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Abstract
Introduction: In patients with pancreatic ductal adenocarcinoma (PDAC) in the pan-
creatic body (Pb) and tail (Pt), the appropriate area for lymphadenectomy is contro-
versial. This study aimed to reevaluate the extent of lymph node (LN) metastasis in 
Pb-  and Pt- PDAC, and to define the optimal area of LN dissection.
Patients and methods: This single- center retrospective study evaluated patients with 
Pb-  and Pt- PDAC who underwent distal pancreatectomy with extended lymphad-
enectomy between 2006 and 2020. LN metastasis in >3.0% of patients were defined 
as new regional LN.
Results: The study cohort included 135 patients with Pb- PDAC and 42 patients with 
Pt- PDAC. In patients with Pb- PDAC, LNs around the splenic artery (SPA) had the 
highest metastasis- positive rate (54.1%). LNs along the left gastric artery, common he-
patic artery, celiac axis (CA), superior mesenteric artery (SMA), and splenic hilus were 
defined as new regional LNs. In patients with Pt- PDAC, LNs at the splenic hilum had 
the highest metastasis- positive rate (38.1%). The station and LN around the SPA were 
defined as new regional LNs in those with Pt- PDAC. Metastasis beyond the newly 
defined regional LNs was not associated with survival. The incidence of LN metastasis 
was lower in patients who received preoperative chemotherapy than in those who 
underwent upfront surgery in both Pb-  and Pt- PDAC.
Conclusion: Although it needs to be verified in future multicenter studies, LN of both 
the CA and SMA systems should be dissected in patients with Pb- PDAC. However, 
only those around the SPA and splenic hilus should be dissected routinely in those 
with Pt- PDAC.
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1  |  INTRODUC TION

Pancreatic ductal adenocarcinoma (PDAC) is difficult to cure. Currently, 
it is the fourth leading cause of cancer- related deaths in Japan.1 
Margin- negative resection remains the most important approach for 
cure, and recent advancements in multidisciplinary therapies, such as 
neoadjuvant therapy and adjuvant chemotherapy, have contributed to 
the improved survival of patients with PDAC.2– 5 However, the 5- y sur-
vival rate after PDAC resection remains low (15%– 20%).6

Regional lymph node (LN) metastasis is one of the most import-
ant predictors of survival after pancreatectomy.7– 16 Moreover, a 
higher number of positive LN and an increased ratio of positive to 
total LN are strongly associated with decreased survival.17 Although 
the importance of LN status has been well- described, the appropri-
ate extent of lymphadenectomy remains controversial. Few studies 
have described the influence of LN involvement in the body or tail of 
the pancreas on the prognosis of patients with PDAC.

The seventh edition of the rules of the Japan Pancreas Society 
(JPS), was translated and published as the fourth edition of the 
English version,18 and defines regional LN as shown in Table 1, and 
recommends lymphadenectomy along the left gastric artery (LGA, 
No. 7), common hepatic artery (CHA, No. 8), celiac axis (CA, No. 9), 
superior mesenteric artery (SMA, No. 14), splenic artery (SPA, No. 
11), splenic hilus (No. 10), and inferior margin of the pancreas (No. 
18) during distal pancreatectomy (DP) for both pancreatic body 
(Pb) and tail (Pt) PDAC. In contrast, the consensus statement by the 
International Study Group on Pancreatic Surgery (ISGPS)19 recom-
mends that lymphadenectomy around the CA should be performed 
only when Pb- PDAC is close to the CA. Moreover, lymphadenectomy 
along the CHA and SMA is not necessary for Pb-  or Pt- PDAC in the 
ISGPS statement.19 Thus, there is a difference in the recommended 
area of lymphadenectomy for PDAC between the JPS and ISGPS.

To understand the patterns of lymphatic spread and establish 
the appropriate extent of LN dissection, it is important to clarify the 
incidence of LN metastasis in regional LN and its impact on long- 
term survival.

The aim of this retrospective study was to reevaluate the re-
gional LN of PDAC of Pb and Pt and to establish the optimal area of 
lymphadenectomy during DP.

2  |  PATIENTS AND METHODS

2.1  |  Study design

This retrospective, single- center, observational study was con-
ducted at the Department of Surgery, Kansai Medical University, 
Osaka, Japan. Clinical and operative data and information on patho-
logical findings and long- term outcomes of patients with PDAC in 
the Pb and Pt who underwent DP were collected from a prospective 
database. In accordance with the rules of the JPS,18 Pb was defined 
as the area from the left margin of the superior mesenteric vein to 
the left margin of the aorta, and Pt was defined as the area to the left 
of the left margin of the aorta.

2.2  |  Ethical issues

The study was reviewed and approved (No. 2020131) by the 
Institutional Review Board of Kansai Medical University, Japan, and 
complied according to the STROBE guidelines.20 All the procedures 
in this study were performed in accordance with the guidelines of 
the Declaration of Helsinki. The records of patients who refused ac-
cess to their data were excluded from the analysis.

2.3  |  Patient selection

This study evaluated patients with histologically proven PDAC in the 
Pb and Pt who underwent DP with extended LN dissection (the area 
is described below) between January 1, 2006, and December 31, 
2020, according to the seventh edition of the General Rules for the 
Study of Pancreatic Cancer by JPS.18 In principle, preoperative ther-
apy for resectable (R)/borderline resectable (BR) tumors was intro-
duced in all cases in 2019. Until 2018, preoperative therapy for R/BR 
PDAC was planned and performed at the discretion of the attending 
surgeon. Patients who had unresectable (UR) PDAC due to distant 
metastasis or locally advanced unresectable PDAC18 at their first 
visit and underwent surgery after chemotherapy and/or radiother-
apy (conversion surgery) were included in this study. Preoperative 
chemotherapy was mainly performed with gemcitabine plus S1 for 
R/BR- V PDAC, and gemcitabine plus nab- paclitaxel for BR- A/UR 
PDAC.3,21 Adjuvant chemotherapy was mainly performed with gem-
citabine until 2012, and with S1 since 2013.2

2.4  |  Pathological evaluation

The LN location was recorded and analyzed according to the seventh 
edition of the JPS rules18 (Table 1). Before fixation, LN that were 
distant from the pancreatic tissue were picked up manually from the 
resected specimen and evaluated as distant LNs (Nos. 7, 8, 9, 12, 14, 
15, 16, and 18). Subsequently, the resected specimens of the pan-
creas were fixed with formalin and sliced into 5- mm thick sections 

TA B L E  1  Regional lymph node defined in general rules for the 
study of pancreatic cancer by Japan Pancreas Society

No. 6 Infrapyloric lymph node

No. 7 Lymph nodes along the left gastric artery

No. 8 Lymph nodes along the common hepatic artery

No. 9 Lymph nodes along the celiac artery

No. 10 Lymph nodes at the splenic hilum

No. 11 Lymph nodes along the splenic artery

No. 12 Lymph nodes in the hepatoduodenal ligament

No. 13 Lymph nodes on the posterior surface of the pancreatic head

No. 14 Lymph nodes along the proximal superior mesenteric artery

No. 15 Lymph nodes along the middle colic artery

No. 16 Lymph nodes around the abdominal aorta

No. 17 Lymph nodes on the anterior surface of the pancreatic head

No. 18 Lymph nodes along the inferior margin of the pancreas
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in all patients. The peripancreatic LN, defined as the LN surrounding 
the resected pancreatic tissues, were not picked up manually and 
fixed together with the pancreatic tissue (Nos. 10 and 11). The num-
ber of LNs involved were histologically reviewed.

R0 was defined as the microscopic absence of cancer cells at all 
resected margins, regardless of the tumor- free margin distance.18

2.5  |  Definition of the regional LN

The seventh edition of the rules of the JPS18 defines Nos. 7, 8, 9, 10, 
11, 14, and 18 as the regional LN that should be resected during DP 
for both Pb-  and panceatic tail PDAC (Table 1). Metastasis beyond 
regional LN is defined as M1 disease.18 Metastasis in 1– 3 LN was 
defined as N1a, and metastasis in in ≥4 LNs was defined as N1b.

LN dissection was performed according to the JPS rules of that 
era. In this article, the area of LN dissection was similar, regardless 
of the location and size of the tumor or the presence or absence of 
combined vessel resection. The paraaortic lymph nodes were sam-
pled if they were found to be enlarged.

We planned to define the updated regional LN for Pb-  and Pt- 
PDAC in accordance with the actual status of LN metastasis. LN with 
metastasis in >3.0% of patients were defined as new regional LNs, 
although there is no basis for this number to be determined.

2.6  |  Statistical analysis

Descriptive data are presented as median (range) or number (percent-
age), as appropriate. Parameters were compared between patient sub-
groups using t- tests or Mann– Whitney U tests, and categorical data 
were evaluated using Fisher's exact or χ2 tests. Overall survival (OS) 
was defined as the time between pancreatic resection and the final 
follow- up day (dead or alive). Disease- free survival (DFS) was defined 
as the time interval between pancreatic resection and disease recur-
rence. OS and DFS curves were constructed using the Kaplan– Meier 
method, and statistical significance was determined using the log- rank 
test. Multivariate analysis was performed using Cox proportional haz-
ard survival regression to determine the effects of individual predic-
tors. Statistical analysis was performed using EZR software (v. 1.41).22 
Differences were considered statistically significant at P < .05.

3  |  RESULTS

3.1  |  Clinicopathologic characteristics of the study 
cohort

During the study period, 177 patients who underwent DP for PDAC 
were included in this study (Table 2). When stratified by tumor loca-
tion, the study cohort included 135 patients (76.3%) in the Pb group 
and 42 patients (23.7%) in the Pt group. The incidences of BR and 
UR- PDAC were significantly higher in the Pb group than in the Pt 

group (P = .005). Preoperative therapy was performed in 66 patients 
(48.9%) in the Pb group and in 15 patients (35.7%) in the Pt group 
(P = .087). The median carbohydrate antigen 19– 9 (CA19- 9) at the 
initial diagnosis was significantly higher in the Pt group (P = .012) 
than in the Pb group. The Pb group included 18 patients (13.3%) 
who underwent DP with celiac axis resection (DP- CAR), and the in-
cidence of combined vessel resection was significantly higher in this 
group than in the Pt group (P = .006).

The median number of LNs evaluated was 33 (range, 10– 74) in 
the Pb group and 24 (range, 10– 54) in the Pt group (P = .024). That 
was 30 (range, 10– 61) in the patients who underwent DP- CAR. 
There was no significant difference in the incidence of LN metastasis 
between both groups (60 patients (44.4%) in the N1a group and 24 
(17.8%) in the N1b group in the Pb group vs 16 patients (38.1%) in the 
N1a group and 4 (9.5%) in the N1b group in the Pt group, P = .301). 
Moreover, the incidence of postoperative LN recurrence was similar 
in both groups (7.4% vs 9.5%, P = .907).

3.2  |  Detailed incidence of LN metastasis of the 
study cohort

Table S1 shows the detailed incidence of total positive LN in the total 
LN dissected, the patients whose LN were resected, median (range) 
number of resected LN per patient, and incidence of patients with 
positive LN. Based on Table S1, the incidence of patients with posi-
tive LN is shown in Figure 1. In Pb- PDAC, No. 11 LN had the highest 
metastasis- positive rate (54.1%, Figure 1A). Nos. 7, 8, 9, 10, 11, and 
14 were defined as new regional LN (3.0% or more) in Pb- PDAC. In 
Pt- PDAC, No. 10 had the highest metastasis- positivity rate (38.1%, 
Figure 1B). Similarly, Nos. 10 and 11 were defined as new regional 
LN in Pt- PDAC. All LN- positive patients had at least one metastasis 
to the new regional LN in both Pb-  and Pt- PDAC. Only six patients 
(4.4%) with Pb- PDAC and two patients (4.8%) with Pt- PDAC had me-
tastasis beyond the new regional LN.

3.3  |  OS stratified with LN metastasis and 
factors involved

According to the status of LN metastasis, median OS was sig-
nificantly worsened in both Pb (No: NA vs N1a: 30.3 mo vs N1b: 
19.4 mo, P = .001, Figure 2A) and Pt - PDAC (No: 84.7 mo vs N1a: 
24.8 mo vs N1b: 14.8 mo, P = .038, Figure 2B), respectively. In pa-
tients with N1 disease (n = 104), the median OS of the patients with 
the metastasis beyond the new regional LN (n = 8, 44.9 mo) was 
not worse compared with that of the patients without it (n = 96, 
22.9 mo), and there was no significant difference (P = .425). Table 3 
shows the results of the univariate and multivariate analyses for 
OS of the total study cohort. Preoperative chemotherapy (hazard 
ratio [HR] = 0.648, P = .046), CA19- 9, ≥122.0 IU/mL (HR = 1.793, 
P = .006), postoperative complications (HR = 1.602, P = .027), tumor 
size ≥32 mm (HR = 2.292, P < .001), LN metastasis (HR = 2.335, 
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P < .001), positive lavage cytology (HR = 3.633, P < .001), and adju-
vant chemotherapy (HR = 0.523, P = .018) were significant prognos-
tic factors in the univariate analysis. Tumor size ≥32 mm (HR = 1.647, 
P = .036), LN metastasis (HR = 1.749, P = .034), positive lavage cytol-
ogy (HR = 2.812, P < .001), and adjuvant chemotherapy (HR = 0.476, 
P = .010) were independent prognostic factors in the multivariate 
analysis. Metastasis beyond the new regional LN was not associated 
with OS.

Because positive lavage cytology was an independent prog-
nostic factor in this cohort, the incidence of positive lymph nodes 
was compared between positive and negative lavage cytology. 

However, there were no significant differences in either Pb-  nor 
Pt - PDAC.

3.4  |  Impact of preoperative chemotherapy on 
lymph node metastasis

The incidence of LN metastasis (N1a and N1b) was significantly 
lower in patients who received preoperative chemotherapy (33/66 
patients, 5.0%) than in those who underwent upfront surgery (51/69 
patients, 72.5%) (P = .004) in Pb- PDAC. Although not significant, 

TA B L E  2  Clinicopathologic characteristics of the study cohort

Total (n = 177) Pb (n = 135) Pt (n = 42)
P- value 
(Pb vs Pt)

Male: Female, n (%) 94 (53.1): 83 (46.9) 68 (50.4): 67 (49.6) 26 (61.9): 16 (38.1) .091

Median age (range), y 72 (44– 87) 71 (45– 86) 74.5 (44– 87) .050

Resectability at the initial 
diagnosis (R: BR: UR), 
n (%)

132 (74.6): 23 (13.0): 22 (12.4) 92 (68.1): 23 (17.0): 20 (14.8) 40 (95.2):0 (0): 2 (4.8) .005

Median initial CA19- 9 (range), 
IU/ml

121.7 (1.0– 29 633.5) 101.1 (1.0– 4171.1) 173.3 (4.0– 29 633.5) .012

Preoperative therapy, n (%) 81 (45.8) 66 (48.9) 15 (35.7) .087

Surgical procedure, n (%)

DP 159 (89.8) 117 (86.7) 42 (10.0) .087

DP- CAR 18 (10.2) 18 (13.3) 0 (.0)

Laparoscopic surgery, n (%) 3 (1.7) 1 (0.7) 2 (4.8) .535

Combined vessel resection, 
n (%)

31 (17.5) 31 (23.0) 0 (.0) .006

Combined organ resection, 
n (%)

51 (28.8) 35 (25.9) 16 (38.1) .315

Median tumor size (range), 
mm

32 (9– 115) 30 (9– 115) 35 (10– 65) .537

Pathological stage (JPS), n (%)

T1: T2: T3: T4 16 (9.0): 10 (5.6): 131 (74.0): 20 (11.3) 13 (9.6): 9 (6.7): 93 (68.9): 20 (14.8) 3 (7.1): 1 (2.4): 38 (90.5): 0 (.0) .067

No: N1a: N1b 73 (41.2): 76 (42.9): 28 (15.8) 51 (37.8): 60 (44.4): 24 (17.8) 22 (52.4): 16 (38.1): 4 (9.5) .301

M0: M1 176 (99.4): 1 (0.6) 134 (99.3): 1 (0.7) 42 (10.0): 0 (.0) .536

Median number of lymph 
node evaluated (range)

32 (10– 74) 33 (10– 74) 24 (10– 54) .024

Margin status, R0: R1, n (%) 157 (88.7): 20 (11.3) 119 (88.1): 16 (11.9) 38 (90.5): 4 (9.5) .891

Positive lavage cytology, 
n (%)

35 (19.8) 25 (18.5) 10 (23.8) .596

Adjuvant chemotherapy, n (%) 140 (79.1) 108 (8.0) 32 (76.2) .754

Recurrence, n (%) 108 (61.0) 79 (58.5) 29 (69.0) .222

Site of recurrence, n (%)

Liver 41 (23.2) 27 (2.0) 14 (33.3) .074

Lung 26 (14.7) 19 (14.1) 7 (16.7) .869

Local 20 (11.3) 16 (11.9) 4 (9.5) .891

Peritoneum 19 (10.7) 15 (11.1) 4 (9.5) .996

Lymph node 14 (7.9) 10 (7.4) 4 (9.5) .907

Bone 1 (0.6) 0 (.0) 1 (2.4) .538

Abbreviations: BR, borderline resectable; CA19- 9, carbohydrate antigen 19– 9; CAR, celiac axis resection; DP, distal pancreatectomy; JPS, Japan 
Pancreas Society; Pb, pancreatic body; Pt, pancreatic tail, R, resectable; UR, unresectable.
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the incidence of LN metastasis was similarly lower in patients who 
received preoperative chemotherapy (5/15 patients, 33.3%) than in 
patients who underwent upfront surgery (15/27 patients, 55.6%) 
(P = .289) in Pt- PDAC.

Detailed incidence of the total positive LNs in the total LNs dis-
sected, patients whose LNs were resected, median (range) number 
of resected LNs per patient, and incidence of patients with positive 
LNs are shown in Table S2 (patients with preoperative therapy) and 
Table S3 (patients without preoperative therapy). Based on Tables S2 
and S3, the incidence of patients with positive LN with or without 
preoperative chemotherapy is shown in Figure 3. In Pb- PDAC, it was 

decreased at almost all stations of the new regional LN, except for 
No. 10. In particular, it was significantly decreased in No. 11 (42.4% 
vs 65.2%, P = .007). Although there were no significant differences, 
it was decreased at all stations of the new regional LN in Pt- PDAC. 
In addition, the incidence of total positive LNs in patients who re-
ceived preoperative chemotherapy was significantly lower in No. 11 

F I G U R E  1  Incidence of positive LN in patients with pb-  (A) and 
Pt-  (B) PDAC. LNs with metastasis in >3.0% (red box) of patients 
were defined as new regional lymph nodes. The blue box indicates 
metastasis beyond the new regional lymph node

F I G U R E  2  Overall survival stratified according to LN metastasis 
in pb (A) and Pt (B) PDAC. Metastasis in 1– 3 LN is defined as N1a, 
and 4 or more is defines as N1b
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in Pb- PDAC (5.8% vs 14.2%, P < .001) and No. 10 in Pt- PDAC (5.9% 
vs 1.0%, P = .022) than in those who underwent upfront surgery 
(Tables S2 and S3).

The OS of patients who received preoperative chemotherapy 
was better than that of patients who did not receive preoperative 
chemotherapy in both Pb-  and Pt- PDAC (Figure 4A,B), although 
there were no significant differences.

According to the status of LN metastasis, the median OS was 
significantly worse in patients with (P = .047) or without (P = .004) 
preoperative chemotherapy (Figure 4C,D).

4  |  DISCUSSION

In this retrospective single- center study, the incidence of LN metas-
tasis at each station was evaluated for Pb-  and Pt- PDAC. New re-
gional LNs were defined as LNs with metastasis in >3.0% of patients. 
As a result, Nos. 7, 8, 9, 10, 11, and 14 in Pb- PDAC and Nos. 10 and 
11 in Pt PDAC were defined as the new regional LN. The presence 
or number of LN metastases was an independent factor associated 
with OS in Pb-  and Pt- PDAC. In patients undergoing preoperative 
chemotherapy, the incidence of LN metastasis was decreased in al-
most all stations in both Pb-  and Pt- PDAC compared with upfront 
surgery.

As shown in the present study, LN status is well known to 
be a significant prognostic factor in patients with PDAC.23– 25 
Lymphadenectomy during pancreatectomy is the standard 

procedure for the treatment of PDAC.26 However, the optimal 
extent of lymphadenectomy remains controversial. Previous ran-
domized controlled trials have reported that extended lymph-
adenectomy during pancreatoduodenectomy did not contribute 
to better survival for PDAC in the pancreatic head.27,28 However, 
particularly for patients with Pb-  and Pt- PDAC, few studies have 
focused on the significance of LN involvement in survival after 
pancreatectomy.

The seventh edition of the rules of the JPS requires the same 
LN stations during DP for both Pb-  and Pt- PDAC.18 This study 
demonstrated that there is a clear difference in LNs that should 
be dissected in Pb-  and Pt- PDAC. In patients with Pb- PDAC, LNs 
around the LGA, CHA, CA, SMA, SPA, and splenic hilus were de-
fined as new regional LNs. This is slightly different from the cur-
rent JPS rule, which was vindicated for Pb- PDAC.18 Pb- PDAC is 
located at the crossroads of complex lymphatic flow and may re-
quire dissection of LNs in both the CA and SMA systems. On the 
other hand, LNs only around the SPA and at the splenic hilus were 
proposed as new regional LNs for Pt- PDAC. This significantly dif-
fers from the current JPS rule.18 Similar to our study, revaluation 
of regional LNs for Pb-  and Pt- PDAC was performed. Single- center 
retrospective studies from Japan indicated that metastasis to LNs 
around the CHA (No. 8) and SMA (No. 14) was observed in patients 
with Pb- PDAC, and no patients with Pt- PDAC had metastasis to 
LNs around the CHA (No. 8).29,30 These results support our own 
findings, and our study included the most cases compared to pre-
vious studies.

TA B L E  3  Univariate and multivariate analyses of overall survival in the study cohort (n = 177)

Univariate Multivariate

HR 95% CI P- value HR 95% CI P- value

Sex, male 0.722 0.478 1.088 .012

Age,72 y or more 1.374 0.904 2.089 .038

Location, Pt 1.207 0.750 1.942 0.438

Resectability, UR 1.350 .288 1.623 .231

Preoperative chemotherapy 0.648 0.423 0.993 .046 0.766 0.489 1.201 .246

Preoperative radiotherapy 0.425 .034 1.351 .047

CA19- 9, 122.0 IU/mL or more 1.793 1.186 2.712 .006 1.413 0.890 2.220 .033

Procedure, DP- CAR 1.081 0.395 1.699 0.593

Combined vessel resection 1.328 0.452 1.465 0.492

Postoperative complication 1.602 1.055 2.433 .027 1.491 0.976 2.279 .065

Tumor size 32 mm or more 2.292 1.493 3.518 <.001 1.647 1.033 2.628 .036

LN metastasis (N1a and N1b) 2.335 1.444 3.775 <.001 1.749 1.044 2.930 .034

Metastasis beyond the regional 
LN

0.889 0.358 2.208 0.801

Margin status, R1 1.278 0.695 2.350 0.431

Positive lavage cytology 3.633 2.279 5.790 <.001 2.812 1.733 4.565 <.001

Adjuvant chemotherapy 0.523 0.305 0.895 .018 0.476 .270 0.840 .010

Abbreviations: CA19- 9, carbohydrate antigen 19– 9; CAR, celiac axis resection; DP, distal pancreatectomy; LN, lymph node; Pt, pancreatic tail, UR, 
unresectable.
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Moreover, metastasis beyond the newly defined regional LNs 
is rare. There was no significant difference in the survival of pa-
tients with LN metastasis stratified by the presence of metasta-
sis beyond the new regional LN. Thus, the presence or absence 
of LN metastasis is more important than its location. Moreover, 
the number of metastatic nodes is important for LN metastasis. 
Based on these results, we propose that only new regional LNs 
sets in Pb-  and Pt- PDAC should be dissected routinely during DP 
to detect the status of LN metastasis, but not improve OS with 
lymphadenectomy, whereas sampling of other LN stations may be 
performed as needed. Although it has been reported that adju-
vant chemotherapy significantly improves OS,2 a previous study 
from the Netherlands indicated that adjuvant chemotherapy after 
neoadjuvant folinic acid, 5- fluorouracil, irinotecan plus oxaliplatin 
combination therapy and pancreatic resection improved survival 
only in patients with N1 disease in a multicenter retrospective 
setting.31 Therefore, it is important to detect LN metastases and 
assess the need for adjuvant chemotherapy. In addition, patients 
with new regional LN metastases, as defined in this study, may be 

treated with adjuvant chemotherapy for a long time, to be exam-
ined in a prospective study.

Various advantages of neoadjuvant therapy for R/BR- PDAC 
have recently been described, such as early treatment of occult me-
tastases, reduction of intraoperative tumor seeding risk, and better 
tolerance than adjuvant therapy.32 Currently, Japanese guidelines 
recommend surgery after neoadjuvant chemotherapy for R/BR 
PDAC as a general rule.33 Moreover, the survival advantage of con-
version surgery in patients with UR- PDAC with favorable responses 
to chemotherapy has been described in recent studies.34 The pres-
ent study also demonstrated better survival in patients who received 
preoperative chemotherapy for both Pb-  and Pt- PDAC, and that the 
status of LN metastasis was significantly associated with OS even 
after preoperative therapy. Importantly, the incidence and extent 
of LN metastasis decreased in patients who received preoperative 
therapy for both Pb-  and Pt- PDAC. Thus, preoperative therapy may 
prevent excessive LN dissection, and this newly defined regional LN 
will become more important in the future.

This study had several limitations that should be considered. 
First, since this was a single- center study and the number of 
cases was limited, future studies including multiple institutions 
and cases are needed. Second, the present study did not compare 
laparoscopic surgery with open surgery because the study cohort 
included only three cases of laparoscopic surgery. Currently, we 
are actively performing laparoscopic surgery, mainly for R- PDAC, 
and this point should be clarified in future studies. Third, the in-
cidence of LN metastasis at the inferior margin of the pancreas 
(No. 18) was low; however, this location should have been defi-
nitely dissected and metastases could have been present due to 
proximity to the pancreatic parenchyma. As a rule, LNs are located 
along arteries; therefore, it is necessary to reexamine the number 
of LN present at the inferior margin of the pancreas. Fourth, there 
was no basis for the definition of the new regional lymph node, 
as LN with metastasis in >3.0% of patients. Although the present 
study achieved certain results, this definition should be discussed 
by many experts in the future. The JPS published the summary 
of the Pancreatic Cancer Registry including 23,302 patients in 
2003.35 It indicated that the incidence of metastasis of the re-
gional LN station recommended for dissection in the current JPS 
rule was almost always more than 3% in the patients with pancre-
atic head.18,35 On the other hand, that of the station beyond the 
regional LN was less than 3%, except for paraaortic LN. Dissection 
of paraaortic LN was routine in this era, and the current JPS rule 
treats a metastasis of this LN as distant metastasis.18 A metastasis 
rate of 3% seems reasonable to define the regional LN based on 
these data, although there were no data of Pb-  and Pt- PDAC.

In conclusion, based on the detailed mapping of LN metastasis, 
a new regional LN was defined for Pb-  and Pt- PDAC. LN of both CA 
and SMA systems should be dissected routinely for Pb- PDAC during 
DP. On the other hand, LN around the CHA, LGA, CA, and SMA may 
be avoided for Pt- PDAC, although it needs to be verified in future 
multicenter studies.

F I G U R E  3  Incidence of patients with positive LN among 
patients who received preoperative chemotherapy with upfront 
surgery in pb (A) and Pt (B) PDAC. Italics with underline indicate 
patients who received preoperative chemotherapy. ※, P < .05



154  |    MATSUI et al.

ACKNOWLEDG EMENT
We thank Editage (www.edita ge.com) for English language editing. 
Figures 1 and 3 show the modifications of figures in the General 
Rules for the Study of Pancreatic Cancer (Japan Pancreas Society), 
published by Kanehara & Co., Ltd, and licensed for reproduction.

DISCLOSURE
Conflict of Interest: All authors report no conflicts of interest.
Author Contributions: Yuki Matsui: Contributions to conception and 
design, and drafted the article. Daisuke Hashimoto: Contributions to 
conception and design, and drafted the article, contributing equally 
with Yuki Matsui. Sohei Satoi: Accepts direct responsibility for the arti-
cle, and revised the article. Corresponding author. Tomohisa Yamamoto: 
Acquisition of data, and participated in revising the article critically. 
So Yamaki: Acquisition of data, and participated in drafting the arti-
cle. Mitsuaki Ishida: Pathological analysis, and participated in drafting 
the article. Satoshi Hirooka: Analysis and interpretation of data, and 

participated in drafting the article. Tsukasa Ikeura: Acquisition of data, 
and participated in revising the article critically. Mitsugu Sekimoto: 
Contributions to conception and design, and revising the article criti-
cally. All authors gave final approval of the version to be published.
Approval of the Research Protocol: The study was reviewed and ap-
proved (No. 2020131) by the Institutional Review Board of Kansai 
Medical University, Japan.
Informed Consent: The records of patients who refused access to 
their data were excluded from the analysis.
Registry and the Registration No. of the study/Trial: N/A.
Animal Studies: N/A.

ORCID
Yuki Matsui  https://orcid.org/0000-0001-7725-6088 
Daisuke Hashimoto  https://orcid.org/0000-0002-7880-889X 
Sohei Satoi  https://orcid.org/0000-0001-6527-5409 
Tomohisa Yamamoto  https://orcid.org/0000-0002-7951-7429 

F I G U R E  4  Overall survival stratified 
according to the presence of preoperative 
chemotherapy in pb-  (A) and Pt-  (B) PDAC, 
and those stratified with LN metastasis 
in patients who received preoperative 
chemotherapy (C) and upfront surgery (D). 
Metastasis in 1– 3 LN is defined as N1a, 
and 4 or more is defined as N1b

http://www.editage.com
https://orcid.org/0000-0001-7725-6088
https://orcid.org/0000-0001-7725-6088
https://orcid.org/0000-0002-7880-889X
https://orcid.org/0000-0002-7880-889X
https://orcid.org/0000-0001-6527-5409
https://orcid.org/0000-0001-6527-5409
https://orcid.org/0000-0002-7951-7429
https://orcid.org/0000-0002-7951-7429


    |  155MATSUI et al.

R E FE R E N C E S
 1. National Cancer Center Japan. Accessed August 26, 2020. https://

ganjo ho.jp/reg_stat/index.html
 2. Uesaka K, Boku N, Fukutomi A, Okamura Y, Konishi M, Matsumoto 

I, et al. Adjuvant chemotherapy of S- 1 versus gemcitabine for re-
sected pancreatic cancer: a phase 3, open- label, randomised, non- 
inferiority trial (JASPAC 01). Lancet. 2016;388:248– 57.

 3. Satoi S, Unno M, Motoi F. The effect of neoadjuvant chemotherapy 
with gemcitabine and S- 1 for resectable ancreatic cancer (random-
ized phase II/III trial; Prep- 02/JSAP- 05). J Clin Oncol. 2019;37:abstr 
4126.

 4. Unno M, Motoi F, Matsuyama Y. Randomized phase II/III trial of 
neoadjuvant chemotherapy with gemcitabine and S- 1 versus up-
front surgery for resectable pancreatic cancer (Prep- 02/JSAP05). J 
Clin Oncol. 2019;37:abstr 189.

 5. Ueno H, Kosuge T, Matsuyama Y, Yamamoto J, Nakao A, Egawa 
S, et al. A randomised phase III trial comparing gemcitabine with 
surgery- only in patients with resected pancreatic cancer: Japanese 
Study Group of Adjuvant Therapy for Pancreatic Cancer. Br J 
Cancer. 2009;101:908– 15.

 6. Neoptolemos JP, Kleeff J, Michl P, Costello E, Greenhalf W, 
Palmer DH. Therapeutic developments in pancreatic cancer: cur-
rent and future perspectives. Nat Rev Gastroenterol Hepatol. 
2018;15:333– 48.

 7. Robinson SM, Rahman A, Haugk B, French JJ, Manas DM, Jaques 
BC, et al. Metastatic lymph node ratio as an important prog-
nostic factor in pancreatic ductal adenocarcinoma. Eur J Surg Oncol. 
2012;38:333– 9.

 8. Elshaer M, Gravante G, Kosmin M, Riaz A, Al- Bahrani A. A system-
atic review of the prognostic value of lymph node ratio, number 
of positive nodes and total nodes examined in pancreatic ductal 
adenocarcinoma. Ann R Coll Surg Engl. 2017;99:101– 6.

 9. Benassai G, Mastrorilli M, Mosella F, Mosella G. Significance of 
lymph node metastases in the surgical management of pancreatic 
head carcinoma. J Exp Clin Cancer Res. 1999;18:23– 8.

 10. Paiella S, Sandini M, Gianotti L, Butturini G, Salvia R, Bassi C. The 
prognostic impact of Para- aortic lymph node metastasis in pan-
creatic cancer: a systematic review and meta- analysis. Eur J Surg 
Oncol. 2016;42:616– 24.

 11. Huebner M, Kendrick M, Reid- Lombardo KM, Que F, Therneau 
T, Qin R, et al. Number of lymph nodes evaluated: prognos-
tic value in pancreatic adenocarcinoma. J Gastrointest Surg. 
2012;16:920– 6.

 12. Kang MJ, Jang J- Y, Chang YR, Kwon W, Jung W, Kim S- W. Revisiting 
the concept of lymph node metastases of pancreatic head cancer: 
number of metastatic lymph nodes and lymph node ratio according 
to N stage. Ann Surg Oncol. 2014;21:1545– 51.

 13. Riediger H, Keck T, Wellner U, zur Hausen A, Adam U, Hopt 
UT, et al. The lymph node ratio is the strongest prognostic fac-
tor after resection of pancreatic cancer. J Gastrointest Surg. 
2009;13:1337– 44.

 14. Zhan H, Xu J, Wang L, Zhang G, Hu S. Lymph node ratio is an inde-
pendent prognostic factor for patients after resection of pancreatic 
cancer. World J Surg Oncol. 2015;13:105.

 15. Morales- Oyarvide V, Rubinson DA, Dunne RF, Kozak MM, Bui JL, 
Yuan C, et al. Lymph node metastases in resected pancreatic ductal 
adenocarcinoma: predictors of disease recurrence and survival. Br 
J Cancer. 2017;117:1874– 82.

 16. Hashimoto D, Satoi S, Ishida M, Nakagawa K, Kotsuka M, Takagi T, 
et al. Does direct invasion of peripancreatic lymph nodes impact 
survival in patients with pancreatic ductal adenocarcinoma? A ret-
rospective dual- center study. Pancreatology. 2021;21:884– 91.

 17. Pawlik TM, Gleisner AL, Cameron JL, Winter JM, Assumpcao 
L, Lillemoe KD, et al. Prognostic relevance of lymph node ratio 

following pancreaticoduodenectomy for pancreatic cancer. 
Surgery. 2007;141:610– 8.

 18. The fourth English edition of General Rules for the Study of 
Pancreatic Cancer by Japan Pancreas Society; 2017. Accessed 
September 6, 2020. http://www.suizou.org/pdf/Class ifica tion_of_
Pancr eatic_Carci noma_4th_Engl_ed.pdf

 19. Tol JAMG, Gouma DJ, Bassi C, Dervenis C, Montorsi M, Adham 
M, et al. Definition of a standard lymphadenectomy in surgery for 
pancreatic ductal adenocarcinoma: a consensus statement by the 
International Study Group on Pancreatic Surgery (ISGPS). Surgery. 
2014;156:591– 600.

 20. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, 
Vandenbroucke JP, et al. Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) statement: guide-
lines for reporting observational studies. BMJ. 2007;335:806– 8.

 21. Yamada S, Fujii T, Yamamoto T, Takami H, Yoshioka I, Yamaki S, et al. 
Conversion surgery in patients with pancreatic cancer and perito-
neal metastasis. J Gastrointest Oncol. 2021;12:S110– 7.

 22. Kanda Y. Investigation of the freely available easy- to- use software 
‘EZR’ for medical statistics. Bone Marrow Transplant. 2013;48:452– 8.

 23. Strobel O, Hinz U, Gluth A, Hank T, Hackert T, Bergmann F, et al. 
Pancreatic Adenocarcinoma. Ann Surg. 2015;261:961– 9.

 24. Murakami Y, Uemura K, Sudo T, Hayashidani Y, Hashimoto Y, 
Nakashima A, et al. Number of metastatic lymph nodes, but not 
lymph node ratio, is an independent prognostic factor after resec-
tion of pancreatic carcinoma. J Am Coll Surg. 2010;211:196– 204.

 25. Malleo G, Maggino L, Capelli P, Gulino F, Segattini S, Scarpa A, 
et al. Reappraisal of nodal staging and study of lymph Node Station 
involvement in pancreaticoduodenectomy with the standard in-
ternational study Group of Pancreatic Surgery Definition of lymph-
adenectomy for cancer. J Am Coll Surg. 2015;221:367– 379e4.

 26. Egawa S, Toma H, Ohigashi H, Okusaka T, Nakao A, Hatori T, et al. 
Japan pancreatic cancer registry; 30th y anniversary. Pancreas. 
2012;41:985– 92.

 27. Jang J- Y, Kang MJ, Heo JS, Choi SH, Choi DW, Park SJ, et al. A 
prospective randomized controlled study comparing outcomes of 
standard resection and extended resection, including dissection of 
the nerve plexus and various lymph nodes, in patients with pancre-
atic head cancer. Ann Surg. 2014;259:656– 64.

 28. Nimura Y, Nagino M, Takao S, Takada T, Miyazaki K, Kawarada Y, 
et al. Standard versus extended lymphadenectomy in radical pan-
creatoduodenectomy for ductal adenocarcinoma of the head of the 
pancreas: long- term results of a Japanese multicenter randomized 
controlled trial. J Hepatobiliary Pancreat Sci. 2012;19:230– 41.

 29. Fujita T, Nakagohri T, Gotohda N, Takahashi S, Konishi M, Kojima M, 
et al. Evaluation of the prognostic factors and significance of lymph 
node status in invasive ductal carcinoma of the body or tail of the 
pancreas. Pancreas. 2010;39:e48– 54.

 30. Minagawa T, Sugiura T, Okamura Y, Ito T, Yamamoto Y, Ashida R, 
et al. Clinical implications of lymphadenectomy for invasive ductal 
carcinoma of the body or tail of the pancreas. Ann Gastroenterol 
Surg. 2022;18:531– 42. 1.0002/ags3.12551

 31. van Roessel S, van Veldhuisen E, Klompmaker S, Janssen QP, Abu 
Hilal M, Alseidi A, et al. evaluation of adjuvant chemotherapy 
in patients with resected pancreatic cancer after neoadjuvant 
FOLFIRINOX treatment. JAMA Oncol. 2020;6:1733– 40.

 32. Silvestris N, Longo V, Cellini F, Reni M, Bittoni A, Cataldo I, et al. 
Neoadjuvant multimodal treatment of pancreatic ductal adenocar-
cinoma. Crit Rev Oncol Hematol. 2016;98:309– 24.

 33. Okusaka T, Nakamura M, Yoshida M, Kitano M, Uesaka K, Ito Y, 
et al. Clinical practice guidelines for Pancreatic Cancer 2019 from 
the Japan Pancreas Society. Pancreas. 2020;49:326– 35.

 34. Yamamoto T, Satoi S, Yamaki S, Hashimoto D, Ishida M, Ikeura 
T, et al. Intraperitoneal paclitaxel treatment for patients with 

https://ganjoho.jp/reg_stat/index.html
https://ganjoho.jp/reg_stat/index.html
http://www.suizou.org/pdf/Classification_of_Pancreatic_Carcinoma_4th_Engl_ed.pdf
http://www.suizou.org/pdf/Classification_of_Pancreatic_Carcinoma_4th_Engl_ed.pdf
https://doi.org/10.1002/ags3.12551


156  |    MATSUI et al.

pancreatic ductal adenocarcinoma with peritoneal dissemination 
provides a survival benefit. Cancers (Basel). 2022;14:1354.

 35. The Japan Pancreas Society. The 20- y summary of the pan-
creatic cancer registry of the Japan pancreas society. Suizo. 
2003;18:101– 69.

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Matsui Y, Hashimoto D, Satoi S, 
Yamamoto T, Yamaki S & Ishida M et al. Reevaluation of 
regional lymph nodes in patients with pancreatic ductal 
adenocarcinoma in the pancreatic body and tail. Ann 
Gastroenterol Surg. 2023;7:147–156. https://doi.org/10.1002/
ags3.12608

https://doi.org/10.1002/ags3.12608
https://doi.org/10.1002/ags3.12608

	Reevaluation of regional lymph nodes in patients with pancreatic ductal adenocarcinoma in the pancreatic body and tail
	Abstract
	1|INTRODUCTION
	2|PATIENTS AND METHODS
	2.1|Study design
	2.2|Ethical issues
	2.3|Patient selection
	2.4|Pathological evaluation
	2.5|Definition of the regional LN
	2.6|Statistical analysis

	3|RESULTS
	3.1|Clinicopathologic characteristics of the study cohort
	3.2|Detailed incidence of LN metastasis of the study cohort
	3.3|OS stratified with LN metastasis and factors involved
	3.4|Impact of preoperative chemotherapy on lymph node metastasis

	4|DISCUSSION
	ACKNOWLEDGEMENT
	DISCLOSURE
	REFERENCES


