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Abstract

Background The neural plexus and lymph nodes around the superior mesenteric artery (LN#14), are the most
frequent sites involved by pancreatic head cancer. However the influence of metastases to LN#14 on patients’
prognosis has rarely been evaluated.

Methods The patients who underwent pancreatectomy for pancreatic head cancer between January 2010 and
December 2018 were selected. The patients with nodal metastases were classified into an LN#14 4 or LN#14—group
according to LN#14 metastasis. Clinical and pathological characteristics and prognosis were compared between the

two groups.
Results In total, 99 patients underwent pancreatectomy. Ninety-four patients were positive for lymph node metas-
tases and 14 and 80 were classified as LN#14 4 and LN#14 — , respectively. Postoperative median overall survival

(OS) of the LN#14 4 and LN#14 — groups was 10.2 and 31.1 months, respectively (P < 0.001). Median OS of the
LN#14 + group was worse than that of patients with > 4 metastatic nodes in the LN#14 — group (n = 35,
24.7 months, P = 0.002). In multivariate analysis, LN#14 4+ (hazard ratio [HR] = 3.89, 95% confidence interval
[CI], 1.64-8.86) was one of the independent predictors of worse OS.

Conclusion It might be feasible to recognize LN#14 metastases as an important prognostic factor independently from

other regional lymph node metastases.

Introduction

Lymph node metastases are one of the most important
prognostic predictors in patients with pancreatic cancer.
Recently, the number of metastatic lymph nodes [1, 2] and
metastatic lymph node ratio [3, 4], which can be more
simply assessed than the sites of metastatic nodes, have
been advocated as useful prognostic predictors. The current
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staging system of the Union for International Cancer
Control (UICC) defines N1 and N2 as 1-3 and > 4 meta-
static regional lymph nodes, respectively [5]. However,
only a few studies have evaluated the prognostic impact of
the regions of nodal metastases [6-9].

Pancreatic cancer is likely to invade along nerve
plexuses. In the surgical resection of pancreatic head can-
cer, usually by pancreaticoduodenectomy (PD), the plexus
around the superior mesenteric artery (SMA) is the most
frequent site of tumor exposure and results in R1 resection
[10]. The importance of achieving an adequate resection
margin by appropriate dissection of the nerve plexus
around the SMA has been emphasized [11], whereas the
influence of nodal metastases around the SMA on prog-
nosis has rarely been evaluated. A previous study showed
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that there were several independent lymphatic pathways
from the pancreatic head: one toward the nodes around the
celiac trunk and another toward the SMA [12]. Other
studies showed that all patients with para-aortic lymph
node metastases had accompanying lymph node metastases
around the SMA [13, 14]. These findings suggest that
lymph node metastases around the SMA could be a pre-
liminary step toward para-aortic nodal metastases.

The aim of the present study was to investigate the
impact of lymph node metastases around the SMA on the
prognosis of patients who underwent pancreatectomy for
pancreatic head cancer.

Materials and methods
Patient selection and data collection

This study was conducted with the approval of the Insti-
tutional Review Board of the National Defense Medical
College, Tokorozawa, Japan (No. 4115).

An institutional chart review was performed to select the
patients who underwent pancreatectomy for pancreatic
ductal adenocarcinoma in the pancreatic head between
January 2010 and December 2018. The patients who
underwent R2 resection were excluded. Resectability status
was evaluated according to the National Comprehensive
Cancer Network guidelines [15]. Tumor stages were
recorded according to the 8th edition of the UICC staging
system [5]. In addition to the number of harvested and
metastatic lymph nodes, the sites of metastatic lymph
nodes were recorded according to the definition of the
Japanese Pancreas Society [16]. By this definition, each
group of lymph nodes is numbered as follows: anterior
surface of the pancreatic head, LN#17; posterior surface of
the pancreatic head, LN#13; along the common hepatic
artery, LN#8; along the hepatoduodenal ligament, LN#12;
and along the SMA, LN#14. To evaluate the impact of
metastases to LN#14, the patients with and without LN#14
metastases were classified as LN#14 + and LN#14 — ,
respectively.

Preoperative chemotherapy

The patients with resectable disease underwent upfront
surgery except for a few patients who were enrolled in a
clinical study to evaluate the effect of neoadjuvant
chemotherapy (Prep-02/JSAP05) [17]. The patients with
borderline resectable and unresectable disease received
preoperative chemotherapy, but a few patients underwent
upfront surgery according to the attending physicians’
decision.

Surgical procedure

Preoperatively, PD was indicated in all patients. After
laparotomy para-aortic lymph node sampling was per-
formed only when metastases was suspected by preopera-
tive imaging or by intraoperative findings. Pathological
examination of frozen sections of the pancreatic stump was
routinely performed. If tumor invasion was positive,
additional pancreatic resection was performed, resulting in
total pancreatectomy (TP) in a few patients with extensive
tumor spread. All patients underwent regional lymph node
dissection, including LN#8, LN#12, LN#13, LN#14 and
LN#17. We routinely dissect LN#14 only in the right side
of the SMA preserving the nerve plexus around it (PLsma)
[16] unless the tumor invasion was suspected by preoper-
ative imaging assessment or by intraoperative findings.

Pathologic evaluation of surgical specimens

Basically we performed lymph node dissection in en bloc
manner. The dissected lymph nodes in the specimen were
separated according to each lymph node station. We also
used schematic drawing of the resected specimen to inform
the pathologist of the sites of nodes dissected. Based on
these information, the pathologists investigated the lymph
node metastases.

Postoperative follow-up

Postoperative adjuvant chemotherapy with S-1 or gemc-
itabine was performed as long as it was tolerable to the
patients’ condition. Each patient was followed up every
3-6 months with blood examinations, including carbohy-
drate antigen 19-9 level and contrast-enhanced computed
tomography. For survival analyses, the last follow-up date
was July 31, 2020.

Statistical analysis

Continuous data were expressed as median and range and
compared by Wilcoxon’s rank-sum test. Categorized vari-
ables were compared using the chi-square test or Fisher’s
exact test. Recurrence-free survival (RFS) and overall
survival (OS) were estimated using the Kaplan—Meier
method, and differences in survival curves were compared
using the log-rank test. Univariate analyses of OS were
performed by log-rank test, and multivariate analyses were
performed using a Cox proportional-hazards model. P
< 0.050 was considered statistically significant. All the
statistical analyses were performed using JMP software
version 9.0.0 (SAS Institute Inc., Cary, NC, USA).
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Results
Patient characteristics

During the study period, 145 patients underwent pancrea-
tectomy for pancreatic ductal adenocarcinoma. Among
them 43 patients with pancreatic body or tail adenocarci-
noma and other three patients who had distant metastasis
were excluded. The remaining 99 patients were selected for
this study. The median age was 70 years (range
48-92 years) and 49 patients (49%) were male.
Resectability status was resectable, borderline resectable,
and unresectable in 73 (74%), 15 (15%), and 11 (11%)
patients, respectively. Preoperative chemotherapy was
performed in 23 patients (23%), eight in resecteble, eight in
borderline resectable and seven in unresectable disease,
respectively. The primary regimen according to the
resectability status is summarized in Table 1. Ninety-two
patients (93%) underwent PD and the remaining seven
patients (7%) underwent TP as a result of additional pan-
creatic resection. Portal/superior mesenteric vein and/or
hepatic/superior mesenteric artery reconstruction was
required in 25 (34%), 11 (73%) and 11 (100%) patients
with resectable, borderline resectable and unresectable dis-
ease, respectively. RO resection was achieved in 74 patients
(75%). Postoperative adjuvant chemotherapy was per-
formed in 71 patients (72%). The primary regimen was S-1
in 60 (85%) patients, gemcitabine in 10 (14%), and gem-
citabine plus S-1 in one (1%).

Metastatic lymph nodes

The median number of dissected lymph nodes was 33
(range, 12-91). Pathological lymph node metastases were
observed in 94 patients (95%), and 49 and 45 patients were
classified as N1 and N2, respectively. Figure 1 shows the
number of patients with metastases to each site of regional
Ilymph nodes. LN#13 metastases were most frequent,

Table 1 Primary regimen of preoperative chemotherapy

( Ln#8
10 (10%)

51 (52%)

14 (14%)

LN#13
79 (80%)

SMV

SMA

Fig. 1 Number of patients with metastases to each site of regional
lymph nodes. Abbreviations: CeA Celiac trunk; SpA Splenic artery;
CHA Common hepatic artery; PHA Proper hepatic artery; GDA
Gastroduodenal artery; SMA Superior mesenteric artery; PV Portal
vein; SMV Superior mesenteric vein; CBD Common bile duct

Resectability status Regimen n
Resectable GS 8
Borderline GS 4
resectable GnP 3
FOLFIRINOX 1

Unresectable GS 4
GnP 2

FOLFIRINOX 1

GS Gemcitabine plus S-1; GnP Gemcitabine plus nab-paclitaxel;
FOLFIRINOX, Oxaliplatin, Irinotecan, Fluorouracil and Leucovorin
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followed by LN#17, LN#14, LN#8 and LN#12. In 94
patients with node metastases, the median number of dis-
sected nodes and metastatic nodes was 33 (range 12-91)
and three (range 1-18), respectively. The median meta-
static lymph node ratio was 0.10 (range 0.02-0.57). All
patients with LN#8, LN#12 or LN#14 metastases had
accompanying metastases to LN#13 and/or LN#17, except
in one patient with LN#12 metastases and another with
direct invasion of the primary tumor to LN#14. One of
eight patients (13%) with LN#12 metastases and three of
14 (21%) with LN#14 metastases had accompanying LN#8
metastases, whereas no patient had metastases to both
LN#12 and LN#14 (Fig. 2).

Univariate and multivariate analyses of predictors
of worse OS

Table 2 shows the univariate and multivariate analyses of
the predictors of worse OS in 94 patients with node
metastases. Postoperative median follow-up period was
52 months. Sixty-four patients (68%) died during the study
periods. According to the univariate analysis, LN#14
metastases (median OS, LN#14 + vs. LN#14 — , 10.2 vs.
31.1 months, P < 0.001), tumor differentiation, R status, T
status, N status, and metastatic lymph node ratio were
significant. Regarding the sites of lymph node metastases,
only LN#14 was a significant predictor. The multivariate
analysis revealed that tumor differentiation grade of “not
well” (hazard ratio [HR] = 2.39; 95% confidence interval
[CI], 1.21-5.33; P =0.011), R1 resection (HR = 2.77;
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Fig. 2 Venn diagram showing how many patients had metastases to
each site of regional lymph nodes. One patient with metastasis to
infrapyloric lymph nodes but not to LN#13 or #17 was excluded

95% CI, 1.44-5.17;, P =0.003), and LN#14 metastases
(HR =3.89; 95% CI, 1.64-8.86; P =0.002) were inde-
pendent predictors. N status (N2 vs. N1) and metastatic
lymph node ratio > 0.2 did not remain as independent
predictors.

Figure 3 shows the RFS and OS of patients with
LN#14 4, LN#14 —and NI (LN#14 —/N1), and
LN#14 — and N2 (LN#14 — /N2). Both RFS and OS were
comparable between the LN#14 — /N1 and LN#14 — /N2
groups (median RFS, 16.1 vs. 11.0 months, P = 0.084;
median OS, 34.3 vs. 24.7 months; P = 0.123). RFS and OS
of the LN#14 + group were significantly worse than those
of the LN#14 — /N2 group (median RFS, 8.8 wvs.
11.0 months; P = 0.025; median OS, 10.2 vs. 24.7 months;
P =0.002).

Factors associated with LN#14 metastases

Table 3 shows the comparison of clinical and pathological
factors between patients in the LN#14 4+ and LN#14 —
groups. Tumor size was larger in the LN#14 4 group than
in the LN#14 — group, with a statistically marginal dif-
ference (P = 0.073). The difference in the proportion of
patients with N2 status was also marginal (P = 0.056).
Pathological invasion to the portal venous system was
more frequently observed in the LN#14 + group
(P = 0.006), while the proportion of patients with PLsma
invasion was comparable (P = 0.938). R1 resection rate
was significantly higher in the LN#14 + group
(P =0.038).

Eleven and 60 patients in the LN#14 + and LN#14 —
groups, respectively, showed tumor recurrence. Peritoneal
dissemination and liver metastases were the most frequent

initial recurrence sites in the LN#14 + and LN#14 —
group, respectively. Four patients in the LN#14 — group
showed both peritoneal dissemination and liver metastases.
The frequency of peritoneal dissemination was signifi-
cantly higher in the LN#14 + group (n=15) than
LN#14 — group (n = 9) (P = 0.020) (Fig. 4).

Discussion

The present study showed the impact of LN#14 metastases
on the postoperative prognosis of the patients with pan-
creatic head cancer. Since the proportion of PV system
invasion and R1 resection was higher in the LN#14 +
group and it might have influenced their prognosis, LN#14
metastasis itself was one of the independent poor prog-
nostic predictors. And it was notable that only LN#14
metastases were associated with significantly poor prog-
nosis among lymph node positive patients. Several previ-
ous studies showed the prognostic impact of LN#8
metastases, with controversial results. Cordera et al. and
LaFemina et al. showed that LN#8 metastases were a
negative prognostic factor in patients who underwent PD
for pancreatic head cancer [6, 8]. In contrast, Philips et al.
and Paiella et al. showed no difference in the OS between
patients with and without LN#8 metastases [7, 9]. Most
previous studies evaluated the impact of LN#8 metastases
on prognosis because LN#8 was routinely and easily dis-
sected during PD. To the best of our knowledge, the pre-
sent study was the first to show the influence of LN#14
metastases on the prognosis of patients with pancreatic
head cancer. Furthermore, our multivariate analysis
showed that LN#14 metastases rather than other regional
node metastases including LN#8, N2 status, and metastatic
lymph node ratio > 0.2 were independent prognostic pre-
dictors. Both RFS and OS of the patients with LN#14 4
were significantly worse than those in patients with
LN#14 — /N2. Recent studies showed that the number of
metastatic nodes or metastatic lymph nodes ratio more
precisely reflected prognosis than the sites of metastatic
nodes [18]. However, the present results suggested that the
region of metastatic lymph nodes, or at least LN#14
metastases, should also be regarded as an important prog-
nostic factor. One drawback of evaluation by metastatic
node number or ratio is that it depends on the number of
nodes harvested. If the number of harvested nodes is
insufficient, the number of metastatic lymph nodes could
potentially be underestimated, and in contrast, the meta-
static lymph node ratio might be overestimated.

Several randomized controlled studies have shown no
clinical benefit of extended lymphadenectomy and nerve
plexus dissection, including complete dissection of LN#14,
for patients with pancreatic cancer [19-22]. Nevertheless,
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Table 2 Univariate and multivariate analysis of OS

Variables n Univariate Multivariate
Median (mo) P value® HR 95% CI P value®

Age (yr) < 65 27 24.7 0.838

> 65 67 25.1
Preoperative chemotherapy No 73 25.1 0.813

Yes 21 22.7
CA19-9 (U/ml) <37 28 31.1 0.201

> 37 66 24.0
Resectability R 70 24.8 0.232

BR, UR 24 41.7
Adjuvant chemotherapy No 26 24.9 0.315

Yes 68 25.1
Differentiation Well 20 47.0 0.017*

Not well 74 22.7 2.39 1.21-5.33 0.011*
Tumor location UpP 44 24.1 0.217

Not UP 50 31.1
PL invasion No 50 28.2 0.378

Yes 42 24.7
PV system invasion No 58 24.9 0.696

Yes 32 31.1
R status 0 72 32.0 < 0.001%*

1 20 133 2.77 1.44-5.17 0.003*
T status 1,2 72 31.2 0.039*

3,4 20 14.0 1.06 0.51-2.11 0.864
N status N1 49 335 0.021*

N2 45 19.6 1.30 0.70-2.37 0.403
Lymph node ratio <02 79 28.2 0.017*

> 0.2 15 134 1.14 0.533-2.34 0.728
LN#8 met - 84 24.9 0.688

+ 10 41.7
LN#12 met — 86 24.9 0.317

+ 8 23.7
LN#13 met - 15 41.7 0.153

+ 79 24.8
LN#14 met — 80 31.1 < 0.001*

+ 14 10.2 3.89 1.64-8.86 0.002*
LN#17 met — 43 24.9 0.454

+ 51 25.1

P < 0.05; “log-rank test; ®Cox proportional hazard model. OS Overall survival; HR Hazard ratio; 95% CI 95% Confidence interval; CA19-9
Carbohydrate antigen 19-9; R Resectable; BR Borderline resectable; UR Unresectable; UP Uncinate process; PL Extrapancreatic nerve plexus;

PV Porta vein; met Metastases

both UICC and the Japanese Pancreas Society staging
include LN#14 as regional lymph nodes [5, 16]. Previous
studies showed a higher incidence of LN#14 metastases
(2%—-43%) compared with LN#8 (8%—17%) or LN#12
(2%—-19%) metastases in patients with pancreatic head
cancer [9, 21, 23]. In these studies, the association of nodal

@ Springer

metastases in each region with the incidence of para-aortic
lymph node metastases was referred to, but their influence
on patients’ prognosis was not evaluated. The present study
similarly showed higher incidence of LN#14 metastases
than other regional lymph node metastases, including
LN#8 or LN#12, and showed the relationship of the
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Time after surgical treatment (month) Time after surgical treatment (month)
Number at risk Number at risk
IN#14-/N1 45 28 16 9 5 4 2 1 1 LN#14-/NL 45 37 27 16 11 5 3 2 1
LN#14-/N2 35 16 7 4 1 LN#14-/N2 35 26 16 8 5 2
IN#14+ 14 1 LN#14+ 14 4 2 1
Fig. 3 Kaplan—Meier curves showing recurrence-free survival (a) and overall survival (b) of patients with LN#14 + , LN#14—/N1 or
LN#14—/N2

Table 3 Characteristics of the patients with or without LN#14 metastases

LN#14— LN#14 + P value®

n =80 n=14
Characteristics
Age (yr) 70 (48-92) 71 (58-76) 0.869"
Male sex 40 (50%) 8 (57%) 0.622
Resectability, R 61 (76%) 9 (64%) 0.344
Preoperative chemotherapy 16 (20%) 5 (36%) 0.193
Tumor size (cm) 3.3 (1.9-8.7) 3.7 (1.5-5.3) 0.073°
Tumor location, UP 36 (45%) 8 (57%) 0.401
Preoperative CA19-9 (U/ml) 130 (0.4-10,760) 225 (0.6-1559) 0.595°
Adjuvant chemotherapy 56 (70%) 12 (86%) 0.225
Pathological findings
Well differentiated 17 (21%) 3 (21%) 0.988
Lymphatic invasion 76 (95%) 14 (100%) 0.393
Venous system invasion 79 (99%) 14 (100%) -
Nerve invasion 76 (95%) 14 (100%) 0.459
PV system invasion 23 (29%) 9 (64%) 0.006*
Arterial system invasion 4 (5%) 2 (14%) 0.150
PLsma invasion 5 (6%) 1 (7%) 0.938
R1 status 16 (20%) 6 (43%) 0.038%*
T1, 2 status 65 (81%) 7 (50%) 0.005%*
N2 status 35 (44%) 10 (71%) 0.056
No. of harvested lymph nodes 32 (12-90) 34 (22-91) 0.193
Lymph node ratio 0.10 (0.02-0.57) 0.13 (0.03-0.36) 0.209

P < 0.05; “chi-squared test; "Wilcoxon’s rank-sum test. R Resectable; UP Uncinate process; CA/9-9 Carbohydrate antigen 19-9; PV Portal
vein; PLsma, Extrapancreatic nerve plexus around superior mesenteric artery

incidence of metastases among each group of regional  simultaneous metastases to LN#14 and LN#12. Although
lymph nodes, and evaluated their impact on postoperative  there was no patient with para-aortic lymph node metas-
prognosis. It was notable that there was no patient with  tases in our series, the results confirm the previous
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Fig. 4 Frequency of initial
recurrence sites in

LN#14 + and LN#14—groups.
Peritoneal dissemination was
more frequent in the

LN#14 4+ (n = 5) than
LN#14—group (n = 9)

LN#14+

n=5 (45%)

n=4 (37%)

(P = 0.020)
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n=28 (47%)

| | ] |
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Peritoneal dissemination and liver metastases
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suggestion that the lymphatic pathway toward the SMA,
but not the celiac trunk, is more likely to lead to further
distant metastases outside the regional lymph nodes,
including the para-aortic nodes [13, 14]. The higher inci-
dence of peritoneal dissemination in the LN#14 + group
may also reflect this theory.

Currently the adjuvant chemotherapy following the
surgical resection of pancreatic cancer is strongly recom-
mended in the National Comprehensive Network guideline
[15] as well as the Japanese guideline [24]. While it was
still controversial about recommended regimen, we chose
S-1 as the first treatment regimen according to the JASPAC
01 trial [25]. We do not change the treatment regimen
according to the recurrence risk factors. In the present
study we showed LN#14 metastases was one of the poor
prognostic factors other than other lymph node station
metastases. Although it was still debated whether the
choice of adjuvant chemotherapy regimen should change
according to the recurrence risk factors, the present study
might suggest that more strong chemotherapy regimen
would be feasible in the patients with LN#14 metastases.

The International Study Group on Pancreatic Surgery
guidelines propose dissection of only the right side of the
SMA as standard lymphadenectomy [26]. The current
UICC classification also defines the lymph nodes along the
right lateral wall of the SMA as the regional nodes [5].
Most patients in our series underwent LN#14 dissection
only along the right side of the SMA. Therefore, we could
not evaluate the benefit of complete dissection of LN#14
around the SMA. A recent study by Okada, et al. showed
the negative impact of LN#14 metastases in the left side of
SMA on the postoperative prognosis in the patients with
pancreatic head cancer [27]. However, the left side of SMA
is usually out of routine lymph node dissection in pancre-
aticoduodenectomy. Most of the positive LN#14 in our

@ Springer

series were located on the right side of SMA, therefore, our
study was different from Okada’s study in suggesting that
metastases of LN#14 should be discriminated from
metastases to other regional lymph nodes. On the other
hand, it would be still controversial whether LN#14
metastases should be considered as contraindication of
further surgical resection or as a criterion to choose more
stronger adjuvant chemotherapy regimens.

In our series, LN#14 metastases were not correlated with
PLsma invasion, which is commonly presented as a prog-
nostic predictor. Makino et al. reported that PLsma inva-
sion was strongly associated with tumor location [28]. The
extrapancreatic nerve invasion is a common infiltration
pattern of pancreatic cancer. Thus, it would be expected
that tumors located near the SMA frequently show PLsma
invasion. However, the sites of lymph node metastases
depend on the lymphatic pathway as well as tumor location
[13]. Our comparable incidence of LN#14 metastases in
patients with tumors in the uncinate process and in other
areas of the pancreatic head suggests that the pathway of
lymph node metastases and direct nerve plexus invasion
should be discriminated. Both the LN#14 metastases and
PLsma invasion were important for prediction of patients’
prognosis.

The present study had several limitations. First, this was
a retrospective study, and it was natural that there was a
difference in patients’ background and pathological pro-
files between the LN#14 4+ and LN#14 — groups. Patho-
logical portal vein invasion and R1 resection were more
frequent in the LN#14 4 group. However, this might
reflect the more advanced stage of pancreatic cancer with
LN#14 metastases, and it should be noted that LN#14 +
was an independent prognostic predictor in multivariate
analysis. Second, the number of patients and the incidence
of each regional lymph node metastases were small.
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Therefore, the impact of metastases, especially to LN#8 or
LN#12, might have been underestimated. Third, we
included patients who received chemotherapy before sur-
gery, and the influence of chemotherapy on the lymph node
metastases was not considered. In addition, the
chemotherapy regimen was not unified and old regimens
such as gemcitabine and/or S-1 were included. These fac-
tors might have affected the incidence of node metastases
Or pPrognosis.

Conclusion

In conclusion, the present study suggested that metastases
to LN#14 in particular were associated with worse prog-
nosis than metastases to other regional lymph nodes.
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