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Abstract
BACKGROUND
For well-selected patients and procedures, laparoscopic liver resection (LLR) has become the gold standard for the treatment of colorectal liver metastases (CRLM) when performed in specialized centers. However, little is currently known concerning patient-related and peri-operative factors that could play a role in survival outcomes associated with LLR for CRLM.

AIM
To provide an extensive summary of reported outcomes and prognostic factors associated with LLR for CRLM.

METHODS
A systematic search was performed in PubMed, EMBASE, Web of Science and the Cochrane Library using the keywords “colorectal liver metastases”, “laparoscopy”, “liver resection”, “prognostic factors”, “outcomes” and “survival”. Only publications written in English and published until December 2019 were included. Furthermore, abstracts of which no accompanying full text was published, reviews, case reports, letters, protocols, comments, surveys and animal studies were excluded. All search results were saved to Endnote Online and imported in Rayyan for systematic selection. Data of interest were extracted from the included publications and tabulated for qualitative analysis.

RESULTS
Out of 1064 articles retrieved by means of a systematic and grey literature search, 77 were included for qualitative analysis. Seventy-two research papers provided data concerning outcomes of LLR for CRLM. Fourteen papers were eligible for extraction of data concerning prognostic factors affecting survival outcomes. Qualitative analysis of the collected data showed that LLR for CRLM is safe, feasible and provides oncological efficiency. Multiple research groups have reported on the short-term advantages of LLR compared to open procedures. The obtained results accounted for minor LLR, as well as major LLR, simultaneous laparoscopic colorectal and liver resection, LLR of posterosuperior segments, two-stage hepatectomy and repeat LLR for CRLM. Few research groups so far have studied prognostic factors affecting long-term outcomes of LLR for CRLM.

CONCLUSION
In experienced hands, LLR for CRLM provides good short- and long-term outcomes, independent of the complexity of the procedure. 
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Core Tip: Laparoscopic liver surgery has been widely adopted over the last few years. Meanwhile, laparoscopic liver resection (LLR) has become the gold standard for the treatment of colorectal liver metastases (CRLM) in specialized centers and for well-selected patients and procedures. However, little is known concerning patient-related and peri-operative factors potentially playing a role in survival outcomes associated with LLR for CRLM. The aim of this systematic review is to provide an extensive summary of reported outcomes and prognostic factors associated with LLR for CRLM.


INTRODUCTION
Colorectal cancer (CRC) is the third most common malignancy in terms of incidence worldwide and the fourth most common cause of cancer death[1,2]. The most frequent cause of death in CRC patients is metastatic disease[3,4], with the liver being the most common site of metastasis[2,3]. The risk for these patients to develop colorectal liver metastases (CRLM) is up to 50%[2,4-7]. A liver resection (LR) in this context is the only treatment option that can provide a potential cure[2,4,5], with reported 5-year survival rates that vary between 35% and 60%[8]. Despite a high rate of irresectability at initial presentation, advances in the field of liver surgery and the emergence of multidisciplinary approaches in the last couple of decades have led to significant improvements in long-term outcome[5]. 
Many studies that have been published lately have attempted to elucidate the safety and feasibility of laparoscopic liver resection (LLR) for CRLM, along with its role in the treatment sequence of these patients. Most often, these reports have compared outcomes between LLR and open liver resection (OLR). Randomized controlled trials (RCT) and meta-analyses have shown equal or better short-term outcomes after LLR compared to OLR along with equivalent oncologic outcomes[8-19]. One of these meta-analyses of propensity-score matched studies and RCTs unexpectedly showed a survival advantage favoring LLR over OLR when indicated for CRLM[13]. Little is known however concerning patient-related and peri-operative factors that could play a role in survival outcomes after LLR for CRLM and how these variables in turn could be applied as prognostic factors. As such, for this systematic review, all currently available literature was screened for articles that reported on short- and long-term outcomes following LLR for CRLM along with studies that have analyzed potential prognostic factors (demographics, pre-, intra- and postoperative factors) affecting survival outcomes after LLR for CRLM. 

MATERIALS AND METHODS
This systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist of 2009[20].

Search strategy
A systematic search was performed in PubMed, EMBASE, Web of Science and the Cochrane Library from inception until December 24, 2019 (which was the start date of the performance of the search strategy). The search strategy consisted of breaking up the research question “short- and long-term outcomes following laparoscopic liver resection for colorectal liver metastases and prognostic factors” into separate concepts that fit the PICO (Patient-Intervention-Comparison-Outcome) model: “colorectal liver metastases” for Patient, “laparoscopy” and “liver resection” for Intervention and “prognostic factors, outcomes and survival” for Outcome. Within the context of this systematic review, “Comparison” was not applicable in the PICO-model. In PubMed, the most appropriate medical subject headings (MeSH) terms were chosen, including "Laparoscopy" AND "Hepatectomy" AND "Colorectal Neoplasms" AND "Prognosis" OR "Survival" OR "Outcome Assessment (Health Care)" OR "Treatment Outcome". The MeSH terms were searched for within the title and the abstract, as were all the corresponding synonyms. The same strategy was applied in EMBASE by means of Emtree terms, including 'laparoscopy' AND 'liver resection' AND 'colorectal liver metastasis' AND 'prognosis' OR 'survival' OR 'outcome assessment' OR 'treatment outcome' OR 'short term outcome' OR 'long term outcome'. The Emtree terms and the corresponding synonyms were searched for within the title, abstract and keywords. The terms included in both search strategies were aligned to obtain as many results as possible in both databases. The final, aligned search strategy was adopted for the Web of Science database and the Cochrane Library database.

Inclusion criteria
For the collection of outcome data: (1) Publications needed to report the result of at least one short- or long-term outcome following LLR; (2) The indication for resection had to be CRLM; and (3) A study cohort of at least 20 patients undergoing LLR needed to be included (to ensure reliability of the studies).
For the collection of data on prognostic factors: (1) Publications needed to report at least one factor (demographic/preoperative/intraoperative/postoperative) to be studied for correlation with a (or multiple) survival outcome(s) of (L)LR together with the associated correlation; (2) The indication for resection had to be CRLM; and (3) A study cohort of at least 20 patients needed to be included (again to ensure reliability of the studies). 
In case of multiple studies providing duplicated or the same data, only the most recent study was included. Furthermore, only publications written in English were included.
Abstracts of which no accompanying full text was published, reviews, case reports, letters, protocols, comments, surveys, animal studies, outcome studies that only described treatment procedures other than pure LLR (e.g., chemotherapy regimens, ablation techniques, hand-assisted LLR, robotic LLR) and studies that only described pathologies other than CRLM (e.g., non-colorectal liver metastases) were excluded.
The in- and exclusion criteria were based on those found in already existing literature[18,21,22].

Selection of search results
All of the search results were saved to Endnote Online and imported into Rayyan, a web and mobile app for systematic reviews[23]. Deduplication of the search results was first done automatically in Endnote Online and was followed by further manual deduplication in Rayyan. The remaining articles were first screened based on title and abstract according to the presupposed in- and exclusion criteria. An informal grey literature search was performed, and these articles were also subjected to screening of the title and abstract. Thereafter, a full-text analysis was performed until all included articles only contained relevant studies.

Data extraction
After full-text analysis, the data relevant for this research were tabulated. This was done separately for research concerning outcomes and research concerning prognostic factors. 
For research concerning outcomes, as much of the following data as possible (depending on the data examined in a particular study) were extracted and tabulated for analysis: study data (title, first author, year of publication, country, study design, number of patients who underwent LLR), patient demographic data (age and sex), intraoperative data (conversion rate, rate of major hepatectomies, operative time, blood loss, operative death and rate of need for blood transfusion), postoperative short-term outcomes (30 d mortality, 30 d morbidity, duration of hospital stay, length of stay at high-dependency unit or intensive care unit, overall rate of postoperative complications, rate of major postoperative complications, rate of need for postoperative blood transfusion, 90 d mortality and time to chemotherapy), characteristics of lesions and resection margins (rates of 1/2/≥ 3 Lesions/specimen, number of lesions, diameter of lesions, size of largest lesion, R1 and R0 resection rates and tumor free resection margin), long-term outcomes (follow-up (FU) duration, recurrence rate, rate of deaths during FU, median/mean survival, 1-, 2-, 3-, 4-, 5-, 7- and 10-year overall survival (OS), disease free survival (DFS) and recurrence free survival (RFS), median DFS and median RFS) and general conclusions about safety, feasibility, effectivity and oncological efficiency. When articles reported data of LLR for CRLM in a specific context (major/minor hepatectomy, LLR of posterosuperior segments, parenchyma sparing LLR, simultaneous laparoscopic colorectal and liver resection, two-stage hepatectomy (TSH) or repeat LLR), outcomes were collected in a subgroup to easily analyze those data within the particular context.
For research concerning prognostic factors, the following data were extracted and tabulated for analysis: study data (title, first author, year of publication, country, study design, number of patients included, whether or not the study is specific for LLR), patient demographic data (age and sex), the prognostic factor(s), the corresponding correlate(s), and the associated relationship.
In case of propensity score-matched studies, a decision was made to collect data either from the cohort before or after matching in function of which cohort represented more relevant data. In case of stratification, e.g., based on a cut-off at a certain age or a certain tumor size, where the stratification was reported to make no difference in any outcome, and where the general data of the whole cohort was provided, it was decided to collect the reported data of the whole cohort. Otherwise, data were collected of the most relevant group of which the most relevant data were reported. All texts, tables and figures of relevance were reviewed for data extraction.

Data presentation and analysis
After data collection, a selection was made of the gathered outcomes based on relevance and the number of times they were reported. The selected outcomes were comprised in tables in which all data of the included articles were tabulated. These tables were analyzed merely qualitatively and discussed in general. Incoherent data or data that seemed to deviate from the other reports were verified in the original article to check for any specific causes explaining the deviation.

RESULTS
Publication selection and characteristics
Application of the aforementioned search strategy in PubMed, EMBASE, Web of Science and the Cochrane Library resulted in 1061 publications. After deduplication, there were 673 publications left for screening. After screening based on title and abstract, 173 articles were withheld. An informal grey literature search yielded another 3 articles of which the title and abstract seemed to possibly meet the in- and exclusion criteria. All full-text articles were obtained and screened thoroughly for eligibility (based on in- and exclusion criteria), after which extensive data extraction was performed. Reasons to exclude publications during full-text analysis were: only an abstract was available, outcome studies did not provide any CRLM data or LLR data, outcome studies did not report any of the selected relevant outcomes, studies reported risk factors affecting outcomes that were not prognostic factors, the study cohort consisted of less than 20 patients or no English text was available. This led to a final total of 77 publications for inclusion in the review, and thus, for data extraction. Figure 1 provides a summary of the publication selection process. Tables 1 and 2 provide an overview of the study details of the included studies for data concerning outcomes and prognostic factors, respectively.

Operative outcomes
An overview of all extracted operative data can be found in Table 3.
For LLR in general, the reported median and mean blood loss volume varied between 50 mL and 400 mL. Median and mean values of operative time varied between 120 and 377 min. High variations in blood loss, ranging from almost no blood loss to 3 L or more, were reported by several authors[24-28]. As stated by Abu Hilal et al[24], major hepatectomy was frequently associated with higher blood loss, as well as increased conversion rates, operative times and length of stay. These findings are in line with other data included in the Table 3. Greater variations in blood loss (negligible to more than 2 L) were usually associated with greater variations in operative time (less than 60 min to more than 480 min)[24-31]. Correlated with an increased rate of major resection (40% or higher), greater variations were reported in blood loss, operative time[27,29,31], intraoperative transfusion rates (10%-16%)[27,31,32], as well as conversion rates (approximately 10%)[29,32].
Similar conclusions could be drawn when considering data reported about major LLRs specifically. Compared to LLR in general, major LLRs were marked by a higher median blood loss and operative time, as well as an increased variation in blood loss, operative time, intraoperative transfusion rates as well as conversion rates. These differences were even more distinct when compared to minor LLR only. We observed that variations in blood loss and operative time were also higher when considering LLR of the posterosuperior segments. 
Data on parenchyma sparing LLR also illustrated a wide variation in blood loss. In the report by Montalti et al[33], besides great variation in blood loss (0-2800 mL), a rather high conversion rate of 14.9% was noted, which, according to the authors, was impacted by the amount of blood loss during LLR. Moreover, it was reported that the rate of R1 resections also correlated with the amount of blood loss. However, major LLRs were characterized by high R0 resection rates although blood loss in this specific subset seemed to be higher compared to parenchyma sparing LLR. 
In simultaneous laparoscopic colorectal and liver resection, reported blood loss was low. Median and mean values ranged from 175 to 350 mL with the upper limits of variation being much lower than in major LLRs. Concerning operative times, the median and mean values ranged from 206 to 420 minutes, along with upper limits of variation that were frequently higher than in major LLRs. Both Shin et al[34] and Xu et al[35] reported higher transfusion rates (13.8% and 20%, respectively), which could again be explained by a large proportion of major hepatectomies (29.4% and 20%, respectively).
One included study provided data on TSH. Blood loss, operative times, intraoperative transfusion rates and conversion rates were higher in second stage hepatectomies (SSH) when compared to first stage hepatectomies (FSH). However, the numbers were not exceptionally high.
In repeat LLRs, blood loss and operative times did not differ from primary LLRs. Nomi et al[36] reported lower transfusion and conversion rates, while Hallet et al[37] reported higher transfusion rates and van der Poel et al[38] reported higher conversion rates compared to average primary LLRs. Again this could be due to higher major LLR proportions reported by Hallet et al[37] and van der Poel et al[38].
No striking differences were noted between data from studies that included patients with a high (> 70 years)[30,39,40] or low (< 55 years)[41,42] median age.
The R0 resection rate was found to be ≥ 90% in 20 out of 32 studies (62.5%) that reported on this topic. In only 7 studies, the R0 resection rate was lower than 85%[37,39,43-47]. Beard et al[43] stated that the lower R0 resection rate in their study could be due to the long inclusion period of 15 years. A similar argumentation was found in the reports by de'Angelis et al[44], Yue et al[39] and Aghayan et al[47], which comprised an inclusion period of 13, 17 and 19 years, respectively. Other explanations were not provided.

Postoperative short-term outcomes
All extracted postoperative short-term data are listed in Table 4.
When considering LLR in general and specific types of LLR, median and mean values of hospital stay ranged from 2.2 to 12 d.
Twenty-eight research groups reported on postoperative morbidity, out of which 25 (89%) mentioned that morbidity occurred in at least 10% of the cases. More than half of these 28 research groups (64%) reported morbidity rates of at least 15%. Sixteen research groups reported on both morbidity rates and major complication rates. These 16 reports indicated that, in many cases, approximately half of the complications were major complications[27,43,45,48,49], and otherwise, the proportion of major complications to all postoperative complications was less than half or nil[30,39,46,50-56]. Nomi et al[27] reported very high morbidity and major complication rates of 41.7% and 17.5%, respectively. Besides a long inclusion period of 13 years, no other clear explanation could be identified. 
In major LLR, morbidity rates reported by Nomi et al[57] and Topal et al[58] were higher compared to LLR in general (50.5% and 35%, respectively). Overall, reported morbidity rates and major complication rates for LLR of posterosuperior segments, parenchyma sparing LLR, and simultaneous LLR were in line with those reported for LLR in general. Nomi et al[36] mentioned that second or third LLRs carry an increased risk for complications due to intra-abdominal adhesions, variations in liver anatomy in the hypertrophied liver remnant and the possibility of chemotherapy-induced liver injury. However, the authors reported similar morbidity rates for both repeat LLR and primary LLR, thereby confirming the feasibility and safety of second and third LLR. Okumura et al[59] reported similar findings in TSH, with slightly higher morbidity and major complication rates after SSH compared to FSH.
Based on the extracted data, the overall reported 90 d postoperative mortality (POM) rates were very low, even when considering specific types of LLR. The highest reported 90 d POM for LLR in general was 2.3%[60]. In studies concerning major LLR, LLR of posterosuperior segments and parenchyma sparing LLR specifically, no 90 d POM occurred. Tranchart et al[61] and Okumura et al[59] reported a slightly higher 90 d mortality rate in simultaneous laparoscopic colorectal and liver resection (6%) and after SSH (3%), respectively, without any clear explanation being provided. 
The time interval between LLR and adjuvant chemotherapy (AC) was only reported by 2 research groups. For LLR in general, Tohme et al[55] reported a median interval of 42 d [interquartile range (IQR): 34-54 d]. Okumura et al[59] reported a median interval of 1.4 mo (range: 0.9-3.5 mo) after TSH.

Long-term postoperative outcomes
An overview of all extracted long-term postoperative data is demonstrated in Table 5.
When considering LLR in general along with the specific types of LLR, 1-year OS rates ranged from 84% to 100%, with 18 out of 21 research groups (86%) reporting 1-year OS rates of ≥ 90%. The reported 3-year and 5-year OS rates for LLR in general were marked by some variation, ranging from 64% to 95% and from 42% to 88%, respectively. 
The reported DFS rates for LLR in general at 1, 3 and 5 years ranged from 55.7% to 75%, 14% to 69.1% and 14% to 45%, respectively. Remarkably, 3- and 5-year DFS rates reported by the same research groups were often the same or differed only slightly.
For LLR in general, RFS rates ranged from 44% to 71%, 24% to 54.5% and 24% to 53.4% at 1, 3 and 5 years, respectively. Again, it was observed that 3- and 5-year RFS rates reported by the same research group were equal or comparable. RFS rates for LLR of posterosuperior segments were similar to those for LLR in general. Martínez-Cecilia et al[62] reported improved RFS rates for parenchyma sparing LLR.
The reported 5-year OS and DFS rates after major LLR (48% and 43%, respectively)[58] were much lower compared to minor LLR (82.1% and 63.2%)[63], indicating worse long-term and oncologic outcome after major LLR. The 5-year DFS for minor LLR was 63.2% on the contrary, which was higher compared to LLR in general, indicating a better oncologic outcome.
In simultaneous laparoscopic colorectal and liver resection, the 1-year DFS rate was reported to be higher (79% and 85.6%) compared to LLR in general[61,64]. Accordingly, 3- and 5-year DFS rates after simultaneous LLR were also higher compared to LLR in general, which suggests that simultaneous LLR seems to provide equal or better long-term and oncologic outcomes compared to other general LLR procedures.
Long-term outcomes did not seem to be particularly compromised when reported R0 resection rates were lower[37,39,43-47].
Studies in which the median or mean FU for recurrence after LLR in general exceeded 24 mo, recurrence rates ranged from 37.8% to 67.7%. When FU was shorter, recurrence rates of 16% to 72% were also reported. Recurrence rates after major LLR and parenchyma sparing LLR were similar, ranging from 57.9% to 67.7%, regardless of the median or mean duration of FU (shorter or longer than 24 mo). Recurrence rates after simultaneous LLR seemed to be somewhat lower, with 3 research groups reporting recurrence rates of 28%, 28.2% and 36%[61,64,65], with a median and mean FU exceeding 24 mo. These findings were in line with the higher DFS rates associated with simultaneous LLR as mentioned earlier. After repeat LLR, reported recurrence rates were found to be higher, ranging from 77.8% to 66.7%[36,37].

General conclusions reported about LLR for CRLM
The reported general conclusions per included paper can be found in Table 6.
There was not a single paper with a negative conclusion on safety, feasibility, effectiveness or oncological efficiency of LLR for CRLM. It was striking that in 26 out of 31 (84%) papers that reported on LLR in general, it was mentioned that the oncological efficiency was certainly not compromised by this approach. Also, in studies that had discussed minor and parenchyma sparing LLR, as well as in most papers concerning major and simultaneous LLR, a similar message regarding oncological efficiency was reported. Safety, feasibility and short-term advantages of LLR for CRLM were reported for LLR in general, LLR of posterosuperior segments, parenchyma sparing, major, simultaneous, two-stage and repeat LLR. The mentioned short-term advantages often included reduced intraoperative blood loss, a lower morbidity rate, less pain, shorter hospital stay and sometimes shorter operative time.

Prognostic factors
An overview of studies that reported on prognostic factors associated with LLR along with their corresponding correlates and associations is shown in Table 7.
Fourteen papers were identified which studied prognostic factors specific to LR for CRLM, including 7 (50%) exclusively for LLR for CRLM. Papers that focused on LLR specifically identified the following prognostic factors that were associated with a worse OS: synchronous CRLM, positive surgical margins, age > 70 years, disease recurrence, a disease-free interval < 12 mo, resection of ≥ 3 metastases, carcinoembryonic antigen (CEA) levels > 10 µg/L, right colonic neoplasms, T-stage of the primary CRC ≥ T3, RAS mutation, clinical risk score, and/or absence of perioperative chemotherapy. Node-positive primary CRC, extrahepatic disease, R1 resection, a disease-free interval < 12 mo, CEA levels > 5 µg/L, lesions located in the posterosuperior segments, blood loss > 1000 mL, a CRLM minimum size < 9 mm, right colonic neoplasms, T-stage of the primary CRC ≥ T3 or T4, RAS mutation, clinical risk score and/or absence of perioperative chemotherapy were associated with worse recurrence, DFS or RFS.

DISCUSSION
Previously published systematic reviews and meta-analyses concerning LLR, have frequently discussed a set of heterogeneous groups, that besides CRLM often contain lesions from another histopathological origin, such as hepatocellular carcinoma, non-colorectal liver metastases and other malignancies[66]. Furthermore, no systematic review or meta-analysis has focused so far on potential prognostic factors of survival after LLR for CRLM specifically. In light of these facts, our aim was to provide a systematic review that specifically addressed the role of LLR for CRLM along with all relevant outcomes and prognostic factors associated. We therefore reviewed as much of the existing evidence concerning the subject to date with as few limitations as possible to make the overview as comprehensive as possible.
In 2015, Tian et al[8] published a meta-analysis comparing LLR vs OLR for CRLM. Since the majority of the articles included for the quantitative analysis of the meta-analysis were also included in the current systematic review, it is no surprise that our results are in line with those reported by Tian et al[8]. In their meta-analysis, it was found that the results of blood loss, perioperative blood transfusion, postoperative morbidity and mortality, hospitalization time, recurrence, DFS, and OS were in favor of LLR. LLR was, however, not associated with any statistical benefit regarding R0 surgical margins or operative time. In 2012, a meta-analysis on survival and prognostic factors associated with LR in metastatic CRC was published by Kanas et al[67]. Node positive primary CRC, CEA level, extrahepatic disease, poor tumor grade, positive surgical margins, multiple CRLM, and tumor diameter > 3 cm were identified as prognostic factors for survival, all with a modest, but significant, predictive relationship. Again, these findings are in line with the reported outcomes included in this systematic review. 
A major variability of morbidity rates was observed in function of the research papers included in this study. Morbidity following LLR for CRLM is certainly still present and still needs attention. However, major complication rates are low.
Together with the implementation of LLR for CRLM in the early 2000s, concerns arose about the safety a feasibility of this technique to obtain rates of R0 resection margins and subsequent oncological efficiency similar to those reported after OLR for CRLM. The results of this systematic review appear to refute these concerns, since the vast majority of research groups provide a high rate of R0 resection and oncological efficiency in their reports. 
Although no clear correlation between the year of publication and study outcome could be noted, some reported results seem to be influenced by long inclusion periods during which data were collected.
The optimal time interval between LR and AC is defined as 8 wk or less[55,68,69]. Since the reported median intervals were 42 d (IQR: 34-54 d) and 1.4 mo (range: 0.9-3.5 mo), LLR seems to provide the ability to initiate AC within a time frame that results in an optimal treatment sequence.
Concerning oncologic outcomes, the reported 1-, 3- and 5-year OS and DFS rates are comparable to those achieved in a recent RCT by Robles-Campos et al[49], indicating that LLR for CRLM offers adequate oncological efficiency in most centers today. As reported by Tabchouri et al[70] in 2018, among others, the risk for disease recurrence after LLR for CRLM is high. As illustrated by their results, the probability of recurrence is highest within 24 mo after the initial hepatectomy and diminishes after this point in time. This could underlie the fact that 3-year DFS and RFS rates remain stable with comparable corresponding 5-year DFS and RFS rates.
Some limitations of this systematic review should be taken into account. First, research papers often included several types of LLR besides pure LLR, such as hand-assisted and robotic LLR. Second, the studies included were performed in both high- and low-volume centers. Third, the definitions of postoperative outcomes were not uniform among the included research papers. Fourth, the definition of hospital stay differed among the included papers, with some research groups speaking of an entire hospital stay and others speaking of a postoperative hospital stay. Last, several research groups did not report on the applied definition of major postoperative complications; however, a Clavien-Dindo grade ≥ 3 was most commonly reported.
This review emphasizes the absolute need for future prospective multicenter RCTs. Robust evidence of the short- and long-term benefits of LLR is needed in order to support the increased use of LLR for CRLM compared to OLR reported by many centers.

CONCLUSION
LLR is defined as a safe and feasible surgical technique in the treatment of CRLM and associated with satisfactory oncological efficiency. Many research groups report short-term advantages compared to OLR, including reduced intraoperative blood loss, a lower morbidity rate, less pain, shorter hospital stay, and a shorter operative time in selected reports. These conclusions are not compromised when taking into account different subtypes of LLR for CRLM, such as major LLR, simultaneous LLR, LLR for posterosuperior segments, TSH, and repeat LLR. Since few reports so far have studied potential prognostic factors affecting long-term outcomes after LLR for CRLM, future research concerning this topic is needed.

ARTICLE HIGHLIGHTS
Research background
Laparoscopic liver resection (LLR) for colorectal liver metastases (CRLM) has become the gold standard in specialized centers and for well-selected patients and procedures.

Research motivation
Little is known concerning patient-related and peri-operative factors that could play a role in survival outcomes associated with LLR for CRLM.

Research objectives
The main objective was to provide an extensive summary of reported outcomes and prognostic factors associated with LLR for CRLM.

Research methods
A systematic review was performed in PubMed, EMBASE, Web of Science and the Cochrane Library, after which thorough screening was performed and data was extracted for qualitative analysis.

Research results
Qualitative analysis of 77 full-text publications shows that LLR for CRLM is safe, feasible and provides oncological efficiency. This is true for more complex laparoscopic procedures as well. Results on prognostic factors affecting long-term outcomes for LLR for CRLM are scarce.

Research conclusions
Besides short-term benefits, satisfactory oncological efficiency is reported for LLR for CRLM.

Research perspectives
Little is still known about prognostic factors affecting long-term outcomes of LLR for CRLM, and future prospective multicenter randomized controlled trials are needed to provide robust evidence.
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Figure 1 Flow diagram of the systematic review selection process. Adapted from Ref.[20].

Table 1 Study details of studies concerning outcomes
	Ref.
	Yr
	Country
	Study design
	Number of patients
	Age in yr

	Abu Hilal et al[24]
	2012
	United Kingdom
	Retrosp.
	83
	66 (32-85)

	Abu Hilal et al[71]
	2010
	United Kingdom
	Retrosp.
	50
	66 (17)1

	Allard et al[60]
	2015
	France
	Retrosp., PSM
	176
	65.1 ± 11

	Barkhatov et al[25]
	2016
	Norway
	Retrosp.
	144
	69 (30-89)

	Beard et al[43]
	2015
	United States
	Retrosp., PSM
	115
	61 ± 12

	Beppu et al[72]
	2015
	Japan
	Retrosp., PSM
	171
	-

	Berardi et al[73]
	2017
	Belgium, Norway, United Kingdom, Italy
	Retrosp.
	1048
	-

	Castaing et al[32]
	2009
	France
	Retrosp.
	60
	62 ± 11

	Chen et al[74]
	2018
	China
	Retrosp.
	156
	-

	Cheung et al[48]
	2013
	China
	Retrosp., case-matched control
	20
	57.5 (42-74)

	Cipriani et al[75]
	2015
	United Kingdom
	Retrosp.
	142
	-

	Cipriani et al[29]
	2016
	United Kingdom
	Retrosp., PSM
	133
	-

	D’Hondt et al[76]
	2018
	Belgium
	Retrosp.
	136
	-

	de’Angelis et al[44]
	2015
	France
	Retrosp., PSM
	52
	63 (32-81)

	Efanov et al[77]
	2018
	Russia
	Retrosp., PSM
	60
	-

	Eveno et al[78]
	2016
	France, Spain, United Kingdom, Germany, Canada, Switzerland
	Retrosp., PSM
	585
	-

	Fretland et al[12]
	2019
	Norway
	RCT
	133
	-

	Fretland et al[9]
	2018
	Norway
	RCT
	133
	67 ± 8

	Goumard et al[45]
	2018
	United States
	Retrosp., PSM
	43
	59 (26-78)

	Guerron et al[50]
	2013
	United States
	Retrosp.
	40
	66.2 ± 1.9

	Hirokawa et al[79]
	2014
	United States
	Retrosp., matched-pair
	46
	-

	Inoue et al[80]
	2013
	Japan
	Retrosp.
	23
	66.1 ± 9.6

	Iwahashi et al[81]
	2014
	United States
	Retrosp., matched-pair
	21
	67.5 (47-92)

	Karagkounis et al[46]
	2016
	United States
	Retrosp., case-control
	65
	64 (54-71)1

	Kasai et al[82]
	2018
	Belgium
	RCT
	20
	65.2 (40.4-86.1)

	Kazaryan et al[26]
	2010
	Norway
	Retrosp.
	107
	-

	Kazaryan et al[83]
	2010
	Norway
	Retrosp.
	96
	-

	Kubota et al[51]
	2014
	Japan
	Retrosp.
	43
	64.4 ± 11.4

	Langella et al[52]
	2015
	Italy
	Retrosp., case-control
	37
	63 (37-86)

	Lewin et al[84]
	2016
	Australia
	Retrosp., PSM
	146
	-

	Martínez-Cecilia et al[30]
	2017
	United Kingdom, Italy, France, Belgium, Norway
	Retrosp., PSM
	225
	75 (70-87)1

	Nguyen et al[31]
	2009
	United States, France
	Retrosp.
	109
	63 (32-88)

	Nomi et al[27]
	2016
	France, Japan
	Retrosp., case-matched
	120
	61 (26-89)

	Postriganova et al[28]
	2014
	Norway
	Retrosp.
	155
	66 (35-84)

	Qiu et al[41]
	2013
	China
	Retrosp., comparative cohort
	30
	52.5 ± 11.5

	Ratti et al[53]
	2018
	Italy
	Retrosp., PSM
	104
	62 (35-81)

	Robles-Campos et al[49]
	2019
	Spain
	RCT
	96
	66 (58-72)1

	Shelat et al[85]
	2015
	Singapore
	Retrosp.
	22
	-

	Shim et al[54]
	2018
	South Korea
	Retrosp.
	22
	65.5 ± 8.9

	Tabchouri et al[70]
	2018
	France
	Retrosp.
	302
	64.4 ± 11.1

	Tohme et al[55]
	2015
	United States
	Retrosp., case-matched
	66
	62.1 (11.2)1

	Topal et al[86]
	2012
	Belgium
	Retrosp.
	81
	64.3 (35.4-83)

	Vibert et al[87]
	2006
	France
	Retrosp.
	37
	-

	Yue et al[39]
	2018
	China
	Retrosp.
	78
	74 (70-78)

	Yun et al[88]
	2012
	South Korea
	Retrosp.
	23
	-

	Zeng et al[56]
	2016
	China
	Retrosp., PSM
	79
	69 (65-75)

	Andorra et al[89]
	2013
	Spain
	Retrosp.
	21
	-

	Abu Hilal et al[90]
	2011
	United Kingdom
	Retrosp., case-control
	21
	64 (26-82)

	Nomi et al[57]
	2015
	France
	Retrosp., case-matched
	93
	64 (32-85)

	Topal et al[58]
	2013
	Belgium
	Retrosp., case-matched
	20
	-

	Vavra et al[63]
	2015
	Czech Republic, United Kingdom
	Prosp., cohort
	25
	62.1 ± 10.3

	Montalti et al[91]
	2016
	Belgium
	Retrosp., PSM
	44
	-

	Okuno et al[42]
	2018
	United States
	Retrosp., PSM
	29
	54 (27-78)

	Portigliotti et al[92]
	2017
	France, Italy
	Retrosp.
	78
	62.3 (37.8-86.0)

	Scuderi et al[93]
	2017
	Belgium, Norway, Italy, United Kingdom, Spain, France
	Retrosp., PSM
	49
	-

	Efanov et al[94]
	2020
	Russia
	Retrosp. PSM
	51
	59 (41-84)

	Aghayan et al[47]
	2017
	Norway
	Retrosp.
	296
	66 (29-89)

	Montalti et al[33]
	2015
	Belgium
	Retrosp.
	114
	66.4 ± 0.89

	Okumura et al[95]
	2019
	France
	Retrosp., PSM
	82
	65 (33-83)

	Martínez-Cecilia et al[62]
	2018
	United Kingdom, Spain
	Retrosp.
	21
	-

	Berti et al[40]
	2015
	Germany
	Retrosp.
	35
	71 (35-82)

	Dagher et al[61]
	2016
	United States
	Retrosp., PSM
	89
	66.6 ± 10.8

	Ferretti et al[64]
	2015
	France, United States, Italy, South Korea
	Retrosp.
	142
	66 (32-85)

	Jung et al[96]
	2014
	South Korea
	Retrosp., case-match
	24
	60 (43-75)

	Ratti et al[65]
	2016
	Italy
	Retrosp., PSM
	25
	60 (37-80)

	Shin et al[34]
	2019
	South Korea
	Retrosp., PSM
	109
	56 ± 11

	van der Poel et al[97]
	2019
	The Netherlands, Belgium
	Retrosp., PSM
	61
	64 ± 13.1

	Xu et al[35]
	2018
	China
	Retrosp. PSM
	20
	58.2 ± 10.66

	Okumura et al[59]
	2019
	France
	Retrosp., PSM
	38
	62 (32-85)

	Nomi et al[36]
	2016
	France
	Retrosp.
	208
	-

	Hallet et al[37]
	2017
	France
	Retrosp,. PSM
	27
	63.6 (59.0-70.9)

	van der Poel et al[38]
	2019
	United Kingdom
	Retrosp., PSM
	271
	63 ± 11


1Interquartile range. Numbers are presented as median (range) or mean ± SD unless otherwise indicated. Prosp.: Prospective; PSM: Propensity score-matched; RCT: Randomized controlled trial; Retrosp.: Retrospective. 


Table 2 Study details of studies concerning prognostic factors
	Ref.
	Yr
	Country
	Study design
	Specific for LLR?
	Number of patients
	Age in yr

	Langella et al[52]
	2015
	Italy
	Retrosp., case-control
	No
	74
	-

	Nomi et al[27]
	2016
	France, Japan
	Retrosp., case-matched
	Yes
	120
	61 (26-89)

	Postriganova et al[28]
	2014
	Norway
	Retrosp.
	Yes
	155
	66 (35-84)

	Tabchouri et al[70]
	2018
	France
	Retrosp.
	Yes
	302
	64.4 ± 11.1

	Tohme et al[55]
	2015
	United States
	Retrosp., case-matched
	No
	132
	-

	Topal et al[86]
	2012
	Belgium
	Retrosp.
	No
	274
	-

	Yue et al[39]
	2018
	China
	Retrosp.
	Yes
	241
	-

	Zeng et al[56]
	2016
	China
	Retrosp., PSM
	No
	158
	-

	Montalti et al[33]
	2015
	Belgium
	Retrosp.
	Yes
	114
	66.4 ± 0.89

	Cervantes et al[98]
	2019
	France
	Retrosp.
	Yes
	227
	-

	De Haas et al[99]
	2009
	The Netherlands
	Retrosp.
	No
	796
	-

	Jones et al[100]
	2014
	United Kingdom
	Retrosp. cohort
	No, only open
	73
	69.1 (59.8-73.9)1

	Ratti et al[101]
	2019
	France, Italy
	Retrosp., PSM
	Yes
	146
	-

	Nierop et al102]
	2019
	The Netherlands, Belgium, United States
	Retrosp.
	No
	1302
	-


1Interquartile range. Numbers are presented as median (range) or mean ± SD unless otherwise indicated. LLR: laparoscopic liver resection; PSM: propensity score-matched Retrosp.: retrospective.. 


Table 3 Operative outcomes
	Ref.
	Blood loss (mL)
	Operative time (min)
	Intraoperative blood transfusion (%)
	Conversion rate (%)
	Major resection proportion (%)
	R0 resection proportion (%)

	LLR in general

	Abu Hilal et al[24]
	300 (20-3000)
	220 (40-540)
	-
	8
	-
	-

	Abu Hilal et al[71]
	363 (500)1
	220 (145)1
	2
	12
	-
	96

	Allard et al[60]
	-
	-
	-
	1.7
	-
	85.8

	Barkhatov et al[25]
	250 (0-4000)
	180 (41-488)
	-
	1.4
	-
	-

	Beard et al[43]
	-
	-
	-
	-
	-
	77.4

	Beppu et al[72]
	-
	282 (60-1120)
	8.4
	-
	6
	90

	Castaing et al[32]
	-
	278 ± 123
	15
	10
	43
	87

	Chen et al[74]
	-
	-
	-
	-
	-
	93.6

	Cheung et al[48]
	200 (10-1300)
	180 (58-460)
	0
	-
	-
	-

	Cipriani et al[29]
	400 (10-2800)
	295 (10-540)
	-
	9.8
	48.9
	92.5

	de’Angelis et al[44]
	200 (50-550)
	210.5 (60-420)
	5.8
	5.8
	-
	82.7

	Efanov et al[77]
	-
	-
	-
	3
	-
	-

	Fretland et al[9]
	300 (224 -375)2
	123 (108-138)2
	-
	2
	-
	-

	Goumard et al[45]
	100 (10 - 805)
	-
	-
	-
	-
	81

	Guerron et al[50]
	376 ± 122
	239 ± 17
	5
	-
	-
	-

	Inoue et al[80]
	99 ± 207
	204 ± 101
	4.3
	4.2
	-
	-

	Iwahashi et al[81]
	198 ± 39
	377 ± 29
	-
	-
	-
	-

	Karagkounis et al[46]
	200 (50-500)1
	235 (185-307)1
	4.6
	7.7
	-
	78.5

	Kasai et al[82]
	50 (0-500)
	268 ± 104
	-
	-
	18.2
	-

	Kazaryan et al[26]
	300 (< 50-> 5000)
	192 (64-635)
	16
	4.2
	-
	93.4

	Kubota et al[51]
	287.3 ± 459.3
	333.9 ± 150.3
	2.4
	-
	-
	-

	Langella et al[52]
	100 ± 143.7
	-
	0
	-
	5.4
	-

	Lewin et al[84]
	-
	-
	-
	-
	27
	-

	Martínez-Cecilia et al[30]
	250 (10-2600)1
	230 (30-555)1
	11
	7.6
	21
	88

	Nguyen et al[31]
	200 (20-2500)
	234 (60-555)
	10
	3.1
	45
	94.4

	Nomi et al[27]
	200 (0-3000)
	245 (60-540)
	13.3
	6.7
	69.2
	94.2

	Postriganova et al[28]
	250 (0-4000)
	152 (29-488)
	-
	3.2
	-
	-

	Qiu et al[41]
	215 ± 170
	235 ± 70
	-
	6.7
	-
	-

	Ratti et al[53]
	250 (100-900)
	220 (150-540)
	7.7
	15.4
	26.9
	-

	Robles-Campos et al[49]
	100 (50-300)1
	120 (90-180)1
	4.2
	-
	11.5
	95.8

	Shim et al[54]
	100 (30-950)
	135 (40-360)
	9.1
	-
	9.1
	-

	Tabchouri et al[70]
	-
	-
	-
	-
	39
	-

	Tohme et al[55]
	150 (50-150)1
	-
	12
	-
	23
	88

	Topal et al[86]
	50 (10-300)1
	120 (80-200)1
	-
	-
	22
	-

	Yue et al[39]
	260 (180-430)
	180 (160-260)
	5
	7.7
	-
	78

	Zeng et al[56]
	250 (160-420)
	200 (150-230)
	-
	-
	-
	-

	Major LLR

	Abu Hilal et al[24]
	875 (75-3000)
	330 (180-540)
	-
	19
	33
	-

	Abu Hilal et al[90]
	700 (75-3000)
	300 (180-465)
	22
	-
	100
	95

	Nomi et al[57]
	300 (10-3000)
	274 (100-540)
	10.8
	10.8
	100
	91.4

	Topal et al[58]
	550 (100-4000)
	257.5 (75-360)
	-
	-
	100
	95

	Minor LLR

	Abu Hilal et al[24]
	175 (20-1400)
	180 (40-340)
	-
	4
	33
	-

	Vavra et al[63]
	132.3 ± 218
	166.4 ± 81.5
	-
	-
	0
	-

	LLR of posterosuperior segments

	Okuno et al[42]
	100 (10-800)
	217 (62-586)
	3.5
	-
	13.8
	86.2

	Portigliotti et al[92]
	195 (0-1300)
	195 (40-600)
	1.2
	2.5
	-
	-

	Efanov et al[94]
	282 (0-3300)
	327 (80-755)
	-
	-
	-
	-

	Parenchyma sparing LLR

	Aghayan et al[47]
	200 (< 50-4000)
	134 (20-373)
	-
	1.7
	-
	81

	Montalti et al[33]
	250 (0-2800)
	276 ± 10.1
	-
	14.9
	7
	-

	Okumura et al[95]
	120 (0-2900)
	196 (20-480)
	2.4
	3.7
	-
	96.3

	Simultaneous laparoscopic colorectal and liver resection

	Berti et al[40]
	200 (70-1000)
	240 (120-450)
	-
	0
	-
	-

	Dagher et al[61]
	229 ± 228
	332 ± 110

	8
	7
	8
	90

	Ferretti et al[64]
	200 (0-1800)
	360 (120-690)
	8.5
	4.9
	-
	-

	Jung et al[96]
	325 (50-900)
	290 (183-551)
	-
	0
	-
	-

	Ratti et al[65]
	350 (100-1000)
	420 (170-720)
	8
	4
	24
	-

	Shin et al[34]
	-
	336 ± 119

	13.8
	2.8
	29.4
	-

	van der Poel et al[97]
	200 (100-700)1
	206 (166-308)1
	-
	5
	0
	93

	Xu et al[35]
	175 (100-275)
	246.75 ± 78.20

	20
	-
	20
	-

	Two-stage hepatectomy

	Okumura et al[59] FSH
	50 (0-350)
	159 (70-415)
	0
	3
	-
	97

	SSH
	225 (50-1300)
	305 (150-480)
	13
	11
	-
	95

	Repeat LLR

	Nomi et al[36]
1st
	200 (10-3000)
	210 (40-540)
	9.9
	4.3
	46
	93.6

	2nd
	240 (10-1100)
	210 (90-600)
	2
	0
	42.6
	97.9

	3rd
	150 (10-600)
	250 (100-515)
	0
	1.6
	30
	95

	Hallet et al[37]
	-
	252.5 (180-322.5)
	14.8
	3.7
	92.6
	84.6

	van der Poel et al[38]
	200 (50-600)
	193 (120-270)
	-
	11.1
	52.4
	91.8


1Interquartile range. 295% confidence interval. Numbers are presented as median (range) or mean ± SD unless otherwise indicated. LLR: Laparoscopic liver resection.


Table 4 Postoperative short-term outcomes
	Ref.
	Hospital stay (d)
	Morbidity (%)
	Major complications (%)
	90-d mortality (%)
	Time to AC (d)

	LLR in general

	Abu Hilal et al[24]
	4 (1-15)
	-
	11
	-
	-

	Abu Hilal et al[71]
	4 (2.5)1
	-
	-
	-
	-

	Allard et al[60]
	11.4 ± 10
	-
	17.6
	2.3
	-

	Beard et al[43]
	4 (2-6)1
	27.8
	14.8
	-
	-

	Beppu et al[72]
	12 (3-192)
	14.1
	-
	0
	-

	Castaing et al[32]
	10 (5-50)
	27
	-
	-
	-

	Cheung et al[48]
	4.5 (3-56)
	10
	5
	-
	-

	Cipriani et al[29]
	4 (1-57)
	23.3
	-
	0.8
	-

	de’Angelis et al[44]
	6 (2-13)
	17.3
	-
	0
	-

	Efanov et al[77]
	-
	15
	-
	0
	-

	Eveno et al[78]
	-
	-
	17.9
	-
	-

	Fretland et al[12]
	-
	19
	-
	-
	-

	Fretland et al[9]
	2.2 (1.9-2.5)2
	19
	-
	0
	-

	Goumard et al[45]
	4 (1 - 12.5)
	26
	14
	-
	-

	Guerron et al[50]
	3.7 ± 0.5
	15
	0
	-
	-

	Inoue et al[80]
	10.8 ± 11.2
	8.7
	-
	-
	-

	Karagkounis et al[46]
	4 (3-5)1
	26.2
	4.6
	-
	-

	Kasai et al[82]
	4 (2-15)
	15
	-
	-
	-

	Kazaryan et al[26]
	3 (1-42)
	-
	-
	-
	-

	Kubota et al[51]
	7.3 ± 1.8
	2.4
	0
	-
	-

	Langella et al[52]
	5 (3-13)
	13.5
	2.7
	-
	-

	Martínez-Cecilia et al[30]
	5 (3-33)
	22
	5
	0.4
	-

	Nguyen et al[31]
	4 (17-22)
	12
	-
	-
	-

	Nomi et al[27]
	-
	41.7
	17.5
	0.8
	-

	Postriganova et al[28]
	3 (3-4)
	11
	7.1
	-
	-

	Qiu et al[41]
	7.5 ± 1.5
	26.2
	-
	-
	-

	Ratti et al[53]
	3 (4-37)
	20.2
	6.7
	1
	-

	Robles-Campos et al[49]
	4 (4-5)1
	11.5
	6.25
	-
	-

	Shim et al[54]
	8.5 (5-22)
	9.1
	0
	-
	-

	Tabchouri et al[70]
	-
	-
	-
	0.4
	-

	Tohme et al[55]
	4 (3-6)1
	26
	6
	-
	42 (34-54)1

	Topal et al[86]
	5 (3-7)1
	14
	-
	-
	-

	Yue et al[39]
	10 (7-32)
	27
	6.4
	1.3
	-

	Zeng et al[56]
	10 (8-25)
	17.7
	2.5
	-
	-

	Major LLR

	Abu Hilal et al[24]
	5 (2-12)
	-
	19
	-
	-

	Abu Hilal et al[90]
	5 (3-20)
	14
	-
	0
	-

	Nomi et al[57]
	10 (5-57)
	50.5
	23.7
	0
	-

	Topal et al[58]
	-
	35
	-
	0
	-

	Minor LLR

	Abu Hilal et al[24]
	3 (1-15)
	-
	7
	-
	-

	Vavra et al[63]
	8.4 ± 2
	4
	-
	-
	-

	LLR of posterosuperior segments

	Okuno et al[42]
	4 (1-12)
	20.7
	10.3
	0
	-

	Portigliotti et al[92]
	-
	35.5
	13.5
	0
	-

	Efanov et al[94]
	9 (4-29)
	-
	-
	0
	-

	Parenchyma sparing LLR

	Aghayan et al[47]
	3 (1-35)
	14.5
	-
	0
	-

	Montalti et al[33]
	6 ± 0.28
	20.2
	-
	-
	-

	Okumura et al[95]
	6 (1-45)
	11
	6.1
	0
	-

	Simultaneous laparoscopic colorectal and liver resection

	Berti et al[40]
	8 (4-30)
	-
	-
	-
	-

	Dagher et al[61]
	10.3 ± 9.6
	15
	4
	6
	-

	Ferretti et al[64]
	8 (3-84)
	31
	-
	2.1
	-

	Jung et al[96]
	8 (5-23)
	17
	13
	-
	-

	Ratti et al[65]
	9 (4-17)
	24
	-
	0
	-

	Shin et al[34]
	12 ± 6
	20.2
	-
	-
	-

	van der Poel et al[97]
	6 (5-9)1
	-
	15
	-
	-

	Xu et al[35]
	9 (8.25-11.75)
	15
	-
	-
	-

	Two-stage hepatectomy

	Okumura et al[59]
FSH
	6 (0-34)
	16
	8
	0
	-

	SSH
	9 (4-49)
	26
	18
	3
	1.4 mo (0.9-3.5 mo)

	Repeat LLR

	Nomi et al[36]
1st
	7 (2-45)
	34.8
	16.3
	0.7
	-

	2nd
	7 (4-71)
	27.7
	6.4
	0
	-

	3rd
	9 (4-15)
	30
	10
	0
	-

	Hallet et al[37]
	9 (8-18)1
	-
	-
	-
	-

	van der Poel et al[38]
	4 (3-7)
	-
	7
	0.7
	-


1Interquartile range. 295% confidence interval. Numbers are presented as median (range) or mean ± SD unless otherwise indicated. AC: Adjuvant chemotherapy; LLR: Laparoscopic liver resection.



Table 5 Long-term and oncologic outcomes
	Ref.
	Recurrence rate (%)
	1-yr OS (%)
	3-yr OS (%)
	5-yr OS (%)
	10-yr OS (%)
	1-yr DFS (%)
	3-yr DFS (%)
	5-yr DFS (%)
	1-yr RFS (%)
	3-yr RFS (%)
	5-yr RFS (%)

	LLR in general

	Abu Hilal et al[71]
	16 (after median FU of 22 mo)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Allard et al[60]
	-
	-
	85
	70
	-
	-
	42
	31
	-
	-
	-

	Barkhatov et al[25]
	-
	-
	-
	54
	-
	-
	-
	-
	-
	-
	-

	Beard et al[43]
	-
	-
	-
	60
	-
	-
	-
	44
	-
	-
	-

	Beppu et al[72]
	-
	96.3
	84.2
	70.1
	-
	-
	-
	-
	70.7
	54.5
	53.4

	Berardi et al[73]
	56.9 (after median FU of 8.4 mo)
	94
	74
	54
	-
	-
	-
	-
	66
	46
	37

	Castaing et al[32]
	57 (after median FU of 30 mo)
	97
	82
	64
	-
	70
	47
	35
	65
	30
	30

	Cipriani et al[75]
	57.7
	85.9
	66.7
	-
	-
	-
	-
	-
	54.2
	29.4
	-

	Cipriani et al[29]
	-
	90.8
	76.8
	64.3
	-
	68.5
	44.1
	35.8
	60.5
	30.4
	23.7

	D’Hondt et al[76]
	-
	-
	-
	65
	-
	-
	-
	-
	-
	-
	-

	de’Angelis et al[44]
	44.2 (after mean FU of 58.6 ± 44.4 mo)
	96.1
	80.7
	73.1
	-
	75
	28.8
	21.1
	-
	-
	-

	Eveno et al[78]
	-
	-
	71
	70
	-
	-
	34
	27
	-
	-
	-

	Guerron et al[50]
	35 (after median FU of 16 mo)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Hirokawa et al[79]
	-
	100
	88
	88
	-
	61
	41
	41
	-
	-
	-

	Iwahashi et al[81]
	-
	100
	84
	42
	-
	57
	14
	14
	-
	-
	-

	Karagkounis et al[46]
	-
	-
	76
	62
	-
	-
	-
	-
	-
	-
	-

	Kasai et al[82]
	-
	100
	85.4
	68
	-
	55.7
	30.4
	30.4
	-
	-
	-

	Kazaryan et al[26]
	-
	84
	69
	47
	-
	63
	45
	42
	44
	24
	24

	Kazaryan et al[83]
	-
	-
	-
	46
	-
	-
	-
	-
	-
	-
	-

	Kubota et al[51]
	-
	-
	88.4
	-
	-
	-
	-
	-
	-
	-
	-

	Langella et al[52]
	37.8 (after median FU of 35.7 ± 24.9 mo)
	-
	91.8
	-
	-
	-
	69.1
	-
	-
	-
	-

	Lewin et al[84]
	-
	-
	-
	54
	-
	-
	-
	-
	-
	-
	36

	Martínez-Cecilia et al[30]
	-
	93
	68
	43
	-
	-
	-
	-
	71
	43
	31

	Nguyen et al[31]
	-
	88
	69
	50
	-
	65
	43
	43
	-
	-
	-

	Postriganova et al[28]
	-
	84
	64
	49
	-
	61
	45
	41
	48
	35
	33

	Postriganova et al[28]
	38.5
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Postriganova et al[28]
	67.7 (after median FU of 40 mo)
	92.5
	71.5
	49.3
	-
	72.7
	33.5
	22.7
	-
	-
	-

	Postriganova et al[28]
	-
	-
	-
	-
	-
	68.2
	22.7
	18.1
	-
	-
	-

	Tabchouri et al[70]
	72 (after median FU of 16 mo)
	-
	82
	71
	43
	-
	-
	-
	-
	-
	-

	Tohme et al[55]
	-
	-
	74.4
	51.3
	-
	-
	-
	-
	-
	-
	-

	Vibert et al[87]
	-
	97
	87
	-
	-
	74
	51
	-
	-
	-
	-

	Yue et al[39]
	52.5 (after FU of 31 mo)
	-
	-
	52
	-
	-
	-
	45
	-
	-
	-

	Yun et al[88]
	-
	-
	95
	-
	-
	-
	-
	-
	-
	-
	-

	Andorra et al[89]
	-
	-
	-
	43.5
	-
	-
	-
	-
	-
	-
	-

	Major LLR

	Nomi et al[57]
	67.7 (after median FU of 39 mo)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Topal et al[58]
	-
	90
	-
	48
	-
	60
	-
	43
	-
	-
	-

	Minor LLR

	Vavra et al[63]
	-
	-
	-
	82.1
	-
	-
	-
	63.2
	-
	-
	-

	LLR of posterosuperior segments

	Montalti et al[91]
	-
	96.4
	70.8
	62.9
	-
	-
	-
	-
	63.7
	37.1
	32.5

	Okuno et al[42]
	-
	100
	-
	-
	-
	-
	-
	-
	49.9
	-
	-

	Scuderi et al[93]
	-
	-
	-
	-
	-
	-
	-
	-
	-
	36
	-

	Efanov et al[94]
	-
	-
	-
	60
	-
	-
	-
	-
	-
	-
	-

	Parenchyma sparing LLR

	Aghayan et al[47]
	64 (after median FU of 6 mo)
	-
	68
	48
	-
	-
	-
	-
	-
	36
	34

	Montalti et al[33]
	57.9 (after mean follow-up of 30.9 mo ± 1.71)
	98
	75
	59
	-
	-
	-
	-
	64.2
	35.2
	31

	Okumura et al[95]
	59.8 (after median FU of 33.9 mo)
	-
	85.1
	-
	-
	-
	-
	-
	-
	28.8
	-

	Martínez-Cecilia et al[62]
	-
	94
	82
	65
	-
	-
	-
	-
	82
	71
	54

	Simultaneous laparoscopic colorectal and liver resection

	Berti et al[40]
	60 (after median FU of 19 mo)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Dagher et al[61]
	28 (after median FU of 26 mo)
	97
	78
	-
	-
	79
	64
	-
	-
	-
	-

	Ferretti et al[64]
	28.2 (after median FU of 29 mo)
	98.8
	82.1
	71.9
	-
	85.6
	65.9
	63
	-
	-
	-

	Ratti et al[65]
	36 (after mean FU of 37 mo)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Shin et al[34]
	-
	-
	74.4
	-
	-
	-
	58.5
	-
	-
	59.6
	-

	Xu et al[35]
	-
	-
	51.3
	-
	-
	-
	31.6
	-
	-
	-
	-

	Two-stage hepatectomy

	Okumura et al[59]
	-
	-
	80
	-
	-
	-
	-
	-
	-
	-
	-

	Repeat LLR

	Nomi et al[36]
	77.8 (after a median FU of 43 mo)
	-
	-
	43.2
	-
	-
	-
	-
	-
	-
	-

	Hallet et al[37]
	66.7 (after a median FU of 20.7 mo)
	-
	-
	-
	-
	-
	-
	-
	-
	-
	21.4


DFS: Disease-free survival; FU: Follow-up; LLR: Laparoscopic liver resection; OS: Overall survival; RFS: Recurrence-free survival.



Table 6 General conclusions about laparoscopic liver resections
	Ref.
	Safe
	Feasible
	Effective
	Oncological efficiency
	Short-term advantages

	LLR in general

	Abu Hilal et al[71]
	Yes
	-
	Yes
	-
	-

	Allard et al[60]
	-
	-
	-
	Yes
	Yes

	Beppu et al[72]
	-
	-
	-
	Yes
	Yes

	Castaing et al[32]
	-
	-
	-
	Yes
	-

	Cheung et al[48]
	Yes
	-
	Yes
	Yes
	Yes

	Cipriani et al[75]
	Yes
	-
	-
	Yes
	Yes

	Cipriani et al[29]
	-
	-
	-
	Yes
	Yes

	D’Hondt et al[76]
	-
	-
	-
	Yes
	-

	de’Angelis et al[44]
	-
	-
	-
	Yes
	Yes

	Eveno et al[78]
	-
	-
	-
	Yes
	Yes

	Fretland et al[12]
	-
	-
	-
	Yes
	-

	Guerron et al[50]
	-
	-
	-
	Yes
	Yes

	Inoue et al[80]
	Yes
	-
	-
	-
	Yes

	Iwahashi et al[81]
	Yes
	Yes
	-
	Yes
	-

	Karagkounis et al[46]
	-
	-
	-
	Yes
	Yes

	Kazaryan et al[83]
	Yes
	-
	-
	Yes
	-

	Kubota et al[51]
	-
	-
	Yes
	Yes
	-

	Langella et al[52]
	Yes
	-
	-
	Yes
	-

	Lewin et al[84]
	-
	-
	-
	Yes
	-

	Martínez-Cecilia et al[30]
	-
	-
	-
	Yes
	Yes

	Nguyen et al[31]
	Yes
	Yes
	-
	Yes
	-

	Nomi et al[27]
	Yes
	-
	-
	Yes
	-

	Qiu et al[41]
	Yes
	Yes
	-
	-
	Yes

	Ratti et al[53]
	-
	Yes
	Yes
	Yes
	Yes

	Robles-Campos et al[49]
	-
	-
	-
	Yes
	Yes

	Tabchouri et al[70]
	-
	-
	-
	Yes
	-

	Tohme et al[55]
	-
	-
	-
	-
	Yes

	Topal et al[86]
	-
	-
	-
	Yes
	Yes

	Yue et al[39]
	-
	-
	-
	Yes
	-

	Yun et al[88]
	-
	Yes
	-
	-
	-

	Zeng et al[56]
	Yes
	Yes
	-
	Yes
	-

	Major LLR

	Abu Hilal et al[90]
	Yes
	-
	Yes
	Yes
	-

	Nomi et al[57]
	Yes
	-
	-
	-
	-

	Topal et al[58]
	-
	Yes
	-
	Yes
	-

	Minor LLR

	Vavra et al[63]
	-
	-
	Yes
	Yes
	-

	LLR of posterosuperior segments

	Okuno et al[42]
	-
	-
	-
	-
	Yes

	Portigliotti et al[92]
	-
	-
	-
	-
	Yes

	Parenchyma sparing LLR

	Aghayan et al[47]
	Yes
	-
	-
	Yes
	-

	Montalti et al[33]
	-
	-
	-
	Yes
	-

	Okumura et al[95]
	-
	-
	-
	Yes
	Yes

	Simultaneous laparoscopic colorectal and liver resection

	Berti et al[40]
	-
	Yes
	Yes
	-
	-

	Dagher et al[61]
	-
	-
	-
	Yes
	-

	Ferretti et al[64]
	Yes
	Yes
	-
	Yes
	-

	Jung et al[96]
	-
	Yes
	-
	-
	Yes

	Ratti et al[65]
	-
	Yes
	-
	Yes
	Yes

	Shin et al[34]
	-
	-
	-
	Yes
	Yes

	van der Poel et al[97]
	Yes
	-
	-
	-
	-

	Xu et al[35]
	Yes
	Yes
	Yes
	-
	Yes

	Two-stage hepatectomy

	Okumura et al[59]
	Yes
	Yes
	-
	Yes
	-

	Repeat LLR

	Nomi et al[36]
	Yes
	Yes
	-
	-
	-

	Hallet et al[37]
	Yes
	Yes
	-
	-
	-

	van der Poel et al[38]
	-
	Yes
	-
	-
	Yes


LLR: Laparoscopic liver resection.



Table 7 Prognostic factors for survival in liver resection for colorectal liver metastases
	Ref.
	Prognostic factor
	Affected outcome + influence
	HR (95%CI)
	P value

	Langella et al[52]
	Postoperative complications
	Worse 3-yr OS
	3.804 (1.336-10.832)
	0.012

	
	Multiple metastases
	
	3.421 (1.317-8.890)
	0.012

	Nomi et al[27]
	Synchronous CRLM
	Worse OS
	1.482 (0.621-2.859)
	0.023

	
	Positive surgical margin
	
	2.342 (1.356-2.912)
	0.012

	
	Node-positive primary tumor
	No difference in OS
	1.857 (0.712-3.459)
	0.382

	
	Bilobar metastases
	
	1.398 (0.728-2.458)
	0.298

	
	CRLM ≥ 5 cm
	
	6.813 (2.348-4.245)
	0.351

	Postriganova et al[28]
	Resection margin width (< 1 mm, 1-< 3 mm, 3-< 10 mm and ≥ 10 mm)
	No difference in length of survival
	-
	0.988

	
	
	No difference in DFS
	-
	0.978

	
	
	No difference in RFS
	-
	0.913

	Tabchouri et al[70]
	Node-positive primary tumor
	Increased risk of recurrence
	1.611 (1.14-2.28)
	0.007

	
	Extrahepatic disease before hepatectomy
	
	1.745 (1.24-2.45)
	0.001

	
	R1 resection
	
	1.648 (1.08-2.52)
	0.021

	
	Age > 70 yr
	Worse survival
	3.157 (1.10-3.10)
	0.021

	
	Recurrence
	
	4.637 (1.60-6.26)
	0.002

	Tohme et al[55]
	MILS (vs OLR)
	Timely initiation of AC
	2.23 (1.16-4.31)
	0.017

	
	OLR with postoperative complications (vs MILS without complications)
	
	0.45 (0.23-0.86)
	0.017

	
	Number of lesions (solitary vs multiple)
	
	1.71 (1.14-2.54)
	0.009

	
	Length of stay (> 4 vs ≤ 4 d)
	
	0.64 (0.41-0.99)
	0.043

	
	AC more than 60 d after surgery
	Worse RFS
	
	0.05

	
	
	Worse OS
	
	0.06

	Topal et al[86]
	Fong’s CRS
	Worse DFS
	1.46 (1.19-1.78)
	0.0002

	
	Preoperative systemic chemotherapy
	
	1.70 (1.15-2.52)
	0.008

	
	Male sex
	Worse OS
	2.54 (1.45-4.45)
	0.001

	
	Interval systemic chemotherapy and surgery for CRLM
	
	1.06 (1.01-1.10)
	0.012

	
	Fong’s CRS
	
	1.49 (1.16-1.91)
	0.002

	Yue et al[39]
	TNM stage of primary tumor (III vs I-II)
	Worse OS
	1.981 (1.258-3.854)
	0.021

	
	Disease-free interval (< 12 vs ≥ 12 mo)
	
	1.610 (1.378-2.873)
	0.015

	
	Number of metastases (≥3 vs < 3)
	
	1.500 (1.258-1.870)
	0.041

	
	Disease-free interval (< 12 vs ≥ 12 mo)
	Worse DFS
	1.874 (1.215-2.001)
	0.036

	
	Preoperative CEA levels (≥ 5 vs < 5 ng/mL)
	
	1.740 (1.418-2.108)
	0.028

	Zeng et al[56]
	Disease-free interval (< 36 vs ≥ 36 mo)
	5-yr OS
	2.9871 (2.012-6.980)
	0.009

	
	Disease-free interval (< 36 vs ≥ 36 mo)
	5-yr DFS
	2.9501 (1.895-3.562)
	0.010

	Montalti et al[33]
	Lesions located in posterosuperior segments
	Worse tumor recurrence
	2.4 (1.24-4.61)
	0.009

	
	Blood loss (≥ 1000 mL vs < 1000 mL)
	
	3.2 (1.23-7.99)
	0.012

	
	R1 margins
	No difference in OS
	1.06 (0.57-3.80)
	0.37

	
	CEA levels (≥ 10 µg/L vs < 10 µg/L)
	Worse OS
	4.2 (2.02-16.9)
	0.001

	
	Multiple lesions (>2 vs ≤2 lesions)
	Increased risk of R1 margins
	9.32 (1.14-32.5)
	0.037

	Cervantes et al[98]
	CRLM minimum size <9 mm
	Worse RFS
	1.6 (1.1-2.4)
	< 0.05

	
	
	Worse hepatic RFS
	1.8 (1.2-3.0)
	< 0.05

	De Haas et al[99]
	Development of adrenal metastases after LR
	Worse survival
	-
	0.020

	Jones et al[100]
	SUVmean during PET-CT
	Insignificant negative effect on OS
	1.053 (0.839-1.321)
	0.659

	
	Log(volume of tumor)
	Insignificant negative effect on OS
	1.699 (0.964-2.993)
	0.067

	Ratti et al[101]
	Right colonic neoplasms
	Worse RFS
	2.382 (1.46-2.75)
	0.042

	
	T-stage of primary tumor (T3-T4)
	
	1.962 (1.55-3.01)
	0.044

	
	RAS mutation
	
	2.122 (1.33-2.96)
	0.039

	
	CRS > 3
	
	2.572 (1.68-3.65)
	0.029

	
	Absence of perioperative chemotherapy
	
	2.312 (1.39-3.21)
	0.039

	
	Right colonic neoplasms
	Worse OS
	2.412 (1.39-2.81)
	0.046

	
	T-stage of primary tumor (T3-T4)
	
	1.862 (1.43-2.78)
	0.048

	
	RAS mutation
	
	2.222 (1.42-3.07)
	0.037

	
	CRS > 3
	
	2.752 (1.83-3.62)
	0.032

	
	Absence of perioperative chemotherapy
	
	2.162 (1.40-3.06)
	0.042

	Nierop et al[102]
	Non-dHGP
	Higher risk of positive resection margins
	1.7871 (1.112-2.871)
	0.016

	
	Number of CRLM
	
	1.1531 (1.077-1.234)
	< 0.001

	
	Non-dHGP
	Worse OS
	1.57 (1.26-1.95)
	< 0.001

	
	Positive resection margins
	
	1.41(1.13-1.76)
	0.002

	
	Age at resection
	
	1.016 (1.008-1.023)
	< 0.001

	
	Node positive primary
	
	1.455 (1.226-1.728)
	< 0.001

	
	Number of CRLM
	
	1.078 (1.039-1.118)
	< 0.001

	
	Size of CRLM
	
	1.063 (1.035-1.091)
	< 0.001

	
	Preoperative CEA
	No difference in OS
	1.000 (1.000-1.000)
	0.898


1Odds ratio. 2Risk ratio. Numbers are presented as median (range) or mean ± SD unless otherwise indicated. AC: Adjuvant chemotherapy; CEA: Carcinoembryonic antigen; CI: Confidence interval; CRLM: Colorectal liver metastases; CRS: Clinical risk score; DFS: Disease-free survival; HR: Hazard ratio; LR: Liver resection; MILS: Minimally invasive surgery; non-dHGP: Non-desmoplastic growth pattern; OLR: Open liver resection; OS: Overall survival; PET-CT: Positron emission tomography-computed tomography; RFS: Recurrence-free survival; SUV: Standard uptake value. 
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