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Background: The associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) for 
hepatocellular carcinoma (HCC) with fibrosis/cirrhosis is often associated with limited growth of future liver 
remnant (FLR). We introduced a new procedure named transcatheter arterial embolization-salvaged ALPPS 
(TAE-salvaged ALPPS) which was shown to be especially suitable for HCC patients with cirrhosis or fibrosis 
who failed adequately to respond to conventional ALPPS. The short-term efficacy and safety for the TAE-
salvaged ALPPS on patients with HCC and fibrosis/cirrhosis were studied. 
Methods: Consecutive HCC patients who underwent TAE-salvaged ALPPS in our hospital between 
November 2016 and June 2020 were retrospectively studied. The new ALPPS procedure included 
conventional ALPPS stage-1 using associating liver partition and portal vein ligation. When FLR failed to 
reach sufficient hypertrophy, TAE was carried out 2 weeks later followed by liver resection 3 weeks after 
ALPPS stage-1.
Results: Nine of 10 patients had a single tumor (median diameter 14.0 cm, range, 5.2–17 cm). The 
remaining patient had multiple tumors (diameter of one tumor 14.0 cm, and two satellite foci 2.0 and  
3.0 cm). R0 resection was achieved in all patients (100%) after a median of 21 days. Six patients had cirrhosis, 
1 had METAVIR grade-3 fibrosis, and 3 had METAVIR grade-2 fibrosis. The median increase in FLR 
volume after TAE-salvaged ALPPS was 69.7% (34.4–143.9%). The absolute and relative kinetic growth rates 
(KGRs) were 9.9 (7.1–17.3) mL/day and 3.4% (1.9–7.2%)/day, respectively. The median absolute KGRs were 
15.7, 2.6, and 19.5 mL/day in the first, second, and third postoperative weeks after ALPPS stage-1, respectively. 
The rapid increase in KGR on the third week was induced by TAE. The overall postoperative morbidity rates 
were 50,0% (5/10), 20.0% (2/10) and 70.0% (7/10) after ALPPS stage-1, TAE and ALPPS stage-2, respectively. 
The 90-day mortality rate was 10.0% (1/10). The median overall survival was 40 months.
Conclusions: The new TAE-salvaged ALPPS induced significant increases in FLR volumes within  
3 weeks in patients with HCC and fibrosis/cirrhosis. The procedure is promising in treating patients with 
HCC and fibrosis/cirrhosis who fail to achieve sufficient FLR hypertrophy after conventional ALPPS 
stage-1. 

514

https://crossmark.crossref.org/dialog/?doi=10.21037/hbsn-21-466


HepatoBiliary Surgery and Nutrition, Vol 11, No 4 August 2022 505

© HepatoBiliary Surgery and Nutrition. All rights reserved. HepatoBiliary Surg Nutr 2022;11(4):504-514 | https://dx.doi.org/10.21037/hbsn-21-466

Introduction 

Associating liver partition and portal vein ligation for 
staged hepatectomy (ALPPS) is an innovation that provides 
patients with an opportunity to undergo curative liver 
resection for liver tumors which are initially unresectable 
(1,2). It has been increasingly used in liver surgery 
despite its initial controversies. Its use in patients with 
hepatocellular carcinoma (HCC) and chronic liver diseases 
has also been reported (3-8). ALPPS in selected HCC 
patients with severe fibrosis/cirrhosis has been accepted 
to be feasible with acceptable short-term results and it can 
induce adequate liver hypertrophy in these patients with 
a similar safety profile as in liver tumors arising from a 
normal liver background, such as colorectal cancer liver 
metastasis (CRLM) (3,5-8). However, hypertrophy of future 
liver remnant (FLR) is negatively correlated with severity of 
fibrosis and cirrhosis (3,8). Patients with severe fibrosis or 
cirrhosis are often associated with limited growth of FLR, 
leading to failure of ALPPS. Data from the International 
ALPPS Registry on a cohort of 35 patients showed that 
the mean kinetic growth rates (KGRs) of patients with 
cirrhosis or METAVIR grade 3 fibrosis were only 1.52±0.40 
and 2.98±0.65 mL/day, respectively, whereas the KGRs of 
patients without fibrosis/cirrhosis or with grade 1 fibrosis 
were 30.94±10.95 and 12.34±4.38 mL/day, respectively (3). 
Our previous study on 45 HCC patients also demonstrated 
that the median KGRs in patients with cirrhosis or grade-3 
fibrosis were 9.6 and 19.8 mL/day respectively, while the 
KGR in patients with a normal liver (grade 0) was 50.1 
mL/day (8). Moreover, an attenuated increase in FLR 
has also been observed in the second week of ALPPS in 
patients with fibrosis or cirrhosis to be considerably lower 
than the KGR in the first week after ALPPS stage-1. In 
our previously reported study, three patients failed to 
reach sufficient increase in FLR volumes even up to 3–4 
weeks after ALPPS stage-1. Two of them were converted 
to receive other palliative treatments. Another patient 
developed posthepatectomy liver failure (PHLF) and died 
of liver failure (8). Therefore, there are major challenges for 
ALPPS in treating patients with HCC and severe fibrosis/

cirrhosis. Further measures to improve FLR hypertrophy 
in these patients by using modifications in the conventional 
ALPPS should be studied. 

In 2017, a new procedure named TAE-salvaged ALPPS 
in treating one patient with a huge HCC and grade-3 
fibrosis who failed to achieve sufficient FLR increase in  
2 weeks after ALPPS stage-1 was reported by us (9). To slow 
down tumor progression, transcatheter arterial embolization 
(TAE) was used. Hepatic arteriography before embolization 
showed arterial steal of blood flow to FLR by the vascular 
tumor. TAE, in addition to decreasing arterial blood 
supply to the tumor to slow down tumor progression, also 
significantly improved arterial supply to the FLR. A fast 
increase in FLR volume was unexpectedly observed. The 
failed conventional ALPPS was salvaged and the tumor was 
successfully resected 1 week after TAE (9). These results 
suggested that this new ALPPS procedure can be used as a 
salvage procedure for patients with HCC and severe fibrosis/
cirrhosis who failed conventional ALLPS stage-1. Nine 
consecutive HCC patients who presented with attenuated 
FLR hypertrophy after conventional ALPPS stage-1 were 
treated with the new ALPPS procedure afterwards. All the 
failed operations were salvaged, and curative liver resections 
were achieved. The purpose of this retrospective cohort 
study is to introduce the short-term outcomes of the new 
TAE-salvaged ALPPS procedure in the 10 HCC patients 
with cirrhosis or severe fibrosis, and to determine the 
feasibility and safety of the new procedure in these patients 
who were previously considered as unresectable. We present 
the following article in accordance with the STROCSS 
reporting checklist (available at https://hbsn.amegroups.
com/article/view/10.21037/hbsn-21-466/rc).

Methods 

Patients

Data on consecutive HCC patients who underwent 
TAE-salvaged ALPPS at Fudan University Zhongshan 
Hospital between November 2016 and June 2020 were 
retrospectively analyzed. The study was conducted in 
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accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the Ethics Committee 
of Zhongshan Hospital Fudan University. (No. B2021-
879) and informed consent was taken from all individual 
participants. All patients were histopathologically studied 
for the degree of fibrosis or cirrhosis using the METAVIR 
scoring (10). Preoperative positron emission tomography/
computed tomography (PET/CT), volumetric computed 
tomography (VCT), and magnetic resonance imaging 
(MRI) were routinely performed to exclude extrahepatic 
metastases and assess FLR volumes. All patients met the 
following inclusion criteria: a single large or multiple HCC 
nodules located in the hemiliver which required right 
hemihepatectomy or extended right hemihepatectomy; no 
tumors in the FLR; preoperative transient elastography of 
liver stiffness indicating cirrhosis/fibrosis; FLR/estimated 
standard liver volume (SLV) <35% (fibrosis) or 40% 
(cirrhosis); Child-Pugh class A; indocyanine green retention 
rate at 15 minutes (ICG-R15) ≤12%; Eastern Cooperative 
Oncology Group (ECOG) score 0–1; and Platelet count 
>50×109/L. Presence of tumor thrombosis in the right 
portal vein or right and/or middle hepatic veins was not a 
contraindication for the procedure. Patients who met the 
antiviral therapy criteria of the Asian Pacific Association for 
the Study of the Liver (APASL) received Entecavir (0.5 mg)  
daily, and Adefovir (10 mg) daily was added to patients who 
were resistant to Entecavir. Patients were stratified according 
to the Barcelona Clinic Liver Cancer (BCLC) staging and 
the China Liver Cancer (CNLC) staging Systems (11,12). 
Preoperative liver stiffness was measured by transient 
elastography and evaluated as reported by Zhuang et al. (13). 
Liver resection and anatomy were defined according to the 
Couinaud’s segmentation of the liver and the Brisbane 2000 
Terminology of Liver Anatomy and Resections. Gradings 
of PHLF were defined according to the International 
Study Group of Liver Surgery (ISGLS) classification (14). 
Postoperative complications (POC) were defined according 
to the Clavien-Dindo criteria, and grades IIIb, IV, and V 
were considered as severe complications (15). Ascites was 
defined as postoperative daily abdominal drainage exceeding  
10 mL/kg of body weight (16); postoperative hemorrhage 
was defined as a drop in hemoglobin level >3 g/dL 
compared with the baseline level, and/or any postoperative 
transfusion of packed red blood cells (RBC) for a falling  
hemoglobin (17); biliary leakage was defined by a bilirubin 
concentration in the drainage fluid with at least three 
times greater than that in serum concentration on or after 
postoperative days 3 (18). Postoperative mortality was 

measured within 90 days of surgery.

Surgical procedures

The TAE-salvaged ALPPS consists of 3 procedural steps: 
conventional ALPPS stage-1, TAE, and then conventional 
ALPPS stage-2 (Figure 1). 

Step 1: ALPPS stage-1 
The ALPPS stage-1 has been described in our previous 
studies (8,9). 

Step 2: TAE of arteries supplying the tumor
TAE of the arteries supplying the tumor has been previously 
reported (19). Briefly, using the Seldinger technique, a Fr 4 
hepatic catheter was inserted through a femoral artery into 
the hepatic artery. The tip of the catheter was advanced 
into the tumor-feeding artery for selective embolization 
of the tumor. Around 5 to 7 mL of lipiodol ultrafluid were 
slowly injected under fluoroscopy, followed by injection of 
100–500 μm of microspheres and 350–560 μm of gelatin 
sponge particles. Only the arteries of tumor were selectively 
embolized, the arteries of non-tumor area were kept intact.

Step 3: ALPPS stage-2
ALPPS stage-2 was performed using the technique 
described in our previous studies (8,9). 

Postoperative management and follow-up

After hospital discharge, patients were followed-up once 
every month for 3 months, and then once every 3 monthly. 
Adjuvant transcatheter arterial chemoembolization (TACE) 
was given in postoperative week 4 as previously described (20). 
Tumor recurrence was assessed by radiological (MRI, CT 
and PET/CT scan) and laboratory investigations.

Volumetric assessment

Liver volumes were measured by the IQQA-Liver system 
(EDDA Tech., Princeton, NJ, USA), and 3D reconstruction 
was performed using the Yorktal 3D reconstruction 
system as previously described (8,9). The estimated SLV 
was calculated using the Urata formula (21). Volumetric 
assessments were repeated in 1 and 2 weeks after ALPPS 
stage-1, and one week after TAE. The increase in FLR 
volume was evaluated until it met the criteria required of 
a FLR/SLV ratio ≥35% (fibrosis) or ≥40% (cirrhosis) for 
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ALPPS stage-2 in patients with HCC and fibrosis/cirrhosis. 
Increase in FLR volume (the difference between FLR after 
ALPPS stage-1 and baseline FLR) and the daily increase 
in FLR volume (the KGRs) were calculated. The KGR 
was also a factor to consider whether to proceed to ALPPS 
stage-2, which was decided in some patients who had a high 
KGR but a FLR volume which was approaching the limit as 
defined by the pre-determined criteria. 

Endpoints

The primary endpoint was treatment efficacy of the TAE-
salvaged ALPPS (the R0 resection rate and hypertrophy 
of FLR), and treatment safety (the morbidity and 90-day 
mortality rates). Feasibility was studied by assessing the R0 
resection rate or failure to proceed with ALPPS stage-2. 
Changes in liver parameters and other short-term outcomes 
were also analyzed. 

Statistical analysis 

Descriptive statistics were performed for demographic and 
clinical outcome parameters. Metric data were expressed as 

median with ranges for non-normally distributed data or 
mean ± standard deviation for normally distributed data. 
The SPSS software (SPSS version 20, IBM, USA) was used 
for statistical evaluations.

Results 

Ten patients with HCC who underwent TAE-salvaged 
ALPPS were included in this study (Table 1). The median 
age was 56 (range, 43–66) years and the male to female ratio 
was 9:1. Nine patients had a single large tumor in right liver, 
with a median diameter of 14.0 (range, 5.2–17.0) cm. The 
remaining patient had multiple tumors (diameter of one 
tumor 14 cm and two satellite foci 2.0 and 3.0 cm, with the 
total tumor size of 19.0 cm). Two patients had large-vessel 
involvement (1 patient had right anterior portal vein and 
middle hepatic vein invasion; another patient had middle 
and right hepatic vein invasion). Seven patients (70.0%) 
were classified as BCLC Stage A, 1 patient (10.0%) as Stage 
B, and 2 patients (20.0%) as Stage C. The CNLC Staging 
System classified 7, 1 and 2 patients as Ib, IIa and IIIa stages, 
respectively. Two patients had TACE treatment one month 
before TAE-salvaged ALPPS. One patient had associated 

Figure 1 Illustration of TAE-salvaged ALPPS. The TAE-salvaged ALPPS procedure comprises of the conventional ALPPS stage-1 (liver 
partition and portal vein ligation), TAE of arteries supplying the tumor at 2 weeks after ALPPS stage-1, and conventional ALPPS stage-2 
(resection of tumor). TAE, transcatheter arterial embolization; ALPPS, associating liver partition and portal vein ligation for staged 
hepatectomy; POD, postoperative day. 
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diabetes mellitus whilst 2 patients had hypertension. The 
remaining 7 patients had no associated comorbidities. 
All patients were in Child-Pugh class A. The median 
preoperative model for end-stage liver disease (MELD) score 
was 3.84 (range, 1.30–10.10). The median ICG-R15 was 5.1 
(2.0–12.0). Six patients were histopathologically diagnosed 
as cirrhosis (METAVIR grade 4), 1 patient as METAVIR 
grade 3 severe fibrosis and 3 patients as METAVIR grade 
2 fibrosis. The preoperative liver transient elastography of 
liver stiffness was 13.2 (5.1–16.4). 

R0 resection was achieved in all patients (100.0%) 
after  TAE-salvaged ALPPS.  The ALPPS stage-2 
consisted of 9 extended right hemihepatectomy and 
1 right hemihepatectomy. The ALPPS stage-1 was 
performed by open and laparoscopic operations in 8 
and 2 patients respectively. Conventional complete liver 
parenchymal transections were performed in all these 
patients. Data on intraoperative operative times, blood 
loss and blood transfusions are shown in Table 2. No blood 
transfusions were required during ALPPS stage-1 in all 
these patients. However, in ALPPS stage-2, RBC were 
transfused in 4 patients for intraoperative blood loss, with  
4 units in each patient. 

Data on preoperative baseline FLR volumes and 
postoperative increases in FLR volumes are shown in  
Table 3. The median preoperative FLR/SLV ratio of the 
10 patients was 24.5% (range, 19.7–36.3%), and the 
median volume of FLR was 306.9 (range, 236.6–467.0) 
mL. A fast increase in FLR volume was observed in the 
first week after ALPPS stage-1. However, the increase in 
FLR volume became significantly attenuated in the second 
week (median KGR were 15.7 and 2.6 mL/day at weeks 
1 and 2 after ALPPS stage-1, respectively) (Figure 2).  
At postoperative week 2 (POW2) after ALPPS stage-1, 
sufficient increase in FLR volume was not achieved in all 
these patients. However, increase in tumor volumes was 
observed in 8 patients (80.0%). The median volume of 
tumor at POW2 increased from preoperative 800.5 to 832.6 
mL. Of the 8 patients who were AFP positive, 6 had good 
AFP follow-up data. The median AFP levels increased 
in all these 6 patients on postoperative day 10 (POD 10) 
(range, 8–13) (Figure S1). The increase in AFP levels and 
tumor volumes indicated significant tumor progression 
to be detectable in approximately 2 weeks after ALPPS 
stage-1. After TAE of the supplying artery to the tumor, 
significant increase was detected in FLR volume (median 
absolute and relative KGR were 19.5 mL/day and 4.1% 
after TAE, respectively). The FLR quickly hypertrophied 
to a sufficient volume for ALPPS stage-2 which was then 
successfully carried out in all these patients. The AFP levels 
were significantly decreased after TAE (Figure S1). The 
median increase in FLR volume between the two stages 
of ALPPS was 69.7% (range, 34.4–143.9%). The absolute 
and relative KGRs were 9.9 (range, 7.1–17.3) mL/day  
and 3.4% per day (range, 1.9–7.2%), respectively. The median 
waiting time for ALPPS stage-2 was 21 days (range, 18– 
24 days). TAE significantly accelerated the increase in FLR 
volume. The median absolute and relative KGRs in 2 weeks 

Table 1 Preoperative patient characteristics 

Patient characteristics Data

Age, year, median (range) 56 (43–66) 

Gender, male/female, n (%) 9/1 (90.0/10.0)

Single tumor (n=9)

Diameter of tumor, cm, median (range) 14.0 (5.2–17.0) 

Multiple tumors (n=1)

Number of lesions 3

Sum of diameters, cm 19

BCLC staging, n (%)

A 7 (70.0)

B 1 (10.0)

C 2 (20.0)

CNLC staging, n (%)

Ib 7 (70.0)

IIa 1 (10.0)

IIIa 2 (20.0)

METAVIR grade of liver fibrosis, n (%)

Grade 2 (fibrosis) 3 (30.0)

Grade 3 (fibrosis) 1 (10.0)

Grade 4 (cirrhosis) 6 (60.0)

Transient elastography, median (range) 13.2 (5.1–16.4) 

HBV-DNA, copies, median (range) 17,100 (308–320,000)

Child-Pugh score, median (range) 5 (5–5)

ICG-R15, median (range) 5.1 (2.0–12.0)

MELD score, median (range) 3.84 (1.30–10.10)

BCLC, Barcelona Clinic Liver Cancer; CNLC staging, China Liver 
Cancer staging; HBV, hepatitis B virus; ICG-R15, indocyanine 
green 15-min retention test; MELD, model for end-stage liver 
disease.

https://cdn.amegroups.cn/static/public/HBSN-21-466-supplementary.pdf
https://cdn.amegroups.cn/static/public/HBSN-21-466-supplementary.pdf
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Table 2 Operative data and clinical outcomes 

Median (range) 

ALPPS stage-1

Operative time (min) 225 (130–390)

Blood loss (mL) 150 (100–500)

RBC transfusion (U) 0

ALPPS stage-2

Operative time (min) 175 (114–345)

Blood loss (mL) 400 (200–1,500)

RBC transfusion (U) 0 (0–4)

Total parenchymal transection (%) 100.0

R0 resection of tumor (%) 100.0 (10/10)

Type of operation (three steps), n (%)

Open ALPPS Stage-1; TAE; Open ALPPS 
Stage-2

8 (80.0)

Lapa ALPPS Stage-1; TAE; Lapa ALPPS 
Stage-2

1 (10.0)

Lapa ALPPS Stage-1; TAE; Open ALPPS 
Stage-2

1 (10.0)

Extent of resection

Right hemihepatectomy, n (%) 1 (10.0)

Extended right hemihepatectomy, n (%) 9 (90.0)

Repeat laparotomy rate (%) 0

Postoperative hospital stay days 14 (1–21)

ALPPS, associating liver partition and portal vein ligation for 
staged hepatectomy; RBC, red blood cell; TAE, transcatheter 
arterial embolization; Lapa, laparoscopic.

Table 3 Pre- and postoperative increases in FLR volume 

Variable Median (range)

SLV (urata formula), mL 1,285.1 (1,190.4–1,400.9)

FLR, mL

Preoperative 306.9 (236.6–467.0) 

POW1 438.5 (328.0–490.0) 

POW2 443.7 (339.6–574.5) 

POW3 539.1 (419.9–806.0) 

FLR/SLV, %

Preoperative 24.5 (19.7–36.3) 

POW1 33.4 (27.3–38.1)

POW2 34.1 (28.2–44.7)

POW3 42.7 (34.9–62.7) 

Absolute KGR, mL/day

First week (after ALPPS stage-1) 15.7 (9.2–30.3)

Second week (after ALPPS stage-1) 2.6 (−10.4–7.1) 

Third week (after TAE) 19.5 (3.3–38.6)

Relative KGR, %

First week (after ALPPS stage-1) 4.6 (3.2–10.9) 

Second week (after ALPPS stage-1) 0.6 (–2.1–1.8) 

Third week (after TAE) 4.1 (0.7–6.7) 

FLR, future liver remnant; SLV, standard liver volume; POW, 
postoperative week; KGR, kinetic growth rate (daily FLR 
increase); ALPPS, associating liver partition and portal vein 
ligation for staged hepatectomy; TAE, transcatheter arterial 
embolization.

after ALPPS stage-1 were 8.9 mL/day and 1.9% before TAE, 
compared with those in the 3rd week after TAE of 19.5 mL/day  
and 3.2%, respectively (Figure 2D). 

No patients  required reoperation.  The overal l 
morbidity rates were 50.0% (5/10), 20.0% (2/10) and 
70.0% (7/10) after ALPPS stage-1, TAE and ALPPS 
stage-2, respectively. There were 26 POCs (7, 4, and 15 
developed after ALPPS stage-1, TAE and ALPPS stage-2, 
respectively) with 1 patient having 8 POCs (Tables S1,S2).  
Clavien-Dindo grade I and II POCs were common, while 
severe POCs (>grade IIIa) were uncommon, with no one 
after ALPPS stage-1 and TAE, and only 1 after ALPPS 
stage-2. All patients presented with fever after ALPPS 
stage-1 and after TAE despite antibiotics were routinely 

used (Figure S2A). Adequate hydration and diuretics were 
routinely used and tumor lysis was adequately managed, 
except in one patient (case-4). This patient received TACE 
one month before. He developed severe tumor lysis with 
subsequent renal dysfunction after ALPPS stage-1 and 
TAE, presenting with the typical tumor lysis syndrome 
(hyperuricemia, hyperphosphatemia, and hypocalcemia). 
He responded well to hydration and diuretics. However, 
after ALPPS stage-2, the tumor lysis syndrome, which 
was initially well-controlled, suddenly progressed into 
renal failure with concomitant respiratory dysfunction. 
Continuous renal replacement therapy (CRRT) and 
mechanical ventilation were administered to manage the 
multiple organ dysfunction (MOD), but he died three days 
later. PHLF was also common but required no special 

https://cdn.amegroups.cn/static/public/HBSN-21-466-supplementary.pdf
https://cdn.amegroups.cn/static/public/HBSN-21-466-supplementary.pdf
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treatments in most patients (2 grade A PHLF after ALPPS 
stage-1; 1 grade A PHLF after TAE; 5 grade A PHLF 
and 2 grade B PHLF after ALPPS stage-2, respectively). 
Most patients presented with large amounts of peritoneal 
drainage after ALPPS stage-1/2 (Figure S2B). Four patients 
developed ascites after ALPPS stage-1 while 3 patients 
after ALPPS stage-2 (Table S1). Pleural effusion and bile 
leakage occurred in case-5 and case-9, respectively. The 
pleural effusion responded well to thoracocentesis. Anemia 
presented in 2 patients (case-5 and case-10) after ALPPS 
stage-2. Red blood transfusion was given to 1 patient (case-
5), while erythropoietin was administered for 2 weeks to 
another patient (case-10). All the other patients recovered 
uneventfully. 

Laboratory findings include total bilirubin (TB), 
international normalized ratio (INR), alanine aminotransferase 
(ALT), aspartate aminotransferase (AST), and serum creatinine 
(SCr) levels after ALPPS stage-1, TAE and ALPPS stage-2 

are shown in Figure S2C-S2H. Using the definition 
and grading system of the ISGLS, 2 patients (2/10, 
20.0%) developed grade A PHLF after ALPPS stage-1, 
while 1 patient (1/10, 10.0%) developed grade A PHLF 
after TAE (Table S1). However, after ALPPS stage-2, 
5 patients (5/10, 50.0%) developed grade A PHLF, 
and 2 patients (2/10, 20.0%) developed grade B PHLF  
(Table S1). PHLF was more commonly seen after 
ALPPS stage-2. All patients with PHLF recovered well 
with conservative managements which required no 
administration of special drugs. In 9/10 patients (90.0%), 
tumor lysis occurring after ligation of portal vein and 
embolization of supplying arteries to tumors was well 
controlled with no increase in uric acid (UA) and SCr to 
abnormally high levels. Only one patient (1/10, 10.0%) 
developed severe tumor lysis after ALPPS stage-1. The 
UA significantly elevated on POD1 to 444 μmol/L which 
gradually increased to reach 618 μmol/L on POD13. After 

Figure 2 Increase in volume of FLR after TAE-salvaged ALPPS. (A) Individual increase in volume of FLR for the 10 patients who 
underwent TAE-salvaged ALPPS. (B) The median FLR volumes before operation and on POD 7, 14 and 21 were 306.9, 438.5, 443.7, and 
539.1 mL, respectively. (C) The median KGR of FLR (mL/day) for TAE-salvaged ALPPS were 15.7, 2.6, and 19.5 mL/day in postoperative 
week 1, 2 and 3, respectively. The fast FLR hypertrophy was attenuated in the second week after ALPPS stage-1 and was revoked after TAE.
(D) The median KGR after ALPPS stage-1 (1st+2nd week), and ALPPS stage-1 + TAE (3rd week) were 8.9, and 19.5 mL/day, respectively. 
FLR, future liver remnant; ALPPS, associating liver partition and portal vein ligation for staged hepatectomy; POD, postoperative day; 
TAE, transcatheter arterial embolization; KGR, kinetic growth rate.
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TAE, it kept on increasing to reach 743 μmol/L on day 
7 after TAE. The SCr also increased on POD2 to reach  
237 μmol/L. It then returned to normal on POD9 after 
ALPPS stage-1. The SCr increased to 120 μmol/L after 
TAE to reach 179 μmol/L on day 5 after TAE. After ALPPS 
stage-2 when the tumor was removed, with CRRT, their 
levels decreased to normal. 

Negative resection margins (R0 resections) were 
confirmed by histological examination in all 10 patients 
(100%). Postoperative adjuvant TACE was given to  
2 patients one month after ALPPS stage-2 and these 
patients recovered uneventfully. The median follow-up for 
all patients was 24.1 (range, 0.1–40.0) months. The median 
survival was 40 months (Figure 3). One patient developed 
MOD and died on POD3 after ALPPS stage-2. Three 
patients (case-1, case-3 and case-8) developed recurrences 
in the FLR. The disease-free survivals (DFS) of these three 
patients were 2.5, 2.7 and 7.8 months, respectively. Open 
resection of recurrent tumor was performed in 1 patient 
(case-1). He developed re-recurrence 7 months later and 
finally died of tumor progression at 24.4 months. TACE 
was performed in the remaining 2 patients (case-3 and case-
8) who were alive and well at the time of censor of this 
study. All the other patients had no evidence of recurrence. 

Discussion

The results of this study showed TAE-salvaged ALPPS to 
be especially suitable for patients with HCC and fibrosis/
cirrhosis who had failed to induce adequate volumes of 
FLR after conventional ALPPS stage-1. R0 resection was 
achieved in all these patients (100.0%) in ALPPS stage-2 
after TAE-salvaged ALPPS. The median survival was 40 
months which is comparable to the survival of large tumors 

treated with one-stage resection (22,23). 
In our previous study, the median KGRs of FLR in 

patients with cirrhosis who underwent conventional ALPPS 
were 16.45 (range, 5.64–34.33) mL/day in the first week 
and 8.43 (range, 2.29–18.33) mL/day in the second week 
after ALPPS stage-1. Due to the limited FLR hypertrophy 
and the gradual attenuation of hypertrophy with time after 
ALPPS stage-1, patients with cirrhosis or severe fibrosis 
often have to endure a long wait for ALPPS stage-2, 
tumor progression, high morbidity and mortality, and 
subsequently increased risks of ALPPS failure as compared 
with patients with a normal liver. In our learning curve on 
ALPPS, 4 patients with cirrhosis failed to develop adequate 
hypertrophy of FLR volumes to complete ALPPS stage-2. 
Two of the 4 patients were converted to other treatments, 
while the other 2 patients present with irreversible PHLF 
and died unfortunately. The use of TAE-salvaged ALPPS 
on the 10 patients (6 with cirrhosis, 1 with S3-fibrosis, 
and 3 with S2-fibrosis) in this study all led to successful 
development of adequate FLR volumes to complete 
ALPPS stage-2. These patients would have otherwise to be 
considered as failure of ALPPS and converted to receive 
palliative treatments. Thus, TAE-salvaged ALPPS is 
suitable for patients with HCC and severe fibrosis/cirrhosis 
who are planned to undergo ALPPS but fail to develop 
adequate FLR hypertrophy after conventional ALPPS 
stage-1. A new algorithm of ALPPS for patients with HCC 
and fibrosis/cirrhosis is shown in Figure 4. 

The mechanism underlying induction of significant 
hypertrophy of FLR by TAE-Salvage ALPPS is probably 
related to the amount of arterial supply to the FLR. Arterial 
blood supply is critical for liver regeneration. In severe cases 
of small-for-size grafts in liver transplantation, poor hepatic 
arterial flow leads to functional de-arterialization and 
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Figure 3 Overall survival and disease-free survival of patients after TAE-salvaged ALPPS. The median overall survival was 40 months. TAE, 
transcatheter arterial embolization; ALPPS, associating liver partition and portal vein ligation for staged hepatectomy.
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parenchymal infarcts. Furthermore, partial hepatectomy 
accompanied by ligation of its hepatic arterial supply results 
in failure of the remnant liver to regenerate (24,25). In 
contrast with non-HCC tumor (such as CRLM), the HCC 
is hypervascular with their main blood supplies coming from 
hepatic arteries. And ALPPS for HCC is commonly carried 
out for huge tumors which often occupy large amount of 
arterial blood. The huge HCCs can “steal” arterial blood 
from the remnant liver, with aggravation of the ‘steal’ 
after ALPPS stage-1 (9). This can significantly reduce the 
arterial supply to FLR and limit the rate and degree of 
FLR hypertrophy. And it is postulated to be more severe in 
HCC patients as compared with non-HCC patients who 
had no fibrosis/cirrhosis because the fibrosis/cirrhosis has 
negative impact on FLR hypertrophy. Furthermore, the 
hepatic arterial buffer response (HABR) can also play an 
important role in regulating hepatic arterial blood flow 
to FLR (25). It has been observed that there is increased 

compensatory arterial flow after portal vein embolization 
or ligation, and the increased compensatory arterial flow 
can encourage tumor progression (26,27). Ligation of right 
portal vein has been shown to result in reduction of portal 
venous inflow to right liver, leading to HABR-induced right 
hepatic artery dilation (25). Nagino et al. (28) reported 
an immediate increase in arterial blood flow in embolized 
hepatic segments after portal vein embolization. Several 
studies also showed that when all portal venous blood flows 
through a small-for-size liver graft in living donor liver 
transplantation, the built-up pressure in the portal vein 
can effectively shut down the hepatic arterial flow, and 
the liver becomes “dearterialized” (24,25). Thus, both the 
arterial blood ‘steal’ by tumor and HABR caused by right 
portal vein ligation can lead to a decrease in arterial supply 
to FLR which eventually hamper the degree and rate of 
hypertrophy of FLR. Our results showed that the cross-
sectional area ratios (left vs. right hepatic arteries) before 
operation, two weeks after ALPPS stage-1 and one week 
after TAE were 27.16% (range, 12.81–172.98%), 13.37% 
(range, 7.44–55.15%), and 22.41% (range, 13.22–50.36%), 
respectively (Figure S3). These results indicated that TAE 
of tumor significantly improved the arterial supply to the 
FLR, abrogated the arterial steal and significantly decreased 
the HABR-induced responses. 

Conventional ALPPS, especially carried out on patients 
with HCC and fibrosis/cirrhosis, is associated with relatively 
high morbidity and mortality rates. Our initial experience 
showed that the new TAE-salvaged ALPPS did not present 
significantly higher morbidity and mortality rates when 
compared with conventional ALPPS. The morbidity rates 
of TAE-salvaged ALPPS were 50.0% (5/10), 20.0% (2/10) 
and 70.0% (7/10) after ALPPS stage-1, TAE and ALPPS 
stage-2, respectively. By contrast, the reported morbidity 
rates of conventional ALPPS were 37.8% (17/45) and 
56.1% (23/41) after ALPPS stage-1 and ALPPS stage-2, 
respectively. The mortality rates after completion of the 
TAE-salvaged ALPPS was 10.0%, while that reported after 
conventional ALPPS in patients with HCC was 11.1–31% 
(3,8). The patient-4 in this study died unfortunately. 
He was with a huge tumor (diameter of 17 cm) and 
developed tumor lysis syndrome after ALPPS stage-1 
and TAE. He responded well to hydration and diuretics. 
However, after ALPPS stage-2, the tumor lysis syndrome 
suddenly progressed into renal failure with concomitant 
acute respiratory failure. He finally died of the renal and 
respiratory complications. The tumor lysis and renal 
function after ALPPS stage-1 and TAE should be cautiously 

HCC patients with cirrhosis/fibrosis
planned for ALPPS

Liver partition and portal vein ligation
(Conventional ALPPS stage-1)

TAE

Tumor resection 
(Conventional ALPPS 

stage-2)

Tumor resection 
(Conventional ALPPS 

stage-2)

2 weeks later

Insufficient
FLR increase

Sufficient
FLR increase

Figure 4 Algorithm of patient with HCC and cirrhosis/fibrosis 
treated with ALPPS. Conventional ALPPS stage-1 (liver partition 
and portal vein ligation) is performed to induce hypertrophy of 
FLR. Two weeks later, with insufficient induction in FLR volume, 
TAE of arteries supplying the tumor is performed to induce FLR 
hypertrophy, and finally followed by tumor resection (conventional 
ALPPS stage-2). The whole procedure is referred to as TAE-
salvaged ALPPS. With adequate increase in FLR volume by 
conventional ALPPS stage-1, the conventional ALPPS stage-2 can 
be directly applied to complete the conventional ALPPS. HCC, 
hepatocellular carcinoma; ALPPS, associating liver partition and 
portal vein ligation for staged hepatectomy; FLR, future liver 
remnant; TAE, transcatheter arterial embolization.
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monitored and paid close attention to treatment.
TAE-salvaged ALPPS enabled a 100% R0 resection rate 

in patients with HCC and severe fibrosis/cirrhosis in this 
study. Before using this novel TAE-salvaged ALPPS, there 
were 16 patients with cirrhosis who underwent ALPPS 
in our hospital, and 4 patients failed to complete ALPPS 
stage-2 and the tumor resection rate was only 75% (12/16). 
The new TAE-salvaged ALPPS enabled the R0 resection 
rate of 100%, with a short interval to proceed to ALPPS 
stage-2 within 21 days. The median overall survival for 
these 10 patients (median diameter 14 cm) was acceptable 
40 months.

There are limitations of this study. First, this is a 
retrospective study with its inherent defects. Second, the 
sample size is relatively small. Third, the study came from 
a tertiary referral center in China where the etiology of 
HCC is predominantly chronic hepatitis B viral infection. 
Whether the results of this study can be extrapolated to 
other populations with different etiologies of HCC require 
further studies.

In conclusion, the new TAE-salvaged ALPPS can induce 
fast FLR hypertrophy and control tumor progression 
in patients with HCC and fibrosis/cirrhosis. It does not 
significantly increase operative morbidity and mortality 
rates as compared with conventional ALPPS. It can serve 
as a new strategy to increase the resectability of HCC in 
patients with cirrhosis or fibrosis who failed to develop 
sufficient hypertrophy of FLR after conventional ALPPS 
stage-1. However, more prospective studies are needed 
to further evaluate the effectiveness, safety and long-term 
oncological outcomes of this new ALPPS procedure. 
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Supplementary

Figure S1 Tumor progression after TAE-salvaged ALPPS. (A-F) AFP increase was observed 1 week after ALPPS stage-1 in 6 AFP-positive 
patients who had full follow-up data. (G) Tumor volume increase after ALPPS stage-1 in most patients (8/10), whereas tumor shrunk in  
2 patients. The increase in AFP levels and tumor volumes indicated tumor progression after ALPPS stage-1. After TAE, tumor progression 
was controlled. A significant decrease in AFP levels was observed although tumor volumes kept on increasing in some patients (5/10). 
AFP, Alpha-fetoprotein; TAE, transcatheter arterial embolization; ALPPS, associating liver partition and portal vein ligation for staged 
hepatectomy. 
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Figure S2 Changes after TAE-salvaged ALPPS. (A) All patients presented with fever after ALPPS stage-1 and the fever exacerbated after 
TAE. (B) Most patients presented with large amounts of drainage, especially after ALPPS stage-2. (C-H) After ALPPS stage-1, AST and 
ALT levels rose remarkably followed by a quick decline, whereas TB level and prothrombin time showed no inordinate increases and 
quickly return to normal; after TAE, ALT and AST levels rose again quickly, whereas TB did not significantly increase while INR increased 
remarkably; after ALPPS stage-2, AST and ALT levels showed no significant increase, whereas TB and INR increased considerably and they 
gradually returned to normal. Renal function was well kept in most patients using diuretic treatment, although massive necrosis of tumor 
had been caused by portal vein ligation and TAE. Blood examination indicated that postoperative anemia was common. Alb, albumin; BUN, 
blood urea nitrogen; SCr, serum creatinine; UA, uric acid; γ-GT, γ-Glutamyl Transferase; WBC, white blood cell; Hb, hemoglobin; PLT, 
platelet; TAE, transcatheter arterial embolization; ALPPS, associating liver partition and portal vein ligation for staged hepatectomy; AST, 
aspartate aminotransferase; ALT, alanine aminotransferase; TB, total bilirubin; INR, international normal ratio.
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Figure S3 Changes in CSA of the left/right hepatic artery ratio and the reverse effect of TAE on arterial blood supply to FLR. In most 
patients, the CSA ratio of left hepatic artery (supplying FLR) to that of the right hepatic artery (supplying tumor-side liver) significantly 
decreased after ALPPS stage-1, and recovered by TAE in two weeks after ALPPS stage-1 (0W, before operation; 2W, 2 weeks; 3W, 3 weeks; 
Data at 3 weeks in Case 5 was unavailable). CSA, cross-sectional area; TAE, transcatheter arterial embolization; FLR, future liver remnant; 
ALPPS, associating liver partition and portal vein ligation for staged hepatectomy.

Table S1 Postoperative complications grouped by severity (Clavien-Dindo)

ALPPS stage-1 TAE ALPPS stage-2

Case-1 – – –

Case-2 grade A PHLF (I) # – –

Case-3 – – grade B PHLF (II); PE (IIIa)

Case-4 grade A PHLF (I); TLS (I); Ascites (II) grade A PHLF (I); TLS (I); Ascites (II) grade B PHLF (II); Death (V)

Case-5 Ascites (II) – grade A PHLF (I); Anemia (II)##; Ascites (II)

Case-6 – – –

Case-7 – – grade A PHLF (I)

Case-8 – – grade A PHLF (I)

Case-9 Ascites (II) – grade A PHLF (I); Bile leakage (I); Ascites 
(I)

Case-10 Ascites (II) Ascites (II) grade A PHLF (I); Anemia (I); Ascites (I)
#, The severity of postoperative complication was classified by Clavien-Dindo classification; ##, Anemia (Hb <80 g/L) requiring red blood 
cells transfusion (Hb decreased to 73 g/L postoperatively). TAE, transcatheter arterial embolization; ALPPS, associating liver partition and 
portal vein ligation for staged hepatectomy; –, no complications; PHLF, posthepatectomy liver failure; PE, pleural effusion; TLS, Tumor 
lysis syndrome; MOD, multiple organ dysfunction; 

Table S2 Number of postoperative complications 

Grade# ALPPS stage-1 TAE ALPPS stage-2

I 3 2 9

II 4 2 4

IIIa
IIIb

0
0

0
0

1
0

IVa 0 0 0

IVb 0 0 0

V 0 0 1
#, The severity of postoperative complication was classified 
by Clavien-Dindo classification. TAE, transcatheter arterial 
embolization; ALPPS, associating liver partition and portal vein 
ligation for staged hepatectomy.


