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Abstract: The minimum number of lymph nodes to be examined during pancreaticoduodenectomy (PD) for patients 
with ampullary adenocarcinoma (AC) is still debatable due to limited clinical data. Therefore, here we explored the 
relationship between the number of examined lymph node (ELN) and the current N staging (American Joint Com-
mittee on Cancer staging system, AJCC, 8 edition) after PD for AC as well as determined the minimum number of 
examined lymph nodes (MNELN) to ensure the accurate detection of nodal involvement. Patients underwent PD for 
AC in the National Cancer Center cohort of China (NCC cohort of China) from 1998 to 2020 and in the Surveillance, 
Epidemiology, and End Results database (SEER database) from 2010 to 2018 were retrospectively reviewed, and 
a total of 452 eligible patients were included in this study. The MNELN was evaluated by binomial probability law 
and best survival separation methods. Furthermore, the cut-off value of MNELN was validated in the NCC cohort of 
China using Least Absolute Shrinkage and Selection Operator (LASSO) regression. Our analysis indicated that the 
median number of ELN was 14, and the number of ELN was positively correlated with N stage. The MNELN was 16, 
whereas the best survival separation of ELN was 38 in node-positive patients and 3 in node-negative patients. In 
the validation cohort, the number of 16 ELNs was identified as a predictive variable for lymph node metastasis with 
nonzero coefficients in the LASSO-logistic regression model. Together, we concluded that a greater number of ELN 
was associated with more accurate nodal status assessment in PD for AC patients. A minimum of 16 lymph nodes 
were required to during PD in AC patients.
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Introduction

Ampullary adenocarcinoma (AC) is a rare malig-
nant neoplasm accounting for 7% of pancreatic 
head and periampullary cancers [1, 2]. Pancrea- 
ticoduodenectomy (PD) is one of the standard 
treatment procedures for the resection of AC 
disease. However, the prognosis for resected 
AC is relatively poor with a previously reported 
5-year survival rate of 45% [3, 4]. Several stud-
ies have demonstrated that AC patients with 
positive lymph nodes (LNs) have higher risk of 
recurrence and worse survival compared to 
LN-negative patients [5, 6].

The number of examined lymph nodes (ELNs)  
is significantly associated with nodal staging 
and long-term survival for pancreatic cancer 
patients who underwent PD [7]. Adequate num-
ber of ELNs is critical to ensure the accurate 
nodal assessment. Until now, the minimum 
number of ELNs (MNELNs) required during PD 
in AC patients is still undetermined due to lim-
ited clinical data. Currently, the National Com- 
prehensive Cancer Network (NCCN) guidelines 
recommend MNELNs as 17 based on a retro-
spective cohort from National Cancer Data- 
base (NCDB, USA) [8]. Similarly, an retrospec-
tive study in Italy recommends that at least 12 
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LNs should be harvested during PD for AC 
patients [9]. However, the bulk of information is 
limited either by the influence of ethnicity or by 
the small sample size. Moreover, the methods 
for identifying the cut-off of MNELN are not suf-
ficiently robust due to the stage migration.

Here, we explored the relationship between  
the number of ELN and the current N staging 
(American Joint Committee on Cancer staging 
system, AJCC, 8 edition) after PD for AC pati- 
ents. In addition, we determined the MNELN 
sufficient to accurately detect the nodal invol- 
vement. Furthermore, the predictive value of 
MNELN for LN metastasis and long-term sur-
vival was validated in the NCC cohort of China.

Methods

Sources and study subjects

NCC cohort of China: The clinicopathological 
information of 324 patients who underwent 
surgery for ampullary carcinoma in the National 
Cancer Center of China, Cancer Hospital, from 
January 1998 to December 2020 were retrie- 
ved and evaluated for eligibility to this study. 
The patient inclusion criteria were: (1) Patholo- 
gically confirmed ampullary adenocarcinoma; 
(2) At least 1 LN was examined; (3) Patients 
who underwent curative PD. The patient exclu-
sion criteria were: (1) Patients with positive sur-
gical margins; (2) Patients with distant metas-
tasis; (3) Patients died during the perioperative 
period; (4) Patients with histological types other 
than adenocarcinoma, such as squamous cell 
carcinoma and neuroendocrine carcinoma; (5) 
Patients with incomplete or unavailable clinical 
information; (6) Patients with multiple primary 
cancers. Due to the retrospective nature of this 
study, the informed consent was waived by the 
ethics committee. At the end, 246 patients 
were enrolled into the study.

SEER database: The clinical information of AC 
patients deposited in the Surveillance, Epide- 
miology, and End Results database (SEER data-
base) from 2010 to 2018 were retrospectively 
reviewed. Institutional review board approval 
was not required as the SEER database is 
openly accessible. The sample inclusion crite-
ria were: (1) Patients who were microscopically 
confirmed as ampullary adenocarcinoma; (2) 
Patients who underwent PD. The sample ex- 

clusion criteria were: (1) Patients with distant 
metastasis; (2) Patients with incomplete or 
unavailable clinical information, such as race, 
degree of tumor differentiation, tumor size, and 
follow-up information; (3) The number of ELN 
was 0 or not recorded; (4) The number of posi-
tive lymph nodes (PLN) was not recorded; (5) 
Patients with multiple primary cancers. Overall, 
206 patients were eligible and were included in 
this study.

Participant follow-up

The postoperative follow-up was performed by 
telephone review, clinic visit, and death regis-
tration system. The median overall survival (OS) 
time for the patients of the NCC cohort of China 
and the SEER database was 42 months and 43 
months, respectively.

Statistical analysis

Categorical variables were represented by fre-
quency as well as percentage and were com-
pared by Chi-square test or Fisher exact test. 
Continuous variables were expressed as medi-
ans with inter-quartile range (IQR) or as means 
with standard deviation (SD). Mann-Whitney U 
test or t test was used to compare the differ-
ence between groups and continuous vari-
ables. All statistical tests were two-sided at the 
significant level of 0.05.

The threshold number of ELNs required to 
detect at least one positive LN was calculated 
by binomial probability law, which was previ-
ously described [10]. Briefly, the formula used 
for calculation is P=(1-p)n, where n is the num-
ber of ELNs, while P is the positive lymph node 
ratio (LNR) for node-positive patients. In this 
study, the threshold number of ELNs was de- 
fined as the required number of LNs to be dis-
sected with at least 95% likely to detect one or 
more positive LNs (P=5%). According to the 
threshold, we grouped the number of ELNs and 
plotted the survival curve.

To determine the optimal cut-off number of 
ELNs for survival, we established the best sur-
vival separation model using the “Survival” and 
“Survminer” packages in R software (version 
4.0.3). The corresponding P-value and hazard 
ratio (HR) were calculated with each number of 
ELNs as the cut-off value, and the smallest 
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P-value indicated the best survival separation 
cut-off number of ELNs.

Lastly, we determined the MNELN according  
to the threshold number of ELNs and the best 
survival separation cut-off number of ELNs. The 
least absolute shrinkage and selection opera-
tor (LASSO) regression analysis was conducted 
to identify the predictive value of MNELN for LN 
metastasis and long-term survival via the “glm-
net” package in the NCC cohort of China.

In this study, the results were described as haz-
ard ratio (HR), 95% confidence interval (CI), and 
P-value. A P-value less than 0.05 was consid-
ered statistically significant. All statistical anal-
yses were performed using R software (version 
4.0.3).

Results

Clinicopathologic characteristics of the study 
patients

The flowchart of the patient selection and the 
study design was presented in Figure S1. A 
total of 452 AC patients who underwent PD 
were included in this study. The baseline char-
acteristics of patients in the SEER database 
and in the NCC cohort of China were summa-
rized in Table 1. Overall, 215 AC patients 
(47.6%) had LNs metastasis (N1: 156 patients, 
34.5%; N2: 59 patients, 13.1%). The median 
number of ELN was 14. The number of ELN  
was significantly different between the SEER 
database and the NCC cohort of China (15 vs 
12; P=0.005) (Figure 1). For patients with posi-
tive LN, the median LNR was 0.150 (IQR: 
0.077~0.273) as 80 patients (17.7%) had a LNR 
between 0 and 0.1, while 58 patients (12.8%) 
had a LNR between 0.1 and 0.2. The other 77 
patients (17.0%) had a LNR greater than 0.2.

Number of ELNs and stage migration

According to the number of ELNs, AC patients 
were divided into four groups: 0<ELN≤10, 10< 
ELN≤20, 20<ELN≤30, and ELN>30. We found 
that as the number of ELN increased, the pro-
portion of patients with N1 and N2 stage was 
also significantly increased. Specifically, the 
percentage of N1 and N2 stage patients was 
24.0% and 4.0%, respectively, when the num-
ber of ELNs was between 1 and 10; however, it 

was 39.7% and 16.2%, respectively, when the 
number of ELNs was between 11 and 20. 
Furthermore, when the number of ELNs was 
between 21 and 30, it was 37.8% and 21.6%, 
respectively, and it was 45.8% and 16.7%, 
respectively, for ELN>30 (P<0.01). Moreover, 
increasing number of ELNs was associated 
with increasing proportion of LNR≤0.1 and 
decreasing proportion of LNR>0.2 (P<0.01) 
(Figure 2). Hence, our data indicated that more 
LN dissection is significant for the accurate 
assessment of lymph node status and for a 
lower probability of stage migration.

The MNELN for nodal status assessment

For the LN-positive AC patients who underwent 
PD, the overall LNR was 0.172. According to the 
binomial probability law, the threshold number 
of ELNs to be dissected with at least 95% likeli-
hood to detect one or more positive LNs was 
16. Therefore, we defined the MNELN for nodal 
status assessment was 16.

Number of ELNs and survival

The median OS for the entire patients included 
in this study was 36 months, with 3- and 5-year 
cumulate survival rate of 59.5% and 48.5%, 
respectively. There was no significant differ-
ence in survival between patients with less LN 
resection (<16) and more LN resection (≥16) in 
both the SEER database and the NCC cohort of 
China (Figure 3). 

Furthermore, according to the best survival 
separation model, we calculated the optimal 
cut-off number of ELNs with the most promi-
nent survival difference. We found that the dif-
ference in survival was most pronounced with a 
cut-off number of 3 LN dissected for LN-negative 
AC patients (P=0.002) and 38 LN dissected for 
the LN-positive AC patients (P=0.026) (Figure 
4).

Validation of MNELN for predicting LNs metas-
tasis and OS

From the analysis above, we determined the 
MNELN for AC patients with PD was 16. Since 
important clinical information was missing in 
the SEER database, we further validated the 
clinical value of MNELN in the NCC cohort of 
China. The ELN was divided into two groups 
according to the MNELN: ELN<16 and ELN≥ 
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Table 1. Comparison in the baseline characteristics of ampullary adenocarcinoma patients from SEER database and National Cancer Center 
cohort of China
Variables Total (n=452) SEER Database (n=206) NCC Cohort (China) (n=246) P-value Methods
Sex, n (%) 0.75 Chi-square test
    Male 256 (56.637) 115 (55.825) 141 (57.317)
    Female 196 (43.363) 91 (44.175) 105 (42.683)
Race, n (%) nan Chi-square test
    White 159 (35.177) 159 (77.184) 0 (0.000)
    Black 21 (4.646) 21 (10.194) 0 (0.000)
    Other 272 (60.177) 26 (12.621) 246 (100.000)
Age, median [IQR] 61.000 [53.000, 69.000] 65.000 [57.000, 75.000] 58.000 [50.000, 65.000] <0.001 Mannwhitney-U
Differentiation, n (%) 0.005 Chi-square test
    Poor 173 (38.274) 73 (35.437) 100 (40.650)
    Moderate 212 (46.903) 112 (54.369) 100 (40.650)
    Well 67 (14.823) 21 (10.194) 46 (18.699)
Tumor size, mean (SD) 2.376 (1.112) 2.349 (1.217) 2.398 (1.018) 0.644 t-test
ELN, median [IQR] 14.000 [9.000, 19.000] 15.000 [11.000, 20.000] 12.000 [8.000, 19.000] 0.005 Mannwhitney-U
ELN group, n (%) <0.001 Chi-square test
    0<ELN≤10 137 (30.310) 38 (18.447) 99 (40.244)
    10<ELN≤20 209 (46.239) 115 (55.825) 94 (38.211)
    20<ELN≤30 81 (17.920) 39 (18.932) 42 (17.073)
    ELN>30 25 (5.531) 14 (6.796) 11 (4.472)
PLN, median [IQR] 0.000 [0.000, 2.000] 1.000 [0.000, 3.000] 0.000 [0.000, 1.000] <0.001 Mannwhitney-U
N Stage (AJCC, 8 edition), n (%) <0.001 Chi-square test
    N0 237 (52.434) 72 (34.951) 165 (67.073)
    N1 156 (34.513) 91 (44.175) 65 (26.423)
    N2 59 (13.053) 43 (20.874) 16 (6.504)
LNR, median [IQR] 0.000 [0.000, 0.143] 0.079 [0.000, 0.211] 0.000 [0.000, 0.065] <0.001 Mannwhitney-U
LNR group, n (%) <0.001 Chi-square test
    LNR=0 237 (52.434) 72 (34.951) 165 (67.073)
    0<LNR≤0.1 80 (17.699) 46 (22.330) 34 (13.821)
    0.1<LNR≤0.2 58 (12.832) 36 (17.476) 22 (8.943)
    LNR>0.2 77 (17.035) 52 (25.243) 25 (10.163)
Survival months, mean (SD) 42.223 (33.142) 42.961 (27.310) 41.595 (37.385) 0.665 t-test
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Figure 2. The distribution of nodal status and LNR with ELNs in the SEER database and the NCC cohort of China. 
The relationship between LNR and ELN was assessed only in patients with positive nodes (n=215).

Figure 1. The distribution of the number of ELN in SEER database and the NCC cohort of China. 

16. The clinicopathologic characteristics of 
LN-positive and LN-negative AC patients who 
underwent PD were compared and illustrated 
in Table 2. The median number of ELN was 12, 
while the number of ELN was significantly lower 

in the LN-negative patients than in the LN- 
positive patients (10 vs 17; P<0.001).

In the NCC cohort of China, three potential pre-
dictors for LN metastasis: T stage, differentia-



Proper lymph node dissection

345 Am J Cancer Res 2023;13(1):340-351

Figure 3. The overall survival curves according to the level of lymph node dissection performed. 

tion, and ELN group, were identified with non-
zero coefficients by the LASSO-logistic regre- 
ssion model (Figure 5A and 5B; Table S1). 
However, in the LASSO-cox regression model, 
the N stage instead of the ELN group was iden-
tified as a prognostic factor for OS in the NCC 
cohort of China (Figures 5C and 5D; Table S2).

Discussion

Currently, there is no definitive guideline re- 
garding MNELN for the accurate lymph node 
staging of ampullary adenocarcinoma. Previous 
studies have reported MNELN of AC patients; 
however, the conclusions were mainly drawn 
from the perspective of survival difference, and 
thus the results are quite different [8, 9, 11-14]. 
In this study, the stage migration analysis dem-
onstrated that an increasing number of ELNs 
was significantly correlated with a higher pro-
portion of more advanced N stage in AC pa- 
tients. By analyzing the stage migration and 
survival differences simultaneously, we deter-
mined 16 as the minimal number of lymph 
nodes to be dissected during PD in AC patients.

Lymph node assessment is crucial for postop-
erative adjuvant therapy and the prognosis  
of ampullary carcinoma. Examining sufficient 
number of ELNs can avoid the stage migration, 
thus ensuring the accurate lymph node assess-
ment. Previous studies have indicated that 
when the number of ELNs is suboptimal, stage 
migration is prone to occur and may affect the 
long-term survival in various cancers, including 
distal bile duct cancer [15], pancreas ductal 
adenocarcinoma [16, 17], esophageal squa-
mous cell carcinoma [18], and non-small-cell 

lung cancer [19]. Nevertheless, our study is the 
first to evaluate the association between the 
number of ELNs and stage migration. We dem-
onstrated that the effects of the number of 
ELNs on nodal assessment could be reflected 
from multiple perspectives. First, the number of 
ELNs was significantly higher in node-positive 
AC patients than in node-negative patients, 
both in the SEER database and the NCC cohort 
of China. Second, the proportions of N1 and N2 
stage were significantly increased with increas-
ing number of ELNs. Third, for the node-positive 
AC patients, increasing number of ELNs was 
significantly associated with increasing propor-
tion of lower LNR value and decreasing propor-
tion of higher LNR value. Collectively, our data 
indicated the importance of assessing enough 
number of ELNs to accurately evaluate the 
nodal status of AC patients.

Furthermore, our study determined the MNELN 
as 16 during PD for AC patients based on the 
nodal evaluation and survival analysis. Although 
this result appears to be inconsistent with sev-
eral published studies, in which different num-
ber of ELNs, ranging from 12-17, was suggested 
to be adequate [8, 9, 11-14], both a retro- 
spective cohort study conducted in Italy [14] 
and a SEER based study [12] also recommend-
ed that at least 16 LNs should be removed dur-
ing PD for AC patients to improve the long-term 
survival. Multiple reasons may account for the 
discrepancy. First, although the binomial proba-
bilistic models have been confirmed to be ro- 
bust to evaluate the MNELN for patients under-
went PD [10], previous studies used survival 
difference to determine the MNELN through 
Cox regression models, which had lower sensi-
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Figure 4. The optimal cut-off number of ELNs according to the best separation model. A. Volcano plot to determine 
the cut-off of ELNs for total patients; B. Survival curves according to the cut-off of ELNs for total patients; C. Volcano 
plot to determine the cut-off of ELNs for LN-positive patients; D. Survival curves according to the cut-off of ELNs for 
LN-positive patients; E. Volcano plot to determine the cut-off of ELNs for LN-negative patients; F. Survival curves 
according to the cut-off of ELNs for LN-negative patients.

tivity. Second, the technique for pathological 
examination of LNs did differ among different 

individuals and centers. A study conducted in 
Methodist Dallas Medical Center reported that 
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Table 2. Clinicopathological characteristics of lymph nodes negative patients and lymph nodes positive patients in National Cancer Center co-
hort of China
Variables Total (n=246) LN-Negative (n=165) LN-Positive (n=81) P-value Methods
Sex, n (%) 0.225 Chi-square test
    Male 141 (57.317) 99 (60.000) 42 (51.852)
    Female 105 (42.683) 66 (40.000) 39 (48.148)
Age, median [IQR] 58.000 [50.000, 65.000] 57.000 [49.000, 64.000] 59.000 [53.000, 65.000] 0.105 Mannwhitney-U
Preoperative jaundice, n (%) 0.025 Chi-square test
    No 68 (27.642) 53 (32.121) 15 (18.519)
    Yes 178 (72.358) 112 (67.879) 66 (81.481)
Tumor size, median [IQR] 2.200 [1.500, 3.000] 2.000 [1.500, 3.000] 2.500 [1.800, 3.000] 0.034 Mannwhitney-U
Differentiation, n (%) <0.001 Chi-square test
    Poor 100 (40.650) 54 (32.727) 46 (56.790)
    Moderate 100 (40.650) 69 (41.818) 31 (38.272)
    Well 46 (18.699) 42 (25.455) 4 (4.938)
Preoperative platelet count (109/L), median [IQR] 249.000 [205.000, 313.000] 253.000 [202.000, 324.000] 247.000 [213.000, 292.000] 0.593 Mannwhitney-U
Preoperative lymphocyte count (109/L), median [IQR] 1.520 [1.170, 2.000] 1.550 [1.210, 2.000] 1.450 [1.140, 1.930] 0.157 Mannwhitney-U
Preoperative neutrophil count (109/L), median [IQR] 4.060 [3.220, 5.760] 4.050 [3.220, 5.770] 4.090 [3.320, 5.710] 0.718 Mannwhitney-U
Preoperative CEA (ng/mL), median [IQR] 2.600 [1.820, 3.780] 2.590 [1.750, 3.670] 2.750 [1.890, 4.480] 0.356 Mannwhitney-U
Preoperative CA199 (U/mL), median [IQR] 68.360 [20.320, 198.000] 55.800 [17.160, 169.600] 78.680 [28.580, 292.700] 0.046 Mannwhitney-U
ELN, median [IQR] 12.000 [8.000, 19.000] 10.000 [7.000, 16.000] 17.000 [11.000, 21.000] <0.001 Mannwhitney-U
Operation time, n (%) 0.673 Chi-square test
    ≤3 h 3 (1.220) 2 (1.212) 1 (1.235)
    >3 h and ≤6 h 173 (70.325) 119 (72.121) 54 (66.667)
    >6 h 70 (28.455) 44 (26.667) 26 (32.099)
Blood transfusion, n (%) 0.558 Chi-square test
    No 121 (49.187) 79 (47.879) 42 (51.852)
    Yes 125 (50.813) 86 (52.121) 39 (48.148)
T stage (AJCC, 8 edition), n (%) <0.001 Chi-square test
    T1 32 (13.008) 31 (18.788) 1 (1.235)
    T2 80 (32.520) 62 (37.576) 18 (22.222)
    T3 126 (51.220) 71 (43.030) 55 (67.901)
    T4 8 (3.252) 1 (0.606) 7 (8.642)
TNM stage (AJCC, 8 edition), n (%) nan Chi-square test
    I 93 (37.805) 93 (56.364) 0 (0.000)
    II 103 (41.870) 70 (42.424) 33 (40.741)
    III 50 (20.325) 2 (1.212) 48 (59.259)
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Vessel invasion, n (%) <0.001 Chi-square test
    No 177 (71.951) 139 (84.242) 38 (46.914)
    Yes 69 (28.049) 26 (15.758) 43 (53.086)
Postoperative complications, n (%) 0.347 Chi-square test
    No 141 (57.317) 98 (59.394) 43 (53.086)
    Yes 105 (42.683) 67 (40.606) 38 (46.914)
Adjuvant treatment, n (%) <0.001 Chi-square test
    No 153 (62.195) 125 (75.758) 28 (34.568)
    Yes 68 (27.642) 33 (20.000) 35 (43.210)
    Unknown 25 (10.163) 7 (4.242) 18 (22.222)
Recurrence, n (%) 0.008 Chi-square test
    No 139 (56.504) 103 (62.424) 36 (44.444)
    Yes 107 (43.496) 62 (37.576) 45 (55.556)
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the median numbers of LNs retrieved from the 
PD specimens by pathologists were obviously 
improved (from 11 to 22) after training [20]. 
Third, multiple factors may influence the prog-
nosis of AC patients, which may lead to certain 
differences of the MNELN determined among 
different studies. For example, lymph node sta-
tus is an important indicator of postoperative 
adjuvant therapy [2]; however, when the num-

ber of dissected lymph nodes is insufficient, 
the stage migration will occur and influence the 
selection of postoperative adjuvant therapy, 
thereby affecting the overall prognosis. Four, 
the biological differences among races [21] 
may influence the study outcomes of survival 
and MNELNs. In our study, we combined the 
SEER database with the NCC cohort of China to 
reduce this bias. Finally, the relatively small 

Figure 5. Plots for LASSO regression coefficients over different values of the penalty parameter. A. LASSO-logistic 
analysis to select the predictors of LN metastasis; B. Cross validation plot in LASSO-logistic model; C. LASSO-cox 
analysis to select the predictors of OS; D. Cross validation plot in LASSO-cox model.
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sample size in some previous studies might 
potentially reduce the statistical power.

Our study was also the first to apply binomial 
probabilistic model to determine the MNELN for 
AC patients. To further validate our results clini-
cally, we constructed the best survival separa-
tion model separately for node-negative and 
positive patients. To address potential con-
founding, we performed the LASSO regression 
model and further validated the accuracy and 
reliability our MNELN. Although the MNELN in 
our study was not an independent prognostic 
factor, it was an independent predictor of LN 
metastasis. Therefore, we speculated that the 
difference in survival due to the number of 
ELNs is mainly caused by the insufficient 
assessment of LN metastasis.

The major limitations of the current study were 
its retrospective nature and relatively small 
sample size. In addition, the SEER database 
also lacks several important clinical informa-
tion, including the surgical margin status, 
detailed adjuvant treatment, and recurrence; 
hence, we were unable to investigate the key 
relationship between ELNs and tumor recur-
rence. Furthermore, two potential biases might 
cause the miscount of the ELNs, which should 
be addressed in future study. One comes from 
either the fusion of LNs which results in the 
undercounts of ELNs, or the incomplete LNs 
which result in increased counts of ELNs. The 
other bias lies in the proficiency of pathologists 
who are extremely important for ELN counts, as 
trained pathologists count significantly more 
ELNs than untrained pathologists [20].

In conclusion, a greater number of ELNs were 
significantly associated with nodal status as- 
sessment in PD for AC patients. We recom-
mend that at least 16 lymph nodes should be 
examined during PD in AC patients in order to 
evaluate the postoperative N staging and long-
term survival.
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Table S1. Coefficients of clinicopathologic values in the Lasso-logistic model
Variables Coef.
T stage -0.08
ELN group 0.135
Differentiation -0.018

Table S2. Coefficients of clinicopathologic values in the Lasso-Cox model
Variables Coef.
Age 0.005
Preoperative jaundice -0.269
T stage 0.207
N stage -0.205
Postoperative complications -0.027
Preoperative platelet count -0.001

Figure S1. The flow-chart of the patient selection and study analysis.


