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Background: Resection of hepatocellular carcinoma (HCC) originating in the caudate lobe remains challenging, while the optimal
extent of resection is debated. We aimed to evaluate the relative benefits of combined caudate lobectomy (CCL) versus isolated
caudate lobectomy (ICL) for caudate HCC.
Methods: Patients who underwent curative-intent resection for caudate HCC between January 2010 and December 2018 were
identified from a single-center database. Surgical outcomes of the two strategy groups were analyzed before and after propensity score
matching. A systematic review with meta-analysis was also performed to compare outcomes of CCL versus ICL for caudate HCC.
Results: A total of 28 patients were included: 11 in the CCL and 17 in the ICL group. Compared with ICL, the CCL group contained
patients with larger tumors and a higher incidence of vascular invasion. After propensity score matching, 6 pairs of patients were
selected. In the well-matched cohort, CCL demonstrated significantly improved recurrence-free survival (RFS) (P = 0.047) compared
with ICL; no significant differences were noted for overall survival (OS), operation time, blood loss and morbidity rate. A total of 227
patients from nine eligible studies and ours were involved in the systematic review. Meta-analysis revealed that CCL provided better
RFS (hazard ratio 0.54, 95% confidence interval 0.31–0.92) than ICL; no significant differences were observed in OS, operation time,
blood loss and morbidity rate.
Conclusion: CCL confers superior RFS over ICL without compromise of perioperative outcomes and should be prioritized for
patients with caudate HCC when feasible, especially for those with large-sized tumors.
Keywords: hepatocellular carcinoma, caudate lobe, surgery, outcomes, meta-analysis

Introduction
Hepatocellular carcinoma (HCC) is the most frequent primary liver malignancy and ranks sixth most common malignancy,
with an increasing incidence worldwide.1,2 Surgical resection is considered to be the mainstay of potentially curative therapy
for patients with localized HCC and preserved liver function.1–3 Over the past decade, advances in surgical techniques, patient
selection, and perioperative management have significantly reduced surgical mortality to below 3% at specialized hepatobili-
ary centers.4 Despite the progress in liver surgery, resection of HCC originating in the caudate lobe of the liver remains
technically challenging due to its deep location, tight confines, and close association with major vessels.5,6

After Couinaud’s nomenclature, the caudate lobe is now well defined anatomically and subdivided into three portions
according to Kumon’s definition: (1) Spiegel lobe: situated on the left side of the inferior vena cava (IVC), dorsal to the
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Arantius’ ligament and the lesser omentum; (2) paracaval portion: situated on the ventral side of the IVC, covered by the
right and middle hepatic vein cranially; (3) caudate process: situated between the right side of the IVC and the left side of
the right posterior section, dorsal to the right portal pedicle.5 Different procedures to isolated caudate lobectomy (ICL),
such as high dorsal resection, transhepatic anterior resection, and ventral approach, have been reported to improve the
curability of caudate lobe tumors.6–8 Although such operations are relatively safe and potentially curative, it seems tough
to achieve sufficient surgical margins via ICL, and combined caudate lobectomy (CCL) with adjacent hemi-liver or other
segment is preferred in patients with acceptable liver function.6

Several studies have compared CCL with ICL in terms of postoperative outcomes, recurrence and survival; however,
the reported data are rather contradictory leaving uncertainty and boosting long-lasting debates.9,10 Therefore, the aim of
this study was to evaluate and validate the potential benefits of CCL compared with ICL for caudate HCC based on
a single-center retrospective analysis as well as a systematic review with meta-analysis.

Materials and Methods
Patients
Patients who underwent curative-intent resection for caudate HCC between January 2010 and December 2018 at First
Affiliated Hospital of Nanjing Medical University (Nanjing, China) were identified. Patients with incomplete clinico-
pathological information or missing follow-up data were excluded, as were patients who had any treatment (i.e., previous
liver resection, local ablation, transarterial chemoembolization) before surgery and resection for ruptured tumor. The
study was approved by the Institutional Review Board and in accordance with the Declaration of Helsinki. Patient
consent was waived as retrospective anonymous data were analyzed.

Demographics, clinicopathological characteristics, intra-and post-operative parameters were retrospectively reviewed,
including age, sex, etiology, cirrhosis, liver function indexes, alpha-fetoprotein (AFP) level, tumor size, tumor number,
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vascular invasion, tumor grade, intraoperative blood loss, blood transfusion, operative time, surgical margin status,
postoperative complications and hospital stays. Macrovascular invasion was defined as the invasion of the vessel that was
visible on gross examination, whereas microvascular invasion was defined as the invasion that was identifiable only on
microscopy.11 All patients underwent surveillance with AFP, liver function, chest and abdominal imaging every 3 months
for the first 2 years and every 6 months thereafter in accordance with the clinical practice guidelines of the European
Society for Medical Oncology.12 Overall survival (OS) and recurrence-free survival (RFS) were defined as the time from
the date of surgery to the date of death and the date of first tumor recurrence/metastasis, respectively. Survival data were
censored on December 15, 2020.

Operative Technique
The resection approaches (left-side, right-side, bilateral or anterior) and resection extents (CCL or ICL) were predomi-
nantly determined by tumor size, location, liver function and, most importantly, presence of macroscopic vascular
invasion. Specifically, left-side or right-side approach was respectively indicated for Spiegel or process HCC while
bilateral approach or anterior approach was indicated for paracaval HCC or complete resection of the caudate lobe. ICL
was mainly indicated for HCC with marginal localization while CCL was mainly indicated for HCC with center
localization or suspicion of vascular invasion as well as acceptable liver function. Nevertheless, the surgical procedure
may be altered after dissecting to guarantee safety and curability. Hepatic parenchymal transection was performed using
clamp-crushing method with Pringle maneuver under ultrasonographic guidance.

Literature Search and Selection Criteria
We performed a comprehensive literature search in four databases (PubMed, the Cochrane Library, the Web of Science
and Embase) through May 2021 by using the following algorithm:

(‘carcinoma, hepatocellular’[MeSH]) AND (caudate) AND (hepatectomy OR hemi-hepatectomy OR lobectomy OR segmen-
tectomy OR excision OR resection OR surgical OR surgery)

Studies included in this meta-analysis met the following inclusion criteria: (1) full-text publications written in English;
(2) pathologically confirmed HCC in the caudate lobe; (3) surgical strategy (CCL or ICL) specified in the publication.
The exclusion criteria were as follows: (1) reported in abstract form only; (2) studies not comparing CCL versus ICL.
Figure 1 shows the schematic diagram of study selection.

Data Extraction, Quality Assessment, and Outcomes
Data for study-, patient-, and surgery-related characteristics were independently extracted by two investigators (Z.G.X
and F.H.Z) using a pre-designed template. The GetData Graph Digitizer software (version 2.26; http://getdata-graph-
digitizer.com) was employed to digitize and extract data from the published Kaplan-Meier curves where necessary. We
estimated the sample mean and standard deviation from the reported skewed data using the Box-Cox and Quantile
Estimation methods described by McGrath et al.13 Discrepancies between two investigators were resolved by referencing
to the original article, with any further disagreement arbitrated by senior investigator (G.W.J). Publication bias was
evaluated statistically using Egger’s regression test, and graphically using Funnel plot. The trim-and-fill method was
fitted for adjustment when we observed a statistically significant bias. The Newcastle-Ottawa scale (NOS) was applied to
assess study quality and the score ≥ 6 was defined as high quality. We performed additional analysis after excluding low-
quality studies to verify the stability of study results. The primary outcome of interest was long-term survival, including
OS and RFS. Intraoperative parameters (operation time and blood loss) and postoperative complications (morbidity and
mortality) were secondary outcomes.

Statistical Analysis
Categorical variables were presented as number (percentage) unless otherwise indicated and compared using χ2 or
Fisher’s exact test when appropriate. Continuous variables were reported as median (range) and compared using
Student’s t-test or Mann-Whitney U-test when appropriate. Survival curves were calculated using Kaplan–Meier method
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and compared using Log rank test. The associations between variables and survival were analyzed by using Cox
regression analysis; variables that achieved statistical significance in univariate analysis were included in multivariate
analysis to identify the most reliable prognostic factor. We note that patient selection bias and confounding variables
between CCL and ICL could impact on the comparison of outcomes; therefore, propensity score matching (PSM) was
performed with one-to-one nearest neighbor matching and fixed caliper width of 0.2 to identify matched sets using
variables found to be significantly different between two strategies. A two-sided P<0.05 was considered statistically
significant.

In terms of the meta-analysis, survival endpoints (OS and RFS) were assessed using the hazard ratio (HR) with
corresponding 95% confidence interval (CI) and continuous endpoints (operation time and blood loss) were assessed
using the weighted mean difference (WMD) with 95% CI. Dichotomous endpoints (morbidity and mortality) were
assessed using the risk difference (RD) with 95% CI because risk ratios were not available in several studies. Statistical
heterogeneity was explored by using the I2 statistic and the Q test. A random-effect model was adopted when P < 0.1 and

Figure 1 Flow diagram of systematic review.
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I2 > 50%, suggesting substantial heterogeneity; otherwise, a fixed-effect model was applied. All analyses were conducted
using SPSS (version 26.0; SPSS, Inc. Chicago, IL) and Stata MP (version 14.0; Stata Corporation, Parallel Edition).

Results
Patient Characteristics and Surgical Procedures
A total of 28 patients who underwent curative-intent resection of caudate HCC were recruited into this study after the
exclusion criteria were applied. The median patient age was 58 years (range, 41–78 years) and 24 patients (85.7%) were
men. All patients were of Child-Pugh grade A and ICG-R15<10%. We performed a complete resection of the caudate
lobe in 8 patients (28.6%) and partial resection in 20 patients (71.4%).

There were 11 patients (39.3%) in the CCL group and 17 patients (60.7%) in the ICL group. Table S1 summarizes the
surgical procedures in each treatment group. Baseline characteristics of patients in the original (unmatched) cohort are
shown in Table 1. Compared with patients treated with ICL, those who received CCL had larger tumors (P=0.048) and
a higher incidence of vascular invasion (P=0.009), especially macrovascular invasion; other characteristics were
comparable between groups.

Surgical Outcomes Before and After PSM
In the unmatched cohort, after a median follow-up of 24.9 months (range, 4.4–83.6 months), the 5-year OS rates were
51.9% (95% CI, 28.7–93.9%) and 58.4% (95% CI, 34.0–100%) in the CCL and ICL groups, respectively; the 5-year RFS
rates were 54.5% (95% CI, 31.8–93.6%) and 9.8% (1.7–57.1%) in the CCL and ICL groups, respectively. No significant
differences were found in both OS (P=0.245) and RFS (P=0.253) between the two strategies. Kaplan–Meier survival
curves stratified by surgical strategy are shown in Figure 2. In an unmatched cohort of patients treated with these
strategies, CCL was associated with significantly longer operation time (P<0.001), more blood loss (P=0.005) and
increased length of stay (P<0.001) compared with ICL. No significant differences were observed between the groups in
blood transfusion rate, morbidity rate and mortality rate.

We noted that patients with larger tumor or vascular invasion were less likely to receive ICL. PSM was then
performed to match these patients on tumor size and vascular invasion. Awell-matched cohort of 12 patients produced by
PSM are given in Table 1. The median follow-up time was 38.9 months (range, 9.6–72.9 months). The OS rates were
comparable in the matched CCL and ICL groups (P=0.215); however, CCL was associated with improved RFS compared
with ICL (P=0.047). No statistically significant differences were noted for operation time, blood loss, morbidity rate, and
mortality rate among patients undergoing CCL versus ICL in the matched cohort.

Prognostic Factors for Caudate HCC
We next sought to explore the independent prognostic factors in the original cohort using Cox regression modeling
(Table 2). The univariate analysis indicated that high bilirubin level (HR, 1.089; 95% CI, 1.001–1.185; P=0.046) and
vascular invasion (HR, 4.810; 95% CI, 1.218–19.00; P=0.025) were significantly associated with poor OS while vascular
invasion (HR, 4.726; 95% CI, 1.795–12.44; P=0.002) and liver cirrhosis (HR, 2.664; 95% CI, 1.041–6.821; P=0.041)
were significantly associated with early recurrence. The multivariate analysis demonstrated that vascular invasion was the
only independent prognostic factor for OS (HR, 4.788; 95% CI, 1.176–19.50; P=0.029) and RFS (HR, 4.039; 95% CI,
1.293–12.61; P=0.016).

Meta-Analysis of Main Outcome Measures
A total of nine studies, among the many identified by initial search, were included, involving 199 patients.9,10,14–20 All
these studies were retrospective, with median NOS score of 7 (range, 5–8) (Table S2). We combined the extracted data
with our own data for the full meta-analysis of main outcomes (Tables 3 and S3).

Of the nine selected studies, six reported OS as an outcome,9,10,14–16,19 while five reported RFS as an
outcome.9,10,14–16 Regarding OS, a total of 137 patients were analyzed and the pooled HR was 0.87 (95% CI, 0.46–
1.62) with low statistical heterogeneity (I2=10.0%; P=0.353), suggesting no benefit of CCL over ICL (Figure 3A). We
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did not find evidence of publication bias based on Egger’s test (t=0.37; P=0.723) (Figure 3B). Similar results were
obtained after excluding two studies of low quality (Figure 3C). Regarding RFS, a total of 114 patients were analyzed
and the pooled HR was 0.54 (95% CI, 0.31–0.92) with low statistical heterogeneity (I2=0.0%; P=0.881), demonstrating
a benefit of CCL over ICL (Figure 4A). No significant publication bias was identified via Egger’s test (t=0.66; P=0.543)

Table 1 Baseline Characteristics

Variable Before Propensity Matching After Propensity Matching

CCL Group (n = 11) ICL Group (n = 17) P value CCL Group (n = 6) ICL Group (n = 6) P value

Demographics

Age, years 58.0 (43.0–70.0) 56.0 (41.0–78.0) 0.479 60.0 (51.0–65.0) 56.5 (50.0–63.0) 0.372

Gender 0.269 0.546

Female 3 (27.3) 1 (5.9) 3 (50.0) 1 (16.7)

Male 8 (72.7) 16 (94.1) 3 (50.0) 5 (83.3)

Hepatitis B virus infection 0.387 0.242

Absent 5 (45.5) 5 (29.4) 4 (66.7) 1 (16.7)

Present 6 (54.5) 12 (70.6) 2 (33.3) 5 (83.3)

Liver cirrhosis 0.577 0.558

Absent 7 (63.6) 9 (52.9) 4 (66.7) 3 (50.0)

Present 4 (36.4) 8 (47.1) 2 (33.3) 3 (50.0)

Alanine aminotransferase, U/L 33.10 (11.4–188.2) 33.9 (11.3–107.5) 0.430 22.4 (12.6–34.1) 30.4 (11.3–58.9) 0.485

Aspartate aminotransferase, U/L 33.2 (11.5–167.7) 33.9 (17.0–110.1) 0.586 28.6 (11.5–44.4) 26.6 (17.0–63.6) 0.818

Bilirubin, μmol/L 14.8 (9.2–38.0) 14.8 (6.6–35.3) 0.881 12.3 (9.2–25.5) 14.0 (12.1–30.3) 0.258

Albumin, g/L 40.4 (34.4–49.2) 44.6 (34.0–53.2) 0.119 41.8 (34.4–49.2) 42.8 (35.9–49.9) 0.699

Tumor variables

Alpha-fetoprotein level, ng/mL 135.5 (1.8–1210.0) 415.1 (1.2–1210.0) 0.515 9.4 (1.8–252.0) 102.3 (1.8–1210.0) 0.589

Tumor size, cm 0.048 1.000

≤ 3 1 (9.1) 9 (52.9) 0 (0.0) 0 (0.0)

3–5 6 (54.5) 6 (35.3) 4 (66.7) 4 (66.7)

>5 4 (36.4) 2 (11.8) 2 (33.3) 2 (33.3)

Tumor number 0.544 1.000

Single 8 (72.7) 14 (82.4) 6 (100.0) 5 (83.3)

Multiple 3 (27.3) 3 (17.6) 0 (0.0) 1 (16.7)

Vascular invasion 0.009 1.000

None 4 (36.4) 11 (64.7) 4 (66.7) 4 (66.7)

Microvascular 2 (18.1) 6 (35.3) 2 (33.3) 2 (33.3)

Macrovascular 5 (45.5) 0 (0.0) 0 (0.0) 0 (0.0)

Edmondson grade 0.184 1.000

Grade I–II 5 (45.5) 12 (70.6) 4 (66.7) 5 (83.3)

Grade III–IV 6 (54.5) 5 (29.4) 2 (33.3) 1 (16.7)

Surgical parameters

Blood loss, mL 450 (200–2500) 150 (50–2500) 0.005 425 (200–2500) 200 (100–600) 0.110

Blood transfusion 6 (54.5) 5 (29.4) 0.184 3 (50.0) 2 (33.3) 0.558

Operation time, min 315 (130–445) 130 (69–361) <0.001 293 (130–420) 155 (90–300) 0.069

Negative surgical margin 11 (100.0) 12 (70.6) 0.125 6 (100.0) 5 (83.3) 1.000

Post-operative data

In-hospital mortality 0 (0.0) 0 (0.0) 1.000 0 (0.0) 0 (0.0) 1.000

Overall complications 5 (45.5) 5 (29.4) 0.387 4 (66.7) 2 (33.3) 0.248

Pleural effusion 2 (18.2) 0 (0.0) 0.146 1 (16.7) 0 (0.0) 1.000

Ascites 2 (18.2) 0 (0.0) 0.146 1 (16.7) 0 (0.0) 1.000

Bile leakage 1 (9.1) 1 (5.9) 1.000 1 (16.7) 1 (16.7) 1.000

Abdominal collection 0 (0.0) 3 (17.6) 0.258 0 (0.0) 1 (16.7) 1.000

Thromboembolic disease 2 (18.1) 0 (0.0) 0.146 2 (33.3) 0 (0.0) 0.455

Wound infection 0 (0.0) 1 (5.9) 1.000 0 (0.0) 0 (0.0) 1.000

Hospital stays, days 16 (11–25) 11 (7–15) <0.001 16 (11–25) 13 (10–14) 0.026

Note: Continuous variables reported as median (range) and categorical variables reported as number (percentage).
Abbreviations: CCL, combined caudate lobectomy; ICL, isolated caudate lobectomy.
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(Figure 4B). The RFS benefit of CCL over ICL was further confirmed after excluding two low-quality studies
(Figure 4C).

Among the nine selected studies, seven provided information on intraoperative parameters (operation time and blood
loss),10,15–20 while six reported postoperative complications (morbidity and mortality).10,15,16,18–20 Regarding operation
time, a total of 192 patients were analyzed and the pooled WMD calculated by means of a random effects model
(P<0.001 for the test of heterogeneity; I2=89.9%) was 24.91 (95% CI, −41.81–91.63), indicating that CCL operations
were not significantly longer in duration than ICL operations (Figure S1A). Significant publication bias was evidenced by
Egger’s test (t=2.51; P=0.046) (Figure S1B). We therefore used the trim-and-fill method to recalculate the pooled WMD
(−23.87; 95% CI, −84.96–37.22), with three missing studies imputed to produce a symmetrical Funnel plot (Figure S1C).
Similar results were obtained after excluding two low-quality studies (Figure S1D). Regarding blood loss, a total of 192
patients were analyzed and the pooled WMD fitted by a random effects model (P<0.002 for the test of heterogeneity;
I2=68.6%) was 75.15 (95% CI, −284.06–434.35), indicating that CCL operations were not significantly higher in blood
loss than ICL operations (Figure S2A). Significant publication bias was evidenced by Egger’s test (t=2.99; P=0.024)
(Figure S2B). The trim-and-fill method was adopted to recalculate the pooled WMD (−270.65; 95% CI, −657.58–
116.29), with four missing studies imputed to produce a symmetrical Funnel plot (Figure S2C). Similarly, blood loss did
not differ significantly between strategies after excluding two low-quality studies (Figure S2D).

Figure 2 Kaplan-Meier survival estimates stratified by surgical strategy in the original and well-matched cohorts. Kaplan–Meier estimates of overall survival (A) and
recurrence-free survival (B) among patients who underwent CCL versus ICL before propensity score matching; overall survival (C) and recurrence-free survival (D) among
patients who underwent CCL versus ICL after propensity score matching.
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On the other hand, a total of 153 patients were enrolled in the meta-analysis of the association between surgical strategy
and postoperative complication. When postoperative morbidity was examined, no significant difference was found between
strategies, with the pooled RD of −0.08 (95% CI, −0.23–0.06) and low statistical heterogeneity (I2=15.3%; P=0.313) (Figure
S3A). No significant publication bias was observed via Egger’s test (t=1.33; P=0.240) (Figure S3B). A similar trend was
observed after excluding two low-quality studies (Figure S3C). When postoperative mortality was examined, no significant
difference was noted between strategies, with the pooled RD of 0.01 (95% CI, −0.07–0.09). No significant between-study
heterogeneity (I2=0.0%; P=0.979) as well as publication bias (Egger’s test: t=0.26; P=0.807) were observed (Figure S4A and
B). Similar results were obtained after excluding two studies of low quality (Figure S4C).

Discussion
Complete resection represents the potentially curative treatment for caudate HCC. Among various types of hepatectomy,
caudate lobectomy represents the highly advanced level. Different surgical approaches have been described to guarantee
surgical safety and oncological curability of caudate HCC.6–8 The ideal one should optimize locoregional control with
sufficient surgical margins to reduce recurrence and improve survival, yet preserve as much remnant liver parenchyma to

Table 2 Prognostic Variables

Variable Survival Recurrence

Univariate Multivariate Univariate Multivariate

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age 0.987 (0.911–1.069) 0.752 0.990 (0.936–1.046) 0.713

Male 0.598 (0.127–2.820) 0.515 1.600 (0.366–7.005) 0.533

Hepatitis B virus infection 2.349 (0.498–11.07) 0.280 2.173 (0.778–6.070) 0.138

Alpha-fetoprotein level 1.000 (0.998–1.001) 0.718 1.000 (0.999–1.001) 0.373

Alanine aminotransferase 1.005 (0.987–1.023) 0.605 0.997 (0.982–1.012) 0.671

Aspartate aminotransferase 1.005 (0.987–1.024) 0.583 0.997 (0.982–1.013) 0.719

Bilirubin 1.089 (1.001–1.185) 0.046 1.082 (0.997–1.175) 0.060 1.045 (0.982–1.112) 0.169

Albumin 0.971 (0.863–1.092) 0.619 1.008 (0.924–1.100) 0.852

Tumor size 1.178 (0.957–1.451) 0.122 0.984 (0.808–1.199) 0.875

Multiple number 2.936 (0.726–11.87) 0.131 2.328 (0.815–6.654) 0.115

Surgical strategy (CCL vs ICL) 2.063 (0.593–7.176) 0.255 0.549 (0.194–1.557) 0.260

Negative surgical margin 0.850 (0.167–4.339) 0.836 0.772 (0.248–2.398) 0.674

Vascular invasion* 4.810 (1.218–19.00) 0.025 4.788 (1.176–19.50) 0.029 4.726 (1.795–12.44) 0.002 4.039 (1.293–12.61) 0.016

Liver cirrhosis 2.233 (0.620–8.041) 0.219 2.664 (1.041–6.821) 0.041 1.322 (0.446–3.920) 0.615

Edmondson grade (III–IV vs I–II) 1.298 (0.375–4.494) 0.681 1.164 (0.471–2.876) 0.742

Note: *Including micro- and macro-vascular invasion.
Abbreviations: HR, hazard ratio; CI, confidence interval; CCL, combined caudate lobectomy; ICL, isolated caudate lobectomy.

Table 3 Summary of Reports on Oncological Outcomes of Resected Caudate HCC

Authors Published Year Country CCL ICL Overall Survival Recurrence-Free Survival

HR 95% CI HR 95% CI

Shimada M. 1994 Japan 2 7 0.987 0.083–11.791 0.527 0.058–4.757

Yang 1996 China 4 2 0.006 6.96E-11-5.00E+5 0.577 0.036–9.297

Yamamoto 2004 Japan 8 7 3.287 0.358–30.168 1.128 0.301–4.221

Tanaka 2005 Japan 14 6 0.640 0.050–8.940 0.500 0.080–3.220

Peng 2006 China 20 19 NA NA NA NA

Sakoda 2009 Japan 6 6 NA NA NA NA

Liu 2012 China 20 16 0.370 0.140–0.980 0.390 0.170–0.940

Zhou 2013 China 10 13 1.21 0.20–7.21 NA NA

Shimada S. 2019 Japan 12 27 NA NA NA NA

This study China 11 17 2.063 0.593–7.176 0.549 0.194–1.557

Abbreviations: CCL, combined caudate lobectomy; ICL, isolated caudate lobectomy; HR, hazard ratio; CI, confidence interval; NA, not available.
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Figure 3 Meta-analysis of overall survival between CCL and ICL groups for the treatment of caudate HCC. (A) Forest plot generated from meta-analysis of overall survival
between CCL and ICL groups; (B) Egger’s test for the publication bias in the meta-analysis of overall survival between CCL and ICL groups; (C) Forest plot generated from
meta-analysis of overall survival after excluding two low-quality studies.
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Figure 4 Meta-analysis of recurrence-free survival between CCL and ICL groups for the treatment of caudate HCC. (A) Forest plot generated from meta-analysis of
recurrence-free survival between CCL and ICL groups; (B) Egger’s test for the publication bias in the meta-analysis of recurrence-free survival between CCL and ICL groups;
(C) Forest plot generated from meta-analysis of recurrence-free survival after excluding two low-quality studies.
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minimize postoperative liver dysfunction. Therefore, CCL or ICL represents the core level in a decision-making system
for surgical procedure.6 Although previous reports have compared the surgical outcomes of CCL with those of ICL, all
published studies are single-institutional with limited sample sizes and no meta-analysis has tried to integrate the results
of these studies. Based on the PSM analysis of a single-center HCC database as well as a systematic review with meta-
analysis, we showed that CCL was associated with improved RFS compared with ICL; there were no significant
differences between strategies in OS, operation time, blood loss, morbidity rate and in-hospital mortality.

From the surgical viewpoint, CCL is mainly indicated for caudate HCC patients with macrovascular invasion and
well-preserved liver function; ICL is preferred for small-sized and marginally located tumors. In the original cohort, we
observed that CCL did not confer a survival benefit over ICL while multivariate Cox analysis demonstrated that vascular
invasion was the only independent determinant of prognosis. However, the CCL group contained more patients with
larger tumors and macrovascular invasion, which are well-established prognostic factors and associated with surgical
difficulty.1–4 Therefore, the two resection strategies may be compared only by PSM method to correct for potential
confounding. So, when we utilized PSM, it resulted in the removal of patients with small-sized tumor (≤3 cm) and
macrovascular invasion. In the well-matched cohort, we underlined that CCL reduced the risk of tumor recurrence
compared with ICL, which may be attributed to a reduced incidence of tumor exposure during liver parenchymal
transection, a wider negative margin at the cut-stump, and the avoidance of repeated squeezes and turning over of the
tumor-bearing caudate lobe that may enhance the spread of tumor cells into the circulation in CCL strategy.6

Nevertheless, CCL did not provide a significantly better OS even in the well-matched cohort, which can be explained
by the fact that various factors other than tumor burden and liver function are related to survival time, such as
performance status, other cause of death, recurrence pattern and treatment.1–4 Compared with ICL, CCL was also not
associated with prolonged operation time, increased blood loss, and higher morbidity in the matched cohort. Notably,
these findings highlighted by our own data are consistent with the results of our meta-analysis.

Recently, Takayama et al.6 have first established an algorithm that consists of three clinical factors (tumor subloca-
tion, size, and ICG-R15) to provide a recommendation of the resection strategy for caudate HCCs with various
background livers. The “Takayama algorithm” prioritizes combined hemi-hepatectomy over isolated resection for
patients with caudate HCC≥3cm and ICG-R15<10%. Interestingly, in the well-matched cohort, our results showed the
potential oncological superiority of CCL over ICL while only patients with large HCC (>3 cm) and good ICG-R15
(<10%) were included; hence, our results confirmed the validity of the “Takayama algorithm”.

Several limitations of the present study should be acknowledged. First, the sample size of our study cohort is small.
Nevertheless, consistent results between our PSM cohort and meta-analysis were obtained. Second, although our meta-
analysis included a relatively large number of caudate HCC patients treated with resection, meta-regression or subgroup
analysis was not performed to parse the significant heterogeneity among studies due to insufficient details of the studies
involved. Third, all eligible studies were derived from Asian, and most patients had hepatitis B virus-related HCC. Our
results require future validation in non-Asian populations for the generalizability. Fourth, our results were composed of
expert surgeons’ experiences and may not be applicable for every surgeon because short-term and long-term outcomes of
caudate HCCs can be influenced by the surgeon’s skills.

Conclusions
In conclusion, our study demonstrates the oncological superiority of CCL over ICL without compromise of perioperative
outcomes based on the PSM analysis of a single-center HCC database and a systematic review with meta-analysis. We
recommend the prioritization of CCL over ICL for patients with caudate HCC and acceptable liver function, especially
for those with large-sized tumors.

Abbreviations
HCC, hepatocellular carcinoma, IVC, inferior vena cava; ICL, isolated caudate lobectomy; CCL, combined caudate lobect-
omy; AFP, alpha-fetoprotein; OS, overall survival; RFS, recurrence-free survival; NOS, Newcastle-Ottawa scale; PSM,
propensity score matching; HR, hazard ratio; CI, confidence interval; WMD, weighted mean difference; RD, risk difference.
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