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Abstract: Background: In patients with hepatocellular carcinoma (HCC) and
cirrhosis, laparoscopic hepatectomy (LH) confers short-term benefits over
open hepatectomy (OH) but the long-term outcomes of this procedure are
unclear. This systematic review aims to compare the long-term survival
outcomes of LH and OH for patients with HCC and underlying cirrhosis.

Methods: EMBASE, MEDLINE and Scopus databases were searched from date of
inception to 7th October 2016. Controlled clinical studies comparing LH
to OH for HCC in cirrhotic patients, which reported long-term overall and
disease-free survival were included. The studies were evaluated using the
MOOSE guidelines and Newcastle-Ottawa Scale. Data were extracted and
analysed using a fixed-effects model.

Results: Five non-randomised, retrospective observational studies
representing 888 patients were included. LH was associated with
significantly lower tumour recurrence [OR: 0.65, 95% CI: 0.48, 0.89]. LH
conferred greater overall survival at 1- [HR: 0.41, 95% CI: 0.25, 0.68],
3- [HR: 0.63, 95% CI: 0.46, 0.87] and 5-years [HR: 0.60, 95% CI: 0.45,
0.80]. With LH, there was higher disease-free survival at l-year [HR:
0.71, 95% CI: 0.53, 0.96], but not at 3- [HR: 0.89, 95% CI: 0.70, 1.14];
and 5-years [HR: 0.85, 95% CI: 0.70, 1.04].

Conclusions: Laparoscopic surgery is associated with comparable
postoperative and survival outcomes in patients with HCC and underlying
cirrhosis. With careful selection of patients, this approach is safe,
feasible and advantageous.
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Reviewer #1: A one more step in understanding topic and improving clinical outcome
Thank you for your feedback on this.

Reviewer #2: Thank you for submitting your article. We feel it contributes to our growing medical knowledge
on the subject and merits publication with minor revisions This article addresses the question of laparoscopic
vs open partial hepatectomy for HCC in the background of cirrhosis. While it is applicable to a small patient
population, we feel it is worth exploration. The study appears to be appropriately conducted and controlled
with two independent reviewers. The sample size within the laparoscopic and open cohorts are
disproportionate, however, this is an unfortunate limitation of the study. Again, there limitations inherent to
the type of study. Being a retrospective observational study, there are inherent biases that con not be
controlled for. Four of the five studies were case matched which helps. Furthermore, all patients were
"candidates" for laparoscopic partial hepatectomy, however, it is difficult to remove selection bias in a non-
randomized study.

Thank you for your comments regarding the manuscript. We agree that the limitations mentioned are
inherent to the type of study and have done our best to ensure that these limitations are discussed.

Appropriate statistical analysis was used. However, unsure why odds ratios were used for tumor recurrence
and hazard ratios were used for overall survival and disease survival. Consistency may be beneficial.

This is an excellent point. The reason why odds ratios were used for tumor recurrence and hazard ratios for
overall survival and disease-free survival is due to the type of data reported. The data for tumor recurence are
presented as incidence rates in all studies, thereby making odds ratio the most appropriate statistical
comparison. Meanwhile, the data for overall survival and disease-free survival data were extracted from
Kaplan-Meier survival curves over a continuous period of time, making hazard ratios the most appropriate
statistical comparison.

May be worth noting and mentioning that the majority of the included studies showed no individual statistical
differences in outcome parameters (recurrence, overall survival, and disease free survival). Only when the
data is pooled for analysis, does marginal statistical significance emerge.

Thank you for this suggestion. This is a very important point and we have emphasised this on:

Page 9-10 — “Finally, it is worth noting that most of the studies reported no individual statistical differences
between the laparoscopic and open groups in terms of tumour recurrence, overall and disease-free survival.
However, a marginal statistical difference does emerge following pooling of data for analysis. Thus, it can be
reasonably concluded that the laparoscopic approach is at least as efficacious at the open approach and that
further studies are necessary to determine superiority.”

Would caution the authors on avoiding statements that may be misinterpreted to represent broader
overarching conclusions. E.g. "laparoscopic surgery is associated with improved postoperative and survival
outcomes in patients with HCC and underlying cirrhosis". Bear in mind, this is for a highly selected group of
patients, in a non- randomized study, that doesn't show any long term disease free survival.

This is a very good comment. This statement has been amended on:

Page 1 — “Laparoscopic surgery is associated with comparable postoperative and survival outcomes in patients
with HCC and underlying cirrhosis.”

| believe this report is most useful as a non-inferiority study to support the use of laparoscopic partial
hepatectomy in a highly selected patient population. Overall, the manuscript is easy to read and flows well.
Would recommend careful editing for grammar and typos. E.g. the first part of the results section, under
"study characteristics" mentions "seven comparative cohort studies" when | believe only 5 were used.

Thank you for this comment. The appropriate changes have been made and highlighted on:



Page 2 — “It is estimated that 80% of HCC cases can be attributed to such chronic liver diseases and the
incidence of HCC in patients with liver cirrhosis ranges from 0.2% to 8.0%, depending on the aetiology [3, 4].”
Page 2 — “In developed countries, HCC is a major cause of mortality in patients with cirrhosis, yet the
management of these patients remains problematic despite improvements in treatment modalities available
[5, 6].”

Page 2 — “In these patients, there is a dysfunction in primary haemostatic mechanisms and an increased
prevalence of oesophageal varices due to poor hepatic function and cirrhosis, which can lead to intraoperative
haemorrhage and excessive blood loss [11, 12].”

Page 6 — “Five comparative cohort studies comprising a total of 888 patients were included in this meta-
analysis (Figure 1).”

Reviewer #3: Dear editor

Thank you for inviting me to analyse the manuscript untitled »laparoscopic vs open hepatectomy for
hepatocellular carcinoma in patients with cirrhosis: a meta-analysis of the long-term survival outcomes". This
is a hot topic and we need powerful meta-analysis about this subject because nowadays, the laparoscopic
approach is very widespread in the world. That is why it is very difficult to design randomized clinical trials
because we cannot propose open approach any more for patients with accessible lesion. But | have some
comments about this paper.

1. This meta-analysis is statistical weak. There are only 5 retrospective studies.

This is a good point. This is a specific subset of patients undergoing hepatectomy and therefore there are
limited studies available. However, this still remains a topic worth exploring and we have acknowledged this in
the limitations section on:

Page 9 — “Firstly, only patients with HCC and cirrhosis were assessed, with data pooled from five retrospective
studies so the generalisability of these findings to the wider population of patients with HCC should be treated
with caution.”

2. One study (TT Cheung et al 2016) represents more than half of overall population of the meta-analysis and
his conclusion are very similar to the meta-analysis conclusion

Thank you for this excellent comment. Due to the population size, there is a greater weightage attached to
this study. We have acknowledged this in the limitations section on:

Page 9 — “Moreover, the authors would like to highlight that the most recent analysis performed by Cheung et
al makes up approximately half of the total number of patients, which is worth noting when interpreting the
findings.”

3. Two studies published in 2013 and 2016 have the same authors and are from the same department. We can
suppose the studies included the same patients.

This is a good point. This highlights the paucity of data available regarding this topic. We have performed
sensitivity analysis by excluding the earlier study (2013) to test the robustness of the results, which does not
change the findings and conclusions of the study. Furthermore, both analyses do not fit the criteria of
duplicate studies and the authors believe that the data and conclusions from both are equally important. For
transparency, we have noted this in the limitations section on:

Page 9 — “Furthermore, there appears to be a degree of overlap between the patients used in both analyses by
Cheung et al [25, 27].”

4. There is no data about the cirrhosis etiology in the series.

Thank you for this comment. We have included the data about cirrhosis aetiology from the included studies
(Table 2) and commented on this on:

Page 6 — “Hepatitis B was the predominant cause of cirrhosis in both analyses by Cheung et al, while Hepatitis
C was the main cause of cirrhosis in the studies performed by Belli et al and Memeo at al (Table 2) [23, 25-27].
Truant et al reported alcohol to be the major cause of cirrhosis in their study population [24].”



5. In the introduction, you explained that operating time is known shorter in laparoscopic approach in the
literature. It was the TT Cheung conclusion in his large series published in 2016. But most authors do not agree
with this result.

This is a good point. We have removed this statement due to the conflicting evidence. Change is highlighted
on: Page 3 — “Compared to the open approach, laparoscopic techniques have been shown to reduce
intraoperative blood loss and the need for blood transfusions whilst enabling wider surgical resection margins
[16, 17].”

Reviewer #5: | would like to compliment the authors of this manuscript with a very eloquently written and
well exercised meta-analysis on an important issue. Besides the methodology, especially the discussion
deserves a compliment since there all the limitations of their findings are discussed. It would therefore be
advisable to bring some of the limitations of the findings (like how was cirrhosis was diagnosed in most
studies, the non-randomisation, the observational character of the studies used for this meta-analysis) back in
the final conclusion.

This is a very good suggestion. We have linked the limitations to the Conclusion section on:

Page 10 — “Future research on the generalisability and applicability of laparoscopic resection in this subgroup
of patients with HCC and underlying cirrhosis will be necessary to overcome the inherent limitations of the
currently available evidence.”
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Long-term survival outcomes of laparoscopic compared to open hepatectomy in patients
with hepatocellular carcinoma and underlying cirrhosis is unclear.

In this meta-analysis of five retrospective studies, laparoscopic hepatectomy was
associated with significantly greater overall survival at one, three and five years
compared to open hepatectomy.

Laparoscopic hepatectomy is safe, feasible and advantageous in the treatment of well-

differentiated hepatocellular carcinoma in patients with cirrhosis.
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Abstract

Background: In patients with hepatocellular carcinoma (HCC) and cirrhosis, laparoscopic
hepatectomy (LH) confers short-term benefits over open hepatectomy (OH) but the long-term
outcomes of this procedure are unclear. This systematic review aims to compare the long-

term survival outcomes of LH and OH for patients with HCC and underlying cirrhosis.

Methods: EMBASE, MEDLINE and Scopus databases were searched from date of inception
to 7th October 2016. Controlled clinical studies comparing LH to OH for HCC in cirrhotic
patients, which reported long-term overall and disease-free survival were included. The
studies were evaluated using the MOOSE guidelines and Newcastle-Ottawa Scale. Data

were extracted and analysed using a fixed-effects model.

Results: Five non-randomised, retrospective observational studies representing 888 patients
were included. LH was associated with significantly lower tumour recurrence [OR: 0.65, 95%
Cl: 0.48, 0.89]. LH conferred greater overall survival at 1- [HR: 0.41, 95% CI: 0.25, 0.68], 3-
[HR: 0.63, 95% CI: 0.46, 0.87] and 5-years [HR: 0.60, 95% CI: 0.45, 0.80]. With LH, there
was higher disease-free survival at 1-year [HR: 0.71, 95% CI: 0.53, 0.96], but not at 3- [HR:

0.89, 95% ClI: 0.70, 1.14]; and 5-years [HR: 0.85, 95% CI: 0.70, 1.04].

Conclusions: Laparoscopic surgery is associated with comparable postoperative and
survival outcomes in patients with HCC and underlying cirrhosis. With careful selection of

patients, this approach is safe, feasible and advantageous.
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Introduction

Hepatocellular carcinoma (HCC) is the most common primary cancer of the liver, and is
documented as the fifth and eighth most prevalent cancer worldwide in males and females
respectively [1]. In recent years, there has been a rise in the incidence of HCC, which
corresponds to the increase in the number of cases of liver cirrhosis associated with hepatitis
B and C [2]. It is estimated that 80% of HCC cases can be attributed to such chronic liver
diseases and the incidence of HCC in patients with liver cirrhosis ranges from 0.2% to 8.0%,
depending on the aetiology [3, 4]. In developed countries, HCC is a major cause of mortality
in patients with cirrhosis, yet the management of these patients remains problematic despite
improvements in treatment modalities available [5, 6]. Liver transplantation is proven to be
curative, but the inherent limitations of this approach, such as donor availability and patient
age have restricted its application [7]. An alternative to transplantation is hepatectomy, which

is now widely accepted as a potentially curative treatment for these subgroup of patients [8].

However, liver resection in patients with HCC and underlying cirrhosis is associated with
numerous complications [9, 10]. In these patients, there is a dysfunction in primary
haemostatic mechanisms and an increased prevalence of oesophageal varices due to poor
hepatic function and cirrhosis, which can lead to intraoperative haemorrhage and excessive
blood loss [11, 12]. Moreover, these patients are highly susceptible to developing
postoperative complications such as pleural effusion, lung infection, portal vein thrombosis,
ascites, renal failure and transient encephalopathy [13, 14]. Thus, these factors have led
surgeons to develop rigorous selection criteria in stratifying patients with HCC in combination
with background cirrhosis for surgery. It is evident that the severity of cirrhosis has a
significant influence on outcomes following hepatic resection, as patients with cirrhosis
classified as Childs-Pugh A demonstrate a mortality rate of 10% whilst those with cirrhosis

classified as Childs-Pugh C have a mortality rate of 63% [15].



Whilst OH remains the mainstay of liver resection in patients with HCC, the role of
laparoscopy in the management of HCC has evolved from diagnostic staging to curative
hepatectomy over the past few decades. This technique is now widely accepted to be a safe
and feasible option for both benign and malignant tumours of the liver. Compared to the open
approach, laparoscopic techniques have been shown to reduce intraoperative blood loss and
the need for blood transfusions whilst enabling wider surgical resection margins [16, 17].
Furthermore, patients undergoing laparoscopic resection experience fewer postoperative
complications and therefore, lower morbidity, leading to shorter hospital stays compared to
those undergoing open resection [18]. Although the short-term benefits of laparoscopic
hepatectomy (LH) in patients with HCC are well-established, there is yet to be a consensus
regarding the long-term benefits of this procedure. Additionally, it is unclear how applicable
these findings are to the more complex subgroup of patients suffering from liver cirrhosis
[19]. It is hypothesised that laparoscopic resection would confer improved long-term
outcomes over open resection. This systematic review and meta-analysis aims to elucidate
and compare the long-term outcomes between LH and open hepatectomy (OH) for patients

with HCC and underlying cirrhosis.

Methods

Literature search methods, inclusion and exclusion criteria, outcome measures and statistical
analysis were defined according to the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) recommendations [20]. Patients were not involved in the conception,
design, analysis, drafting, interpretation or revision of this research. Thus, ethics approval

was not required.

Electronic search
The following databases were searched: a) MEDLINE (1946 till October week 1 2016) via
OvidSP, last search on 7" October 2016; b) MEDLINE in-process and other non-indexed

citations (latest issue) via OvidSP, last search on 7" October 2016; c) Ovid EMBASE (1974



to latest issue), last search 7™ October 2016; d) Scopus (1996 till present), last search on 7"
October 2016. Search terms used four strings, which were then linked by an AND modifier.
The first string included: laparoscopy OR laparoscopic OR minimally invasive; the second
string: liver resection OR hepatectomy; the third string: hepatocellular OR liver; and the
fourth string: carcinoma OR cancer OR malignancy OR neoplasm. Truncated search terms
utilising the wildcard character and the “related articles” function were used to broaden the
search. Additionally, the references of included articles were hand-searched to identify any

additional studies.

Study selection

All controlled clinical studies in which the laparoscopic approach for HCC was compared with
open surgery in terms of postoperative and long-term outcomes of overall and disease-free
survival were selected. In addition, all of the studies included in the meta-analysis met the
following criteria: a) tumours were solitary, restricted to the left lateral lobe or the peripheral
subcapsular right segments of the liver, accompanied by no documented non-hepatic
disseminated disease in preoperative imaging and no major vascular invasion; and disease
was treatable by limited resection (three or fewer segments); b) patients had no
contraindication for the laparoscopic approach, did not require any other additional
procedures, and had no history of upper major laparotomy, or of cardiac or respiratory
impairments; ¢) reporting of at least postoperative outcomes, long-term overall survival and
disease-free survival assessed as outcome measures of the effect of the treatment; d) article
was published or accepted for publication as full-length articles, and at least 20 patients were
included. No restrictions were made on language. Non-human studies, experimental trials,
review articles, editorials, case reports, letters, conference abstracts and unpublished studies

were excluded.



Outcome measures
Outcomes assessed were: long-term oncological parameters (tumour recurrence; 1-, 3-, and
5-year overall survival, and 1-, 3- and 5-year disease-free survival). Other additional

outcomes reported were also reviewed.

Data extraction and quality assessment

Two independent reviewers (E.L.G and S.C.) screened all the titles and abstracts for
inclusion, both of whom were blinded to authors, journals, institutional affiliations and dates
of publication. Both reviewers evaluated each selected reference independently and
summarised relevant study characteristics. In case of disagreement, a consensual decision
between the two reviewers under involvement of a third independent reviewer (S.M.) was
reached. The following data items were extracted: the year of publication, study design,
sample size, country of study, type of patients, patient characteristics, outcome measures,
and conclusions. Data were entered into Review Manager 5.3 (Cochrane Collaboration,
Oxford, United Kingdom). The quality of observational studies was appraised for

rigorousness using the Newcastle-Ottawa quality assessment tool.

Data synthesis and analysis

The reported odds ratio (OR) with 95% confidence interval (Cl) was used in the analysis. The
hazard ratio (HR) was used as a summary statistic for long-term outcomes (survival analysis)
as described by Parmar et al [21]. A HR of less than one represented a survival benefit
favouring the LH group. Medians were converted to means using the formula described by
Hozo et al [22]. The fixed-effects model was used to pool the results. Authors of the original
publications were contacted in the event of insufficient data, but this was not the case in this
analysis. The standard heterogeneity test, the I statistic, was used to assess the
consistency of the effect sizes, which indicates the percentage of the variability in effect

estimates because of true between-study variance rather than within-study variance. In all



cases, statistical heterogeneity was assessed by using I° statistic and was categorised as
low, moderate and high for an 12 statistic of above 25%, 50% and 75%, respectively. Results

above 60% were considered as substantial heterogeneity.

Results

Study characteristics

Five comparative cohort studies comprising a total of 888 patients were included in this
meta-analysis (Figure 1). There were 276 patients in the laparoscopic group and 612
patients in the open group [23-27]. No significant differences were present in patient
demographics between both groups. All studies were single centre retrospective cohort
studies, and four studies were case-matched in terms of demographic data, tumour
characteristics, operative data, and/or postoperative outcomes. The total number of patients
in each study ranged from 28 to 330. Following a diagnosis of HCC, patients underwent
hepatectomy according to their clinical features, serum a-fetoprotein levels, liver function,
results of transabdominal ultrasonography, and results of liver imaging, which included
preoperative triple-phase multi-slice computed tomography and/or magnetic resonance
imaging. Patients were confirmed to have HCC by postoperative pathological examination of
samples. In the laparoscopic group, 97.8% of patients were classified as Childs-Pugh Class
A. Meanwhile, 97.7% of patients in the open group were classified as Childs-Pugh Class A.
The remaining patients in both groups were classified as Class B. The overall conversion
rate was 8.3% (Table 1). Hepatitis B was the predominant cause of cirrhosis in both analyses
by Cheung et al, while Hepatitis C was the main cause of cirrhosis in the studies performed
by Belli et al and Memeo at al (Table 2) [23, 25-27]. Truant et al reported alcohol to be the

major cause of cirrhosis in their study population [24].

Quality of included studies
The non-randomised studies were evaluated for sources of bias using a modified Newcastle-

Ottawa Scale (Table 3). Four studies achieved a score of 7/8 while one study scored 8/8.



The four studies scoring 7/8 attained maximum points for the “selection” and “comparability”
category, but lost a point under the “outcome” category, specifically for lack of adequate
follow-up and missing data, both of which potentiate possible bias. Using a funnel plot, the
risk of publication bias was examined (Figure 2). No asymmetry of the plot was noted. In all
studies, resectability was defined as the absence of extrahepatic disease on radiographic
imaging, anatomically suitable disease and no portal vein thrombosis. No limit on tumour size
was present in the studies and although Belli et al limited laparoscopic surgery to lesions less
than 5 cm, this was extended to lesions greater than 5 cm in the final year of their study [23].
Belli et al, Cheung et al and Memeo et al limited their cohort to patients with Childs-Pugh
Class A and Class B cirrhosis while Truant et al and Cheung et al limited their cohort solely

to patients with Childs-Pugh Class A cirrhosis [23-27].

Long-term outcomes

Pooled analysis of the four studies reporting data on tumour recurrence displayed a lower
incidence of tumour recurrence in the laparoscopic cohort compared to the open cohort
(Figure 3). There was a statistically significant reduction in the risk of recurrence following
laparoscopic resection of the tumour with an OR of 0.65 (95% CI: 0.48 to 0.89) and zero

heterogeneity in the data obtained from the studies (1>=0%, P=0.48).

Overall survival between the laparoscopic and open cohorts were compared at 1-, 3- and 5-
years using the HR (Figure 4). Pooled analysis showed significantly improved overall survival
in the laparoscopic group compared to the open group at 1-, 3- and 5-years. The HRs were
as follows: 1-year, HR of 0.41 (95%CI. 0.25 to 0.68); 3-years, HR of 0.63 (95%CI: 0.46 to
0.87); and 5-years, HR of 0.60 (95%CI: 0.45 to 0.80). No heterogeneity was present in the

data at all three time-points (1°=0%, P=0.98).

Pooled analysis of the disease-free survival rates favoured LH over OH at 1-year (Figure 5).

Disease-free survival following both procedures were comparable at 3- and 5-years although



there was a trend towards improved survival in the laparoscopic cohort. The HRs were as
follows: 1-year, HR of 0.71 (95%CI: 0.53 to 0.96); 3-years, HR of 0.89 (95%CI: 0.70 to 1.14);
and 5-years, HR of 0.85 (95%CI: 0.70 to 1.04). Overall, the data exhibited moderate

heterogeneity at all three time-points (1°=52%, P=0.01).

Discussion

The present review provides a summary and meta-analysis of the differences in long-term
oncological outcomes of the laparoscopic approach compared to the open approach for
patients undergoing hepatectomy for HCC with a background of cirrhosis. The analysis
concludes significantly improved long-term outcomes in favour of the laparoscopic technique
over the open technique. Patients undergoing laparoscopic resection had a lower risk of
tumour recurrence and improved long-term overall and disease-free survival. These findings
build on the previous meta-analysis, which was limited to intraoperative and postoperative

measures, both of which are markers of short-term outcomes [19].

This review also suggests that the laparoscopic approach may confer oncological
advantages over the open approach, given that patients in this cohort were at a significantly
lower risk of tumour recurrence. This can be attributed to the higher rates of negative surgical
margins (R resection) achieved with laparoscopic resection [19]. Shi et al reported that a
resection margin of 2 cm compared to the conventional 1 cm in patients undergoing liver
resection for HCC correlated with improved long-term outcomes [28]. Laparoscopic surgery
allows for magnification of affected tissue in high-definition, which can aid surgeons in the
identification and assessment of the tumour and consequently, resection of a wider tumour-
free margin. Furthermore, incorporating laparoscopic ultrasound into routine practice for liver

resection may improve resection yield further [2, 29].

Previous meta-analyses have demonstrated comparable outcomes in terms of overall and

disease-free survival between the laparoscopic and open techniques [19, 30]. The present



analysis demonstrates improved long-term overall survival in the laparoscopic cohort, at 1-,
3- and 5-years. Meanwhile, disease-free survival in the laparoscopic group was higher at 1-
year but comparable at 3- and 5-years. These findings are likely to be due to the markedly
lower amount of blood loss as well as the higher negative surgical margin rates, which lower
the risk of tumour recurrence as noted earlier [31-33]. The haematogenous spread of
malignant cells during surgical resection has been reported in pancreatic, colorectal and
prostate cancer [34-36]. Furthermore, venous permeation and vascular penetration by
malignant processes occur frequently in HCC, which may result in the pre-operative
dissemination of these cells as well [37, 38]. The increased manipulation and mobilisation of
the tumour that occurs in OH may promote the spread of these malignant cells into the
systemic and intrahepatic portal venous system [39-42]. Thus, it is apparent that
laparoscopic procedures are best suited for well-differentiated tumours with a survival benefit

in patients with stage-lIl HCC compared to stage-l HCC [2, 25, 27, 43].

Limitations

There are several limitations that must be considered when interpreting the findings of this
analysis. Firstly, only patients with HCC and cirrhosis were assessed, with data pooled from
five retrospective studies so the generalisability of these findings to the wider population of
patients with HCC should be treated with caution. Furthermore, there appears to be a degree
of overlap between the patients used in both analyses by Cheung et al [25, 27]. There are
also several inherent methodological limitations to the studies, which render them liable to
selection bias; specifically, the non-randomised nature and small proportion of patients who
are eligible for laparoscopic resection. However, the authors of these studies have attempted
to address and minimise the effect of these factors with case-matching and propensity
analysis. It must be emphasised that the diagnosis of cirrhosis in the patient population was
made clinically and radiologically. As such, a small proportion of the diagnoses were refuted
on postoperative histological examination. This is evident in both analyses by Cheung et al

where the proportion of histologically confirmed cirrhosis cases were 82.3% and 74.5%



10

respectively [25, 27]. Only Memeo et al included patients with histologically-confirmed
cirrhosis and this discrepancy highlights the difficulty and reality of retrospective trials [26].
No histological data were reported by Belli et al and Truant et al [23, 24]. Moreover, the
authors would like to highlight that the most recent analysis performed by Cheung et al
makes up approximately half of the total humber of patients, which is worth noting when
interpreting the findings [27]. Finally, it is worth noting that most of the studies reported no
individual statistical differences between the laparoscopic and open groups in terms of
tumour recurrence, overall and disease-free survival. However, a marginal statistical
difference does emerge following pooling of data for analysis. Thus, it can be reasonably
concluded that the laparoscopic approach is at least as efficacious at the open approach and

that further studies are necessary to determine superiority.

Conclusion

The present meta-analysis concludes significantly improved long-term outcomes including
tumour recurrence, 1-, 3- and 5-year overall survival and 1-year disease-free survival
following LH for patients with HCC and underlying cirrhosis. These findings suggest that the
laparoscopic approach as safe and efficacious as the open approach with careful selection of
patients. A rigorous assessment of the suitability of patients for LH therefore allows the
optimisation of long-term outcomes. Future research on the generalisability and applicability
of laparoscopic resection in this subgroup of patients with HCC and underlying cirrhosis will

be necessary to overcome the inherent limitations of the currently available evidence.
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Figure 1. Flow diagram illustrating screening and selection process
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Figure 2. Funnel plot for publication bias

Figure 3. Tumour recurrence

Figure 4. A. 1-year overall survival B. 3-year overall survival C. 5-year overall survival

Figure 5. A. 1-year disease-free survival B. 3-year disease free survival C. 5-year disease-free

survival
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(e.g., 13 for each meta-analysis.
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Risk of bias across studies 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 5-6
reporting within studies).

Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 3-5
which were pre-specified.

RESULTS

Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 6
each stage, ideally with a flow diagram.

Study characteristics 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 15
provide the citations.

Risk of bias within studies 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12). 6-7

Results of individual studies 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 7
intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.

Synthesis of results 21 | Present results of each meta-analysis done, including confidence intervals and measures of consistency. 7

Risk of bias across studies 22 | Present results of any assessment of risk of bias across studies (see Item 15). Figure 2

Additional analysis 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see ltem 16]). 7

DISCUSSION

Summary of evidence 24 | Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 8-9
key groups (e.g., healthcare providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.qg., risk of bias), and at review-level (e.g., incomplete retrieval of 9
identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications for future research. 10

FUNDING

Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the Title
systematic review. Page

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): €1000097.

doi:10.1371/journal.pmed1000097

For more information, visit: www.prisma-statement.org.
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