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Abstract
Background: Distal pancreatectomy (DP) with lymph node (LN) dissection is the 
standard procedure for pancreatic ductal adenocarcinoma of the tail (Pt- PDAC). 
However, the optimal surgery including extent of LN dissection is still being debated. 
The present study investigated the incidence and prognostic impact of LN metastasis 
on patients suffering from Pt- PDAC.
Patients and method: This multicenter, retrospective study involved 163 patients who 
underwent DP for resectable Pt- PDAC at 12 institutions between 2013 and 2017. The 
frequency of LN metastasis and the effect of LN dissection on Pt- PDAC prognosis 
were investigated.
Results: There were high incidences of metastases to the LNs along the splenic ar-
tery in the patients with Pt- PDAC (39%). The rate of metastases in the LNs along the 
common hepatic, left gastric, and celiac arteries were low, and the therapeutic index 
for these LNs was zero. In pancreatic tail cancer located more distally, there were no 
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1  |  INTRODUC TION

Pancreatic ductal adenocarcinoma (PDAC) is one of the most ag-
gressive and lethal malignancies, and in particular, PDAC located in 
the pancreatic tail (Pt- PDAC), which is often found at an advanced 
stage due to the lack of specific symptoms and signs in the early 
stages, is associated with a poor prognosis.1 Surgery is the only cura-
tive treatment for PDAC, and distal pancreatectomy (DP) with lymph 
node (LN) dissection is the standard procedure for Pt- PDAC.

Various authors have reported the identification of clinico-
pathological prognostic factors in pancreatic cancer, of which the 
presence of LN metastases represents a well- known detrimen-
tal prognostic factor.2 Nevertheless, extended LN dissection for 
PDAC arising in the pancreatic head has not been shown to be 
effective in improving long- term outcomes.3 Regarding LN dis-
section for Pt- PDAC, the International Study Group on Pancreatic 
Surgery (ISGPS) defined removal of LNs in the hilum of the spleen, 
along the splenic artery, and along the inferior border of the body 
and tail of the pancreas as standard procedure (Figure 1A).4 The 
Japanese Pancreatic Society defines the range as slightly wider, 
adding stations 8a and 9.5 However, a substantial lack of reliable 
evidence burdens the strength of these recommendations. As a 
matter of fact, the range of the LN dissection for Pt- PDAC is still 
being debated.

Strasberg et al.6 reported radical antegrade modular pancreato-
splenectomy (RAMPS) to be an effective procedure for left- sided 
PDAC. The benefits of this procedure are negative resection mar-
gins and the number of LNs harvested. There are many reports that 
these are important as prognostic factors7; however, prognosis has 
improved with pre-  and postoperative adjuvant therapy in recent 
years, and it is clear that multidisciplinary treatment plays the key 
role in improving the prognosis of PDAC. Therefore, it is also im-
portant to reduce the surgical invasiveness. Advances in technology 
such as laparoscopic or robotic surgery are important factors in re-
ducing invasiveness, but it is also necessary to reconsider the cur-
rent resection range.8 The present study investigated the incidence 

and prognostic impact of LN metastasis on patients suffering from 
Pt- PDAC. To clarify the optimal surgery for the patients suffering 
from Pt- PDAC, the present study investigated the significance of LN 
metastasis and prognostic factors including tumor location and op-
erative procedures.

2  |  PATIENTS AND METHODS

2.1  |  Study design

This multicenter, retrospective study enrolled patients who under-
went DP for Pt- PDAC at 12 institutions between January 2013 and 
December 2017 in Kyushu, Japan. Pancreas between the left border 
of the aorta and the hilum of the spleen was defined as pancreatic 
tail according to the 7th AJCC/UICC TNM classification.9 A patholo-
gist confirmed that all patients had undergone R0 or R1 resection. 
The pathological data were classified using the 7th AJCC/UICC TNM 
classification, and we applied the Japan Pancreas Society's General 
Rules for the Study of Pancreatic Cancer for the LN stations.5 We in-
vestigated the rates of patients with LN metastases at each station. 
We followed the ethical principles stated in the guidelines of the 
World Medical Association's Declaration of Helsinki in this study, 
which was approved by the Ethics Committee of Oita University 
Faculty of Medicine (approval number: 2446- D10). The acquisition 
of informed consent from patients was waived owing to the retro-
spective nature of this study.

2.2  |  Data collection

The following clinicopathological variables were included in the 
analysis: preoperative factors including age, sex, body mass index, 
performance status, American Society of Anesthesiologists physi-
cal status, length between the left edge of the aorta and tumor, and 
neoadjuvant therapy; operative factors including open/laparoscopic 

metastases to the LNs along the common hepatic artery. Multivariate analysis re-
vealed that tumor size was the only independent factor related to recurrence- free 
survival (HR = 2.01, 95% CI = 1.33–3.05, p = 0.001). The level of pancreas division and 
LN dissection along the common hepatic artery did not affect the site of tumor recur-
rence or recurrence- free survival.
Conclusions: LN dissection along the hepatic artery for Pt- PDAC has little signifi-
cance. Distal pancreatic transection may be acceptable in terms of oncological safety, 
but further examination of short- term outcomes and preservation of pancreatic func-
tion is required.

K E Y W O R D S
distal pancreatectomy, lymph node metastasis, pancreas cancer, pancreatic ductal 
adenocarcinoma, prognosis
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surgery, level of pancreatic division, LN dissection along the com-
mon hepatic artery, operation time, and blood loss; postoperative 
course including postoperative pancreatic fistula (POPF), complica-
tions, postoperative hospital stay, and adjuvant chemotherapy; and 
pathological factors, including tumor size, T stage, LN metastasis, 
pancreatic cut end margin (PCM), and dissected peripancreatic tis-
sue margin (DPM). The tumor location was divided into two groups: 
proximal and distal Pt- PDAC, with a median length of 16 mm from 
the tumor to the left edge of the aorta. In the patients who received 
neoadjuvant therapy, the data just before surgery was used in this 
study. Operative and pathological data were obtained from opera-
tive and pathological reports from each institution. POPF was de-
fined according to the ISGPF.10 In this study, POPF grades B and C 
were defined as clinically relevant POPF.

2.3  |  Lymph node dissection and therapeutic 
value of each lymph node

LN dissection was performed routinely, and the LNs were divided 
into five groups, Nos. 8 and 9 (common hepatic artery and celiac 
artery), No. 11 (splenic artery), No. 10 (splenic hilum), Nos. 14 and 
15 (superior mesenteric artery), and No. 18 (inferior margin of the 

pancreas), according to the classification of pancreatic carcinoma 
by the Japan Pancreas Society.5 To evaluate the therapeutic value 
of dissection at each LN station, we used the therapeutic index re-
ported by Sasako et al. for gastric cancer.11 The therapeutic index of 
LN dissection (as a percentage) was obtained by multiplying the LN 
metastasis rate by the 5- year survival rate.

2.4  |  Statistical analysis

We investigated the relationship between tumor location and clin-
icopathological features using univariate analyses. Furthermore, the 
effect of the level of pancreas division on the operative outcomes 
was investigated. Prognostic factors of recurrence- free survival 
(RFS) were analyzed by univariate and multivariate analyses.

All variables are expressed as the median (range) or mean ± stan-
dard deviation for continuous data. Univariate analyses were 
performed using the Student t- test for continuous variables and 
chi- squared test for categorical variables. Survival analysis was 
performed using Kaplan–Meier estimated survival, and the survival 
curves were compared using the log- rank test. Statistical significance 
was defined as p < 0.05. All statistical analyses were performed with 
JMP 11 (SAS Institute Inc., Cary, NC, USA).

F I G U R E  1  Schematics of station numbers of the lymph nodes and frequency of lymph node metastases. (A) Station numbers of the 
lymph nodes. (B) The rates of patients with lymph node metastases of the pancreatic ductal adenocarcinoma in the pancreas tail at each 
station. (n = 163). (C) Lymph node metastases of the pancreatic ductal adenocarcinoma in the proximal pancreas tail (n = 86). (d) Lymph node 
metastases of the pancreatic ductal adenocarcinoma in the distal pancreas tail (n = 77).
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3  |  RESULTS

3.1  |  Patient characteristics

During the study period, 163 patients with Pt- PDAC underwent 
surgery with R0 or R1 resection. The clinicopathological character-
istics are shown in Table 1. The pancreas was divided at the superior 
mesenteric vein (SMV) in 141 patients and to the left of the SMV 
in 22. The number of patients with LN metastasis was 78 (48%), 
and the frequency of LN metastasis at each station is summarized 
in Figure 1B. There were high incidences of metastases to the LNs 
along the splenic artery (No. 11). Overall, metastases were seldom 
found in the LNs along the common hepatic, left gastric, and celiac 
arteries (Nos. 7, 8, 9).

3.2  |  Relation between tumor location and 
characteristics

The numbers of patients with proximal and distal Pt- PDAC were 86 
and 77, respectively. As shown in Table 2, the rate of pancreas divi-
sion at the neck was higher in the proximal Pt- PDAC group than in 
the distal Pt- PDAC. There were no significant differences between 
the two groups regarding the postoperative course and pathological 
findings. The frequency of LN metastasis in the proximal and distal 
Pt- PDAC is summarized in Figure 1C,D, respectively. Regarding the 
distal Pt- PDAC, there were no metastases to the LNs along the com-
mon hepatic artery (No. 8).

3.3  |  Relation between level of pancreatic 
division and operative outcomes

The pancreas was divided at the neck (neck group) in 140 patients 
and at the body- tail (body- tail group) in 23 (Table 3). The rate of LN 
dissection along the common hepatic artery was lower in the neck 
group than that in the body- tail group. Although there were no sig-
nificant differences in POPF between the two groups, the postop-
erative hospital stay in the body- tail group was longer than that in 
the neck group. Fewer LNs were dissected in the body- tail group 
than in the neck group. There were no significant differences in the 
rate of R0 resection.

3.4  |  Prognostic factors of recurrence- free 
survival and overall survival in Pt- PDAC

Univariate analyses showed that CA19- 9, blood loss, tumor size, LN 
metastasis, PCM, and DPM were significant factors related to RFS 
(Table 4). Multivariate analysis revealed that tumor size was the only 
independent factor related to RFS (hazard ratio = 2.01, 95% confi-
dence interval = 1.33–3.05, p = 0.001). Regarding OS, Univariate 

analyses showed that CA19- 9, blood loss, tumor size, LN metastasis, 
PCM, and DPM were significant factors (Table S1). Multivariate analy-
sis revealed that CA19- 9, tumor size, and DPM were the independent 

TA B L E  1  Characteristics of pancreas tail cancer (n = 163).

Characteristics Value

Preoperative factors

Age (years) 70.4 (40–87)

Sex (female/male) 78 (48%)/85 (52%)

BMI (kg/m2) 21.9 (15.1–52.8)

PS (0/1/2) 126 (77%)/30 (18%)/7 (4%)

ASA- PS (0/1/2/3) 3 (2%)/27 (17%)/113 (69%)/20 (12%)

CEA (ng/mL) 3.3 (0.6–240)

CA19- 9 (U/mL) 44.6 (0.6–7313)

Length between left 
edge of aorta and 
tumor (mm)

16 (0–73)

Neoadjuvant therapy 
(yes/no)

38 (23%)/125 (77%)

Operative factors

Open/Laparoscopy 131 (80%)/32 (20%)

Pancreas division 
(above SMV/left of 
SMV)

141 (87%)/22 (13%)

LN dissection around 
common hepatic 
artery (yes/no)

146 (90%)/17 (10%)

Operation time (min) 279 (120–668)

Blood loss (mL) 327 (0–3741)

Postoperative course

POPF (≥grade B) 28 (17%)

Complications 
(≥Clavien–Dindo 3)

36 (22%)

Postoperative hospital 
stay

18 (7–116)

Adjuvant 
chemotherapy (yes/
no)

134/29

Pathological findings

Tumor size (mm) 25 (1–88)

UICC T stage (1/2/3/4) 53 (33%)/73 (45%)/37 (23%)

LN metastasis (−/+) 78 (48%)/85 (52%)

Number of harvested 
LNs

20 (1–77)

Number of positive 
LNs

2 (0–16)

PCM (−/+) 159 (98%)/4 (2%)

DPM (−/+) 151 (93%)/12 (7%)

Abbreviations: ASA- PS, American Society of Anesthesiologists physical 
status; BMI, body mass index; DPM, dissected peripancreatic tissue 
margin; LN, lymph node; PS, performance status; PCM, pancreatic cut 
end margin; POPF, post operative pancreatic fistula;  SMV, superior 
mesenteric vein.
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TA B L E  2  Relation between tumor location and characteristics.

Characteristics Proximal (n = 86) Distal (n = 77) p Value

Patient characteristics

Age (years) 70.4 ± 8.2 70.4 ± 8.2 0.990

Sex (female/male) 37 (43%)/49 (57%) 48 (62%)/29 (38%) 0.013

BMI (kg/m2) 22.4 ± 4.6 22.3 ± 3.1 0.956

PS (0/1/2) 70 (81%)/13 (15%)/3 (3%) 56 (73%)/17 (22%)/4 (5%) 0.419

ASA- PS (0/1/2/3) 2 (2%)/14 (16%)/59 (69%)/11 (13%) 1 (1%)/13 (17%)/54 (70%)/9 (12%) 0.960

CEA (ng/mL) 5.3 ± 6.3 8.6 ± 29.6 0.317

CA19- 9 (U/ml) 252 ± 698 398 ± 1103 0.311

Length between left edge of aorta and tumor (mm) 5.8 ± 5.4 31.6 ± 11.5 0.000

Neoadjuvant therapy (yes/no) 22 (26%)/64 (74%) 16 (21%)/61 (79%) 0.468

Operative factors

Open/Laparoscopy 71 (83%)/15 (17%) 60 (78%)/17 (22%) 0.457

Pancreas division (above SMV/left of SMV) 79 (92%)/7 (8%) 61 (79%)/16 (21%) 0.020

LN dissection around common hepatic artery (yes/
no)

79 (92%)/7 (8%) 67 (87%)/10 (13%) 0.312

Operation time (min) 309 ± 107 304 ± 102 0.737

Blood loss (mL) 492 ± 549 544 ± 580 0.554

Postoperative course

POPF (≥grade B) 13 (15%) 15 (19%) 0.461

Complications (≥Clavien–Dindo 3) 18 (21%) 18 (23%) 0.707

Postoperative hospital stay

Pathological findings

Tumor size (mm) 31 ± 17 42 ± 15 0.331

UICC T stage (1/2/3/4) 25 (29%)/41 (48%)/20 (23%)/0 28 (36%)/32 (42%)/17 (22%)/0 0.598

LN metastasis (−/+) 38 (44%)/48 (56%) 40 (52%)/37 (48%) 0.322

PCM (−/+) 83 (97%)/3 (3%) 76 (99%)/1 (1%) 0.354

DPM (−/+) 80 (93%)/6 (7%) 71 (92%)/6 (8%) 0.842

Abbreviations: ASA- PS, American Society of Anesthesiologists physical status; BMI, body mass index; DPM, dissected peripancreatic tissue margin; 
LN, lymph node; PCM, pancreatic cut end margin; POPF, postoperative pancreatic fistula; PS, performance status; SMV, superior mesenteric vein.

TA B L E  3  Relation between level of pancreas division and operative outcomes.

Outcomes Neck (n = 140) Body- tail (n = 23) p Value

Operative factors

Open/Laparoscopy 113 (81%)/27 (19%) 18 (78%)/5 (22%) 0.786

LN dissection around common hepatic artery (yes/no) 131 (94%)/9 (6%) 15 (65%)/8 (35%) 0.000

Operation time (min) 310 ± 107 283 ± 89 0.253

Blood loss (mL) 514 ± 567 530 ± 551 0.901

Postoperative course

POPF (≥grade B) 22 (16%) 6 (26%) 0.244

Complications (≥Clavien–Dindo 3) 29 (21%) 7 (30%) 0.313

Postoperative hospital stay (day) 23 ± 16 34 ± 27 0.008

Tumor factors

Length between left edge of aorta and tumor (mm) 16 ± 15 28 ± 17 0.001

Number of harvested LNs 23.4 ± 14.1 15.5 ± 11.4 0.014

PCM (−/+) 136 (97%)/4 (3%) 23/0 0.267

DPM (−/+) 129 (92%)/11 (8%) 22 (96%)/1 (4%) 0.525

Abbreviations: DPM, dissected peripancreatic tissue margin; LN, lymph node; PCM, pancreatic cut end margin; POPF, postoperative pancreatic fistula.
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factors related to OS. Neoadjuvant and adjuvant therapy did not af-
fect RFS and OS in this study (Figure S1).

3.5  |  Relation between prognosis and tumor 
location or operative procedures

The rates and sites of tumor recurrence are shown in Table 5. The rate 
of local recurrence for proximal Pt- PDAC was significantly higher than 
that for distal Pt- PDAC (p = 0.024), whereas the rate of liver metasta-
sis for distal Pt- PDAC was significantly higher than that for proximal 
Pt- PDAC (p = 0.014). The level of pancreas division and LN dissection 
along the common hepatic artery did not affect the tumor recurrence 
site. There was no difference in overall survival and RFS in regard to 
tumor location, level of pancreas division, and LN dissection along the 
common hepatic artery (Figure 2). Furthermore, laparoscopic surgery 
did not affect to the number of harvested LNs, the incidence of LN 
metastasis, and prognosis compared with open surgery.

3.6  |  Lymph node metastases and therapeutic 
index of lymph node dissection

Figure 3 details the therapeutic index of LN dissection. In the analy-
sis of the therapeutic index, regardless of whether proximal or distal 
Pt- PDAC was performed, the therapeutic index for Nos. 11 and 18 
was high, and that for Nos. 7, 8, 9, 14, and 15 was low, with Nos. 7, 
8, and 9 being zero.

4  |  DISCUSSION

Most PDAC have high malignant potential and metastasize easily to 
regional LNs. LN dissection for PDAC is performed for therapeutic 
efficacy and nodal staging of cancer, and many reports have shown 
LN metastasis to be a prognostic factor.2,12,13 However, extended 
LN dissection has been shown to have no prognostic benefit regard-
ing pancreas head cancer.3 Although there are many reports of LN 

Factors

Univariate analysis Multivariate analysis

HR (95% CI) p Value HR (95% CI) p Value

Age (>70 years) 1.11 (0.76–1.62) 0.605

Sex (male) 1.02 (0.70–1.49) 0.927

BMI (>25 kg/m2) 0.81 (0.47–1.33) 0.429

PS (≥1) 0.91 (0.56–1.42) 0.683

ASA- PS (≥3) 0.94 (0.48–1.68) 0.846

CEA (>5 ng/mL) 1.34 (0.88–1.99) 0.165

CA19- 9 (>37 U/mL) 1.73 (1.18–2.57) 0.005 1.50 (0.99–2.28) 0.056

Neoadjuvant therapy (no) 0.72 (0.48–1.12) 0.128

Operative procedure (laparoscopy) 0.98 (0.58–1.57) 0.930

Pancreas division (left of SMV) 1.08 (0.61–1.78) 0.778

LN dissection around common 
hepatic artery (no)

1.21 (0.65–2.10) 0.508

Operation time (>279 min) 0.98 (0.66–1.43) 0.897

Blood loss (>327 mL) 1.57 (1.07–2.31) 0.021 1.28 (0.86–1.91) 0.230

POPF (≥grade B) 1.36 (0.84–2.13) 0.188

Complications (≥Clavien–Dindo 3) 1.45 (0.92–2.20) 0.093

Postoperative hospital stay 
(≥18 days)

1.34 (0.92–1.97) 0.131

Adjuvant chemotherapy (no) 1.07 (0.62–1.76) 0.786

Tumor size (>25 mm) 2.43 (1.64–3.61) 0.000 2.01 (1.33–3.05) 0.001

LN metastasis (+) 1.82 (1.24–2.71) 0.003 1.30 (0.86–1.99) 0.224

PCM (−/+) 3.57 (1.08–8.74) 0.014 2.25 (0.65–5.79) 0.135

DPM (−/+) 2.26 (1.10–4.14) 0.014 1.73 (0.81–3.35) 0.124

Abbreviations: ASA- PS, American Society of Anesthesiologists physical status; BMI, body mass 
index; CI, confidence interval; DPM, dissected peripancreatic tissue margin; HR, hazard ratio; 
LN, lymph node; PCM, pancreatic cut end margin; POPF, postoperative pancreatic fistula; PS, 
performance status; Pt- PDAC, pancreatic ductal adenocarcinoma of the tail; RFS, recurrence- free 
survival; SMV, superior mesenteric vein.

TA B L E  4  Prognostic factors of RFS in 
Pt- PDAC by univariate and multivariate 
analyses.
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dissection for left- sided PDAC, the ideal range has been controver-
sial. Some investigators have emphasized the effectiveness of ex-
tended resections for adenocarcinoma of the body and tail of the 
pancreas, but the limited number of patients observed in these stud-
ies prevented a definitive result.14,15 The ISGPS defined dissection 

of LN Nos. 10, 11, and 18 as standard in DP. Whilst some reports 
showed that left- sided PDAC sometimes metastasizes to LN No. 8,16 
the Japan Pancreas Society defined LN Nos. 8a and 9 in addition to 
those of the ISGPS as regional LNs to be the standard LN dissec-
tion for PDAC localized at the pancreas tail. In the present study, 

TA B L E  5  Relation between tumor location or operative procedures and recurrence site.

Tumor location Proximal (n = 86) Distal (n = 77) p Value

Recurrence site

Local recurrence 19 (22%) 7 (9%) 0.024

Liver metastasis 13 (15%) 24 (31%) 0.014

LN metastasis 6 (7%) 8 (10%) 0.438

Peritoneal dissemination 10 (12%) 12 (16%) 0.461

Level of pancreas division Neck (n = 140) Body- tail (n = 23) p Value

Recurrence site

Local recurrence 22 (16%) 4 (17%) 0.839

Liver metastasis 32 (23%) 5 (22%) 0.906

LN metastasis 11 (8%) 3 (13%) 0.411

Peritoneal dissemination 19 (14%) 3 (13%) 0.945

LN dissection along common hepatic artery Yes (n = 146) No (n = 17) p Value

Recurrence site

Local recurrence 25 (17%) 1 (6%) 0.231

Liver metastasis 32 (22%) 5 (29%) 0.485

LN metastasis 11 (8%) 3 (18%) 0.159

Peritoneal dissemination 19 (13%) 3 (18%) 0.597

Abbreviations: LN, lymph node; SMV, superior mesenteric vein.

F I G U R E  2  Kaplan–Meier curves of recurrence- free survival (RFS) and overall survival (OS) for tumor location, level of pancreas division, 
and lymph node (LN) dissection around the common hepatic artery. SMV, superior mesenteric vein.
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the rate of No. 8 LN metastasis was 1% for Pt- PDAC, and 0% for 
distal Pt- PDAC. Regarding the therapeutic index of LN dissection, 
LN dissection of Nos. 7, 8, and 9 for Pt- PDAC is of little significance. 
Therefore, dissection of these LNs may be unnecessary in PDAC lo-
calized to the pancreas tail. As this retrospective study alone can-
not conclude that dissection of these LNs is not necessary, further 
research is required.

In recent years, there have been several reports on the extent of 
LN dissection in left- sided PDAC, and there are many opinions that 
the frequency of metastasis to LN Nos. 8 and 9 is low and that dissec-
tion is unnecessary especially in Pt- PDAC.17–19 Ishida et al.17 reported 
that non- peripancreatic LN (Nos. 7, 8, 9, and 14) metastasis was not 
observed when the tumor is 20 mm away from the portal vein and con-
cluded that non- peripancreatic LN dissection can be avoided in those 
patients. Matsui et al.18 reported that only LNs around the splenic ar-
tery and splenic hilus should be dissected routinely in patients with Pt- 
PDAC because there was no LN metastasis at station Nos. 7, 8, 9, and 
14 in patients with Pt- PDAC. In contrast, Minagawa et al.20 reported 
that metastasis to the LNs along the common hepatic artery or supe-
rior mesenteric artery was rare but was a significant prognostic factor 
in patients with pancreatic body/tail cancer. However, in Pt- PDAC, the 
frequency of metastasis in LN No. 8 or 14 is very low, and there is no 
metastasis to those LNs in more distal Pt- PDAC.

Several studies have suggested that the level of pancreatic di-
vision during DP has an impact on the risk of POPF.21 Transection 
at the pancreatic neck was suggested to be more reasonable than 
transection at the pancreatic body or tail because the reduced 
thickness of the pancreatic neck would result in a lower risk of 
developing a POPF.22 Regarding glucose tolerance, transection 
at the pancreatic body or tail may have advantages because sev-
eral studies have suggested a positive relationship between dia-
betes and pancreatic volume reduction.23,24 The results from the 
present study indicated that the level of pancreas division did 
not affect the rate of POPF in Pt- PDAC, and we did not examine 
glucose metabolism. However, although there was no significant 

difference, the rate of POPF was higher with transection at the 
pancreatic body or tail, and the length of hospital stay was longer. 
Furthermore, the low number of yielded LNs in the group of the 
pancreatic body or tail transection may indicate that the dissec-
tion range even at stations 11 and 18 was small. There was no 
difference between pancreas division of the neck and body- tail in 
terms of long- term outcomes, but the level of pancreatic division 
should be further investigated in the future.

Comparing proximal and distal Pt- PDAC, there was no difference 
in prognosis. Regarding recurrence site, the rates of local recurrence 
and liver metastasis were different, although there were no differ-
ences in the pathological factors. According to a previous report, a 
relationship between splenic vein invasion and liver metastasis has 
been shown,25 but the relationship between tumor location and re-
currence site is unclear. Larger studies limited to Pt- PDAC patients 
may be helpful to identify recurrence patterns in Pt- PDAC.

Multidisciplinary treatment is necessary for long survival, and a 
smooth transition between pre-  and postoperative adjuvant treat-
ment and surgery is important. Based on the results of many reports, 
including this study, No. 8 LN dissection may not be necessary for 
Pt- PDAC. To examine the relationship between surgical procedure 
and prognosis, this study enrolled patients before 2017 when neo-
adjuvant therapy was not actively performed. We also examined re-
currence in these patients but found no difference in the incidence 
of LN recurrence or local recurrence based on the level of pancreas 
division. In the future, depending on the management of the pan-
creatic fistula, it may be possible to preserve the pancreatic paren-
chyma through more distal resection, and the necessity of RAMPS 
will need to be reconsidered.

This study has limitations. It is a retrospective study using mul-
ticenter data. Specific details of operative procedures might have 
differed among the institutions. Despite these limitations, this study 
contains important results for reconsideration of the surgical proce-
dure for Pt- PDAC, including the range of LN dissection and the level 
of pancreas division.

F I G U R E  3  Therapeutic index of lymph node dissection. The therapeutic index of lymph node dissection (as a percentage) was obtained 
by multiplying the lymph node metastasis rate by the 5- year survival rate.
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In conclusion, LN dissection along the hepatic artery for PDAC in 
the pancreas tail has little significance. Reducing the extent of pan-
creatic resection may be acceptable in terms of oncological safety, 
but further examination of the short- term outcomes and the preser-
vation of pancreatic function is required.
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