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Abstract: There has been a long-standing controversy regarding the number of lymph nodes (LNs) examined in-
traoperatively for accurate lymphatic staging and significantly better survival of patients with pancreatic ductal 
adenocarcinoma (PDAC), and no consensus has been reached for the elderly with the age of over 75 years. Given 
these, the present study aims to investigate the appropriate number of examined lymph nodes (ELNs) for elderly 
patients mentioned above. In this study, population-based data on 20,125 patients in 2000 to 2019 from the Sur-
veillance, Epidemiology, and End Results database were reviewed retrospectively. The eighth edition staging system 
of the American Joint Committee on Cancer (AJCC) was applied. Propensity score matching (PSM) was performed 
to reduce the effects of multiple biases. By using binomial probability law and maximally selected rank statistics, 
the minimum number of ELN (MNELN) for accurate nodal involvement assessment and optimal ELN number for 
significantly better survival were calculated, respectively. In addition, Kaplan-Meier curves and Cox proportional 
hazard regression models were constructed for further survival analysis. As a result, 6623 patients were enrolled 
in total in the study. Elderly patients had fewer lymph node metastases and a smaller lymph node ratio (LNR) (all 
P<0.05). However, poorer overall survival (OS) and cancer-specific survival (CSS) of elderly patients were observed 
in each pN stage (all P<0.05), except for CSS in N2. The proportions of N2 and N0 stages increased and decreased 
respectively with increasing number of ELN significantly. MNELN for accurate nodal assessment was 19 according 
to binomial probability law, and the optimal ELN number for significantly better survival was 17. Additionally, the 
number of ELN (<17 or ≥17) was also considered a strong prognostic predictor for elderly PDAC patients (≥75 years) 
in the Cox proportional hazard regression model (Overall survival: hazard ratio [HR]=0.74, 95% confidence interval 
[CI]: 0.65-0.83, P<0.001; Cancer-specific survival: HR=0.75, 95% CI: 0.66-0.85, P<0.001). In conclusion, extended 
lymphadenectomy is suitable for elderly PDAC patients undergoing curative-intent surgery owing to an accurate 
assessment of nodal status and improved long-term prognosis. However, a random, prospective clinical trial is war-
ranted before the recommendation of extended lymphadenectomy for the elderly.

Keywords: Pancreatic ductal adenocarcinoma, examined lymph node, extended lymphadenectomy, elderly pa-
tients, long-term survival, accurate staging

Introduction

Pancreatic cancer (PAC) has caused a great dis-
ease burden in the world and is on track to 
become the leading cause of cancer-related 
mortality [1]. The annual number of diagnosed 
PAC patients worldwide surged exponentially  
in recent decades from 196,000 in 1990 to 
441,000 in 2017 [2]. Among the various sub-
types of PAC, pancreatic ductal adenocarcino-
ma (PDAC) accounts for the majority. The long-

term prognosis of PDAC patients is abysmal 
with an overall 5-year survival rate of 8% [3]. To 
date, surgical resection is still the only poten-
tially curative management for it [4]. Lymph 
node (LN) status has proved to be one of  
the strongest prognostic predictors for PDAC 
patients [5]. An appropriate number of exam-
ined lymph node (ELN) is of great importance  
to achieve an accurate assessment of nodal 
status and improves long-term survival [6]. A 
threshold of 11 to 22 ELNs is recommended for 
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PDAC patients according to studies from multi-
ple countries and regions [7-11]. From the 
guidelines, American Joint Committee on Can- 
cer (AJCC) and Union for International Cancer 
Control (UICC) recommend the resection of ≥10 
LNs to evaluate nodal involvement status [12]. 
A minimum of 15 ELNs is recommended for 
accurate staging assessment according to the 
European Society for Medical Oncology (ESMO) 
and the International Study Group on Pancrea- 
tic Surgery (ISGPS) [6, 13]. However, the Na- 
tional Comprehensive Cancer Network (NCCN) 
has not given a specific indication of the exact 
number of ELNs [5]. 

Tumor stage and grade are associated with the 
likelihood of lymph node metastasis in PDAC 
[14, 15]. Nevertheless, relying solely on staging 
and grading to forecast lymph node metastasis 
is not adequate. Including other crucial prog-
nostic factors, such as age, could enhance 
patient risk stratification, allowing for the selec-
tion of more optimal, multi-modal treatments 
for high-risk individuals and ultimately improv-
ing their prognosis. Considering the relation-
ship between LN metastasis and the age of 
patients, a variety of studies achieved a rela-
tively consistent conclusion that there were sig-
nificantly fewer positive-LNs detected in elderly 
patients with various cancer types, such as 
colon cancer [16-18], bladder urothelial carci-
noma [19], melanoma Patients [20] and so on. 
However, there was no investigation published 
to determine such association for PDAC pa- 
tients. Such effect of age on positive-LNs in 
multiple cancer types may be owing to various 
biological heterogeneity between the young 
and the old. As individuals age, their bodies 
undergo numerous changes, including altera-
tions in their lymph nodes [21]. The aging pro-
cess can lead to a decline in the cortex and 
medulla of the lymph nodes, as well as an 
increase in the degeneration of lymph nodes, 
resulting in the development of inactive nodes 
without lymph node tissue. These changes ulti-
mately lead to reduced lymph flow and retrac-
tion of the lymph nodes [22, 23]. 

Given the aforementioned considerations, the 
present population-based study was designed 
and conducted primarily to determine the mini-
mum number of ELN (MNELN) for accurate 
nodal involvement evaluation and optimal ELN 
count for significantly better survival, while 

investigating the relationship between positive-
nodes number and age of PDAC patients.

Methods

Patients and study design

The clinicopathologic and demographic data of 
patients with pancreatic cancer (PAC) was 
investigated from the Surveillance, Epidemio- 
logy, and End Results (SEER) database, which 
is an authoritative program supported by 
National Cancer Institute (NCI). “SEER Resear- 
ch Plus Data. 17 Registries. Nov2021 Sub 
(2000-2019)” was selected and individual-level 
data of patients with one primary malignant 
carcinoma of the pancreas were consecutively 
collected. All these patients were histologically 
diagnosed with complete information of age, 
sex, race, year of diagnosis, primary site, thera-
py record, and follow-up record. The inclusion 
criteria were as follows: (i) Patients with pancre-
atic ductal adenocarcinoma; (ii) Patients un- 
dergoing curative surgery; (iii) Patients diag-
nosed pathologically. Then, exclusion criteria 
were listed hereafter: (i) Patients with any neo-
adjuvant therapy before surgery; (ii) Patients 
with distant metastasis; (iii) Patients with 
incomplete information, such as examined 
lymph node, positive lymph node, tumor size, 
and pTNM stage. After screening according to 
the criteria mentioned above, 6623 patients 
were included in the study. Figure 1 was the 
flow chart showing the patient selection pro-
cess. All the data was collected under the  
SEER data with the agreement (ID: 16402- 
Nov2021).

Covariates and data reprocessing

There are four main parts about covariates in 
this study: (a) Clinical characteristics data, such 
as gender, age, race and so on; (b) Pathologic 
characteristics data, such as tumor size, loca-
tion (rearrangement into pancreas head and 
body/tail), grade (differentiation), pTNM stage 
(all the staging data were organized according 
to American Joint Committee on Cancer stag- 
ing system, AJCC, 8th edition), examined lymph 
node (ELN), regional node positive (RNP), lymph 
node ration (LNR, the ratio of RNP divided by 
ELN); (c) Treatment record, such as radiation, 
chemotherapy, systemic therapy and so on; (d) 
Survival information, such as overall survival 
(OS) and cancer-specific survival (CSS).
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Figure 1. Flow chart for the patient selection process.

Statistical analysis

All the two-sided statistical tests in this study 
were conducted using GraphPad Prism for 
Windows (version 8.0.1) and R software for 
Windows (version 4.2.0). Positive lymph nodes 
number and LNR of various age groups were 
analyzed with Brown-Forsythe and Welch 
ANOVA tests. Symbol “###” in figures repre-
sented a reference group compared by other 
groups. To identify the different quantitative 
and categorical variables in the baseline char-
acteristics of the elderly and non-elderly PDAC 
patients (with a cut-off of 75 years), one-way 
analysis of variance (one-way ANOVA) and chi-
square test were performed, respectively. We 
defined statistical significance as *P<0.05, 
**P<0.01, ***P<0.001, and ****P<0.0001.

Propensity score matching (PSM) was conduct-
ed using R software to adjust the imbalance  
of sex, race, tumor size, grade, chemotherapy, 
radiation, systemic therapy, tumor location, 

and pT staging between <75 
and ≥75 years patient groups 
(ratio =1, caliper =0.02).

In order to determine the num-
ber of ELN for accurate evalua-
tion of nodal involvement, we 
adopted the method of bino-
mial probability law, which has 
been demonstrated previously 
[9]. We built the binomial pr- 
obabilistic model according to 
the formula: P=1 - (1 - p)n, 
where p was global LNR (sum 
of all positive nodes/sum of  
all examined nodes), n was 
threshold number of ELNs to 
detect one or exceeding 1 pos-
itive nodes, P was the proba-
bility for harvesting one or 
more positive nodes and we 
defined P as 95% in this 
formula. 

Maximally selected rank sta-
tistics was performed to find 
optimal number of ELN for sig-
nificantly better survival. This 
method is a computer algo-
rithm, which provides the clas-

sification of observations into two groups with 
the maximum significance by a continuous or 
ordinal predictor variable [24]. Then, Kaplan-
Meier survival curves of groups were performed 
with log-rank test and depicted using R soft-
ware packages “survival”, and “survminer” (R 
version 4.2.0). In the multivariate Cox propor-
tional hazard regression analysis, all factors in 
univariate model with P<0.1 were included to 
determine the independent factors of progno-
sis, and the predictive significance of calculat-
ed ELN count was verified by the way. 

Result

Epidemiological trends by age group

A total of 6623 PDAC patients met the inclusion 
criteria and were surveyed in the study. The 
baseline characteristics containing main co- 
variates of these patients were summarized in 
Table 1. We counted the number of patients 
with PDAC and those with positive lymph nodes 
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Table 1. The baseline characteristics of overall patients 
with PDAC

Characteristics Overall
(N=6623)

Sex, N (%)
    Female 3246 (49.0%)
    Male 3377 (51.0%)
Age, N (%)
    <45 187 (2.8%)
    ≥75 1562 (23.6%)
    45-55 756 (11.4%)
    55-65 1926 (29.1%)
    65-75 2192 (33.1%)
Race, N (%)
    American Indian/Alaska Native 33 (0.5%)
    Asian or Pacific Islander 568 (8.6%)
    Black 652 (9.8%)
    White 5370 (81.1%)
Location, N (%)
    Body/Tail of pancreas 1047 (15.8%)
    Head of the pancreas 5576 (84.2%)
Grade, N (%)
    Moderately differentiated; Grade II 3347 (50.5%)
    Poorly differentiated; Grade III 2511 (37.9%)
    Undifferentiated; anaplastic; Grade IV 68 (1.0%)
    Well-differentiated; Grade I 697 (10.5%)
Size
    Mean (SD) 34.5 (21.2)
    Median [Min, Max] 31.0 [1.00, 700]
Ajcc 8th edition T, N (%)
    T1 1112 (16.8%)
    T2 3892 (58.8%)
    T3 1511 (22.8%)
    T4 108 (1.6%)
Ajcc 8th edition N, N (%)
    N0 2122 (32.0%)
    N1 2758 (41.6%)
    N2 1743 (26.3%)
Radiation, N (%)
    No radiation 4506 (68.0%)
    Radiation after surgery 2117 (32.0%)
Chemotherapy, N (%)
    No/Unknown 2163 (32.7%)
    Yes 4460 (67.3%)
Systemic therapy, N (%)
    No systemic therapy 2158 (32.6%)
    Systemic therapy after surgery 4465 (67.4%)
ELN
    Mean (SD) 16.4 (9.54)
    Median [Min, Max] 15.0 [1.00, 82.0]

in multiple age groups (<45, 45-54, 
55-64, 65-74, ≥75) from 2006 to 
2015. The results of the line graphs 
were depicted and shown in Figure 2. 
It demonstrated that there was an 
upward trend in the number of PDAC 
patients ≥55 years old and those with 
positive lymph nodes, while there was 
minor trend of change in patients <55 
years old.

Lymph node involvement and stage 
migration

The number of positive lymph nodes 
(pLNs) and LNR in various aforemen-
tioned age groups were compared 
and shown in Figure 3. Compared 
with patients ≥75 years old, pLNs 
decreased with increasing years of 
age, except for <45 group (P<0.001). 
In addition, the value of LNR showed 
a similar tendency, except for <45 
and 65-74 groups (P<0.05). Con- 
sidering the relatively small number 
of patients <45 years old and the 
potential for interference with trend 
judgments, we divided patients into 
<75 and ≥75 groups. As is shown in 
Figure 4A, 4B, the number of pLNs 
and LNR of patients ≥75 years old 
was significantly lower (P<0.01). Fur- 
thermore, ≥75 years patients were 
divided into four groups according  
to the number of ELNs: ELN<10, 
10≤ELN<20, 20≤ELN<30, ELN≥30. 
The proportion of N2 increased dra-
matically with increasing number of 
ELNs (9.1%, 26.3%, 37.6%, and 
45.3%, P<0.001), while the propor-
tion of N0 showed a considerably 
reverse trend (47.5%, 29.9%, 24.6%, 
and 18.8%, P<0.001) (Figure 4C). 
Accordingly, the results can be drawn 
that the elderly patients needed  
more ELNs for accurate evaluation of 
lymph involvement and reduced sta- 
ge migration.

Baseline characteristics

Propensity score matching was per-
formed to improve component com-
parability across variables and reduce 
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RNP
    Mean (SD) 2.58 (3.29)
    Median [Min, Max] 2.00 [0, 32.0]
LNR
    Mean (SD) 0.169 (0.198)
    Median [Min, Max] 0.105 [0, 1.00]
Survival
    Mean (SD) 30.4 (31.1)
    Median [Min, Max] 19.0 [0, 167]

multiple biases between patients in <75 and 
≥75 years groups, and the distribution of pro-
pensity scores was shown in Figure 5. The pro-
pensity score refers to the conditional probabil-
ity of dividing any individual into ≥75 years 
group under a given set of variables. After cal-
culation, each individual can obtain a propen-
sity score, and the covariates of individuals 
with similar propensity scores among <75 and 
≥75 years groups are balanced. The baseline 
characteristics data of the two groups before 
and after PSM operation were sorted, as shown 
in Table 2. Before PSM, 5061 cases of age <75 
(non-elderly group) and 1562 cases of age ≥75 
(elderly group) were identified. Compared with 
the non-elderly group, the elderly group tended 
to have more female patients (56.9% vs. 
46.6%), a higher proportion of white (85% vs. 
79.9%), fewer patients with PDAC located at  
the head of the pancreas (81.8% vs. 84.9%). 
Considering the staging of AJCC 8th edition,  
the proportion of elderly patients with stage N0 
was higher than that in the non-elderly group 
(35.7% vs. 30.9%). However, the survival of the 
elderly group was poorer than that of the 
patients <75 years old (mean [Standard De- 
viation, SD], 25.7 [27.7] months vs. 31.8 [32.0] 
months). In terms of neoadjuvant therapy, the 
proportion of patients receiving radiotherapy, 
chemotherapy and systemic treatment in the 
non-elderly group was more than that in the 
elderly group (35.9% vs. 19.1%, 72.6% vs. 
50.3%, and 72.7% vs. 50.4%). There was no 
statistical significance of grade, size, and pT 
staging between the two groups. After 1:1  
PSM, 1551 well-matched patients in the elderly 
group and the non-elderly group were enroll- 
ed. As expected, the baseline characteristics 
between the two groups were no longer sta- 
tistically significant, implying that the imbal-
ance between the two groups was eliminated.

Survival analysis 

The Kaplan-Meier survival analyses 
of PSM-matched PDAC patients (≥75 
years old) were performed and 
depicted in multiple conditions. For 
both OS and CSS, the survival of the 
elderly patients was poorer in the 
more-advanced N stage (P<0.0001) 
(Figure 6A, 6B). The analysis showed 
that even in the same lymphatic stag-
ing (pN0, pN1 and pN2), the survival 

of the elderly was also poorer (all P<0.05), 
except for CSS in N2 (Figure 6C-H). Combined 
with the fewer pLNs, smaller LNR and the stage 
migration of elderly patients mentioned above, 
these significant differences in survival once 
again suggested that the current ELN number 
for elderly patients was too limited to obtain 
intrinsic staging of lymph nodes.

Determination of ELN number

Among the 1551 elderly patients (≥75 years 
old) after PSM matching, the global LNR was 
0.146. According to the formula of binomial 
probability law: P=1 - (1 - p)n, the ELN thre- 
shold (n) for detecting at least one positive 
lymph node with 95% confidence was 19. 
Therefore, we identified the minimum number 
of ELN (MNELN) for accurate lymphatic stag- 
ing as 19. Meanwhile, MNELNs of subgroups 
divided by tumor location were calculated in  
the same way. As a result, MNELNs for accurate 
nodal evaluation of pancreatic head and body/
tail adenocarcinoma were 25 and 18, res- 
pectively.

Furthermore, through the ranking statistics of 
the maximum selection of 1551 matched elder-
ly patients, the cutting points of OS and CSS 
were defined as 16, and the statistics were 
4.05 and 3.54, respectively (Figure 7A, 7C). It 
indicated a statistically significant difference  
in survival between the ELN≥17 and ELN≤16 
patient groups (P<0.001), hence the optimal 
ELN number was 17 in this case. Then, Kaplan-
Meier survival curves of patients grouped by 
calculated ELN for OS and CSS were depicted 
(Figure 7B, 7D). In addition, the optimal ELN 
numbers of the pancreatic head and body/tail 
adenocarcinoma subgroups were determined 
and summarized in Tables 3, 4. 
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Figure 2. Epidemiological trends for PDAC patients in various age groups. A. Trends for the number of patients. B. 
Trends for the number of patients with nodal metastasis.

Figure 3. The status of nodal involvement for PDAC patients in different age groups. A. Number of positive nodes in 
various age groups. B. Lymph node ratio in various age groups.

Figure 4. The status of nodal involvement for PDAC patients. A. Number of positive nodes in patients with ages of 
<75 and ≥75 years. B. Lymph node ratio of patients in the two age groups. C. Proportions of pN0, pN1, pN2 for 
patients in different ELN groups.
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Figure 5. The distribution of propensity scores. A. Distribution of propensity scores. B. The proportion of propensity 
scores before and after matching.

Prognostic predictor of elderly PDAC patients

In the multivariate Cox proportional hazard 
regression model, all significant factors in uni-
variate model with P<0.1 were included. Ac- 
cording to the results of analysis, tumor grade 
(differentiation), pT staging, pN staging, radia-
tion history, examined lymph node (ELN) ≥17 
vs. <17, and lymph node ratio (LNR) were iden- 
tified to be predictors of elderly patients’ OS, 
whereas tumor location replaced radiotherapy 
as a prognostic factor of CSS (all P<0.05) 
(Tables 5, 6). It was noteworthy that ELN 
grouped by optimal number aforementioned 
served as a strong prognostic predictor of sur-
vival (OS: HR=0.74, 95% CI: 0.65-0.83, P< 
0.001; CSS: HR=0.75, 95% CI: 0.66-0.85, 
P<0.001). 

Discussions

Pancreatic ductal adenocarcinoma (PDAC) ma- 
inly develops in the elderly with a peak inci-
dence of 60 to 80 years old, and the status of 
nodal involvement was identified as a strong 
predictor for long-term prognosis of the pa- 
tients [5, 25]. This analysis determined a 
threshold for the number of ELNs to accurately 
access node status. Moreover, the optimal 
number of ELNs for significantly better survival 
was defined as well. These useful insights were 
provided into the significance of extended 
lymphadenectomy for elderly PDAC patients, 

which can yet be regarded as an option for sur-
geons. Additionally, the obtained ELN number 
in the study can also be utilized as a criterion 
for evaluating the quality of LN resection for 
patients aforementioned in the future.

Regarding accurate assessment of nodal sta-
tus, it was demonstrated that 19 ELNs provid-
ed the guarantee for accurate lymphatic stag-
ing of elderly PDAC patients with a confidence 
of 95%. However, the preliminary evidence 
appeared to be different from ours. A thre- 
shold of 10 or 15 ELNs is recommended by the 
guidelines including AJCC, UICC, ESMO, and 
ISGPS [6, 12, 13]. Nevertheless, a minimum 
ELN number ranging from 11 to 18 was identi-
fied as appropriate according to previous stud-
ies [7-10]. Considering the reasons for the dis-
crepancy, the specific situation named stage 
migration should be taken into consideration. 
In recent years, accumulative evidence demon-
strated that young age increased the risk for  
LN metastasis in patients with various cancer 
types [16, 17, 19, 20]. A consistent result was 
drawn from our analysis that PDAC patients 
≥75 years old had significantly fewer metastat-
ic LNs and smaller LNR than those <75 years 
old, indicating that it was difficult to obtain 
authentic positive nodes for accurate lymphat-
ic staging. According to recent studies, smaller 
LNR was proved to be a valuable predictor for 
better long-term survival [8, 26-28]. However, 
elderly patients with smaller LNR in this study 
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Table 2. Characteristic comparison of patients in the two age groups before and after PSM matching

Characteristics
Unmatched Data After Propensity Score Matching

Age <75 
(N=5061)

Age ≥75 
(N=1562) P-value Age <75 

(N=1551)
Age ≥75 

(N=1551) P-value

Sex, N (%)

    Female 2357 (46.6%) 889 (56.9%) <0.001 880 (56.7%) 879 (56.7%) 0.999

    Male 2704 (53.4%) 673 (43.1%) 671 (43.3%) 672 (43.3%)

Race, N (%)

    American Indian/Alaska Native 28 (0.6%) 5 (0.3%) <0.001 3 (0.2%) 5 (0.3%) 0.949

    Asian or Pacific Islander 417 (8.2%) 151 (9.7%) 136 (8.8%) 147 (9.5%)

    Black 573 (11.3%) 79 (5.1%) 70 (4.5%) 79 (5.1%)

    White 4043 (79.9%) 1327 (85.0%) 1342 (86.5%) 1320 (85.1%)

Location, N (%)

    Body/Tail of pancreas 762 (15.1%) 285 (18.2%) 0.0104 266 (17.2%) 276 (17.8%) 0.894

    Head of the pancreas 4299 (84.9%) 1277 (81.8%) 1285 (82.8%) 1275 (82.2%)

Grade, N (%)

    Moderately differentiated; Grade II 2551 (50.4%) 796 (51.0%) 0.911 794 (51.2%) 787 (50.7%) 0.937

    Poorly differentiated; Grade III 1929 (38.1%) 582 (37.3%) 596 (38.4%) 580 (37.4%)

    Undifferentiated; anaplastic; Grade IV 56 (1.1%) 12 (0.8%) 10 (0.6%) 12 (0.8%)

    Well-differentiated; Grade I 525 (10.4%) 172 (11.0%) 151 (9.7%) 172 (11.1%)

Size

    Mean (SD) 34.7 (22.6) 33.6 (15.8) 0.0853 33.4 (15.8) 33.7 (15.9) 0.931

    Median [Min, Max] 31.0 [1.00, 700] 30.0 [1.00, 240] 30.0 [1.00, 165] 30.0 [1.00, 240]

Ajcc 8th edition T, N (%)

    T1 850 (16.8%) 262 (16.8%) 0.334 281 (18.1%) 259 (16.7%) 0.861

    T2 2939 (58.1%) 953 (61.0%) 934 (60.2%) 946 (61.0%)

    T3 1183 (23.4%) 328 (21.0%) 324 (20.9%) 327 (21.1%)

    T4 89 (1.8%) 19 (1.2%) 12 (0.8%) 19 (1.2%)

Ajcc 8th edition N, N (%)

    N0 1565 (30.9%) 557 (35.7%) <0.001 530 (34.2%) 550 (35.5%) 0.066

    N1 2097 (41.4%) 661 (42.3%) 608 (39.2%) 658 (42.4%)

    N2 1399 (27.6%) 344 (22.0%) 413 (26.6%) 343 (22.1%)

Radiation, N (%)

    No radiation 3242 (64.1%) 1264 (80.9%) <0.001 1249 (80.5%) 1253 (80.8%) 0.984

    Radiation after surgery 1819 (35.9%) 298 (19.1%) 302 (19.5%) 298 (19.2%)

Chemotherapy, N (%)

    No/Unknown 1386 (27.4%) 777 (49.7%) <0.001 758 (48.9%) 766 (49.4%) 0.96

    Yes 3675 (72.6%) 785 (50.3%) 793 (51.1%) 785 (50.6%)

Systemic therapy, N (%)

    No systemic therapy 1383 (27.3%) 775 (49.6%) <0.001 758 (48.9%) 764 (49.3%) 0.977

    Systemic therapy after surgery 3678 (72.7%) 787 (50.4%) 793 (51.1%) 787 (50.7%)

Survival

    Mean (SD) 31.8 (32.0) 25.7 (27.7) 30.2 (32.4) 25.7 (27.7)

    Median [Min, Max] 20.0 [0, 167] 16.0 [0, 147] 18.0 [0, 167] 16.0 [0, 147]

obtained significantly poorer survival, implying 
there was a pseudo-small LNR induced by the 
insufficient number of ELNs. Moreover, with the 
increasing number of ELN, the proportions of 
pN2 and pN0 had significant trends of rising 
and falling, respectively. It revealed that the 
current ELN of the elderly was too limited to 
accurately evaluate nodal status, thereby lead-
ing to an incorrect staging, which was the stage 
migration. Therefore, more ELNs are required 

to accurately evaluate the nodal involvement 
status of elderly PDAC patients.

The study disclosed that insufficient ELNs could 
lead to incorrect nodal staging. However, ELN 
cannot be increased infinitely, and it should be 
limited within an appropriate range. Excessive 
ELN is associated with a longer length of oper-
ating time and increased mortality [29]. The 
optimal ELN number in this study was defined 
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Figure 6. OS and CSS for patients in various groups. A, B. OS and CSS for 
patients with different pN, respectively. C, D. OS and CSS for pN0 patients of 
the two age groups. E, F. OS and CSS for pN1 patients of the two age groups. 
G, H. OS and CSS for pN2 patients of the two age groups.

as 17 for elderly patients to obtain a significant-
ly better long-term prognosis. With 17 ELNs, 
the patients achieve an optimal balance of  
benefits to improve survival with adequate LN 
examination, as well as a balance of risk of 

harmful effects from excessive 
resection. Nevertheless, it has 
also been suggested that lym- 
ph node resection is associat-
ed with an increased long-term 
prognosis, suggesting that the 
more LNs examined, the better 
the survival of patients [27, 
30]. The reasons reflecting 
such divergence were listed 
hereafter. For one thing, the 
unfavorable impact on survival 
caused by excessive ELNs was 
not considered in the earlier 
studies. The ELN number was 
separated and divided by dif-
ferent cutoff values. In the pre-
vious analysis, the maximum 
cutoff of the ELN number used 
for the grouping was 15, mean-
ing the maximum ELN group- 
ing was ELN≥15, which was 
not sufficient to reach the 
standard of excessive LN re- 
section. For another, through 
maximizing selection of rank-
ing statistics, the present stu- 
dy accurately obtained the 
complete trend of significant 
change with the continuous 
change of ELN number. While 
previous studies could only in- 
vestigate the relationship bet- 
ween the number of ELNs and 
long-term prognosis by com-
paring the survival of patients 
with a range of ELN intervals.

Integrating the appropriate 
number of ELNs for accurate 
staging and greater survival 
benefit, we tended to prioritize 
that of survival. According to 
further analysis, 93% of the 
patients with 17 LNs detected 
could be accurate in nodal sta-
tus assessment, which was 
extremely close to 95% of 
those with 19 LNs detected. 

Resection of 17 LNs is more achievable and 
produces less surgical trauma in patients com-
pared with 19 ELNs, which may lead to a better 
prognosis. Considering these factors, 17 ELNs 
are recommended for elderly patients with 
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Table 4. Optimal number of ELN for significantly better survival
Group Statistic ELN
Pancreatic adenocarcinoma
    for OS 4.05 17
    for CSS 3.54 17
Pancreatic head adenocarcinoma
    for OS 4 17
    for CSS 3.51 11
Pancreatic body/tail adenocarcinoma
    for OS 1.63 17
    for CSS 2.05 17

Table 3. Threshold of ELN number for accurate staging
Group Global p ELN
Pancreatic adenocarcinoma 0.146 19
Pancreatic head adenocarcinoma 0.153 25
Pancreatic body/tail adenocarcinoma 0.11 18

Figure 7. Analysis for optimal ELN number for significantly better survival. A, C. The appropriate ELN number for bet-
ter OS and CSS. B, D. OS and CSS for patients with ELNs<17 and ≥17.

PDAC. Nevertheless, whether 17 
or 19 LNs are resected, they 
belong to extended lymphadenec-
tomy due to the greater ELN num-
ber than the recommendations of 
the guidelines above-mentioned. 
Perspectives on extended and 
standard lymphadenectomy have 
been discussed for a long time. 
The first prospective, randomized, 
multicenter study regarding this 
discussion was published by Pe- 
drazzoli and colleagues in 1988 
[31]. 83 patients with pancreatic 
tumors were divided into the st- 
andard lymphadenectomy group 
(N=42, mean ELN=13.3) and the 
extended lymphadenectomy gr- 
oup (N=41, mean ELN=19.8). It 
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Table 5. Cox regression analysis for OS of elderly PDAC patients

Characteristics
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Sex (Male vs. Female) 1.11 (1-1.23) 0.056 1.1 (0.99-1.23) 0.068
Race (reference American Indian/Alaska Native)
    Asian or Pacific Islander 0.89 (0.33-2.41) 0.819
    Black 0.9 (0.33-2.47) 0.836
    White 0.9 (0.34-2.4) 0.83
Location (reference Body/Tail of pancreas)
    Head of the pancreas 1.14 (1-1.31) 0.055 1.16 (1-1.34) 0.051
Grade (reference Moderately differentiated; Grade II)
    Poorly differentiated; Grade III 1.39 (1.24-1.56) <0.001 1.37 (1.23-1.54) <0.001
    Undifferentiated; anaplastic; Grade IV 1.62 (0.91-2.86) 0.099 1.33 (0.75-2.37) 0.329
    Well-differentiated; Grade I 0.7 (0.58-0.83) <0.001 0.64 (0.53-0.77) <0.001
Ajcc 8th edition T (reference T1)
    T2 1.48 (1.28-1.72) <0.001 1.34 (1.13-1.57) <0.001
    T3 1.86 (1.56-2.21) <0.001 1.66 (1.29-2.13) <0.001
    T4 3.36 (2.1-5.38) <0.001 2.83 (1.75-4.56) <0.001
Ajcc 8th edition N (reference N0)
    N1 1.56 (1.38-1.76) <0.001 1.48 (1.28-1.72) <0.001
    N2 2.06 (1.78-2.38) <0.001 1.81 (1.45-2.26) <0.001
Radiation (Yes vs. No) 0.75 (0.66-0.85) <0.001 0.84 (0.73-0.98) 0.022
Chemotherapy (Yes vs. No) 0.63 (0.56-0.7) <0.001 0.55 (0.13-2.23) 0.4
Systemic therapy (Yes vs. No) 0.63 (0.56-0.69) <0.001 1 (0.25-4.06) 1
ELN (≥17 vs. <17) 0.8 (0.72-0.89) <0.001 0.74 (0.65-0.83) <0.001
LNR 4.67 (3.63-6.02) <0.001 1.81 (1.22-2.68) 0.003

demonstrated that the mean survival of pa- 
tients with extended lymphadenectomy was 
better than those with standard lymphadenec-
tomy (500 days vs. 335 days), but there was  
no statistical significance. Several subsequent 
studies showed that data did not support a 
more extended lymphadenectomy, which here-
in appeared to achieve an inconsistent conclu-
sion with ours [29]. However, several vital fac-
tors should be taken into account that will con-
tribute to these discrepancies. To begin with, 
unlike previous studies, the patients enrolled 
into our analysis were ≥75 years old. These 
patients tended to have fewer metastatic LNs, 
emphasizing the importance of extended lym- 
phadenectomy for more accurate nodal status 
assessment. Additionally, the definitions of  
ELN number in extended lymphadenectomy 
varied greatly according to some subjective 
decisions in different studies. For example, in 
Yeo’s randomized trial of 299 patients undergo-
ing resection at Johns Hopkins, the mean ELN 
number of patients with extended lymphade-
nectomy was 28.5 [32, 33], while the definition 

of extended lymphadenectomy in our study  
was the number of LN resection greater than 
guideline recommendations (a threshold of 15 
ELNs). Too much dissection of LNs will indeed 
lead to prolongation of operation time and 
greater physical trauma, thereby resulting in 
unfavorable effects on the prognosis [29]. 

Reviewing the present research, there were still 
some limitations needed to be considered. 
Since this was a cross-sectional population-
based study, we cannot avoid the existence of 
multiple biases. In addition, due to the limita-
tion of SEER database, a proportion of baseline 
data were not available including short-term 
prognosis, surgical margin status, and length 
of hospital stay. We herein were not able to 
explore the maximum number of ELNs to pre-
vent the side effects of excessive LN resection 
on the recovery of the body. In some cases, the 
number of ELN was not only determined by the 
decisions of surgeon, but also subject to the 
specific situation of the patient and the prog-
ress of the surgical procedure, which could pro-
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Table 6. Cox regression analysis for CSS of elderly PDAC patients

Characteristics
Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value
Sex (Male vs. Female) 1.1 (0.98-1.23) 0.096 1.1 (0.98-1.23) 0.102
Race (reference American Indian/Alaska Native)
    Asian or Pacific Islander 0.72 (0.26-1.95) 0.516
    Black 0.72 (0.26-1.97) 0.518
    White 0.74 (0.28-1.98) 0.551
Location (reference Body/Tail of pancreas)
    Head of the pancreas 1.19 (1.02-1.38) 0.024 1.19 (1.02-1.39) 0.03
Grade (reference Moderately differentiated; Grade II)
    Poorly differentiated; Grade III 1.42 (1.26-1.6) <0.001 1.39 (1.23-1.57) <0.001
    Undifferentiated; anaplastic; Grade IV 1.67 (0.92-3.03) 0.093 1.33 (0.73-2.43) 0.349
    Well-differentiated; Grade I 0.68 (0.56-0.83) <0.001 0.64 (0.52-0.78) <0.001
Ajcc 8th edition T (reference T1)
    T2 1.53 (1.3-1.79) <0.001 1.36 (1.14-1.62) <0.001
    T3 1.89 (1.57-2.28) <0.001 1.68 (1.29-2.19) <0.001
    T4 3.47 (2.11-5.71) <0.001 2.94 (1.77-4.88) <0.001
Ajcc 8th edition N (reference N0)
    N1 1.65 (1.45-1.88) <0.001 1.56 (1.34-1.82) <0.001
    N2 2.17 (1.86-2.53) <0.001 1.89 (1.49-2.39) <0.001
Radiation (Yes vs. No) 0.79 (0.69-0.91) 0.001 0.88 (0.75-1.02) 0.094
Chemotherapy (Yes vs. No) 0.65 (0.58-0.73) <0.001 0.46 (0.11-1.89) 0.282
Systemic therapy (Yes vs. No) 0.65 (0.58-0.73) <0.001 1.2 (0.3-4.9) 0.795
ELN (≥17 vs. <17) 0.82 (0.73-0.92) 0.001 0.75 (0.66-0.85) <0.001
LNR 4.89 (3.75-6.39) <0.001 1.78 (1.17-2.71) 0.007

duce an influence on the analysis. However, the 
strong points also should not be ignored that 
our analysis firstly determined the optimal num-
ber of ELNs for elderly PDAC patients and 
revealed the relationship between positive-
nodes and age of these patients. A relatively 
large scale of enrolled PDAC patients from 17 
registries served as a support for the credibi- 
lity of the results. Furthermore, 1 to 1 propen-
sity score matching (PSM) was utilized to 
reduce the imbalance of baseline characteris-
tics, making this cross-sectional study approxi-
mate to a prospective one. 

Conclusions

According to multiple analysis, the elderly pa- 
tients with pancreatic ductal adenocarcinoma 
(PDAC) had fewer lymph node (LN) metastases, 
implying that it was more difficult to detect  
the authentic number of positive-LNs, thus 
leading to a migration of lymphatic and patho-
logic staging. In this study, a threshold of 19 
ELNs was determined to allow accurate as- 

sessment of nodal status. An optimal ELN  
number of 17 was identified to achieve signifi-
cantly better survival. Considering that the 
MNELNs obtained are greater than current 
guideline recommendations, extended LN re- 
section tended to be suitable for elderly PDAC 
patients. However, we should explain that the 
study was not conducted to recommend ex- 
tended lymphadenectomy for elderly patients, 
because prospective, randomized clinical trials 
are required to support this view in the future.

Disclosure of conflict of interest

None.

Address correspondence to: Drs. Yingtai Chen and 
Dongbing Zhao, Department of Pancreatic and 
Gastric Surgical Oncology, National Cancer Center/
National Clinical Research for Cancer/Cancer Hos- 
pital, Chinese Academy of Medical Sciences and 
Peking Union Medical College, No. 17 Panjiayuan 
Nanli, Beijing 100021, China. E-mail: yingtaichen@ 
126.com (YTC); dbzhao@cicams.ac.cn (DBZ)

mailto:yingtaichen@126.com
mailto:yingtaichen@126.com
mailto:dbzhao@cicams.ac.cn


Lymphadenectomy strategy for elderly PDAC patients

1950	 Am J Cancer Res 2023;13(5):1938-1951

References

[1]	 Klein AP. Pancreatic cancer epidemiology: un-
derstanding the role of lifestyle and inherited 
risk factors. Nat Rev Gastroenterol Hepatol 
2021; 18: 493-502.

[2]	 GBD 2017 Pancreatic Cancer Collaborators. 
The global, regional, and national burden of 
pancreatic cancer and its attributable risk  
factors in 195 countries and territories, 1990-
2017: a systematic analysis for the Global  
Burden of Disease Study 2017. Lancet Gastro-
enterol Hepatol 2019; 4: 934-947.

[3]	 Gordon-Dseagu VL, Devesa SS, Goggins M and 
Stolzenberg-Solomon R. Pancreatic cancer in-
cidence trends: evidence from the surveil-
lance, epidemiology and end results (SEER) 
population-based data. Int J Epidemiol 2018; 
47: 427-439.

[4]	 Li D, Xie K, Wolff R and Abbruzzese JL. Pancre-
atic cancer. Lancet 2004; 363: 1049-1057.

[5]	 Tempero MA, Malafa MP, Al-Hawary M, Asbun 
H, Bain A, Behrman SW, Benson AB 3rd, Binder 
E, Cardin DB, Cha C, Chiorean EG, Chung V, 
Czito B, Dillhoff M, Dotan E, Ferrone CR, Hard-
acre J, Hawkins WG, Herman J, Ko AH, Koman-
duri S, Koong A, LoConte N, Lowy AM, Moravek 
C, Nakakura EK, O’Reilly EM, Obando J, Reddy 
S, Scaife C, Thayer S, Weekes CD, Wolff RA, 
Wolpin BM, Burns J and Darlow S. Pancreatic 
adenocarcinoma, version 2.2017, NCCN clini-
cal practice guidelines in oncology. J Natl Com-
pr Canc Netw 2017; 15: 1028-1061.

[6]	 Tol JA, Gouma DJ, Bassi C, Dervenis C, Mon-
torsi M, Adham M, Andrén-Sandberg A, Asbun 
HJ, Bockhorn M, Büchler MW, Conlon KC, 
Fernández-Cruz L, Fingerhut A, Friess H, 
Hartwig W, Izbicki JR, Lillemoe KD, Milicevic 
MN, Neoptolemos JP, Shrikhande SV, Vollmer 
CM, Yeo CJ and Charnley RM; International 
Study Group on Pancreatic Surgery. Definition 
of a standard lymphadenectomy in surgery for 
pancreatic ductal adenocarcinoma: a consen-
sus statement by the International Study 
Group on Pancreatic Surgery (ISGPS). Surgery 
2014; 156: 591-600.

[7]	 Huebner M, Kendrick M, Reid-Lombardo KM, 
Que F, Therneau T, Qin R, Donohue J, Nagorney 
D, Farnell M and Sarr M. Number of lymph 
nodes evaluated: prognostic value in pan- 
creatic adenocarcinoma. J Gastrointest Surg 
2012; 16: 920-926.

[8]	 Ashfaq A, Pockaj BA, Gray RJ, Halfdanarson TR 
and Wasif N. Nodal counts and lymph node ra-
tio impact survival after distal pancreatectomy 
for pancreatic adenocarcinoma. J Gastrointest 
Surg 2014; 18: 1929-1935.

[9]	 Vuarnesson H, Lupinacci RM, Semoun O, 
Svrcek M, Julié C, Balladur P, Penna C, Bachet 

JB, Resche-Rigon M and Paye F. Number of ex-
amined lymph nodes and nodal status assess-
ment in pancreaticoduodenectomy for pancre-
atic adenocarcinoma. Eur J Surg Oncol 2013; 
39: 1116-1121.

[10]	 Arrington AK, Price ET, Golisch K and Riall TS. 
Pancreatic cancer lymph node resection revis-
ited: a novel calculation of number of lymph 
nodes required. J Am Coll Surg 2019; 228: 
662-669.

[11]	 Javed AA, Ding D, Baig E, Wright MJ, Teinor JA, 
Mansoor D, Thompson E, Hruban RH, Narang 
A, Burns WR 3rd, Burkhart RA, Lafaro K, Weiss 
MJ, Cameron JL, Wolfgang CL and He J. Accu-
rate nodal staging in pancreatic cancer in the 
era of neoadjuvant therapy. World J Surg 2022; 
46: 667-677.

[12]	 Huang L, Jansen L, Balavarca Y, van der Geest 
L, Lemmens V, Koerkamp BG, van Santvoort 
HC, Grützmann R, Besselink MG, Schrotz-King 
P and Brenner H. Significance of examined 
lymph node number in accurate staging and 
long-term survival in resected stage I-II pancre-
atic cancer-more is better? A large internation-
al population-based cohort study. Ann Surg 
2021; 274: e554-e563.

[13]	 Ducreux M, Cuhna AS, Caramella C, Holle-
becque A, Burtin P, Goéré D, Seufferlein T, 
Haustermans K, Van Laethem JL, Conroy T and 
Arnold D; ESMO Guidelines Committee. Cancer 
of the pancreas: ESMO clinical practice guide-
lines for diagnosis, treatment and follow-up. 
Ann Oncol 2015; 26 Suppl 5: v56-68.

[14]	 Marchegiani G, Andrianello S, Malleo G, De 
Gregorio L, Scarpa A, Mino-Kenudson M, Mag-
gino L, Ferrone CR, Lillemoe KD, Bassi C, Cas-
tillo CF and Salvia R. Does size matter in pan-
creatic cancer? Reappraisal of tumour dimen- 
sion as a predictor of outcome beyond the 
TNM. Ann Surg 2017; 266: 142-148.

[15]	 Pu N, Chen Q, Gan W, Shen Y, Gao S, Habib JR, 
Yin H, Zhang J, Kinny-Köster B, Cui M, Li J, 
Dong Y, Nagai M, Liu L, Yu J, Wu W and Lou W. 
Lymph node metastatic patterns and survival 
predictors based on tumor size in pancreatic 
ductal adenocarcinoma. Adv Ther 2021; 38: 
4258-4270.

[16]	 Xie X, Yin J, Zhou Z, Dang C, Zhang H and 
Zhang Y. Young age increases the risk for 
lymph node metastasis in patients with early 
colon cancer. BMC Cancer 2019; 19: 803.

[17]	 Wang H, Lu H, Yang H, Zhang X, Thompson EW, 
Roberts MS, Hu Z, Liang X and Li X. Impact of 
age on risk of lymph node positivity in patients 
with colon cancer. J Cancer 2019; 10: 2102-
2108.

[18]	 Khan H, Olszewski AJ and Somasundar P. 
Lymph node involvement in colon cancer pa-
tients decreases with age; a population based 



Lymphadenectomy strategy for elderly PDAC patients

1951	 Am J Cancer Res 2023;13(5):1938-1951

analysis. Eur J Surg Oncol 2014; 40: 1474-
1480.

[19]	 Tian Z, Meng L, Wang X, Diao T, Hu M, Wang M, 
Liu M and Wang J. Young age increases the 
risk of lymph-node metastasis in patients with 
muscle-invasive bladder urothelial carcinoma. 
BMC Cancer 2020; 20: 851.

[20]	 Egger ME, Stevenson M, Bhutiani N, Jordan AC, 
Scoggins CR, Philips P, Martin RCG 2nd and 
McMasters KM. Age and lymphovascular inva-
sion accurately predict sentinel lymph node 
metastasis in T2 melanoma patients. Ann Surg 
Oncol 2019; 26: 3955-3961.

[21]	 Thompson HL, Smithey MJ, Surh CD and 
Nikolich-Žugich J. Functional and homeostatic 
impact of age-related changes in lymph node 
stroma. Front Immunol 2017; 8: 706.

[22]	 Pan WR, Suami H and Taylor GI. Senile chang-
es in human lymph nodes. Lymphat Res Biol 
2008; 6: 77-83.

[23]	 Hadamitzky C, Spohr H, Debertin AS, Guddat 
S, Tsokos M and Pabst R. Age-dependent histo-
architectural changes in human lymph nodes: 
an underestimated process with clinical rele-
vance? J Anat 2010; 216: 556-562.

[24]	 Hothorn T and Lausen B. On the exact distribu-
tion of maximally selected rank statistics. 
Computational Statistics & Data Analysis 
2003; 43: 121-137.

[25]	 Krejs GJ. Pancreatic cancer: epidemiology and 
risk factors. Dig Dis 2010; 28: 355-358.

[26]	 Pawlik TM, Gleisner AL, Cameron JL, Winter 
JM, Assumpcao L, Lillemoe KD, Wolfgang C, 
Hruban RH, Schulick RD, Yeo CJ and Choti MA. 
Prognostic relevance of lymph node ratio fol-
lowing pancreaticoduodenectomy for pancre-
atic cancer. Surgery 2007; 141: 610-618.

[27]	 Mirkin KA, Hollenbeak CS and Wong J. Greater 
lymph node retrieval and lymph node ratio im-
pacts survival in resected pancreatic cancer. J 
Surg Res 2017; 220: 12-24.

[28]	 You MS, Lee SH, Choi YH, Shin BS, Paik WH, 
Ryu JK, Kim YT, Jang DK, Lee JK, Kwon W, Jang 
JY and Kim SW. Lymph node ratio as valuable 
predictor in pancreatic cancer treated with R0 
resection and adjuvant treatment. BMC Can-
cer 2019; 19: 952.

[29]	 Dillhoff M and Pawlik TM. Role of node dissec-
tion in pancreatic tumor resection. Ann Surg 
Oncol 2021; 28: 2374-2381.

[30]	 Contreras CM, Lin CP, Oster RA, Reddy S, Wang 
T, Vickers S and Heslin M. Increased pancre-
atic cancer survival with greater lymph node 
retrieval in the national cancer data base. Am 
J Surg 2017; 214: 442-449.

[31]	 Pedrazzoli S, DiCarlo V, Dionigi R, Mosca F, 
Pederzoli P, Pasquali C, Klöppel G, Dhaene K 
and Michelassi F. Standard versus extended 
lymphadenectomy associated with pancreato-
duodenectomy in the surgical treatment of ad-
enocarcinoma of the head of the pancreas: a 
multicenter, prospective, randomized study. 
Lymphadenectomy Study Group. Ann Surg 
1998; 228: 508-517.

[32]	 Yeo CJ, Cameron JL, Sohn TA, Coleman J, Sau-
ter PK, Hruban RH, Pitt HA and Lillemoe KD. 
Pancreaticoduodenectomy with or without ex-
tended retroperitoneal lymphadenectomy for 
periampullary adenocarcinoma: comparison 
of morbidity and mortality and short-term out-
come. Ann Surg 1999; 229: 613-622; discus-
sion 622-624.

[33]	 Yeo CJ, Cameron JL, Lillemoe KD, Sohn TA, 
Campbell KA, Sauter PK, Coleman J, Abrams 
RA and Hruban RH. Pancreaticoduodenectomy 
with or without distal gastrectomy and extend-
ed retroperitoneal lymphadenectomy for peri-
ampullary adenocarcinoma, part 2: random-
ized controlled trial evaluating survival, 
morbidity, and mortality. Ann Surg 2002; 236: 
355-366; discussion 366-368.


