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ABSTRACT

Objectives: This study aimed to use a retrospective data base to investigate whether a standard lym-
phadenectomy during distal pancreatectomy should include the No. 9 lymph nodes (LNs) for resectable
pancreatic ductal adenocarcinoma (PDAC) located in the body and tail of the pancreas.

Methods: Data from 169 patients undergoing curative distal pancreatectomy for PDAC between Jan 1,
2013 and Dec 31, 2016 were collected. According to the tumor location, patients were divided into three
groups: pancreatic neck tumor, pancreatic body and tail tumor with margin-to-bifurcation-distance
(MTBD) < 2.5cm and pancreatic body and tail tumor with MTBD > 2.5 cm. The metastatic rate of the
No. 9 LNs was compared among the 3 groups. The survival outcomes were analyzed.

Results: The involvement rate for No. 9 LNs was 20.7% (6/29) for pancreatic neck tumors, 17.6% (15/85) for
body and tail tumors with MTBD <2.5cm and 1.8% (1/55) for MTBD > 2.5 cm. The No. 9 LNs were
significantly more frequently involved in neck or body and tail tumors with MTBD <2.5 cm than with the
cases with MTBD >2.5 cm (OR 0.082, P =0.016). No. 9 LN involvement was not associated with worse
survival compared with survival associated with involvement of other LNs (P = 0.780).

Conclusions: For PDAC located in the neck or in the body and tail of the pancreas with MTBD < 2.5 cm,

the involvement rate for No. 9 LNs is high. Standard lymphadenectomy should include the No. 9 LNs.
© 2019 IAP and EPC. Published by Elsevier B.V. All rights reserved.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the most
lethal malignant tumors, and it carries a dismal prognosis. In
contrast to the steady increase in survival of many other cancers,
the pancreatic cancer death rate has remained stable over the past
40 years. It is the fourth-leading cause of cancer death in the United
States [1] and results in over 432,000 deaths annually worldwide
[2]. Surgical resection has been considered the only potential
definitive treatment; this combines radical resection of the tumor
with standard lymphadenectomy [3,4]. Efforts have been made to
clarify to what extent a standard lymphadenectomy should be
conducted. Nevertheless, compared with an increasing number of
studies focused on lymphadenectomy during
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pancreaticoduodenectomy [5—8], studies on lymphadenectomy
during curative distal pancreatectomy for neck, body and tail PDAC
are rare.

The 2014 consensus statement by the International Study Group
on Pancreatic Surgery (ISGPS) proposed that lymph nodes (LNs) in
stations 10, 11 and 18 should be routinely resected during distal
pancreatectomy [9]. However, whether the resection of the No. 9
LNs is necessary remains unclear because of a lack of level I evi-
dence. As a result, only a weak consensus has developed in favor of
resection of these lymph nodes when the tumor is located in the
pancreatic body. Notably, resection of No. 9 LNs was proposed for all
distal pancreatectomies at the consensus meeting in 1999 [10].
Involvement of No. 9 LNs was reported in 6.4%—13.3% of patients
undergoing curative distal pancreatectomy for PDAC [11-—13].
Recently, it has been believed that No. 9 LNs are more likely to be
involved when the tumor is located in the body rather than in the
tail of the pancreas because of the different lymphatic drainage
pathways [9,14]. However, the definition of the pancreatic body is
ambiguous. It is often difficult to definitively conclude whether the
tumor is located in the body instead of the tail, especially when the


mailto:chengdf1059@163.com
mailto:shenby@shsmu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pan.2019.03.005&domain=pdf
www.sciencedirect.com/science/journal/14243903
http://www.elsevier.com/locate/pan
https://doi.org/10.1016/j.pan.2019.03.005
https://doi.org/10.1016/j.pan.2019.03.005
https://doi.org/10.1016/j.pan.2019.03.005

Y. Zhou et al. / Pancreatology 19 (2019) 414—418 415

tumor size is large.

Therefore, in this study, we attempted to use a quantitative
value—the distance from the right margin of the tumor to the celiac
bifurcation—to evaluate the likelihood of No. 9 LN involvement.
From this point of view, we aimed to investigate whether a stan-
dard lymphadenectomy during distal pancreatectomy should
include No. 9 LNs.

Methods

Between January 2013 and December 2016, a total of 428 pa-
tients underwent distal pancreatectomy by laparotomy or robotic
surgery in the Department of General Surgery of Ruijin Hospital
Affiliated to Shanghai Jiao Tong University, School of Medicine,
China. A total of 169 patients were finally diagnosed with RO
resectable PDAC confirmed by pathology (Ti.3Ng.2Mg). Patients
with other malignant pancreatic tumors, PDACs with major artery
involvement (staged T4), R1 resectable PDACs confirmed by pa-
thology and R2 resectable PDACs were excluded from this study. All
169 patients had preoperative abdominal CTA or contrast CT scan
and none of them had neoadjuvant treatment. The surgical pro-
cedures included standard distal pancreatectomy along with the
removal of the peripancreatic LNs (No. 11 and No. 18), the LNs at the
splenic hilum (No. 10) and the LNs around the celiac axis (No. 9).
The LNs along the superior mesenteric artery (No. 14), along the
common hepatic artery (No. 8a) and the para-aortic LNs (No. 16a)
were only resected at the surgeons' discretion when potential LN
involvement was suspected during surgery.

Patients were divided into groups according to tumor location.
The pancreatic neck tumor group was defined as a tumor with a
right margin to the right of the celiac bifurcation between the
common hepatic artery and the splenic artery, and pancreatic body
and tail tumors were defined as having a right margin to the left of
the bifurcation. All of the 169 patients were found to have the
bifurcation without variated common hepatic artery originated
from the superior mesenteric artery. For patients with pancreatic
body and tail tumors, the distance from the right margin of the
tumor to the celiac bifurcation was measured on preoperative CT
images. Receiver operating characteristic (ROC) curve was applied
to examine the predictive value of the margin-to-bifurcation-
distance (MTBD) for No. 9 LN involvement. Youden's index indi-
cated that 2.5 cm was the proper cut-off. Thus, patients were finally
divided into 3 groups: pancreatic neck tumor, pancreatic body and
tail tumor with MTBD from O cm to 2.5 cm and pancreatic body and
tail tumor with MTBD more than 2.5 cm. The metastatic rates of No.
9 LNs were compared among the 3 groups, and the survival out-
comes were analyzed. The study was approved by the ethics
committee of Ruijin Hospital Affiliated to Shanghai Jiao Tong Uni-
versity, School of Medicine.

SPSS 22.0 was used to perform statistical analysis. Data were
presented as medians (range) or numbers (percentage). The Chi-
square test of Fisher's exact test was used to compare differences
between groups. The Kaplan-Meier method was used for overall
survival and Cox regression for multivariate survival analysis. A
two-sided P value < 0.05 was considered statistically significant.

Results
Clinical data for the 169 study patients

The clinical data for the study population are listed in Table 1.
Among the study patients, 91 were male and 78 were female. Sixty-
nine (40.8%) were aged 65 or older. The tumor was located in the
neck of the pancreas in 29 patients (17.2%) and in the body and tail
of the pancreas in 140 patients (82.8%). As no patients with T4

Table 1
Data of the 169 patients undergoing surgery between Jan 1, 2013 and Dec 31, 2016.

Variables Number of patients (%)
Gender

Male 91 (53.8%)

Female 78 (46.2%)
Age

> 65y 69 (40.8%)

<64y 100 (59.2%)
Tumor location

Pancreatic neck 29 (17.2%)

Pancreatic body/tail 140 (82.8%)
T status

T 24 (14.2%)

T, 86 (50.9%)

Ts 59 (34.9%)

Ty 0
N status

No 107 (63.3%)

N, 55 (32.6%)

N, 7 (4.1%)
AJCC stage (The 8th edition)

1A 14 (8.3%)

IB 57 (33.7%)

1A 36 (21.3%)

1B 55 (32.5%)

11 (TanyN2Mo) 7 (4.2%)
Examined LNs (median, range)

Total 9(2-37)

No. 9 2 (0-11)

No. 11/No. 18 4 (1-25)

No. 10 3(0-7)
Patients with metastatic LNs

No. 9 22 (13.0%)

No. 11/No. 18 40 (23.7%)

No. 10 8 (4.7%)
LNR in N1/N2 patients (median, range) 0.20 (0.06—1.00)
Differentiation

High 3(1.8%)

Moderate 74 (43.8%)

Poor 92 (54.4%)
Adjuvant chemotherapy 90 (53.3%)

tumor were included, the number of patients at stages T1, T, and T3
were 24 (14.2%), 86 (50.9%) and 59 (34.9%), respectively. Sixty-two
of 169 patients (36.7%) had LN involvement. According to the 8th
AJCC staging system, 14 patients were staged IA (8.3%), 57 patients
were staged IB (33.7%), 36 patients were staged IIA (21.3%), 55
patients were staged IIB (32.5%), and 7 patients were staged III
(4.2%, TanyN2Mg only, and no T4NoMp). To properly distinguish the
tumor stage, a median of 9 LNs were found and examined by a
pathologist (range, 2—37). The median numbers of examined No. 9
LNs, peripancreatic LNs (No. 11 and No. 18) and LNs at the splenic
hilum (No. 10) were 2 (range, 0—11), 4 (range, 1-25) and 3 (range,
0—7), respectively. No. 9 LN involvement was found in 22 out of 169
patients (13.0%). The metastatic rate was 23.7% for No.11/No. 18 LNs
and 4.7% for No. 10 LNs. The median lymph node ratio (LNR) was
0.20 in N1/N2 patients. A total of 54.4% of patients had
poorly—differentiated tumors and 90 patients (53.3%) received
postoperative adjuvant chemotherapy.

Metastatic rate of the No. 9 LNs and associated risk factors

The overall metastatic rate of the No. 9 LNs was 13.0%. This was
found in 6 out of 29 patients (20.7%) with pancreatic neck tumors
but only in 16 out of 140 patients (11.4%) with pancreatic body and
tail tumor. To further investigate the potential relationship between
the MTBD and involvement of No. 9 LNs, the ROC curve based on
MTBD was applied in 140 patients with pancreatic body and tail
tumors to evaluate its influence on the No. 9 LN involvement.
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Finally, Youden's index showed that 2.5 cm was the proper cut-off
with an area under the ROC curve (AUC) of 0.786. The ROC curve
is shown in Supplementary Fig. 1.

The 169 patients were then divided into 3 groups: pancreatic
neck tumor, pancreatic body and tail tumor with MTBD <2.5 cm
and pancreatic body and tail tumor with MTBD >2.5 cm. When the
MTBD was more than 2.5 cm, only 1.8% of patients (1 out of 55)
were found to have No. 9 LN involvement, while 17.6% of patients
(15 out of 85) had positive No. 9 LNs when the MTBD was from 0 cm
to 2.5 cm. Compared with the former group, the metastatic rate of
the No. 9 LNs was significantly higher in the latter group (17.6% vs
1.8%, P=0.004) and in the pancreatic neck group (20.7% vs 1.8%,
P=0.006) (Table 2).

Thus, body and tail PDAC with MTBD greater than 2.5cm
negatively correlated with No. 9 LN involvement. Other potential
risk factors for No. 9 LN involvement were then investigated,
including age, tumor size >4 cm, tumor differentiation, high CA
19—9 and CA 125 level. The results of the univariate analysis are
shown in Table 3. Only MTBD >2.5 cm was associated with a lower
metastatic rate in No. 9 LNs (4.5% vs 36.7%, P=0.016). Age >65
years old (P=0.471), tumor size >4 cm (P =0.423),
poorly—differentiated tumor (P=0.171), CA 19-9>35 U/ml
(P=0.205) and CA 125 > 35 U/ml (P = 0.974) failed to significantly
correlate with No. 9 LN involvement. As a result, a multivariate
analysis was not conducted.

Influence of No. 9 LN involvement on survival outcomes

At a median follow-up time of 20.5 months (range, 1.3—63.9
months), the median overall survival (OS) time was 24.0 months.
The median OS time for each stage was 27.3 months for stage I
PDAC, 22.5 months for stage Il PDAC and 13.8 months for stage III
PDAC (TanyN2Mp only). No patients were lost from the study pop-
ulation, and a total of 112 patients died during the follow-up period.
The Kaplan-Meier analysis of OS according to the 8th AJCC stage is
shown in Supplementary Fig. 2.

As shown in Fig. 1(a), patients without LNs involvement (stage
IA, IB and IIA) had a better median OS of 27.3 months (95% CI
25.0—29.6 months) than did LN-positive patients (stage IIB and III)
whose median OS was 16.5 months (95% CI 9.6—23.4 months), and
this difference was statistically significant (P=0.017). We then
investigated whether No. 9 LN involvement was a worse predictor
than were other LN involvements. As is shown in Fig. 1(b), the OS in
LN-involved patients (stage IIB and III) was comparable between
those with and without No. 9 LN involvement (18.6 months vs 14.2
months, P=0.780), which indicating that No. 9 LN involvement
should not be considered a contraindication to curative surgery.

Analysis of the prognostic factors for body and tail PDAC

The results of Cox multivariate survival analysis of the prog-
nostic factors for curative body and tail PDAC are shown in Table 4.
In the univariate analysis, LN involvement (P = 0.019) instead of No.
9 LN involvement (P =0.277) was associated with worse survival.

Adjuvant chemotherapy was associated with better survival
(P=0.005), while LNR > 0.2 (P <0.001), poor tumor differentiation
(P<0.001) and CA 19—9 > 35 U/ml (P = 0.002) were predictors of
poor outcome. Tumor location was not a significant prognostic
factor (P = 0.071). In the multivariate analysis, LN involvement was
insignificant (P = 0.863), while LNR > 0.2 (P =0.004), poor tumor
differentiation (P = 0.011), adjuvant chemotherapy (P = 0.009) and
CA 19—9> 35 U/ml (P = 0.005) remained significant.

Discussion

LN involvement occurs frequently in PDAC patients [15]. In body
and tail PDAC patients undergoing curative resection, No. 9 LNs
were thought to be both N1 and N2 node groups because they may
receive lymph not only from the N1 nodes but also pancreatic
lymph directly [16,17]. After curative surgery, No. 9 LN involvement
has been reported in 6.4%—13.3% of cases [11—13]. In this study, all
patients underwent resection of No. 9 LNs and the metastatic rate
was 13.0% (22 out of 169 patients), indicating that No. 9 LN
involvement might be underestimated if these nodes are not
routinely resected and examined.

To our knowledge, this was the first study to use the distance
from the right margin of the tumor to the celiac bifurcation to
evaluate the potential for No. 9 LN involvement. With a median of 9
LNs examined, ranging from 2 to 37, the ROC curve and the You-
den's index demonstrated that MTBD = 2.5 cm was a proper cut-off
to distinguish high from low involvement potential, and the met-
astatic rate of No. 9 LNs reached as high as 18.4% (21 out of 114
patients) when the tumor was located in the neck or in the body
and tail of the pancreas with MTBD < 2.5 cm. The median number
of the examined No. 9 LNs was 2 ranging from O to 11 and only a
total of 6 patients were found to have no No.9 LNs harvested which
was because that no LNs were found in the connective and adipose
tissue around the celiac axis in these patients. Briefly, No. 9 LN
involvement is more likely to be found when the tumor is located
close to the celiac bifurcation. This increase in involvement is likely
because the lymphatic drainage pathways are not exactly the same
between the body and the tail of pancreas. Although the lymphatic
vasculature of the pancreas is quite complex [18], it is thought that
the lymphatic drainage of the pancreatic tail distant from the celiac
axis is primarily towards the LNs at the splenic hilum [16,17,19,20].
By contrast, the lymphatic drainage of the median part of the
pancreas close to the celiac bifurcation is towards the No. 9 LNs. The
data obtained above suggested that tumors located in the neck or in
the body and tail of the pancreas with MTBD <2.5 cm should be
considered as close to the celiac bifurcation with high metastatic
rates of the No. 9 LNs.

The MTBD is a quantitative value that can be measured on
preoperative CT images. As shown in Tables 2 and 3, for tumors
necessitating a distal pancreatectomy, the No. 9 LN involvement
rate was low in those with MTBD >2.5 cm (1.8%) and that pancreatic
neck tumor or pancreatic body and tail tumor with MTBD < 2.5 cm
is a risk factor for No. 9 LN involvement. In the literature, the risk
factors for No. 9 LN involvement have rarely been discussed. With a

Table 2

The metastatic rate of No. 9 LNs.
Tumor location Metastatic No. 9 LNs (%) P
Pancreatic body/tail with MTBD more than 2.5 cm 1/55 (1.8%) 1
Pancreatic body/tail with MTBD from O cm to 2.5 cm 15/85 (17.6%) 0.004"
Pancreatic neck 6/29 (20.7%) 0.006'
Total 22/169 (13.0%)

“Chi-squared test; 'Fisher exact test.
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Table 3
Univariate analysis of risk factors for No. 9 LN involvement.

Variables LN9+ (n = 22)

LN9-(n = 147)

OR (95% CI) P

Age > 65y

MTBD > 2.5 cm
Tumor size >4 cm
Poorly differentiated
CA 19-9>35U/ml
CA 125> 35 U/ml

10 (45.5%)
1(4.5%)

6 (27.3%)
15 (68.2%)
14 (63.6%)
4(182%)

55 (37.4%)

54 (36.7%) 0.082 (0.011-0.627
53 (36.1%)

77 (52.4%)

114 (77.6%)
27 (18.4%)

1.394 (0.565—3.440) 0471
) 0.016

0.665 (0.245—1.802) 0.423

1.948 (0.751—5.056) 0.171

0.526 (0.195—1.420) 0.205
)

1.020 (0.317-3.275 0.974

lack of level I evidence, No. 9 LNs were recommended by experts to
be resected when the tumor was located in the body instead of in
the tail [9]. Nevertheless, without a quantitative value such as

Survival Functions

AJCC stage
~Without LN involvement
(1A, 18, 1A)
With LN involvement (18,
L)
S + Wehout LN involvement.
08 \ censored

With LN involvement-
censored

06 W,

Cum Survival

0.0

months

@

Numbers at risk vs. time
Months 0 20 40 60
IA/IB/IIA 107 62 13
1B/ 62 27 2

Survival Functions

LN involved patients

With No.9 LN involvement
|_~Without No.9 LN
involvement

With No 9 LN involvement-
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087 4—Without No.9 LN
involvement-censored

064

Cum Survival

P=0.780

0.0
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(b)

Numbers at risk vs. time
Months 0 20 40 60
LN9+ 22 10 1 0
LN9- 40 17 1 0

Fig. 1. Kaplan-Meier curves for overall survival (OS) differences (a) between patients
with (n=62) and without (n=107) LN involvement and (b) between LN-involved
patients with (n=22) and without (n=40) No. 9 LN involvement.

Table 4
Cox multivariate survival analysis of the prognostic factors.

Factors Patients (%) Univariate Multivariate

P HR (95% CI) P

MTBD > 2.5 cm 55(32.5%) 0.071
N; - Ny 62 (36.7%) 0.019 0.955 (0.564—1.617) 0.863
No. 9 LNs involvement 22 (13.0%) 0277

LNR> 0.2 26 (15.4%) <0.001 (
Poorly differentiated 92 (54.4%) <0.001 0.599 (0.403—0.891) 0.011
Adjuvant chemo 90 (53.3%) 0.005 1.688 (1.143—-2.494) 0.009
CA 19-9>35 U/ml 128 (75.7%) 0.002 0.453 (0.261—-0.787) 0.005

0.404 (0.218—-0.751) 0.004

MTBD, the definition of the pancreatic body tumor or the pancre-
atic tail tumor can be rather subjective and ambiguous, especially
when the tumor size is large. Thus, it is more accurate and clearer to
use MTBD to predict No. 9 LN involvement. Furthermore, no other
risk factors were found for No. 9 LN involvement; older age, tumor
size, tumor differentiation and level of tumor markers were not
significantly associated with it. As a result, we suggest that No. 9 LN
involvement is primarily affected by the lymphatic drainage
pathway, which is in turn affected by the tumor location rather
than factors such as age, tumor size, tumor differentiation and level
of tumor markers.

Survival analysis was used to evaluate whether or not No. 9 LN
involvement in the pancreatic body and tail PDAC should be
considered as distant lymphatic involvement. Unlike the para-
aortic LN (No. 16a) involvement in pancreatic head PDAC that has
been frequently discussed recently [21—24], the role of No. 9 LN
involvement in body and tail PDAC remains unclear. As shown in
Fig. 1, LN involvement was associated with decreased survival
compared with patients without LN involvement (16.5 vs 27.3
months, P=0.017), consistent with findings in the literature
[25,26]. However, when concerning LN-involved patients, the sur-
vival outcomes were not significantly different between patients
with or without No. 9 LN involvement. This indicated that No. 9 LN
involvement was not associated with decreased survival compared
with other LN involvements; concerning the postoperative prog-
nosis, No. 9 LNs gave similar predictions to those of other LNs that
are included in the standard lymphadenectomy. Thus, No. 9 LN
involvement should be considered as a regional lymphatic invasion
instead of a distal metastasis. The resection of No. 9 LNs should be
included in the standard lymphadenectomy in neck PDAC or body
and tail PDAC with MTBD <2.5 cm when it is potentially positive.
Moreover, No. 9 LN involvement should not be considered a
contraindication to curative distal pancreatectomy. Similarly, in the
survival analysis, No. 9 LN involvement was not associated with
overall survival. In the multivariate analysis, LNR >0.2, poor dif-
ferentiation and high CA 19-9 level were associated with worse
survival and adjuvant chemotherapy was associated with better
survival that was the contemporary accepted fact. LN involvement
was revealed to be significant in univariate analysis but insignifi-
cant in multivariate analysis. This was probably because that body
and tail PDAC was associated with poor prognosis [19,27]
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weakening the influence of LN involvement.

The limitation of this study was that the sample size was rela-
tively small because this was a retrospective single-center study.
Nevertheless, considering that all patients enrolled in the study
underwent systematic resection of No. 9 LNs, its metastatic rate was
theoretically not affected by the study type. Another limitation was
that for pancreatic neck tumor or body and tail tumor with MTBD
<2.5cm, whether a standard lymphadenectomy including No. 9
LNs would provide a better overall survival or not remained un-
studied. Prospective studies can be designed to compare lympha-
denectomy in such cases with and without the No. 9 LN resection to
further clarify the necessity of its resection.

Conclusions

For patients undergoing curative distal pancreatectomy for body
and tail PDAC, the No. 9 LN involvement rate is high when the tu-
mor is located in the neck or in the body and tail of the pancreas
with MTBD <2.5cm, and a standard lymphadenectomy should
include No. 9 LNs in such cases. When the tumor is located in the
body and tail of the pancreas with MTBD >2.5 cm, the No. 9 LN
involvement rate is low, and whether a systematic resection of No.
9 LNs is necessary remains to be further investigated.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.pan.2019.03.005.
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