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Background: Laparoscopic liver resection (LLR) has been accepted as a safe and effective treatment for
hepatocellular carcinoma (HCC). However, its impact on elderly patients remains uncertain. This study
aimed to compare the efficacy and safety of LLR with open liver resection (OLR) in elderly HCC patients.
Methods: We conducted a search across the Ovid-Medline, Ovid-EMBASE, and Cochrane Library
to identify comparative studies involving primary HCC in elderly patients (>65 years). Efficacy-related
outcomes encompassed overall survival (OS) and disease-free survival (DFS), while safety-related outcomes
included post-operative mortality, complications, and length of stay (LOS).

Results: We identified nine eligible cohort studies comprising 1,599 patients. LLR demonstrated
comparable 3- and 5-year DFS [hazard ratio (HR) =1.00, 95% confidence interval (CI): 0.98-1.02; HR
=1.02, 95% CI: 0.99-1.05] and 3- and 5-year OS (HR =1.01, 95% CI: 0.99-1.02; HR =1.02, 95% CI: 0.99-
1.06, respectively) compared to OLR. In terms of safety, there was no significant difference between LLR
and OLR in in-hospital mortality [odds ratio (OR) =0.19; 95% CI: 0.02-1.69], 30-day mortality (OR =0.33;
95% CI: 0.03-3.20), and 90-day mortality (OR =0.70; 95% CI: 0.32-1.53). Additionally, LLR presented
fewer overall complications (OR =0.53; 95% CI: 0.41-0.67), a lower rate of major complications (OR =0.51;
95% CI: 0.35-0.74), a reduced incidence of liver failure (OR =0.56; 95% CI: 0.33-0.94), and a shorter LOS
compared to OLR (mean difference: -14.47 days).

Conclusions: LLR exhibited comparable clinical efficacy and superior safety and fewer complications
when compared to OLR in elderly patients with HCC requiring surgery.
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Introduction

Hepatocellular carcinoma (HCC) poses a significant
global health challenge, ranking as the sixth most common
malignancy worldwide and serving as a major contributor to
cancer-related morbidity and mortality (1). Moreover, the
global aging population has contributed to a rising number
of elderly individuals diagnosed with HCC, highlighting
the importance of this demographic group in disease
management (2,3).

The therapeutic approach to HCC varies significantly,
encompassing a spectrum of treatments, including
transplantation, locoregional therapies, and surgical
resection. The choice of treatment depends on factors such
as the disease stage, extent, and the patient’s overall health
(4,5). Among these options, surgical resection has emerged
as a primary curative strategy for HCC, offering the
potential for long-term survival and disease control (6-9). In
the context of an aging population, a critical question arises:
“What is the most effective and safest surgical approach for
hepatocellular carcinoma in elderly patients?”

Two prominent surgical techniques for HCC resection
are laparoscopic liver resection (LLR) and open liver

Highlight box

Key findings

* The key findings indicate that laparoscopic liver resection (LLR)
is associated with significantly fewer complications, both major
and minor, as well as a reduced incidence of postoperative ascites,
and shorter length of hospital stay compared to open liver
resection (OLR). No significant difference was found in long-
term survival rates (overall survival and disease-free survival)
between LLR and OLR.

What is known and what is new?

® Surgical resection, including LLR and OLR, is a primary curative
strategy for hepatocellular carcinoma (HCC). The effectiveness
and safety of these procedures in elderly patients, however, had not
been comprehensively analyzed.

e This study provides new insights by specifically comparing
LLR and OLR in elderly patients with HCC, highlighting the
advantages of LLR in terms of lower complication rates and
shorter hospital stays.

What is the implication, and what should change now?

® The findings suggest that LLR may be a safer and more suitable
alternative to OLR for elderly patients with HCC. Given the
reduced complications and shorter recovery time, clinicians and
surgical teams should consider LLR as the preferred surgical
approach in this demographic, enhancing patient care and
potentially improving outcomes.
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resection (OLR). LLR, a minimally invasive surgery, has
gained popularity over the last two decades due to its
potential advantages, including reduced postoperative
pain, shorter hospital stays, and faster recovery (9-11).
In contrast, OLR represents the conventional surgical
approach, affording the surgeon a direct and tactile
perception of the liver, which allows for better control of
bleeding and potential complications (12). The decision-
making process regarding the choice of surgical approach is
particularly complex in elderly patients who commonly have
a unique set of challenges like comorbidities, compromised
physiological reserves, and altered responses to surgical
stressors (13). As the elderly population continues to grow,
optimizing the management of HCC in this demographic
becomes increasingly important.

This systematic review and meta-analysis aimed to fill
the knowledge gap by systematically comparing the efficacy
and safety of LLR and OLR for HCC in elderly patients
(=65 years). Through a comprehensive review and synthesis
of existing evidence, we aimed to offer valuable insights that
can assist clinicians and surgical teams in making informed
decisions regarding the surgical approach for this specific
patient population. We present this article in accordance
with the PRISMA reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-24-67/rc).

Methods

The methods for selecting articles, conducting data
analysis, and reporting the results of the meta-analysis
were predetermined in the protocol. The protocol was
registered on the PROSPERO (registration number
CRD42022301691). Ethics approval for this study
was waived from the IRB of National Evidence-based

Healthcare Collaborating Agency (NECA).

Search strategy

We conducted a comprehensive search for studies
comparing LLR with OLR in the treatment of elderly
patients with HCC up until March 2022. We utilized
the Ovid-Medline, Ovid-EMBASE, and Cochrane
Library databases, with no restrictions on publication
year or language. Our search strategy combined Medical
Subject Headings (MESH) terms such as “hepatocellular
carcinoma”, “aged”, and “hepatectomy” as well as related
terms. To efficiently identify randomized controlled trials

and observational studies, we applied the search filter
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recommended by the Scottish Intercollegiate Guidelines
Network. Furthermore, we scrutinized the bibliographies of
relevant articles to identify any additional publications. For
a detailed breakdown of our search strategy and results for
each database, please refer to the Tables S1-S3.

Inclusion and exclusion criteria

In our study, we focused exclusively on patients undergoing
primary surgical treatment for HCC and did not include
cases of re-hepatectomy. Two independent reviewers (J.J.Y.
and S.R.) conducted an initial screening of titles and abstracts
to exclude irrelevant studies. Subsequently, a thorough full-
text review of potentially relevant articles was performed.
The inclusion criteria were defined as follows: (I) studies
focusing on elderly patients (>65 years) with primary HCC;
(II) comparative studies between LLR (laparoscopic or
robotic) and OLR for elective surgical procedures; (III)
studies reporting at least one of our predetermined outcomes
of interest; and (IV) original, peer-reviewed articles that
had been published. The exclusion criteria encompassed: (I)
studies involving inappropriate populations, such as those
with stage IV HCC, recurrent HCC or re-hepatectomy,
liver metastasis, or specific situations like human
immunodeficiency virus (HIV) infection; (II) studies related
to emergency surgery or palliative treatment; (III) non-
original articles, including reviews, editorials, letters, etc.;
(IV) publications consisting solely of abstracts; (V) studies
published in languages other than English or Korean; and
(VI) duplicate publications. Any discrepancies in the review
process were resolved through discussion and consensus, with
the involvement of additional reviewers when necessary.

Data extraction and quality assessment

We employed the Methodological Index for Non-
randomized Studies (MINORS) (14) to evaluate the quality
of non-randomized surgical studies. Quality assessments
were conducted independently by two researchers (D.A.P.
and S.R.). Any discrepancies in assessment were resolved
through consensus among all the authors. The data
extraction encompassed the following categories: (I) study
characteristics, including study design, country, study
center, etc.; (II) participant characteristics, such as the
disease, age cutoff point, stage, and proportion of males;
(III) intervention details, including the type and scope of
surgery; (IV) outcomes, which comprised survival outcomes
at 3- and 5-year intervals, encompassing overall survival
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(OS) and disease-free survival (DFS), as well as post-
operative mortality at 30 days, 90 days, and in-hospital,
liver failure-related mortality, overall complication rate,
major/minor post-operative complication rate, individual
post-operative complications, including liver failure,
heart failure, respiratory failure, renal failure, ascites,
hemorrhage, wound infection, intra-abdominal abscess,
re-operation rate, recurrence rate, re-hospitalization rate,
and patient-reported outcomes. Major complications were
defined as Clavien-Dindo grade III or higher, while minor
complications were defined as Clavien-Dindo grades I-II.
Additionally, we considered the descriptions provided by the
authors of the primary research papers. Two independent
reviewers extracted the variables listed above using a
predefined data extraction form, and a double-check was
performed to ensure accuracy. In cases where the primary
research paper did not provide relevant data, we extracted
survival rates and median survival times using the “Ungraph”
program. To mitigate selection bias, we gave preference
to extracting and utilizing matching data from matched
studies.

Statistical analysis

Survival results were presented using descriptive statistics,
relying on median survival time and 5-year survival rate
data extracted from the literature. When applicable, we
conducted meta-analyses employing a random-effects
model, utilizing either the generic inverse variance method
or the Mantel-Haenszel method to convey the impact of a
variable on survival in terms of hazard ratios (HRs) or odds
ratios (ORs) with accompanying 95% confidence intervals
(CIs). To assess statistical heterogeneity, we employed
Cochran and I’ statistics. Statistical heterogeneity was
analyzed through a chi-squared test, with a significance
threshold set at a P value <0.10 in the I’ test (15). An I’
value exceeding 50% was considered substantial evidence
of statistical heterogeneity (16). Subgroup and sensitivity
analyses_were conducted to elucidate any heterogeneity
among studies, when statistically significant, or to explore
treatment effects based on specific study characteristics.
Variables considered in the subgroup or sensitivity analysis
included patient characteristics (age cutoff, tumor stage),
intervention details [proportion of minor liver resection
(LR)], general study characteristics (country, study design,
number of adjusted variables), and methodological factors.
Subgroup analyses were performed when there were
five or more articles, as a small number of studies can
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Identification of studies via databases and registers

Records identified from:
® Global Database (n=11,926)
- Ovid-Medline (n=5,726)
- Ovid-EMBASE (n=5,433)
- Cochrane Register of Controlled
Trials (n=767)
e Local Database (n=400)
- KOREAMED (n=53)
- KMbase (n=34)
- KISS (n=313)

Identification

Records removed before screening:

Y

> ¢ Duplicate records removed
(n=2,736)

Records screened
(n=9,590)

Records excluded

Y

(n=6,854)

Y

Reports sought for retrieval
(n=2,736)

Reports not retrieved

Y

(n=2,514)

Screening

Y

Reports assessed for eligibility
(n=222)

Reports excluded:

Y

Studies included in review
(n=9)

Included

Figure 1 Flow diagram of study selection.

yield misleading results. Sensitivity analysis was executed
exclusively on matched studies and those with median
MINORS scores. Unfortunately, a sensitivity analysis
involving studies exclusively on super-elderly patients
(>80 years) was infeasible due to a lack of relevant studies.
For analyses involving more than 10 studies, we planned to
assess publication bias and utilized the contour-enhanced
funnel plot and Egger’s test. For conducting the meta-
analysis, we utilized RevMan version 5.4 (The Cochrane
Collaboration, Oxford, UK). The threshold for statistical
significance was set at 5%.

Results
Study characteristics

We initially identified 2,736 potentially relevant studies
from electronic databases and meticulously screened them,

© Journal of Gastrointestinal Oncology. All rights reserved.

* Inappropriate patient population
(n=120)

* Inappropriate outcomes (n=9)

* Inappropriate intervention (n=4)

* Inadequate comparison (n=75)

¢ Inadequate study design (n=5)

resulting in the selection of 222 studies for full-text review
(Figure 1). Of these, 213 were excluded, leaving 9 studies
included in this review. Tuble I offers an overview of these
9 studies, encompassing a total of 1,599 patients (17-25). All
included studies were retrospective observational cohort
studies. Notably, 8 of these studies employed propensity
score matching analysis to compare LLR and OLR
outcomes. Seven of the studies were conducted in Asian
countries. Age criteria for defining elderly patients varied,
with five papers (55.6%) using a cutoff of 70 years, while
two papers (22.2%) used criteria of 75 and 65 years of age.

Quality assessment

In the quality assessment of the included cohort studies,
most of the 12 items received a rating of two points,
with the exception of consecutive population sampling
and prospective data collection (Figure S1). The median

7 Gastrointest Oncol 2024;15(3):1153-1164 | https://dx.doi.org/10.21037/jgo-24-67


https://cdn.amegroups.cn/static/public/JGO-24-67-Supplementary.pdf

1157

Journal of Gastrointestinal Oncology, Vol 15, No 3 June 2024

‘Awolosreday Jofew oidoososede| ‘HINT ‘ewouroled senjgooleday ‘DOH ‘yolew a109s Ausuadoid ‘NSd Hoyod aAi3oadsodal ‘OY ‘Salpnig paziwopuel
-UON Jo} x8pu| [eolBojopoyis| ‘SHONIIA ‘UOI08sal JaAl| ‘YT ‘uoioesel JeAll uedo ‘YO ‘uonoseses Joll oldoosolede| ‘g1 "uonoesal uswbes jusdelpe ¢> 47 Joulw ‘|

DDH 404 suol0asal

pauojjusw oljeday Jusmispun
papn|ox3 10N 61 %688 %00} 8L/LL S/ sjueied Auepi3 ¥102-010g  Jeusd 8|buig oY Arey (S2) 210z ‘orewy
DOH 40}
pauoljusw pauolusw HINT Jusmispun oym
10N 10N 4 %00L %001 ze/ee 0/  sluened eAnossu0) 9102-G00Z Jelued 8lbuls NS ‘OY esodebuls  (#2) 8102 ‘UoH
DDH 410} uoljossal
pauollusw pauolusw JOAI| JUBMIBpUN oYM (6=u)
10N 10N 4 POXIN  POXIN  GSL/GGI S/ sjuened Apep|3 /102-0102  JoWd0-BjINA INSd ‘04 ueder (e2) 0202 ‘lwoN
uol08sal JaAl|
Juemispun DOH eAleu
pauoluaw -luswijeal) Aejjos
10N pepn|ox3 e %095 %LLS  091/96 59 yum syuened Apepl3  /102-€102  Jelusd 8iBuIS NS ‘Od  BeIo) (22) 020z ‘wiy
Awoyoeieday
pauonuaw Jaye sieak /< (12) 0zo2
10N papn|ox3 [ %1'9S  %.'€S L/ Ly 0. pebe syusiied OOH  8102-£002 J91WL0 BIBUIS NS ‘O Bauoy  ‘einBrubbuoiwung
Awojoejeday [eoiped
Jusmispun oym Jspjo
pauollusw pauolusw Jo sJeak g/ pabe DOH
10N 10N 0z %00l %001} ¥9/¥9 0/  Aewudyumsiuened 8L0z-£L0z J9we0 9IBUIS NS ‘OH  BUlyD (02) 0202 ‘usuD
uol08sal JaAl|
pauoniuaw pauoljusw jusmispun oym p|o
10N 10N 4 %S 16 %Y v6 L2/ G9  siesh Gg Jeno sjusied 8102-GLOZ J8ed 9lbuls NS ‘Od  BuluD (61) L20T ‘Us
pauojusw  pauofusw OOH (8=v) (81
10N 10N 4 %808 %.'18 6lg/6l2 0L yum syueied Ayepl3  6102-6002  JeIUSD-HINIA INSd ‘OH  edoung |20z ‘olyoosnled
470 pue
477 Jusmispun oym
pauoiusw DOH yim pesoubelp (21)
papn|ox3 10N 4 %026 %06  GL/S. 0.  Ameusiesh 022 peby |202-0L0Z Jewueo 8lbuls NS ‘Od  uedep 220z ‘Uspuoly
d710 dT1 (saeakh)
Yoeo.dde fusbins 91008 (1047 BLIB1IIO suone|ndod Apn ouad |joJu Jo1u80 Apn ubisep uojBo) Jeah ‘oyin
PUGAH  omogoy  sONiw - HTOU N oo wel PIIS  POLRCIIN  JoHIeo IS oms  /Anunoo v
J0 uorpodoid Auepi3

SIPMIS PIPNIIUL JO SONSLINILIRYD [BIIUAL) T I[qE],

7 Gastrointest Oncol 2024;15(3):1153-1164 | https://dx.doi.org/10.21037/jgo-24-67

© Journal of Gastrointestinal Oncology. All rights reserved.



1158

Yoo et al. Open vs. laparoscopic resection in elderly HCC

Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% Cl Year v,

3-year 0§
Kim 2020 0.0022 00068 41.9% 1.00[0.99,1.02] 2020
Dumronggittigule 2020 -0.0194 00158 151% 0.98[0.95,1.01] 2020
Delecchio 2021 00137 001 286% 1.01[0.99,1.03] 201
Wen 2021 0024 00163 14.4% 1.02[0.99,1.06] 2021 u
Subtotal (95% CI) 100.0% 1.01[0.99, 1.02]
Heterogeneity: Tau?= 0.00, Chi*= 4 67, df= 3 (P = 0.20); F= 36%
Testfor overall effect: Z= 0.77 (P = 0.44)

5.year 0§
Chen 2020 -0.0987 01141 21% 0.91[0.72,1.13] 2020 - 1
Dumronggittigule 2020 0.0773 0.0632 6.9% 1.08[0.95,1.22] 2020 T
Kirm 2020 -0.019 00588 8.0% 0.98[0.87,1.10] 2020 -
Delvecchio 2021 0.0251 0.0183 829% 1.03[0.99,1.06] 201 ,
Subtotal (95% Cl) 100.0% 1.02 [0.99, 1.06]
Heterogeneity: Tau?= 0.00; Chi*=2.40, df= 3 (P = 0.49); F=0%
Testfor overall effect: Z=1.35(P=0.18)

05 0.7 15 2

Favours LLR Favours OLR

Figure 2 Meta-analysis results on overall survival. SE, standard error; CI, confidence interval; OS, overall survival; LLR, laparoscopic liver

resection; OLR, open liver resection.

MINORS score for the assessed values in the 9 studies was
21 points.

os

OS data were available in 5 papers, with median survival
times identified in four of them, although the 50% survival
rate reference point was not reached. In one study, the
survival range was reported as 41.1 months in the LLR
group and 39.1 months in the OLR group. Four papers
provided data on the 3-year survival rates, ranging from
66.9% to 91.0% in the LLR group and 60.5% to 94.6% in
the OLR group. For the 5-year survival rate, it ranged from
62.0% to 86.7% in the LLR group and 59.0% to 87.0%
in the OLR group. Pooled analyses showed no significant
difference between the two groups for both 3-year (HR
=1.01; 95% CI: 0.99-1.02; I’=36%) and 5-year survival rates
(HR =1.02; 95% CI: 0.99-1.06; I’=0) (Figure 2).

DFS

DEFS data were available in five papers, and we extracted
the 3- and 5-year DFS rates from papers. The 3-year DFS
rate ranged from 48.1% to 71.5% in the LLR group and
49.3% to 58.1% in the OLR group. For the 5-year DFS
rate, it varied from 43.4% to 66.0% in the LLR group
and 30.8% to 57.0% in the OLR group. Pooled analyses
indicated no significant difference between the two groups
for both 3-year DFS (HR =1.00; 95% CI: 0.98-1.02;

© Journal of Gastrointestinal Oncology. All rights reserved.

I’=0%) and 5-year DFS (HR =1.02; 95% CI: 0.99-1.05;
’=0%) (Figure 3).

Post-operative short-term mortality

Eight studies provided data on the 90-day post-operative
mortality rate, while two studies reported 30-day mortality,
and one study reported in-hospital mortality. No significant
differences were observed between the two groups in
terms of 90-day post-operative mortality (OR =0.70; 95%
CIL 0.32-1.53; ’=0%), 30-day mortality [OR =0.33; 95%
CI: 0.03-3.20; I’= not available (NA)], and in-hospital
mortality (OR =0.19; 95% CI: 0.02-1.69; I'= NA) (Figure 4).
Subgroup analysis results for 90-day mortality across all
subgroups based on cutoff age and LR type were consistent
with the main findings (Table $4).

Post-operative complication rate

The overall complication rate was significantly lower in the
LLR group compared to the OLR group (OR =0.53; 95%
CIL 0.41-0.67; I’=0%, Figure 5A). Also, incidence of major
complication was significantly lower in LLR group (OR
=0.51; 95% CI: 0.35-0.74; 1’=0%, Figure 5B). Subgroup
analysis based on age cutoff, type of LR, and countries also
showed consistent results (Table S5). Additionally, the post-
operative minor complication rate was significantly lower
in the LLR group than in the OLR group (OR =0.72; 95%
CI: 0.54-0.94; I’'=0%, Figure 5C).
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Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE_Weight IV, Random, 95% CI Year IV, Random 1

3.year DFS
Dumronggittigule 2020 -0.0084 00125 73.9% 0.99(0.97,1.02] 2020
Kirn 2020 0.0498 0.0673 2.5% 1.05[0.92,1.20] 2020 -1
Delvecchio 2021 0.0166 0.0265 16.4% 1.02[0.97,1.07] 201 T
Wen 2021 0.0492 0.0402 7T1% 1.05[0.97,1.14] 201 T
Subtotal (95% CI) 100.0% 1.00 [0.98, 1.02] L ]
Heterogeneity: Tau®= 0.00; Chi*= 287, di=3(P=041); F=0%
Test for overall effect: Z=0.12 (P =0.90)

5.year DFS
Dumronggittigule 2020 0.0954 01414  1.2% 1.10[0.83,1.45] 2020 —
Kirn 2020 0.0356 0.0481 10.2% 1.04 [0.94,1.14] 2020 e
Chen 2020 0.0155 0.0164 B87.3% 1.02[0.98,1.05] 2020 %
Delvecchio 2021 0 01318 1.4% 1.00[0.77,1.29] 201
Subtotal (95% CI) 100.0% 1.02 [0.99, 1.05]
Heterogeneity: Tau®=0.00; Chi*= 048, di=3(P=092); F= 0%
Test for overall effect: Z=1.19(P=0.23)

05 07 15 2

Favours LLR Favours OLR

Figure 3 Meta-analysis results on disease-free survival. SE, standard error; CI, confidence interval; DFS, disease-free survival; LLR,

laparoscopic liver resection; OLR, open liver resection.

LLR OLR Odds Ratio Odds Ratio

1dy or Subgroup Random
90-days mortality

Amato 2017 1} 1 i} 18 Mot estimable 2017
Goh 2018 1 32 0 32 59% 310[012,78.87] 2018
Kim 2020 1 96 2 160 10.6% 083[0.07,9.29] 2020
Nomi 2020 1 155 6 155 136% 0.16[0.02,1.36] 2020 e —
Dumronggittigule 2020 3 41 1 41 11.6% 316 [0.31,31.70] 2020 -r -
Delvecchio 2021 4 219 8 219 418% 0.49(0.15,1.65) 2021 ——
Wven 2021 2 il 1 71 10.5% 203(0.18,22.89] 2021
Monden 2022 0 75 1 75 6.0% 0.33(0.01,8.20) 2022
Subtotal (95% CI) T00 771 100.0% 0.70 [0.32, 1.53] “."
Total events 12 19

Heterogeneity: Tau®= 0.00; Chi*= 5.58, df= 6 (P = 0.47); F= 0%
Testfor overall effect: Z= 0.89 (P=0.37)

30-days mortality
Nomi 2020 1 155 3 155 100.0% 0.33(0.03,3.20] 2020 ——
Chen 2020 0 64 0 64 Not estimable 2020
Subtotal (95% CI) 219 219 100.0% 0.33 [0.03, 3.20) ———
Total events 1 3

Heterogeneity: Not applicable
Testfor overall effect: Z= 0.96 (P = 0.34)

In-hospital mortality

Nomi 2020 1 155 5 155 100.0% 019[0.02,1.69] 2020 i—
Subitotal (95% CI) 155 155 100.0% 0.19 [0.02, 1.69) —
Total events 1 5

Heterogeneity. Not applicable
Testfor overall effect Z=1.49 (P=0.14)

0.01 04 10 100
Favours LLR Favours OLR

Figure 4 Meta-analysis results on post-operative short-term mortality. LLR, laparoscopic liver resection; OLR, open liver resection; M-H,

Mantel-Haenszel; CI, confidence interval.
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A Overall complication

Experimental Laparoscopic  Control Open ‘Odds Ratio Odds Ratio
—Study or Subgroup Events Total Events Total Weight M.H, Random, 05% Cl Year M.H, Random, 95% CI
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Figure 5 Meta-analysis results on post-operative complication and hospital stay. (A) Overall complication. (B) Major complication. (C)
Minor complication. (D) Post-operative liver failure. (E) Length of stay. M-H, Mantel-Haenszel; CI, confidence interval; LR, liver resection;

LLR, laparoscopic liver resection; OLR, open liver resection.
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Post-operative individual complication rate

When considering specific complications, the incidence
of post-operative liver failure was significantly lower in
the LLR group compared to the OLR group (OR =0.56;
95% CI: 0.33-0.94; I’=0%, Figure 5D). In addition, it
was possible to analyze the occurrence of ascites, wound
infection, respiratory complication, bile leak, and bleeding
(Table S6). The occurrence of ascites (OR =0.63), wound
infection (OR =0.47), respiratory complication (OR =0.31),
bile leak (OR =0.45), and bleeding (OR =0.65) all tended to
be lower in the LLR group compared to the OLR group.
Among these, the incidence of respiratory complications
was statistically significantly lower in the LLR group (OR
=0.31; 95% CI: 0.16-0.59; I’=0%).

Length of bospital stay
Regarding the length of stay (LOS), we identified 8 papers;

however, a meta-analysis was not feasible due to most of
them reporting median and range data. Nevertheless, all
the studies consistently reported a significantly shorter
hospitalization duration in the LLR group. Specifically,
the median hospitalization periods for the LLR and OLR
groups were 7 (range, 1-97) and 10 (range, 4-386) days,
respectively. In an exploratory integrated analysis following
data conversion, the LLR group exhibited a significantly
shorter hospitalization period compared to the OLR group,
although there was a high degree of heterogeneity among
the studies (mean difference: -14.47 days; 95% CI: -19.20
to -9.74 days; '=98%, Figure SE).

Re-operation rate and re-bospitalization rate

Re-operation rates were reported in three studies. The
meta-analysis showed no significant difference between the
two groups, and there was moderate heterogeneity among
the studies (OR =1.52; 95% CI: 0.12-18.96; I’=62%). Re-
hospitalization rates were reported in one study, and no
significant difference was observed between the two groups

(OR =0.66; 95% CI: 0.11-4.02).

Sensitivity analyses

Sensitivity analysis limited to super-aged patients could
not be conducted due to the absence of relevant studies.
However, we proceeded with planned sensitivity analyses,
which excluded two studies, resulting in outcomes similar
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to those observed in the main analysis (Figure S2). Notably,
in these matched studies, the LLR group exhibited a
significantly lower incidence of post-operative ascites
compared to the OLR group (n=4 studies; OR =0.51;
95% CI: 0.34-0.76; I’=3%) (Figure S2). Finally, sensitivity
analyses using studies with MINORS scores above the
median (21 points), yielded results consistent with the
findings of the overall analysis (Figure S3).

Discussion

This systematic review and meta-analysis aimed to assess
the long-term prognosis and short-term post-operative
outcomes of LLR in comparison to OLR in elderly patients
with HCC. While previous meta-analyses have addressed
HCC in elderly populations, our study specifically focused
on patients aged >65 years, as defined by the World Health
Organization, with primary HCC. We excluded studies
with mixed populations, encompassing patients under
65 years of age or those with other liver malignancies
like intrahepatic cholangiocarcinoma, liver metastases, or
recurrent liver cancer. Previously, Jiang et 4/. (10) conducted
a review and meta-analysis encompassing 14 studies
comparing laparoscopic hepatectomy to open hepatectomy,
while Wang er al. (9) performed meta-analyses using
12 propensity score-matched studies. Brolese et /. (11)
reviewed eight studies comparing minimally invasive LRs
(laparoscopic or robotic) to OLR. However, these previous
systematic reviews included studies involving both adults
and patients with primary or metastatic liver malignancies,
potentially introducing variations in effectiveness and
prognosis following surgical resection. Consequently, they
do not offer precise insights into the clinical benefits of
LLR compared to OLR in elderly HCC patients. Our study
comprehensively assessed surgical safety, perioperative
outcomes, long-term prognosis, and patient-reported
outcomes associated with LLR versus OLR specifically
for elderly HCC patients. We achieved this by selecting
comparative studies, including recently published articles
comparing LLR to OLR. As a result, our study incorporated
the most up-to-date comparative surgical data, potentially
providing valuable insights for surgical decision-making.
Our primary outcome of interest in this surgical
treatment analysis was the OS rate among elderly patients
with primary HCC. We aimed to gather comprehensive
data by extracting results from survival curve plots for both
the OS rate and DFS rates at the 3-year and 5-year points.
Subsequently, we conducted descriptive statistics and an
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exploratory meta-analysis. Our analysis indicated that there
was no significant difference in long-term survival between
the two surgical approaches. These findings align with those
of previous studies (9-11). However, it is important to note
that further research is necessary to provide more detailed
survival data and adjusted HR as time-to-event data, which
can enhance the precision and depth of our understanding
in this context.

In terms of overall and post-operative major
complications, our meta-analysis indicated a decreasing
trend in complications associated with LLR, which
aligns with the findings of previous systematic reviews
(9,10). Additionally, our analysis revealed that LLR was
significantly linked to a lower rate of postoperative minor
complications, a result consistent with the findings of
Wang et al. (9). The smaller abdominal incision used in
LLR can help maintain pulmonary function, facilitate
early resumption of diet and ambulation, potentially
contributing to reduced wound and pulmonary
complications (26). In the realm of postoperative
individual complications, our meta-analysis notably
reported that LLR was associated with a lower rate of liver
failure and ascites compared to OLR. These findings were
further emphasized in sensitivity analysis, specifically when
considering matching-design studies exclusively. During
LLR, there is typically no need for complete mobilization
of the liver, except in major LRs. This approach preserves
collateral vessels and lymphatic channels around the liver.
Additionally, LLR requires less manipulation, traction,
and compression of the liver than OLR. All these factors
contribute to the preservation of liver integrity and likely
account for the lower rate of liver failure associated with
LLR when compared to OLR (27).

This study found that the incidences of readmission
and re-operation have been reported in very few studies.
Specifically, regarding the re-operation rate, one out of
the three results was contradictory, possibly attributed
to the complexity of cases in the open surgery group and
limitations in research design after matching. Thus, it is
crucial to minimize the impact of selection bias on the
outcome variable in future research. Furthermore, we
observed that LLR was associated with significantly shorter
hospitalization periods compared to OLR, with a difference
of approximately 7 and 10 days, respectively. While this
finding aligns with reports from previous meta-analyses,
it is important to highlight that there was considerable
heterogeneity in the exploratory meta-analysis that involved
data conversion based on median and interquartile range,
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revealing an approximate difference of 14.5 days and an I’
statistic of 98%.

This systematic review and meta-analysis have several
limitations that warrant acknowledgment. First, the
inclusion of only non-randomized studies in the evaluation
and pooled analysis posed challenges in obtaining results
of optimal clinical relevance. Although many of the studies
were matched retrospective cohort studies, it is important
to recognize that this approach may not completely
mitigate the inherent limitations and risk of selection
bias associated with observational studies. Second, we
encountered difficulty in clearly defining the age cutoff
for elderly patients with HCC. While our intention was
to conduct subgroup and sensitivity analyses with a cutoff
age of >80 years, as defined in the primary studies, the
scarcity of relevant literature limited our ability to explore
age-specific effects thoroughly. Third, the majority of
the included studies were single-center studies (80%)
or conducted in Asian countries (70%). This imbalance
in study settings and geographical locations can pose
challenges to the generalizability of findings to broader
populations. Fourth, our analysis faced limitations due to
the lack of inclusion of non-elderly groups in many of the
studies we reviewed. Consequently, a direct comparison
between these two demographics was not feasible within the
scope of our research. Regarding this topic, we are planning
to publish a paper based on the results of additional meta-
analysis research. Lastly, although we had intended to
assess the impact of surgeon bias and operative variability in
detail, most studies did not provide comprehensive details
or standardized data in this regard. Consequently, it is
advisable to interpret the findings of our study with caution,
considering these limitations and potential drawbacks in the

review process.

Conclusions

In conclusion, this study suggests that LLR may offer
a safer and more suitable alternative to open surgery
for elderly patients with HCC. LLR is associated with
significantly fewer complications, both major and minor, as
well as a reduced incidence of postoperative ascites, along
with a shorter LOS compared to OLR. To establish the
definitive advantages and risks of LLR over OLR in the
treatment of elderly patients with HCC, future research
should encompass long-term prospective controlled studies
and randomized controlled trials that comprehensively
assess clinical, oncological, and patient-reported outcomes.
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