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Abstract

BACKGROUND

Presence of liver metastatic disease in pancreatic ductal adenocarcinoma (PDAC), either
synchronous or metachronous after pancreatic resection, is a terminal diagnosis that
warrants management with palliative intent as per all international practice guidelines.
However, there is an increasing interest on any potential value of surgical treatment of

isolated oligometastatic disease in selected cases.

AIM
The aim of this systematic review is to present the published evidence on surgical
management of PDAC liver metastases, synchronous and metachronous, and compare

the outcomes of these treatments to the current standard of care.

METHODS
A systematic review was performed in line with the Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA) guidelines to compare the outcomes

of both synchronous and metachronous liver metastases resection to standard care.

RESULTS

356 studies were identified, 31 studies underwent full-text review and of these 10 were
suitable for inclusion. When synchronous resection of liver metastases was compared to
standard care, most studies did not demonstrate a survival benefit with the exception of
one study that utilised neoadjuvant treatment. However, resection of metachronous
disease appeared to confer a survival advantage when compared to treatment with

chemotherapy alone.

CONCLUSION
A survival benefit may exist in resection of selected cases of metachronous liver

oligometastatic PDAC disease, after disease biology has been tested with time and




systemic treatment. Any survival benefit is less clear in synchronous cases; however an
approach with neoadjuvant treatment and consideration of resection in some selected
cases may confer some benefit. Future studies should focus on pathways for selection of

cases that may benefit from an aggressive approach.
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Core Tip: The focus of management for isolated liver oligometastatic disease in
pancreatic ductal adenocarcinoma has typically been palliative. However, recently there
is an increasing number of series reporting promising results from resection of
oligometastatic disease limited in the liver. The findings of this systematic review,
which summarises the current available literature, indicate that a survival benefit may
exist in resection of selected cases of metachronous liver oligometastatic PDAC disease,
after disease biology has been tested with time and systemic treatment. Any survival
benefit is less clear in synchronous cases; however an approach with neoadjuvant
treatment and consideration of resection in some selected cases may confer some
benefit. Future studies should focus on pathways for selection of cases that may benefit
from an aggressive approach.

INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) remains a leading cause of cancer death
globally, with less than 10% 5-year survival rates [1-3. One of the reasons behind this
poor prognosis is that a substantial number of patients have distant metastatic disease
at presentation, with the majority been hepatic due to the portal drainage of the

pancreas (451161,




International practice guidelines consistently advise against resection of PDAC in the
setting of liver metastases, instead favouring palliative systemic treatments or best
supportive care /=11, with a typical survival of less than 12 mo ['2l. This is in contrast to
other malignancies with more favourable biology, such as colorectal or breast, for which
resection of liver metastases has been shown to confer a survival advantage in selected
cases with an acceptable safety profile ['*1¢. Nonetheless, there is an increasing body of
evidence in the form of small case series and reports that present promising oncological
outcomes following resection of metachronous and even synchronous isolated liver
metastases from PDAC primary. Any potential oncological benefits from such an
aggressive approach need to be considered, especially as up to 75% of patients who
undergo surgical resection and adjuvant therapy for primary PDAC will experience
disease recurrence within 2 years [117.18] and two thirds of those will have metastatic
diseasel!920],

The aim of this systematic review is to present the published evidence on the surgical
management of PDAC isolated liver metastases, synchronous and metachronous; and

compare the outcomes of these treatments to the current standard of care.

MATERIALS AND METHODS

Literature search

A systematic literature search was performed for studies reporting outcomes of
resection of isolated liver metastases in patients with PDAC, in either a synchronous or
metachronous setting, according to the Preferred Reporting Items for Systematic
Review and Meta-Analyses (PRISMA)RI. Synchronous lesions were defined those
appearing within 6 mo of the primary diagnosis, whilst metachronous those diagnosed
after 6 mo [22l. Medical subject headings (MeSH) terms, keywords and synonyms for
‘pancreatic cancer’, ‘liver metastases’ and ‘surgical resection” were combined to search
Medline, Embase, Cochrane and PubMed databases. Database searches included all
results from inception of each database to 30/10/22. The search term was applied to

titles and abstracts and was limited to English language articles. Conference abstracts




and letters to the Editor were excluded. Following the removal of duplicates two
independent reviewers (SPB and JHS) screened by title and abstract and then by full
text review. Articles were considered appropriate if they reported outcomes following
resection of either synchronous or metachronous liver metastases in PDAC patients.
Any disputes were resolved by a third, independent, reviewer, the senior author (NC)

(Figure 1). The full search term is available in Supplementary Figure 1.

Data collection

The primary endpoint for this systematic review was median overall survival (OS) in
PDAC patients with synchronous or metachronous isolated liver metastases treated
with either surgical resection or an alternative treatment modality, for example
chemotherapy. Secondary outcomes included disease free survival (DFS), peri-
operative morbidity and mortality. As such, for each study survival data were collected
in addition to relevant demographic, primary tumour and perioperative details. Data
extraction elements were defined in advance and two reviewers independently

extracted data using a pre-piloted extraction template (SPB and JHS).

RESULTS
terature search

The literature search identified a total of 356 studies, of which 31 full-text articles were
screened and of these 10 articles were suitable for inclusion with a total of 449 patients
[23-32] (Figure 1 and Table 1). Of these, 9 reported outcomes of surgical resection for
synchronous isolated liver metastases [23-2527-32] and 4 reported outcomes for resection
of metachronous metastases (232630311 | There were 3 studies that reported outcomes for
both synchronous and metachronous metastases 23031 (Table 1). There was a mix of
single- and multicentre studies included and all resections were performed in specialist
hepato-pancreato-biliary centres. There were no criteria mentioned for the diagnosis or

operability of PDAC liver metastases.




Outcomes of Resection for Synchronous Isolated Liver Metastases

In the 9 studies that reported outcomes of synchronous liver metastases resection, there
were a total of 393 patients. The median number of metastases resected ranged 2-3 and
the diameter 1- 9cm when reported. Non-anatomical resections (NAR) were the most
common type of liver resection (133/152, 83%), with segmentectomies (15/152 10%)
and hemihepatectomies (4/152, 3%) also been performed (Table 2A). The postoperative
morbidity rates ranged between 15% and 68% and mortality between 0 and 4.1%. DFS
was reported in 2 studies with a range of 5.2 to 20.9 mo. OS was reported in all studies
and ranged from 7.8 to 33 mo. Two of the studies also reported 5-year survival results at
3.3% and 5.8% (Table 2A). The extent of liver resection and its relationship to survival

was reported in 3 studies but was not found to be significant/263031],

Resection of Synchronous Isolated Liver Metastases Compared to Standard Care

There were 5 studies that compared operative and non-operative treatment of patients
with synchronous isolated liver metastases. The control groups varied between the
studies, with some comparing the resection group to PDAC patients without liver
metastases, whilst others compared to patients receiving chemotherapy only or surgical
palliative bypass only. A formal meta-analysis was therefore not appropriate owing to
the heterogenous nature of the control groups. Instead, median overall survival is
reported in Table 2B. Two studies reported reduced OS amongst the resection group
(325, two similar OS 2% 32] and one superior OS in the synchronous liver metastases

resection group 7],

Outcomes of Resection for Metachronous Isolated Liver Metastases

In the 4 studies that reported outcomes of metachronous isolated liver metastases
resection, a total of 56 patients were included. The time from primary resection to
detection of liver metastases was given in two studies and ranged 8-13 mo. The
remaining two studies reported the time from primary resection to liver

metastasectomy and the median values were 17.8 and 18.4 mo. The number of lesions




resected ranged 1-2 and the diameter of these lesions was 1.0 - 2.5cm. NAR was the
most common (28/56, 50%) type of liver resection reported, followed by
segmentectomy (19/56, 34%) and hemihepatectomy (9/56, 16%). The postoperative
morbidity ranged 32%-75% and mortality 0-4.3%. OS from metastasectomy was
reported in 3 of the 4 studies, with one reporting OS from time of detection of liver
metastases, and ranged from 14.8-31 mo. DFS was reported in 2 studies and ranged
from 8 to 14.9 mo (Table 3A). One study reported patients surviving longer than 5 years

after resection of metachronous liver metastases(3!l .

Resection of Metachronous Isolated Liver Metastases Compared to Standard Care

There were 2 studies that compared operative and non-operative treatment of patients
presenting with metachronous liver metastases after PDAC resection. Meta-analysis
was not possible due to the format in which overall survival was reported. Both studies
reported a survival benefit with resection, with a median OS of 31 mo from LM
detection in the resection group compared to 11 mo in one study [2*| and 36.8 mo from

LM resection compared to 9.2 mo in the other one ¢ (Table 3B).

DISCUSSION

Diagnosis of metastatic disease in the liver from primary PDAC is a palliative diagnosis.
Nonetheless, with the advances in systemic treatment and surgical techniques, a
question that is recently becoming more and more relevant is whether a more
aggressive approach with surgical resection of PDAC oligometastatic disease could
confer survival benefit in selected cases. This question becomes more prominent in
cases of synchronous isolated and limited liver metastases that are identified intra-
operatively despite full pre-operative staging investigations or in cases of metachronous
liver oligometastatic disease where tumour biology has been assessed with monitoring
and systemic treatment. This systematic review analyses the published evidence on the
surgical management of PDAC isolated liver metastases, synchronous and

metachronous, and how these compare to the current standard of care.




The identification of metastatic disease during the laparotomy in patients with PDAC
and no evidence of metastases in pre-operative staging investigations upgrades the
disease stage and changes the management intent from potentially curative to palliative
as per all the international guidelines. Despite utilising all modern imaging staging
modalities, this can still occur in around 15% 3334 of the cases. Nonetheless, a number of
series reported outcomes with a more aggressive approach, resecting isolated
oligometastatic liver disease at the same time as the pancreatic resection. The reported
OS was generally poor and ranged between 7.8 and 15.7 mo, with only one study
reporting OS of 33 mo. Of note, long-term survival following synchronous resection
was reported in some of the included studies(?’32l. It is unsurprising that OS was
reduced in patients undergoing synchronous liver metastases resection when compared
to PDAC patients without metastatic disease [2°], given the more advanced stage of the
disease. Interestingly though when resection of liver metastases was compared to
palliative treatment (surgical bypass and chemotherapy) (2332, survival after bypass and
gemcitabine was superior to that of the groups treated with simultaneous resection of
the primary and liver metastases in both of these studies. This may be explained by the
likely longer time interval from surgery to chemotherapy in patients that had
synchronous resection owing to the more complex post-operative course with higher
risk for complications and prolonged recovery. Furthermore, the current suggested
standard chemotherapy regimen is FOLFIRINOX [1233], which also has a more cytotoxic
profile and therefore even less likely to be tolerated well early in the post-operative
period after major resection. Only one study reported superior survival amongst
patients undergoing synchronous resection compared to palliative treatment [27].
However, in this study the majority of patients received neoadjuvant chemotherapy so
only those with a favourable response and therefore less aggressive tumour biology
proceeded to synchronous resection. On the contrary, patients who did not respond to
neoadjuvant therapy and therefore likely had more aggressive disease biology did not
proceed to resection and were included in the non-resection group. Therefore, any

survival advantage reported is likely mainly attributed to the benefits of the systemic




treatment, as well as the patient and disease biology selection by the neoadjuvant
approach, rather than the surgical treatment. Indeed, the prognostic significance of
response to preoperative chemotherapy has recently also been shown in another study
reporting outcomes of chemotherapy and resection in metastatic PDAC patients with
liver, lung and peritoneal spread/3l.

The survival outcomes reported after resection of metachronous liver metastases were
more promising and ranged between 11.4 and 31 mo. Most of the patients included in
these studies have received adjuvant chemotherapy (mainly gemcitabine based) after
the pancreatic primary resection and had liver metastasectomy about 1.5 years
laterl2631l. Therefore, the likely more favourable disease biology, with stability on and
after systemic treatment can once again possibly explain the recorded survival. Whilst it
was not possible to perform a formal meta-analysis comparing the outcomes after
resection of metachronous liver metastases to the control group (palliative
chemotherapy), a survival benefit of over one year was observed in both studies
included. Of note, both studies used gemcitabine based chemotherapy regimens,
known to have inferior results to the current standards of care (FOLFIRINOX)[1235],
More importantly one study also reported a 8.1% 5-year survival rate with
metastasectomy P!l Even though the study included both synchronous and
metachronous liver metastases resections and the 5-year survival rates were not
reported separately for the two groups, it is more likely that the metachronous group
had longer OS.

The limitations of this review include its narrative descriptive nature, as well as the
retrospective nature of the studies included with limited number of patients
introducing patient and treatment selection bias. It is also focused on surgical resection
as opposed to ablation, radiotherapy or other forms of liver directed therapies. The
type, timing and duration of systemic treatment were not standardised or consistent
among the studies. Younger or fit patients with less aggressive disease were therefore
more likely to have received a more aggressive treatment approach including surgical

resection. A meta-analysis was not appropriate, due to heterogeneity between the 5




studies in the synchronous group and the lack of reported OS confidence intervals in
the one of the two studies in the metachronous group. Finally, most patients in the
included studies received gemcitabine based chemotherapy regimens, which confer
inferior outcomes to FOLFIRINOX which is the current standard of carell2l. Nonetheless,
this review presents and analyses the best current available evidence on the resection of

PDAC isolated liver oligometastatic disease.

CONCLUSION

In conclusion, the evidence on surgical management of PDAC isolated liver metastases
is scarce and inconclusive. A survival benefit may exist in selected metachronous cases
when disease biology has been tested with time and systemic treatment. Survival
benefit is less clear in synchronous cases; however an approach with neoadjuvant
treatment and consideration of resection in some selected cases may confer some
benefit. Future studies should focus on pathways for selection of cases that may benefit
from an aggressive approach, including patient selection, tumour genetic testing and

individualised systemic treatment, as well as novel markers for treatment response.

ARTICL]E—IIGHLIGHTS

Research background

Pancreatic ductal adenocarcinoma (PDAC) remains a leading cause of cancer death
globally, with a substantial number of patients presenting with metastatic disease and
typical survival of less than 12 mo. Furthermore, up to 75% of patients who undergo
surgical resection and adjuvant therapy for primary PDAC will experience disease
recurrence within 2 vyears and two thirds of those will have metastatic
disease. International practice guidelines consistently suggest palliative treatment
pathways for these patients. Nonetheless, there is an increasing body of evidence in the
form of small case series and reports that present promising oncological outcomes
following resection of metachronous and even synchronous isolated liver metastases

from PDAC primary.




Research motivation
A number of patients with oligometastatic disease may benefit from an aggressive

approach which includes surgical resection.

Research objectives
The aim of this systematic review is to present the published evidence on the surgical
management of PDAC isolated liver metastases, synchronous and metachronous; and

compare the outcomes to the current standard of care (palliative treatment).

Research methods

A systematic literature search was performed for studies reporting outcomes of
resection of isolated liveﬁrnetastases in patients with PDAC, in either a synchronous or
metachronous setting, according to the Preferred Reporting Items for Systematic
Review and Meta-Analyses (PRISMA). Synchronous lesions were defined those
appearing within 6 mo of the primary diagnosis, whilst metachronous those diagnosed
after 6 mo. The primary endpoint for this systematic review was median overall
survival (OS) in PDAC patients with synchronous or metachronous isolated liver
metastases treated with either surgical resection or an alternative treatment modality,
for example chemotherapy. Secondary outcomes included disease free survival (DFS),

peri-operative morbidity and mortality.

esearch results
The literature search identified a total of 356 studies, of which 31 full-text articles were
screened and of these 10 articles were suitable for inclusion with a total of 449 patients.
Nine studies reported outcomes of surgical resection for synchronous isolated liver
metastases and 4 reported outcomes for resection of metachronous metastases (3 studies

reported outcomes for both).




In the 9 studies that reported outcomes of synchronous liver metastases resection, there
were a total of 393 patients. The median number of metastases resected ranged 2-3 and
minor liver resections were the most common type of operation. The postoperative
morbidity rates ranged between 15% and 68% and mortality between 0 and 4.1%. DFS
was reported in 2 studies with a range of 5.2 to 20.9 mo. OS was reported in all studies
and ranged from 7.8 to 33 mo. Two of the studies also reported 5-year survival results at
33% and 5.8%. There were 5 studies that compared operative and non-operative
treatment of patients with synchronous isolated liver metastases. Two studies reported
reduced OS amongst the resection group, two similar OS and one superior OS in the
synchronous liver metastases resection group.

In the 4 studies that reported outcomes of metachronous isolated liver metastases
resection, a total of 56 patients were included. The time from primary resection to
detection of liver metastases was given in two studies and ranged 8-13 mo. The
remaining two studies reported the time from primary resection to liver
metastasectomy and the median values were 17.8 and 18.4 mo. The number of lesions
resected ranged 1-2 and minor resections were the most common ones performed. The
postoperative morbidity ranged 32%-75% and mortality 0-4.3%. OS from
metastasectomy was reported in 3 of the 4 studies, with one reporting OS from time of
detection of liver metastases, and ranged from 14.8-31 mo. DFS was reported in 2
studies and ranged from 8 to 14.9 mo. One study reported patients surviving longer
than 5 years after resection of metachronous liver metastases. There were 2 studies that
compared operative and non-operative treatment of patients presenting with
metachronous liver metastases after PDAC resection and both reported a survival

benefit with resection.

Research conclusions
In conclusion, the evidence on surgical management of PDAC isolated liver metastases
is scarce and inconclusive. A survival benefit may exist in selected metachronous cases

when disease biology has been tested with time and systemic treatment. Survival




benefit is less clear in synchronous cases; however an approach with neoadjuvant
treatment and consideration of resection in some selected cases may confer some

benefit.

Research perspectives
Future studies should focus on pathways for selection of cases that may benefit from an
aggressive approach, including patient selection, tumour genetic testing and

individualised systemic treatment, as well as novel markers for treatment response.
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