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Simple Summary: For 657 cases of segment or less repeat liver resection with results of plasma
albumin and bilirubin levels and platelet counts before and 3 months after surgery, the indicators
were compared before and after surgery. There were 268 open repeat after open and 224 cases
laparoscopic repeat after laparoscopic liver resection. The background factors and liver functional
indicators before and after surgery, and the changes were compared between both groups. Plasma
levels of albumin (p = 0.006) and total bilirubin (p = 0.01) were decreased, and ALBI score (p = 0.001)
indicated worse liver function after surgery. Though laparoscopic group had poorer performance
status and liver function, changes of the values and overall survivals were similar between both
groups. Plasma levels of albumin and bilirubin and ALBI score could be the liver functional indicators
for liver functional deterioration after liver resection. The laparoscopic group with poorer conditions
showed a similar deterioration of liver function and overall survival to the open group.

Abstract: Whether albumin and bilirubin levels, platelet counts, ALBI, and ALPlat scores could be
useful for the assessment of permanent liver functional deterioration after repeat liver resection
was examined, and the deterioration after laparoscopic procedure was evaluated. For 657 patients
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with liver resection of segment or less in whom results of plasma albumin and bilirubin levels and
platelet counts before and 3 months after surgery could be retrieved, liver functional indicators
were compared before and after surgery. There were 268 patients who underwent open repeat after
previous open liver resection, and 224 patients who underwent laparoscopic repeat after laparoscopic
liver resection. The background factors, liver functional indicators before and after surgery and their
changes were compared between both groups. Plasma levels of albumin (p = 0.006) and total bilirubin
(p = 0.01) were decreased, and ALBI score (p = 0.001) indicated worse liver function after surgery.
Laparoscopic group had poorer preoperative performance status and liver function. Changes of liver
functional values before and after surgery and overall survivals were similar between laparoscopic
and open groups. Plasma levels of albumin and bilirubin and ALBI score could be the indicators
for permanent liver functional deterioration after liver resection. Laparoscopic group with poorer
conditions showed the similar deterioration of liver function and overall survivals to open group.

Keywords: laparoscopic liver resection; repeat liver resection; liver function; liver functional deterio-
ration; overall survival

1. Introduction

The treatment options for hepatocellular carcinoma (HCC) are liver resection (LR) [1],
liver transplantation [2], transarterial chemoembolization, local ablation therapy [3], and
currently emerging systemic (immune-) chemotherapy using kinase inhibitors and immune
checkpoint inhibitor [4,5]. Although some treatments provide the hope for a cure of the
current HCC [3,6–8], most patients of HCC with underlying chronic liver disease (CLD) are
developing metachronous multicentric HCCs from its preneoplastic background. When
considering treatments for the patients, not only the oncological therapeutic effects to
the current tumor, but also the post-treatment residual liver function for the future HCC
treatments should be taken into account. The strategy of combination therapy during the
long treatment history of HCC patients, depending on each patient’s tumor condition and
liver function at each time, is needed [9,10]. Although the strategy should be planned with
liver functional assessments of the deterioration after treatments, there is currently no good
tool for the assessment.

We (ILLS-Tokyo collaborator group) conducted international multi-institutional propen-
sity score-based studies for laparoscopic repeat LR (LRLR) with patients with HCC, comparing
to open repeat LR (ORLR) [11,12]. In the study [11], the overall survival curves after LRLR
and ORLR were clearly separated with the better tendency in LRLR (not significant with
p-value of 0.086), although the disease-free survival curves were identical and overlapped. We
speculated that overall survival after LRLR was better since less liver functional damage of
LRLR [13] made the repeat treatments more accessible and the number of deceased patients
due to liver insufficiency decreased.

Recently, ALBI score [14,15] calculated with plasma albumin and total bilirubin levels
and ALPlat score [16] calculated with plasma albumin level and blood platelet counts were
proposed as the indicators of liver functional reserve for the preoperative evaluation of
LR. In this study, we examined whether plasma albumin level, total bilirubin level, blood
platelet counts, ALBI score, and ALPlat score could be useful as liver functional indicators
for the assessment of permanently settled liver functional deterioration 3 months after
repeat LR (RLR) and, using the indicators, evaluated that the extent of liver functional
deterioration after LRLR compared to ORLR.

2. Methods
2.1. Participating Centers and Registered Patients

The present study involved 42 high-volume liver surgery centers around the world
that provided data from patients who underwent RLR for HCC between January 2007
and December 2017. Institutional Review Board (IRB) approval was obtained from the
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coordinating center, with a data transfer agreement and IRB approval having been provided
by all centers.

The centers registered 1582 patients, including 934 and 648 treated by ORLR and LRLR.
Each case was discussed under a multidisciplinary setting in each center, and each patient
provided informed consent for the procedure. The detail of registered patients’ number
from each center in original patient group was described in a previous study [10].

This study conformed to the ethical guidelines of Declaration of Helsinki and was
retrospective in nature. Approval from the ethics committee of each institution was obtained
(HM20-094 for primary investigator’s institution, FHU).

2.2. Selection of Patients and Data Collection

For 1582 registered patients, the results of usual laboratory blood examination were
examined. A total of 875 patients, in whom the results of plasma albumin level, total
bilirubin level, and blood platelet counts before and 3 months after surgery could be
retrieved, were extracted. Background factors of the patients with ORLR or LRLR are
described in Table 1. Then, 657 patients, who underwent segment or less resection, were
selected for the first study searching indicators for liver functional change 3 months after
RLR in order to eliminate the impact of decreased liver volume after LR.

Table 1. Background factors of all patients (n = 875) with ORLR or LRLR before RLR.

ORLR, n = 450 LRLR, n = 425 p Value

Age (years old) 66.07 ± 10.77 68.03 ± 10.60 0.007 *

Sex (male:female) 355:95 322:103 0.270

BMI 22.98 ± 3.43 23.98 ± 3.96 <0.001 *

Performance status (0:1:2) 411:37:1 365:55:5 0.016 *

Size of tumor (mm) 23.59 ± 17.52 20.49 ± 10.74 0.002 *

Number of tumors (1:2:3:>4) 315:87:23:25 335:70:13:7 0.003 *

Tumor location (AL:PS) 159:107 145:77 0.223

Extent of resection
(Segment or less: Section: 2

or more sections)
329:72:49 382:33:10 <0.001 *

Albumin (g/dL) 4.09 ± 0.41 4.01 ± 0.48 0.006 *

Total Bilirubin (mg/dL) 0.73 ± 0.32 0.76 ± 0.35 0.095

Platelet (X104/microL) 14.77 ± 6.11 13.93 ± 5.10 0.026 *

Presence of fibrosis
(NL:CH:LF:LC) 73:56:114:202 # 49:39:120:21 3 ## 0.056

Child–Pugh score (5:6:7:>8) 393:46:9:2 322:84:14:5 <0.001 *
RLR: repeat liver resection, ORLR: open repeat liver resection, LRLR: laparoscopic repeat liver resection. Data are
shown as mean ± SD or number of cases. *: statistically significant. #: There are 5 missing data, ##: There are 4
missing data.

The following data were obtained as background factors: patient characteristics (age,
sex, body mass index (BMI), and preoperative performance status (PS)); indicators of pre-
operative liver function (presence of liver fibrosis, plasma total bilirubin level (mg/dL),
plasma albumin level (g/dL), blood platelet count (/microL), Child–Pugh score)); tumor
characteristics (number, size (mm), and location (anterolateral or posterosuperior seg-
ments)); surgical procedures (ORLR or LRLR) and the previous LR procedure (open or
laparoscopic).

In addition, the results 3 months after RLR of plasma albumin level, total bilirubin
level, and blood platelet counts were obtained.
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2.3. Analysis of the Indicators of Liver Function before and 3 Months after RLR

The results before and 3 months after RLR of plasma albumin level, total bilirubin level,
and blood platelet counts were compared in the selected 657 patients. Furthermore, calculated
ALBI scores [14,15] and ALPlat scores [16] before and after RLR were compared (Table 2).

Table 2. Analysis of the indicators of liver function before and 3 months after repeat liver resection.

Pre-Operative Data Post-Operative Data p Value

Albumin (g/dL) 4.04 ± 0.45 3.97 ± 0.53 0.006 *

Total Bilirubin (mg/dL) 0.76 ± 0.33 0.81 ± 0.40 0.010 *

Platelet (×104/microL) 14.07 ± 5.02 14.12 ± 5.20 0.862

ALBI score −2.73 ± 0.40 −2.65 ± 0.48 0.001 *

AlPlat score 504.49 ± 70.46 498.24 ± 77.05 0.125
Data are shown as mean ± SD. *: statistically significant.

2.4. Comparison between the Patients Who Underwent ORLR after Previous Open LR (OO group)
and LRLR after Previous Laparoscopic LR (LL Group): Background Factors, Indicators for Liver
Function before RLR, Their Changes after RLR, and Overall Survival after RLR

There were 268 patients who underwent ORLR after previous open LR (OO group)
and 224 patients who underwent LRLR after previous laparoscopic LR (LL group) among
selected 657 patients with segment or less RLR. Selected patients’ numbers for the final
analysis, comparing ORLR and LRLR in the present study, from each center are in the
description of Table 3

Table 3. Comparison between OO group and LL group: Background factors, indicators for liver
function before RLR, and after RLR.

Before LR OO LL p Value

Age (years old) 67.37 ± 10.36 68.62 ± 9.96 0.176

Sex (male:female) 214:54 167:57 0.194

BMI 22.94 ± 3.44 23.96 ± 3.98 0.002 *

Performance status (1:2:3) 250:17:1 194:29:1 0.043 *

Number of tumors (1:2:3:>4) 188:58:14:8 176:38:6:4 0.209

Size of tumor (mm) 20.93 ± 15.21 19.00 ± 9.52 0.089

Tumor location (AL:PS) 159:107 145:77 0.223

Albumin (g/dL) 4.09 ± 0.39 3.94 ± 0.49 <0.001 *

Total Bilirubin (mg/dL) 0.73 ± 0.31 0.75 ± 0.35 0.698

Platelet (×104/microL) 14.58 ± 4.89 13.57 ± 5.41 0.031 *

ALBI score −2.78 ± 0.34 −2.65 ± 0.46 <0.001 *

AlPlat score 514.32 ± 61.09 490.43 ± 79.95 <0.001 *

Presence of fibrosis (NL:CH:LF:LC) 48:41:70:106 21:23:63:114 0.006 *

Child-Pugh score (5:6:7:>8) 239:25:4:0 160:53:7:4 <0.001 *

3 months after LR

Albumin (g/dL) 4.03 ± 0.47 3.89 ± 0.55 0.003 *

Total Bilirubin (mg/dL) 0.77 ± 0.36 0.80 ± 0.39 0.461

Platelet (X104/microL) 14.77 ± 5.09 13.68 ± 5.56 0.025 *

ALBI score −2.71 ± 0.42 −2.59 ± 0.52 0.003 *

AlPlat score 510.10 ± 69.08 486.70 ± 83.60 0.001 *
Data are shown as mean ± SD or number of cases. *: statistically significant. OO group: Cases who underwent
open repeat liver resection after previous open liver resection. LL group: Cases who underwent laparoscopic repeat
liver resection after previous laparoscopic liver resection. RLR: repeat liver resection, LR; liver resection, BMI:
body mass index, AL: tumors located anterolateral segments (segments 2–6), PS: tumors located posterosuperior
segments (segments1,7,8), NL: normal liver, CH:chronic hepatitis, LF: liver fibrosis, LC: liver cirrhosis.
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The factors listed before (background factors, indicators for liver function, ALBI score,
and ALPlat score) RLR; plasma albumin level, total bilirubin level, blood platelet counts, ALBI
score, and ALPlat score 3 months after RLR were compared between LL and OO groups.

Changes of the values before and after RLR in albumin, bilirubin, platelet, ALBI score,
and ALPlat score were compared between LL and OO groups.

Overall survival after RLR was compared between LL and OO groups.

2.5. Statistical Analyses

Data are expressed as mean ± standard deviation or as the number of patients.
Between-group differences in categorical variables were analyzed by Pearson’s Chi-squared
test or Fisher’s exact test with Yates correction, as appropriate. Between group differences
in continuous parametric variables were analyzed by un-paired Student’s t-test or ANOVA,
and between-group differences in continuous non-parametric variables were analyzed by
Mann–Whitney or Kruskal–Wallis test. Survival was plotted by the Kaplan–Meier method,
and between-group differences were analyzed by log-rank test. Statistical analyses were
performed with the use of SPSS Statistics 25 (IBM Corp., Armonk, NY, USA) or R 3.3.4 (R
Foundation for Statistical Computing, Vienna, Austria). p < 0.05 was considered statistically
significant.

3. Results
3.1. Analyses of the Indicators for Liver Function before and 3 Months after RLR

Plasma levels of albumin (4.04 ± 0.45 vs. 3.97 ± 0.53 g/dL, p = 0.006) was significantly
decreased and total bilirubin (0.76 ± 0.33 vs. 0.81 ± 0.40 mg/dL, p = 0.01) was signifi-
cantly increased 3 months after RLR compared to those values before RLR. The difference
in blood platelet counts was not significant (14.07 ± 5.02 vs. 14.12 ± 5.20 × 104/microL,
p = 0.862). Consequently, ALBI score (−2.73 ± 0.40 vs. −2.65 ± 0.48, p = 0.001) indicated sig-
nificantly worse liver function 3 months after RLR, but not ALPlat score (504.49 ± 70.46 vs.
498.24 ± 77.05, p = 0.125).

3.2. Comparison between OO Group and LL Group: Background Factors, Indicators for Liver
Function before RLR, and Those, Their Changes, and Overall Survivals after RLR

There was significantly higher BMI and poorer PS in the LL group. The LL group had
significantly higher incidence of liver fibrosis and Child–Pugh score before RLR, although
there were no significant differences between OO and LL groups in tumor-related factors,
such as tumor number, size, and location. In addition, there were significant differences
before and also after RLR in plasma level of albumin (OO vs. LL before RLR: 4.09 ± 0.39 vs.
3.94 ± 0.49 g/dL, p < 0.001; OO vs. LL after RLR: 4.03 ± 0.47 vs. 3.89 ± 0.55 g/dL, p = 0.003),
blood platelet count (14.58 ± 4.89 vs. 13.57 ± 5.41 × 104/microL, p = 0.031; 14.77 ± 5.09
vs. 13.68 ± 5.56 × 104/microL, p = 0.025), ALBI score (−2.78 ± 0.34 vs. −2.65 ± 0.46,
p < 0.001; −2.71 ± 0.42 vs. −2.59 ± 0.52, p = 0.003), and ALPlat score (514.32 ± 61.09 vs.
490.43 ± 79.95, p < 0.001; 510.10 ± 69.08 vs. 486.70 ± 83.60, p = 0.001) between LL vs. OO
groups. (Table 3)

All the changes of values before and after RLR in albumin, bilirubin, platelet, ALBI
score, and ALPlat score were similar without significant differences between LL and OO
groups. (Table 4)

There was no significant difference in overall survival after RLR between LL and OO
groups. (Figure 1, p = 0.576).

OO patients were registered from Clinica Universitaria de Navarra = 2 (number of
patients), Wakayama Medical University Hospital = 13, Osaka City University = 30, Queen
Mary Hospital = 34, Shizuoka Cancer Center = 47, University of Pittsburgh = 2, University
Hospital Reina Sofia = 1, Kitazato University = 7, Komagome Hospital = 5, Osaka City
General Hospital = 5, Kurume University = 18, Kurashiki Central Hospital = 18, National
Cancer Center Hospital East = 37, Kansai Rosai Hospital = 4, Tokyo Medical and Dental
University = 22, Toho University = 6, Fujita Health University Hospital = 4, Keio Univer-
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sity = 3 and LL from Seoul National University Bundang Hospital = 2, Clinica Universitaria
de Navarra = 2, Wakayama Medical University Hospital = 4, Osaka City University = 15,
Queen Mary Hospital = 5, Fujita Health University Bantane Hospital = 15, Shizuoka Cancer
Center = 3, Kitazato University = 1, Komagome Hospital = 4, Koo Foundation Sun Yat-Sen
Cancer Center = 2, Far-Eastern Memorial Hospital = 20, Osaka City General Hospital = 32,
Kurume University = 1, Kurashiki Central Hospital = 23, National Cancer Center Hospital
East = 4, Tulane University = 1, Institute Mutualiste Montsouris = 10, Kansai Rosai Hos-
pital = 33, Tokyo Medical and Dental University = 1, Toho University = 4, Asan Medical
Center = 3, Fujita Health University Hospital = 22, and Keio University = 17.

Table 4. Comparison between OO group and LL group: Changes in indicators for liver function
before and after RLR.

OO LL p Value

Change of Alb (g/dL) 0.068 ± 0.40 0.054 ± 0.42 0.710

Change of Total Bilirubin (mg/dL) −0.036 ± 0.34 −0.049 ± 0.33 0.653

Change of Platelet (×104/microL) −0.19 ± 4.26 −0.11 ± 3.34 0.830

Change of ALBI score −0.064 ± 0.35 −0.063 ± 0.38 0.969

Change of ALPlat score 4.23 ± 53.46 3.73 ± 53.59 0.919
Data are shown as mean ± SD. OO group: Cases who underwent open repeat liver resection after previous open
liver resection. LL group: Cases who underwent laparoscopic repeat liver resection after previous laparoscopic
liver resection.

Figure 1. Overall survival after RLR between LL and OO groups.

4. Discussion

The present study showed that the plasma level of albumin, that of total bilirubin, and
ALBI score indicated significantly worsened liver function 3 months after RLR comparing
to the preoperative values. Although ALBI [14,15] and ALPlat [16] scores are advocated for
liver functional evaluation before HCC treatments including LR, there are no established
assessment indicators for the permanent deterioration of liver function settled stable 3
months after treatments. These factors, plasma level of albumin, that of total bilirubin,
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and ALBI score, could be the candidate indicators for the assessments of liver functional
permanent deterioration after LR. Using these indicators, evaluation for the extent of
liver functional deterioration after LRLR compared to ORLR were also performed in
present study.

With the original patient group for the present study, we conducted international
multi-institutional studies for LRLR to HCC patients, compared to ORLR [11,12]. The
studies showed that LRLR is feasible and has short-term advantages of less intraoperative
blood loss and less morbidity for selected patients. In the first study [11], the overall
survival curves after LRLR and ORLR were clearly separated with the better tendency
in LRLR, although the disease-free survival curves were identical. Overall survival of
HCC patients with CLD after LR is determined not only by the recurrence of the resected
HCC, but also by metachronous multicentric HCCs and liver insufficiency [8,9]. During
the long and repeated treatment history of patients with HCC, they should have enough
residual liver function after each treatment which makes them possible to undergo repeat
combination treatments. We hypothesized that overall survival after LRLR was better
since less deterioration of liver function after LRLR [12], in addition to less adhesion, made
the repeat treatments more accessible and the number of deceased patients due to liver
insufficiency decreased.

The main advantages of LLR for repeat treatments are thought to be less adhesion after
LR and less damage to the liver and surrounding structures, such as collateral vessels [17],
using the laparoscopic direct approach to the surgical area [18–20], sometimes without
complete dissection of adhesion. Those could work not only on the technical aspects during
LR, but also on the liver function after treatments resulting in less deterioration. Both
possible advantages were verified by simple comparison of OO (open repeat LR after
open LR) and LL (laparoscopic repeat LR after laparoscopic LR) groups, excluding the
patients who underwent both open and laparoscopic procedures, in the present study.
Selecting the resections of segmentectomy or less were for minimizing the impact on the
deterioration from the decreased functional liver volume. There was no difference in tumor
number, size, and location (in anterolateral segments or posterosuperior segments) between
OO and LL groups. Thereafter, tumor and surgical factors are similar in both groups
compared. On the other hand, the LL group had patients with poorer general (poorer PS
and higher BMI) and liver condition (more fibrosis, lower albumin and platelet, worse
ALBI/ALPLat/Child–Pugh scores) compared to the OO group. LL group patients with
poorer liver and general conditions and similar tumor and surgical factors showed similar
deterioration of liver function and resulted in similar overall survival to OO group patients.
It could be translated that LL group patients could have gone through repeat LR well,
despite the fact that they were allocated to LRLR due to the fear of liver decompensation
and morbidity after ORLR. It may show the advantage of LLR, that it could prolong the
overall survival of the HCC patients with CLD as a powerful local therapy which can be
applied repeatedly with minimal deterioration of liver function.

The deterioration of liver function by each HCC treatment is usually smaller and
more difficult to detect than years-long deterioration by CLD, except major hepatectomies
which remove a large volume of functional liver. The present study showed that plasma
level of albumin, that of total bilirubin, and ALBI score are the possible indicators for the
assessment of liver functional permanent deterioration after LR. However, LR should have
heaviest damage on liver function among the treatment options and, also, the evaluation
of each individual case in different condition should be more difficult. Therefore, further
investigations are needed for the assessment of liver functional change after each treat-
ment during repeated treatments for the patients with metachronous multicentric HCCs
and CLD.
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