
Citation: Chan, K.-M.; Hung, H.-C.;

Lee, J.-C.; Wu, T.-H.; Wang, Y.-C.;

Cheng, C.-H.; Lee, C.-F.; Wu, T.-J.;

Chou, H.-S.; Lee, W.-C. Individualized

Selection Criteria Based on Tumor

Burden in Future Remnant Liver for

Staged Hepatectomy of Advanced

CRLM: Conventional TSH or ALPPS.

Cancers 2022, 14, 3553. https://

doi.org/10.3390/cancers14143553

Academic Editors: Claudio Feo,

Gianpaolo Vidili and Adam

E. Frampton

Received: 8 June 2022

Accepted: 19 July 2022

Published: 21 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

cancers

Article

Individualized Selection Criteria Based on Tumor Burden in
Future Remnant Liver for Staged Hepatectomy of Advanced
CRLM: Conventional TSH or ALPPS
Kun-Ming Chan * , Hao-Chien Hung , Jin-Chiao Lee , Tsung-Han Wu, Yu-Chao Wang, Chih-Hsien Cheng,
Chen-Fang Lee, Ting-Jung Wu, Hong-Shiue Chou and Wei-Chen Lee

Department of General Surgery, Chang Gung Transplantation Institute, Chang Gung Memorial Hospital at
Linkou, College of Medicine, Chang Gung University, Taoyuan City 333, Taiwan; mp0616@cgmh.org.tw (H.-C.H.);
b9302012@cgmh.org.tw (J.-C.L.); domani@cgmh.org.tw (T.-H.W.); b9002072@cgmh.org.tw (Y.-C.W.);
chengcchj@cgmh.org.tw (C.-H.C.); lee5310@cgmh.org.tw (C.-F.L.); wutj5056@cgmh.org.tw (T.-J.W.);
chouhs@cgmh.org.tw (H.-S.C.); weichen@cgmh.org.tw (W.-C.L.)
* Correspondence: chankunming@cgmh.org.tw; Tel.: +886-3-3281200 (ext. 3366); Fax: +886-3-3285818

Simple Summary: Currently, two established staged hepatectomy techniques are used for curative
resection of advanced colorectal liver metastasis (CRLM) as well as preventing inadequate future
remnant liver (FRL). However, the selection of staged hepatectomy between the conventional two-
stage hepatectomy (cTSH) and the associating liver partition and portal vein ligation for staged
hepatectomy (ALPPS) remains under debate. Therefore, the present study proposed a selection
criterion based on tumor burden related to the size and number of metastases within the FRL for
decision making when utilizing staged hepatectomy for advanced CRLM. Accordingly, metastatic
tumors within the FRL should not exceed three nodules and none of the nodules should measure
larger than 3 cm for ALPPS. By contrast, cTSH would be considered in patients whose tumor burdens
within the FRL beyond the aforementioned criteria. The individualized selection criteria appear to be
promising and can be used to select a more effective staged hepatectomy approach for patients with
advanced CRLM.

Abstract: Staged hepatectomy is a promising strategy for curative resection of advanced colorectal
liver metastasis (CRLM) to prevent inadequate future remnant liver (FRL). However, the selection
criteria for conventional two-stage hepatectomy (cTSH) and associating liver partitioning and portal
vein ligation for staged hepatectomy (ALPPS) remain unclear. This study aimed to propose a
selection criterion for determining the optimal staged hepatectomy for patients with advanced CRLM.
A selection criterion based on the degree of metastatic tumors within the FRL was established to
determine staged hepatectomy approaches. Generally, ALPPS is recommended for patients with
≤3 metastatic nodules and whose nodules do not measure >3 cm in the FRL. cTSH is performed for
patients whose tumor burden in FRL beyond the selection criteria. Data of 37 patients who underwent
staged hepatectomy and curative intent of CRLM were analyzed. The clinical characteristics and
outcomes of the two approaches were compared. Overall, cTSH and ALPPS were performed for
27 (73.0%) and 10 (27.0%) patients, respectively. Of those, 20 patients in the cTSH group and all
patients in the ALPPS group had completed staged hepatectomy. The 1-, 3-, and 5-year survival
rates were 91.6%, 62.4%, and 45.4% for all patients, respectively. The outcomes of patients who
had successfully completed the staged hepatectomy were significantly better than those of other
patients who failed to achieve staged hepatectomy. However, no significant difference was observed
in the overall survival of patients who underwent staged hepatectomy between the two groups, but
those in the ALPPS group had 100% survival at the end of this study. The individualized selection
criteria based on tumor burden in the FRL that could balance the operative risk and oncologic
outcome appear to be a promising strategy for achieving complete staged hepatectomy in patients
with advanced CRLM.
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1. Introduction

To date, liver resection (LR) remains the standard approach for managing patients
with colorectal liver metastasis (CRLM) [1,2]. Generally, LR with complete removal of
metastatic tumors has remarkably improved the long-term survival of patients, with a
5-year survival rate of more than 50% [3–5]. However, the ratio of patients eligible for
upfront LR remains low; thus, much effort has been made to practice multidisciplinary
therapy in order to increase the resectability of CRLM [2]. Along with the advancement
of modern chemotherapy, the incorporation of perioperative chemotherapy with LR has
been a promising strategy to improve both the resectability of metastases and long-term
outcome of patients [6–8]. Moreover, aggressive LR through staged hepatectomy to achieve
complete removal of the metastases can also be used for certain hepatic metastases that are
not amenable to upfront LR.

Currently, two established staged hepatectomy techniques are used for the aforemen-
tioned scenario with involvement of the bilateral liver lobes owing to the development
of multiple liver nodules and/or an expected inadequate volume of future remnant liver
(FRL) after LR. The conventional two-stage hepatectomy (cTSH) was the first procedure
used for advanced CRLM; another approach (associating liver partition and portal vein
ligation for staged hepatectomy, ALPPS) was also adopted for this condition in similar
circumstances [9,10]. However, the criteria for selecting the appropriate staged hepatec-
tomy approach remain undetermined and debatable. Previous studies have reported that
ALPPS is unsuitable for staged hepatectomy due to the higher risk of complications and the
absence of benefit concerning oncological outcomes [11–14]. However, a recent study from
the LIGRO trial showed that ALPPS improves the resectability and survival of advanced
CRLM [15,16].

As such, the selection of a therapeutic strategy should be patient oriented and in-
dividualized. Therefore, this study proposed a few criteria based on the degree of the
tumor burden in FRL to determine the optimal staged hepatectomy approach for advanced
CRLM.

2. Materials and Methods
2.1. Patients

A total of 913 patients underwent LR for CRLM between January 2010 and September
2021 at the Department of General Surgery, Chang Gung Memorial Hospital at Linkou
Medical Center, Taiwan. Of them, 37 patients who had undergone staged hepatectomy to
preserve adequate FRL volume with the intent to cure CRLM were enrolled in this study.
This study was approved by the Institutional Review Board (201700231B0) of the institute.
The requirement for obtaining informed consent was waived owing to the retrospective
nature of the study.

2.2. Staged Hepatectomy

Generally, the treatment strategy for CRLM is decided based on the consensus of
the multidisciplinary committee of colorectal cancer, as previously described [17]. The
selection of therapeutic options depends mainly on various concerns regarding the tumor
characteristics, physical condition of the patients, and underlying liver condition. LR is
usually considered the primary treatment for patients with resectable hepatic metastases.
The main goal of LR as a treatment for CRLM is the complete removal of all hepatic
metastases with curative intent and the preservation of adequate FRL with adequate
vascular inflow and outflow. Patients with CRLM, which is technically difficult to remove
through LR but potentially resectable, were evaluated for eligibility to undergo staged
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hepatectomy. Usually, the technical difficulty indicates that the estimated FRL volume is
less than 30% after complete resection of metastatic tumors. Initially, cTSH was performed
for these patients during the early period between 2010 and 2016. Briefly, resection of all
viable tumors in the FRL plus ligation of the contralateral portal vein, which supplies the
expendable hepatic lobe, was performed in the first stage. The remaining tumors associated
with the expendable hepatic lobe were resected in the second stage after a period of liver
regeneration. However, a second-stage hepatectomy was not performed for patients with
disease progression, characterized by development of unresectable metastases in the FRL
and/or systemic spread of colorectal cancer (CRC).

ALPPS was performed for selected patients with CRLM based on the degree of the
tumor burden in the FRL during the recent period between 2017 and 2021. Accordingly,
the tumor burden related to the size and number of metastases within the FRL was a major
concern for proceeding with ALPPS. Based on the selection criteria, metastatic tumors
within the FRL should not exceed three nodules and none of the nodules should measure
>3 cm. By contrast, cTSH would be considered in patients with tumor burdens beyond
the aforementioned criteria. The flow diagram of patients who had undergone staged
hepatectomy in this study is illustrated in Figure 1.

Figure 1. Flow diagram of patients who had undergone staged hepatectomy in this study. CRLM,
colorectal liver metastasis; FRL, future remnant liver; cTSH, conventional two-stage hepatectomy;
ALPPS, associating liver partition and portal vein ligation for staged hepatectomy.
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2.3. Postoperative Follow-Up

After LR, all patients were followed up at regular intervals at the institute until death
or at the end of this study. The protocol for CRC surveillance, including the detection
and management of tumor recurrence postoperatively, has been described in a previous
study [18]. Generally, postoperative adjuvant chemotherapy is performed routinely for all
patients after the completion of staged hepatectomy. The postoperative chemotherapeutic
options were mostly the same regimen as before surgery when a therapeutic response had
been observed. In patients who had disease progression after the first-stage hepatectomy
or recurrence after staged hepatectomy, another regimen of chemotherapy might be consid-
ered following a reassessment and well discussed in the multidisciplinary committee of
colorectal cancer. Moreover, aggressive treatment with surgical resection of recurrent CRC
is preferred if eligible for repeat surgery to achieve favorable long-term outcomes.

2.4. Statistical Analysis

The endpoints included recurrence-free survival (RFS) and overall survival (OS). RFS
was defined as the date of second-stage hepatectomy to the date of CRC recurrence or last
follow-up. Patients who did not undergo second-stage hepatectomy were not examined
for RFS. OS was defined as the date of first-stage or second-stage hepatectomy to the date
of death or last follow-up.

The prognostic factors related to OS were determined using univariate and multivari-
able Cox regression analyses. Survival analysis was performed using the Kaplan−Meier
method and log–rank test. All statistical analyses were performed using Prism statistical
software (GraphPad Software, San Diego, CA, USA) for Windows. A p value of <0.05 was
defined as statistical significance.

3. Results
3.1. Conventional TSH

The clinical characteristics of patients who underwent staged hepatectomy are sum-
marized in Table 1. Most primary CRC cases arose from the colon (30/37, 81.1%), and all
CRLM in this study were synchronous type. Twenty-seven (73.0%) patients underwent
cTSH since the early period of this study, in which a laparoscopic approach for the right
portal vein ligation (PVL) and resection of metastatic nodules in the FRL was performed in
4 patients as first-stage hepatectomy. The remaining 23 patients underwent conventional
laparotomy as first-stage hepatectomy.

Overall, 7 of 27 patients (25.9%) did not undergo second-stage hepatectomy owing to
disease progression. The postoperative courses and adjuvant chemotherapy of patients who
had completed two-stage hepatectomy are summarized in Table 2. One patient developed
postoperative complications related to pneumonia and died 25 days after completion of
cTSH. The median follow-up period of patients in the cTSH group was 25.8 months (range,
0.8–118.2 months). Sixteen of 20 patients (80%) experienced CRC recurrence after cTSH,
in which 11 patients were detected recurrence in single anatomic site and 5 patients were
multiple recurrence or systemic spreading. The median time of recurrence was 8.4 months
(range, 1.0–67.6 months). Eventually, four patients were disease free, including one who
underwent a repeat operation for CRC recurrence, while seven patients survived with
cancer and were receiving chemotherapy at the end of this study.
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Table 1. Clinicopathologic characteristics of patients undergoing staged hepatectomy for colorectal
cancer liver metastasis.

Characteristics cTSH
n = 27 (%)

ALPPS
n = 10 (%) p Value

Age (years), median (range) 61.4 (29.6–79.0) 50.8 (23.5–66.1) 0.104
Gender

Male 17 (63.0) 2 (20.0) 0.029
Female 10 (37.0) 8 (80.0)

BMI 24.9 (17.9–40.9) 23.5 (20.4–28.0) 0.489
Comorbidity 0.716

Yes 11 (40.7) 5 (50.0)
No 16 (59.3) 5 (50.0)

Primary tumor location 1.000
Colon 22 (81.4) 8 (80.0)
Rectum 5 (18.6) 2 (20.0)

Metastatic types
Synchronous 27 (100) 10 (100) 1.000
Metachronous 0 (0) 0 (0)

Metastases in whole liver
Maximum tumor size (cm) 5.6 (1.3–19.3) 6.4 (2.5–8.2) 0.678
Total tumor number 7 (1–24) 7 (2–15) 0.710

Metastases in FRL
Maximum tumor size (cm) 2.0 (0–10.2) 2.5 (0–3.0) 0.226
Tumor number 3 (0–8) 1 (0–3) 0.003

Serum CEA 25.8 (2.2–3197) 6.7 (0.7–40.7) 0.419
Pre-operative liver function test

AST (U/L) 26.0 (14.0–53.0) 26.0 (16.0–30.0) 0.674
ALT (U/L) 22.0 (6.0–60.0) 27.5 (16.0–38.0) 0.389
Alk-P (U/L) 83.0 (55.0–400.0) 72.0 (48.0–181.0) 0.271
Total bilirubin (mg/dL) 0.5 (0.2–0.9) 0.6 (0.3–1.1) 0.169
Albumin (g/dL) 4.2 (3.5–4.9) 4.5 (4.2–5.0) 0.004
Prothrombin time (INR) 1.0 (0.9–1.3) 1.0 (0.9–1.1) 0.353
Platelet count (1000/µL) 254.0 (163.0–543.0) 214.5 (164.0–432.0) 0.448

Pre-operative chemotherapy 0.313
FOLFIRI + Bevacizumab 7 (25.9) 5 (50.0)
FOLFOX + Bevacizumab 1 (3.7) 0
FOLFIRI + Cetuximab 9 (33.3) 4 (40.0)
No 10 (37.0) 1 (10.0)

Number of pre-operative
chemotherapy 7 (0–17) 7 (0–12) 0.670

1st stage liver resection 0.359
Laparoscopic approach 4 (14.8) 3 (30.0)
Traditional laparotomy approach 23 (85.2) 7 (70.0)

2nd stage liver resection 0.057
Laparoscopic approach
Extended right hemihepatectomy 0 (0) 2 (20.0)
Right hemihepatectomy 0 (0) 1 (10.0)
Traditional laparotomy approach
Extended right hemihepatectomy 10 (37.0) 5 (50.0)
Right hemihepatectomy 10 (37.0) 2 (20.0)

Failed to second staged hepatectomy 7 (25.9) 0 (0) 0.155
Patients final status 0.001

Alive with CRC free 4 (14.8) 7 (70.0)
Alive with recurrent CRC 7 (25.9) 3 (30.0)
Dead of CRC 16 (59.3) 0

cTSH, conventional two-stage hepatectomy; ALPPS, associating liver partition and portal vein ligation for
staged hepatectomy; BMI, body mass index; FRL, future remnant liver; CEA, carcinoembryonic antigen; AST,
Aspartate aminotransferase; ALT, Alanine Aminotransferase; Alk-P, Alkaline phosphatase; INR, international
normalized ratio; FOLFOX, folinic acid/fluorouracil/oxaliplatin, FOLFIRI, folinic acid/fluorouracil/irinotecan;
CRC, colorectal cancer; continuous variable is shown as median and range.
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Table 2. Postoperative courses after completion of two-stage hepatectomy.

Characteristics cTSH
n = 20

ALPPS
n = 10 p Value

Clavien complication grade 1.000
I 3 2
II 1 0
III 1 0
IV 0 0
V 1 0

Postoperative chemotherapy 0.947
FOLFIRI + Bevacizumab 7 4
FOLFOX + Bevacizumab 1 0
FOLFIRI + Cetuximab 4 2
FOLFOX + Cetuximab 1 2
FOlFIRI 2 1
FOLFOX 4 1
No 1 0

CRC recurrence after liver resection 0.807
Single anatomic site
Liver 3 2
Lung 7 1
bone 1 0
Multiple anatomic sites
Liver and lung 2 1
Systemic spreading 3 1

cTSH, conventional two-stage hepatectomy; ALPPS, associating liver partition and portal vein ligation for
staged hepatectomy; CRC, colorectal cancer; FOLFOX, folinic acid/fluorouracil/oxaliplatin, FOLFIRI, folinic
acid/fluorouracil/irinotecan.

3.2. ALPPS

ALPPS was performed for 10 patients (27.0%) according to the aforementioned criteria
related to the tumor burden within the FRL during the recent period (Table 3). Two patients
had no metastases in the FRL, and only liver partition plus portal vein transection was
performed in the first stage. The remaining 8 patients underwent ALPPS with resection of
metastasis within the FRL during the first-stage operation. All patients successfully com-
pleted the second-stage operation, of whom seven underwent resection of five Couinaud’s
hepatic segments. A laparoscopic approach was performed in the first and second stages of
the ALPPS procedure in three patients (No. 6, 8, and 10). The median follow-up period of
the ALPPS group was 23.8 months (range, 5.7–59.7 months). Overall, five patients (50.0%)
had CRC recurrence after LR, and the median time of CRC recurrence was 12.4 months
(range, 7.2–16.2 months). Of those, two patients who had undergone repeat LR for tumor
recurrence in the liver were eventually disease free at the end of this study. Moreover, all
patients in this group survived.

Table 3. Clinical features of patients underwent ALPPS.

Case
No.

Age/Sex
(yr)

ALPPS Total Liver
Metastases

CRC Recurrence

Outcomes
First Stage Second Stage

Tumors in FRL
(Number/Maximum

Size, cm)
Extend of LR Number/Maximum

Size (cm) Months/Status

1 66/M None S4–S8 2/6.9 None 59.7/NED
2 24/F 1/3.0 S5-S8 5/8.2 Lympho nodes 39.2/AD
3 32/F None S1, S5–S8 7/2.5 Liver † 36.0/NED
4 50/F 1/1.4 S4–S8 11/5.1 Liver † 25.7/NED
5 64/F 2/1.0 S4–S8 6/7.9 Liver, lung 24.5/AD
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Table 3. Cont.

Case
No.

Age/Sex
(yr)

ALPPS Total Liver
Metastases

CRC Recurrence

Outcomes
First Stage Second Stage

Tumors in FRL
(Number/Maximum

Size, cm)
Extend of LR Number/Maximum

Size (cm) Months/Status

6 * 50/F 1/2.5 S4–S8 6/6.0 lung 23.8/AD
7 55/M 2/2.6 S4–S8 11/7.4 None 23.4/NED

8 * 52/F 2/3.0 S4–S8 15/3.7 None 13.7/NED
9 65/F 3/2.0 S5–S8 9/5.1 None 6.0/NED

10 * 40/F 2/3.0 S4–S8 5/6.7 None 5.7/NED

ALPPS, associating liver partition and portal vein ligation for staged hepatectomy; CRC, colorectal cancer; Yr, years
old; M, male; F, female; FRL, future remnant liver; LR, liver resection; S, segment; NED, no evidence of disease;
AD, alive with disease; * represents pure laparoscopic approach for both stages of hepatectomy; † represents
repeat resection for recurrent metastasis.

3.3. Survival Analysis

The median follow-up period was 24.5 months (range, 0.8–118.2 months) for all
included patients (n = 37) after the first operation. Among the patients (n = 30) who had
completed the second operation, 21 (70%) experienced CRC recurrence within the period
of 1.0–67.6 months (median, 8.4 months). The 1-, 3-, and 5-year OS rates of all patients
were 91.6%, 62.4% and 45.4%, respectively (Figure 2). Further, univariate and multivariate
analysis were conducted to determine prognostic factors related to overall survival of
patients (Supplementary Table S1). However, most of the variables were not statistical
significance, and completion of two-stage hepatectomy was the only one significant factor
affecting survival of all patients.

The OS curves of all patients in terms of the completion of staged hepatectomy are
shown in Figure 3. Patients who failed to complete the staged hepatectomy had significant
dismal outcomes (p = 0.008), with 1- and 3-year OS rates of 85.7% and 38.1%, respectively.
The 1- and 3-year OS rates of patients who underwent complete staged hepatectomy were
93.1% and 69.1%, respectively.

Figure 2. Kaplan–Meier cumulative survival curve for all patients (n = 37).
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Figure 3. Kaplan–Meier cumulative survival curves for all patients based on the completion of staged
hepatectomy. Patients who did not undergo complete staged hepatectomy had significant dismal
outcomes when compared with those who completed the staged hepatectomy (p = 0.008).

The RFS curves of the patients who underwent complete two-stage hepatectomy in the
two groups are shown in Figure 4A. The 1- and 4-year RFS rates after staged hepatectomy
were 47.4% and 14.0% in the cTSH group, respectively. In the ALPPS group, the 1- and
4-year RFS rates after staged hepatectomy were 62.5% and 33.3%, respectively. However, no
significant differences were observed in the RFS curves between the two groups (p = 0.347).
Similarly, no significant differences were observed in the OS curves of patients in the two
groups who had completed staged hepatectomy despite the 100% survival of patients in
the ALPPS group (p = 0.074; Figure 4B).

Additionally, a propensity score matching based on patient characteristics and tumor
status was performed from the two approach groups. The two groups were matched at a
1:1 ratio with respect to the following variables: age, gender, body mass index, comorbidity,
primary tumor location, total number and maximum size of the metastasis in the liver, and
serum CEA level. On the basis of the propensity score model, 10 pairs of patients were
selected from the two groups for comparison. Analysis of outcomes showed that patients in
the two groups had no significant difference related to RFS and OS. The 1- and 4-year RFS
rates were 62.5%, and 33.3% for patients in the ALPPS group respectively, and 44.4%, and
14.8%, respectively for patients in the cTSH group (Figure 5A, p = 0.485). The 1- and 4-year
OS in the ALPPS group were both 100%, respectively, which was no significant difference
from that in the cTSH group, with 90.0%, and 75.0% for 1- and 4-year OS, respectively
(Figure 5B, p = 0.171).



Cancers 2022, 14, 3553 9 of 14

Figure 4. Kaplan–Meier cumulative survival curves for patients who completed the staged hepa-
tectomy. (A) No significant differences were observed in recurrence-free survival between the two
groups (p = 0.347). (B) The overall survival rate of patients with ALPPS is 100%; no significant
differences were observed in overall survival curves between the two groups (p = 0.074).
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Figure 5. Kaplan–Meier survival curves in patients undergoing staged hepatectomy after propensity
score matching. (A) The comparison of recurrence-free survival between the two groups had no
significant difference. (p = 0.485). (B) The overall survival curves were also no significant difference
between the two groups. (p = 0.171).

4. Discussion

The innovation of ALPPS was initially fascinated by a novel approach for extensive
LR for advanced hepatic tumors [9]. However, the application of this procedure once
was no longer recommended owing to the high operative risk and unknown oncologic
efficiency [12,19]. Recently, the rates of early mortality and morbidity associated with
ALPPS have improved dramatically with the increasing experience of surgical experts and
risk adjustment [20]. Thereafter, ALPPS had been employed as a major form of LR for a
few patients with liver tumors [15,21,22]. Moreover, the recent LIGRO trial showed the
advantage of ALPPS in terms of staged hepatectomy for managing advanced CRLM [16],
which gives rise to a few debates regarding the selection of certain approaches [23,24].
Therefore, we herein proposed the selection criteria based on the degree of the tumor
burden in the FRL to determine the specific staged hepatectomy approach for managing
advanced CRLM.

Accordingly, the tumor burden related to the size and number of metastases within the
FRL was a key factor in determining the type of staged hepatectomy. Generally, cTSH might
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be a better option for patients with tumor burden in the FRL beyond the aforementioned
criteria. Theoretically, there are two main concerns regarding the tumor burden in the
FRL. First, the size and number of tumors usually represent the oncologic characteristics of
CRLM, which could affect the prognosis of patients after undergoing hepatectomy. Second,
the tumor burden also indicates the degree of liver injury associated with the removal of
the hepatic parenchyma and transection area during tumor treatment and/or resection.
In addition, complications related to postoperative hepatic failure could be encountered
owing to the removal of a larger liver volume, and inadequate hepatic parenchyma was
preserved in the FRL.

The number of metastatic tumors is a well-known risk factor affecting the outcomes
of patients who undergo LR for CRLM [18,25]. Therefore, multiple hepatic metastases
(≥4) in the FRL might be associated with early recurrence of CRLM in the FRL after
hepatectomy. Additionally, the more metastatic nodules in the FRL, the greater the chance
that an undetectable occult metastasis could exist in the remnant liver. Therefore, the
shorter waiting period between the staged hepatectomy of ALPPS may not be sufficient to
detect a few invisible occult tumor foci within the FRL. Subsequently, occult tumor growth
within the FRL could be accelerated along with the regeneration of the hepatic parenchyma,
leading to early recurrence of CRC in the FRL if ALPPS is performed.

As such, the tumor burden also implies that a certain liver parenchyma should be
removed with complete clearance of CRLM in the FRL. In addition, LR for managing
malignant hepatic tumors should be performed with an adequate resection margin [4,26].
Therefore, resection of excessive liver volume from the FRL is of great concern. In addition,
liver partition might aggravate liver damage, increase liver distress, and increase the risk
of hepatic failure after surgery if a greater liver volume is removed from the FRL. Under
these circumstances, cTSH without liver partition for a larger tumor burden in the FRL may
be a relatively optimal option. Meanwhile, PVL could be an indicator of a dynamic liver
function test. Theoretically, hemi-hepatectomy would be feasible if the liver can tolerate
the PVL of the hemi-liver.

Additionally, a number of previous reports have shown several prognostic factors that
affect the outcomes of patients with LR for CRLM [5,18,25,27,28]. Nonetheless, none of
those factors was observed in this study in terms of univariate and multivariate analysis.
As such, patients with incomplete staged hepatectomy would naturally encounter a poorer
outcome than those with completion of two-stage hepatectomy. Additionally, comparison
of clinical characteristics and postoperative courses also showed no significant difference
between cTSH and ALPPS. Few reports had shown that patients who underwent ALPPS
had significant elder age as compared with cTSH [29,30]. On the contrary, the study had no
similar observation instead of younger age in ALPPS patients without statistical significance.
With respect to CEA, most clinical practices recommend measuring perioperative serum
levels to predict the prognosis of CRC [5,27,31]. However, pre-operative CEA level had no
significance difference in this study despite a higher level in the cTSH group. A possible
explanation for these observations might be related to the limitation of this study in terms
of a small patient number. Therefore, further studies involving a larger number of patients
might be able to clarify the significance of aforementioned factors.

With the advancement of surgical instruments and techniques, minimally invasive
liver surgery has been widely applied in the management of liver tumors in recent
years [32,33]. Moreover, ALPPS using the laparoscopic approach has also been imple-
mented in the LR of CRLM [34,35]. With the proposed criteria for staged hepatectomy,
laparoscopic ALPPS could be attempted in certain well-selected patients with multiple
bilobar CRLMs, as shown in this study. Furthermore, the laparoscopic approach could also
be considered in the first stage of cTSH in selected cases, such as synchronous CRLM that
required simultaneous resection of metastatic liver tumors and primary CRC. Laparoscopic
approach as the first stage of cTSH might potentially lower the risk of complications as
well as decrease the difficulty of second-stage hepatectomy resulting from perihepatic
adhesions [36].
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Although the short-term results appear satisfactory, this study might be limited by its
retrospective nature. That is, the sample size used in this study was relatively small, and
the observational studies were conducted in a single center. However, some remarkable
observations could provide additional information to guide clinical decision-making in
advanced CRLM scenarios for the selection of the staged hepatectomy type. Generally, the
choice of therapeutic strategy should be individualized and flexible based on the balance
of three main elements: tumor status, extent of LR, and clinical condition of patients.
Therefore, none of the two-stage hepatectomy approaches is the superior option. To achieve
better long-term outcomes for patients with CRLM, an optimal therapeutic protocol should
be developed.

Taken together, this study proposed a selection criterion based on the degree of the
tumor burden related to the number and size of metastasis in the FRL to determine the
type of staged hepatectomy for managing advanced CRLM. Given the operative risk and
oncologic outcomes, the individualized selection criteria appear to be promising and can
be used to select a more effective staged hepatectomy approach for patients with advanced
CRLM.

5. Conclusions

The present study showed that the individualized selection criteria based on the
tumor burden within the FRL might be a promising strategy for determining the staged
hepatectomy type in advanced CRLM scenarios. Those criteria could balance the operative
risk and oncologic outcomes for selecting a more effective staged hepatectomy as well as
achieving a better long-term outcome for patients with advanced CRLM.
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