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Abstract
BACKGROUND 
The long-term survival of patients with solitary hepatocellular carcinoma (HCC) 
following anatomical resection (AR) vs non-anatomical resection (NAR) is still 
controversial. It is necessary to investigate which approach is better for patients 
with solitary HCC.

AIM 
To compare perioperative and long-term survival outcomes of AR and NAR for 
solitary HCC.

METHODS 
We performed a comprehensive literature search of PubMed, Medline (Ovid), 
Embase (Ovid), and Cochrane Library. Participants of any age and sex, who 
underwent liver resection, were considered following the following criteria: (1) 
Studies reporting AR vs NAR liver resection; (2) Studies focused on primary HCC 
with a solitary tumor; (3) Studies reporting the long-term survival outcomes (> 5 
years); and (4) Studies including patients without history of preoperative 
treatment. The main results were overall survival (OS) and disease-free survival 
(DFS). Perioperative outcomes were also compared.

RESULTS 
A total of 14 studies, published between 2001 and 2020, were included in our 
meta-analysis, including 9444 patients who were mainly from China, Japan, and 
Korea. AR was performed on 4260 (44.8%) patients. The synthetic results showed 
that the 5-year OS [odds ratio (OR): 1.19; P < 0.001] and DFS (OR: 1.26; P < 0.001) 
were significantly better in the AR group than in the NAR group. AR was 
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associated with longer operating time [mean difference (MD): 47.08; P < 0.001], 
more blood loss (MD: 169.29; P = 0.001), and wider surgical margin (MD = 1.35; P 
= 0.04) compared to NAR. There was no obvious difference in blood transfusion 
ratio (OR: 1.16; P = 0.65) or postoperative complications (OR: 1.24, P = 0.18).

CONCLUSION 
AR is superior to NAR in terms of long-term outcomes. Thus, AR can be recom-
mended as a reasonable surgical option in patients with solitary HCC.

Key Words: Hepatocellular carcinoma; Anatomical resection; Non-anatomical resection; 
Meta-analysis; Systematic review; Solitary tumor

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Anatomical hepatectomy is considered an effective way to treat hepato-
cellular carcinoma (HCC) in theory. However, there is still no consensus about which 
surgical technique between anatomical and non-anatomical hepatectomy is more 
suitable for patients with solitary HCC. This study aimed to compare the long-term 
survival outcomes between anatomical and non-anatomical hepatectomy in HCC 
patients undergoing curative resection. Patients with a solitary tumor undergoing AR 
were associated with a better overall survival.

Citation: Liu H, Hu FJ, Li H, Lan T, Wu H. Anatomical vs nonanatomical liver resection for 
solitary hepatocellular carcinoma: A systematic review and meta-analysis. World J Gastrointest 
Oncol 2021; 13(11): 1833-1846
URL: https://www.wjgnet.com/1948-5204/full/v13/i11/1833.htm
DOI: https://dx.doi.org/10.4251/wjgo.v13.i11.1833

INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most commonly diagnosed cancer and 
the fourth most common cause of cancer-related death worldwide[1]. It is estimated 
that there are about 841000 new cases and 782000 deaths annually[2], causing a heavy 
economic burden on society and government. The main risk factors for HCC are 
chronic infection with hepatitis B virus (HBV) or hepatitis C virus (HCV), alcohol 
abuse, aflatoxin, obesity, and type 2 diabetes[3]. China and Eastern Africa are the most 
high-risk HCC areas globally with a high prevalence of HBV and exposure to 
aflatoxin. Surgical resection is still considered the first-line treatment for HCC in 
patients with preserved liver function[4,5], especially for patients who have a solitary 
HCC. The ideal candidates for surgical resection are patients with a single tumor at an 
early stage, Child–Pugh class A, no clinically significant portal hypertension, and good 
performance status[6]. However, the high incidence of postoperative recurrence of 
HCC remains an unresolved challenge.

Anatomical resection (AR), which was first proposed in the 1980s, was defined as 
complete removal of one Couinaud’s segment (i.e., segments I-VIII) or a combination 
of contiguous territories of the third-order subsegmental portal venous branches 
smaller than one Couinaud’s segment[7]. In theory, AR can produce a better survival 
outcome by systematic removal of the tumor-bearing portal territories. However, as 
reported recently, some studies have found that non-anatomical resection (NAR) could 
achieve a more satisfactory outcome compared with AR[8-10]. Others have concluded 
that AR can significantly improve the long-term survival results[11,12]. Thus, the 
superiority of AR for solitary HCC is not clear.

The aim of the present study was to compare the long-term outcomes of AR and 
NAR for solitary HCC.

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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MATERIALS AND METHODS
Protocol and guidance
This systematic review and meta-analysis is reported in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. The 
protocol for this review was registered with PROSPERO (number: CRD42020213382).

Search strategy
The electronic databases PubMed, Medline (Ovid), Embase (Ovid), and Cochrane 
Library were searched for eligible studies from the inception of each database to 
September 30, 2020. Only studies published in English were included. The following 
algorithm was applied: (anatomic resection OR anatomical resection OR non-anatomic 
resection OR non-anatomical resection OR nonanatomic resection OR non-anatomical 
resection OR limited resection OR systematic resection OR partial resection OR 
wedged resection) AND (single hepatocellular carcinoma OR solitary hepatocellular 
carcinoma). Two reviewers (Liu H and Hu FJ) performed the initial literature 
screening independently. The titles and abstracts were reviewed to identify all 
potential articles.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) Studies reporting AR vs NAR liver resection; 
(2) Studies focused on primary HCC with a solitary tumor; (3) Studies reporting the 
long-term survival outcomes (> 5 years); and (4) Studies including patients without 
history of preoperative treatment.

The exclusion criteria were as follows: (1) Noncomparative studies; (2) Conference 
abstracts and case reports; (3) Review articles and editorials; and (4) Studies without 
data of interest. Duplicated studies by the same authors or centers would be distin-
guished carefully. The largest patient cohorts were included in this analysis. However, 
if the patient samples were enrolled at different times, both were included.

Data extraction and quality assessment
Essential information and continuous or dichotomous data for special outcomes of 
each eligible article were extracted by two independent investigators (Liu H and Hu 
FJ), using the customized data extraction form that included the following items: 
Study ID; year of publication; country; sample size; age of participants; number of 
male patients; HBV and HCV infection; cirrhosis; hepatic function (Child–Pugh class 
A/B); α-fetoprotein (AFP); des-γ-carboxy prothrombin (DCP); indocyanine green 
retention rate at 15 min (ICGR-15); tumor characteristics (size and microvascular 
invasion); perioperative characteristics (operating time, amount of blood loss, blood 
transfusion, and surgical margin); postoperative complications; duration of hospital 
stay; duration of follow-up; and long-term outcomes [overall survival (OS) and 
disease-free survival (DFS)]. If OS and DFS were not summarized in tables or texts 
directly, they were calculated from the Kaplan–Meier graph using Engauge Digitizer 
(version 7.2). Disagreements were settled through discussion until reaching a 
consensus.

Two authors independently assessed the quality of the included studies using the 
modified Newcastle-Ottawa Scale, which included three broad perspectives: Selection 
of study groups, comparability of the groups, and ascertainment of exposure or 
outcome of interest[13,14]. Total score ranged from 0 to 9. Scores > 6 were regarded as 
high quality[15].

Statistical analysis
The meta-analysis was performed using Cochrane Collaboration’s Review Manager 
5.3 software. The intervention effect was expressed as odds ratios (ORs) for 
dichotomous outcomes and mean differences (MDs) for continuous outcome 
measures, with 95% confidence intervals (CIs). Heterogeneity was assessed by χ2 and I2 
tests. A random effects model was used routinely only if there was no obvious hetero-
geneity among the included studies (I2 < 40%)[16].

Sensitivity analysis and publication bias
Sensitivity analysis was conducted by deleting the included studies in sequence to 
recognize the stability of the total effect. Funnel plot was used to assess the publication 
bias. Begg’s test and Egger’s test were used to evaluate the symmetry of the funnel 
plot.
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RESULTS
Eligible studies and characteristics
A total of 853 records were retrieved, and 799 records were excluded by reading titles 
and abstracts because of irrelevance to our theme. By assessing full-text articles of the 
remaining studies, 14 (with data for 9444 participants) that compared the outcomes 
between AR and NAR for patients with solitary HCC were included in this meta-
analysis[10,12,17-28]. They were published between 2001 and 2020. Eight studies using 
propensity score matching aimed to reduce the bias and confounding variables[10,12,
18,20,21,23,24,26]. All the included studies were from Asia (Table 1), including two 
from China[18,20], three from Korea[10,19,22], and nine from Japan[11,12,17,21,23-38]. 
Most studies were marked 7 or 8 stars (Supplementary Table 1). All studies were 
deemed of high quality. Detailed search steps were described using the PRISMA 2009 
flow diagram (Figure 1).

Pooled outcomes showed that the patients in the AR group were characterized by a 
lower proportion of cirrhosis, smaller tumor size, lower ICG-R15, longer surgical time, 
and more intraoperative blood loss in comparison with those in the NAR group. The 
data and the forest plots are displayed in Supplementary Table 2 and Figure 2.

Long-term outcomes
For OS of the two groups, the postoperative 5-year survival rates were 69.8% and 
63.7%, respectively (Table 2). All included studies reported 5-year OS, and the pooled 
outcome showed that the AR group was associated with a better survival (OR: 1.19, 
fixed model, I2 = 32%, 95%CI: 1.08-1.30, Z = 3.69, P < 0.001)[10,12,17-28]. Concerning 5-
year DFS rates, there were 11 studies including 7655 patients. Patients who underwent 
AR tended to have a better 5-year DFS in comparison with the NAR group (OR: 1.26, 
fixed model, I2 = 37%, 95%CI: 1.15-1.39, Z = 4.82, P < 0.001)[10,12,17,19-24,26,27]. Ten 
studies analyzed 1-year DFS of 2110 patients undergoing liver resection, and the 
pooled result displayed that there was no difference in 1-year DFS (OR: 1.21, random 
model, I2 = 47%, 95%CI: 0.85-1.72, Z = 1.05, P = 0.29)[10,12,19-26] or 1-year OS (OR: 
1.19, fixed model, I2 = 0%, 95%CI: 0.79-1.78, Z = 0.83, P = 0.41)[10,12,19-26]. Details of 
the data and forest plot are shown in Supplementary Table 3 and Figure 3 respecti-
vely.

Sensitivity analysis and publication bias
A sensitivity analysis was performed by omitting the included studies in turn to 
recognize the stability of synthesized 5-year OS. OS was steady as pooled ORs did not 
alter significantly after eliminating the enrolled studies in sequence (Figure 4A). No 
evidence of bias was observed in the selected funnel plot (Figure 4B), and other clinical 
outcomes were also displayed (Figure 5). Similarly, the Begg’s test (Z = 0.22, P = 0.827) 
and Egger’s test (bias coefficient = 0.026, SE = 0.471, t = 0.05, P = 0.957) were conducted 
to evaluate funnel plot symmetry. These results demonstrated no obvious evidence of 
publication bias.

DISCUSSION
In the management of HCC, the attainment of long-term survival is compromised by 
the choice of therapeutic method. Although there are various alternative treatment 
choices, liver resection is still considered the most ideal curative option for HCC, 
especially for patients with a solitary tumor[6,39]. Whether to perform AR or NAR is a 
sophisticated decision based on considering the balance between radical resection and 
avoiding postoperative liver failure from removing too much liver parenchyma, 
especially in patients with cirrhosis. AR is always related to major liver resection, 
which may induce a high risk of postoperative liver dysfunction. On the contrary, 
NAR aims to decrease the incidence of postoperative complications including liver 
failure. The oncological and long-term benefit of AR is always a debate, and has been 
studied for many years[40-43]. Due to the high heterogeneity of HCC at both the 
molecular and clinical levels[44], it is difficult to conduct a high-quality randomized 
controlled trial (RCT) comparing AR and NAR. A recent meta-analysis using 
propensity score matching has shown that AR can yield better local control of the 
disease[45]. Previous studies have suggested that AR provides better long-term 
outcomes[27,38,46]. Comparable findings have been found by other studies between 
AR and NAR[9,10,12,19,22-24,31,32,36]. Thus, it remains unclear whether AR has 
oncological and prognostic superiority as an effective treatment for HCC.

https://f6publishing.blob.core.windows.net/d28531b2-bd63-4ce5-a4f1-5884d6525d07/WJGO-13-1833-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d28531b2-bd63-4ce5-a4f1-5884d6525d07/WJGO-13-1833-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/d28531b2-bd63-4ce5-a4f1-5884d6525d07/WJGO-13-1833-supplementary-material.pdf


Liu H et al. Liver resection for solitary HCC

WJGO https://www.wjgnet.com 1837 November 15, 2021 Volume 13 Issue 11

Table 1 Characteristics of the studies included in the meta-analysis

Patients
Ref. Country Enrollment of period Design/center

AR NAR
Quality score

Cho et al[10], 2019 Korea Jan 2008-Sep 2014 R/Single 59 59 8

Eguchi et al[27], 2008 Japan 1994-2001 R/Multiple 2267 3514 7

Hirokawa et al[23], 2015 Japan Jan 2001-Dec 2005 R/Multiple 72 72 8

Hokuto et al[12], 2018 Japan Jan 2007-Dec 2015 R/Single 20 20 8

Ishii et al[26], 2014 Japan Jan 2002-Dec 2010 R/Single 44 44 8

Jung et al[18], 2019 Korea Jan 2006-Dec 2014 R/Single 936 388 8

Kaibori et al[21], 2017 Japan 2003-2007 R/Multiple 355 355 7

Kim et al[22], 2016 Korea Jan 2003-Dec 2009 R/Single 27 72 7

Kudo et al[25], 2014 Japan Apr 2000-Mar 2012 R/Single 121 112 7

Okamura et al[24], 2014 Japan Sep 2002-May 2013 R/Single 64 64 8

Shin et al[19], 2018 Korea Jan 2006-Dec 2015 R/Single 53 63 7

Shindoh et al[52], 2020 Japan Jan 2011-Oct 2017 R/Single 38 165 7

Yamamoto et al[28], 2001 Japan 1990-1994 R/Single 90 114 7

Zhao et al[20], 2017 China Jan 2004-Dec 2013 R/Multiple 114 114 8

R: Retrospective; AR: Anatomical resection; NAR: Non-anatomical resection.

Table 2 Results of meta-analysis comparison of anatomical resection and non-anatomical resection

Patients Study heterogeneity
Studies

AR NAR
MD/OR (95%CI) P value

χ2 df I2, % P value

Operating time (min) 9 782 954 47.08 (26.30-67.86) < 0.001 60.82 8 87 < 0.001

Blood loss (mL) 8 749 921 169.29 (65.88-272.70) 0.001 110.72 7 94 < 0.001

Blood transfusion 8 749 921 1.16 (0.84-1.60) 0.36 8.75 6 31 0.19

Surgical margin (mm) 6 322 494 1.35 (0.06-2.64) 0.04 7.68 5 35 0.17

Complication 5 512 684 1.24 (0.91-1.70) 0.18 4.14 4 3 0.39

1-yr OS 10 929 975 1.08 (0.69-1.68) 0.73 3.17 8 0 0.92

1-yr DFS 10 929 975 1.21 (0.85-1.72) 0.29 16.92 9 47 0.05

5-yr OS 14 4260 5184 1.19 (1.08-1.30) < 0.001 19.04 13 32 0.12

5-yr DFS 11 3113 4542 1.26 (1.15-1.39) < 0.001 15.76 10 37 0.11

AR: Anatomical resection; NAR: Non-anatomical resection; OS: Overall survival; DFS: Disease-free survival; MD: Mean difference; OR: Odds ratio; CI: 
Confidence interval; df: Degrees of freedom.

The pooled outcomes showed that, compared with NAR, complete removal of the 
tumor-bearing third-order portal territories was associated with significantly 
improved long-term outcomes, including 5-year OS and DFS, with no increase in 
postoperative complications and transfusion. Our results thus contribute to current 
knowledge by providing evidence that AR is a satisfactory treatment strategy that can 
achieve the ideal long-term outcomes in solitary HCC. Several included studies 
showed that AR is not superior to NAR in terms of long-term outcomes, which 
disagrees with our pooled outcomes. Shin et al[19] reported that the outcomes of NAR 
are comparable with those of AR in single HCC < 3 cm. Kim et al[22] found that the 
long-term survival of NAR for solitary HCC < 5 cm is comparable to that achieved 
with AR. The reason for this is the different tumor characteristics in that study. 
Specifically, the tumor size and the proportion of microvascular invasion in the AR 
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Figure 1 Flow chart of selection process in this meta-analysis.

group were larger than those in the NAR group. Hirokawa et al[23] also presented 
similar outcomes by using propensity score matching. This might be because the 
included patients had no macroscopic vascular invasion, which decreased the 
advantage of AR. Limited by the reported data, we did not conduct a subgroup 
analysis in term of tumor size. Further studies are needed to determine the optimal 
choice for the application of AR for different tumor sizes.

Perioperative outcomes showed that AR was associated with longer operating time, 
more blood loss, and wider surgical margins when compared to NAR. To our 
knowledge, AR is always related to major liver resection, and is generally regarded as 
a more technically demanding operation. Unlike other tumors, underlying liver 
function plays an important role in patients’ prognosis after initial liver resection[47,
48]. As is known to us, impaired liver function is associated with a worse prognosis. 
Because of the superiority of AR and the preference of surgeons, AR is always 
conducted in patients with better liver function compared to NAR, and our synthetic 
results proved this. Although part of included studies used propensity score matching 
to decrease confounders as much as possible, liver function is still a potential 
confounder which cannot be bypassed, and we need take it into consideration when 
interpreting the result. Less remnant liver volume, more intraoperative loss, and 
longer operating time were related to AR, which theoretically increased the risk of 
postoperative complications such as liver failure. Although AR is a more challenging 
procedure than NAR, we did not observe differences in the blood transfusion ratio or 
postoperative complications. Thus, our results offer powerful support for surgeons to 
choose AR.

It is estimated that close to 70% of patients with HCC will relapse within 5 years 
following surgery[49]. HCC has a unique pattern of metastasis via the portal vein. The 
mechanisms of recurrence can be either intrahepatic metastasis from the initial tumor 
or a de novo multicentric tumor[50]. Intrahepatic metastasis may be due to residual 
micrometastases from the HCC spreading through the portal venous system[7,51]. AR 
can theoretically prevent the progression of HCC by eradicating the primary tumor 
and microvascular metastasis. Several studies[12,17,18] have demonstrated that OS 
was significantly better after AR than NAR. The outcomes were in accordance with the 
outcomes of our meta-analysis. Hence, our finding of a better 5-year DFS after AR than 
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Figure 2 Forest plots of perioperative outcomes. A: Operating time; B: Blood loss; C: Blood transfusion; D: Postoperative complications; E: Surgical margin; 
F: Cirrhosis; G: Indocyanine green retention at 15 min; H: Tumor size. CI: Confidence interval.

NAR indicated that this procedure is advantageous for improvement of long-term 
survival.

Our study had several limitations. First, there were no RCTs and most were 
retrospective. Included samples mainly consisted of Japanese cohorts. Selection bias of 
enrolled studies might not have been completely negligible, even after the adjustment 
of propensity scoring. Second, among different medical centers, a standard surgical 
procedure was not available, and the experience of surgeons may have had an impact 
on perioperative outcomes, especially operating time, blood loss, and morbidity. 
Third, the sample size of several included studies was small. Prognosis of HCC is 
highly dependent on the selection and quality of repeat treatment for recurrence[52], 
which is another crucial factor that deserves to be further analyzed. There is still a 
need for a well-designed RCT that is characterized by larger samples and multiple 
centers to verify the advantage of AR over NAR for patients with solitary HCC.
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Figure 3 Forest plots of primary outcomes. A: 1-year overall survival (OS); B: 1-year disease-free survival (DFS); C: 5-year OS; D: 5-year DFS. CI: 
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Confidence interval.

Figure 4 Sensitivity analysis and funnel plot of 5-year overall survival for subjects with hepatectomy using anatomical resection vs non-
anatomical liver resection. A: Sensitivity analysis; B: Funnel plot.

Figure 5 Funnel plots of primary outcomes. A: 1-year overall survival; B: 1-year disease-free survival (DFS); C: 5-year DFS. OR: Odds ratio.

CONCLUSION
In conclusion, this meta-analysis indicated that AR improves the 5-year DFS and OS in 
patients with solitary HCC. Thus, AR should be recommended as the primary option 
as long as such a surgical maneuver is feasible.
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ARTICLE HIGHLIGHTS
Research background
Patients diagnosed with solitary hepatocellular carcinoma (HCC) always receive liver 
resection. More and more patients are undergoing anatomical hepatectomy which 
aims to eradicate tumor. Accumulating studies had been performed to compare these 
two kinds of surgical technique. However, it is still not yet whether anatomical 
hepatectomy is superior to non-anatomical hepatectomy.

Research motivation
Clarifying the survival benefits of anatomical and non-anatomical hepatectomy is of 
vital importance for patients with solitary HCC. Furthermore, it will be instructive for 
doctors to choose better surgical method.

Research objectives
To perform a systematic review and meta-analysis on short- and long-term results of 
anatomical and non-anatomical hepatectomy in patients with solitary HCC.

Research methods
PubMed, Medline (Ovid), Embase (Ovid), and Cochrane Library were searched for 
articles from the inception of each database to 2020 according to the designed 
extraction scheme, and statistical analysis was performed using Cochrane Collab-
oration’s Review Manager 5.3 software. The quality of included papers was assessed 
with the modified Newcastle-Ottawa Scale. The main results of this study included 
overall survival (OS) and disease-free survival (DFS).

Research results
Fourteen studies (9444 patients) comparing anatomical and non-anatomical 
hepatectomy were included for final analysis with 4260 cases of anatomical resection 
(AR) and 5184 cases of non-anatomical resection (NAR). Anatomical hepatectomy was 
associated with a higher 5-year OS [odds ratio (OR): 1.10, 95% confidence interval (CI): 
1.08-1.30] and DFS (OR: 1.26, 95%CI: 1.15-1.39). AR was associated with longer 
operating time [mean difference (MD): 47.08; P < 0.001], more blood loss (MD: 169.29; 
P = 0.001), and wider surgical margin (MD = 1.35; P = 0.04) compared to NAR. There 
was no obvious difference in blood transfusion ratio (OR: 1.16; P = 0.65) or 
postoperative complications between the two groups (OR: 1.24, P = 0.18).

Research conclusions
This meta-analysis confirmed that AR is superior to NAR in terms of long-term 
outcomes. Thus, AR can be recommended as a reasonable surgical approach in 
patients with solitary HCC.

Research perspectives
There are some limitations that should be taken into consideration when interpreting 
the results. The most vital limitation is that the included studies are non-randomized 
controlled trial and retrospective. Future studies with large-scale and well-designed 
randomized controlled trial are needed to further verify the benefits of anatomical 
hepatectomy for patients with solitary HCC.
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