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Abstract
Background: Primary tumor resection (PTR) as a treatment option for patients with 
stage IV pancreatic cancer (PC) is controversial.
Patients and methods: Stage IV PC patients, with treatment data from the National 
Cancer Institute's Surveillance, Epidemiology, and End Results (SEER), were 
screened. The main outcomes were overall survival (OS) and cancer-specific survival 
(CSS).
Results: We enrolled 15,836 stage IV PC patients in this study. Propensity score-
matched analyses revealed improved OS and CSS of patients receiving chemotherapy 
plus PTR versus chemotherapy (median survival time [MSTOS]: 13 vs. 9  months, 
p  =  0.024; MSTCSS: 14 vs. 10  months, p  =  0.035), and chemoradiotherapy plus 
PTR versus chemoradiotherapy (MSTOS: 14 vs. 7 months, p = 0.044; MSTCSS: 14 
vs. 7 months, p = 0.066). Multivariate adjusted analyses further confirmed these re-
sults. Stratified with different metastatic modalities, multivariate analyses suggested 
that PTR significantly improved the OS and CSS among patients with ≤1 metastatic 
organ, and that patients with brain metastasis might not benefit from chemotherapy 
treatment.
Conclusion: PTR improves the OS and CSS of stage IV PC patients on the basis of 
chemotherapy or chemoradiotherapy, provided that the metastases involve ≤1 organ. 
Chemotherapy, however, should be carefully considered in patients with metastases 
involving the brain.
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1  |   BACKGROUND

Pancreatic cancer (PC) is well-known for its high mortality 
rate and poor prognosis, causing 466,003 deaths in 2020.1 
Radical surgery is the only treatment option for this malignant 
disease. In 2020, 495,773 patients were diagnosed with PC,1 
and it was reported that approximately 60% of newly diag-
nosed PCs were metastatic.2 Even with the current advance-
ments in chemotherapy and radiotherapy, these patients can 
hardly survive for more than 1 year.3–7 For these patients, nei-
ther the National Comprehensive Cancer Network (NCCN)8 
nor the American Society of Clinical Oncology (ASCO) 
recommend resection of the primary tumor.9 Nevertheless, 
radical surgery to treat primary or metastatic sites has been 
accepted and conducted in an increasing number of meta-
static tumors, including but not limited to neuroendocrine 
neoplasm, breast cancer, and colorectal cancer.10–13 Thus 
far, primary tumor resection (PTR) for stage IV PC remains 
controversial.14–22 A previous study by our group discovered 
that surgery helped to prolong the overall survival (OS) of 
patients with stage IV PC.14 Some also advocated PTR and 
emphasized the importance of patient selection,15,20 while 
others reported no survival benefits from PTR.19,22 Due to the 
violation of established guidelines, approval for clinical tri-
als to study this issue is difficult to acquire. Therefore, there 
is no strong evidence to clarify the problem. Thus, we turn 
to the Surveillance, Epidemiology, and End Results (SEER) 
database, to evaluate the value of PTR among stage IV PC 
patients.

The SEER is a clinical database that collects cancer inci-
dence, prevalence, and survival data from US cancer regis-
tries that cover approximately 34.6% of the US population.23 
With the large-volume multi-center database, we screened 
eligible stage IV PC patients with definite metastasis, fol-
low-up, and treatment data. OS and cancer-specific survival 
(CSS) were utilized as the main outcomes, and analyzed with 
multiple statistical methods to determine the value of PTR in 
the treatment of stage IV PC patients.

2  |   PATIENTS AND METHODS

2.1  |  Patients

The eligibility criteria for patients in this study were patients 
older than 18 years, who had stage IV PC with metastatic 
disease at diagnosis, from 1975 to 2016. All patients were 
pathologically diagnosed with primary malignant tumors 
of the pancreas using ICD-O-3 codes of 8140/3 or 8500/3. 
The primary site-labeled column was C25.0–C25.3, and 
C25.7–C25.9. In total, we identified 98.949 patients with 

PC, who had recorded treatment information. A total of 
19,400 patients with stage IV PC were screened out with 
clear metastatic site information. Excluding those with un-
known race, unknown primary site surgery, unknown re-
gional/distant site surgery data, and no survival months, 
15,836 patients were enrolled in our study. The final cohort 
was then divided into different comparison patterns for the 
purpose of synchronous presentations, including those who 
received chemotherapy with or without PTR (N = 9515), 
those undergoing chemoradiation with or without PTR 
(N = 699), and those who received no treatment versus PTR 
only (N  =  5403). (Figure S1) It was noteworthy that we 
lacked detailed information, such as timing of treatments, 
whether the therapy paradigms were sequential or synchro-
nized was unclear.

2.2  |  Methods

OS and CSS were calculated using the Kaplan–Meier method, 
univariate comparisons relied on the log-rank test, and unad-
justed Cox models when necessary. Cox proportional hazard 
regression models adjusted for other variables were applied 
to calculate adjusted hazard ratios, 95% confidence intervals, 
and p values.

Propensity score matching (PSM) methods were used 
to adjust differences among the aforementioned compari-
son patterns in our study. The caliper was set to 0.05, with a 
matching ratio of 1:1. The matched covariates are presented 
in the corresponding tables.

As timing of the enrollment relative to surgical resection 
differed, sequential landmark analyses were implemented to 
evaluate survival in varied settings for patients surviving a 
minimum of 0.5, 1, 2, and 3 years from diagnosis, to elimi-
nate “time-to-treatment” bias.

A forest plot was generated to evaluate the effect of PTR-
combined therapy on OS by subgroups including age, race, 
sex, grade, T/N stage, tumor location, metastatic site, and 
number of involved organs, and further, to explore the poten-
tial candidates suitable for PTR.

Statistical analyses were performed using SPSS version 
26, and R version 3.6.3. Normally distributed continuous 
variables are displayed as average (standard deviation, SD), 
while non-normally distributed continuous variables are pre-
sented as median (Q1–Q3). The Kolmogorov–Smirnov test 
was used for normality testing of continuous variables. The 
Wilcoxon (Mann–Whitney) and Kruskal–Wallis tests were 
used to evaluate continuous variables. Categorical variables 
are presented as percentages and analyzed using Pearson's 
test. A two-sided p value of less than 0.05 was considered to 
be statistically significant.
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3  |   RESULTS

Among the 15,836 stage IV PC patients, the median follow-
up was 33 months (median survival time [MSTOS], 4 months; 
MSTCSS, 5  months). According to the different treatment 
types, patients were categorized into three groups: chemo-
therapy with or without PTR (N  =  9,515), chemoradiation 
with or without PTR (N = 699), and no treatment versus PTR 
only (N = 5,403). All patient characteristics are presented in 
Table 1.

Kaplan–Meier analysis was performed targeting OS and 
CSS categorized with different therapy modalities. (Figure 1) 
MST was calculated and listed in order from high to low: OS: 
chemoradiotherapy plus PTR, 15 months; chemotherapy plus 
PTR, 13 months; radiotherapy plus PTR, 8 months; chemo-
radiotherapy, 7  months; chemotherapy, 6  months; PTR, 
4 months; radiotherapy, 2 months; no treatment, 2 months; 
CSS: chemoradiotherapy plus PTR, 15 months; chemother-
apy plus PTR, 14  months; chemoradiotherapy, 8  months; 
radiotherapy plus PTR, 8 months; chemotherapy, 7 months; 
PTR, 5  months; radiotherapy, 3  months; no treatment, 
2 months. The PTR intervention significantly improved OS 
among all three comparison patterns. (Figure  1) Similarly, 
beneficial outcomes of PTR were also observed when ana-
lyzing CSS. (Figure 1).

After adjusting for confounding covariates, PTR also 
significantly improved the OS and CSS in different com-
parison patterns. (Figure 2, Table 2) PSM was performed 
to reduce the confounding effects of covariates for three 
pairs of comparison patterns in addition. The matched co-
horts are shown in Table  3. Compared with PTR-absent 

treatments, additional PTR significantly improved the OS 
and CSS of patients with stage IV PC. (Figure 3; chemo-
therapy plus PTR vs. chemotherapy: OS: 13 vs. 9 months, 
p  =  0.024; CSS: 14 vs. 10  months, p  =  0.035; chemora-
diotherapy plus PTR vs. chemoradiotherapy: OS: 14 vs. 
7 months, p = 0.044; CSS: 14 vs. 7 months, p = 0.066; PTR 
only vs. no treatment: OS: 4 vs. 3 months, p = 0.34; CSS: 4 
vs. 4 months, p = 0.69).

To eliminate time-to-treatment bias, sequential landmark 
analyses with landmarks set as 0, 0.5, 1, and 2 years after diag-
nosis, were performed. (Figure 4, Figure S2) Chemotherapy 
plus PTR, compared with chemotherapy, improved the OS 
and CSS in both univariate and multivariate survival anal-
yses. Chemoradiotherapy plus PTR was also advantageous 
over chemoradiotherapy for CSS and OS. Nevertheless, no 
significant differences were observed when comparing non-
treatment and PTR-only patients. (Table S1, Table S2).

Except for the primary site, the outcomes of patients 
receiving distant/regional site resections were also evalu-
ated (Table  S3). The MSTs for patients with resections of 
the primary site and distant/regional site (OS: 10  months; 
CSS: 11 months), primary site only (OS: 10 months; CSS: 
11 months), the distant/regional site only (OS: 6 months; CSS: 
7 months), and no surgery (OS: 4 months; CSS: 5 months) 
were measured, which indicated that surgical interventions 
increased the OS and CSS in stage IV PC patients. (Figure 5) 
The pairwise comparisons among the four groups above were 
all significant (p < 0.001) except for that between primary 
site plus distant/regional site and primary site only (OS: 
p  =  0.819, CSS: p  =  0.570). Additionally, in multivariate 
analyses, PTR increased the OS and CSS more significantly 

F I G U R E  1   (A) Comparison of OS among stage IV PC patients receiving different treatment modalities. (B) Comparison of CSS among stage 
IV PC patients receiving different treatment modalities
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than distant/regional resection did (Figure  5, multivariate 
Cox model: primary site vs. no-surgery: OS, p < 0.001; CSS, 
p < 0.001; distant/regional site vs. no-surgery: OS, p = 0.011; 

CSS, p = 0.003). On the basis of primary site resection, dis-
tant/regional resection might not result in additional OS/CSS 
improvements. (Multivariate Cox Model: primary site plus 

F I G U R E  2   (A) Comparison of OS between patients receiving chemotherapy and chemotherapy plus PTR with covariates adjusted. (B) 
Comparison of CSS between patients receiving chemotherapy and chemotherapy plus PTR with covariates adjusted. (C) Comparison of OS 
between patients receiving chemoradiotherapy and chemoradiotherapy plus PTR with covariates adjusted. (D) Comparison of CSS between patients 
receiving chemoradiotherapy and chemoradiotherapy plus PTR with covariates adjusted. (E) Comparison of OS between patients receiving with 
covariates adjusted. (A) Comparison of CSS between patients receiving no treatments and PTR only with covariates adjusted
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distant/regional site vs. primary site only: OS, p  =  0.486; 
CSS, p = 0.341).

A forest plot was constructed to verify whether the OS im-
provement seen with PTR existed in different subcategories. 
(Figure 6) It was revealed that insured patients with T2–4, 
N0–1, and distant metastases involving ≤1 organ, could ben-
efit from PTR regardless of age, sex, race, tumor location, or 
marital status.

For different organ involvement modalities, we com-
pared the OS and CSS using log-rank analyses. (Table S4) 
Stratified with different metastatic modalities, multivari-
ate analyses were performed. (Table 4, Table S5) It was 
discovered that chemotherapy would no longer ameliorate 
OS and CSS in patients with brain metastasis. The im-
pact of primary site surgeries was only significant when a 
single organ was involved. Distant/regional site surgeries 
were also found to be beneficial in patients with only liver 
metastasis.

4  |   DISCUSSION

The majority of patients with PC (approximately 60%) were 
diagnosed with metastatic disease (stage IV).2 Current guide-
lines do not recommend surgery for these patients.8,9 And 
whether these patients should be treated with PTR or not re-
mains a controversy. Some advocate PTR as a treatment mo-
dality,14,15,20 while others disagreed.19,22 Gu et al. compared 
patients that underwent PTR with those that underwent by-
pass or exploratory laparotomy only, on the basis of a 3-year 
follow-up.14 They reported a significantly prolonged OS rate 
in patients that underwent PTR. However, the sample size 
was limited (34 for the PTR group), and adjuvant treatments 
were not well incorporated into the analysis. The metastatic 
patterns have not been well explored. The work of Wang et al. 
was also limited by the lack of data on adjuvant therapy, and 
metastatic patterns.15 Tachezy et al. studied this issue based 
on 69 cases and meta-analysis, proving the survival benefits 

F I G U R E  3   (A) Comparison of OS between patients receiving chemotherapy and chemotherapy plus PTR after PSM. (B) Comparison 
of CSS between patients receiving chemotherapy and chemotherapy plus PTR after PSM. (C) Comparison of OS between patients receiving 
chemoradiotherapy and chemoradiotherapy plus PTR after PSM. (D) Comparison of CSS between patients receiving chemoradiotherapy and 
chemoradiotherapy plus PTR after PSM. (E) Comparison of OS between patients receiving after PSM (A) Comparison of CSS between patients 
receiving no treatments and PTR only after PSM
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F I G U R E  4   Sequential landmark Kaplan–Meier analyses of OS at ≥0, ≥0.5, ≥1, and ≥2 years between patients receiving chemotherapy and 
chemotherapy plus PTR, A–D, patients receiving chemoradiotherapy and chemoradiotherapy plus PTR, E–H, patients receiving no treatments and 
PTR only, I–L. The blue curves referred to the PTR-absence treatments while the yellow curves referred to the PTR-combined treatments

F I G U R E  5   (A) Comparison of OS among stage IV PC patients receiving different surgery treatment modalities. (B) Comparison of CSS 
among stage IV PC patients receiving different surgery treatment modalities
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of PTR among hepatic oligometastatic PC patients, especially 
for patients with tumors located at the head of the pancreas.20 
Although the neoadjuvant/adjuvant treatment data were 
listed, they were not well utilized in the analyses. The main 
limitations of the studies by Dünschede et al, and Gleisner 
et al. were the sample sizes (23 and 17, respectively), and 
the nonmention of “time-to-treatment” bias.19,22 Some were 
speculative, and proposed that the PTR candidates should be 

carefully selected, and that the positive impact of surgeries 
should be further verified.16–18,20,21 Hitherto, no consensus on 
this issue has been reached; however, majority still maintain 
a positive attitude. Previous studies were limited by sample 
size, lack of adjuvant treatment analyses, insufficient meta-
static pattern analyses, and uncorrected “time-to-treatment” 
bias. Thus, based on the SEER database with treatment and 
metastatic pattern data, we sought to fix the limitations above 

F I G U R E  6   Subgroup analysis of the 
association between PTR and OS using 
forest plot (chemotherapy plus PTR vs. 
chemotherapy). CI, confidence interval; 
T, tumor stage; N, nodal stage; Msite, 
metastatic site, including brain, liver, 
bone and lung; number, metastatic organ 
summation
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with multivariate, PSM, stratification, and sequential land-
mark analyses.

In our study, additional PTR significantly increased the 
OS and CSS, compared with PTR-absent treatments in mul-
tivariable risk adjustment analyses, based on chemotherapy/
chemoradiotherapy. PSM analyses were performed serving as 
the sensitivity analysis and the complementary verification.

“Time-to-treatment” bias arises in comparative research, 
when survival time is measured from enrollment (e.g., diag-
nosis), and the receipt of treatment occurs during follow-up. 
Patients with poor performance status or significantly aggres-
sive disease, might die too early (before undergoing PTR), 
which creates an apparent survival disadvantage for patients 
who do not receive PTR. The time interval between the date 
of initial diagnosis and the date of surgery, was unknown in 
the SEER data. The longer the deferral, the greater the “time-
to-treatment” bias is in favor of PTR. We speculated that 
“time-to-treatment” bias could partially explain the treatment 
effect estimate in previous studies. In our study, we used the 
landmark analysis, one of the recommended corrective ap-
proaches, to eliminate “time-to-treatment” bias, after which 
PTR with synchronous chemotherapy/chemoradiotherapy 
was still associated with improved OS and CSS.

As suggested by Drs. Shi, Liu, and Shrikhande, the pop-
ulation for PTR should be carefully selected.16–18 Forest plot 
was then performed, which revealed the OS improvement 
seen with the chemotherapy plus PTR modality compared 
with chemotherapy only, among different subcategories. It 
was observed that insured patients with T2–4, N0–1, and dis-
tant metastases involving ≤1 organ, could benefit from PTR 
regardless of age, sex, race, tumor location, or marital sta-
tus; this could serve as a reference for the screening of PTR 
candidates. We supposed that there probably existed special 
oncological behaviors in T1 metastatic patients.

To treat metastatic loci, Dünschede et al. recommended 
metachronous resection, while Tachezy et al. recommended 
synchronous resection for liver metastases. Dr. Liu, however, 
believed that both metachronous and synchronous metastatic 
resection, improved survival in lung metastases. However, 
some researchers have recommended nonsurgical treatment 
options.24–26 In our study, PTR improved the OS and CSS 
more than distant/regional site resection. In multivariate Cox 
analyses, combined distant/regional site resection could not 
contribute to OS/CSS increase on the basis of PTR.

Due to the insufficiency of studies on metastatic patterns, 
stratified with different metastatic organ involvement mo-
dalities, we verified the impact of different treatments. PTR 
should be considered only if a single organ is involved, which 
corresponds to the discoveries in the forest plot analysis. 
Distant/regional site resection can be applied when only the 
liver is involved. If the brain is involved, the administration of 
chemotherapy should be carefully considered. Radiotherapy, 
however, was not beneficial for patients with stage IV PC; 

it could be considered as a last complementary choice. The 
survival prognoses of different metastatic organ modalities 
varied slightly (MST range ≤8 months). Therefore, the sub-
group of metastatic behavior was of no use. In summary, pa-
tients with multiorgan or liver involvement were observed to 
have worse prognoses compared to those with brain, bone, or 
lung involvement.

This study had some limitations. First, its retrospective 
nature limited the evidence value of our work. However, 
our discoveries provide more grounds for ethical commit-
tees to approve clinical trials on the subject matter. Second, 
due to the limitations of the database, details about the 
treatments, such as the treatment time, chemotherapy reg-
imen, surgery details, and so on were not designed and re-
corded. These findings should be taken into consideration 
in future prospective studies. Third, information on the total 
tumor burden (e.g., size and number of metastatic loci for 
different involved organs), as well as the response to treat-
ment was lacking. Fourth, selection bias existed because 
of preference for surgery, for individuals whose general 
condition was more “acceptable.” Good performance status 
and personal habits may influence the OS, even though the 
NCCN guidelines bifurcated the strategies for stage IV PC 
patients based on performance status, while SEER lacked 
this information.

Ultimately, “time-to-treatment” bias, the metastatic pat-
tern analyses, and combined treatment analyses, which most 
previous studies neglected, were taken into consideration 
with a satisfactory sample size. In conclusion, we demon-
strated improvements in OS and CSS in patients with stage 
IV PC. If only one organ is involved, surgery should be per-
formed on the basis of chemotherapy or chemoradiotherapy. 
The use of chemotherapy as a treatment option in patients 
with brain metastasis, should be carefully considered due to 
the lack of significant improvement in OS and CSS in our 
studies.
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