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Establishment of a nomogram
model for predicting distant
metastasis in pancreatic ductal
adenocarcinoma: a comparative
analysis of different lymph node
staging systems based on the SEER
database
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The purpose of this study was to compare the predictive value of different lymph node staging systems
and to develop an optimal prognostic nomogram for predicting distant metastasis in pancreatic

ductal adenocarcinoma (PDAC). Our study involved 6364 patients selected from the Surveillance,
Epidemiology, and End Results (SEER) database and 126 patients from China. Independent risk factors
for distant metastasis were screened by univariate and multivariate logistic regression analyses, and

a model-based comparison of different lymph node staging systems was conducted. Furthermore,

we developed a nomogram for predicting distant metastasis using the optimal performance lymph
node staging system. The lymph node ratio (LNR), log odds of positive lymph nodes (LODDS), age,
primary site, grade, tumor size, American Joint Committee on Cancer (AJCC) 7th Edition T stage, and
radiotherapy recipient status were significant predictors of distant metastasis in PDAC patients. The
model with the LODDS was a better fit than the model with the LNR. We developed a nomogram
model based on LODDS and six clinical parameters. The area under the curve (AUC) and concordance
index (C-index) of 0.753 indicated that this model satisfied the discrimination criteria. Kaplan-Meier
curves indicate a significant difference in OS among patients with different metastasis risks. LODDS
seems to have a superior ability to predict distant metastasis in PDAC patients compared with the
AJCC 8th Edition N stage, PLN and LNR staging systems. Moreover, we developed a nomogram model
for predicting distant metastasis. Clinicians can use the model to detect patients at high risk of distant
metastasis and to make further clinical decisions.

Keywords Pancreatic ductal adenocarcinoma, Distant metastasis, LODDS, Lymph node staging system,
Predictive accuracy, Nomogram model
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LNR Lymph node ratio
LODDS Log odds of positive lymph nodes
C-index Concordance index

AIC Akaike information criterion
BIC Bayesian information criterion
ROC Receiver operating characteristic
AUC Area under curve

DCA Decision curve analysis

ELN Examined lymph node

NB Net benefit

OR Odds ratio

CI Confidence interval

Pancreatic ductal adenocarcinoma (PDAC) is the most common pathological type of pancreatic malignancy
and is characterized by an aggressive nature and poor prognosis, with a 5-year survival rate of less than 12%'>.
Since 90% of cancer-related deaths are due to metastasis rather than the primary tumor, our focus is primarily
on the distant metastasis of cancer?. Common sites of distant metastasis in PDAC include the peritoneum and
liver, followed by the lungs, bones, and other organs®. When patients with PDAC develop distant metastasis, the
5-year survival rate is only 2%°. In the past decade, targeted therapies have brought great hope to patients with
advanced PDAC. Novel drugs targeting the KRAS gene, such as sotorasib and adagrasib, have shown efficacy
and good tolerability in solid tumors, including PDAC, in clinical trials"’~'°. Therefore, the timely and effective
identification of PDAC patients at high risk of distant metastasis is crucial for their treatment and prognosis.
According to the 2023 version of the National Comprehensive Cancer Network (NCCN) guidelines for pancreatic
cancer, imaging studies should be performed for PDAC patients suspected of having distant metastasis, includ-
ing chest, abdominal, and pelvic CT; liver MRI; and PET/CT". However, the sensitivity of imaging studies for
detecting metastatic lesions is limited; even the combination of PET/CT and standard CT does not exceed 90%
sensitivity. Moreover, repeated use of these imaging methods can increase the psychological and economic bur-
den on patients'!. Therefore, establishing a simple and practical clinical model for predicting distant metastasis
in PDAC patients has significant clinical and economic value.

It is well known that locoregional lymph node metastasis is a significant factor affecting distant metastasis in
PDAC patients. The American Joint Committee on Cancer (AJCC) tumor staging system is the most commonly
utilized staging system for PDAC. Several researchers have developed a model for predicting distant metastasis
of pancreatic malignancies based on the American Joint Committee on Cancer (AJCC) 7th Edition N staging
system'2. In comparison to the 7th version, which defines N classifications as NO [no positive lymph node (PLN)]
and N1 (at least one PLN), the 8th version has revised the N stage to include N0, N1 (1-3 PLN), and N2 (4 or
more PLNG). Li et al.’* discovered that the AJCC 8th Edition N stage was the optimal tool for the lymph node stag-
ing system in the investigation of pancreatic neuroendocrine tumors. In addition, lymph node staging systems
such as PLN, lymph node ratio (LNR), and log odds of positive lymph nodes (LODDS) have also been proven to
have certain predictive value. Tarantino et al."* reported that the number of PLNs is a prognostic factor in patients
with PDAC. Riediger et al."” found that LNR and LODDS are superior to other lymph node staging systems in
predicting the prognosis of patients with PDAC. Currently, the predictive value of various lymph node staging
systems remains controversial, and studies comparing these systems are lacking. Additionally, the prediction of
distant metastasis in PDAC patients is very rare'?. Therefore, it is very important to conduct a multicenter study
with a large sample size and gather follow-up data to compare the predictive abilities of these staging systems
and select the optimal system for predicting distant metastasis in patients with PDAC.

Based on the background above, we analyzed data from the Surveillance, Epidemiology, and End Results
(SEER) database to compare the ability of different lymph node staging systems to predict distant metastasis
in PDAC patients. In addition, we established a new model to predict distant metastasis in PDAC patients and
further validated its performance in a Chinese population. This approach will help clinicians develop appropriate
treatment plans for patients with PDAC and provide early intervention to improve patient prognosis.

Methods

Patients and data collection

In our study, we searched and obtained clinical data from the SEER database (version 8.4.0.1). The inclusion cri-
teria were as follows: (1) patients were diagnosed histologically with PDAC between 2010 and 2017; (2) patients
were diagnosed after the age of 18 years, underwent surgery and had at least 1 examined lymph node (ELN);
and (3) the information on clinical and demographic features needed for the study was intact and accessible. In
addition, patients diagnosed with autopsies or death certificates were excluded from the study. Figure 1 shows
the flow chart for the selection of the study population. Finally, 6364 patients were included in the cohort to study
the risk factors for distant metastasis in patients with PDAC and to establish a predictive nomogram. In addi-
tion, we retrospectively collected the data of 126 patients with PDAC at The Second Hospital of Dalian Medical
University between 2015 and 2020 as an external validation cohort for our study. The inclusion and exclusion
criteria for the external validation cohort were consistent with those for the internal cohort.

Data on the following baseline characteristics of patients with PDAC were obtained: age, sex, race, primary
site, grade, AJCC 7th Edition T stage, tumor size, ELN, PLN, and recipient status of radiotherapy and chemo-
therapy. Moreover, the AJCC 8th Edition N stage, LNR and LODDS were added to this basis. The AJCC 8th Edi-
tion N stage was derived from the best available data. LNR and LODDS were calculated as follows: LNR=PLN/
ELN; LODDS =log[(PLN +0.5)/(ELN — PLN +0.5)].
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Newly diagnosed PDAC patients during
2010 to 2017 (n=66622)

Patients undergoing surgery and diagnosed
after the age of 18 years (n=13162)

Exclude:

1.The primary tumor site was not pancreas (n=2735)
2.Diagnosed not from histopathology (n=90)

3.Race unknown (n=12)

4.Grade unknown (n=1546)

5. Tumor size unknown (n=153)

6.TNM stages unknown (n=111)

7.Incomplete follow-up information (n=1910)
8.Incomplete lymph node biopsy record (n=241)

Patients with complete data (n=6364)

l l

Training cohort (n=4456) Validation cohort (n=1908)

Figure 1. Flowchart of patient selection from the SEER database.

Optimal cutoff points of the variables
The cutoff value for tumor size was determined by the receiver operating characteristic (ROC) curve. The best
cutoff point for tumor size was 32 mm, and tumor size was classified into two groups.

Statistical analysis

All analyses were performed using R statistical software (version 4.2.2). The patients were randomly allocated
to a training set (n =4456) or an internal validation set (n=1908) at a ratio of 7:3. Continuous variables are pre-
sented as the mean + standard deviation or median with interquartile range, as appropriate. Categorical variables
are presented as numbers and percentages. Student’s t test or the Mann—Whitney U test was used to compare
continuous variables, and comparisons between categorical variables were assessed using the chi-square test or
Fisher’s exact test. Potential risk factors for distant metastasis in PDAC patients were screened using univariate
logistic regression analysis. The different lymph node staging systems were respectively included in the multi-
variate logistic regression analysis to further screen for independent risk factors and establish a corresponding
prediction model. We compared the predictive performance of the models based on different lymph node staging
systems using the concordance index (C-index), Akaike information criterion (AIC) and Bayesian information
criterion (BIC). In addition, we constructed a nomogram based on the filtered models with the highest accuracy
in predicting the risk of distant metastasis in patients with PDAC. The accuracy of the established nomogram
was evaluated using the C-index and receiver operating characteristic (ROC) analysis, and the discrimination
of the nomogram was confirmed using calibration plots. The bootstrap method (1000 bootstrap resamples)
was used to conduct internal verification of the nomogram model. Decision curve analysis (DCA) was used
to evaluate the clinical utility of the established predictive model. Finally, we analyzed the survival differences
between the high-risk and low-risk groups based on the stratification results provided by the nomogram. In the
survival analysis, the primary endpoints was OS. Survival curves were plotted using the Kaplan-Meier method,
and differences were compared using the log-rank test. Statistical significance was defined as a 2-sided P <0.05.

Ethics approval and consent to participate

The SEER database is public, does not contain any personally identifiable information, and therefore does not
require ethical approval. Our request for access to SEER Data has been approved from the National Cancer Insti-
tute, USA (reference number 11847-Nov2021). The studies involving human participants underwent a thorough
review and received approval from the ethics committee of The Second Hospital of Dalian Medical University.

Results

Patient characteristics

A total of 6364 patients were included in our cohort, 285 (4.5%) of whom developed distant metastasis. Moreover,
4456 patients (70%) were allocated to the training cohort, and the remaining 1908 patients (30%) were assigned
to the internal validation cohort. The baseline characteristics of all patients in the current study are summarized
in Table 1. In the entire cohort, the median ELN was 17 (interquartile range: 11-23), N1 was 2583 (40.6%) in
the AJCC 8th Edition N stage, the median PLN count was 2 (interquartile range: 0 to 4), the median LNR was
0.1 (interquartile range: 0-0.25), and the median LODDS was —1.95 (interquartile range: —2.94 to —1.05). The
mean age was 66 years, more patients were male (50.5%), the primary site for the majority of tumors was the
head of the pancreas (73.9%), more than half of the patients had tumors smaller than 32 mm (52.6%), 73.8% of
patients received chemotherapy, and 30.2% of patients received radiation therapy. There were no differences in
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Total Training cohort Validation cohort
Characteristic (n=6364) (n=4456) (n=1908) P
Age (mean +SD) 66.0+10.3 66.0+10.3 65.7+10.1 0.195
Sex (n, %) 1
Male 3213 50.5 | 2250 50.5 | 963 50.5
Female 3151 49.5 | 2206 49.5 | 945 49.5
Race (n, %) 0.831
White 5063 79.6 | 3553 79.7 | 1510 79.1
Black 730 11.5 | 509 114 | 221 11.6
Other 571 9.0 |39%4 8.8 177 9.3
Primary site (n, %) 0.737
Head 4705 739 |3282 73.7 | 1423 74.6
Body/tail 1153 18.1 | 817 183 | 336 17.6
Other 506 8.0 |357 8 149 7.8
Grade (n, %) 0.667
Well differentiated 632 9.9 |437 9.8 195 10.2
Moderately differentiated 3394 53.3 | 2367 53.1 |1027 53.8
Poorly and undifferentiated | 2338 36.7 | 1652 37.1 | 686 36.0
7th AJCC T stage (n, %) 0.297
T1 302 4.8 | 199 4.5 103 5.4
T2 582 9.2 | 403 9 179 9.4
T3 5194 81.6 | 3646 81.8 | 1548 81.1
T4 286 4.5 | 208 4.7 78 4.1
8th AJCC N stage (n, %) 0.519
NO 2012 31.6 | 1419 31.8 | 593 31.1
N1 2583 40.6 | 1817 40.8 | 766 40.1
N2 1769 27.8 | 1220 274 | 549 28.8
Tumor size (n, %) 0.610
<32mm 3346 52.6 |2333 524 | 1013 53.1
>32 mm 3018 47.4 | 2123 47.6 | 895 46.9
Radiotherapy (n, %) 0.100
No 4439 69.8 | 3080 69.1 | 1359 71.2
Yes 1925 30.2 | 1376 309 | 549 28.8
Chemotherapy (n, %) 0.769
No/Unknown 1667 262 | 1162 26.1 | 505 26.5
Yes 4697 73.8 | 3294 73.9 | 1403 73.5
ELN 0.785
Median 17 17 17
IQR 11,23 11,23 11,24
PLN 0.183
Median 2 2 2
IQR 0,4 0,4 0,4
LNR 0.077
Median 0.1 0.09 0.1
IQR 0,0.25 0,0.24 0,0.25
LODDS 0.118
Median -1.95 -1.95 -1.89
IQR -2.94,-1.05 -2.94,-1.10 -2.94,-1.00
Distant metastasis (n, %) 1
No 6079 95.5 | 4256 95.5 |1823 95.5
Yes 285 4.5 |200 4.5 85 45.5

Table 1. Demographic and clinicopathological characteristics in PDAC.
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clinical characteristics, such as age, sex, race, primary site, grade, tumor size, AJCC 7th Edition T stage, AJCC
8th Edition N stage, radiotherapy and chemotherapy recipient status, PLN, LNR, LODDS or distant metastasis,
between the two groups (P>0.05).

Independent risk factors for distant metastasis in patients with PDAC

As shown in Table 2, we conducted univariate logistic analysis of the thirteen potential prognostic factors, and the
results revealed eight distant metastasis-related variables in patients with PDAC, namely, age, primary site, grade,
tumor size, AJCC 7th Edition T stage, radiotherapy recipient status, LNR and LODDS. Variables with statistical
significance in the univariate logistic analysis were included in the multivariate logistic analysis. Considering the
potential collinearity between LNR and LODDS, we incorporated these two staging systems separately into the
multivariate logistic regression analysis. In our multivariate analysis, LNR and LODDS were found to be inde-
pendent risk factors for distant metastasis in patients with PDAC (Table 3). In addition, in the two multivariate
regression analyses, age, primary site, grade, tumor size, AJCC 7th Edition T stage and radiotherapy recipient
status were also confirmed as independent risk factors.

Characteristics Univariate analysis

OR (95% CI) P
Age 0.980(0.967-0.993) 0.003
Sex
Male Reference
Female 1.042(0.785-1.385) 0.774
Race
White Reference
Black 0.851(0.514-1.333) 0.503
Other 0.938(0.543-1.518) 0.805
Primary site
Head Reference
Body/tail 2.942(2.163-3.983) <0.001
Other 1.366(0.770-2.268) 0.225
Grade
Well differentiated Reference
Moderately differentiated: 2.390(1.231-5.373) 0.019
Poorly and undifferentiated 3.126(1.603-7.047) 0.002
7th AJCC T stage
T1 Reference
T2 1.625(0.567-5.828) 0.401
T3 2.281(0.953-7.467) 0.107
T4 5.156(1.920-18.082) 0.003
8th AJCC N stage
NoO Reference
N1 1.210(0.855-1.725) 0.286
N2 1.376(0.950-2.001) 0.092
Tumor size
<32 mm Reference
>32 mm 2.314(1.720-3.143) <0.001
Radiotherapy
No Reference
Yes 0.238(0.145-0.369) <0.001
Chemotherapy
No/Unknown Reference
Yes 0.776(0.573-1.061) 0.106
PLN 1.035(0.997-1.072) 0.058
LNR 2.649(1.353-5.002) 0.003
LODDS 1.220(1.096-1.358) <0.001

Table 2. Univariate logistic regression of risk factor of distant metastasis in PDAC patients. OR, odds ratio;
CI, confidence interval; PLN, positive lymph node; LNR, lymph node ratio; LODDS, the log odds of positive
lymph nodes.
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LNR LODDS
Characteristic OR (95% CI) P OR (95% CI) P
Age 0.971(0.958-0.985) <0.001 |0.971(0.958-0.985) <0.001
Primary site
Head Reference Reference
Body/tail 2.846(2.052-3.933) <0.001 | 2.940(2.117-4.069) <0.001
Other 1.211(0.674-2.044) 0.495 1.237(0.688-2.088) 0.450
Grade
Well differentiated Reference Reference

Moderately differentiated 1.771(0.950-3.684) 0.095 1.778(0.954-3.698) 0.092
Poorly and undifferentiated 2.329(1.242-4.865) 0.014 2.332(1.244-4.869) 0.014

Tumor size

<32 mm Reference Reference

>32 mm 1.749(1.273-2.425) 0.001 1.710(1.244-2.372) 0.001
7th AJCC T stage

T1 Reference Reference

T2 1.107(0.373-4.066) 0.864 1.074(0.361-3.949) 0.904
T3 1.766(0.701-5.948) 0.285 1.658(0.657-5.592) 0.342
T4 3.791(1.312-13.804) | 0.023 3.592(1.241-13.091) | 0.029
Radiotherapy

No Reference Reference

Yes 0.207(0.125-0.325) <0.001 | 0.207(0.125-0.324) <0.001
LNR 2.243(1.112-4.368) 0.020

LODDS 1.206(1.078-1.347) 0.001

TABLE 3. Multivariate logistic regression of risk factor of distant metastasis in PDAC patients. OR, odds
ratio; CI, confidence interval; PLN, positive lymph node; LNR, lymph node ratio; LODDS, the log odds of
positive lymph nodes.

Comparison of LNR and LODDS

A comparison of the two multivariate logistic regression models with a single lymph node staging system in the
training cohort is shown in Table 4. The C-indices for LNR and LODDS were 0.747 and 0.753, respectively. The
AIC values for LNR and LODDS were 1492.862 and 1487.158, respectively, and the BIC values were 1569.686
and 1563.982, respectively. In predicting distant metastasis in patients with PDAC, the model including LODDS
had a higher C-index than did the LNR model. Moreover, both the AIC and BIC values for LODDS were lower
than those for the LNR model. These results indicate that the model incorporating LODDS has superior predic-
tive performance compared to the model with LNR. While LNR demonstrated a higher OR and is simpler to
calculate, the overall predictive ability of LODDS was found to be stronger.

Diagnostic nomogram model establishment and validation

Based on the independent predictors obtained via optimal multivariate logistic regression, we constructed a
risk prediction nomogram model for patients with distant metastasis from PDAC (Fig. 2). ROC analysis of
the nomogram revealed that the AUC reached 0.753 in the training cohort and 0.757 in the validation cohort
(Fig. 3A,D). The calibration curve in the training and validation cohorts demonstrated good consistency between
the predicted results and the actual distant metastasis in PDAC patients (Fig. 3B,E). As seen in the DCA of the
two cohorts for the distant metastasis nomogram, the net benefit (NB) of the decision curve of the model was
greater than that of the two invalid lines within the range of threshold probabilities between 1-20% and 1-30%
(Fig. 3C,F). As a further validation step, we created a Chinese validation cohort and plotted its validation curve.
The AUC of the nomogram was 0.677, indicating excellent discriminant ability when applied to Chinese popula-
tions (Fig. 3G). The calibration curve demonstrated the best consistency between the nomogram predictions and
the actual observations (Fig. 3H). In the external validation cohort, DCA also demonstrated that the nomogram
model performed well in clinical practice (Fig. 3I).

System AIC BIC C-index
LNR 1492.862 1569.686 0.747
LODDS 1487.158 1563.982 0.753

Table 4. The comparison of LNR and LODDS. AIC, akaike information criterion; BIC, bayesian information
criterion; LNR, lymph node ratio; LODDS, the log odds of positive lymph nodes.
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Figure 2. Nomogram for distant metastasis in PDAC patients.

Survival analysis

To further verify the performance of the nomograms, we divided patients into high-risk and low-risk groups
based on the total points calculated by the nomograms for distant metastasis risk. The cutoff value of the total
points was 229.2. Kaplan-Meier curves showed significant distinctions in OS outcomes stratified by different
classifiers in three cohorts (Fig. 4).

Discussion

PDAC is the most prevalent malignancy of the digestive system, except for colorectal and hepatobiliary malignan-
cies, and its incidence is progressively increasing at a rate of 1.03% annually>'®. Despite recent notable advances
in PDAC treatments, such as chemotherapy, radiotherapy, and immunotherapy, the overall prognosis of patients
with PDAC has remained disappointingly unchanged'”. The majority of patients ultimately succumb to peritoneal
or distant metastases. This grim outcome persists even after comprehensive surgical interventions, with distant
metastasis and recurrence often being unfortunate yet unavoidable realities'®!.

Numerous studies have confirmed that radiotherapy, chemotherapy, immunotherapy and targeted therapies
can reduce the incidence of distant metastases and increase patient survival rates®?*!. Despite these advance-
ments, the use of imaging technologies, such as CT, MRI, and PET/CT, for screening for distant metastasis is
limited by their high costs, leading to reduced proactive monitoring. Furthermore, these techniques are prone
to false negatives, potentially delaying the early detection of distant metastases and, consequently, the timely
initiation of treatment, resulting in poor patient outcomes. Therefore, accurately predicting the risk of distant
metastasis in PDAC patients and developing personalized treatment plans are highly important. Evaluating
independent risk factors for distant metastasis in PDAC patients and establishing clinical predictive models
hold significant clinical value.

Lymph node metastasis status is an important factor for assessing the possibility of distant metastasis in
patients. Therefore, when establishing a prediction model, selecting a more appropriate and accurate lymph
node staging system is essential for improving the accuracy of the model. According to the AJCC 7th Edition
N system for PDAC, the N stage was divided into two groups based on the presence or absence of regional
lymph node metastasis. It is evident that this staging system does not possess sufficient predictive ability for the
occurrence of distant metastasis. Compared to solely considering the presence or absence of PLN involvement,
a detailed assessment of the number of PLNs in the region provides a better depiction of the extent of regional
lymph node metastasis, thus enabling a more accurate prediction of distant metastasis. In the AJCC 8th Edition
N stage for PDAC, individuals with 1-3 PLNs were categorized as N1, while those with more than 4 PLNs were
categorized as N2. This reclassification further emphasized the importance of the number of PLNs according to
the stage of PDAC. Therefore, in our study, we utilized the AJCC 8th Edition N staging rather than the 7th Edi-
tion. Unfortunately, our research revealed that the AJCC 8th Edition N stage, including the PLN stage, was not
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Figure 3. Predictive performance of a nomogram model for predicting distant metastasis in PDAC patients.
(A) ROC curve analysis to predict distant metastasis in PDAC patients. (B) Calibration curve of the nomogram
for predicting distant metastasis in PDAC patients. (C) Decision curve analysis for distant metastasis in PDAC
patients. (D) ROC curve analysis of the validation cohort. (E) Calibration curve of the nomogram in the
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an independent risk factor for distant metastasis in PDAC patients. This finding indicates that a staging system
that relies solely on a single lymph node metric, such as the PLN, is insufficient for providing a robust prediction
of distant metastasis in PDAC patients. Furthermore, Amin et al.”> recommended that the minimum number of
lymph nodes to be detected is 12, which would enhance the accuracy of the AJCC 8th Edition N stage. However,
in real clinical practice, the number of ELNs during surgery cannot be guaranteed due to factors such as patient
condition, hospital resources, and surgical technique. Therefore, an effective lymph node staging system should
be developed that combines both the ELN and PLN and is easily applicable in clinical settings.

LNR and LODDS staging systems have been increasingly advocated in the academic community due to their
incorporation of both the number of PLNs and the number of ELNs, providing improved staging capabilities for
metastatic lymph nodes. Wu et al.> conducted a retrospective analysis of 177 patients with PDAC who underwent
surgical treatment, revealing that the LNR was a significant independent prognostic factor for PDAC. The LNR
combines the prognostic impact of both the number of PLNs and the number of ELNs and reduces stage migra-
tion to some extent; however, the inherent predictive ability of the LNR is incomplete when the LNR is 0 or 1. In
addition, patients with the same LNR but different ELNs were included. By incorporating the number of negative
lymph nodes, LODDS provides further predictive information in such situations. Although Riediger et al."* found
in their study that LODDS does not have a superior advantage over LNR for predicting patient prognosis. Other
scholars have confirmed that LODDS can effectively stratify the prognosis of patients with PDAC?*. This fact
was further validated in our study, revealing that its value extends beyond merely predicting patient prognosis.

Considering the lack of consensus in previous studies, we aimed to further summarize the characteristics
of different lymph node staging systems based on previous relevant studies. The objective of this study was to
compare the ability of four lymph node staging systems to predict distant metastasis in PDAC patients. In our
study, we included more than 6000 patients with PDAC who had well-documented lymph node information,
and all these patients had clear documentation of distant metastasis status. Through univariate and multivariate
regression analyses, we found that in addition to LNR and LODDS, age, primary site, grade, AJCC 7th Edition
T stage, tumor size and radiotherapy recipient status factors were also identified as independent risk factors for
patients with distant metastasis in PDAC. To obtain the optimal predictive model, we separately combined LNR
and LODDS staging systems with the six independent predictive factors mentioned above to construct a compre-
hensive model. To determine the prognostic value of the LODDS staging system, we calculated the C-index, AIC,
and BIC values of the two lymph node staging systems and found that LODDS had the best overall performance.

Furthermore, we found that younger patients with PDAC are more prone to distant metastasis, consistent
with the findings of Li et al.!?, particularly for patients younger than 60 years. Similar results have been observed
in previous studies focusing on single-organ distant metastasis in PDAC?>?%. These outcomes suggest that age is
arisk factor for distant metastasis in PDAC patients, with younger patients being at greater risk. Therefore, close
monitoring of younger patients and conducting prospective studies to understand the underlying mechanisms
driving this association are crucial.

Compared to patients with tumors located in the body and tail of the pancreas, patients with tumors in the
head of the pancreas are more likely to present symptoms such as jaundice. Therefore, in clinical practice, PDAC
in the body and tail of the pancreas is often more challenging to detect early and presents with more severe
symptoms than PDAC in the head of the pancreas. When PDAC in the body and tail is identified, the tumor
is usually larger in diameter and more prone to distant metastasis than when it is not””. Previous studies have
shown that PDAC originating from the body and tail of the pancreas is enriched in gene programs involved in
tumor cell invasion and epithelial-mesenchymal transition and has a weakened antitumor immune response,
increasing tumor aggressiveness®. Our predictive model indicated that the risk score for distant metastasis in
PDAC of the pancreatic body and tail was significantly greater than that in the head. This finding is consistent
with those of previous studies; however, the findings regarding the impact of tumor location on prognosis at
different research centers are inconsistent and warrant further investigation'>?*%.

Tumor differentiation also impacts the occurrence of distant metastasis. In our study, due to the relative
scarcity of undifferentiated PDAC samples, we merged undifferentiated samples with poorly differentiated sam-
ples to avoid statistical bias. Our analysis revealed that poorer differentiation is associated with a greater risk of
distant metastasis, aligning with our existing understanding of tumor biology*"*2. While previous research has
confirmed the value of T staging in predicting PDAC survival, studies focusing on predicting distant metastasis
are limited***.

Our study also confirmed that a higher T stage is an independent risk factor for distant metastasis. A previ-
ous study utilizing a mathematical model to predict PDAC metastatic capability indicated that the probability of
distant tumor metastasis depends on the size of the primary tumor at diagnosis®. Our research corroborates these
findings, and a multicenter study also confirmed the relationship between tumor size and distant metastasis®.
However, it is worth noting that small-volume tumors also have significant potential to spread or metastasize to
multiple parts or organs of the body®.

Our analysis revealed that patients who received radiation therapy had a significantly lower risk of distant
metastasis than did those who did not. Meng et al.*® reported that radiation-inducible immunotherapy can be
used to prevent distant metastasis of tumors. Based on the results of the present study, radiation therapy appears
to play a crucial role in reducing the likelihood of distant metastasis in patients with PDAC. Given these findings,
radiation therapy should be considered a necessary treatment option. However, importantly, treatment decisions
should be made on a case-by-case basis, accounting for individual patient characteristics, disease stage, and the
overall treatment plan.

We developed a nomogram for predicting distant metastasis based on the seven independent predictors
mentioned above, including LODDS, age, primary site, grade, AJCC 7th Edition T stage, tumor size and radio-
therapy. With this model, the C-index of the nomogram prediction model was 0.753, the C-index of the valida-
tion cohort was 0.757, and the C-index of the external validation cohort was 0.677, indicating that the model
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had good predictive ability. The calibration curve suggested that the actual probability of distant metastasis
corresponded closely with the predicted probability of distant metastasis in patients with PDAC. Additionally,
the Kaplan-Meier curves indicate that patients with a low risk of metastasis have significantly better prognoses
compared to those with a high risk.

To our knowledge, this is the first study in which LODDS was used as a predictive tool for distant metastasis
in PDAC patients. The results demonstrated that LODDS outperformed the AJCC 8th Edition N stage, PLN and
LNR. Moreover, we established a rare nomogram that demonstrated excellent predictive performance for distant
metastasis in patients with PDAC. The prediction model can assist clinicians in identifying PDAC patients at high
risk for distant metastasis. Facilitating close monitoring of these individuals and supporting timely treatment
when necessary can ultimately improve the poor prognosis of these patients.

This study has several limitations. The observed rate of distant metastasis in our cohort was 4.5%, which
included patients who were Stage IV at presentation and underwent surgery. This scenario, while uncommon,
is possible in certain clinical contexts where surgery may be deemed appropriate based on patient condition and
preferences®. This might have contributed to the lower observed rate of metastasis, as our stringent inclusion
criteria focused on patients with complete clinical and follow-up data. Future studies should consider broader
inclusion criteria to better capture the incidence of distant metastasis across a more diverse patient population.
Second, some vital information related to the tumor, such as the level of albumin, bilirubin, and CA199 and
specific regimens for radiation therapy and chemotherapy, was not recorded in the SEER database, possibly
affecting the accuracy of the prediction model. Third, all the lymph node-related information was obtained
through surgical procedures. Therefore, our model may not be applicable to patients who have not undergone
surgery and thus lack lymph node information. Despite these limitations, our study is the first to demonstrate
the better predictive value of the LODDS staging system, and we incorporated it into a predictive nomogram
for distant metastasis in PDAC patients.

Conclusion

For patients with PDAC, the LODDS staging system seems to have a superior ability to predict distant metastasis
compared with the American Joint Committee on Cancer (AJCC) 8th Edition N stage, PLN and LNR. Based on
data from the SEER database, we also found that age, primary site, grade, AJCC 7th Edition T stage, tumor size
and radiotherapy recipient status were found to be independent risk factors for distant metastasis in patients
with PDAC. Moreover, we developed a visual nomogram model that predicts distant metastasis in patients with
PDAC. Clinicians can use this model to identify patients at high risk of distant metastasis and take further clini-
cal measures to improve patient prognosis.

Data Availability
The data supporting the findings of this study are accessible from the corresponding author upon a reasonable
request.

Received: 9 April 2024; Accepted: 31 July 2024
Published online: 05 August 2024

References

1. He, Q, Liu, Z. & Wang, J. Targeting KRAS in PDAC: a new way to cure it?. Cancers (Basel) https://doi.org/10.3390/cancers142
04982 (2022).

2. Zhao, Z. & Liu, W. Pancreatic cancer: A review of risk factors, diagnosis, and treatment. Technol. Cancer Res. Treat. 19,
1533033820962117. https://doi.org/10.1177/1533033820962117 (2020).

3. Siegel, R. L., Miller, K. D., Wagle, N. S. & Jemal, A. Cancer statistics, 2023. CA Cancer J. Clin. 73, 17-48. https://doi.org/10.3322/
caac.21763 (2023).

4. Leber, M. E. & Efferth, T. Molecular principles of cancer invasion and metastasis (review). Int. J. Oncol. 34, 881-895. https://doi.
org/10.3892/ijo_00000214 (2009).

5. He, C., Huang, X., Zhang, Y., Lin, X. & Li, S. The impact of different metastatic patterns on survival in patients with pancreatic
cancer. Pancreatology 21, 556-563. https://doi.org/10.1016/j.pan.2021.01.014 (2021).

6. Sohal, D. P. et al. Metastatic pancreatic cancer: American society of clinical oncology clinical practice guideline. J. Clin. Oncol. 34,
2784-2796. https://doi.org/10.1200/JCO.2016.67.1412 (2016).

7. Liu, P, Wang, Y. & Li, X. Targeting the untargetable KRAS in cancer therapy. Acta Pharm. Sin. B9, 871-879. https://doi.org/10.
1016/j.apsb.2019.03.002 (2019).

8. Fakih, M. et al. Phase 1 study evaluating the safety, tolerability, pharmacokinetics (PK), and efficacy of AMG 510, a novel small
molecule KRASG12C inhibitor, in advanced solid tumors. J. Clin. Oncol. 37, 3003-3003. https://doi.org/10.1200/JC0O.2019.37.15_
suppl.3003 (2019).

9. Hong, D. S. et al. KRAS(G12C) inhibition with sotorasib in advanced solid tumors. N. Engl. J. Med. 383, 1207-1217. https://doi.
0rg/10.1056/NEJMoal917239 (2020).

10. Johnson, M. L. et al. KRYSTAL-1: activity and safety of adagrasib (MRTX849) in patients with colorectal cancer (CRC) and other
solid tumors harboring a KRAS G12C mutation. Eur. J. Cancer 138, S2. https://doi.org/10.1016/S0959-8049(20)31077-7 (2020).

11. Network, N. C. C. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®): Pancreatic Adenocarcinoma, <https://www.
nccn.org/professionals/physician_gls/pdf/pancreatic.pdf> (2023).

12. Li, W,, Wang, W,, Yao, L., Tang, Z. & Zhai, L. Nomogram for predicting distant metastasis of pancreatic ductal adenocarcinoma:
A SEER-based population study. Curr. Oncol. 29, 8146-8159. https://doi.org/10.3390/curroncol29110643 (2022).

13. Li, M. X. et al. The eighth version of American Joint Committee on Cancer nodal classification for high grade pancreatic neuroen-
docrine tumor should be generalized for the whole population with this disease. Medicine (Baltimore) 99, €22089. https://doi.org/
10.1097/MD.0000000000022089 (2020).

14. Tarantino, 1. et al. Staging of pancreatic cancer based on the number of positive lymph nodes. Br. J. Surg. 104, 608-618. https://
doi.org/10.1002/bjs.10472 (2017).

15. Riediger, H. et al. Prognostic role ofof lymph nodes after resection of pancreatic head cancer. J. Gastrointest. Surg. 20, 1707-1715.
https://doi.org/10.1007/s11605-016-3200-5 (2016).

Scientific Reports |

(2024) 14:18136 | https://doi.org/10.1038/s41598-024-69126-8 nature portfolio


https://doi.org/10.3390/cancers14204982
https://doi.org/10.3390/cancers14204982
https://doi.org/10.1177/1533033820962117
https://doi.org/10.3322/caac.21763
https://doi.org/10.3322/caac.21763
https://doi.org/10.3892/ijo_00000214
https://doi.org/10.3892/ijo_00000214
https://doi.org/10.1016/j.pan.2021.01.014
https://doi.org/10.1200/JCO.2016.67.1412
https://doi.org/10.1016/j.apsb.2019.03.002
https://doi.org/10.1016/j.apsb.2019.03.002
https://doi.org/10.1200/JCO.2019.37.15_suppl.3003
https://doi.org/10.1200/JCO.2019.37.15_suppl.3003
https://doi.org/10.1056/NEJMoa1917239
https://doi.org/10.1056/NEJMoa1917239
https://doi.org/10.1016/S0959-8049(20)31077-7
https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf
https://www.nccn.org/professionals/physician_gls/pdf/pancreatic.pdf
https://doi.org/10.3390/curroncol29110643
https://doi.org/10.1097/MD.0000000000022089
https://doi.org/10.1097/MD.0000000000022089
https://doi.org/10.1002/bjs.10472
https://doi.org/10.1002/bjs.10472
https://doi.org/10.1007/s11605-016-3200-5

www.nature.com/scientificreports/

16. McGuigan, A. et al. Pancreatic cancer: A review of clinical diagnosis, epidemiology, treatment and outcomes. World J. Gastroenterol.
24, 4846-4861. https://doi.org/10.3748/wjg.v24.i43.4846 (2018).

17. Silvestris, N. et al. Neoadjuvant multimodal treatment of pancreatic ductal adenocarcinoma. Crit. Rev. Oncol. Hematol. 98, 309-324.
https://doi.org/10.1016/j.critrevonc.2015.11.016 (2016).

18. Singh, R. R. & O'Reilly, E. M. New treatment strategies for metastatic pancreatic ductal adenocarcinoma. Drugs 80, 647-669.
https://doi.org/10.1007/540265-020-01304-0 (2020).

19. Groot, V. P. et al. Patterns, timing, and predictors of recurrence following pancreatectomy for pancreatic ductal adenocarcinoma.
Ann. Surg. 267, 936-945. https://doi.org/10.1097/SLA.0000000000002234 (2018).

20. Shinke, G. et al. Role of histone deacetylase 1 in distant metastasis of pancreatic ductal cancer. Cancer Sci. 109, 2520-2531. https://
doi.org/10.1111/cas.13700 (2018).

21. Kenkel, J. A. et al. An immunosuppressive dendritic cell subset accumulates at secondary sites and promotes metastasis in pan-
creatic cancer. Cancer Res. 77, 4158-4170. https://doi.org/10.1158/0008-5472.CAN-16-2212 (2017).

22. Amin, M. B. et al. The eighth edition AJCC cancer staging manual: Continuing to build a bridge from a population-based to a
more “personalized” approach to cancer staging. CA Cancer J. Clin. 67, 93-99. https://doi.org/10.3322/caac.21388 (2017).

23. Wu, C. et al. Prognostic Nomogram for patients undergoing radical Pancreaticoduodenectomy for adenocarcinoma of the pan-
creatic head. BMC Cancer 21, 624. https://doi.org/10.1186/s12885-021-08295-5 (2021).

24. Ramacciato, G. et al. Prognostic role of nodal ratio, LODDS, pN in patients with pancreatic cancer with venous involvement. BMC
Surg. 17, 109. https://doi.org/10.1186/s12893-017-0311-1 (2017).

25. Zhang, W. et al. Nomogram predicts risk and prognostic factors for bone metastasis of pancreatic cancer: A population-based
analysis. Front. Endocrinol. https://doi.org/10.3389/fendo.2021.752176 (2022).

26. Yao, Z. X. et al. Risk factors and survival prediction of pancreatic cancer with lung metastases: A population-based study. Front.
Oncol. 12, 952531. https://doi.org/10.3389/fonc.2022.952531 (2022).

27. Mackay, T. M. et al. Association between primary origin (head, body and tail) of metastasised pancreatic ductal adenocarcinoma
and oncologic outcome: A population-based analysis. Eur. J. Cancer 106, 99-105. https://doi.org/10.1016/j.¢jca.2018.10.008 (2019).

28. Dreyer, S. B. et al. Defining the molecular pathology of pancreatic body and tail adenocarcinoma. Br. J. Surg. 105, e183-e191.
https://doi.org/10.1002/bjs.10772 (2018).

29. Lou, X. et al. Comparable prevalence of distant metastasis and survival of different primary site for LN + pancreatic tumor. J.
Transl. Med. 18, 266. https://doi.org/10.1186/s12967-020-02438-1 (2020).

30. Artinyan, A. et al. The anatomic location of pancreatic cancer is a prognostic factor for survival. HPB (Oxford) 10, 371-376. https://
doi.org/10.1080/13651820802291233 (2008).

31. Machens, A. & Dralle, H. Prediction of mediastinal lymph node metastasis in papillary thyroid cancer. Ann. Surg. Oncol. 16,
171-176. https://doi.org/10.1245/s10434-008-0201-y (2009).

32. Posch, E et al. Can multistate modeling of local recurrence, distant metastasis, and death improve the prediction of outcome in
patients with soft tissue sarcomas?. Clin. Orthop. Relat. Res. 475, 1427-1435. https://doi.org/10.1007/s11999-017-5232-x (2017).

33. Xu, Y. et al. Prognostic effect of age in resected pancreatic cancer patients: A propensity score matching analysis. Front. Oncol. 12,
789351. https://doi.org/10.3389/fonc.2022.789351 (2022).

34. Shi, H. et al. Nomograms for predicting the risk and prognosis of liver metastases in pancreatic cancer: A population-based analysis.
J. Pers. Med. https://doi.org/10.3390/jpm13030409 (2023).

35. Haeno, H. et al. Computational modeling of pancreatic cancer reveals kinetics of metastasis suggesting optimum treatment strate-
gies. Cell 148, 362-375. https://doi.org/10.1016/j.cell.2011.11.060 (2012).

36. Liu, Y. et al. Impact of tumour size on metastasis and survival in patients with pancreatic neuroendocrine tumours (PNETs): A
population based study. J. Cancer 10, 6349-6357. https://doi.org/10.7150/jca.27779 (2019).

37. Ansari, D. et al. Relationship between tumour size and outcome in pancreatic ductal adenocarcinoma. Br. J. Surg. 104, 600-607.
https://doi.org/10.1002/bjs.10471 (2017).

38. Meng, Y. et al. Radiation-inducible immunotherapy for cancer: Senescent tumor cells as a cancer vaccine. Mol. Ther. 20, 1046-1055.
https://doi.org/10.1038/mt.2012.19 (2012).

39. Fu, N. et al. Worth it or not? Primary tumor resection for stage IV pancreatic cancer patients: A SEER-based analysis of 15,836
cases. Cancer Med. 10, 5948-5963. https://doi.org/10.1002/cam4.4147 (2021).

Acknowledgements

We extend our sincere gratitude to the dedicated staff members of the National Cancer Institute, along with
their esteemed colleagues throughout the United States and at Information Management Services, Inc., for their
invaluable contributions to the SEER Program.

Author contributions

WLM designed and constructed the study. LYC and GMW conceived the study and participated in its design
and coordination. LYC and SYL were responsible for data collection and collation. LYC analyzed the data and
wrote the first draft, which was collated and revised by GMW. All authors read and approved the final manuscript.

Funding
This work was supported by the National Natural Science Foundation of China [81972749]; Science and Tech-
nology Project of Liaoning [2021JH2/10300020]; Innovative Teams Project in Key Areas of Dalian [2021RT01].

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to L.W.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2024) 14:18136 | https://doi.org/10.1038/s41598-024-69126-8 nature portfolio


https://doi.org/10.3748/wjg.v24.i43.4846
https://doi.org/10.1016/j.critrevonc.2015.11.016
https://doi.org/10.1007/s40265-020-01304-0
https://doi.org/10.1097/SLA.0000000000002234
https://doi.org/10.1111/cas.13700
https://doi.org/10.1111/cas.13700
https://doi.org/10.1158/0008-5472.CAN-16-2212
https://doi.org/10.3322/caac.21388
https://doi.org/10.1186/s12885-021-08295-5
https://doi.org/10.1186/s12893-017-0311-1
https://doi.org/10.3389/fendo.2021.752176
https://doi.org/10.3389/fonc.2022.952531
https://doi.org/10.1016/j.ejca.2018.10.008
https://doi.org/10.1002/bjs.10772
https://doi.org/10.1186/s12967-020-02438-1
https://doi.org/10.1080/13651820802291233
https://doi.org/10.1080/13651820802291233
https://doi.org/10.1245/s10434-008-0201-y
https://doi.org/10.1007/s11999-017-5232-x
https://doi.org/10.3389/fonc.2022.789351
https://doi.org/10.3390/jpm13030409
https://doi.org/10.1016/j.cell.2011.11.060
https://doi.org/10.7150/jca.27779
https://doi.org/10.1002/bjs.10471
https://doi.org/10.1038/mt.2012.19
https://doi.org/10.1002/cam4.4147
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by-nc-nd/4.0/.

© The Author(s) 2024

Scientific Reports|  (2024) 14:18136 | https://doi.org/10.1038/s41598-024-69126-8 nature portfolio


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Establishment of a nomogram model for predicting distant metastasis in pancreatic ductal adenocarcinoma: a comparative analysis of different lymph node staging systems based on the SEER database
	Methods
	Patients and data collection
	Optimal cutoff points of the variables
	Statistical analysis
	Ethics approval and consent to participate

	Results
	Patient characteristics
	Independent risk factors for distant metastasis in patients with PDAC
	Comparison of LNR and LODDS
	Diagnostic nomogram model establishment and validation
	Survival analysis

	Discussion
	Conclusion
	References
	Acknowledgements


