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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a highly 
aggressive malignancy with a dismal prognosis consisting of 
a mortality rate approximately equal to its incidence and a 
5-year survival rate of around 8% (1). Despite improvements 

in chemoradiotherapy efficacy, surgical resection remains 
the sole curative method with the potential to enhance the 
5-year survival rate to 20% (2,3). Although surgery for 
PDAC remains demanding and risky, remarkable progress 
has now made pancreatic surgery safe to perform with 
low mortality and morbidity rates (4,5). Some types of 
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surgeries, such as vascular resection and reconstruction, 
that were previously considered contraindications can now 
be performed by skilled pancreatic surgeons, who can even 
attain R0 resection in considerable numbers of patients (5). 

Many patients with PDAC present with distal metastasis 
at the time of diagnosis (6). Moreover, a definite TNM 
classification can be achieved in some patients only with 
operative exploration despite the advent of advanced 
noninvasive detection tools such as computed tomography 
or positron emission tomography–computed tomography 
(7,8). Such cases present a treatment dilemma to us, 
making it unclear whether we should perform metastatic 
resection of the primary tumor, palliative bypass, or 
simply close the abdominal area. Unlike hepatectomy for 
colorectal metastases, which is currently commonly used for 
colorectal liver metastases with 5-year survival rates of up 
to 58% (9), according to National Comprehensive Cancer 
Network (NCCN) guidelines, tumor resection should not 
be performed when other organs are infiltrated by PDAC 
(10,11). Thus, metastasectomy of PDAC has long been 
controversial. In terms of synchronous resection of liver 
metastases with pancreatectomy, different centers including 
Heidelberg and Charite-University of Berlin reported 
different results including perioperative complications and 
overall survival of 8–39 months (8,12-14). However, early 
on, these trials considered only liver metastasis and seldom 
considered other organs. Furthermore, related information 
was not recorded in detail by some studies, making it 
difficult to justify the use of metastasectomy for PDAC 
metastasis.

As one of the largest pancreatic disease centers worldwide, 
our institution employs several skilled surgeons who 
perform more than 500 pancreatectomy cases per year. In 
this context, we collected the clinical data of the long-term 
survival rate and treatment quality of M1 PDAC patients in 
past 15 years, important aspects that were rarely reported 
in previous articles, and evaluated different variants that 
influenced patient survival and treatment quality.

Methods

Patients

A retrospective review was conducted of all patients with 
M1 PDAC who were admitted to the Department of 
Pancreatic Surgery of Ruijin Hospital between January 1,  
2003, and December 31, 2014. The patients’ data were 
entered into a prospective database established in 2003 after 
their hospital admission. The patients were followed up 

until the time of death or study completion (December 31, 
2017). PDAC was diagnosed according to NCCN criteria, 
and all the patients had histologically verified PDAC. 
None of the patients received neoadjuvant chemotherapy 
or other preoperative anticancer treatment. Metastatic 
sites were detected in all cases using enhanced computed 
tomography or magnetic resonance imaging. Gastroscopy 
and colonoscopy were performed in selected patients.

Some patients were diagnosed preoperatively with stage 
IV PDAC. Except for patients who refused to receive any 
treatment, a multidisciplinary clinical assessment was used 
to evaluate the possibility of resection. For patients who 
could not be diagnosed preoperatively with stage IV PDAC, 
exploratory laparotomy was performed with patient and 
family consent of the patients and their relatives. Patients 
with non-metastatic PDAC were excluded from this study. 
The remaining patients were thoroughly evaluated by at 
least three skilled surgeons to determine the possibility 
of resection. The patients and their relatives were well 
informed of the benefits and risks of surgical treatment.

This study was approved by the ethics committee of 
Ruijin Hospital, which is affiliated with Shanghai Jiao Tong 
University, in accordance with the latest version of the 
Declaration of Helsinki. All subjects signed an informed 
consent form.

Surgical techniques

In a horizontal position, the patients received adequate 
anesthesia and underwent surgical exploration through 
a reverse L-shaped abdominal incision. After opening 
the abdominal cavity, we examined the abdominal wall, 
omentum majus, mesentery, liver, stomach, small intestine, 
and intestinal colon to identify possible metastasis and its 
extent to decide whether it could be synchronously resected. 
The metastatic sites were validated using intraoperative 
frozen sections. Intraoperative ultrasonography and 
preoperative gastrointestinal endoscopy were performed 
if possible. Synchronous tumor resection was performed 
if the metastatic site could be removed completely (not 
wide metastasis). Briefly, a pancreaticoduodenectomy was 
conducted when the tumor was in the head or neck of the 
pancreas, while a distal pancreatectomy was employed when 
the tumor was close to the body or tail of the pancreas 
(Figure 1).

Synchronous tumor resection was discontinued if 
multiple metastases were found in the abdominal wall, 
omentum majus, and mesentery that were not detected 
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preoperatively and were impossible to resect. In terms of 
the involved intestine and colon, cases of local invasion 
were considered suitable for resection, while those of 
widespread metastasis were considered contraindicated. 
For unresectable cases in the pancreatic head, palliative 
bypass was performed if jaundice or a gastrointestinal tract 
obstruction occurred before surgery.

Main outcomes

Collected patient characteristics included age, sex, American 
Society of Anesthesiologists (ASA) score, body mass index, 
tumor size, total bilirubin level, albumin level, Child-
Pugh classification, CA 19-9 level, tumor size, number 
of metastatic organs, and number of metastatic vessels. 
Surgical variables included operative time, intraoperative 
blood loss, and volume of intraoperatively infused blood. 
Postoperative variables included morbidity, mortality, 
and length of postoperative hospital stay. Postoperative 
morbidities were evaluated according to the Clavien-Dindo 
classification system, in which a major complication was 
defined as a score ≥3.

Statistical analyses

All included patients were followed up until death or the 
end of the clinical trial period on December 31, 2017. The 
statistical software SPSS 20.0 (SPSS Inc., Chicago, IL, USA) 
was used in the statistical analyses. Continuous data are 

expressed as mean ± SD or median. Continuous variables 
were compared using Student’s t-test and one-way analysis 
of variance. Categorical variables were compared using the 
chi-square test or Fisher’s exact probability test. Survival 
rates were analyzed using the Kaplan-Meier method, and 
significant differences were determined by using the log-
rank test. Patients who died perioperatively were not 
included in the survival analysis. Prognostic variables were 
screened through a Cox regression analysis. Multivariate 
analysis was performed using a Cox proportional hazard 
model to identify independent prognostic factors.

Results

Patient characteristics

From January 1, 2003 to December 31, 2014, 203 patients 
with suspicious stage IV pancreatic cancer were diagnosed 
at our center. Of them, 95 were confirmed preoperatively 
and 8 patients quit therapy at the time of diagnosis. 
Multidisciplinary evaluations revealed that 25 patients were 
unsuitable candidates for aggressive surgical therapy because 
of a poor general condition. For the remaining 62 patients,  
synchronous tumor resection was scheduled in 45 and 
palliative bypass was scheduled in 17. Finally, tumor 
resection was positive in 30 patients; however, it failed in 
the other 15, due to an undetectable metastasis requiring 
palliative bypass (jaundice or gastrointestinal obstruction 
was noted perioperatively) or the operation was simply 

Figure 1 Computed tomography scan of liver metastasis from a case of pancreatic ductal adenocarcinoma (PDAC). (A) Single hepatic 
metastatic site from PDAC that could be removed synchronously. (White arrows, metastatic tumor); (B) unresectable multiple metastatic 
sites that could not be removed using synchronous tumor resection. (White arrows, metastatic tumor); (C) completion of synchronous 
tumor resection.

A B C
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terminated (no complication before surgery). 
A definite diagnosis could not be made preoperatively 

in the remaining 108 patients, so exploratory laparotomy 
was performed. The benefits and risks of synchronous 
tumor resection were well explained preoperatively to the 
patients and their relatives, and the possibility of resection 
was thoroughly evaluated intraoperatively by at least three 
senior surgeons. Of them, 20 patients were excluded due to 
having non-stage IV PDAC. Finally, 6 patients underwent 
synchronous tumor resection, 28 underwent palliative 
bypass, and 54 underwent surgical termination because of 
unresectable metastases in the omentum majus, abdominal 
wall, or mesentery.

Overall, 36 patients underwent synchronous tumor 

resection, 54 received palliative bypass, and 60 underwent 
only exploratory laparotomy. In terms of perioperative 
mortality, none of the patients who underwent synchronous 
tumor resection died, but 2 patients each who received 
palliative bypass or exploratory laparotomy died. The 
patient selection process is shown in Figure 2.

After surgery, 7 of 36 patients received chemotherapy 
(Table S1). All patients’ baseline characteristics are listed 
in Table 1. The ASA classification system and Child-Pugh 
classification were used to evaluate the patients’ general 
condition. Although significant differences were observed in 
albumin level, CA 19-9 level, and tumor size, no significant 
difference was found in Child-Pugh classification or other 
parameters. 

Figure 2 Selection process of patients with M1 pancreatic ductal adenocarcinoma.
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Surgical outcomes

Of the 36 patients who underwent synchronous tumor 
resection, 17 had pancreatic head cancer and 19 had 
pancreatic body or tail cancer. Pancreatic tumor and 
metastatic sites were extirpated completely in all cases, 
including 7 with two or three metastatic sites. Information 
on the primary tumor location, metastatic site, TNM stage, 
resection extent, incision margin, and survival status are 
presented in Table S2. A total of 17 patients underwent 

hepatic segmentectomy; 4 underwent gastrectomy (1 
total gastrectomy); 4 underwent partial colectomy; and 1 
underwent partial small intestinal resection. To prevent 
tumor recurrence, all patients with pancreatic body and tail 
cancer also underwent a splenectomy.

The surgical data of the patients in the three therapeutic 
model are presented in Table 2. The median operative time 
was significantly longer and intraoperative blood loss was 
higher in the synchronous tumor resection group than in 

Table 1 Comparison of clinical characteristics among the three groups

Characteristics TR group, n=36 PB group, n=54 Exp group, n=60 P value

Age, mean (SD), year 62.86±8.226 62.54±9.680 61.93±9.107 0.880

Gender 0.584

Male 24 37 45

Female 12 17 15

BMI, kg/m2* 24.72 (6.58) 19.780 (2.77) 22.245 (5.54) 0.055

ASA classification 0.342

I 27 40 44

II 8 12 14

III 1 2 2

Child-Pugh classification 0.136

A 33 49 55

B 3 5 5

Albumin, g/L* 38.000 (9.00) 35.500 (6.30) 40.000 (6.30) 0.001

CA 19-9, U/L* 376.900 (4,142.60) 497.350 (1,868.10) 449.545 (1,954.53) 0.036

Tumor size, cm* 4.500 (6.00) 5.000 (3.00) 5.000 (2.00) <0.001

No. of metastatic organs 0.293

1 29 44 43

2 6 8 9

3 1 2 6

4 0 0 2

No. of metastatic vessels 0.293

0 0 1 1

1 3 6 6

2 4 13 13

3 0 2 2

4 0 3 3

*, reported as median (IQR).
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the other two groups. No perioperative deaths occurred in 
the tumor resection patients, whereas 2 deaths occurred in 
the palliative bypass and exploratory laparotomy groups. 
Postoperative complications occurred in 26 patients in the 
tumor resection group. However, only 1 patient developed 
a major complication (postoperative bleeding), which was 
treated with digital subtraction angiography; 6 had fever; 
and 11 developed a pancreatic fistula (grade A in 3, grade B  
in 8) and received conservative treatment. Although the 
complication rates were higher in the tumor resection 
group than in the other two groups, the severity of the 
complications did not significantly differ. Details of the 
postoperative complications are listed in Table 3.

We divided the metastatic sites into two types. The first 
type is metastasis to adjacent organs such as the common 

bile duct, duodenum, and spleen. Although this type of 
metastasis occurs locally and could be removed by standard 
surgical resection in most cases, it is associated with worse 
prognosis than non-metastatic cases (data not shown). The 
other type is distant metastasis such as those to the liver, 
stomach, and colon. For surgeons, this is the most difficult 
type of metastasis to manage. According to our 12-year  
experience, metastatic sites are the basis for deciding 
whether resection is possible; thus, they are highly related 
with prognosis. In our survival analysis, we found that, 
except for omentum majus involvement, the involvement of 
other organs was not positively correlated with prognosis. 
This means that metastasis to the omentum majus is a better 
predictor of a possible worse prognosis than metastases 
to other organs (Table 4). This is theoretically easy to 
understand since the operation was stopped if omentum 
majus metastasis was found during the exploratory 
laparotomy; however, some micrometastases were difficult 
to identify even intraoperatively and could be only validated 
by postoperative pathological examination. Although the 
omentum majus was regularly resected in this surgery, the 
PDAC had already metastasized.

Survival analysis

The 1-, 2-, and 3-year survival rates of the synchronous 
tumor resection group were 27.3%, 21.2%, and 7.1%, 
respectively, with a median survival time of 7.9 months. 
The mean survival rates of the patients in the palliative 
bypass group were 9.8% at 1 year and 0% at 2 and 3 years. 
Their median survival time was 4 months. The survival 

Table 2 Surgical outcomes of three groups

Characteristics TR group, n=36 PB group, n=54 Exp group, n=60 P value

Hospital stay (d)* 20.00 (22.00) 24.50 (20.00) 15.00 (5.00) <0.001

Operation time (min)* 240.00 (157.00) 180.00 (71.00) 120.00 (53.00) <0.001

Blood loss (mL)* 500.00 (450.00) 200.00 (200.00) 50.00 (50.00) <0.001

Hospital stay (d) 26.44±15.35 15.56±9.354 8.95±2.952 <0.001

Overall survival (d)* 242.00±54.00 119.00±15.023 113.00±8.704 <0.001

1-year survival rate (%) 27.3 9.9 8.8 <0.001

2-year survival rate (%) 21.2 0 1.8 <0.001

3-year survival rate (%) 7.1 0 0 <0.001

30-day mortality, N (%) 0 (0) 2 (3.7) 2 (3.3) 0.519

*, reported as median (IQR). Patients with perioperative death were excluded when survival rate analysis.

Table 3 Complication parameters of three groups

Clavien-Dindo  
grade

TR group, 
n=36

PB group, 
n=54

Exp group, 
n=60

P value

I 0.009

Fever 6 4 3

Fistula (Grade A) 3 1 0

II <0.001

Infection 8 1 1

Fistula (Grade B) 8 0 0

III 0.474

Hemorrhage 1 0 0

Incision dehiscence 0 1 0
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rates of the patients in the exploratory laparotomy group 
were 8.8%, 1.8%, and 0% at 1, 2, and 3 years, respectively. 
Their median survival time was 3.7 months (Figure 3). 
The median survival time of palliative bypass group and 
exploratory laparotomy group were significantly shorter 
than synchronous tumor resection group (P<0.05).

In the subsequent analysis, we compared the survival 
time of patients with metastasis to the liver versus other 
organs since the liver was the most frequently metastatic 
target reported in previous studies from other institutes. 
The median survival time was 4.4 months in liver metastasis 
group versus 4.5 months in the other organ’s metastasis 
group, showing no significant intergroup difference 
(P=0.245).

To assess the correlation between overall number of 
metastasis organs and survival, we divided the patients into 
four groups. The median survival times were 4.6, 4, 3.8, 
and 1.2 months in the one, two, three, and four metastasis 
organ groups, respectively. The survival time of the four 
metastases organs group was significantly shorter than 
those of the other groups (P<0.001). Considering the 
development of disease, the metastasis to four organs will 
negatively impact prognosis, which may be attributed to 
tumor burden.

In the univariate analysis of patients who underwent 
synchronous tumor resection, several parameters were 
included (Table 5); however, no significant factor was 
correlated with overall survival. In the multivariate analysis 
(Table 6), tumor size larger than 2 cm was an independent 
risk factor (P=0.033; hazard ratio, 2.4; 95% confidence 

interval, 1.075–5.363). Although age was primarily 
considered another risk factor, no significant difference was 
found to be correlated with overall survival.

Discussion

PDAC still leads to dismal prognosis since surgery is the 
only potentially curative method available for resectable 
pancreatic cancer. Reports have shown that longer 
survival time could be achieved after curative resection 
(R0 resection) and positive node clearance (14,15). 
Unfortunately, according to the current guidelines, 
complete resection can be achieved in few patients due to 
local or distant metastasis (16). The guidelines of PDAC 
therapy have changed over time from radical resection 
to extensive lymph node dissection to chemotherapy 
preference. Based on the present understanding of PDAC, 
other palliative treatments such as chemotherapy or 
radiotherapy are recommended to tackle metastatic PDAC. 
However, palliative chemotherapy, mainly gemcitabine 

Table 4 Relationship between metastatic organs with prognosis in 
three groups

Metastatic site
TR group, 

n=36
PB group, 

n=52
Exp group, 

n=58
P value  

(log rank)

Liver 18 35 20 0.082

Duodenum 4 8 9 0.264

Cholecyst 0 3 0 0.717

Common bile duct 6 2 0 0.198

Stomach 4 4 11 0.056

Small intestine 1 1 8 0.056

Transverse colon 4 2 9 0.947

Spleen 6 0 3 0.183

Omentum majus 2 5 23 0.033*

Figure 3 Kaplan-Meier curves of the three study groups.
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monotherapy, the classic regimen for nearly 20 years, 
provided only limited benefits with a median survival time 
of 5.0–7.2 months (17,18). Nab-paclitaxel, a new regimen, 
reportedly had better prognosis, with a median survival 
time of 8.5 months when administered synchronously 
with gemcitabine (19). The combined use of different 
chemotherapeutics such as the FOLFIRINOX regimen may 
improve survival time to a median 11.1 months. However, 
in addition to its higher cost, FOLFIRINOX carries serious 
side effects, which restricts its clinical application (16),  
especially in China. Therefore, investigations into the 
appropriate treatment are urgently required.

Due to the fact that most patients with PDAC have occult 
or overt metastasis, performing pancreatic resection together 
with metastasectomy, as in the case of hepatic metastasis 
for colorectal cancer, may be worthwhile, although it seems 
contradictory to the current PDAC treatment guidelines. Some 
large institutions have already attempted to perform hepatic 
metastasectomy synchronous with pancreatic tumor resection, 
leading to different arguments (Table S3) (7,12-14,20). Some 
scholars reported an overall survival time of 13.8 months, 
with a 1-year survival rate of 58.9% after synchronous 
hepatectomy for M1 pancreatic cancer patients, highly 
supporting the proposal that synchronous hepatectomy for 
these patients would prolong the overall survival time (7). 
Other scholars, on the other hand, were strongly against 
extended resection in cases of hepatic metastasis. Their 
results indicated that not only the overall survival did not 
improve, but surgery-related morbidity and mortality 
increased (14). Although these studies recommended 
against this surgery, they admitted that synchronous hepatic 
resection of M1 PDAC could be performed safely by skilled 
surgeons at appropriate institutions.

Whether neoadjuvant and adjuvant radiotherapy or 
chemotherapy were used or standardized in these patients 

Table 5 Univariate analysis of prognostic factors in patients with 
metastatic PDAC

Characteristic N (%) P value

Age (years) 0.162

≤60 16

>60 20

Gender 0.567

Male 24

Female 12

Tumor size 0.066

≤2 cm 21

>2 cm 15

Bilirubin 0.651

<17.1 μmol/L 3

≥17.1 μmol/L 33

Albumin 0.500

<35 g/L 24

≥35 g/L 12

No. of metastatic organs 0.203

Single 29

Multiple 7

No. of metastatic vessels 0.164

None 28

Single 4

Multiple 4

CA 19-9 0.370

<1,000 31

≥1,000 5

Differentiation degree 0.959

High 14

Moderate 16

Poor 6

Chemotherapy 0.381

Yes 7

No 29

Table 6 Multivariate analysis of prognostic factors in patients with 
metastatic PDAC

Variable HR (95% CI) P value

Age

≤60/>60 0.602 (0.279, 1.299) 0.196

Tumor size

>2/≤2 cm 2.400 (1.075, 5.363) 0.033
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in previous studies was unclear. Furthermore, these studies 
considered only liver metastasis. However, we should realize 
that although the liver is the most common metastatic organ 
in PDAC, it is not the only possible metastatic site (Table S2).  
Thus, in the current study, we included only patients who 
did not receive neoadjuvant chemotherapy as subjects 
and considered metastasis to other organs. Furthermore, 
multidisciplinary clinical assessments were performed of 
every patient to decrease selection bias and clarify the benefits 
of surgery. We also analyzed the data of the patients who 
underwent only palliative bypass or exploratory laparotomy. 
Our study’s purpose was not to clarify whether synchronous 
tumor resection was superior to palliative treatment; rather, 
we aimed to clarify whether tumor burden could vary among 
patients with stage IV PDAC treated according to NCCN 
guidance and should they be treated differently. Of our cohort, 
36 patients in the synchronous tumor resection group may 
have had a lower tumor burden than those in the other two 
groups; thus they could benefit from surgery since they had a 
relatively longer overall survival time of 7.9 months, not too 
much worse than those who underwent gemcitabine plus nab-
paclitaxel treatment (8.5 months). Patients with more than 
four metastasis organs showed a shorter survival time than 
others, which also reminds us of taking a cautious attitude 
toward treating these patients surgically. We plan to perform a 
randomized controlled study to evaluate whether their overall 
survival time would be prolonged by the combination use of 
synchronous tumor resection and (neo)adjuvant chemotherapy 
since chemotherapy currently plays a more important role 
than ever before but also has its limitations.

Our study has some limitations. First, selection bias 
and some confounding factors exist, and we were unable 
to use propensity score matching analysis to compare the 
outcomes of the three different groups due to the small 
number of samples. Furthermore, it was a retrospective 
study instead of a randomized controlled trial; thus, its level 
of evidence is not that high. Second, although we ensured 
that none of our patients received neoadjuvant radiotherapy 
or chemotherapy before surgery, we could not control for 
the proportion of patients who received adjuvant therapy 
after surgery, even though it did not influence overall 
survival after the statistical analysis since few patients 
received chemotherapy due to its treatment heterogeneity 
and side effects. Finally, the number of patients in this study 
was not large, which may limit the strength of our results. 
On the one hand, this is a high-risk and controversial 
surgery, so we could not persuade patients to undergo it. On 
the other hand, there is still no clear protocol for selecting 

appropriate patients to undergo this surgery due to cancer 
heterogeneity and differences in tumor burden. 

Based on the current knowledge, we will start further 
studies as follows. First, we will investigate new therapies 
targeting patients with metastasis. Since synchronous tumor 
resection is feasible in selected patients, we will combine 
intraoperative radiotherapy and postoperative personalized 
chemotherapy. Second, we found that synchronous 
tumor resection could be performed in selected patients. 
However, identifying appropriate patients is challenging. 
Thus, a clinical system should be developed to evaluate the 
possibility of resection in affected patients.

Conclusions

Although technically challenging, surgical resection for 
metastatic PDAC can be safely performed in and may 
prolong the overall survival time of some highly selected 
patients. Omentum majus metastasis is a predictor of worse 
prognosis in M1 PDAC patients compared to another organ 
metastasis. Primary tumor size may be a factor for deciding 
whether appropriate M1 PDAC patients could benefit 
from synchronous tumor resection. Although the surgery 
was safely performed in this study, it cannot be widely 
recommended until high-quality randomized controlled 
trials are conducted. Furthermore, whether surgery 
combined with adjuvant or neoadjuvant chemotherapy 
may further prolong overall survival in this kind of patient 
cohort remains to be determined. 
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Table S2 Detail information of patients in synchronous tumor resection group

Primary tumor location Metastatic location TNM R status Type of surgery Survival time (day) Status

Pancreatic head Duodenum T3N0M1 R0 Whipple 1331 Dead

Pancreatic head Duodenum, liver T3N0M1 R0 Whipple, hepatic segmentectomy 739 Dead

Pancreatic tail Stomach, transverse colon T4N0M1 R0 DP, partial stomach resection, partial transverse colon resection 336 Dead

Pancreatic head Duodenum T3N1M1 R0 Whipple 797 Dead

Pancreatic tail Liver T3N1M1 R1 DP, hepatic segmentectomy 171 Dead

Pancreatic head Common bile duct T2N0M1 R0 Whipple 98 Dead

Pancreatic head Liver T2N0M1 R0 Whipple, hepatic segmentectomy 824 Dead

Pancreatic head Common bile duct T3N1M1 R0 Whipple 139 Dead

Pancreatic head Common bile duct T2N1M1 R0 Whipple 477 Dead

Pancreatic head Liver T2N0M1 R0 Whipple, hepatic segmentectomy 52 Dead

Pancreatic tail Liver T3N1M1 R0 DP, hepatic segmentectomy 322 Dead

Pancreatic body and tail Liver T3N1M1 R0 DP, hepatic segmentectomy 791 Dead

Pancreatic tail Spleen T3N0M1 R0 DP, splenectomy 1,315 Alive

Pancreatic body Stomach T3N0M1 R0 DP, partial stomach resection 238 Dead

Pancreatic body and tail Liver T2N0M1 R0 DP, hepatic segmentectomy 378 Dead

Pancreatic head Liver T4N1M1 R0 Whipple, hepatic segmentectomy 219 Dead

Pancreatic head Liver T3N0M1 R0 Whipple, hepatic segmentectomy 161 Dead

Pancreatic tail Small intestine, spleen T3N0M1 R1 DP, splenectomy, partial intestinal resection 1,481 Dead

Pancreatic head Liver T2N0M1 R0 Whipple, hepatic segmentectomy 201 Dead

Pancreatic head Common bile duct, liver T2N0M1 R0 Whipple, hepatic segmentectomy 981 Alive

Pancreatic tail Stomach, spleen, transverse colon T3M1N1 R0 DP, splenectomy, partial stomach resection, partial transverse 
colon resection

559 Dead

Pancreatic tail Liver T3N0M1 R0 DP, hepatic segmentectomy 310 Dead

Pancreatic tail Transverse colon spleen T3N1M1 R0 DP, splenectomy, partial transverse colon resection 117 Dead

Pancreatic tail Stomach transverse colon T3N1M1 R0 DP, total stomach resection, partial transverse colon resection 109 Dead

Pancreatic head Common bile duct T3N1M1 R0 Whipple 226 Dead

Pancreatic head Liver T3N1M1 R0 Whipple, hepatic segmentectomy 144 Dead

Pancreatic tail Spleen T3N0M1 R0 DP, splenectomy 134 Dead

Pancreatic tail Liver, spleen T3N0M1 R0 DP, splenectomy 67 Dead

Pancreatic body Liver T3N1M1 R0 DP, hepatic segmentectomy 162 Dead

Pancreatic head Liver T3N1M1 R0 DP, hepatic segmentectomy 589 Alive

Pancreatic tail Spleen T3N0M1 R0 DP, splenectomy 234 Dead

Pancreatic head Duodenum T3N1M1 R0 Whipple 294 Dead

Pancreatic body Liver T3N1M1 R0 DP, hepatic segmentectomy 242 Dead

Pancreatic tail Liver T3N1M1 R0 DP, hepatic segmentectomy 306 Dead

Pancreatic head Common bile duct T3N1M1 R0 Whipple 128 Dead

Pancreatic tail Spleen T3N0M1 R0 DP, splenectomy 650 Alive

Supplementary

Table S1 Details about patients on the type of chemotherapy and 
overall survival

Patient No. Type of chemo regimen
Overall survival 
(months)

1 Gemcitabine and oxaliplatin 4

2 Oxaliplatin plus S-1 5

3 Gemcitabine 7

4 Gemcitabine plus oxaliplatin 42

5 Gemcitabine plus capecitabine 48

6 Gemcitabine plus S-1 27

7 Oxaliplatin plus S-1 58



Table S3 Comparison of different centers in surgical resection of metastatic pancreatic cancer

Author
No. of 
patients

Surgery for 
pancreatic lesions

Surgery for metastases Adjuvant therapy after surgery
OS (median 
month)

Recurrence PMID ID

Hackert [2017] 62 PD (43%); DP (41%); 
TP (17%)

Atypical resections of lesions (86%); formal 
resections of segmental hepatectomies (14%)

GEM (80%); 5-FU (8%); others 
(12%)

10.6 / 27856064

Klein [2012] 22 PD (78%); DP (5%); 
TP (18%)

Atypical resections of lesions (68%); formal 
resections of segmental hepatectomies (32%)

/ 7.6 / 23258977

Tachezy [2016] 69 PD (60%); DP (36%); 
TP (3%)

/ GEM (81%); FOLFIRINOX (7%); 
others (10%); no treatment (20%)

14.5 / 27048934

Dünschede [2009] 9 PD (67%); DP (33%) Atypical resections of lesions (67%); formal 
resections of segmental hepatectomies (33%)

/ 8 / 20571276

Yamada [2006] 6 / Partial hepatectomies (100%) / / Liver, peritoneum, bone 18333251

Seelig [2010] 20 PD (50%); DP (40%); 
TP (10%)

Atypical resections of lesions (50%); formal 
resections of segmental hepatectomies (50%)

for all patients 10.7 / 21197481

Crippa [2016] 4 DP (100%) Atypical resections of lesions (50%); formal 
resections of segmental hepatectomies (50%)

GEM (75%) FOLFIRINOX (5%) 39 Liver (60%); lung (30%); 
no recurrence (10%)

27423449

Our center 36 PD (44%); DP (56%) Atypical resections of lesions (53%); segmental 
hepatectomies (47%)

GEM (14%) oxaliplatin (11%) 
capecitabine (3%) S-1(8%)

7.9 /
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