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Introduction
Pancreatic ductal adenocarcinoma (PDAC) is the 
fourth most lethal cancer, with increasing incidence 
and mortality.1 PDAC is highly malignant, has an 
insidious onset and aggressive tumor biology, and 
leads to early distant metastases, with a reported 
5-year survival rate of less than 5%.2 Radical surgi-
cal resection has been considered as the most effec-
tive curative treatment for PDAC. However, less 
than 20% of patients undergo curative surgery due 
to locally advanced or metastatic disease at the time 
of diagnosis.3 Liver metastases (LM) occur in 40–
50% patients, and are associated with very poor 
prognosis, with a median overall survival (mOS) of 
3–5 months.4 Traditional guidelines do not recom-
mend the resection of primary lesions for patients 
with pancreatic ductal adenocarcinoma with liver 
metastases (PCLM).4 Chemotherapy is presently 
the main treatment for PCLM. Nonetheless, with 

the advancements in surgical devices, techniques, 
and postoperative care, many centers have per-
formed either synchronous, or metachronous 
resections of primary and metastatic lesions in 
selected patients.5,6 In the past decades, with the 
significant progress in the development of new 
cytotoxic drugs and combined chemotherapy regi-
mens, the overall survival (OS) of patients with 
PCLM has been prolonged to 6–10 months.7 
Furthermore, with the development of neoadju-
vant chemotherapy and vascular resections, more 
patients with unresectable PDAC are able to 
undergo curative resections. Interventional and/or 
local destructive therapies have been used for the 
palliation of symptoms and improvement of qual-
ity of life. Furthermore, recent studies have 
reported that these minimal invasive treatments 
are effective in dealing with metastatic liver lesions 
and prolonging survival.8–10 The present study 
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reviews the recent advances in the surgical manage-
ment and local treatment of PCLM.

Materials and methods

Search strategy
A literature search was performed using the 
PubMed database to identify studies that reported 
on surgical and/or local treatment for patients with 
PCLM. The search keywords used were as fol-
lows: (“pancreatic cancer” OR “pancreatic ductal 
adenocarcinoma”) AND (“liver metastases” OR 
“hepatic metastases”) AND [“hepatic resection” 
OR “hepatectomy” OR “metastasectomy” OR 
“ablation” OR “selective internal radiation therapy 
(SIRT)” OR “transarterial chemoembolization 
(TACE)”]. Furthermore, similar articles listed on 
the PubMed homepage and the references of the 
searched articles were also reviewed.

Inclusion and exclusion criteria
Studies published in the English language from 
1995 to 2019 and who reported on patients with 
PCLM undergoing hepatectomy or local regional 
therapy for liver metastases were considered eligi-
ble. The exclusion criteria were as follows: (a) 
studies that reported on non-surgical and/or sys-
temic treatments, (b) uncertain pathological 
types, (c) studies without description of survival 
data, (d) editorials, letters to the editor and expert 
opinions, (e) animal and cell line studies, and (f) 
systematic reviews and meta-analyses.

Results and discussion
A total of 22 studies were identified. Among these 
studies, 14 studies focused on hepatic resection 
for PCLM, while the remaining eight studies 
reported non-surgical local therapies, such as 
TACE (n = 2), thermal ablation (n = 2), and SIRT 
(n = 4) for PCLM.

Resection of PCLM
Liver resection for colorectal LM has become a 
well-established treatment, and has been consid-
ered to be a safe procedure with good oncological 
outcomes.11 However, data on resection of 
PCLM remains sparse, and are mostly limited to 
case series or case reports.12 Hence, it remains 
controversial whether patients with PCLM can 

benefit from resection. The main concerns are the 
postoperative mortality, morbidity, and most 
importantly, long-term survival. The survival data 
of patients who underwent resection for PCLM is 
listed in Tables 1 and 2. A total of 14 studies 
described the survival data of resection for syn-
chronous and/or metachronous liver metastases. 
Three studies revealed that PCLM patients bene-
fited from resection, and had longer mOS (11.4–
39.0 months), when compared with patients who 
received chemotherapy or other palliative therapy 
(5.9–11.0 months).5,13,14 However, six studies 
failed to identify a significant difference in 
mOS.6,15–19 The comparison of survival data 
between the surgical and non-surgical groups is 
listed in Table 3.

Surgery for PDAC with synchronous LM.  The mOS 
of PDAC with synchronous LM remains very lim-
ited. Furthermore, it remains debatable whether 
surgery should be performed, and which procedure 
should be chosen (synchronous pancreas and liver 
resection, or staged procedure), because the out-
comes of surgical treatment among different cen-
ters widely vary. A study with the largest number of 
patients with PCLM reported the synchronous 
resection of pancreatic and liver lesions in 62 of 85 
patients. It was reported that the postoperative 
mOS was 10.6 months and the 5-year survival rate 
was 8.1%, which were better than the reported sur-
vival with palliative treatment.7 In a recent meta-
analysis, 1147 patients from 11 cohort studies were 
divided into two groups: surgical group (n = 217) 
and non-surgical group (n = 930). The results 
revealed that the surgical resection of LM was asso-
ciated with a significantly improved overall 1-year 
(52.8% versus 27.1%, p < 0.01) and 3-year (17.2% 
versus 3.7%, p < 0.01) survival.2 In a multicentric 
retrospective cohort study from six European pan-
creatic centers, the OS of 69 PCLM patients who 
received synchronous liver resection were com-
pared with 69 PCLM patients who underwent 
exploration without tumor resection. It was found 
that the mOS was significantly prolonged in the 
synchronous resection group (14 months versus 
8 months, p < 0.01). On the subgroup analysis, 
patients were divided according to the location of 
the primary tumor, and each group was compared 
with non-surgical treatment. It was found that 
patients with pancreatic head cancer (mOS 13.6 
versus 7 months, p < 0.001) had a significant sur-
vival benefit, unlike patients with body/tail PDAC 
(mOS 14 versus 15 months, p = 0.312).5
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However, there were several studies with compa-
rable or even worse prognosis following surgical 
resection.15–18 In a retrospective study conducted 
by Gleisner et al.,15 the authors reported that the 
OS of 22 patients who underwent simultaneous 
liver and pancreas resection reached 5.6 months, 
and that the 1-year and 3-year survival rate was 
13.3% and 6.7%, respectively. Although the 
majority of these 22 patients had low metastatic 
tumor burden, the simultaneous resection failed 
to bring survival benefits, when compared with 
the 60 patients who underwent a palliative bypass 
operation (mOS 5.9 versus 5.6 months, p = 0.46). 
Another retrospective study revealed that the 
mOS of the combined surgical resection in 20 
PCLM patients was shorter than the matched 20 
patients who received a purely PDAC resection 
(10.7 months versus 15.6 months), but the differ-
ence was not statistically significant due to the 
small sample size (p = 0.11).16 Therefore, there is 
insufficient evidence to conclude that synchro-
nous resection can significantly improve survival. 
Hence, surgery may be suitable for highly selected 
cases.

Metachronous liver resection after previous pan-
createctomy.  Patients who undergo primary pan-
creatic resection and postoperative chemotherapy 
often have poor performance status, and often 
cannot tolerate a second surgery for metachro-
nous liver lesions. Thus, postoperative mortality 
and morbidity limits the metastasectomy for meta-
chronous liver lesions. However, with the advance-
ments in surgical techniques and postoperative 
rehabilitation, a notable decline has occurred in 
mortality after liver metastasectomy for PDAC 
during the past two decades.2 The only concern 
that remains unanswered is whether metachro-
nous liver resection can prolong survival. Accord-
ing to the present literature, it appears that for 
selected patients who can tolerate a second sur-
gery, and when R0 resection is possible, metachro-
nous liver metastasectomy may prolong the 
mOS.6,7,20 The study conducted by Hackert et al.7 
on 23 PDAC cases revealed that the resection of 
LM is a safe procedure, with a mOS of 14.8 months. 
The interval between the initial pancreatectomy 
and occurrence of LM reflects the tumor biology 
and potential prognosis of the patient.6,7 The lon-
ger the interval of the pancreatectomy and appear-
ance of the metachronous lesion, the less aggressive 
the tumor biology is, and such patient can receive 
maximum benefits from the liver metastasectomy. 
It is noteworthy that huge or multiple (>5 or 
bilobar metastases) metastases may require major Ta
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hepatectomy. Major hepatectomy for PCLM is 
rarely performed due to the risks and complica-
tions associated with such aggressive approach, 
which outweighs the long-term survival benefits. 
In conclusion, liver resection may be considered 
for patients with PDAC with postoperative meta-
chronous LM, when the general condition of the 
patient is good, and the LM is amenable for R0 
resection.

Resection following effective neoadjuvant therapy.  
The application of new chemotherapy regimens, 
such as FOLFIRINOX (oxaliplatin, irinotecan, 
fluorouracil, and leucovorin), nab-paclitaxel plus 
gemcitabine, and other gemcitabine-based regi-
mens, have achieved dramatic survival prolonga-
tion for locally advanced or metastatic PDAC.14,24 
The use of these chemotherapy regimens for 
PCLM in the neoadjuvant setting has been found 
to be associated with better results.14,20,25–28 With 
the good response to neoadjuvant chemotherapy, 
a reduction in size, or even the disappearance of 
liver metastases can often be observed. Through 
this approach, the downstaging of an initially 
unresectable tumor may help regain the surgical 
opportunity for R0 resection.26

It is often difficult and inaccurate to determine the 
response to neoadjuvant therapy using computed 

tomography (CT). Thus, a combination of serum 
CA19-9 level, CT and 18positron emission tomog-
raphy-computer tomography (PET-CT) should 
be used for evaluation.7,14,26 Downstaging was 
considered to be achieved when there is a major 
biochemical response (reduction of CA19-9 
>50%) and/or a good radiological response, as 
assessed by Response Evaluation Criteria in Solid 
Tumors (RECIST) criteria.14 Schneitler et  al.28 
reported two cases of PCLM with the complete 
disappearance of LM after FOLFIRINOX chem-
otherapy. Both patients received surgical resection 
and were still alive after 1.5 years. Another retro-
spective analysis enrolled 24 patients who received 
resection after the downstaging of PCLM, and R0 
resection was achieved in 88% of cases, with a 
median OS and progression free survival (PFS) 
reaching 56 and 27 months, respectively.26 
However, even with the good response to chemo-
therapy and R0 resection, local recurrence in the 
liver or any other site can still occur due to the 
undetectable micro-metastasis.14

Prognostic factors and patient selection.  In a nut-
shell, highly selected patients may benefit from 
either the synchronous or metachronous resec-
tion of LM, where the accurate selection of surgi-
cal candidates with PCLM appears to be 
crucial.7,20 Unfortunately, no standard selection 

Table 3.  Comparison of outcomes of combined hepatic and pancreatic resection for PCLM and palliative therapies.

Reference No-resection Resection Significance

  Patient number mOS (months) Patient number mOS (months) p-value

Positive studies

Shrikhande et al.13 118 5.9 11 11.4 0.04

Tachezy et al.5 69 8 69 14 <0.01

Crippa et al.14 116 11 11 39 <0.0001

Other studies

Gleisner et al.15 66 5.6 22 5.9 0.46

Seelig et al.16 20 15.6 20 10.7 0.11

Yang et al.17 31 7.6 48 7.8 0.37

Yamada et al.18 28 6.8 11 10.1 NS

Takada et al.19 22 3 11 6 NR

Duenschede et al.6 5 11 8 9 NR

mOS, median overall survival; PCLM, Pancreatic ductal adenocarcinoma with liver metastases.
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criteria are available due to lack of data, and the 
dependence on the experience of the surgical 
team and treating oncologist. Some researchers 
have investigated the potential prognostic factors 
that can guide in the patient selection.5,14,17,23 For 
example, the study conducted by Shi et al.23 dem-
onstrated that patients with PCLM with serum 
CA125 levels between 38 U/ml and 62 U/ml ben-
efited the most through the synchronous resec-
tion of LM. The number of LM >5, [hazard ratio 
(HR): 3.515] and the reduction of CA19-9 <50% 
from the baseline value after neoadjuvant chemo-
therapy (HR: 3.515) were risk factors for sur-
vival.14 In the multicentric retrospective study 
conducted by Tachezy et al.,5 patients with single 
metastasis (n = 65) had longer mOS, when com-
pared with 73 patients with ⩾2 metastases 
(11.6 months versus 5.6 months, p = 0.005). A 
recent retrospective control study conducted in 
China reported that PDAC patients with liver 
oligometastases (n = 23) benefited from synchro-
nous liver resection, when compared with systemic 
chemotherapy (n = 31) and palliative therapies 
(n = 10) (16.1 versus 7.6 months, p = 0.02; 16.1 
versus 4.3 months, p < 0.0001; respectively).17 
However, these reports were retrospective studies 
with a small sample size. Hence, it remains diffi-
cult to determine the valid cut-off level for tumor 
markers, and the tumor location, size, and num-
ber in the selection of patients. The investigators 
considered that the following criteria may help in 
the selection of appropriate candidates for sur-
gery: (a) good general condition (performance 
status 1 or 2) for surgery; (b) no extrahepatic 
metastasis;6,20 (c) single or small burden of LM 
(diameter < 3 cm), which allows a high possibility 
of R0 resection with low risk;5–7,20 (d) resectable 
or borderline resectable primary PDAC;14 (e) 
long interval between pancreatectomy and the 
appearance of a metachronous lesion;6,7 (f) stable 
disease/partial response/complete response after 
neoadjuvant therapy.25,26 Further multicentric 
and prospective clinical trials are needed to pre-
cisely define the selection criteria.5,7 

Local therapies for PCLM
At the time of diagnosis of PCLM, the majority of 
patients are not suitable candidates for surgery. 
Therefore, alternative minimally invasive treat-
ment options that could achieve a similar local 
control, but with lower morbidity and mortality, 
are highly desirable. The local therapies for 
PCLM, including local thermal ablation, tran-
sarterial chemoembolization, and selective 

internal radiation therapy, provide a meaningful 
control of LM and a significant relief of symp-
toms. The studies that reported on patients who 
underwent non-surgical local treatment for 
PCLM are listed in Table 4.

Local thermal ablation for LM.  Thermal ablation 
therapies mainly include radiofrequency ablation 
(RFA) and microwave ablation. These minimal 
invasive approaches are associated with less 
trauma, mild disturbances in liver function, and 
quick recovery. Furthermore, these can be used in 
patients who cannot tolerate the surgical resec-
tion of LM. In the management of hepatocellular 
carcinoma and colorectal LM, thermal ablation 
has comparable oncological outcomes and less 
postoperative morbidity.35,36 However, the role of 
local thermal ablation for PCLM has not been 
well-established at present. Park et al.29 retrospec-
tively analyzed 34 cases of patients with PCLM, 
in which all patients received ultrasound-guided 
RFA for liver metastasis simultaneously with pan-
creatic resection, or after curative resection. The 
postoperative complications were mild and only 
one patient developed liver abscess, which was 
treated by percutaneous drainage. The mOS was 
14 months from the time of appearance of LM. 
The multivariate analysis revealed that single and 
small metastatic lesions, and well or moderately 
differentiated pathological types of primary 
tumors were good prognostic factors for survival 
after RFA. However, 18 (58.1%) patients had 
intrahepatic recurrence after the first RFA and 
underwent additional RFA. Furthermore, one 
patient required a total of seven sessions of RFA. 
Another retrospective study that included 102 
patients with 254 LMs investigated the effect of 
RFA alone for synchronous liver oligometastasis 
without resection of the primary PDAC. They 
reported a complete ablation rate of 96.1%. The 
postoperative complications were mainly self-lim-
iting, with an incidence of approximately 9.8%. 
Furthermore, the 1-year survival rate reached 
47.1%, and the mOS was 11.4 months, which was 
longer than the reported survival following the 
FOLFIRINOX regimen or gemcitabine plus nab-
paclitaxel. Nonetheless, the difference was not 
statistically significant.9 In summary, RFA alone 
provides reasonable short-term results, but not 
long-term survival benefits, due to the high recur-
rence rate.

It is noteworthy that the overall efficacy of ther-
mal ablation is not good for large (>5 cm) and 
multiple (>3) LMs.9,37 Furthermore, it is risky to 
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perform RFA for LMs adjacent to the main ves-
sels, diaphragm, gastrointestinal tract, or gall-
bladder due to the risk of potential injury. 
Furthermore, the extent of ablation in these 
regions is also insufficient and may increase the 
local recurrence rate.

With the development in imaging technologies, 
novel guidance methods are emerging which have 
improved the accuracy and real-time performance 
of thermal ablation. Traditional ultrasound guid-
ance procedures can be easily affected by the gas 
bubbles that appear after ablation, which may 
mislead the assessment of the postoperative abla-
tion zone. Minami et  al.38 advocated the use of 
ultrasound–ultrasound fusion imaging to guide 
RFA. This novel technique can display the abla-
tion zone and edges in real time, allowing for the 
timely discovery of poor ablation margins and re-
ablation in the same sitting.

Selective internal radiation therapy.  SIRT is a 
type of liver-directed brachytherapy, where radio-
active yttrium 90 microspheres are selectively 
delivered to the tumor-supplying vessels. Michl 
et  al.8 reported their experience of 19 patients 
who received SIRT for PCLM. Among these 
patients, 47% of these patients had an objective 
response after treatment. The median local PFS 
and mOS were 3.4 months and 9.0 months, 
respectively. The 1-year survival rate was 24%. 
Some patients had short-term nausea, vomiting, 
fatigue, fever, abdominal pain, and other minor 
side effects. In a phase II trial conducted by Gibbs 
et al.,33 14 eligible patients were enrolled, and the 
control rate of LM reached up to 93% [two cases 
with partial response (PR), one case with uncer-
tain PR, and 10 cases with stable disease (SD)]. 
The mOS of patients with sole LM was 
12.2 months. The results of the study conducted 
by Kim et al.32 achieved a PR of 42% and a SD of 
37%, with a mOS of 8.1 months in 33 patients.

In general, SIRT provides an encouraging local 
control of PCLM, but its long-term adverse events 
still need further evaluation. Significant toxicity 
was observed in the trial conducted by Gibbs 
et al.,33 where one patient died of liver failure at 
seven months after SIRT, and other severe com-
plications such as liver abscess, gastroduodenal 
perforation and splenic infarction also occurred.

Transarterial chemoembolization.  TACE is a 
well-established modality for the palliative treat-
ment and symptomatic relief for metastatic liver 

tumors. It is a minimal invasive procedure with 
short hospital stay and mild side effects. Vogl 
et  al.31 retrospectively investigated the results of 
TACE for 69 patients with PCLM. After treat-
ment, 78.26% of patients had SD and 11.59% of 
patients had PR. In terms of the tumor response, 
the number of liver metastases was not a statisti-
cally significant factor. The mOS of all patients 
was 19 months, while the mOS for patients with 
SD was 26 months. The role of repetitive TACE 
cycles was evaluated by Azizi et al.30 A total of 32 
patients underwent a mean of 3.2 sessions of 
TACE for liver lesions. Among these patients, 
71.87% of patients had SD, 9.37% of patients 
had PR, and 18.75% of patients had progressive 
disease (PD). Furthermore, an improved mOS 
of 20 months was observed in the SD group, 
while the mOS in the PD group was only 
5 months. No significant survival difference was 
observed in the oligonodular (n < 5) and multi-
nodular (n ⩾ 5) groups. These results indicate 
that TACE may be a promising treatment with 
respectable survival, especially for patients with 
multiple liver metastases.

Conclusion and prospect
To date, it remains controversial whether patients 
with PCLM should undergo surgical treatment. 
Highly selected patients appear to benefit from 
operative management and achieve longer OS, but 
there are no established criteria for selection. 
Effective neoadjuvant therapy can lead to a reduc-
tion in tumor burden and increase the R0 resection 
rate. Furthermore, preoperative systemic therapy 
can also help in understanding the aggressiveness 
of the tumor, and in selecting patients with a less 
invasive disease. However, it remains to be deter-
mined which neoadjuvant chemotherapy regimen 
should be used and when to perform surgery, since 
these are not well defined and needs further stud-
ies. With the aim to determine patients who can 
benefit from the synchronous resection of primary 
PDACs and liver oligometastasis after induction 
chemotherapy, a phase III trial (Clinical Trials.gov 
identifier: NCT03398291) called CSPAC-1 has 
been initiated in China.39 The results of this trial 
would be worth looking forward to.

The local thermal ablation of LM appears to be an 
effective alternative to surgical resection since this 
can reduce the tumor load and prolong the OS. 
For LMs that are not treatable by surgery due to 
their location or patients with comorbidities, abla-
tion procedures can be used. Liver resection with 
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a simultaneous ablation procedure is also a safe 
and feasible strategy for multiple and diffuse LMs. 
Unfortunately, the high recurrence rate remains as 
the major limiting factor. In addition, thermal 
ablation is not suitable for large sized LMs or LMs 
located near major vessels. Non-thermal ablation, 
such as irreversible electroporation (IRE), has 
already been tested for the treatment of locally 
advanced PDAC. It has been reported that IRE 
after induction chemotherapy can help in achiev-
ing a substantially prolonged survival.40 Local 
brachytherapy such as SIRT may be applied for 
selected patients. However, it remains techni-
cally challenging, with a reported increased 
potential of injury to the surrounding organs. 
Furthermore, the optimal radiation dose and 
patient selection needs further investigation. 
Transarterial therapies, including TACE and 

transarterial embolization, can provide good con-
trol of the tumor progression and prolong survival, 
especially for patients with multiple LMs. The 
management of PCLM is summarized in Figure 1 
based on the literature review and our own experi-
ence. However, future prospective studies are 
required to explore the appropriate treatment 
strategy for PCLM. 
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Figure 1.  Flowchart of the PCLM treatment.
EHMD, extra-hepatic metastatic disease; LM, liver metastases; PCLM, pancreatic ductal adenocarcinoma with liver 
metastases; PDAC, pancreatic ductal adenocarcinoma; TACE, transarterial chemoembolization; TAE, transarterial 
embolization.
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