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Abstract: Colorectal cancer (CRC) represents currently the third most frequent type of cancer and is
amongst the leading causes of cancer-related death worldwide. Approximately every second patient develops
liver metastases (LM). Resection of these metastases has become the most common indication for liver
resection. In the era of multimodal treatment, surgical resection of colorectal LM still plays a crucial role in
achieving long-term survival. Despite the well-known range of benefits offered by minimally invasive surgery,
laparoscopic liver surgery struggles to replace open surgery in daily practice. However, over the last decades,
the number of major and technically more demanding laparoscopic liver resections steadily increased.
Besides, the increasing amount of data on intra- and postoperative outcomes, on oncological surrogate
markers like RO resection as well as on long-term outcomes like recurrence free and overall survival supports
the minimally invasive approach in liver surgery. This review aims to provide a short general overview of
current treatment strategies for colorectal LM and to summarize the contemporary literature on laparoscopic
resection of these metastases focusing especially on retrospective data using propensity score adjustments and
on recently published prospective randomized trials. Available data clearly show that laparoscopic resection
of colorectal LM results in better short-term outcomes like reduced perioperative morbidity and mortality.
Of note, oncological long-term outcomes seem to be at least equivalent to the open procedures. Still, most
available data are from highly specialized centers, and prospective randomized controlled trial data on long-
term results are lacking. While eagerly waiting for these data, implementation of laparoscopic liver surgery

should be fostered as minimally invasive techniques will be integral part of the future.
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Introduction site for hematogenous metastases in CRC.

Colorectal cancer (CRC) represents the third most frequent Over the last decades minimally invasive surgery has

type of cancer worldwide, with a global incidence of about become an integral part of abdominal surgery. In contrast

1.8 million cases per year. According to approximately to surgical resection for colon cancer where laparoscopic

700,000 cancer-related deaths per year, CRC is the fourth
leading cause worldwide (1). The most important cause of
death are metastases of the liver, which is the most common
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resection is well established (2), there are still concerns and
hesitations towards laparoscopic liver resection despite the
first case was performed already 30 years ago (3). However,
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a recent study showed a substantial increase of laparoscopic
liver resections for malignant lesion (4).

This review aims at providing a summary of the
contemporary and most recent literature on laparoscopic
resection of colorectal liver metastases (LM). A short
overview regarding current treatment strategies for
colorectal LM will be followed by sections presenting short-
and long-term outcomes following laparoscopic resection
of colorectal LM and discussing potential limitations of the
available data. Emphasis will be put on recent published
retrospective data using propensity score adjustments and
on prospective randomized trials.

We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/1s-20-106).

CRC—LM incidence

The incidence of LM comes up to 50%. Approximately
15-25% of patients have synchronous LM at the time
of primary diagnosis, and another 15-25% will develop
metachronous LM later on, especially during the first five
years following radical resection of the primary tumor (5).
Patients with untreated LM have an abysmal prognosis with
approximately seven months median overall survival with
best supportive care (6). However, in patients after successful
surgical resection of, both, primary tumor and LM a median
overall survival of up to 55 months and a 5-year overall
survival of up to 57% are possible in combination with
modern systemic chemotherapy and immunotherapy (7,8).

CRC—multimodal treatment (focus on LM and
curative approach)

The traditional treatment of CRC without LM is simple:
radical resection of the primary tumor and in case of lymph
node metastases adjuvant chemotherapy. For patients
with LM, however, a lot of different treatment options
are available depending on the time of occurrence of LM
(synchronous vs. metachronous) and the resectability of the
LM (resectable vs. potentially resectable vs. not resectable)
(5,9). The synchronous disease is currently associated with a
less favorable prognosis compared to metachronous tumor
recurrence (10). Importantly, every patient with CRC LM
should be discussed in a multidisciplinary tumor-board to
guarantee an optimal individual treatment concept. This
includes even less common treatment modalities like ALPPS
(associated liver partition and portal vein ligation for staged
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hepatectomy), liver transplantation, radiofrequency ablation
(RFA), microwave ablation, transarterial chemoembolization
(TACE), transarterial radioembolization or hepatic
intraarterial chemotherapy (5,9). It has been proven that
discussion and decision making in the tumor-board leads to
improved surgical resection rate, superior overall survival,
and better quality of life (11,12).

Surgical resection of LM is still considered as the
essential therapy to achieve long-term survival (7).
Unfortunately, a majority of patients (up to 75 %) are not
suitable for liver surgery because of unresectable disease,
significant comorbidities, poor liver function, or insufficient
remnant liver volume (9). The primary treatment goal in
these patients is to prolong overall survival and maintain
quality of life with systemic chemotherapy (based on
fluoropyrimidines, oxaliplatin and irinotecan) and targeted
immunotherapies (especially bevacizumab, cetuximab)
depending on biomarker expression (in particular RAS,
BRAF mutation status) and primary tumor site (right vs.
left hemicolon) (1). Patients with initially unresectable
but potentially resectable LM should attempt conversion
chemotherapy to minimize the size of the metastases.
However, appropriate downstaging and resectability can be
achieved only in approximately 15% of patients, amongst
others, because chemotherapy-associated liver toxicity
significantly limits the effective duration of pre-operative
chemotherapy (usually three months) (13,14). The
continuous development of new, more efficient systemic
treatments has been paralleled by surgical and interventional
innovations which allowed to stretch the boundaries of
liver resection for colorectal LM. The paper of Adam ez al.
describing the concept of two-stage hepatectomy (T'SH) for
patients initially deemed unsuitable for surgical resection
due to bilobar metastases set a milestone in the field. In
these patients, the liver lobe with the lower disease burden
is cleared by atypical resections followed by a major liver
resection in the second stage. Adjuvant treatments like
chemotherapy can be combined to decrease drop-out rates
due to tumor progression (15). In the case of marginal
remnant liver volume (approximately <30%), portal vein
embolization represents an established standard procedure
to induce the growth of the future liver remnant and allows
hepatic resection unless tumor progression occurs, the
main dropout-reason (16,17). These two procedures can be
combined by, e.g., embolizing the contralateral portal vein
of the future liver remnant if the second stage resection
exceeds 60% of the liver volume.

The ALPPS procedure represents another surgical tool.
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In contrast to the TSH the major surgical procedure is
represented by the first stage where intraoperative ligation
of the portal vein is combined by parenchymal transection
without compromising arterial inflow, venous outflow,
and the biliary ducts. The second stage is represented by
transection of the artery, the vein and the biliary ducts
and the recovery of the diseased liver specimen (18).
Due to reported high morbidity and mortality rates
many technical modifications have been adopted,
including hybrid approaches including interventional and
laparoscopic techniques (19). Last but not least, the field
of transplant oncology is expanding. While until recently
colorectal LM represented an absolute contraindication
for liver transplantation, reports from the Oslo group
show overall 5-year survival rates of up to 100% after liver
transplantation in a selected group of patients (20).

The treatment of patients with synchronous LM
consists of resection of both the primary tumor and the
LM combined with systemic therapy, either in terms of
a simultaneous approach, a traditional staged approach
(“colorectal-first”), or a reverse staged approach (“liver-
first”) (10). The oncologic outcome of these three treatment
strategies is similar. The optimal sequence of surgery and
systemic therapy is still under debate, and it depends on
different variables like patient symptoms (e.g., bleeding
and obstruction of the primary tumor) and tumor burden
(number, diameter, and localization of LM) (21). The
combined approach with simultaneous resection appears
attractive from the patient's perspective, but exhibits a
prolonged operative time, higher postoperative morbidity
(up to 36%) and higher mortality (up to 8%) (22). Thus,
many surgeons prefer the staged procedures, especially the
traditional colorectal-first concept, which should decrease
the risk of new metastases and prevent the development
of colorectal complications (10). On the other hand, the
most important argument for the liver-first approach is
the immediate start with a systemic treatment by means
of upfront chemotherapy before hepatic resection, since
response to neoadjuvant chemotherapy has been shown to
be one of the strongest predictors of long-term survival and
recurrence (1,23). Following successful resection of LM,
the optimal postoperative treatment strategy (e.g., adjuvant
chemotherapy) is not well-defined, in any case close
surveillance is recommended.

The role of laparoscopic liver surgery

Minimally invasive surgery offers a range of benefits for
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patients, including less surgical trauma, less postoperative
pain, earlier time to recovery ending in reduced length of
hospital stay. However, while minimally invasive techniques
as for cholecystectomy or hernia repair found its way into
clinical practice quickly, the distribution of laparoscopic
liver resection struggled to find its place (24). Hepatectomy
per se is a demanding procedure with the risk of bleeding
or bile leakage; hence both open and laparoscopic skills are
necessary to be able to perform these procedures safely. The
complexity of liver resections varies considerably, depending
on the segments that need to get resected. Kawaguchi
et al. defined three groups of difficulty (25). Herein, he
included in group 1 wedge resections and left lateral
segmentectomy, in group 2 anterolateral segmentectomy
and left hepatectomy and in group 3 posterosuperior and
right posterior resections, right hepatectomy and central
resections. Ban et al. (26). based their difficulty grades on
pre-operative factors and established a 10-level index with
recommendations for surgeons starting with that type of
surgery. He also recommended a minimum caseload of each
kind of resection. Highly complex resections (Index 10)
should only be performed by experienced surgeons who
have done more than 50 laparoscopic hepatectomies. The
significant advantage of this classification—that might be
used as a roadmap for training—is the inclusion of tumor
and patient-related factors that can easily be applied before
surgery.

In the last 12 years, three international consensus
statements in laparoscopic liver resection have been
published, reflecting the ongoing and exponential growth
of this technique. The first consensus meeting was held in
2008 and is formerly known as the Louisville statement (27).
The focus at that time was on the feasibility of laparoscopic
liver resection. Evidence has since then gradually developed,
leading to the second consensus conference in Morioka in
2014 (28). In this second meeting, recommendations for safe
implementation were developed based on data comparing
open with laparoscopic hepatectomies. Finally, future
directions and technical issues were discussed. In 2017,
only three years later, the Southampton Consensus was
published by Abu Hilal et 4l. (29) this conference aimed to
provide clinical practice guidelines for safe implementation
for experienced as well as less experienced surgeons and
centers. In total, 674 publications were reviewed to answer
five sections and several topics that affect clinical practice—
indications, patients and complex diseases, procedures,
technique, and implementation. Notably, the consensus
of 95% in each discussed topic was reached among
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laparoscopic and senior conventional liver surgeons. The
main outcomes that were seen throughout most of the
comparative studies are less blood loss, shorter hospital
stay, and lower morbidity. Thus, the consensus was that the
standard approach for low grade complexity resections (e.g.,
left lateral sectionectomy) should be laparoscopic. With
increasing experience, even complex procedures as re-do
operations, larger lesions, and extended resections can be
performed laparoscopically, even in high-risk patients.

Short-term results
Retrospective studies

Several studies have focused on the feasibility and safety of
laparoscopic liver resections compared to open approaches,
especially in the case of colorectal LM (30-32). With the
increasing utilization of minimally invasive surgery, a
growing body of mostly retrospective data has emerged
during the last decade. They present laparoscopic liver
resection as safe and as having significant benefits in
terms of postoperative morbidity and functional recovery
compared to open procedures (33-38). A meta-analysis by
Xie et al. demonstrated that laparoscopic liver resection is
a valid alternative to open liver resection in the treatment
of selected cases. Postoperative mortality was equal in
both groups, but overall morbidity was up to 50% less in
the laparoscopic study group (39). Several other groups
published, that blood transfusion and intraoperative blood
loss was reduced in minimal invasive liver surgery. For
example, Schiffmann et 4/. described a significantly less
transfusion rate in the laparoscopic group (9.9% vs. 19.8%,
P=0.004) as well as less intraoperative blood loss (262 vs. 385
mL, P=0.049) (40). The reason for this reduction seems to be
attributed to two main factors. On the one hand, there is the
hemostatic effect obtained by the pneumoperitoneum, on
the other hand, the magnification achieved with laparoscopy
enables excellent control of small intrahepatic vascular
structures and thus contributes to limit bleeding related to
parenchymal dissection. Intraoperative ultrasonography,
ultrasonic dissection, microwave coagulators, laparoscopic
CUSA, and vascular staplers have also additionally
simplified laparoscopic liver resections (41-48). Another
main advantage of laparoscopic liver resection is the
observed improved postoperative patient comfort, including
less need for intensive care unit stay, less postoperative
narcotic requirement, and shorter postoperative length of
hospital stay (40,43-46). This aspect is confirmed by the
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observation of Tohme e 4/, who reported that the time
from surgery to postoperative chemotherapy was much
shorter in laparoscopic approaches compared to open (49).
Furthermore, modern concepts of enhanced recovery after
surgery programs combined with minimal invasive resection
magnify these effects, which might even positively affect
long-term outcomes (50). The reported longer operation
time compared to open procedures does not seem to have an
impact on clinical outcomes (42).

Prospective studies

In the field of laparoscopic liver resection for colorectal
LM, two main prospective randomized controlled trials
reporting short-term results have been recently published.

The OSLO-COMET trial (OSLO Randomized
Laparoscopic Versus Open Liver Resection for Colorectal
Liver Metastases Study) was the first prospective
randomized controlled trial reporting that for patients
requiring parenchymal-preserving liver resection for
colorectal LM, the laparoscopic approach was associated
with fewer postoperative complications. Of 280 enrolled
patients, more than half of the cases were operated
minimally invasive. The rate of severe complications was
19% in the laparoscopic arm versus 31% in open settings.
There were no differences in operation time, intraoperative
blood loss, and blood transfusions. A shorter stay on the
recovery ward, as well as less postoperative morphine
equivalents, were observed in the laparoscopic group.
Reoperations and readmission within 30 days as well as 90-
day mortality were comparable with open procedures (51).

The second published randomized controlled trial is the
LapOpHuva study. This study included almost 100 patients
in each study group. The data confirmed the results of the
OSLO-COMET trial. Even though describing a generally
lower incidence of severe complications, the authors
confirmed the benefits of laparoscopy in this regard (23.7%
complication in the open resection group versus 11.5% in
the laparoscopic resection group). Again, operation time,
blood loss and postoperative mortality were comparable
between both groups (52).

Patients included in the OSLO-COMET trial were also
assessed regarding their postoperative quality of life. Of
note, patients assigned to laparoscopic surgery reported
better postoperative health-related quality of life compared
to those assigned to open surgery. For role limitations caused
by physical health impairments, patients in the laparoscopic
group reported better scores up to 4 months after
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Table 1 Relevant studies assessing short-term outcomes since 2015 (reviews and meta-analyses excluded)
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Author Year Study design LLR cases OLR cases Journal

Allard et al. 2015 PSM 73 (50%) 73 (50%) Ann Surg

de’Angelis et al. 2015 PSM 52 (50%) 52 (50%) J Lap Adv Surg Tech

Beppu et al. 2015 PSM 171 (33%) 342 (67 %) J Hepatobiliary Pancreat Sci
Cipriani et al. 2016 PSM 133 (50%) 133 (50%) BrJ Surg

Ratti et al. 2018 PSM 104 (20%) 412 (80%) JAMA Surg

Fretland et al. 2018 pRCT 129 (47.3%) 144 (52.7%) Ann Surg

Robles-Campos et al. 2019 pRCT 96 (49.7%) 97 (50.3%) Surg Endosc

Fretland et al. 2019 pRCT 129 (47.3%) 144 (52.7%) BrJ Surg

LLR, laparoscopic liver resection; OLR, open liver resection; PSM, propensity score-matched; pRCT, prospective randomized controlled

trial.

surgery (53). These results are coherent with an earlier study
published by the same group on a small group of patients
of the OSLO-COMET trial. The authors observed that
laparoscopic liver resection is also associated with reduced
inflammatory response compared to open resection (54).
These aspects might be of relevance in the context of
multimodal treatment strategies where the patients have to
get ready as fast as possible to start, e.g., adjuvant systemic
treatment. Besides, patients with colorectal LM often need
repeat procedures because of recurrence. Reducing trauma
and discomfort following laparoscopic liver resection may
improve the tolerance and acceptance for reoperations.

A special mention deserves the ORANGE II study. It
is an international double-blind randomized controlled
trial comparing laparoscopic versus open left lateral
sectionectomy with regard to functional recovery. The
study was stopped prematurely due to the slow accrual of
patients. Rather than pointing at the missing differences
between the open and the laparoscopic group, it is essential
to highlight that the main reason for recruitment failure
was surgeons' preference. It seems that already 10 years ago,
when the study started recruiting patients, laparoscopic left
lateral sectionectomy was considered to be at least equal to
the open procedure (55).

Tuble 1 reports relevant single- and multicenter studies
regarding short-term outcomes published in the last 5 years
[Table 1 (33-36,51-53,56)].

Long-term results

As for all fields in surgical oncology, good short-term
outcomes should not sacrifice long-term, oncologic
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outcomes. Hepatic resection is currently the only evidence-
based potential curative treatment for patients with
colorectal LM resulting in 5-year survival of more than
50%. It has already been extensively shown that long-term
outcomes after minimally invasive colon cancer resection
are equivalent to those following open resection (2).
In contrast to publications focusing on short-term results,
the amount of work describing mid- and long-term
outcomes following laparoscopic liver resection is still
underrepresented. However, there is now an increasing
amount of literature supporting laparoscopic resection of
LM even from an oncological point of view.

Retrospective studies

The first studies analyzing long-term oncologic results
between laparoscopic and open liver resections were
published already ten years ago. However, they are
hampered by selection bias, which makes interpretation
difficult. Significantly higher numbers of cleared resection
margins and better cancer-specific survival of patients
having had a laparoscopic resection were rather the result
of comparing groups being treated in different eras—with
different systemic treatment modalities and distinct tumor
burden—than the consequence of a real advantage of the
laparoscopic technique (57). To address this shortcoming
and in the light of missing prospective randomized trials,
studies increasingly relied on propensity score adjustments.
Balancing patient groups across known risk factors and
confounders, which may result in selection bias, has been
increasingly used in surgical literature in the last decade.
Recent studies define this method to represent a robust
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alternative to randomized controlled trials provided that
covariates on which matching is based are clearly presented
in the manuscript (58,59).

Resection margin
Negative resection margins are seen as a surrogate marker
for radical, oncological resection and hence also for long-
term survival. Still, for colorectal LM, the impact of tumor-
free resection margins on overall survival is a matter of
debate. While some data suggest that overall survival is
directly related to the width of tumor-free margins (60),
others argument that tumor biology is more important (61).
In general, for both approaches, the incidence of positive
resection margins ranges between 5% and 28%. However,
rather than addressing differences between laparoscopic
and open approaches, it rather reflects residual bias like
demanding tumor location. Besides, there is heterogeneity
in defining negative resection margins (0 mm versus
<1 mm), which makes a comparison between different
studies more difficult (40,46,56). In a recent publication
comparing open and laparoscopic surgery with more than
600 patients per group, there was no difference between
laparoscopy and open resection regarding the incidence
of positive resection margins (<1 mm). In both groups,
positive resection margins were associated with decreased
recurrence-free survival (RFS). Interestingly, only in the
open surgery group, it was also associated with a decreased
overall survival (OS). A possible explanation might rely on
the observed higher number of re-hepatectomies in the
laparoscopic group (62). Similarly, Montalti er al. report
that positive resection margins do not affect OS following
laparoscopic liver resection. In contrast, recurrence-
free survival is affected. Again, the possibility of a repeat
hepatectomy might explain this apparent discrepancy (63).
The importance of salvageability by repeat hepatectomy
is also shown in a recent analysis comparing laparoscopic
major and parenchyma sparing hepatectomies. Despite
similar negative resection margin incidence, there was a
tendency towards better OS in the parenchyma sparing
group which was associated also with a higher incidence of
re-hepatectomies (64).

Recurrence free survival and overall survival

Even though there is agreement about the importance of
negative resection margins—with some authors emphasizing
the importance of achieving at least 1 mm negative
margins—the crucial outcome reflecting the oncological
equivalence between the two techniques remain RFS and
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OS. Since patients can be cured following resection of
their hepatic metastases and since resection margins do not
exclusively reflect OS, some leaders in the field propose
to focus on 5- and 10-year milestones to better define
oncologic outcomes (65,66).

Looking at the retrospective studies of the last decade,
laparoscopic liver resections show comparable results
regarding 5-year RFS. For both approaches, 5-year RFS
ranges between 20% and almost 40%. The same pattern
can also be observed for 5-year OS. Here, the data range
between 40% and more than 70%, again equally distributed
in both groups. While this confirms feasibility as well
as oncological safety of laparoscopic liver resection for
colorectal LM, it also points to the heterogeneity of the
available data. Paradigmatically, in a recent multicenter
study, the range of laparoscopic resections performed in the
included centers ranged from 1.4% to 100% (35) .However,
throughout the current literature, the reported data support
the implementation of the laparoscopic approach for
colorectal LM. Results are also confirmed using different
matching strategies. Stratifying patients with colorectal
LM according to the pre-operative score of the Japanese
Society of Hepato-Biliary-Pancreatic Society showed no
differences in RFS and OS between open and laparoscopic
surgery in a multicenter Japanese study (67). Similarly, the
importance of matching patients in comparative studies
according to, e.g., surgical “era”, tumor burden, and
perioperative systemic treatment, confirm these findings.
Of note, the comparison of unbalanced data results in
significantly better RFS and OS in the laparoscopic groups
(34,36). This reality distortion of the unbalanced data
reflects the steady development of new systemic treatments,
the later implementation of laparoscopic surgery compared
to open liver surgery, and the meticulous case selection in
the early laparoscopic era. These disbalance between the
two groups should gradually disappear in future studies as
the substantial improvements in short-term results lead to a
broader indication for laparoscopic resection, especially in
high volume centers (68).

Prospective studies

The already mentioned OSLO-COMET (51) and
the LapOpHuva (52) studies are, so far, the only two
randomized controlled trials comparing laparoscopic and
open resection of colorectal LM and addressing oncological

issues. Concerning long-term data, it is essential to highlight
some differences. The OSLO-COMET trial had an
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Table 2 Relevant studies assessing oncological outcomes since 2015 (reviews and meta-analyses excluded)
Author Year Study design LL: 33(.%CZLR S-Zi;rvi.':glfz)* 5-L)|/_e: :/SSO(I:T;)* Journal
Allard et al. 2015 PSM 85.8 vs. 73.0 32 vs. 36 78 vs. 75 Ann Surg
de’Angelis et al. 2015 PSM 82.7 vs. 88.5 21vs. 21 76 vs. 62 J Lap Adv Surg Tech
Beppu et al. 2015 PSM 90.0 vs. 92.1 53.4vs. 51.2 70.1vs. 68.0  J Hepatobiliary Pancreat Sci
Cipriani et al. 2016 PSM 92.5 vs. 86.5 23.7vs. 24.3 64.3vs. 62.5 BrdJ Surg
Lewin et al. 2016 PSM 91 vs. 82 36 vs. 38 54 vs. 63 HPB
Martinez-Cecilia et al. 2017 PSM 88 vs. 88 31vs. 29 43 vs. 46 Ann Surg
Ratti et al. 2018 PSM 94.2 vs. 94.2 42 vs. 40 58 vs. 60 JAMA Surg
Robles-Campos et al. 2019 pRCT 8.8.6 vs. 95.8 22.7 vs. 23.9 49.3vs. 47.4  Surg Endosc
Martinez-Cecilia et al. 2020 PSM 87 vs. 83" 34 vs. 36™* 49 vs. 51* Surg Endosc

*, median survival (months); #, resection margin was considered negative if >1 mm; **, considering only RO resections. LLR, laparoscopic
liver resection; OLR, open liver resection; OS, overall survival; pRCT, prospective randomized controlled trial; PSM, propensity

score-matched; RFS, recurrence- free survival.

enrollment phase of four years (2012 to 2016), resulting in
homogeneous study groups and focusing on the parenchyma
sparing concept, including only patients requiring resection
of less than three consecutive segments. The LapOpHuva
trial enrolled patients over a time frame of more than 10
years, and it also included major hepatectomies (7% in
the open and 11% in the laparoscopic group). Of note,
400 (OSLO-COMET trial) and 50 (LapOpHuva trial)
laparoscopic liver resections were performed before starting
with patient enrollment. In both studies, there was no
difference regarding resection margins between open and
laparoscopic approach. Similarly, 5-year RFS and OS in
LapOpHuva trial was 23.9% and 47.4% for the open group
and 22.7% and 49.3% for the laparoscopic group, showing
no significant differences. So far, the OSLO-COMET trial
released only mid-term outcomes after completion of 36
months follow-up. Median RFS and OS in the laparoscopic
and in the open group was 19 months (range, 10-27) and
16 months (range, 11-21), and 80 months (range, 52-108)
and 81 months (range, 46-120), respectively. No differences
were seen (69). Interestingly, a >1 mm negative margin
was achieved in the OSLO-COMET in 71%, and in the
LapOpHuva in approximately 90%. Both studies achieved
negative margins with <1 mm disease-free tissue in more
than 90%. Similar results regarding RFS and OS questions
the necessity of wider margins in parenchyma sparing liver
resections.

Table 2 reports relevant single- and multicenter studies
regarding oncologically relevant outcomes published in the

© Laparoscopic Surgery. All rights reserved.

last 5 years (33-36,52,56,62,70,71).

TSH and ALPPS

Data on more complex laparoscopic procedures like TSH
and ALPPS are less present in the literature and reflect the
activity of highly specialized centers. In a recent retrospective
propensity score matched study involving two French tertiary
centers, short term results showed similar advantages to those
for “standard” laparoscopic liver resections. Also oncologic
outcomes were not inferior to the open procedure. The
higher incidence of repeat hepatectomies in the laparoscopic
group might suggest even a better long-term outcome in the
laparoscopic group. However, 5 year overall and recurrence
free survival data are still missing (72).

Similarly, randomized trials analyzing the impact of
minimal invasive surgery in ALPPS are missing. A recent
systematic review identified only 15 papers dealing with this
topic reporting in total 27 patients. Another one published
2020 reports 46 cases. Even though mortality and morbidity
rates were lower compared to the open procedures results
should be considered with caution since there were
important differences between open and laparoscopically
operated patients with regard to underlying pathologies as
well as to the extent of the resections (73,74).

Alternative minimally invasive approaches

Without going to much beyond the topic of this review it
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is just fair to mention two other minimally invasive local
treatment options for colorectal LM which will surely
become more present in the near future.

One is robotic surgery which achieved significant
advances not only with regard to the feasibility of liver
resections but also with regard to the possibility of
implementing artificial intelligence in robotic platforms
(75,76). Even though this opens fascinating scenarios with
substantially decreased morbidity and mortality rates, and
better ergonomics for surgeons, this type of surgery might
be burdened by its high costs rather than by its learning
curve. The emergence of different robotic platforms could
represent an important step for a wider accessibility (77).

Encouraged by good short- as well as long-term results
following atypical laparoscopic resections percutaneous
approaches like stereotactic RFA and microwave ablation
have recently emerged as valid, curative alternatives to liver
resections. Especially in frail patients or in situations of
centrally located, single metastases percutaneous approaches
offer several short- and mid-term advantages (78-80). So
far, prospective randomized controlled trial data on long-
term outcomes are missing.

Conclusions

This review confirms the data of two recent meta-
analyses comparing laparoscopic and open liver resection
for colorectal LM (81,82). The laparoscopic approach in
resectable colorectal LM not only results in better short-
term outcomes like increased patient comfort and reduced
perioperative morbidity and mortality, but it is also at least
equivalent regarding oncological outcomes like negative
resection margins, 5-year RFS and OS.

Still, it has to be considered that retrospectively as
well as prospectively collected data come from highly
experienced centers. General application of laparoscopic
liver resection and reproduction of these excellent data
crucially relies on careful patient selection and on the
definition of the surgeons’ comfort zone in laparoscopic
surgery. Nevertheless, step by step implementation of the
laparoscopic approach should be supported, beginning with
parenchyma sparing resections in “easy” positions. Major
resection should still be performed in highly experienced
centers.

Last but not least, real 5-year survival data of prospective
studies are still missing. These data are eagerly awaited.
They might provide the needed high evidence of a
suggested long-term advantage of laparoscopic over open

© Laparoscopic Surgery. All rights reserved.
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surgery in colorectal LM.
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