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The recent Southampton consensus guideline and 
two previous international consensus meetings held in 
Louisville and Morioka in 2008 and 2014, respectively 
have recommended laparoscopic liver resection (LLR) as 
a standard procedure for selected patients with colorectal 
l iver metastases (CRLM) (1-3).  The Oslo-CoMet 
and LapOpHuva studies are the only two randomized 
controlled trials (RCTs) that have provided solid evidence 
showing that LLR is a safer, less invasive, and more cost-
effective approach with higher health-related quality of 
life and oncological outcomes equivalent to those of open 
liver resection (OLR) for patients with CRLM (4-6). 
Many cohort studies that used propensity score matching 
(PSM) and their meta-analyses have demonstrated 
decreased intraoperative blood loss, blood transfusion 
rate, and morbidity; shorter hospital stays; and improved 
postoperative quality of life in LLR patient groups than in 
OLR groups (7-9). Additionally, long-term outcomes have 
been found to be comparable between these two treatment 
groups.

We deeply congratulate Dr. Syn and his colleagues 
for publishing “Survival advantage of laparoscopic versus 
open resection for colorectal liver metastases: A meta-
analysis of individual patient data from randomized trials 
and propensity score-matched studies” in Annals of Surgery, 
2019 (10). To the best of our knowledge, this is the first 
study to use an individual participant data (IPD) meta-
analysis of that focused on the oncological efficacy of LLR 
and OLR for patients with CRLM. Of course, RCTs and 

their meta-analyses provide the highest level of evidence; 
however, PSM has been widely adopted as an established 
statistical method for comparison of different treatments 
with minimized selection bias (11). Therefore, the authors 
collected 3,148 participants from RCTs and PSM studies 
in this paper. In fact, the risk bias in the two RCTs was low 
in more than half of the domains investigated. Ten out of 
13 PSM studies were judged as moderate to high quality by 
the Newcastle–Ottawa checklist. An IPD meta-analysis is a 
unique type of meta-analysis. Conventional meta-analyses 
use the entire mass data set of patients, i.e., the mean 
survival time and standard deviation. In contrast, this novel 
IPD meta-analysis used survival data of individual patients 
recreated from the published Kaplan–Meier curves in each 
paper. Frequentist and Bayesian survival models considering 
random effects and non-proportional hazards were used 
to compare the overall survival of patients who underwent 
LLR and OLR. We think that these data were supported 
by reasonable and strict statistical methods; however, to 
validate this methodology, a detailed comparative study 
of estimated data and realistic individual data would be 
required.

Surprisingly, this novel meta-analysis of high-quality 
studies indicated an unpredicted positive survival benefit in 
favor of LLR over OLR for CRLM [stratified hazard ratio 
(HR) =0.853; 95% confidence interval (CI), 0.754–0.965; 
P=0.0114]. A stratified Cox model was used to calculate this 
HR from the primary analysis. Similarly, both the marginal 
and gamma-frailty models showed statistically significant 
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HRs (range, 0.85–0.88) in favor of the LLR. In previous 
reports, one meta-analysis of PSM studies demonstrated 
significantly better 3-year overall survival for LLR than for 
OLR (odds ratio, 1.37; 95% CI, 1.11–1.69) (9). Another 
PSM study of CRLM patients who underwent simultaneous 
liver and colorectal resection showed significantly better 
overall survival for LLR than for OLR (HR, 0.56; 95% 
CI, 0.36–0.87) (8). Additionally, there was clear evidence 
of time-varying effects in which the magnitude of HRs 
increased over time.

Some papers have proposed a 5- or 10-year milestone 
for defining “cured” in CRLM patients after liver resection. 
Therefore, to account for the existence of a subgroup of 
patients who no longer contribute to calculate the hazard, 
cure models were created by using the Weibull mixture or 
flexible parametric cure models. Consequently, the fractions 
of long-term survivors were estimated to be 47.4% in the 
LLR group and 18.0% in the OLR group (Supplementary 
Figure S4). At the 10-year follow-up, the restricted mean 
survival time was 8.6 months longer in the LLR group 
(P<0.0001). Additionally, in a subgroup analysis, the survival 
benefit was also detectable in elderly patients (defined as 
patients ≥65 years or ≥70 years) from two studies (n=608); 
the median survival time was 53.1 months for LLR and  
44.9 months for OLR, with a longer 3-year mean life 
expectancy in the elderly patients.   

The most important discussion point of this IPD meta-
analysis concerns the question of why LLR provided 
better overall survival than that of OLR. The Oslo-CoMet 
RCT (12) emphasized three possible explanations for this 
phenomena: first, a reduced inflammatory response to 
accelerate proliferation and migration of cancer cells caused 
by lower levels of interleukin-6, C-reactive protein, and 
macrophage inflammatory protein-1b; second, reduced 
release of high-mobility group box 1 as a potentially 
oncogenic protein and; third, a lower level of cell-free DNA 
as a marker of tissue damage and intravascular disseminated 
cancer cells.

In  some previous  RCTs and PSM studies  that 
compared LLR and OLR for CRLM, lower postoperative 
complication rates, less blood loss, and lower blood 
transfusion rates in LLR have been reported (4,5,7-9).  
Greater morbidity,  blood loss amount, and blood 
transfusion rate are well-known poor prognostic factors 
in patients with CRLM who undergo liver resection (13). 
The expected lesser invasiveness of LLR can result in better 
prognosis. Further, LLR is often used as a nonanatomical 
and parenchymal-sparing resection, which has been shown 

to be associated with improved survival (14) possibly by 
lowering the risk of post-surgical hepatic insufficiency.

Repeat liver resection is essential to achieve long-term 
survival after liver resection for CRLM. At the second or 
additional liver resection, lower dense adhesions after the 
initial LLR may also be associated with fewer postoperative 
complications and lower blood loss amounts after repeat 
hepatectomies and hence improved survival outcomes. 
Compared with repeat OLR, repeat LLR can provide 
shorter operation times, higher R0 resection rates, and 
shorter hospital stays (15). After initial LLR, repeat LLR 
tends to be selected more often than OLR.

Postoperative chemotherapy has been shown to be 
effective for improving disease-free and overall survival of 
patients with CRLM who underwent liver resection (16). 
Chemotherapy has been recommended to start within 
2 months after resection of stage III colon cancer. The 
interval to adjuvant chemotherapy after CRLM has been 
reported to be shorter after LLR than after OLR (17).

To further improve long-term survival in LLR, the 
findings discussed below should be considered. A systematic 
review showed that conversion rates from LLR to OLR 
ranged from 4.8% to 9.8% (18). It has been clearly reported 
that patients who had an emergency conversion secondary 
to an unfavorable intraoperative event experienced worse 
outcome, such as intraoperative massive bleeding or injury 
to an adjacent organ, than the outcomes of patients who 
received an elective conversion (19). To obtain better long-
term survival in patients planning to undergo LLR, strict 
preoperative evaluation and precise operative technique is 
required. Recently, remnant liver ischemia was found to be 
associated with poor recurrence-free and cancer-specific 
survival (20). High-quality anatomical resection might be 
preferable, even if the resection area is smaller than one 
segment. Fluorescence-guided surgery is one solution 
for completing anatomical resection without an extensive 
ischemic area of the remnant liver.

The last question concerns why Kaplan-Meier curves 
of overall survival in the pooled cohort (Figure 3A) were 
similar until the 5-year point in LLR and OLR patients, 
after which the curves gradually separated. There is a 
possibility of biases because of the small number of papers 
that had sufficiently long observation periods >5 years or 
a sufficient number of patients after 5 years. A definitive 
dilemma remains because the details of the background 
characteristics or recurrence data are unclear in this IPD 
meta-analysis. Beppu T, the corresponding author for this 
editorial, reported a PSM study with the largest number 
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of CRLM patients in 2015 (7). The original overall 
survival curve of the Beppu study is shown in figure 2, 
and the survival curve is very similar to that of the pooled 
cohort. The hypothesis for the difference in survival rates 
in the second half of the observation period between the 
two groups includes the low rates of early recurrence or 
fewer life-shortened recurrence patterns in LLR. Earlier 
induction of adjuvant chemotherapy, higher rates of 
repeated liver resection, and preservation of liver function 
may also improve the survival rate in the second half. 
However, Beppu et al. reported no significant differences 
in recurrence-free survival, intervals to recurrence, and 
recurrence patterns between LLR and OLR (7).

The authors concluded that LLR is at least not inferior 
to the standard OLR from a conservative viewpoint. This 
conclusion may be because they observed no differences in 
the survival data of the integrated analysis of the two RCTs. 
However, we believe that this IPD meta-analysis clearly 
demonstrates a possible significant long-term survival 
benefit of LLR over OLR for CRLM. Unfortunately, 
the survival data after 5 years is insufficient from each of 
the cited papers in this IPD meta-analysis; therefore, re-
evaluation of the survival data with a longer observation 
time is strongly recommended.
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