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Background: The role of associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) 
for hepatocellular carcinoma (HCC) remains controversial.
Methods: The records of 23 consecutive patients with hepatitis B virus (HBV)-related HCC who 
underwent ALPPS at our center between November 2013 and June 2018 were retrospectively reviewed. 
Oncological results were compared between patients who received ALPPS and those that received 
transarterial chemoembolization (TACE) using propensity score matching (PSM) analysis.
Results: In patients with a single tumor (n=12) the median tumor diameter was 13.0 (range: 5.1– 
20.0) cm, whereas in patients with multiple tumors (n=11) the median total tumor diameter was 6.3 (range: 
2.3–26.0) cm. After the stage-1 ALPPS, the median future liver remnant (FLR) increased by 50.0%. The 
stage-2 ALPPS was completed in 20 patients (87.0%) after a median of 12 days. The 90-day mortality 
rate was 13% (3/23). The overall survival (OS) rates at 1-, 2-, and 5-year were 61.1%, 34.9%, and 8.7%, 
respectively, whereas the disease-free survival (DFS) rates at 1- , 2-, and 5-year were 27.8%, 27.8%, and 0.0%, 
respectively. PSM analysis showed no difference in OS between patients who underwent ALPPS and those 
that received TACE [P=0.178, Barcelona Clinic Liver Cancer (BCLC) stage A–C patients; P=0.241, BCLC 
stage B and C patients].
Conclusions: ALPPS is a safe and effective treatment option for unresectable HBV-related HCC. 
However, for HBV-related intermediate and advanced HCC patients, ALPPS may not be superior to TACE.
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Introduction

Hepatocellular carcinoma (HCC) is now the fourth most 
common cause of cancer-related deaths worldwide. About 
78,000 patients died from HCC in 2018 (1,2). Though 
surgical resection is still the mainstay treatment for patients 
with HCC, unfortunately only 20% to 30% of patients are 
candidates for liver resection (3). One of the pivotal reasons 
for the low resection rate is an insufficient future liver 
remnant (FLR) volume and the risk of post-hepatectomy 
liver failure (PHLF) because approximately 80% of HCCs 
are associated with chronic hepatitis B virus (HBV) or 
hepatitis C virus (HCV) infections, liver fibrosis, and/or 
cirrhosis (4,5).

Associating liver partition and portal vein ligation for 
staged hepatectomy (ALPPS) is considered one of the 
most important recent surgical innovations in liver surgical 
oncology because the technique induces a rapid increase 
in the FLR volume (40% to 160% within 1 to 2 weeks) 
(6-9). As such, this makes the tumor resection an option 
in patients with an FLR that has been determined to be 
insufficient. However, ALPPS has been associated with high 
operative morbidity and mortality. Although some statistics 
in the ALPPS registry indicated a favorable outcome rate 
of 98.4% and a mortality rate of 8.8% (10), a majority of 
patients included in this analysis were patients with liver 
metastasis from colorectal cancer. In patients with primary 
liver cancer, the international ALPPS registry demonstrated 
a 90-day mortality rate of 31% (35 patients included in 
the analysis) (11). In other studies with fewer patients, the 
90-day mortality rates ranged from 0% to 12.5% (12-22). 
Therefore, caution is recommended when considering 
HCC patients for ALPPS, and some studies have even 
suggested that HCC is a relative contraindication for 
ALPPS (19).

Wang et al. (23) recently reported the overall survival 
(OS) of 45 patients with HCC who received ALPPS was 
remarkably superior to those treated with transarterial 
chemoembolization (TACE) (1- and 3-year OS rates after 
ALPPS of 64.2% and 60.2%, respectively, and 1- and 3-year 
OS rates after TACE of 50.0% and 7.1%, respectively, 
P=0.004, Kaplan-Meier log-rank test) and similar to those 
after one-stage liver resection (1- and 3-year OS rates after 
one-stage liver resection of 68.9% and 43.5%, respectively, 
P=0.514, Kaplan-Meier  log-rank test). Thus, the authors 
considered ALPPS as a viable treatment option for patients 
with unresectable HCC. However, data of ALPPS outcomes 

for the treatment of HCC are still limited to a few case 
reports and small cohort studies.

The purpose of this present study was to report 
our experience of using ALPPS to treat patients with 
unresectable HBV-related HCC and to compare the 
outcomes of ALPPS with TACE using propensity score 
matching (PSM) analysis.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-2420).

Methods

All the procedures in this study were conducted following 
the Declaration of Helsinki (as revised in 2013) and 
arranged strictly with the approval of the First Affiliated 
Hospital of Sun Yat-sen University Ethics Committee 
[2015(124)] and informed written consent was taken from 
all the patients.

Patients

The records of patients with HBV-related HCC treated at 
the First Affiliated Hospital of Sun Yat-sen University from 
November 2013 to June 2018 were retrospectively reviewed. 
Patients included in the analysis were HBV surface antigen 
(HBsAg)-positive, or they had detectable HBV DNA, or 
were both HBV e-antibody (HBeAb) and HBV c-antibody 
(HBcAb) positive. All patients were negative for anti-
HCV antibody. All patients received routine preoperative 
computed tomography (CT) or magnetic resonance 
imaging (MRI).

Patients were stratified according to the Barcelona 
Clinic Liver Cancer (BCLC) staging system (2). Surgical 
and anatomic designations were based on Couinaud’s 
classification of the liver and the Brisbane 2000 Terminology 
of Liver Anatomy and Resections (24). The surgical 
techniques used to perform ALPPS were those that have 
been described elsewhere (25). Postoperative complications 
(POCs) were  defined according to  Clavien-Dindo  
criteria (26). Patients were defined as having postoperative 
liver insufficiency when at least two of the following 
parameters were observed including serum total bilirubin 
(TBIL) >60 μmol/L, a prothrombin time (PT) rate <30% 
of the normal level, alteration of consciousness, and  
asterixis (27). The postoperative hospital stay was calculated 
from the date of surgery to the date of discharge. The 
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overall hospital stay was defined as the sum of days that a 
patient stayed at the hospital.

H e m a t o x y l i n - e o s i n  ( H E )  s t a i n e d  s l i d e s  a n d 
immunohistochemical (IHC) analysis of surgical specimens 
were reviewed, and fibrosis was scored according to the 
METAVIR scoring system (28). Briefly, a score of 0 to 4 
was given according to the degree of fibrosis: 0 (no fibrosis), 
1 (mild fibrosis), 2 (moderate fibrosis), 3 (severe fibrosis), 
and 4 (cirrhosis). Tumor pathological grade was based on 
the Edmondson-Steiner grading system (29). The albumin-
bilirubin (ALBI) score, a marker of the liver functional 
reserve, was calculated (30). The diagnosis of tumor 
recurrence was based on clinical examination, laboratory 
data, and radiological examinations [MRI, CT, and positron 
emission thermography (PET) scan].

Volumetric assessment

About 1 week after the stage-1 ALPPS, CT, or MRI 
was performed to measure liver volumes. CT data were 
analyzed and reconstructed using medical image analysis 
software (Myrian XP Liver; Intrasense; France). MRI data 
were analyzed and reconstructed using a 3.0-T system 
(Siemens Healthineers) with an 8-channel phased-array 
coil and scanning. The standard liver volume (SLV) was 
calculated by the Urata formula (31). When the FLR/SLV 
ratio reached >40%, performing the stage-2 ALPPS was 
considered to be safe for patients with cirrhosis, whereas 
a ratio >30% was sufficient for patients with no evidence 
of cirrhosis. The correlation between the FLR volume at 
the baseline (V0) and after the stage-1 ALPPS (V1) was 
calculated by the formula: %FLR volume increase = (V1 – 
V0)/V0 ×100 to evaluate the FLR volume increment (32). 
The kinetic growth rate (KGR), which reflects the daily 
increase in the volume of the FLR, was also calculated.

Follow-up

After discharge, patients were seen in the clinic monthly for 
the first 6 months, and then every 3 months, as described 
in our previous study (33). Telephone follow-up was also 
performed every 6 months.

PSM analysis

PSM was used to compare the outcomes of patients who 
underwent ALPPS with those treated by TACE during 

the same period. TACE was performed as described  
elsewhere (34). PSM was used to minimize the effect of 
confounding influences on measured covariates. ALPPS 
and TACE were matched 1:1 as closely as possible using 
the following variables: tumor number, tumor diameter, 
ascites, portal vein tumor thrombus (PVTT), aspartate 
aminotransferase (AST), alanine aminotransferase (ALT) 
and age. The covariate balance of the matched cohorts was 
assessed by Student’s t-test, Mann-Whitney U test, Chi-
Squared, or two-tailed Fisher exact tests. The primary 
endpoint was the OS. The mortality rates after treatment 
were also calculated.

Statistical analysis

Continuous variables with normal distribution were 
expressed as mean ± standard deviation, or median with 
range for non-normally distributed data. Continuous data 
were compared with the parametric Student’s t-test when 
normality and homogeneity of variance assumptions were 
satisfied; otherwise, the non-parametric Mann-Whitney 
U test was used. For categorical variables, unordered 
categorical variables were analyzed by Fisher’s exact or Chi-
Square test, and ordinal categorical variables were analyzed 
by the non-parametric Mann-Whitney U test. Repeated 
measures ANOVA was used for comparisons of repeated 
measurements of biochemical parameters. Comparisons 
were first performed using Mauchly’s test of sphericity; 
if the value of P was >0.05, one-way ANOVA was used, 
otherwise, the Greenhouse-Geisser method was used to 
correct the one-way ANOVA. Correlation analysis was 
performed to identify relative factors for the KGR. Logistic 
regression analysis was performed to identify independent 
risk factors for complications and mortality. OS was defined 
as the time from the date of the stage-2 ALPPS until 
death or last follow-up and disease-free survival (DFS) was 
defined as the time from the date of the stage-2 ALPPS 
to initial tumor recurrence, metastasis or death. The 
survival analysis was conducted using the Kaplan-Meier 
method and compared with the log-rank test. Univariate 
and multivariate Cox regression analyses were applied to 
examine prognostic factors significantly associated with OS 
and DFS. All statistical analyses were performed using SPSS 
statistical software, version 23.0 (IBM, Chicago, IL, USA) 
and line graphs were drawn by GraphPad Prism Version 
8 (San Diego, CA, USA). A two-sided value of P<0.05 was 
considered to be statistically significant.
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Results

Patients

Twenty-six patients underwent ALPPS for HCC (n=25) 
and intrahepatic cholangiocarcinoma (ICC) (n=1) during 
the study period. Among the 26 patients, 23 patients with 
HBV-related HCC were analyzed (Figure 1), including 22 
male patients (95.7%) and 1 female patient (4.3%). The 
median age of the 23 patients was 40 (range: 32–66) years. 
Twelve patients had a single tumor with a median diameter 
of 13.0 (range: 5.1–20.0) cm, and 11 patients had multiple 
tumors with a median diameter of 6.3 (range: 2.3–26.0) cm.  
According to the BCLC staging system, the number of 
stage A, B, and C patients was 7 (30.4%), 6 (26.1%), and 10 
(43.5%), respectively. Seven (30.4%) patients had cirrhosis 
(METAVIR grade IV) (Table 1). PVTT, microvascular 
invasion (MVI), and lymph node metastasis (LNM) were 
present in 7 (30.4%), 6 (26.1%) and 5 (21.7%) patients, 

respectively. Among them, there were 2 patients with both 
PVTT and LNM, 2 patients with both PVTT and MVI 
and 1 patient with both LNM and MVI (Table 2).

According to the ALBI, 13 (56.5%) patients were 
grade I and 10 (43.5%) were grade II. Of the 23 patients, 
3 patients (2 patients with BCLC stage B; 1 patient with 
BCLC stage C) did not undergo the stage-2 ALPPS due 
to an insufficient FLR volume. Thus, 20 patients (87.0%, 
20/23) received the stage-2 ALPPS a median of 12 (range: 
7–17) days after the first stage (Table S1). Of the 20 
patients, there were 7 (30.4%) right trisectorectomies, 11 
(47.8%) right hepatectomies, and 2 (8.7%) extended right 
hemihepatectomies.

Liver volumes

Liver volumes pre- and post-stage-1 and FLR volume 
increase are shown in Table 3, Table S2. The median FLR 

26 patients

2 patients (non-

HBV-related)

23 patients (HBV-related HCC)

Stage-1 operation

3 patients  

(FLR insufficiency)

1 patient  

(die within 90 days)

2 patients (alive) 2 patients  

(die within 90 days)

18 patients

20 patients  

(stage-2 operation)

3 patients (disease 

free and alive)

2 patients (alive) 13 patients (die)

15 patients  

(disease progression)

1 patient (ICC)

Figure 1 Flow chart of the patients who were treated by ALPPS at our center. ALPPS, associating liver partition and portal vein ligation 
for staged hepatectomy; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocarcinoma; FLR, future liver 
remnant.

https://cdn.amegroups.cn/static/public/ATM-20-2420-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-2420-supplementary.pdf
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volume increase was 50.0% (range: 15.9–94.9%). The median 

absolute KGR was 20.1 (range: 2.8–46.6) mL/day, and the 

median relative KGR (RKGR) was 5.1% (range: 1.1–13.6%) 

per day.
We further investigated the relations between RKGR and 

short-term overall poor outcomes (stage-1 POC, stage-1 
postoperative hepatic insufficiency and 90-day mortality). 
The optimal cut-off value of the RKGR was calculated 
to be 0.0504, corresponding to maximum sensitivity and 
specificity of the RKGR for predicting short-term overall 
poor outcomes in receiver operating characteristic (ROC) 
curve analysis [Youden index =0.356; area under the ROC 
curve (AUC) =0.678; 95% confidence interval (CI): 0.420–
0.936), P=0.233]. Patients were then categorized as RKGR-
high (RKCG >0.0504) or RKGR-low (RKGR ≤0.0504) 
(Figure S1). The analysis indicated there was no significant 
correlation between RKGR and short-term overall poor 
outcomes (P=0.317). In addition, there were no statistical 
differences in the levels of ALT (P=0.758), AST (P=0.399), 
TBIL (P=0.406), albumin (ALB) (P=0.384), PT (P=0.119) 
and international normalized ratio (INR) (P=0.633) between 
the RKGR-high group and the RKGR-low group.

Intraoperative and postoperative data

For stage-1 ALPPS, the median operating time was 271 min 
and the median blood loss was 200 mL, while for stage-2 
ALPPS the values were 205 min and 300 mL, respectively. 
Intraoperative RBC transfusions occurred in 13% (3/23) 
patients during the stage-1 operation and in 35% (7/20) 
patients during the stage-2 operation. The largest volume 
of RBC transfusion was only 4 units (during the stage-1 
and the stage-2). During the stage-1 procedure, blood 
loss in patients with multiple tumors (median: 600 mL,  
range: 200–2,000 mL) was greater than that in patients 
with a single tumor (median: 100 mL, range: 30–800 mL) 
(P=0.004). The median postoperative hospital stay was 13 
(range: 8–34) days, and the median overall hospital stay was 
33 (range: 22–62) days (Table S1).

Overall, there were six POCs, including three cases after 
the stage-1 procedure and three cases after the stage-2 
procedure. After the first stage, two patients had grade I 
complications (hepatic and renal insufficiency, and pleural 
effusion), and one patient had a grade II complication 
(peritoneal abscess). After the second stage, two patients 
had grade II complications (hepatic insufficiency), and 
one patient had a grade III complication (Thoracic and 
abdominal effusion) (Table S1).

Laboratory data after stage-1 and stage-2, such as 
AST, ALT, ALB and PT, are shown in Figure 2. Logistic 
regression showed that PT was an independent predictor 

Table 1 Preoperative patient characteristics

Patient characteristics Patient data

Age, median [range], y 40 [32–66]

Sex, male/female, n (%) 22/1 (95.7/4.3)

Single tumor (n=12)

Diameter of tumor, median (range), cm 13.0 (5.1–20.0)

Multiple tumors (n=11)

Sum of diameters, median (range), cm 6.3 (2.3–26.0)

BCLC staging, n (%)

A (early) 7 (30.4)

B (intermediate) 6 (26.1)

C (advanced) 10 (43.5)

METAVIR staging of liver fibrosis, n (%)

1 (mild fibrosis) 4 (17.4)

2 (moderate fibrosis) 5 (21.7)

3 (severe fibrosis) 3 (13.0)

4 (cirrhosis) 7 (30.4)

Unclear† 4 (17.4)

Edmondson-Steiner grading, n (%)

II 9 (39.1)

II–III 5 (21.7)

III 4 (17.4)

Unclear† 5 (21.7)

ALBI grading‡, n (%)

I 13 (56.5)

II 10 (43.5)

Type of ALPPS§, n (%)

Right trisectionectomy ALPPS 7 (30.4)

Right hemihepatectomy ALPPS 11 (47.8)

Extended right hemihepatectomy ALPPS 2 (8.7)
†, The liver tissue submitted for pathological examination could 
not be discriminated due to large coagulation necrosis. ‡, The 
ALBI grading indicates liver functional reserve. §, Three patients 
did not complete the stage-2 ALPPS operations. BCLC, 
Barcelona Clinic Liver Cancer; ALBI, albumin-bilirubin; ALPPS, 
associating liver partition and portal vein ligation for staged 
hepatectomy.

https://cdn.amegroups.cn/static/public/ATM-20-2420-supplementary.pdf
http://www.youdao.com/w/albumin/#keyfrom=E2Ctranslation
https://cdn.amegroups.cn/static/public/ATM-20-2420-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-2420-supplementary.pdf
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of POC after the stage-1 operation (P=0.044) [logit(P) = 
–26.561 + 1.852 × PT].

Outcomes

Three patients died within 90 days after ALPPS, including 
one patient with BCLC stage B after stage-1 operation; 
one patient with BCLC stage B and one patient with stage 
C after the stage-2 operation due to HCC recurrence or 
progression. Therefore, the 90-day mortality rate was 13% 
(3/23). These two patients that died within 90 days after the 
stage-2 operation and the three patients without undergoing 
the stage-2 procedure were excluded from the survival 
analysis. The median OS of the remaining 18 patients was 
19.0 (95% CI: 2.6–35.4) months, and the 1-, 2-, and 5-year 
OS rates were 61.1%, 34.9%, and 8.7%, respectively. The 
median DFS was 5.0 (95% CI: 3.3–6.7) months, and the 1-, 
2-, and 5-year DFS rates were 27.8%, 27.8%, and 0.0%, 
respectively. Fifteen patients developed local recurrences 
and/or distant metastases during follow-up. Thirteen of 

the 15 patients died from tumor progression, whereas the 
remaining two patients were alive with recurrence at the 
time of the censor of this study.

Univariate cox analysis showed that ALT (P=0.046) 
and AST (P=0.021) were significant predictors of OS, and 
PVTT (P=0.037), ascites (P=0.043) and AST (P=0.018) 
were significant predictors of DFS. Multivariate analysis 
showed that number of lesions (P=0.035) and AST (P=0.008) 
were independent risk factors for OS.

During the study period, 76 patients with HBV-related 
advanced HCC (BCLC stage A–C) were treated with 
TACE. Fourteen of these patients were selected to match as 
closely as possible to 14 patients undergoing ALPPS on the 
known risk predictors of long-term survival. The baseline 
characteristics of the two groups of patients are shown in 
Table S3.

The 1- and 2-year OS rates of patients treated with 
ALPPS were 50.0% and 30.0%, respectively, and the 1- and 
2-year OS rates of patients treated with TACE were 84.6% 
and 65.8%, respectively. The median OS of patients treated 
with TACE was 30.0 (95% CI: 1.1–58.9) months, and the 
median OS of patients treated with ALPPS was 8.0 (95% 
CI: 0.0–20.9) months. However, the PSM analysis showed 
that there was no difference in the long-term survival 
outcome between patients who received ALPPS and those 
that received TACE (P=0.178) (Figure 3).

Another PSM was conducted in which 10 BCLC stage 
B and C patients treated with TACE were matched to 10 
BCLC stage B and C patients with ALPPS. The baseline 
characteristics of the two groups of patients are shown 
in Table S4. The 1- and 2-year OS rates of patients who 
received ALPPS were 50.0% and 16.7%, respectively, and the 
1- and 2-year OS rates of patients treated with TACE were 
88.9% and 25.0%, respectively. The median OS of patients 
who received TACE was 19.0 (95% CI: 11.1–26.9) months 
and the median OS of patients that received ALPPS was 8.0 
(95% CI: 0.0–18.1) months. Likewise, the PSM analysis also 
showed there was no difference in the long-term survival 
outcome between patients with intermediate/advanced HCC 
receiving ALPPS and TACE (P=0.241) (Figure 4).

Table 2 Correlations among PVTT, MVI and LNM

PVTT Cases, n (%)
MVI, n (%)

P value
LNM, n (%)

P value MVI Cases, n (%)
LNM, n (%)

P value
Yes No Yes No Yes No

Yes 7 (30.4) 2 (28.6) 5 (71.4) 1 2 (28.6) 5 (71.4) 0.621 Yes 6 (26.1) 1 (16.7) 5 (83.3) 1

No 16 (69.6) 4 (25.0) 12 (75.0) 3 (18.8) 13 (81.2) No 17 (73.9) 4 (23.5) 13 (76.5)

PVTT, portal vein tumor thrombus; MVI, microvascular invasion; LNM, lymph node metastasis.

Table 3 Pre- and post-stage 1 operative increases of FLR volume

Variables Median [range]

SLV (Urata formula, mL) 1,241 [1,060–1,348]

Pre-stage-1 operation

FLR (mL) 330 [207–510]

FLR/SLV (%) 28 [16–39]

Post-stage-1 operation

FLR (mL) 493 [302–706]

FLR/SLV (%) 41 [23–54]

FLR increase post-stage-1 operation (mL) 176.0 [45.2–3260.0]

FLR increase post-stage-1 operation (%) 50.0 [15.9–94.9]

Absolute KGR (mL/day) 20.1 [2.8–46.6]

RKGR (%/day) 5.1 [1.1–13.6]

FLR, future liver remnant; SLV, standard liver volume; KGR, 
kinetic growth rate; RKGR, relative KGR.

https://cdn.amegroups.cn/static/public/ATM-20-2420-supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-20-2420-supplementary.pdf
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Discussion

High postoperative morbidity and mortality rates have been 
reported for HCC patients who are treated with ALPPS. 
Analysis of the International ALPPS Registry indicated 

a 90-day mortality rate of 31% (11). López-López et al. 
reviewed the outcomes of 101 HCC patients who received 
ALPPS and reported that the morbidity rate ≥ III was 
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(red) on the right. Green and orange areas indicated the error range. After the stage-1 operation, there were sharp increases and quick 
drops in AST and ALT. After the stage-2 operation, AST and ALT showed no inordinate increases and gradually returned to normal; (B) 
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Figure 3 The OS rates of HBV-related HCC patients using 
PSM comparative analyses of ALPPS with TACE. There was no 
statistical difference in OS rates of HBV-related HCC patients 
between ALPPS and TACE (P=0.178). OS, overall survival; 
HBV, hepatitis B virus; HCC, hepatocellular carcinoma; PSM, 
propensity score matching; ALPPS, associating liver partition and 
portal vein ligation for staged hepatectomy; TACE, transarterial 
chemoembolization.

Figure 4 The OS rates of BCLC stage B and C HBV-related 
HCC patients using PSM comparative analyses of ALPPS with 
TACE. No statistical difference was observed in OS rates of HBV-
related HCC patients between ALPPS and TACE (P=0.241). 
OS, overall survival; BCLC, Barcelona Clinic Liver Cancer; 
HBV, hepatitis B virus; HCC, hepatocellular carcinoma; PSM, 
propensity score matching; ALPPS, associating liver partition and 
portal vein ligation for staged hepatectomy; TACE, transarterial 
chemoembolization.
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20.7%, and the postoperative mortality rate was 16.1% (35). 
Wang et al. (23) studied 45 HCC patients who received 
ALPPS and reported a stage-1 morbidity rate of 37.8%, 
a stage-2 morbidity rate of 56.1%, and a 90-day mortality 
rate of 11.1%. In our study, the median FLR volume 
increase, the completion rate, and the 90-day mortality rate 
were 50.0%, 87.0%, and 13.0%, which are similar to the 
results reported by Wang et al. (56.8%, 91.1%, and 11.1%, 
respectively).

In our study, there were no procedure-related deaths 
and the morbidity rates after stage-1 and stage-2 were 
only 13.0% and 15.0%, respectively. Of the complications, 
there was only one grade III complication after the stage-2 
operation. The median operating time and median blood 
loss were not more in stage-1 and stage-2 and most patients 
did not receive the treatment of RBC transfusions. The 
postoperative hospital stay and the overall hospital stay were 
also not longer. Besides, we found that the volume of blood 
loss was positively related to the tumor number.

With respect to ALPPS outcomes, we observed a median 
OS of 19.0 (95% CI: 2.6–35.4) months, with 1-, 2-, and 
5-year OS rates of 61.1%, 34.9%, and 8.7%, respectively. 
The median DFS was 5.0 (95% CI: 3.3–6.7) months, with 
1-, 2-, and 5-year DFS rates of 27.8%, 27.8%, and 0.0%, 
respectively. Importantly, 2 BCLC stage A patients survived 
for more than 50 months after ALPPS (54 and 62 months, 
respectively) (Table S5). Taken together, our results suggest 
that ALPPS is a safe operation, and can provide a treatment 
opportunity for patients who are not suitable for liver 
resection because of an inadequate FLR volume.

In 2013, Shindoh et al. proposed the concept of KGR, 
which reflects the regenerative capacity of the liver (36). 
Kambakamba et al. (37) found that a KGR >6% per day 
significantly reduced the risk of PHLF after the second 
stage of ALPPS, and perioperative outcomes were 
improved when a KGR >6% per day was combined with a 
standardized FLR (sFLR) >30%. In our study, the absolute 
KGR was 20.1 mL/day and the RKGR was 5.1% per day, 
which were better than those reported in the study by Wang 
et al. (14.4 mL/day and 4.9% per day) (23). Nevertheless, 
there was no significant correlation between RKGR and 
short-term overall poor outcomes, and there were no 
differences in laboratory data between the RKGR-high 
(RKGR >0.0504) and RKGR-low group (RKGR ≤0.0504). 
Furthermore, the RKGR of 2 patients who died within 90 
days after ALPPS was >0.0504.

This phenomenon can be explained by the results of 
animal studies, which indicate that a rapid increase in liver 

volume after ALPPS within a short time represents liver 
hypertrophy (a volume increase of hepatocytes), rather 
than hyperplasia (a true functional gain) (38). Matsuo  
et al.  (39) examined liver specimens from patients 
undergoing ALPPS, and histological, electron microscopy 
and IHC staining examinations all revealed immature, 
fast-growing hepatocytes. Thus, it is necessary to have a 
useful method to predict FLR before ALPPS. Our team 
has also studied a combined intratumoral and peritumoral 
radiomics model based on gadolinium-ethoxybenzyl-
diethylenetriamine (Gd-EOB-DTPA)-enhanced MRI to 
accurately assess liver reserve function (40).

Although ALPPS is a safe operation and it makes the 
tumor resection possible in patients without a sufficient 
FLR, the optimal selection of patients is crucial. Wang  
et al. (23) reported 1- and 3-year OS rates after ALPPS of 
64.2% and 60.2%, respectively, and 1- and 3-year DFS rates 
of 47.6% and 43.9%, respectively. These outcomes after 
ALPPS are significantly better than those after TACE (OS, 
P=0.004) and similar to those after one-stage liver resection 
(OS, P=0.514). However, our results were poorer than those 
of Wang et al. In our study, the 1-, 2-, and 5-year OS rates 
were only 61.1%, 34.9%, and 8.7%, respectively, and the 1-, 
2-, and 5-year DFS rates were only 27.8%, 27.8%, and 0.0% 
respectively. Furthermore, long-term outcomes of ALPPS 
treatment of HBV-related HCC were not better than those 
of TACE. We further studied the data from Wang et al. (23) 
and found that in their study 42.2% of the patients were 
BCLC stage A, 20% were stage B and 37.8% were stage C. 
Whereas, in our study 30.4% of patients were BCLC stage 
A, 26.1% were stage B and 43.5% were stage C. Thus, we 
postulate that the effect of ALPPS for intermediate and 
advanced HCC might not be better than that of TACE.

On the one hand, it is well-known that TACE is a 
preferred treatment for intermediate stage HCC and 
is recommended by most clinical practice guidelines, 
including the BCLC (2), the European Association for 
the Study of the Liver (41), the American Association 
for the Study of Liver Diseases (AASLD) (42,43), the 
Asian Pacific Association for the Study of the Liver (44), 
and the Japan Society of Hepatology (JSH) (45). On 
the other hand, García-Pérez et al. (46) reported that 
ALPPS seemed to induce a hypoxic environment, which 
enhances hepatic HIF1-α and VEGF expression, and 
may promote pro-inflammatory polarization of Kupffer 
cells (KCs) and pro-regenerative polarization of tumor-
associated macrophages (TAMs). It is clear that HIF1-α and 
VEGF expression play a significant role in the metastatic 

https://cdn.amegroups.cn/static/public/ATM-20-2420-supplementary.pdf
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progression and are correlated with disease stage and poor  
prognosis (47). Also, there is increasing evidence that 
vasculogenic factors are secreted in response to hypoxia-
induced by portal vein occlusion techniques and play a 
vital role in tumorigenesis (48). Similarly, ALPPS can 
promote the hypoxic condition, and induce the release of 
these factors in response to hypoperfusion of transected 
lobes and the secretion of pro-regenerative and pro-
inflammatory cytokines by KCs, which may contribute to 
tumor progression (46). The aforementioned factors may 
explain why in our study the results of ALPPS for patients 
with intermediate and advanced HCC were relatively poor.

Critical evaluation of risks and benefits of each strategy 
is crucial for choosing the best management for individual 
patients. We agree that ALPPS is  a safe and effective 
treatment for HCC patients with an inadequate FLR 
volume. However, our results also reminded us that for 
intermediate and advanced HBV-related HCC patients, the 
outcome of ALPPS is not good enough and TACE may be 
the preferred treatment. Therefore, our data are valuable to 
surgeons to reexamine treatment strategies for intermediate 
and advanced HBV-related HCC patients with insufficient 
liver function. It should be noted that the efficacy of a single 
treatment is limited and with the comprehensive therapy, 
a part of unresectable HCC can be downstaged to become 
resectable, which thus allows for salvage surgery and better 
long-term survival (49,50).

The main limitations of this study are that it was conducted 
retrospectively at a single center, and the number of patients 
was small. However, the results suggest that well-designed, 
multicenter randomized controlled trials are warranted.
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