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ABSTRACT 
Background: There is a controversy about whether surgery should proceed among meta-
static pancreatic cancer (mPC) patients. A survival benefit was observed in mPC patients 
who underwent primary tumor resection; however, determining which patients would bene-
fit from surgery is complex. For this purpose, we created a model to identify mPC patients 
who may benefit from primary tumor excision.
Methods: Patients with mPC were extracted from the Surveillance, Epidemiology, and End 
Results database, and separated into surgery and nonsurgery groups based on whether the 
primary tumor was resected. Propensity score matching (PSM) was applied to balance con-
founding factors between the two groups. A nomogram was developed using multivariable 
logistic regression to estimate surgical benefit. Our model is evaluated using multiple 
methods.
Results: About 662 of 14,183 mPC patients had primary tumor surgery. Kaplan–Meier analy-
ses showed that the surgery group had a better prognosis. After PSM, a survival benefit was 
still observed in the surgery group. Among the surgery cohort, 202 patients survived longer 
than 4 months (surgery-beneficial group). The nomogram discriminated better in training 
and validation sets under the receiver operating characteristic (ROC) curve (AUC), and cali-
bration curves were consistent. Decision curve analysis (DCA) revealed that it was clinically 
valuable. This model is better at identifying candidates for primary tumor excision.
Conclusion: A helpful prediction model was developed and validated to identify ideal can-
didates who may benefit from primary tumor resection in mPC.
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Introduction

Worldwide, pancreatic cancer (PC) is one of the 
most lethal gastrointestinal malignancies, with an 
inferior prognosis; more than 490,000 patients are 
diagnosed annually with similar mortality (1). The 
incidence and mortality of PC have shown a stable 
upward trend, and PC is estimated to become the 
second leading cause of cancer-related death in the 
United States by 2030 (2). Despite many efforts, 
the prognosis is still extremely poor, with a lower 
than 7% average 5-year survival rate (3). The early 
stage of PC is usually asymptomatic, resulting in 
advanced cancer at the first diagnosis. 
Furthermore, nearly half of PC patients were found 

to have metastatic disease (4). The overall survival 
of patients with stage IV metastatic disease is 
worse than that of stage I–III in PC (5). The 
median survival of locally advanced PC is approxi-
mately 6–10 months, while it is only 3–6 months 
for mPC (6). Although treatment methods have 
evolved rapidly, the prognosis of mPC is still dis-
appointing (4).

Surgery is considered the only potentially cura-
tive treatment; however, it is not recommended 
once distant metastasis is found (5). Currently, 
chemotherapy is the primary treatment for mPC 
(3). According to the patient’s performance status 
and comorbidity profile, FOLFIRINOX 
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(leucovorin, fluorouracil, irinotecan, and oxalipla-
tin) regimens and gemcitabine alone or in com-
bination with other chemotherapeutic medicines 
are recommended (7). Although surgery is not 
recommended for metastatic tumors in clinical 
guidelines, increasing evidence suggests that some 
solid metastatic malignancies, such as breast can-
cer (8), renal cell cancer (9), colorectal cancer 
(10), and prostate cancer (11, 12), can achieve 
favorable outcomes from primary tumor resec-
tion. Some data showed that PC patients with 
liver metastasis who underwent synchronous 
resection of the primary tumor and liver metasta-
sis had a significant survival benefit and accept-
able morbidity and mortality compared to PC 
patients with liver metastasis who did not 
undergo resection (13, 14).

Thus, the question of whether all mPC patients 
could have a survival benefit from resection 
arises. However, the existing data are minimal, 
perhaps due to a skeptical attitude about the 
safety and efficiency of surgery for PC (15). An 
extensive national database showed that the 
resection rate has increased to approximately 
60%, and operation indications have been 
extended with the regionalization of pancreatic 
surgery into high-volume medical centers (16). 
Surgery has been performed safely with low mor-
tality and morbidity rates in recent progression 
(17). These findings may provide a potential 
implication for the surgical management of mPC; 
however, there has been no consensus on the eli-
gible criteria for surgical resection for mPC until 
now. Therefore, surgeons often encounter dilem-
mas when meeting mPC patients with primary 
tumors that appear resectable. In most cases, 
based on clinical experience, for example, the 
patients can tolerate the operation, the patients 
have firm wishes to undergo the operation, and 
surgery may solve other symptoms, such as 
obstruction. However, the impact of surgery on 
survival has not been clearly elucidated. A few 
studies have reported that operation benefits 
some well-selected patients (18–20). In contrast, a 
few studies showed that patients did not achieve 
a survival benefit after resection of the primary 
tumor and metastatic lesions (21, 22). The above-
mentioned studies were all small and non-
randomized and selected cohorts from single 

institutions; hence, the exact role of surgery in 
mPC needs a more systematic evaluation.

This study investigates the prognostic value of 
primary tumor resection for mPC using a large 
population-based cohort based on the 
Surveillance, Epidemiology, and End Results 
(SEER) database. Moreover, to address clinical 
needs, we developed and validated a new predict-
ive model to identify patients with mPC who 
could potentially benefit from primary tumor 
surgery. We also constructed a prognostic nomo-
gram to better predict individual survival time in 
mPC patients after primary tumor resection. The 
process of this research is shown in Figure 1.

Material and methods

Data source

In this retrospective analysis, patient data were 
obtained from the SEER database. The SEER 
database is a definitive U.S. statistical cancer 
database containing patient baseline data, tumor 
characteristics, treatment information, and prog-
nosis data (23). The database’s information on 
oncology patients is standardized and regularly 
updated using SEER�Stat software (version 8.3.4) 
(National Cancer Institute, Bethesda, MD). The 
database has a very large sample size and solid 
statistical validity, making the results of studies 
based on the SEER database of high clinical refer-
ence value. This study was conducted based on 
data from the SEER database that were allowed 
to be extracted.

Inclusion and exclusion criteria

The target population of this study was limited to 
surgically treated PC patients from the SEER 
database from 2010 to 2018. The study period 
depends on the American Joint Committee on 
Cancer (AJCC) tumor stage; also, the based clini-
copathological characteristics were collected for 
each patient (age, race, sex, histology, radiother-
apy, chemotherapy, grade, TNM stage, tumor 
location, and follow-up information).

The inclusion and exclusion criteria were as 
follows: (1) patients diagnosed with metastatic 
stage and (2) patients with only one primary 
tumor were included; and (3) patients with 
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missing or incomplete data on TNM stage, grad-
ing stage, survival status, time, or treatment 
information were excluded. Surgery was defined 
as primary site tumor resection. Cancer-specific 
survival (CSS) was calculated from diagnosis to 
the date of death attributed to PC. OS was calcu-
lated from diagnosis to death, excluding patients 
alive at the last recording.

Statistical analysis

Propensity score matching (PSM) was performed 
to reduce confounding bias and facilitate the 
matching of patients in both treatment groups (R 
software version 4.0.2 (The R Foundation for 

Statistical Computing, Vienna, Austria)). 
Variables that may potentially affect the treatment 
outcome were used to generate propensity scores 
by logistic regression, including age, sex, race, 
tumor T stage, N stage, M stage, histologic grade, 
tumor location, chemotherapy, and systemic ther-
apy. The patients in the surgery and nonsurgery 
groups were matched 1:1 using the closest pro-
pensity score on the logit scale with a caliper of 
0.01 (24). The balance of covariates between the 
two groups before and after PSM was assessed by 
standardized differences, and a value of standar-
dized differences <10% was considered the criter-
ion for adequate balance (25). After PSM, 
differences in categorical clinical characteristics 

Figure 1. Flowchart of this study. PSM: propensity score matching; Surg: surgery; ROC: receiver operating characteristic; DCA: deci-
sion curve analysis.
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were evaluated using chi-square tests. OS and CSS 
were estimated by the Kaplan–Meier method. 
Statistical analyses were performed using SPSS 
26.0 (IBM Corp., Armonk, NY, USA), and all stat-
istical tests were two-sided, with p < 0.05 consid-
ered statistically significant.

Construction and validation of the nomogram

We hypothesized that patients who underwent 
surgery for their primary tumor and had a longer 
median OS time than patients in the nonsurgery 
group benefitted from surgery. Based on these 
assumptions, participants in the surgery group 
were divided into two categories: the surgery 
benefit group (median OS >4 months) and the 
surgery nonbenefit group (median OS 
�4 months), according to the median OS time in 
the nonsurgery group (results from the matched 
cohort). Patients for whom surgery for the pri-
mary tumor was beneficial were identified as 
clinically significant. Participants in the surgery 
group were randomized into training and valid-
ation sets based on a 2:1 ratio. Our study devel-
oped a nomogram prediction model based on 
logistic regression to provide a quantitative tool 
to predict which patients with mPC would bene-
fit from primary site surgery.

In addition, a nomogram prediction model 
containing data on age, sex, race, tumor T stage, 
N stage, histological grade, and tumor location 
was constructed for the prognostic prediction of 
surgery for patients with mPC.

The area under the receiver operating charac-
teristic (ROC) curve (AUC) was used to assess 
the predictive performance of the nomogram in 
the training and validation sets. The calibration 
of the nomogram was evaluated using calibration 
plots and the Hosmer–Lemeshow goodness-of-fit 
test (p > 0.05 indicates a nonsignificant deviation 
from the perfect theoretical calibration). Clinical 
usefulness and net benefit were estimated using 
decision curve analysis (DCA).

Result

Patients and baseline characteristics

Of the 14,183 patients who met the inclusion cri-
teria, 662 underwent primary tumor surgery. 

After 1:1 PSM, a sample of 770 patients with 
mPC treated with or without primary site surgery 
was included in the following analysis. After 
PSM, all baseline characteristics were well bal-
anced (all p > 0.05). Table 1 shows the baseline 
population data before and after matching.

Correlation between surgery and survival in mPC

The patients were grouped by whether they 
underwent primary site tumor surgery, and 
Kaplan–Meier analysis was performed to deter-
mine whether there were significant differences 
in OS and CSS between the two groups. Based 
on the OS curves and subgroup analysis, we 
observed a good prognosis in the primary site 
surgery group, as shown in Figure 2.

Nomogram to identify beneficial candidates for 
primary tumor surgery

In the study mentioned above, it was observed 
that some patients with mPC could benefit from 
surgery for their primary tumor. A new nomo-
gram including age, sex, race, T stage, N stage, 
histological grade, and tumor location was devel-
oped to identify these patients (Figure 3(A)). The 
AUC was used to assess the predictive ability in 
the training set (AUC ¼ 0.814) and validation set 
(AUC ¼ 0.825), and the results showed that the 
model had good predictive efficacy (Figure 
3(B,C)). The calibration curves confirmed the 
excellent agreement between the actual observa-
tions and the predictions of the nomogram 
(Figure 3(D,E)). DCA demonstrated the good 
clinical utility of the nomogram (Figure 3(F,G)).

Prediction nomogram of OS after primary tumor 
surgery

We developed a new nomogram based on the 
above results, including age, sex, race, T stage, N 
stage, histological grade, and tumor location, for 
predicting OS in postoperative patients (Figure 
4(A)). The predictive ability was evaluated by the 
ROC curves of the training set (AUC ¼ 0.757 for 
1-year OS, and AUC ¼ 0.730 for 2-year OS) and 
validation set (AUC ¼ 0.744 for 1-year OS, and 
AUC ¼ 0.707 for 2-year OS), and the results 
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showed that the model had good predictive effi-
cacy (Figure 4(B,C)). The calibration curves for 
1-year and 2-year OS confirmed the excellent 
agreement between the actual observations and 
the predictions of the nomogram (Figure 4(D,E)). 
DCA for 1- and 2-year OS confirmed the good 
clinical utility of the nomogram (Figure 4(F,G)).

Prediction nomogram of CSS after primary tumor 
surgery

We also developed another nomogram based on 
above results, including age, sex, race, T stage, N 
stage, histological grade, and tumor location, for 
predicting CSS in postoperative patients (Figure 
5(A)). The predictive ability was evaluated by the 
ROC curves of the training set (AUC ¼ 0.778 for 
1-year CSS, and AUC ¼ 0.811 for 2-year CSS) 
and validation set (AUC ¼ 0.857 for 1-year CSS, 
and AUC ¼ 0.832 for 2-year CSS), and the 

results showed that the model had good predict-
ive efficacy (Figure 5(B,C)). The calibration 
curves for 1- and 2-year CSS confirmed the 
excellent agreement between the actual observa-
tions and the predictions of the nomogram 
(Figure 5(D,E)). DCA for 1- and 2-year CSS con-
firmed the good clinical utility of the nomogram 
(Figure 5(F, G)).

Discussion

In this study, we observed that mPC patients 
who underwent primary tumor resection had a 
better prognosis by using PSM to assess its effect. 
Hence, primary tumor surgery could potentially 
have a beneficial impact on survival outcomes in 
mPC. We first established and validated a novel 
nomogram to identify this group of patients with 
mPC who could gain a beneficial prognosis. 
Furthermore, we constructed a prognostic 

Table 1. Characteristics of the study population by study group before and after PSM.

Variable

Before PSM

p Value

After PSM

p Value
Primay site resection 

662
Nonprimay site resection 

13,521
Primay site resection 

385
Nonprimay site resection 

385

Gender 0.425 0.665
Male 340 7161 188 191
Female 322 6360 197 194

Age 0.001 0.546
�65 308 8035 191 183
>65 354 5486 194 202

Race 0.004 0.728
W 537 10,696 306 309
B 67 1832 48 43
AI 0 79 0 1
API 58 914 31 32

T Stage 0.001 0.928
T1 17 499 14 12
T2 92 4982 80 85
T3 481 5107 234 228
T4 72 2933 57 60

N Stage 0.001 0.345
N0 222 8269 174 161
N1 440 5252 211 224

Grade 0.001 0.474
G1 107 264 53 56
G2 233 1022 123 136
G3 202 1417 101 96
G4 21 118 13 6
Gx 99 10,700 95 91

Primary site 0.001 0.836
Pancreas head 323 5833 193 190
Pancreas body 64 2713 45 42
Pancreas tail 208 3085 106 104
Pancreas other 67 1890 41 49
Chemotherapy 0.034 0.714
YES 395 8626 230 225
NO/UNK 267 4895 155 160

Systemic 0.001 0.769
YES 404 379 229 223
NO/UNK 258 13,142 156 152

PSM: propensity score matching; Race (W: White; B: Black; AI: American Indian/Alaska Native; API: Asian or Pacific Islander); UNK: unknown
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nomogram to better predict the survival time of 
beneficial candidates. The parameters included in 
the nomogram are readily accessible in clinical 
practice, and the validation of the prediction 
nomogram using different analyses proved its 
efficacy and usefulness.

For mPC patients, current international guide-
lines do not recommend performing an operation 
(26, 27). Systemic treatment plays a crucial role 
in the treatment of mPC; it should be started 
immediately when detecting metastasis (28). 
According to traditional beliefs, primary tumor 
resection is mostly palliative in nature for mPC. 
However, the efficacy of primary tumor resection 
in patients with metastatic cancer has been 
shown in many systemic malignancies, including 
mPC (29). Our research showed that primary 

tumor resection was linked with considerably 
improved OS and CSS compared to no resection 
before and after PSM. Wang et al. also reported a 
similar CSS result for mPC (29). Another study 
reported that individuals with mPC who under-
went primary tumor resection had a survival 
advantage of 4.7 months compared to those who 
did not undergo surgical resection (30). Hence, 
as surgical and diagnostic techniques continue to 
improve, we should revalue the impact of pri-
mary tumor resection on patients with mPC.

From the standpoint of tumor pathophysi-
ology, primary tumor resection also has a 
theoretical foundation. First, PC is a dense, 
stroma-rich tumor; the extensive fibrotic stroma 
impedes the entrance of chemotherapeutic agents 
into the tumor, resulting in an inadequate 

Figure 2. Kaplan–Meier (KM) plots show the OS and CSS of mPC patients according to the group. (A) KM curves of OS for the sur-
gery and nonsurgery groups before PSM, (B) KM curves of CSS for the surgery and nonsurgery groups before PSM, (C) KM curves 
of OS for the surgery and nonsurgery groups after PSM, (D) KM curves of CSS for the surgery and nonsurgery groups after PSM 
(p < 0.001). Surg: Surgery.
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Figure 3. Nomogram to identify beneficial candidates for primary tumor surgery. (A) Nomogram for predicting which patients 
with mPC might benefit from primary tumor resection. The cutoff point of the nomogram was 0.5. The patient would be a benefit 
candidate when the overall prediction probability exceeds the threshold and vice versa. (B) ROC curve of the training set. (C) ROC 
curve of the validation set. (D) Calibration curve of the training set. (E) Calibration curve of the validation set. (F) DCA of the train-
ing set. (E) DCA of the validation set. Sex (F: female; M: male), Race (W: White; B: Black; AI: American Indian/Alaska Native; API: 
Asian or Pacific Islander), T: T Stage; N: N stage; Primary Site (PH: Pancreas head; PB: Pancreas body; PT: Pancreas tail; PO: 
Pancreas other); AUC: area under the receiver operating characteristic curve.

Figure 4. Prediction nomogram of OS after primary tumor surgery. (A) The nomogram includes age, sex, race, T stage, N stage, 
histological grade, and tumor location for predicting OS in postoperative patients. (B) ROC curves for 1-year OS and 2-year OS in 
the training set. (C) ROC curves for 1-year OS and 2-year OS in the validation set. (D) Calibration curves for 1-year OS and 2-year 
OS in the training set. (E) Calibration curves for 1-year OS and 2-year OS in the validation set. (F) DCA for 1-year OS and 2-year OS 
in the training set. (G) DCA for 1-year OS and 2-year OS in the validation set. Sex (F: female; M: male), Race (W: White; B: Black; 
AI: American Indian/Alaska Native; API: Asian or Pacific Islander); T: T Stage; N: N stage; Primary Site (PH: Pancreas head; PB: 
Pancreas body; PT: Pancreas tail; PO: Pancreas other); AUC: area under the receiver operating characteristic curve; OS: overall 
survival.
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treatment response (31). In addition, the stroma 
has significant biochemical and physical impacts 
that promote tumor survival, growth, and metas-
tasis (32). Variations in stromal density between 
primary and metastatic lesions may lead to treat-
ment response disparities. Therefore, it is reason-
able that a reduced tumor load after primary 
tumor resection could improve the efficacy of 
chemotherapy for mPC. Evidence showed that 
the presence of a primary tumor reduced T-cell 
and antigen-specific antibody responses, whereas 
surgical excision of the primary tumor restored 
immunocompetence and improved anticancer 
immune activity (33). It was reported that circu-
lating tumor cells (CTCs) might colonize their 
originating tumors, a phenomenon known as 
tumor self-seeding (34). Comen et al. found that 
surgical excision of the initial tumor could limit 
or delay the process of “self-seeding,” resulting in 
a better prognosis for individuals undergoing sur-
gical resection (35).

Although our research shows that primary 
tumor resection could prolong the survival out-
comes of mPC patients, the median OS of 
patients who undergo primary tumor resection is 

one year (12 months), which is almost 0.7 years 
(8 months) longer than that of patients who do 
not undergo surgery. Of note, not all patients 
who could undergo surgery would benefit from it 
in terms of survival; the results revealed that 
some individuals who underwent surgery did not 
achieve the median OS time (4 months) of those 
who did not. Hence, this finding suggests that 
the surgical advice is insufficient. Based on this, 
we established a novel prediction model to maxi-
mize the selection of candidates who would bene-
fit most from primary tumor surgery. Using this 
prediction nomogram, mPC patients who are 
surgical candidates can be selected based on their 
individual surgery benefit potential projection. 
Therefore, our prediction nomogram is a useful 
supplemental tool for selecting mPC patients 
most suitable for surgical intervention at the time 
of diagnosis. Clinicians may utilize the prediction 
nomogram to determine each patient’s possible 
surgical benefit. According to our prediction 
nomogram, individuals designated as surgery 
benefit candidates are more likely to benefit from 
primary tumor surgery. Surgical therapy may be 
advised in addition to nonsurgical therapy in 

Figure 5. Prediction nomogram of CSS after primary tumor surgery. (A) The nomogram includes age, sex, race, T stage, N stage, 
histological grade, and tumor location for predicting CSS in postoperative patients. (B) ROC curves for 1-year CSS and 2-year CSS 
in the training set. (C) ROC curves for 1-year CSS and 2-year CSS in the validation set. (D) Calibration curves for 1-year CSS and 2- 
year CSS in the training set. (E) Calibration curves for 1-year CSS and 2-year CSS in the validation set. (F) DCA for 1-year CSS and 
2-year CSS in the training set. (G) DCA for 1-year CSS and 2-year CSS in the validation set. Sex (F: female; M: male), Race (W: 
White; B: Black, AI: American Indian/Alaska Native; API: Asian or Pacific Islander); T: T Stage; N: N stage; Primary Site (PH: Pancreas 
head; PB: Pancreas body; PT: Pancreas tail; PO: Pancreas other); AUC: area under the receiver operating characteristic curve; CSS: 
cancer-specific survival.
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these cases. A nonsurgical treatment plan would 
be a suitable suggestion for people who are con-
sidered surgery nonbenefit candidates. We believe 
that doctors will be better informed when they 
calculate the estimated benefit for each patient 
and make choices based on the cooperation of a 
diverse team.

In our model, tumor grade, size, and local 
extension of the primary tumor (T stage) were 
the most prominent predictors of patients who 
would benefit from primary tumor excision. 
Under a microscope, the grade of the tumor indi-
cates how normal or aberrant the cells seem. It 
may estimate the cancer’s growth rate and likeli-
hood of spreading (36). By multivariate analysis, 
previous studies also showed that tumor grade 
was an independent predictor of PC patient sur-
vival after resection (37, 38). Crippa et al. studied 
a group of 502 resected PC patients and found 
that those with G3 exhibited larger pathologic 
sizes, a higher incidence of T3/T4 tumors, more 
lymph node metastases, and more microvascular/ 
perineural invasion than those with G1 and G2 
(39). In PC, tumor grade can be determined 
safely before surgery using minimally invasive 
techniques such as endoscopic ultrasonography- 
guided fine-needle aspiration (40). Therefore, 
patients with mPC should undergo a preoperative 
cytologic/histologic evaluation and grading of the 
primary tumor site as an essential part of their 
preoperative evaluation.

Similarly, several multivariate analyses have 
revealed that T stage is an independent risk fac-
tor for survival in patients with PC (41–43). 
Specifically, PC size >2 cm was an independent 
predictor associated with poor postsurgical prog-
nosis, and this category has been included in the 
eighth TNM staging system (44, 45). Han et al. 
reported that patients in stage T1/T2 had a sig-
nificantly better prognosis by performing a retro-
spective analysis of 433 patients with PC who 
underwent resection (46). However, the diagnosis 
of stage T1/T2 is infrequent. Consequently, early 
identification is a crucial element of PC therapy.

There are currently no definitive selection cri-
teria for mPC patients who may benefit from 
surgical treatment. Moreover, as a result of exten-
sive variabilities, such as age, sex, grade, and 
stage, the prognosis for mPC patients varies. The 

combination of individualized analysis of patient 
outcomes and treatment methods with primary 
tumor resection might improve the prognosis of 
specific individuals with mPC. Consequently, our 
research developed and verified the first nomo-
gram based on a population to identify mPC 
patients who would benefit most from primary 
tumor resection. We expect to be able to comple-
ment the guidelines further and provide a new 
therapy option for individuals with mPC.

Notably, based on the surgical benefit group, 
we further developed a nomogram to predict the 
survival outcome of patients after surgery. Using 
this supplemental tool, surgeons could evaluate 
the prolonged survival probability of patients 
who underwent the procedure. Meanwhile, they 
can also comprehensively analyze the necessity of 
surgery by combining it with the desire of 
patients and relatives. We expect that employing 
these prediction tools in the clinic without incur-
ring extra costs may assist surgeons with deci-
sion-making and treatment for certain patients.

We acknowledge the following limitations in 
our research. First, as with all observational stud-
ies, this research was a retrospective analysis with 
inherent bias. Second, some details were not pro-
vided in the SEER database, such as comorbid-
ities, the specific chemotherapy drugs, and 
systematic therapy. Third, our nomogram was 
only validated in a split subgroup of participants, 
so it is necessary to validate the nomogram in an 
external cohort in the future.

Conclusion

In summary, our research developed a validated 
nomogram to aid surgeons in selecting optimally 
operable mPC patients who could potentially 
benefit from primary tumor resection in terms of 
survival. Therefore, presenting them with an 
extra practical therapeutic choice may improve 
their prognosis. The prediction model deserves 
more prospective validation and future 
enhancement.
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