (13%) 0

Neoadjuvant therapy (NAT)

GEM+S-1 17 (55%)

GEM+nab-PTX 8 (26%)

GEM 1 (3%)

S-1 1 (3%)

FOLFIRINOX 1 (3%)

GEM+S-1 + CIRT 1 (3%)

S-1 + CIRT 2 (7%)

Duration between initiation of NAT and surgery (days: median (range)) 90 (33–699)

RECIST (CR/PR/SD/PD) 0/12/18/1 (0/39/58/3%)

CA19-9 level after NAT (IU/ml) (mean ± S.D.) 241 ± 453*

*P = 0.006. GEM, gemcitabine; LV, leucovorin; FOLFIRINOX, 5-FU, leucovorin, irinotecan, and oxaliplatin; nab-PTX, albumin-bound paclitaxel;
CIRT, carbon-ion radiation therapy; RECIST, Response Evaluation Criteria for Solid Tumors; CR, complete response; PR, partial response; SD, stable
disease; PD, progression disease
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limited, but there were 3 cases of gastritis and 1 case of liver
abscess. One patient who previously underwent distal gastrec-
tomy for gastric cancer and had preoperative CHA coil embo-
lization died 47 days after surgery due to gastric perforation
followed by sepsis. The in-hospital mortality rate was 3%.

These surgical and postoperative factors were similar to
those of 7 patients with US. We did not perform a statistical
comparison between patients who underwent NAT and US,
because most of the 7 patients in the US group underwent DP-
CAR during a time period (2004–2010) when we were on the
learning curve for this procedure. However, these results at
least indicated that NAT did not affect the operative and post-
operative courses.

Histopathological analysis (Table 2) revealed that the ma-
jority of patients (84%) had limited pathological effects

(Evans grade I or IIa) from NAT. R0 resection was achieved
in 23 patients (74%). In contrast, R0 resection was achieved in
only 1 of 7 patients in the US group.

Survival of patients who underwent DP-CAR following
NAT

In 31 patients who underwent NAT, the median observation
period was 29.6 months. Even with limited pathological ef-
fects, survival in patients who underwent NATwas favorable.
The median overall survival time (MST) and 3-year survival
rate from initiation of therapy were 38.6 months and 50.7%,
respectively. In contrast, those of US patients were
15.6 months and 14.3%, respectively (Fig. 1a), similar to the
values in a previous report [11]. R0 resection was the key to

Table 2 Perioperative and pathological outcomes of patients who underwent DP-CAR

Neoadjuvant (n = 31) Upfront surgery (n = 7)

Preoperative coil embolization 24 (77%) 4

Days from coil embolization to surgery
(median (range))

49 (3–369) 15 (11–18)

Operation time (min) (mean ± S.D.) 350 ± 104 353 ± 87

Blood loss (ml) (mean ± S.D.) 1274 ± 961 1347 ± 1111

Blood transfusion 14 (45%) 4

Portal vein resection 12 (39%) 1

Combined resection of other organs 6 (19%) 2

Complication (C-D III or more) 13 (42%) 2

Pancreatic fistula B, C 10 (32%) 1

Delayed gastric emptying 3 (10%) 2

Ischemic gastritis 3 (10%) 0

Liver abscess 1 (3%) 0

Hospital stay (days: median (range)) 32 (14–72) 34

In-hospital mortality 1 (3%) 0

Tumor size (pathology) (mm) (mean ± S.D.) 41 ± 20 48 ± 9

Histopathological grading

G1/2/3/X 10/16/2/3 (32/52/7/10%) 2/3/1/1

UICC T

T1/2/3/4 4/11/12/4 (13/35/39/13%) 0/1/5/1

UICC N

N0/1/2 6/18/7 (19/58/23%) 2/4/1

UICC M

M0/1 29/2 (94/7%) 7/0

UICC stage

IA/IB/IIA/IIB/III/IV 1/2/1/17/8/2 (3/7/3/55/26/7%) 0/1/1/3/2/0

Evans grade

I/IIa/IIb/III/IV 11/15/4/1/0 (36/48/13/3/0%) –

R status

R0/1/2 23/6/2 (74/16/7%) 1/4/2

Adjuvant therapy 28 (90%) 6

Completion of adjuvant therapy (> 4 months) 17 (55%) 4

C-D, Clavien-Dindo classification
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long-term survival after DP-CAR in patients who underwent
NAT. MST after surgery in R0 patients (n = 23) was
31.8 months, while MST in R1 or 2 patients (n = 8) was
17.5 months (P = 0.03) (Fig. 1b).

We investigated whether a treatment regimen with NAT af-
fected the prognosis of patients who underwent DP-CAR. As
described previously, we used GS for NAT until 2014. After
2015, we mainly used GnP. We analyzed the data of patients
who received GS (n = 17) and GnP (n = 8) as NAT (Table 3).
Due to the small sample size, we did not perform a statistical
comparison between these two groups. Patient background,
tumor size, serum CA19-9 level, and resectability were compa-
rable between the two groups. The histopathological factors in
the two groups were also similar, except for the pathological
UICC T stage. The GnP group showed a relatively high re-
sponse rate (4 of 8 cases had a partial response [PR]) and R0
resection was achieved in all cases; in contrast, the GS group
showed a 35% response rate (6 of 17 cases had a PR) and 65%
R0 resection rate. Unexpectedly, even though R0 resection was
achieved in all GnP cases, the GnP group showed lesser overall
survival time than the GS group. MSTwas 19.8 months in the
GnP group and 38.6months in theGS group (Fig. 2a). The liver
was the most frequent site of primary recurrence in the GnP
group, while local recurrence was most frequent in the GS
group (Fig. 2b). However, due to the small patient numbers
and different treatment periods, no statistical conclusion was
drawn in a comparison between the two groups.

Discussion

The safety and efficacy of DP-CAR for pancreatic body can-
cer remain controversial. We have aggressively used this pro-
cedure to achieve curative resection for pancreatic body/tail
cancer invading the CHA and/or CA.

In our study, mortality occurred in only 1 of 31 patients
who underwent DP-CAR following NAT. Life-threatening
complications (Clavien-Dindo grades IVa and b) occurred in

1 case (3%). These results indicated that DP-CAR was rela-
tively safe. However, a high mortality rate with DP-CAR has
been reported. A recent European multicenter cohort analysis
showed a 16% mortality rate [23]. Nakamura et al. [12] re-
ported a relatively high mortality rate of 5%. They also report-
ed that severe gastropathy with stomach perforation occurred
in 5 of 80 DP-CAR cases. Preoperative coil embolization of
the CHA and LGA is reportedly useful for preventing ische-
mic complications in the liver and stomach [21, 24]. We also
routinely performed CHA and LGA coil embolization, except
in cases with a replaced HA. Coil embolization might have
contributed to the relatively low incidence of ischemic com-
plications in our series. However, several other reports did not
support the usefulness of coil embolization [23]. Nakamura
et al. also routinely performed preoperative coil embolization,
but the incidence of ischemic complications and the mortality
rate were relatively high [12]. The effectiveness of coil embo-
lization should be examined in a future prospective study.

The high complication rate reported by Nakamura et al. may
be attributed to extended resection. They performed en bloc
excision of retroperitoneal tissue including the celiac plexus,
bilateral ganglions, the total nerve plexus around the SMA,
the left adrenal grand, andGerota’s fascia to achievemicroscop-
ically curative resection (R0). Although this extended retroper-
itoneal resection resulted in a high R0 resection rate (92.5%),
local recurrence was still seen in 14 of 80 DP-CAR cases. This
indicates that extended resection has a limited role in local
tumor eradication. Although we did not routinely perform ex-
tended resection, our data showed a favorable survival rate in
patients who underwent DP-CAR. Accordingly, we think that
extended resection is not necessary if curative resection is
secured.

Meanwhile, it should be noted that 1 patient in our study
who previously underwent distal gastrectomy died due to gas-
tric perforation that led to severe sepsis. A reduced arterial
supply to the remnant stomach might be the cause of this com-
plication. In such cases, combined total gastrectomy may avoid
the complication, as Yamamoto et al. suggested [8].
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The MST with DP-CAR in this study was among the lon-
gest reported [11]. We think that this favorable survival out-
come was mainly due to NAT in our series. Many recent
reports showed the efficacy of NAT for BR or UR pancreatic
cancer. However, only a few reports showed the efficacy and
safety of NAT combined with DP-CAR. Nakamura et al. re-
ported extremely good prognoses in 12 patients who
underwent preoperative therapy and DP-CAR; the 5-year sur-
vival rate was 78.8% [12]. Baumgartner et al. also reported a
retrospective analysis of 11 patients who underwent DP-CAR
following NAT and showed a median estimated overall sur-
vival of 31months from the time of original diagnosis [7]. The
NAT group showed a higher R0 rate than the US group. This
high R0 rate in the NAT group probably contributed to
prolonged survival.

Unexpectedly, patients receiving GS NAT showed longer
survival than those receiving GnP NAT. GS showed a high
response rate (29.3%) in the GEST study, which compared
gemcitabine, S-1, and GS for UR pancreatic cancer [25].
GnP also showed a high response rate (23%) in the MPACT
study, which compared gemcitabine monotherapy and GnP

for metastatic pancreatic cancer [26]. Because of these high
response rates, we used these treatment regimens for NAT. It is
worth mentioning that patients with GnP NAT showed higher
hepatic recurrence rates than those with GS NAT. This may
account for the shorter survival in the GnP group. However,
due to the limited patient numbers and retrospective nature of
this study, it is very hard to determine the reasons for shorter
survival duration in the GnP group.

The main limitation of this study was its retrospective na-
ture. The treatment policy changed during the study period.
As a result, patients in each group were treated using different
treatment policies and each group included a relatively small
number of patients, making statistical analysis difficult.
Moreover, this study did not include patients who were sched-
uled for but did not undergo surgical resection after NAT.
Several patients in this study were referred to our institution
after chemotherapy or chemoradiation therapy. This is one
reason why we could not perform intent-to-treat analysis for
all patients who were scheduled for DP-CAR at diagnosis. In
addition, it was very difficult to determine inclusion criteria,
especially in UR pancreatic cancer patients. UR cancer

Table 3 Comparison of DP-CAR patients’ clinicopathological factors treated with gemcitabine + S-1 (GS) and gemcitabine + nab-paclitaxel (GnP)

GS (n = 17) GnP (n = 8)

Age (years old: median (range)) 61 (38–80) 67.5 (45–78)

Sex (male) 12 6

CA19-9 level at the diagnosis (IU/ml) (mean ± S.D.) 1170 ± 2212 1564 ± 1191

Tumor size at diagnosis (mm) (mean ± S.D.) 42.6 ± 16.3 37.6 ± 10.8

Resectability

Borderline resectable 16 6

Unresectable 1 2

Duration from initiation of neoadjuvant therapy to surgical resection
(days: median (range))

111 (68–699) 65.5 (33–270)

Response rate (PR cases) 6 (35%) 4 (50%)

Histopathological grading

G1/2/3/X 8/7/0/2 1/6/1/0

UICC T

T1/2/3/4 0/6/9/2 3/2/2/1

UICC N

N0/1/2 2/11/4 1/4/3

UICC M

M0/1 16/1 7/1

UICC stage

IA/IB/IIA/IIB/III/IV 0/1/1/10/4/1 0/0/0/4/3/1

R status

R0/1/2 11/4/2 8/0/0

Evans grade

I/IIa/IIb/III/IV 7/5/1/1/0 2/5/1/0/0

Adjuvant therapy 16 8

Completion of adjuvant therapy (> 4 months) 11 3

PR, partial response in RECIST criteria; R status, residual tumor status
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includes a wide variety of cases, ranging from those with
cancer surrounding the CA with limited extent to cancer
spreading to the aorta, adrenal gland, and retroperitoneal tis-
sues. The former cases have a high likelihood of resectability,
while the latter cases have very limited resectability, even after
NAT. Prospective trials with precisely defined inclusion
criteria are necessary to estimate the resection rates after
NAT. A multi-institutional study will be needed to determine
the effectiveness and limitations of combined DP-CAR and
NAT, as each institution will have a limited number of cases.

Conclusion

In conclusion, DP-CARwas feasible and safe for patients with
pancreatic body cancer contacting the CA and/or CHA. The
combination of NAT and DP-CAR can provide a survival
benefit for these patients. A prospective trial is needed to
identify an adequate NAT regimen.
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