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Objectives: The optimal number of the examined lymph nodes (ELNs) in

pancreaticoduodenectomy for pancreatic ductal adenocarcinoma has been widely

studied. However, the accuracy of nodal positivity for the patients with inadequate

lymphadenectomy is still unclear. The purpose of our study was to determine the

accuracy of the number of positive nodes reported for patients with 1–3 positive nodes

and the probability that 4 or more nodes could be positive along with tumor size and

number of nodes examined.

Methods: We obtained data on patients who underwent pancreaticoduodenectomy for

resectable pancreatic ductal adenocarcinoma diagnosed during 2004–2013 from the US

Surveillance, Epidemiology, and End Results registry. An mathematical model based on

Hypergeometric Distribution and Bayes’ Theorem was used to estimate the accuracy.

Results: Among the 9,945 patients, 55.6% underwent inadequate lymphadenectomy.

Of them, 1,842, 6,049, and 2,054 had T1, T2, and T3 stage disease, respectively. The

accuracy of the number of observed positive nodes increased as the number of ELNs

increased and the tumor size decreased. To rule out the possibility of N2 stage (4 and

more positive nodes), there should be at least 13 ELNs for the patients with 1 observed

positive lymph node and 14 for the patients with 2.

Conclusion: Inadequate lymphadenectomy could result in underestimation of the N

stage, and this would have adverse impact on recurrence, efficacy of postoperative

treatment, and even overall survival. This model combined with the observed positive

lymph nodes, the number of ELNs, and tumor size could provide a more accurate

determination of nodal positivity of these patients.

Keywords: pancreatic ductal adenocarcinoma (PDAC), pancreaticoduodenectomy (PD), inadequate

lymphadenectomy, surveillance epidemiology and end results (SEER), examined lymph nodes
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INTRODUCTION

Pancreatic cancer is the seventh leading cause of cancer death
worldwide (1). Surgical resection is the only potentially curative
therapy for pancreatic cancer. Pancreaticoduodenectomy is
the standard surgery for pancreatic head cancer and is
widely performed across countries (2). Lymphadenectomy is
an indispensable procedure of pancreaticoduodenectomy for
pancreatic cancer. However, despite resection and chemotherapy,
patients still have poor prognosis, particularly those with positive
lymph nodes in lymphadenectomy (3).

In the past 10 years, considerable attention has been paid to
the ELNs, the number of positive lymph nodes (PLNs), and the
lymph node ratio (LNR) in pancreatic ductal adenocarcinoma.
Some research showed that the higher the number of ELNs or
PLNs, the worse the median overall survival (OS) and 5-year OS
(4). LNR is directly associated with disease-free survival and OS,
making it one of the most powerful prognostic predictors after
resection of pancreatic cancers (5–8).

The International Study Group on Pancreatic Surgery (ISGPS)
recommended that at least 15 lymph nodes should be detected
in pancreaticoduodenectomy to ensure adequate pathologic
staging of the disease (9). However, excising fewer local lymph
nodes, with the purpose of decreasing subsequent morbidity
and mortality, has become a recent trend in surgery (10, 11).
Nonetheless, the optimal number of nodes that need to be
examined in node-positive patients to accurately determine the
number of involved lymph nodes is yet to be determined.
Therefore, this study aimed to determine the accuracy of the
number of positive nodes reported for patients with 1–3 positive
nodes and the probability that 4 or more nodes could be positive
along with tumor size and number of nodes examined.

METHODS

Patients and Data Source
We collected data from the US Surveillance, Epidemiology
and End Results (SEER) database. SEER stores data on
cancer incidence from population-based cancer registries
covering ∼34.6% of the US population. Data of patients with
pancreatic ductal adenocarcinoma (PDAC) (International
Classification of Diseases for Oncology, third edition, ICD-O-3
histology/behavior codes: 8140/3 and 8500/3) who underwent
pancreaticoduodenectomy was collected. The patients with
missing information in patient demographics, tumor data,
perioperative treatment were excluded. All patients had at least
1 lymph node examined. Patients with metastasis of PDAC
were excluded. Finally, we analyzed data of 9,945 patients
with T1–3 stage who underwent pancreaticoduodenectomy
for PDAC of the head of the pancreas between 2004 and 2013
(Supplementary Figure 1).

Mathematical Model
A mathematical model based on Hypergeometric Distribution
and Bayes’ Theorem was created to estimate the true number
of involved lymph nodes for patients with partial dissections
(12, 13). In this model, there is no difference among all

involved lymph nodes. The 90% certainty is used to identify
the accuracy of the nodal positivity after an inadequate
lymphadenectomy in pancreaticoduodenectomy for PDAC. In
pancreaticoduodenectomy for PDAC, the average total number
of lymph nodes was assumed to be 15, based on the ISGPS (9).
Two criteria were used in this model: (1) The probability of
having M involved nodes, q(M) where: q(M) = (No. of patients
with M involved nodes)/(total number of patients in group).
(2) P represents the probability of involved lymph nodes (m)
observed in the sample size resected (n). N represents the total
number of lymph nodes positive in the lymphadenectomy in
pancreaticoduodenectomy for PDAC with M nodes positive.
Thus, P(n, m, N, M) was obtained from the common
hypergeometric distribution, where:

P(n,m,N,M) =

(

M
m

) (

N − M
n− m

)





N
n





(1)

Patients with at least 15 lymph nodes examined in
pancreaticoduodenectomy for PDAC should have a complete
dissection. We used the data of those patients to find the
probability of having involved lymph nodes. These probabilities
are based upon observed sampling combinations, and thus
followed by Bayes’ Theorem. Further, calculations in T1, T2, and
T3 were conducted separately. r(M, n, m) was defined as the
probability of a patient having M involved nodes, after involved
lymph nodes (m) been observed in the sample size resected (n):

r(M, n,m) =
q (M) × P(n, m, N,M)

∑

M q(M)× P(n,m,N,m)
(2)

The denominator is necessary to ensure that:

∑

M

r(M, n, m) = 1 (3)

In the TNM staging system, metastasis to ≥4 regional lymph
nodes represented N2 stage, which corresponds to stage III,
regardless of T Stage, in the 8th American Joint Committee on
Cancer (AJCC) TNM guideline (Supplementary Table 1) (14).
Thus, this mathematical model was also used to calculate the
probabilities of having 4 or more positive nodes, given that a
specific sampling combination has been observed.

Note that this calculation entails the summation of r(M,n,m)
over M, from 4 to 15.

Statistical Analysis
ELNs and N0/N1/N2 stage in different T stages were compared
using Student’s t-test. Data were analyzed using IBM SPSS
Statistics for Windows version 24.0 (SPSS Inc.). All tests were
two-tailed, and p < 0.05 was considered statistically significant.
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FIGURE 1 | The distributions of the examined lymph nodes.

RESULTS

Patient Characteristics
A total of 9,945 patients registered in the SEER database

were included in this study. The median number of

ELNs was 13 (7–20). The distributions of the number

of ELN are shown in Figures 1A,B. In total, 3,272
(32.9%) had <10 ELNs, 2,253 (22.7%) had 10–14 ELNS,
and 4,420 (44.4%) had more than 15 ELNs. There
were 5,525 (55.6%) patients who underwent inadequate
lymphadenectomy (i.e., <15 ELNs were harvested
during pancreaticoduodenectomy).

With respect to T stage according to the 8th AJCC TNM
staging system, 1,842 (18.5%), 6,049 (60.8%), and 2,054 (20.7%)
had T1, T2, and T3 stage disease, respectively. There were
significant differences in ELNs and N0/N1/N2 stage between the
T stages (Table 1). The percentage of patients with N2 stage
increased as the T stage advanced.

Accuracy of the Number of Positive Lymph
Nodes Reported
The accuracy of the number of PLNs reported for patients who
undergone pancreaticoduodenectomy with T1 stage is shown in
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TABLE 1 | Lymph node status for different T stages.

Variables T1 T2 T3

n = 1,842 n = 6,049 n = 2,054 P-value

ELN* 12 (7–19) 13 (8–20) 14 (7–20) 0.000

Node negative** 881 (47.8%) 2,010 (33.2%) 645 (31.4%) 0.000

Node positive*** 0.000

N1 728 (39.5%) 2,592 (42.9%) 818 (39.8%)

N2 233 (12.7%) 1,447 (23.9%) 591 (28.8%)

*P-value, T1 vs. T2 (0.001), T1 vs. T3 (0.001), T2 vs. T3 (0.498).
**P-value, T1 vs. T2 (0.000), T1 vs. T3 (0.000), T2 vs. T3 (0.128).
***P-value, T1 vs. T2 (0.000), T1 vs. T3 (0.000), T2 vs. T3 (0.000).

TABLE 2 | Accuracy of the number of positive lymph nodes reported according to

the number of examined lymph nodes in patients with T1 tumor.

Number of positive nodes observed

ELN 1 2 3

4 21.9% 8.2% 2.8%

5 26.9% 11.7% 4.9%

6 32.3% 15.8% 7.9%

7 38.2% 20.7% 12.0%

8 44.4% 26.4% 17.2%

9 51.2% 33.1% 23.6%

10 58.4% 40.8% 31.4%

11 66.0% 49.7% 40.9%

12 74.0% 59.9% 52.4%

13 82.4% 71.5% 66.1%

14 91.1% 84.8% 82.0%

Table 2. For example, 14 lymph nodes were examined in a patient
with T1 tumor, and the accuracy of observation of 1 positive
lymph node was 91.1%; 2 positive nodes, 84.8%; and 3 positive
nodes, 82.0%.

The accuracy of the number of positive nodes reported
improved as the number of ELNs increased. Meanwhile, if more
positive nodes were observed, more lymph nodes should be
harvested to increase the accuracy of nodal positivity assessment.
For example, for an 80% accuracy of 1 positive lymph node,
the minimal number of ELNs was 13; however, for 2 or more
positive nodes, 14 lymph nodes should be examined to reach the
same accuracy.

Tables 3, 4 shows the accuracy of PLNs reported in patients
with T2 and T3 tumors. Note that regardless of the number
of PLNs observed, the accuracy decreased as the tumor
size increased.

Probability of N2 Stage
In the TNM staging system, metastasis in 4 or more regional
lymph nodes corresponded to N2 stage. For patients with 1–3
PLNs, the probability of 4 and more PLNs in different T stages is
shown in Tables 5–7. As table 6 the number of ELNs increased,
the risk of 4 and more PLNs decreased. To lower the possibility

TABLE 3 | Accuracy of the number of positive lymph nodes reported according to

the number of examined lymph nodes in patients with T2 tumor.

Number of positive nodes observed

ELN 1 2 3

4 16.3% 5.4% 1.5%

5 21.1% 8.4% 3.1%

6 26.3% 12.1% 5.5%

7 32.2% 16.8% 8.8%

8 38.6% 22.3% 13.5%

9 45.6% 29.0% 19.6%

10 53.3% 36.8% 27.4%

11 61.5% 45.9% 37.1%

12 70.3% 56.5% 48.9%

13 79.7% 68.9% 63.2%

14 89.6% 83.3% 80.1%

TABLE 4 | Accuracy of the number of positive lymph nodes observed according

to the number of examined lymph nodes in patients with T3 tumor.

Number of positive nodes observed

ELN 1 2 3

4 12.9% 4.8% 1.3%

5 17.0% 7.8% 2.8%

6 21.6% 11.5% 5.4%

7 26.8% 16.1% 9.1%

8 32.6% 21.6% 14.3%

9 39.3% 28.1% 21.2%

10 46.8% 35.5% 30.0%

11 55.3% 44.2% 40.6%

12 64.9% 54.5% 52.9%

13 75.6% 66.7% 66.6%

14 87.3% 81.6% 82.2%

of N2 stage to 0%, the minimal number of ELNs was 13 and 14
for the patients with 1 and 2 positive lymph nodes, respectively.
Meanwhile, for the patients with 3 positive nodes observed, the
possibility of N2 stage was equal to the possibility of inaccuracy
of 3 PLNs.

DISCUSSION

The number of PLNs is associated with the survival of
patients with pancreatic cancer (3). The ISGPS consensus
statement (9) recommends at least 15 lymph nodes to be
retrieved during pancreaticoduodenectomy. However, data
from SEER showed that more than 50% of the patients
undergoing pancreaticoduodenectomy received inadequate
lymphadenectomy. The accuracy of PLNs from these inadequate
lymphadenectomies remains unknown. Thus, we used a model
by Iyer et al. (12) to predict whether nodal positivity was
accurately reported for these patients.
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TABLE 5 | Probability of 4 or more positive lymph nodes in patients with T1 tumor.

Number of positive nodes observed

ELN 1 2 3

4 33.1% 75.7% 97.2%

5 25.3% 67.4% 95.1%

6 18.6% 58.6% 92.1%

7 13.1% 49.5% 88.0%

8 8.6% 40.3% 82.8%

9 5.1% 31.3% 76.4%

10 2.7% 22.6% 68.6%

11 1.1% 14.6% 59.1%

12 0.3% 7.9% 47.6%

13 0.0% 2.8% 33.9%

14 0.0% 0.0% 18.0%

TABLE 6 | Probability of 4 or more positive lymph nodes in patients with T2 tumor.

Number of positive nodes observed

ELN 1 2 3

4 42.1% 82.6% 98.5%

5 32.7% 74.8% 96.9%

6 24.3% 65.9% 94.5%

7 17.2% 56.3% 91.2%

8 11.4% 46.3% 86.5%

9 6.9% 36.2% 80.4%

10 3.6% 26.4% 72.6%

11 1.5% 17.3% 62.9%

12 0.4% 9.4% 51.1%

13 0.0% 3.4% 36.8%

14 0.0% 0.0% 19.9%

TABLE 7 | Probability of 4 or more positive lymph nodes in patients with T3 tumor.

Number of positive nodes observed

ELN 1 2 3

4 43.3% 83.3% 98.7%

5 33.4% 74.7% 97.2%

6 24.8% 65.1% 94.6%

7 17.6% 54.8% 90.9%

8 11.8% 44.3% 85.7%

9 7.2% 34.1% 78.8%

10 3.9% 24.5% 70.0%

11 1.7% 16.0% 59.4%

12 0.5% 8.8% 47.1%

13 0.0% 3.3% 33.4%

14 0.0% 0.0% 17.8%

This model provided the accuracy of the number of positive
lymph nodes reported from each level of ELNs for the patients
with T1–3 tumor. The results indicated that more lymph nodes

should be involved to avoid understaging the N stage. However,
the minimal number of lymph nodes needed to provide optimal
staging could not be summarized from this study. In previous
studies, the optimal minimal number of lymph nodes ranged
from 11 to 18 (15–18). Huebner et al. (15) suggested that
adequate staging of pancreatic cancer required more than 11
lymph nodes; however, based on our model, we found that this
recommendation only had a maximum predictive accuracy of
66.0%. Valsangkar et al. (16) proposed an optimal number of 13
based on the SEER database (data from 1973 to 2009), but in our
model, this only had an 82.4% accuracy. This indicates that these
are not the optimal number of ELNs. It seemed that the N stage
was easily overestimated when the ELNs was low. The results
from this study indicate that to accurately determine the number
of PLNs, there should be at least 15 ELNs. Meanwhile, Arrington
et al. (18) suggested 18 ELNs to capture 90% of cases with
PLNs. Eskander et al. (17) discussed the evolution of lymph node
dissection during 2-year intervals from 2004 to 2012 and reported
that the number of ELNs had increased, and more patients were
classified as node positive due to the standard lymphadenectomy.

“The more the better” might be a major principle for the
lymphadenectomy in the pancreaticoduodenectomy. The results
from this study indicated that the more ELNs improved the
accuracy of positive nodes and N staging. Warschkow et al. (19)
reported similar findings that a higher number of regional lymph
nodes retrieved increased not only the accuracy of diagnosis of
node-positive pancreatic cancer, but also improved survival in
pancreatic cancer. However, there is also a maximum limit on
the optimal number of ELNs. Eskander et al. (17) confirmed that
no increased benefit was achieved beyond 30 nodes.

We then investigated whether an adequate number of lymph
nodes can be obtained from a standard lymphadenectomy.
Recent randomized clinical trials (20–24) showed a significant
higher number of ELNs in extended lymphadenectomy
than in standard lymphadenectomy. However, extended
lymphadenectomy did not have any benefits on OS. The
median number of ELNs in standard lymphadenectomy
ranged from 13 to 17. Extended lymphadenectomy might
be better to increase the number of harvested lymph nodes,
while standard lymphadenectomy is easier to perform. Lidsky
et al. (25) found that compared with patients in low-volume
centers, those in high-volume centers tended to have a higher
number of ELNs. Therefore, our model is applicable for
evaluating outcomes in low-volume centers. However, it
should be noted that the harvested number lymph nodes
could still be less than the optimal minimal number even
standard lymphadenectomy.

Patients with different ELNs, but similar positive lymph nodes
could not be distinguished using the TNM classification. Because
the number of ELNs is not considered in N staging, LNR was
used to evaluate the survival of these patients. Berger et al. (26)
first indicated that LNR significantly influenced survival and
could thus be used as a prognostic biomarker for pancreatic
malignant tumors. This has since been supported by several
studies (8, 27, 28). However, LNR has its own limitations.
Interestingly, a patient with 1 positive lymph node out of 5
ELNs had the same LNR as a patient with 2 positive lymph
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nodes out of 10 ELNs. Furthermore, these two patients had
the same N stage. The model in the current study could
separate these patients according to nodal involvement and
could thus be a novel method for a more accurate N staging in
pancreatic cancer.

Some limitations in this study warrant emphasis. Patients who
had neoadjuvant chemoradiation therapy were not included in
this study. Fewer PLNs might be found in these patients, of
which the accuracy of nodal positivity needs further evaluation.
Moreover, the accuracy of the number of PLNs reported from 15
and more ELNs remains unknown. Lastly, as mentioned above,
the minimal number of ELNs for optimal staging could not
be determined.

In conclusion, inadequate lymphadenectomy could result
in underestimation of the N stage. Our novel model for
determining the accuracy of PLNs could provide a more
accurate determination of nodal positivity in patients with
pancreatic cancer.
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