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Summary

Purpose: Pancreatic and periampullary adenocarcinoma 
have not generally been included in the tumour types con-
sidered for metastasectomy. However, there is an increasing 
interest that metastasectomy in well-selected patients can 
prolong survival. This review aims to establish the recent 
evidence on the surgical management of oligometastatic 
disease and survival outcome in patients who underwent 
metastasectomy focusing on isolated hepatic and pulmonary 
metastases.

Methods: A systematic search was performed in the Pub-
Med database to identify all original articles on the role 
of metastasectomy for oligometastasis of pancreatic and 
periampullary adenocarcinoma. Data on methodologies 
used, 1,3,5 – year survival and median overall survival were 
summarized, and used to address relevant clinical questions 

related to the survival outcome in patients who underwent 
metastasectomy.

Results: Sixteen studies were included in this review. All the 
studies included were retrospective and heterogenous in nature 
and did not have a uniform reporting on survival outcomes.

Conclusion: There is insufficient evidence to support a 
change of current practice in managing metastatic pancreat-
ic and periampullary cancer. However, patients with ampul-
lary cancer as the primary and any patients with first recur-
rence as isolated pulmonary metastases had better prognosis 
than patients with synchronous metastasis or metastases to 
the liver. This need to be explored in future studies.
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Introduction

 Approximately, 50% of new pancreatic and 
periampullary adenocarcinoma cases are found 
to have distant metastases at diagnosis [1]. Owing 
to the difficulties in early detection, patients often 
present with locally advanced and unresectable or 
metastatic disease. Even with surgical therapy ac-
tual 5-year survival is only 15% for pancreatic can-
cer, 27% for distal cholangiocarcinomas and 39% 
for ampullary cancers [2]. Metastatic or recurrent 
cancer is notoriously difficult to manage surgically, 
as it is characterised by aggressive growth, a mul-
tifocal recurrence pattern, and technical unresecta-

bility [3]. Even with intensive treatment regimens, 
median overall survival for metastatic pancreatic 
cancer patients with good performance status has 
been reported to be less than one year [4,5].
 Currently, the most effective treatment for the 
tumours is surgical resection, but patients with 
metastases are considered unresectable based upon 
National Comprehensive Cancer Network (NCCN) 
and National Cancer Institute (NCI) treatment 
guidelines [6,7]. Palliative chemotherapy remains 
the mainstay of metastatic pancreatic carcinoma 
[8].
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 More recent evidence suggests that a complete 
resection of metastasis can potentially be curative 
and prolong survival [9]. An improvement in sys-
temic therapy combined with metastasectomy has 
improved survival in other advance disease such 
as colorectal cancer where 5-year overall survival 
is upward of 50% [10]. Whether this translates to 
metastatic pancreatic cancer in the current era is 
unknown due to the paucity of data.
 The aim of this systematic review is to investi-
gate the survival outcomes of metastasectomy for 

oligometastasis of pancreatic and periampullary 
adenocarcinoma.

Methods

Inclusion criteria

 Only published studies that reported 5 or more pa-
tients of oligometastases of primary pancreatic cancer 
were included with an intention for statistical analysis. 
We excluded studies without original patient data such 
as case reports or case series which included less than 5 

Author Year Study design Number of 
patients

Organ 
Metastasectomy

Synchronous (S)
vs

Metachronous (M) 

1- Year 
OS (%)

3- Year 
OS (%)

5- Year 
OS (%)

Median 
OS 

(months)

Wright GP et 
al [21]

2016 Retrospective n=23: 
Liver=16,
Lung=6, 

Peritoneum=2 

Liver = 9,
lung = 2

S N/A N/A 37.1 N/A

Claire D et al 
[22]

2016 Retrospective-
Case Control*

n=74:
Liver=37, 
Lung=37

Lung = 3 M N/A N/A N/A 31.8

Tachezy et al 
[19]

2016 Retrospective- 
Case Control**

n=69: 
Liver=69

Liver = 69 S N/A N/A N/A 14

Robinson LA et 
al [23]

2016 Retrospective – 
Case Control***

n=16 Lung = 16 M N/A N/A 37.1 28

Downs-Canner
S et al [26]

2015 Retrospective n=8 Lung = 8 M N/A N/A 50 67.5

Yamashita K et 
al [9]

2015 Retrospective n=14 Lung = 2 M N/A N/A N/A

Klein F et al 
[11]

2012 Retrospective–
Case Control****

n=22 Liver = 22 S N/A 5 7.1

Thomas RM et 
a l[40]

2012 Retrospective n=7 Lung = 7 M N/A N/A N/A N/A

Arnaoutakis et 
al [27]

2011 Retrospective n=9 Lung = 10 M N/A N/A N/A 51

Singh A et al 
[12]

2010 Case Series n=7 Liver = 7 S N/A N/A N/A N/A

De Jong et al 
[13]

2010 Retrospective n=20 Liver = 20 S & M N/A 8 N/A 13

Seelig SK et al 
[14]

2010 Retrospective n=14 Liver = 14 S 43 17 N/A 11

Shrikhande SV 
et al [15]

2007 Retrospective n=11 Liver = 11 S 58.9 N/A N/A 11.4

Gleisner AL et 
al [16]

2007 Retrospective n=17 Liver = 17 S N/A 6.7 N/A 5.9

Adam R et al 
[20]

2006 Retrospective n=40 Liver = 40 S & M N/A N/A 25 20

Takada T et al 
[17]

1997 Retrospective n=11 Liver = 11 S N/A N/A 6

Klempnauer J 
et al [18]

1996 Retrospective n=20 Liver = 20 S & M 41 8.3

OS overall survival; * Metastatic lung vs liver; ** Resected primary pancreatic cancer vs Bypass pancreatic cancer; *** Metastatic lung 
vs Non metastatic lung; **** Metastatic liver vs Non metastatic liver; N/A: not available

Table 1. Patient perioperative characteristics
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patients, review articles, ‘grey literature’ (non-refereed 
journals and conference proceedings), commentaries, 
letters, and editorials.

Search strategy

 The MEDLINE database was searched via the Pub-
Med interface using keywords: ‘(pancreatic cancer OR 
periampullary adenocarcinoma) AND (metastases OR re-
currence) AND surgical management’. We concentrated 
on reports published for the last 5 years.
 Titles and abstracts, where available, were screened 
initially and articles not meeting the inclusion criteria 
were excluded at this stage. The full-text versions of 
the remaining studies were obtained for further detailed 
evaluation. Studies without original patient data such 
as reviews and letters, and those for which an English 
translation could not be obtained, were excluded.

Study selection and data extraction

 After the initial electronic search, we identified all 
relevant abstracts and excluded articles not meeting the 
inclusion criteria. Two reviewers screened the full-text 
versions of the remaining studies for detailed evaluation 
for eligibility. To avoid double-counting patient data, 
we evaluated multiple articles from the same authors 
and institutions for possible duplication and overlap. We 
extracted all relevant data into Microsoft@Excel (Mi-
crosoft, Redmond, Washington, USA), and cross-checked 
them for accuracy. We resolved disagreements about the 
inclusion of the studies through discussion between the 
reviewers.

Results 

 1035 abstracts were identified following the 
systematic search of the MEDLINE database. 16 
studies were included in this review. All the studies 
included were retrospective, had small numbers of 
patients, were heterogeneous in nature and did not 
have a uniform reporting on survival outcomes. 
Therefore, we were not able to perform meta-anal-
ysis and the results were presented as narrative 
review focussing on lung and hepatic metastases. 
The results were summarised in the Table 1 fo-
cussing on 1-, 3- and 5- year survival and median 
overall survival. 

Liver

 Liver is the most common site of pancreatic tu-
mor and ampullary metastasis. Early publications 
on hepatic resection for hepatic metastasised pan-
creatic carcinoma focussed on the safety and fea-
sibility of hepatic resection. However, the median 
survival remains poor where most studies dem-
onstrated less than 12 months of median overall 
survival (Table 1).
 Klein et al. [11] reported on 22 patients who 
underwent pancreatic resection and synchronous 

liver resection for metastasized pancreatic adeno-
carcinoma. All liver metastases were detected dur-
ing operative exploration as an incidental finding. 
All patients had standard lymphadenectomy and 
7 of them underwent liver segmentectomy while 
the other 15 had an enucleation of the metastasis. 
R0 (complete resection) resection was achieved 
in 7 patients (32%) with a median survival of 13 
months. Patients with removal of all macroscopic 
disease but positive tumor margin (R1 resection, 
68%) had a median survival of 6.5 months. There 
were no difference of postoperative mortality and 
morbidity between hepatic metastasised pancreatic 
carcinoma who underwent simultaneous pancre-
atic/hepatic resection and nonmetastasised pancre-
atic carcinoma only resection.
 Singh et al. [12] reported their experience 
of seven patients with pancreatic head cancer or 
periampullary cancer who underwent synchro-
nous resection of an isolated liver metastasis with 
a pancreaticoduodenectomy. Three out of four 
patients with periampullary cancer were disease 
free at follow-up after 16, 48 and 60 months. All 
three patients with pancreatic head cancer died at 
7, 14 and 18 months. Despite the too small num-
ber of patients this could be an indication that 
periampullary cancers with a traditionally better 
prognosis as compared to pancreatic cancer might 
be candidates for synchronous resection of liver
oligometastasis.
 De Jong et al. [13] reported on 40 patients with 
hepatic metastasis from peri-ampullary carcino-
mas. 85% of the patients presented with a solitary 
tumour with a size of 0.2 to 5.9 cm. Pancreatic head 
adenocarcinoma was the most common primary tu-
mour (n=20) followed by ampullary cancer (n=10), 
distal common bile duct (n=5) and duodenum (n=5). 
Median survival following hepatic metastasecto-
my from intestinal tumours (ampulla and duode-
num) was 23 months with 3 years survival of 33% 
compared with 13 months and 3 years survival of 
8% for patients with pancreaticobiliary tumours 
(p=0.05). The conclusion of this study was that pa-
tients with solitary or oligo-centic hepatic metas-
tasis from intestinal type primary tumours should 
be considered for resection.
 Seelig et al. [14] reported 43% 1- year over-
all survival and 11 months of median overall sur-
vival which was not significantly different from 
a matched-pair group of patients who underwent 
pancreatic resection for adenocarcinoma of the 
pancreas and had a median survival of 15.6 months. 
They concluded that the decision for metastasec-
tomy should be set on individual basis and only 
when R0 resection seems possible. Radical resec-
tion of M1 (the cancer has spread to distant or-
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gans/lymph nodes) pancreatic carcinoma may be 
justified in young patients with strong desire to 
undergo surgery in specialized centres with low 
morbidity and mortality.
 Shrikhande et al. [15] included in their study 
patients who were in good health with high prob-
ability of complete pancreatic resection with small 
number of isolated liver metastases. They reported 
58.9% of 1-year overall survival and 11.4 months of 
median overall survival which is similar to other 
published data. 
 In Gleisner et al. [16] 1563 patients with peri-
ampullary carcinoma or pancreatic adenocarci-
noma, only 22 patients underwent simultaneous 
hepatic resection for synchronous liver metastasis. 
They reported 6.7% 3–year overall survival and 5.9 
months of median overall survival in their study. 
They concluded that synchronous resection of pan-
creatic cancer and liver metastasis did not result in 
long term survival in the majority of patients. 
 Takada et al. [17] reported a similar finding 
as Gleisner et al. [16] series which showed no im-
provement in overall survival in addition to high 
surgical morbidity and mortality. 
 Klempnauer et al. [18] reported a median sur-
vival of 8.3 months after synchronous hepatic and 
pancreatic resection an 5.8% after metachronous 
hepatic resection. 
 In a retrospective multicentre study from Eu-
rope which included 69 patients in a 20-year peri-
od, Tachezy et al. [19] reported significant survival 
benefit for patients receiving a combined liver and 
pancreas resection compared with patients with 
liver metastases who did not undergo resection 
(14.5 vs 7.5 months, p<0.001). The 5-year survival 
was 5.8% after combined resection and 0% in the 
non-resection group. Stratification regarding the 
location of the tumour showed that tumours lo-
cated to the body/tail of the pancreas did not show 
differences in median overall survival and there 
was significant survival benefit only for tumours 
located in the head.
 Adam et al. [20] data demonstrated improved 
long term survival with 5-year survival rate of 25% 
and a median overall survival of 20 months for 
those who underwent metastatic hepatic resection 
from pancreatic tumour and a favourable 5-year 
survival of 46% in those patients with primary am-
pullary tumours.
 A bi-institutional retrospective review [21] 
of 23 patients who were diagnosed with stage IV 
pancreatic cancer and underwent surgery follow-
ing chemotherapy with favourable imaging and CA 
19-9 response reported median overall survival for 
all patients who underwent liver and lung metasta-
sectomy was 18.2 months relatively comparable to 

the survival seen in patients who have undergone 
curative resection in the absence of known distant 
metastasis. No separate data on overall median sur-
vival available for those who underwent hepatic 
metastasectomy or pulmonary metastasectomy.

Pulmonary

 Isolated Pulmonary metastasis as a first site of 
dissemination is very rare. Early publications on 
pulmonary resection for pulmonary metastasised 
pancreatic carcinoma focussed on the safety and 
feasibility of pulmonary resection. Unlike hepatic 
resection, patients who underwent pulmonary re-
section seem to have a longer median overall sur-
vival up to 67.5 months (Table 1). 
 Claire et al. [22] noted delayed appearances 
of metastasise were observed in the lung - me-
tastasised group in comparison to the liver-me-
tastasised group (59 vs 11%; p<0.0001). Overall, 
the lung-metastasised group has longer median 
survival in comparison to the liver-metastasised 
group (31.8 months vs 9.1, HR = 0.24 (0.14-0.42), 
p<0.001). Key observations noted in this study were 
late development, less nodules and lower tumour 
marker expression associated with lung metasta-
sised correlated with higher survival than the liver-
metastasised group. 
 Robinson et al. [23] in a retrospective cohort 
study of primary pancreatic and biliary carcinoma 
patients (n=16) who, after a pacreaticoduodenec-
tomy of their primary underwent a pulmonary re-
section reported a median overall survival of 28 
months corresponding to an estimated 5-year sur-
vival rate of 37.1%. They pointed out the general 
criteria for pulmonary metastasectomy for poten-
tial therapeutic benefit based on the previous pub-
lished studies [24,25]: 1: the primary cancer was 
completely resected or controlled; 2: limited num-
ber of pulmonary metastasis (<6); 3: all pulmonary 
metastasises can be removed; 4: the patient can 
tolerate the necessary lung resection; 5: no other 
metastasises apart from the pulmonary metastases; 
6: no better alternative treatments are available. 
 Yamashita K et al. [9] identified 99 recurrence 
out of 142 resected pancreatic cancer between 2003 
and 2012. Patients with isolated pulmonary recur-
rence (n=14) had longer median overall survival 
than other metastases (40.3 vs 20.9 months). Re-
sected pulmonary recurrence (n=2) survived for 
~70 months after the primary resection.
 Downs-Canner S et al. [26] study included 78 
patients who underwent resection of the primary 
cancer tumour. The median survival from time of 
diagnosis for those patients with lungs as a first 
recurrence following pancreatic resection was 35.6 
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months (95% CI 31.4-6.1) compared to 23.8 months 
(95% CI 18.97-31.2) for those with abdominal or-
gan metastasised first. 8 patients who underwent 
pulmonary metastasised resected was found to 
have significantly better overall median survival 
and 5-year survival rate in comparison to those 
who underwent metastases-directed chemotherapy 
or observation (67.5 vs. 33.8 months, 50 vs 8.7%, 
p=0.0006). 
 Arnaoutakis et al. [27] study included 9 pa-
tients who underwent pulmonary resection for 
their metastatic pancreatic cancer over a 10 years 
period. These patients had had overall median 
survival of 51 months compared to 23 months in 
matched controls.

Discussion 

 Pancreatic cancer is estimated to become the 
second leading cause of death in the US by the 
year 2020. It is believed to be a systemic disease 
on diagnosis and even patients with T1 tumors 
(<20mm) metastasized in 45% of cases [28]. Liver 
is the most common site of metastasis followed by 
lung, brain and bone. Our review shows an increas-
ing evidence that metastatic disease heterogenous 
and that patients with pulmonary metastasis rep-
resent a different biologic phenotype than patients 
who develop liver metastasis. 
 Surgery for pancreatic cancer continues to 
evolve. During the mid-80s pancreatic surgery 
resection rates were less than 3% with 30 days 
mortality more than 27% [29]. Nowadays improve-
ments in perioperative management in combina-
tion with vascular resections in pancreatic surgery 
have increase resectability rates up to 20% with 
30 days mortality rates less than 4% in specialized 
centres [29]. 
 Periampullary tumors are rare and determin-
ing the precise origin of cancer can be challeng-
ing due to the anatomic complexity of the region 
which is enclosed by the distal bile duct, ampulla of 
Vater and duodenum. All periampullary tumors are 
divided histopathologically into intestinal type or 
pancreatobiliary type, irrespectively of their ana-
tomic origin with the intestinal type having more 
favorable prognosis [30].
 There is some evidence that pancreatic adeno-
carcinoma patients with isolated lung metastasis 
have better outcome compared to patients with 
isolated liver metastasis. Surgery to the primary 
tumour and surgery to the metastatic disease were 
associated with better overall survival and pancre-
atic cancer specific survival in a multivariate analy-
sis which included 13233 patients with stage IV 
pancreatic cancer [31].

 Current evidence has demonstrated a similar 
natural history of metastatic pancreatic cancer and 
metastatic colorectal cancer. In advanced colorec-
tal cancer, hepatic metastasis is more common 
in patients with synchronous metastasis, while 
pulmonary metastasis is more common in those 
with metachronous metastasis [32]. The pulmo-
nary metastasis group showed a better prognosis
[32].
 Series of studies have demonstrated a similar 
finding associated the prolonged time to lung me-
tastases development to favourable outcomes of 
pulmonary metastasectomy. This is also reflected 
in the trend of metastasectomy for oligometasta-
sis of pancreatic cancer. More data is currently re-
quired regarding the feasibility and outcomes of 
pulmonary resection of the pancreatic cancer.
 The outcomes of metastasectomy for oligo-
metastasis of pancreatic cancer in recent years 
especially with modern chemotherapeutic regi-
mens are unknown and restricted to case series. 
Approximately up to 80% of pancreatic carcinoma 
resected patients will develop disease recurrence 
within 2 years of surgery [33,34], and die of their 
recurrence at a median 14-20 months [35]. The po-
tential benefit of offering resection is to provide 
an extended time period for the patient to be off 
systemic chemotherapy treatment and potentially 
enhancing quality of life.
 Previous studies reported liver as the most 
common metastatic site in part because it is the 
first major organ reached by portal venous blood 
draining from the pancreas, followed by the peri-
toneum and lung, pleura, bones and adrenal gland 
[9,36,37]. Current published data has shown that 
synchronous and metachronous pancreatectomy 
and hepatic metastasectomy can be performed 
safely without a significant increase in morbidity 
and mortality [11,13,14,38,39]. However, the me-
dian overall survival remains poor.
 Patients who developed lung metastases ap-
pear to have a prolonged time to development of 
metastases [9,27,40]. Among those who do achieve 
5-year survival following resected primary pancre-
atic cancer, recurrence is most commonly observed 
in the lungs [36]. Yamashita et al. [9] reported pa-
tients with isolated pulmonary recurrence has 
longer median overall survival than other type of 
metastases with 5-year overall survival rate was 
14.9% among patients with pulmonary metastases, 
and was 4.9% among patients with other kinds of 
recurrences. More recent report by Downs-Canner 
et al. [26] demonstrated longer median survival 
from time of diagnosis for those patients with 
lungs as a first recurrence following pancreatic re-
section compared to those with abdominal organ 
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metastasised first. They also reported that patients 
who underwent pulmonary metastasised resected 
was also found to have significantly better overall 
median survival and 5-year survival rate in com-
parison to those who underwent metastases-direct-
ed chemotherapy or observation.
 Should metastasectomy for periampullary can-
cers be the next step for increasing resectability 
and improving survival? There is some evidence 
that patients with metachronous metastasis par-
ticularly isolated to the lung may benefit from sur-
gery and also patients with periampullary cancer 
which per se has more indolent course may benefit 
from metastasectomy.

Limitations

 The review suffers from the inherent limita-
tions to any retrospective series that has a small 

sample size and potential for selection and lead-
time bias.
 Due the heterogeneous nature of the studies, 
we cannot draw conclusions confounding factors 
such as role of chemotherapy, synchronous or me-
tachronous disease and anatomical location of the 
metastasis within the organs. It is also difficult to 
compare the outcome of metastasectomy between 
organs as evidence suggested that each metastatic 
organ has different biologic phenotype.
 Owing to the limited number of patients who 
qualify for the metastasectomy in pancreatic ad-
enocarcinoma, clinical registry may be more appro-
priate than prospective randomised trial. Further 
analysis however is required.
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