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Introduction

Pancreatic adenocarcinoma (PDAC) is a highly aggressive 
malignancy with one of the worst prognoses among 
gastrointestinal tumors. The American Cancer Society 
estimates that approximately 48,960 patients will be 
diagnosed with PDAC in 2015 with more than 40,560 deaths  
due to the disease (1). The median 5-year survival is only 6%, 
likely a result of the tumor’s invasiveness and propensity 
towards metastases (2). The majority of patients will have 
distant metastases discovered by imaging at the time of 
diagnosis or in the operating room during attempted 
pancreatic resection (3). The liver is the most common 
location of distant metastasis in PDAC based on autopsy 
studies, followed by the peritoneum, lung and pleura, bones, 
and adrenal glands (4-8). However, distant metastases of 
PDAC has reported in almost every organ, including the 
brain and leptomeninges, diaphragm, gallbladder, heart and 
pericardium, small and large intestines, kidneys, ovaries and 
uterus, seminal vesicles, skin, stomach, spleen, testis, thyroid 
gland, urinary bladder, and orbit (5,7-17). Once PDAC has 
metastasized to distant organs, prognosis is dismal with an 
overall 5-year survival of only 1% (18,19).

The most effective treatment for PDAC is surgical 
resection, but patients with distant metastases are considered 
unresectable based upon National Comprehensive Cancer 
Network (NCCN) and National Cancer Institute (NCI) 
treatment guidelines (20,21). Therefore, unlike other 
malignancies, synchronous metastasectomy of PDAC is 
rarely performed in current clinical practice when distant 
disease is found. However, in some patients, distant 
metastases are not discovered until surgery despite a 
thorough pre-operative workup with negative imaging. In 

these situations, an extended resection could be advocated 
in select patients despite the fact that oligometastases are 
already present. The goal in this situation is to achieve 
total resection of all tumor with a microscopically negative 
(R0) resection margin, one of the most important factors 
contributing to increased long-term survival for patients 
with PDAC (22,23). However, little information exists 
about the value of synchronous metastasectomy together 
with pancreatectomy in patients with PDAC, particularly 
with regards to survival.

Hepatic metastasis of pancreatic cancer (PC)

The liver is the most common initial location of distant 
recurrence (24) in part because it is the first major organ 
reached by portal venous blood draining from the pancreas 
or lymphatic spread. With improvements in computed 
tomography (CT) imaging and three-dimensional 
reconstruction techniques, the ability of preoperative 
imaging to identify metastatic PDAC has increased 
dramatically over the last few decades. Approximately 50% 
of new PDAC cases are found to have distant metastases 
at diagnosis (3), and only 10-20% are surgical candidates 
at presentation (20,25-28). Currently, PDAC patients 
with stage IV disease on diagnostic imaging are referred 
for systemic adjuvant therapy and pancreatic resection 
is not routinely considered. Several large randomized 
control trials have demonstrated increased overall survival 
(OS) in patients with metastatic PDAC who undergo 
treatment with either gemcitabine-based chemotherapy or 
FOLFIRINOX (fluorouracil, leucovorin, irinotecan, and 
oxaliplatin) (29,30). However, the literature suggests that 
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up to 12% of occult liver metastasis are only discovered at 
the time of explorative laparotomy, often due to limitations 
in the ability of pre-operative imaging to detect small  
(<5 mm) liver and peritoneal metastases (31,32). Treatment 
in such patients is met with great controversy and is 
a challenge for surgeons, especially when occult liver 
metastases are found concomitantly in a patient with a 
locally resectable pancreatic tumor. This creates a difficult 
decision about whether to perform a palliative bypass or 
the intended pancreatic resection. If pancreatectomy is 
chosen, similar controversy remains about whether to leave 
the liver metastases in situ or to perform the intended 
pancreatectomy together with a synchronous hepatectomy.

Hepatectomy for liver metastatic disease

Due to advancements in surgical technique and improvements 
in perioperative management, pancreatic resection can 
be performed with relatively low rates of morbidity and 
mortality. Many high volume surgical centers have reported 
in-hospital mortality rates of less than 5%, with a few 
selected centers reporting no operative mortality after 
pancreaticoduodenectomy (33-37). Pancreatic resection 
has been offered to a greater number of patients in recent 
years, in part due to the use of vascular reconstruction 
at high volume surgical centers for patients with tumor 
invasion into the portal vein or superior mesenteric artery. 
Vascular resection with reconstruction is performed in 
order to increase the likelihood of obtaining an R0 surgical 
margin, and studies have demonstrated improvement in OS 
with this technique (37-42). In this background, a discussion 
on whether to expand resection in the case of incidental 
synchronous liver metastases may be appropriate.

Several large randomized trials have shown the benefit of 
chemoradiation therapy (CRT) on OS after surgical resection 
of PDAC (43,44). Specifically, improved survival has been 
demonstrated in patients with tumor diameter <20 mm  
or early pT stage by TNM staging (45,46). Patients 
with resectable hepatic metastases that remain stable or 
decrease in size with neoadjuvant chemotherapy could 
theoretically be selected for simultaneous liver resection 
and pancreatectomy given favorable tumor biology and a 
propensity towards improved survival. In addition, resection 
of oligometastases could potentially benefit the patient by 
reducing tumor burden prior to adjuvant systemic therapy. 
Therefore, in selected patients, pancreatectomy combined 
with liver resection and systemic therapy may provide a 
chance for cure. Although surgery is critical to the curative 

therapeutic paradigm, recent improvements in survival 
have been largely due to more effective systemic therapy, 
highlighting the importance of a multidisciplinary treatment 
approach in these patients (47) (Figure 1).

Hepatectomy is common for resectable colorectal and 
neuroendocrine liver metastases. Most surgical centers 
have reported 5-year survival rates ranging from 40% to 
58% for colorectal liver metastases (48-54) and up to 76% 
for neuroendocrine metastases (55-57) after resection. As a 
result of improved survival, the criteria for resectability of 
colorectal liver metastases has been significantly expanded 
over the course of the last decade and resection, when 
possible, has become standard of care in these patients (58).  
Although various complications such as bile leak, 
hemorrhage, and hepatic abscess have been reported after 
liver resection for colorectal cancer metastases (59), these 
can usually be managed non-operatively and without added 
mortality. Numerous studies have suggested that hepatic 
resection for colorectal liver metastases and neuroendocrine 
metastases is safe and effective, and liver resection in these 
patients is now well established. In contrast, hepatectomy 
for PDAC liver metastases is extremely controversial. 
The data for resection of PDAC liver metastasis are not 
well established, and the available literature is limited to 
surgery in a small number of extremely selected patients. 
Additionally, it is unclear from these studies how many 
patients received neoadjuvant chemotherapy prior to 
metastatectomy. Establishing hepatectomy for PDAC 
liver metastasis will only be justified if an improvement in 
survival and/or quality of life without an increase in surgery-
related morbidity and mortality can be demonstrated. 
Currently, there is little information on outcomes after 
pancreatectomy for PDAC in patients with metastatic 
disease, making an objective conclusion difficult to achieve 
and a treatment guideline difficult to formulate.

Current literature has shown that pancreatectomy with 
synchronous hepatic metastasectomy can be performed 
safely without a significant increase in perioperative 
morbidity and mortality (60-64) (Table 1). However, the 
potential benefit on long-term survival is less clear (62,68). 
Singh et al. (62) demonstrated that the resection of a solitary 
liver metastasis can be safely performed together with 
pancreaticoduodenectomy. However, whether OS improved 
was not definitively proven. In this study, three PDAC 
patients underwent synchronous metastasectomy and 
pancreaticoduodenectomy and died at 7, 14 and 18 months 
post-operatively. de Jong et al. (63) examined 40 patients 
who underwent surgery with curative intent [resection and/
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Table 1 Summary of recent studies of PC liver metastatic patients for pancreatectomy with hepatectomy

First author Year
PC  

patient (n)

Hepatic 

resection

Morbidity 

(%)

Perioperative 

mortality (%)

1-year  

OS (%)

3-year  

OS (%)

5-year  

OS (%)

Median OS 

(months)

Klempnauer (65) 1996 20 S or M N/A 4.3 41.0 N/A N/A 8.3

Takada (66) 1997 11 S N/A N/A N/A N/A N/A 6

Adam (67) 2006 40 S or M N/A N/A N/A N/A 25.0 20

Gleisner (68) 2007 17 S 45.5 9.1 N/A 6.7 0 5.9

Shrikhande (69) 2007 11 S 24.1 0 58.9 N/A N/A 11.4

Singh (62) 2010 3 S N/A 0 N/A N/A N/A N/A

de Jong  (63) 2010 20 S or M N/A 1.0 N/A 8.0 N/A 13

Seelig (70) 2010 14 S 45.0 0 43.0 17.0 N/A 11

Klein (64) 2012 22 S 18.0 0 N/A 5.0 0 7.6

PC, pancreatic cancer; OS, overall survival; S, synchronous hepatectomy with pancreatectomy; M, metachronous hepatectomy 

with pancreatectomy; N/A, not applicable.

Figure 1 A 66-year-old man diagnosed with biopsy proven oligometastatic pancreas cancer in 2012. CT demonstrates (A) biopsy proven 
pancreas primary tumor; (B) biopsy proven liver metastasis; (C) 2nd liver metastasis. Patient was treated with gemcitabine and abraxane 
followed by 5-FU, leucovorin, oxaliplatin, and irinotecan. Twenty-four months after diagnosis, CT demonstrated significant radiologic 
response in (D) pancreas primary; (E) liver metastasis; and (F) 2nd liver metastasis. Surgical resection of pancreas and liver lesions 
demonstrated complete pathologic response in all three sites and patient currently has no evidence of disease 6 months post resection and 
30 months after diagnosis. CT, computed tomography; 5-FU, 5-fluorouracil.
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or radiofrequency ablation (RFA)] for periampullary liver 
metastases. Among the 40 patients in the study, 20 patients 
had a tumor that originated in the pancreas, only four of 
which underwent neoadjuvant chemotherapy. Additionally, 
27 of the 40 patients presented with synchronous metastatic 
disease while the other 13 had metachronous metastatic 
disease, although metastatic disease at presentation did 
not affect median survival (synchronous vs. metachronous,  
16 vs. 19 months; P=0.55). Surgery consisted of resection 
only (n=31; 78%), RFA only (n=8; 20%) or resection 
plus RFA (n=1; 2%). In the 32 patients, the extent of 
hepatic resection was a wedge resection (n=22; 69%), 
segmentectomy (n=6; 25%), and hemihepatectomy 
(n=4, 10%). The median survival of patients with a 
pancreaticobiliary tumor was 13 months with overall 
3-year survival of 8%. Klein et al. (64) reported an overall 
median survival in PDAC patients with hepatic metastases of 
228 days (±298.0) after resection, with a two-year survival 
of 5% (one patient). This included 22 PDAC patients who 
underwent synchronous, liver-directed therapy either with 
liver segmentectomy (7 patients, 32%) or enucleation of the 
hepatic metastases (15 patients, 68%). No patient achieved 
five-year survival after hepatic resection. All patients 
received adjuvant therapy with gemcitabine, but it is 
unclear which patients may have also received neoadjuvant 
chemotherapy. Gleisner et al. (68) reported that the median 
OS of periampullary or PDAC patients who underwent 
hepatic resection of synchronous metastasis was not different 
from the OS of matched patients who underwent palliative 
bypass (5.9 vs. 5.6 months; P=0.46). This study included 17 
(77.3%) PDAC patients and the majority of patients (86.4%) 
had a solitary hepatic metastasis, with a median size of 
0.6 cm. Hepatic resection included a wedge resection in 20 
patients (90%), a segmentectomy in one patient (4.5%), and 
a hemi-hepatectomy in one patient (4.5%). Only six of the 
PDAC patients received adjuvant chemotherapy. Finally, 
Takada et al. (66) noted no improvement in OS in addition 
to higher surgical morbidity and mortality in patients 
undergoing pancreatoduodenectomy with synchronous 
partial liver resection.

Alternatively, several publications have demonstrated 
improved long-term survival after the successful resection 
of a pancreatic lesion and hepatic metastases (64,71-73). 
Adam et al. (67) reported 5-year survival rates upwards of 
25% and a median survival of 20 months for patients who 
underwent hepatic resection of metastatic lesions from 
pancreatic primary tumors. The subset of patients with 
PDAC had a 5-year survival of 20%, which is comparable 

to patients with resectable PDAC without metastases. 
Klempnauer et al. (65) reported a median survival of  
8.3 months after synchronous liver and pancreatic resection 
and 5.8 months after metachronous hepatic resection. One-
year survival rates were 41% after synchronous resection 
and 40% after metachronous resection of hepatic metastases 
of pancreatic (n=20) or ampullary (n=2) carcinomas. 
Shrikhande et al. (69) suggested that pancreatic resections 
with simultaneous liver resection for metastatic disease 
can be performed with acceptable safety in highly selected 
patients. Of the 11 PDAC patients with liver metastasis, 
those who underwent pancreatectomy with synchronous 
hepatectomy had significantly longer median survival 
than the patients who underwent exploratory laparotomy 
without any resection (11.4 vs. 5.9 months, P=0.038). Of 
note, the patients included in this study were considered to 
be in good overall health with an ASA grade of III or better, 
had only one or two isolated liver metastases, and a high 
probability of an R0 resection. Only one patient in the study 
received neoadjuvant therapy, while the majority received 
adjuvant chemotherapy. Given the strict inclusion criteria, 
the authors suggested that resection of liver metastases 
in PDAC patients, although safe in this series, cannot be 
generally recommended until further controlled trials are 
conducted.

Although the studies on the surgical management 
of PDAC liver metastasis were all single institution 
retrospective a study involving a small number of patients 
without well-defined indications for resection, the 
data suggests that hepatic resection is safe and may be 
appropriate for highly selected PDAC patients. Survival 
data at this time is mixed and a prospective study is needed 
to determine the exact benefit, if any, the resection of 
hepatic metastasis will have on OS. Furthermore, the use 
of neoadjuvant and adjuvant CRT should be standardized 
in these patients to prolong survival and avoid confounding 
results. At this time, resection of PDAC liver metastases 
should only be considered in patients who are in overall 
good general health without significant comorbidities. It 
should be recommended that patients undergo neoadjuvant 
chemotherapy with an assessment by imaging for stability 
or decrease in the size and number of metastases prior to 
hepatic resection. In order to preserve vascular inflow and 
outflow as well as biliary drainage and preserve an adequate 
future liver remnant (45), wedge resection, segmentectomy 
or hemihepatectomy may be considered for these selected 
patients. Until it is determined which patient population 
will achieve the greatest benefits with metastastectomy, 
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pancreatic resection with hepatectomy should be cautiously 
considered only in selected PDAC patients with limited 
liver metastases in whom surgery is considered.

Ablation techniques for PDAC liver metastasis

Ablation techniques have become widely used in the 
treatment of hepatic metastases, including RFA, microwave, 
laser, cryoablation, and irreversible electroporation. 
Ablation can be performed using an open, laparoscopic, 
or percutaneous image-guided approach. Within the 
past several decades, numerous publications on ablation 
therapy techniques for liver metastases have demonstrated 
the effectiveness and safety of this therapy (74-79). These 
techniques are currently used to treat colorectal cancer liver 
metastasis in selected patients (33,80-84), and have been 
proposed as an alternative to hepatectomy in patients with 
limited hepatic involvement or with solitary liver metastasis 
(79,83,84). Simo et al. (79) reported that laparoscopic RFA 
of resectable colorectal liver metastases is associated with 
low perioperative morbidity and mortality with comparable 
long-term survival to hepatic resection in carefully selected 
patients. This was especially true in patients where the 
hepatic metastases were smaller than 3 cm and no tumors 
were within 1 cm of central biliary structures.

RFA has also been shown to be beneficial in the treatment 
of liver metastases from pancreatic neuroendocrine tumors, 
especially to control symptoms and optimize quality of life 
(85,86). However, there are differing opinions about the 
utility of RFA for unresectable PDAC. Girelli et al. (87)  
reported that RFA of a locally advanced PC is feasible 
and relatively well tolerated. Moreover, RFA in parallel to 
palliative therapy may provide a survival benefit, especially 
for stage III patients with unresectable PDAC (88). 
Alternatively, Pezzilli et al. (89) concluded that although 
RFA is a feasible technique, its safety and long-term results 
are disappointing for unresectable PDAC. Few studies have 
specifically analyzed the outcomes of ablation techniques 
for PDAC liver metastasis. Therefore, further research 
is needed to determine the benefit of ablation techniques 
as therapeutic options for the isolated liver metastases in 
PDAC patients.

Pulmonary metastasis of pancreatic cancer (PC)

The lung is another common site for distant metastasis 
in PDAC patients (6,8). Most notably, recurrence to the 
lung after initial primary tumor resection is associated with 

the most long-term survivors of at least 5 years for any 
patient with metastatic PDAC (24). Although pulmonary 
metastasectomy (PM) has been shown to provide a survival 
benefit for colorectal cancer patients with lung metastases 
(90-94), an evaluation of PM for PDAC is limited. At our 
institution, a retrospective study of PM for isolated PC 
metastases by Arnaoutakis et al. (95) reported that PM 
for isolated PDAC lung metastases is safe and effective. 
Compared to the non-PM patients, the median OS of 
PM patients was significantly improved (52 vs. 22 months, 
P=0.04). Additionally, there was a trend in favor of PM 
for post-relapse survival. Patients undergoing PM had a 
median survival after relapse of 18.6 months, compared 
with only 7.5 months for non-PM patients. It is important 
to note that the patients in this study were highly selected 
and had a good biologic tumor character identified by a 
favorable response to systemic therapy. In addition, patients 
undergoing PM had a relatively long interval between initial 
pancreatectomy and pulmonary relapses. No studies to date 
have been published with regards to simultaneous PM and 
pancreatic resection, and further analysis of treatment in 
patients with synchronous lung metastases is needed for 
PDAC.

The successful outcomes of patients undergoing PM 
after pancreatectomy indicate that the complete resection 
of the primary tumor and lung metastases is possible with 
favorable outcomes. PM should be performed for isolated 
lung metastases after resection for PDAC in patients with 
an acceptable performance status with tumors exhibiting a 
favorable response to systemic therapy. Furthermore, RFA 
can be considered for the treatment of PDAC pulmonary 
metastases in patients that have contraindications for 
surgery, although further analysis is needed (74).

Conclusions

Recent improvements in operative management of PDAC 
have reduced perioperative morbidity and mortality in 
patients undergoing pancreatectomy, and subsequently 
have led to increased 5-year survival. While the majority 
of PDAC patients will present with metastatic disease 
and will not be operative candidates, in certain situations, 
metastasectomy may be beneficial and warrants further 
investigation. However, resection of metastatic pancreas 
cancer should be approached with extreme caution, knowing 
that the data is extremely limited. As systemic therapy 
for PDAC improves, appropriate selection of patients 
may lead to more aggressive surgical approaches, similar 
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to the current paradigm for metastatic colorectal cancer. 
In current practice, metastasectomy for solitary hepatic 
or pulmonary metastases of PDAC should be considered 
only when (I) a negative surgical (R0) resection can be 
achieved by pancreatectomy; (II) the PDAC has responded 
to neoadjuvant systemic therapy; (III) the oligometastases 
are resectable; (IV) the patient is in overall good general 
health with limited comorbidities. When applied in these 
situations, surgery may be considered for these selected 
patients with the primary goal of improving long-term 
survival.
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