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Radical resection benefits patients suffering pancreatic
ductal adenocarcinoma with liver oligometastases

Qingyan Kong, Fei Teng, Hang Li, Zheyu Chen
Division of Hepatic Surgery, Depariment of General Surgery, West China Hospital, Sichuan University, Chengdu, China

Purpose: Whether patients suffering liver oligometastases from pancreatic ductal adenocarcinoma (LOPDA] should
undergo surgical treatment remains controversial.

Methods: PubMed and Embase databases were systematically reviewed until 2023 June. Survival data were collected from
the Kaplan-Meier curves. Safety and survival were evaluated using primary outcomes such as 1-year, 3-year, and 5-year
survival rates, and 30-day mortality and morbidity. A subgroup meta-analysis was conducted to compare survival rates
post-synchronous resection and resection post-neoadjuvant chemotherapy in LOPDA.

Results: Our analysis of 15 studies involving 1,818 patients (surgical group, 648 and nonsurgical group, 1,170} indicates that
radical hepatectomy for LOPDA notably improved 1-year (odds ratio [OR], 3.24; 95% confidence interval [Cl], 2.45-4.28; P <
0.001), 3-year (OR, 5.74; 95% Cl, 3.36-8.90; P < 0.001), and 5-year (OR, 4.89; 95% Cl, 2.56-9.35; P < 0.001) overall survival
(OS] rates. A separate analysis of 6 studies with 750 patients demonstrated the safety of LOPDA surgery, with no increase
in postoperative complications (P = 0.26 for overall morbidity and P = 0.99 for mortality) compared to the patients with
no metastatic disease from the pancreatic ductal adenocarcinoma (NMPDA)] group. The NMPDA group showed superior
1-year and 3-year OS rates, but not 5-year OS rates compared to the LOPDA group.

Conclusion: Surgical treatment apparently offers a survival advantage to LOPDA by comparing with nonsurgical groups
in 1-, 3-, and 5-year OS rates. Radical resection for LOPDA is a safe treatment without more postoperative complications

than NMPDA.
[Ann Surg Treat Res 2024;106(1):51-60]
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INTRODUCTION

Among all causes of cancer death, pancreatic cancer ranks
seventh in both sexes worldwide. There is evidence that
pancreatic cancer will overtake breast cancer as the third
leading cause of cancer death by 2025 in a study of 28 European
countries [1]. Pancreatic ductal adenocarcinoma (PDAC) is the
most common pathological type of pancreatic cancer, with an
overall 5-year survival rate of approximately 85% [2]. Distant
metastases contribute to poor prognosis, with liver metastases

accounting for approximately 80% of PDAC cases with distant
metastases [3]. Currently, PDAC with distant metastases
is considered unresectable, and systemic chemotherapy,
including cytotoxic chemotherapy, immunotherapy, and
targeted therapy, is the mainstay of treatment [4]. Yet, as the
only treatment that can achieve cure, surgery is increasingly
considered for the improvement of preoperative systemic
therapy and surgical safety. Patients presenting with clinically
significant oligometastatic status, as proposed by Hellman
and Weichselbaum [5], with distant metastases to a single or
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limited number of organs and a high likelihood of complete
surgical resection of the metastases should be suitable for
curative therapeutic strategies [5,6]. With improved accuracy
in identifying oligometastatic disease, particularly for isolated
liver metastases, several studies have investigated surgery
and shown that surgery of the primary tumor and metastatic
disease are associated with better overall survival (OS). For
liver metastases from pancreatic, periampullary, and biliary
cancers, Lee et al. [7] reached a conclusion based on a meta-
analysis that resection could provide a survival advantage
without compromising the safety and quality of life in a select
group of patients. Yu et al. [8] concluded that extended surgery
benefits the medium term (less than 3 years). The limitations
of these studies, however, are the small number of patients,
the studies published a long time ago, and the adulteration to
other pathological types. For liver oligometastases from PDAC
(LOPDA), published studies fail to supply sufficient evidence-
based medicine to conclude convincingly that radical resection
benefits patients. Whether or not to perform radical resection
for LOPDA remains undetermined.

This meta-analysis with a stronger adequate number of
studies and patients is much more reliable compared to other
relevant reviews. In addition, this study introduces the concept
of oligometastases. No systematic reviews or meta-analyses
have focused on LOPDA with radical resection in recent years.
This study analyzed the impact of radical resection compared
with nonsurgical resection on the survival and safety of LOPDA
radical resection compared with patients with no metastatic
disease from PDAC (NMPDA) to maximize patient benefit and
make a cure possible for a greater number of patients. The
purpose of this study is to assist clinical surgery decisions in
strict LOPDA selection.

METHODS

This study was reviewed by the Ethics Committee of West
China Hospital of Sichuan University (No. 2022-1774).

Search strategy and data sources
This study performed a literature electronic search using

PubMed from 1989 to 2023 and Embase from 1974 to 2023.
Languages mainly included English and other languages such as
Chinese, Japanese, and German. The retrieval strategy covered
free words and key words. The search terms were “pancreatic
cancer,” "pancreatic ductal adenocarcinoma,” "pancreatic
neoplasm,” "hepatic metastases resection,” "liver metastases
resection,” "synchronous hepatectomy,” "simultaneous
hepatectomy,” “synchronous hepatic resection,” "synchronous
liver resection,” "simultaneous liver resection,” "simultaneous
hepatic resection,” and "simultaneous liver resection,” in MeSH
terms. According to PRISMA (Preferred Reporting Items for

Systematic Reviews and Meta-Analyses) guidelines, the search
flowchart is listed in Fig. 1. Meanwhile, this study has been
registered at PROSPERO (registration ID. 297926).

Inclusion and exclusion criteria
The inclusion criteria in this study were as follows: (1) all

patients were diagnosed with pancreatic ductal adenocarcinoma
(PDAC) with less than 3 liver metastases; (2) patients in the
surgical group with liver metastases were suitable for surgery
with or without (neo)adjuvant chemotherapy/radiation therapy;
(3) survival rates can be collected in the literature; and (4)
Newcastle-Ottawa Scale (NOS) score of =7. The exclusion
criteria were as follows: (1) neuroendocrine neoplasm and
other pathological types; (2) studies without a control group;
(3) fewer than 5 surgical patients; and (4) published in the form
of systematic reviews and meta-analyses, animal experiments,
letters, comments, and case reports.

Data extraction and tabulation
Two authors (OK and ZC) performed the basic data collection

independently by a data extraction form that included patient
characteristics (age, sample size, gender, country, treatment
methods, and surgical treatment details) and study information
(first author, published year, and NOS score). Major outcomes
(perioperative mortality, morbidity, and 1-, 3-, and 5-year OS) are
displayed in the form and forest plot. Disagreements reached a
consensus with a third author (FT). All tables, texts, and figures
were the targets for data extraction.

Quality assessment
The quality of the included studies was evaluated in the

form of the Newcastle-Ottawa Quality Assessment Scale (NOS
System) for cohort or case-control studies. We focused on the
selection of the exposed cohort, the comparability of cohorts,
the basis of the analysis of design, and the follow-up time long
enough at least 1 year. Most of the included studies with NOS
scores =8 belonged to high-quality literature.

Statistical analysis
According to Cochrane recommendations, following

the MOOSE (Meta-analysis of Observational Studies in
Epidemiology) guidelines, meta-analysis was performed by
using RevMan ver. 5.3 software (Cochrane Collaboration). Due to
the heterogeneity between the research design and the research
object, 12 and P-values were calculated to represent statistical
heterogeneity. The pooled effect was chosen using either the
fixed effects model or the random effects model based on a
threshold of 75%, with significance being set at a P-value of
<0.05 and 12 of >75%. A fixed effects model was applied in all
analyses due to little heterogeneity. Survival outcomes such as
1-, 3- and 5-year OS rate data were analyzed by dichotomous
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Fig. 1. Search strategy in the flow diagram.

variables with estimation of odds ratios (ORs) together with
05% confidence intervals (CIs), which were calculated using the
number of events and the total number. Overall morbidity and
30-day perioperative mortality were also pooled in this way.
Survival means the time of resection of the hepatic metastases
in the surgical group and the time of diagnosis of pancreatic
cancer with hepatic metastases in the nonsurgical group.
To evaluate publication bias, funnel plots were generated.
Excluding some studies or changing the effects model can test
sensitivity of total studies.

RESULTS

Study selection
The initial literature search strategy identified a total of 520

unique articles. After the exclusion of case reports, reviews,
fundamental experiments, and duplications, 26 studies were
screened to assess potential relevance. After further screening,

this study finally included 17 articles. Among them, 11
studies involved clinical research on the choice of surgical and
nonsurgical treatment in PDAC. Details are displayed in Table
1. The number of patients was 1929 in this meta-analysis. To
demonstrate the advantage of surgery in PDAC, 659 patients
underwent hepatic resection as the surgical group, and the
nonsurgical group included 1,192 patients. The number of
included studies and patients ensured the authenticity of
this study. The pathological type of all studies was pancreatic
ductal adenocarcinoma. Five studies mentioned the quantity
of hepatic metastases (solitary/multiple) [9-14]. Meanwhile, 5
articles were clinical studies of surgical treatment for LOPDA
and NMPDA [9,13,15-17]. To confirm the effects of surgery, this
study compared OS rates, postoperative complications, and
mortality between LOPDA and NMPDA.

Seven studies compared metachronous and synchronous
liver resection [12,14,18-22]. Reasons for metachronous liver
resection included neoadjuvant chemotherapy followed
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by resection of liver metastases and the discovery of
liver metastases after surgery. This study compared the
3-year OS rate with synchronous resection and resection
following neoadjuvant chemotherapy [9,13,15-17]. Six studies

especially introduced chemotherapy treatment. The median
chemotherapy rates in the surgical group and the nonsurgical
group were 64% (range, 31%-88%) and 875% (range, 57%~100%),
respectively [6,11,12,18,22,23]. Nine articles clarified the types of

Table 2. Results of the meta-analysis comparing the surgical group and the nonsurgical group for LOPDA

Outcome of No. of No. of events No. of events
interests study for surgical for nonsurgical
1-year OS 11 215/390 322/1,222
3-year OS 11 61/392 37/1,114
5-year OS 5 29/348 15/573

Heterogeneity ~ Meta-analysis

IR (57 L) P-value P-value and I2 model
3.24 (2.45-4.28) <0.0001 <0.0001, 76% Fixed
5.74 (3.36-8.90) <0.0001 0.50, 0% Fixed
4.89 (2.56-9.35) <0.0001 0.79, 0% Fixed

LOPDA, liver oligometastases from pancreatic ductal adenocarcinoma; OR, odds ratio; Cl, confidence interval; OS, overall survival.

A Surgical Non-surgical OR OR

Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI

Crippa 2016 11 11 65 116 0.9% 18.08 [1.04, 314.15]

Gleisner 2007 3 22 6 66 4.8% 1.58 [0.36, 6.93] —

Shi 2016 16 30 2 39 1.5% 21.14 [4.30, 104.04] EEE———

Mitsuka 2020 7 9 1 8 0.4% 24.50 [1.79, 336.23] _—

Ouyang 2015 9 22 88 475 8.5% 3.04 [1.26, 7.35] —_—

Schwarz 2020 20 25 3 8 1.7% 6.67 [1.18, 37.78]

Shao 2020 48 50 13 50 1.0%  68.31[14.51, 321.58] _—

Shrikhande 2006 5 11 27 118 4.6% 2.811[0.79, 9.92] -

Su 2021 42 93 93 232 53.9% 1.23[0.76, 2.00] ——

Tachezy 2016 39 69 18 69 14.5% 3.68 [1.80, 7.55] —

Yang 2019 15 48 6 41 8.2% 2.65[0.92, 7.65]

Total (95% ClI) 390 1,222 100.0% 3.24 [2.45, 4.28] <&

Total events 215 322 I } } |

Heterogeneity: Chi’ = 41.04, df = 10 (P < 0.0001); I* = 76% 001 01 1 10 100

Test for overall effect: Z = 8.27 (P < 0.00001) Favours Favours
[surgical] [non-surgical]

B . .

Surgical Non-surgical OR OR

Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI

Crippa 2016 1 11 0 116 1.0% 33.29 [1.27, 869.09]

Dunchede 2010 0 13 0 10 Not estimable

Gleisner 2007 1 30 0 39 5.2% 4.02[0.16, 102.15]

Shi 2016 2 9 0 8 4.9% 5.67 [0.23, 137.80]

Mitsuka 2020 0 25 0 8 Not estimable

Schwarz 2020 0 50 0 50 Not estimable

Shao 2020 21 93 15 232 83.0% 4.22[2.07, 8.62] ——

Su 2021 4 69 0 69 5.8% 9.55[0.50, 180.85]

Tachezy 2016 0 48 0 41 Not estimable

Yang 2019 0 0 0 0 Not estimable

Total (95% ClI) 348 573 100.0% 4.89 [2.56, 9.35] -

Total events 29 15 } } } ]

Heterogeneity: Chi’ = 1.71, df = 4 (P = 0.79); I = 0% 0.01 01 1 10 100

Test for overall effect: Z = 4.80 (P < 0.00001) Favours Favours
[surgical] [non-surgical]

Fig. 2. (A) Forest plot of the meta-analysis of the 1-year (A) and 5-year (B) overall survival (OS) rate between the surgical and
nonsurgical groups. For all patients included in the pool, the surgical group was associated with a significantly improved OS
rate (1-year: odds ratio [OR], 3.24; 95% confidence interval [Cl], 2.45-4.28; P < 0.001; 5-year: OR, 4.89; 95% Cl, 2.56-9.35;

P <0.001).
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chemotherapy drugs; the details are shown in Supplementary
Table 1.

Meta-analysis of primary outcomes
The primary meta-analysis outcomes of 11 studies on

the surgical group and nonsurgical group from PDAC are
summarized in Table 2. For the surgical group, the median
1-, 3-, and 5-year survival rates were 55.1%, 15.6%, and 8.3%,
respectively. For the nonsurgical group, the median 1-, 3-, and
5-year survival rates were 26.4%, 3.3%, and 2.6%, respectively.
For the 1-year OS rate, a meta-analysis of the 11 studies
illustrated that radical resection for LOPDA was associated
with a significantly improved 1-year OS rate (OR, 3.24; 95% CI,
245-4.28; P < 0.001) (Fig. 2A). However, there was significant
heterogeneity in the 1-year OS meta-analysis (12 = 76%, P
< 0.0001). Through sensitivity analysis, we found that the
main source of heterogeneity came from 2 studies [13,23]. A
short observation time and low-quality research may be the
reasons. For the 3-year OS rate, a meta-analysis of the 11 studies
illustrated that radical resection for LOPDA was associated

Surgical Non-surgical

with a significantly improved 3-year OS rate (OR, 5.74; 95% CI,
336-890; P < 0.001) (Fig. 3), without heterogeneity (12 = 0%, P
= 050). For the 5-year OS rate, a meta-analysis of the 5 studies
illustrated that radical resection for LOPDA was associated
with a significantly improved 5-year OS rate (OR, 4.89; 95% CI,
256-935; P < 0.001), without heterogeneity (12 = 0%, P = 0.79)
(Fig. 2B).

The primary meta-analysis outcomes of 6 studies on surgical
resection for LOPDA and NMPDA are summarized in Table
3. The median morbidity of surgical resection of LOPDA was
63% (range, 50%-68%), and the median 30-day postoperative
mortality was 1.4% (range, 0%-9.1%). The evaluation of
postoperative complications was based on the Clavien-Dindo
evaluation system. Comparing the overall morbidity of the
two groups, no significant difference was observed (OR, 1.26;
05% CI, 0.85-1.87; P = 0.26). Regarding the 30-day mortality:
there was also no significant difference observed between the
2 groups (OR, 1.01; 95% CI, 0.24-4.26; P = 0.99). This further
illustrated that the safety of pancreatic cancer surgery with or
without liver metastases was comparable. For the 1-year OS rate,

OR OR

Study or subgroup Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Crippa 2016 4 11 4 116 3.2% 16.00 [3.29, 77.86]
Diinschede 2010 2 13 0 10 3.3% 4.57 [0.20, 106.48]
Gleisner 2007 1 22 0 66 1.7% 9.28 [0.36, 236.30]
Shi 2016 1 30 0 39 3.0% 4.02[0.16, 102.15]
Mitsuka 2020 4 9 0 8 2.1% 13.91[0.62, 312.60]
Ouyang 2015 5 22 12 475 5.9% 11.35 [3.59, 35.84]
Schwarz 2020 3 25 0 8 4.6% 2.64[0.12, 56.76]
Shao 2020 3 50 0 50 3.3% 7.44[0.37, 147.92]
Su 2021 21 93 21 232 66.6% 2.93[1.51, 5.68] ——
Tachezy 2016 15 69 0 69 2.8% 39.53 [2.31, 675.54]
Yang 2019 2 48 0 41 37% 4.46[0.21, 95.66]
Total (95% ClI) 392 1,114 100.0% 5.47 [3.36, 8.90] >
Total events 61 37 f f f 1
Heterogeneity: Chi® = 9.37, df = 10 (P = 0.50); I* = 0% 001 041 1 10 100
Test for overall effect: Z = 6.85 (P < 0.00001) [';3;’;2:] [noi?:gf&ia”
0 ] /4\\
7 ! N
// : \\\
o N
0.5 A AN
= % | A%
S 1.0 / ! . .
L o ! Fig. 3. Forest plot of the meta-analysis of the 3-year overall
w S ' survival (OS) rate between the surgical and nonsurgical
7 i groups. For all patients included in the pool, the surgical
1.5 1 o ° Bi o 4 group was associated with a significantly improved 3-year
o °r o OS rate (odds ratio [OR], 5.47; 95% confidence interval [Cl],
S ! 3.36-8.90; P < 0.001). Funnel plot for evaluating publication
2.0+— L : - ——  bias results from 11 studies. This plot showed a symmetric
0.05 0.2 1 5 20 triangle distribution, which indicated no publication bias. SE,

standard error.
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Table 3. Results of the meta-analysis comparing LOPDA with NMPDA in surgical resection

No. of No. of events

No. of events

OR Heterogeneity Meta-analysis

Outcome of interests . " for LOPDA  for NMPDA (95% Cl) Pvalue b olueand 2 model
Overall morbidity 6 75/167 218/583  1.26(0.85-1.87) 026  0.07,51% Fixed
Perioperative mortality 4 2/103 15/513  1.01(0.24-426) 099  0.30, 6% Fixed
1-year OS 5 64/138 218296 0.24(0.14-0.39) <0.0001  0.31, 17% Fixed
3-year OS 5 7/138 46/296  0.22 (0.10-0.53)  0.0006  0.94, 0% Fixed
5-year OS 3 2/74 13226 039(0.10-1.48)  0.17  0.14, 50% Fixed

LOPDA, liver oligometastases from pancreatic ductal adenocarcinoma; NMPDA, no metastatic disease from pancreatic ductal
adenocarcinoma; OR, odds ratio; Cl, confidence interval; OS, overall survival.

a meta-analysis of the 5 studies illustrated that radical resection
for NMPDA was associated with a significantly improved
I-year OS rate (OR, 0.24; 95% CI, 0.14-0.39; P < 0.0001). For the
3-year OS rate, a meta-analysis of the 5 studies illustrated that
radical resection for NMPDA was associated with a significantly
improved 3-year OS rate (OR, 0.22; 95% CI, 0.10-0.53; P =
0.0000). Because the tumor stage in the LOPDA group was later
than that in the NMPDA group, the survival rate was better in
line with expectations. Surprisingly, for the 5-year OS rate, no
significant difference was observed (OR, 0.39; 95% CI, 0.10-1.48;
P = 0.17). Pancreatic cancer itself has a low survival rate, and a
small amount of literature may have contributed to this result.

Meta-analysis of subgroups
Four studies [6,12,20,21] (163 participants) focused on

synchronous resection and resection after neoadjuvant
chemotherapy (RANC) of LOPDA (Supplementary Fig. 1). In
the synchronous resection group, the patients were diagnosed
with pancreatic cancer with liver oligometastases before
surgery. In the RANC group, patients were those who were
found to have liver oligometastases during the chemotherapy
period 1 month after pancreatic cancer surgery. In the RANC
group, the neoadjuvant chemotherapy drugs were gemcitabine
or 5-fluorouracil [21], S-1 or gemcitabine [12], gemcitabine or
FOLFIRINOX (folinic acid, 5-FU, irinotecan, oxaliplatin) [6,20].
For 3-year OS, no significant difference was observed between
synchronous resection and RANC (OR, 1.04; 95% CI, 0.41-2.69).
This provides a clinical decision framework for prioritizing
surgical treatment in LOPDA. However, due to the limited
number of reported studies, further support from high-quality
research with larger sample sizes is still needed.

Additionally, we conducted a subgroup analysis based on the
demographic characteristics of each study, dividing the research
into 2 subgroups: Western countries and Asian countries. The
subgroup analysis results indicate that despite some variations
in research outcomes across different regions, radical resection
is closely associated with improved 1-year (Supplementary Fig.
2A) and 3-year (Supplementary Fig. 2B ) OS rates for LOPDA.
The subgroup analysis results are consistent with the previous

findings, further enhancing the credibility and reliability of the
main research outcomes.

Sensitivity analysis and bias exploration
This study performed a sensitivity analysis using

postoperative chemotherapeutic agents in 6 studies
[6,11,12,18,22,23]. The results were consistent with the initial
outcomes (1-year OS rate: OR, 2.07; 95% CI, 1.46-2.95; P <
0.001; 3-year OS rate: OR, 4.55; 95% CI, 258-8.02; P < 0.001;
and 5-year OS rate: OR, 4.63; 95% CI, 2.35-9.11; P < 0.001). This
study was confirmed to have good stability by omitting each
study to analyze the general sensitivity. Funnel plots of the
studies were used in the meta-analysis. This study showed little
publication bias in funnel plots. Due to the strict requirements
on the general conditions of patients who underwent surgical
resection, there may be selection bias in this paper. All studies
were with homogenous control groups. The selection bias of
patients could be reduced by setting up controls.

DISCUSSION

Hellman and Weichselbaum [5] proposed the state of
oligometastases in which the metastasis of the tumor is limited
in number and location. Distinct from micrometastases, the
facility for metastatic growth is not fully developed and the site
of it is confined. Cure strategies that may be considered include
surgery and ablation. For a single liver metastasis <5 cm, or
<3 tumors, each <3 cm, Hua et al. [24] concluded that RFA
plus gemcitabine-based chemotherapy may prolong survival in
selected patients. Four earlier studies [9,10,14,20] suggested that
surgery does not bring a significant survival benefit to LOPDA
and is often not recommended. Due to the improvements
in pre-, peri-, and postoperative management, as well as
appropriate patient selection, surgical safety has improved
[13,22]. The safety of surgery has prompted more studies willing
to operate on PDAC patients. In recent years, more studies have
shown that surgery for pancreatic cancer with oligometastases
can provide survival benefits [6,11,13,18,23,25]. The meta-
analysis of mortality included only 4 studies due to missing
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information on the control group. However, in terms of surgical
safety, the reported studies [10-12,15,18,22] included 88 patients
with a 30-day mortality rate of 0%. One study was 9.1% (n =
22) [9] and the other was 1% (n = 69) [6]. More importantly,
the mortality for radical LOPDA resection was 0% in the last 3
years [11,12,22]. Combined with the results of the meta-analysis
in this article, the safety of surgery for LOPDA can be well
illustrated.

In 2 RCTs on modern chemotherapy regimens for metastatic
pancreatic cancer, survival was significantly improved (1- and
3-year OS of FOLFIRINOX group were 36% and 1%, gemcitabine
groups were 16% and 1%, respectively [26]; 1- and 3-year OS of
nab-paclitaxel-gemcitabine group were 6% and 0%, gemcitabine
group were 2% and 0%, respectively [27]). One study had a
5-year OS of 0% [27] and another had a follow-up of less than 5
years [20]. Chemotherapy regimens alone may have influenced
the improved survival rate. However, in this meta-analysis,
the median 1- and 3-year OS rates of the surgical group were
53.3% and 15.0%, respectively. Meanwhile, the median 1- and
3-year OS survival rates of the nonsurgical group were 22% and
0%, respectively. Table 1 and Supplementary Table 1 show the
number of patients who received chemotherapy and the type of
chemotherapeutic drugs mentioned in the study. The majority
of patients in this study were given chemotherapy drugs in both
the surgical group and the nonsurgical group. The chemotherapy
regimen in this study was similar to that in the 2 RCTs, and this
study included more patients than 2 RCTs. The 1- and 3-year
OS rates were almost indiscriminate between the nonsurgical
group and the FOLFIRINOX group. By removing the effects of
chemotherapy, this study reliably concluded that surgery still
significantly improves survival in LOPDA, especially long-term
survival. Surgery combined with chemotherapy has become a
potential option for multidisciplinary treatment [19,25].

Certainly, limited lymph node metastases are considered
a special form of oligometastases, which are treated through
surgery [5]. Nevertheless, few studies have evaluated the impact
of surgical treatment of patients with oligometastases on long-
term survival. There were no unified, specific, observed criteria
for the number and size of oligometastases in the liver. Some
of the included studies explained the specific number of liver
metastases <3 [9,11-13,22,25]. These studies were published
in the last 2 years, as developments in imaging have made it
possible to identify patients with oligometastases [28].

Several limitations may impact this meta-analysis. Firstly,
the number of included studies is not large enough and no
randomized controlled trials are included due to the small
number of original studies addressing radical resection of
LOPDA. And this would have increased selection bias. Secondly,
the source of heterogeneity is a limitation. Primary tumors
in various positions present different metastatic patterns
and may affect the OS rate in each study. In addition, for

metastatic pancreatic cancer, FOLFIRINOX is recommended
as a systemic therapy for first-line treatment with good
performance. Different chemotherapy regimens in each study
have different effects on OS. Four studies [6,12,20,21] (163
participants) used neoadjuvant chemotherapy and Lee et al.
[7] obtained significantly higher OS rates in patients who
responded well to neoadjuvant chemotherapy. In addition, the
time from diagnosis to operation also affects OS. Unfortunately,
this has not been documented in most studies. Finally, the
LOPDA in the surgical group were patients who had been
carefully screened. The number and size of metastases, patient
requirements, and physical conditions influence whether
surgery should be performed. This would lead to selective bias.

Due to the small number of patients undergoing surgery
for liver metastasis from pancreatic cancer, and the wide
distribution of research over different time periods, we
stratified the included studies by year to exclude differences
attributable to time period. The results are shown in
Supplementary Fig. 3. As can be inferred from the results,
there were differences between the studies conducted prior to
2010 and the findings of this current study. However, studies
conducted after 2011 have still shown that surgical resection
for LOPDA provides patients with 1-year and 3-year survival
benefits. Meanwhile, in order to ensure comparability between
the surgical and nonsurgical groups, we collected data on the
size of the primary tumor and the number of metastatic tumors
in each group from various studies to reflect consistent tumor
burden, as shown in Supplementary Table 2. According to
reports from various studies, we found that in the majority of
studies, there was no significant difference in tumor burden
between the 2 groups (P > 0.05).

This review shows that surgery delivers greater survival
benefits to LOPDA compared to chemotherapy. However,
pharmacological chemotherapy is the first recommendation
for metastatic pancreatic cancer such as FOLFIRINOX and
gemcitabine plus nab-paclitaxel [29]. This has led to the
existence of some chemotherapy patients who could live
longer through surgical treatment. Therefore, it is important to
establish criteria and to select LOPDA accurately. This review
provides evidence-based medical rationales for future studies
on surgical resection of LOPDA.

In conclusion, radical resection offers a survival advantage
to LOPDA in 1-, 3-, and 5-year OS rates with low heterogeneity
in comparison to the nonsurgical group. Meanwhile, LOPDA is
similar to NMPDA in the safety of surgery with low mortality
and without more postoperative complications. This study
shows that LOPDA can benefit from radical resection and
surgery is safe. These findings suggest that surgery as a more
curative and beneficial choice should be generally considered
in LOPDA. Nevertheless, there are no well-accepted criteria for
the surgery indications of LOPDA, and more studies, especially
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