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Abstract
The complete resection offers the best long-term survival for advanced hepatocellular carcinoma patients. ALPPS as a choice of
resection, how is its outcome compared to one-stage resection, liver transplantation and TACE? This retrospective study included 20
ALPPS patients. To minimize the effect of confounding influences of measured covariates, PSM was performed. The overall survival
(OS), morbidity, mortality and the increasing rate, KGR were analyzed. The OS in ALPPS group is 27.4 (±3.8 months) moths and the
TACE group is 13.5(±1.2 months) (P< .001), LT group is 41.3 (±3.2 months) (P= .048), Resection group is 31.8 (±2.6 months)
(P= .368). And the medium increasing volume is 209.5 cm3 (±61.5 cm3) with the increasing ratio 52.4% (+26.9%). The ALPPS is a
feasible treatment for HCC patients and it provides a better long-term survival than TACE and it is similar to Resection, less than LT.

Abbreviations: ALPPS = associating liver partition and portal vein ligation for staged hepatectomy, CRLM = colorectal liver
metastases, FLR = future liver remnant, HCC = hepatocellular carcinoma, IOUS = intraoperative ultrasound, ISGLS = International
Study Group of Liver Surgery, LT = liver transplantation, OS = overall survival, PSM = Propensity Score Matching, SLV = standard
liver volume.
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1. Introduction

To the advanced hepatocellular carcinoma (HCC) patients, the
complete resection offers the best long-term survival.[1] While the
main factor of limiting resection is the amount of the future liver
remnant (FLR). It is currently considered that the risk of
postoperative liver failure is great if its FLR/standard liver volume
(SLV)<25%or FLR/body weight (BW)<0.5% for normal livers,
and for livers with cirrhosis, FLR/SLV <40% or FLR/body
weight <0.8%.[2,3] In China, the HCC patients often have the
cirrhosis background with HBV infection.[4] So the PHLF is
feared after resection because the insufficient FLR.
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To increase the resectability, PVE have been performed in the
past years to increase the FLR,[5,6] and the FLRwould increase up
to 10% to 46% after 4 to 8 weeks.[7] However, some patients
would not get the operation for the absence of increasing FLR or
the progression of the tumor.[8]

In recent year, a novel method, Associating liver partition and
portal vein ligation for staged hepatectomy (ALPPS) was debated
all over the world, because this method will induce the
FLR increasing rapidly and obviously (40%–160% within 1
to 2 week).[9–12] However, the high morbidity and mortality have
been reported.[13,14] Till date, these reports are most about
patients with colorectal liver metastases (CRLM).[15] As for HCC
patients, the ALPPS is recommend to perform carefully, and some
studies suggested that the HCC is the relative contraindica-
tion.[16] But the studies of the ALPPS for HCC are case reports in
majority. There is still lack of evidence.
The therapies for HCC are liver transplantation (LT),

resection, ablation, TACE and sorafenib. LT is the best therapy
for HCC if it fulfilled the standard, then it is the resection. TACE
as a therapy to HCC, however, has a low long-term rate.[17]

sorafenib is a palliative care therapy. For patients with ALPPS,
the main factor of choice is the lack of FLR. Prior to this, the
treatment that this group of patients could receive was TACE. So,
is this part of the patients who should have been treated with
TACE improved the long-term survival rate after receiving
ALPPS? Is there a difference between the long-term survival rate
of ALPPS surgery and the other treatments? In this study, the
main purpose is to answer these questions.

2. Method

2.1. Patients

This study retrospect patients from August 2014 to August 2018
in West China Hospital. There are 20 ALPPS patients, 985
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one-stage resection patients and 128 LT patients and 1105 TACE
patients. All patients were told that the results might be applied to
clinical studies, and the patients were referred to the current
treatment of primary liver cancer, including LT, hepatectomy,
radiofrequency ablation, TACE, sorafenib drug therapy, etc. The
patient makes the final choice for treatment. ALPPS patients
were also informed in detail about the benefits and risks of
ALPPS surgery and signed informed consent.
All the ALPPS patients are diagnosed HBV infection with HBV

surface antigen or/and HBV-DNA positive. The patients
underwent a routine preoperative evaluation, including comput-
ed tomography (CT) or magnetic resonance (MRI) to calculate
the FLR, transient elastography ultrasound to evaluate the
fibrosis, blood test, tumor marker test and so on. Postoperative
complications were defined according to the Clavien–Dindo
classification and severe complications were defined as grade IIIb
or higher.[18] The International Study Group of Liver Surgery
(ISGLS) was applied to define the PHLF.[19] The routine
hematoxylin & eosin (HE) and immunohistochemical staining
were reviewed. The degree of liver fibrosis was considered the
Ishak score, and it was gauged as: 0 (no fibrosis), 1 to 2 (mild
fibrosis), 3 to 4 (moderate fibrosis), 5 (sever fibrosis), 6
(cirrhosis).[20]

And to minimize the effect of confounding influences of
measured covariates, PSMwas performed. The three 1:1matched
study groups were created by matching as closely as possible
using the following variables: HCC, age, gender, HBV-DNA,
tumor size, tumor number, Child- Pugh Score, MELD, and a
caliper of 0.02 multiplied by the standard deviation of the logit of
the propensity score was used.

2.2. Volumetric assessment

The FLR was measured by the software IQQA-Liver; EDDA
Technology Inc, Princeton, NJ. The SLV was calculated by the
formula: SLV=706.2�BSA+24.[21] Meanwhile, the Kinetic
growth rates (KGR) was calculated too. When the FLR/SLV
>40%, the second step was considered, for those patients all have
the cirrhosis background, and the ratio >25% for those patients
without.

2.3. ALPPS surgical technique
2.3.1. First step. The patient was placed in the dorsal decubitus
position, then we performed a “J” incision below the right costal
margin. We did the surgery using the anterior approach. An
intraoperative ultrasound (IOUS) examination was required to
reconfirm the resectability by checking the size of the tumor, the
number of tumors, any affected vessels, the presence of cancer
embolus and the free FLR, as well as to determine the scission
line. If there were several tumors, local excision and radio-
frequency ablation were considered. Routine cholecystectomy
was performed. We first found the hepatic pedicle, dissected the
left and right portal veins, artery and bile duct, then the right
portal vein was ligated. A tape was left around the right hepatic
artery to identify it during the second step. After that, we
dissected the secondary porta of the liver and identified the right,
middle and left hepatic veins, also leaving tape around the right
hepatic vein to make it easy to identify during the second step.
With an ultrasonic dissector, a liver transection was performed
according to the scission line determined during the IOUS
examination. The liver was split to the level of the inferior vena
cava. We used 5 to 0 or 4 to 0 Prolene sutures and metal clips to
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ensure hemostasis and biliostasis. Two abdominal drains were
left at the cut surface of the split liver and the foramen of
Winslow, then the abdomen was closed without leaving a plastic
bag around the liver or a biomembrane at the cut surface.

2.3.2. Second step. When the radiological evaluation showed
that the FLR was large enough to fit the criteria, the second step
was performed the next day. We performed a relaparotomy
through the previous incision. To dissect the adhesion, we first
found the markers left during the first step to identify the right
portal vein, bile duct, artery and the right and middle hepatic
veins. These were ligated and sectioned in all patients. Finally, we
removed the diseased liver from the abdominal cavity after
carefully checking the cut surface to make sure there was no
bleeding or bile leakage. Two abdominal drains were left at the
cut surface and the foramen of Winslow, then we closed the
abdomen.
The patients who are judged not to have enough FLR if

resected in one step, the TACE is performed to induce the FLR.

2.4. Statistics

All data were analyzed with SPSS 23.0 software (SPSS Inc,
Chicago IL). Data were expressed as mean ± SD and median
(range values). The Kaplan–Meier method was used to calculate
patient survival rate. The significance of difference between the 2
groups was determined by the log-rank test. P< .05 was
considered to be statistically significant.
3. Result

3.1. Preoperative information

Twenty patients with ALPPS included 19 males, 1 female, and 20
patients were HCC patients with HBV infection. The average
agewas 48.6±8.5 years old, and the average tumor sizewas10.1+
4.2cm. The MELD score averaged 5.8. Nineteen patients were
Child-PughgradeAandonewasChild-PughgradeB.According to
BCLC criterion, there are 11 patients with Stage A, 4 patients with
StageBand5patientswith stageC.All thepatientswithStageAare
single huge HCC which the FLR is insufficient for surgery.
Among the 20 patients with TACEmatched by PSM, including

19males, 1 female, and 20 patients wereHBV-infectedHCC. The
average age was 51.4±15.89 years old, the average tumor size
was 10.0+3.9cm. There are 11 patients with Stage A, 3 patients
with Stage B and 6 patients with Stage C. The average MELD
score was 6.03. Eighteen patients were Child-Pugh A grade, 2
were Child-Pugh grade B. The patients with Stage A are single
huge HCC which the FLR is insufficient for surgery. Table 1
Among the 20 patients with LT who were matched by PSM,

including 15 males and 5 females, 17 patients were HBV-infected
HCC, and 3 patients were non-HBV-infected HCC. The mean
age was 48.9+9.8 years, the average tumor size was 8.6±4.6cm.
There are 14 patients with Stage A, 4 patients with Stage B and 2
patients with Stage C. The average MELD score was 7.6. 16
patients were Child-Pugh Class A, 3 were Child-Pugh Class B,
and 1 was Child-pugh Class C. Table 2
Among the 20 routinely resected patients with PSM, including

16males and 4 females, 18 patients withHBV-infectedHCC, and
2 patients with non-HBV-infected HCC. The average age was
51.6±12.3 years old, the average tumor size was 7.6+3.5cm.
There are 16 patients with Stage A, 1 patient with Stage B and 3
patients with Stage C. Table 3



Table 2

The baseline of the patients in ALPPS vs LT group.

ALPPS LT
Various (n=20) (n=20) P

Patients
Age 48.6 (±8.5) 48.9 (±9.8) .918
Gender
Female 1 5 .182
male 19 15

Tumor
Size (cm3) 10.1 (±4.2) 8.6 (±4.6) .979
number >1 5 4 .190
number�1 15 16

Diagnosis
HCC 20 20 >.999
HBV 20 17 .115

Pre-operative lab test
ALT (IU/L) 65.1 52.8 .354
AST (IU/L) 71.7 85.6 .430
TB (mmol/L) 35.2 52.6 .566
WBC (∗109) 6.0 5.0 .089
PLT (∗1012/L) 164.8 159.9 .405

MELD
Average 5.88 7.6 .102

Child-Pugh
A 19 16 .072
B 1 3
C 0 1

Child-Pugh .439
A 11 14
B 4 4
C 5 2

Table 1

The baseline of the patients in ALPPS vs TACE group.

ALPPS TACE
Various (n=20) (n=20) P

Patients
Age 48.6 (±8.5) 51.4 (±15.89) .493
Gender
Female 1 1 .756
male 19 19

Tumor
Size (cm3) 10.1 (±4.2) 10.0 (±3.9) .979
number >1 5 6 .642
number�1 15 14

Diagnosis
HCC 20 20 >.999
HBV 20 20 >.999

Pre-operative lab test
ALT (IU/L) 65.1 48.6 .254
AST (IU/L) 71.7 66.3 .728
TB (mmol/L) 35.2 20.1 .431
WBC (∗109) 6.0 13.1 .321
PLT (∗1012/L) 164.8 174.3 .605

MELD
Average 5.88 6.03 .862

Child-Pugh
A 19 18 .500
B 1 2
C 0 0

BCLC satge .890
A 11 11
B 4 3
C 5 6

ALT=Alanine aminotransferase, AST=Aspartate aminotransferase, PLT=blood platelet, TB=Total
Bilirubin, WBC=White Blood Cell.
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3.2. The post-operative information

Twenty patients with ALPPS were right hepatic tumors, who
underwent right hepatic or expanded right hepatectomy. One
patient had a nodule of 1cm in size in the left liver and was locally
resected in the first operation.
One patient who was judged not to have enough FLR after

stage 1, the TACE was performed and he met the standard at the
30th day after stage one. The hospital days are 29.4 days in
ALPPS group, while the interval days between stage 1 and stage 2
are 15.3 days (range from 7–30 days).
According to the Clavien–Dindo standard, at the ALPPS

group, there are 3 severe complications including Grade IIIb, n=
1, and Grade V, n=2 in ALPPS group. No severe complications
happened in TACE group. There is 1 severe complication which
is Grade V in LT group and there is also 1 severe complication
happened in Resection group with Grade IIIb. Tables 4 and 5.
3.3. FLR volume increasing

The medium pre-opreative FLR is 448.7cm3 (±169.1 cm3), and
the medium pre-operative FLR/SLV is 36.8% (±10.7%), the
medium pre-operative FLR to body weight ratio (BWR) is 0.70%
(±0.18%). While the medium post-operative FLR is 658.2 cm3

(±170.3 cm3) and the medium Post-operative FLR/SLV is 54.5%
(±10.9%), the medium post-operative FLR to BWR is 1.04%
(±0.22%).
So, the medium increasing volume is 209.5 cm3 (±61.5 cm3)

with the increasing ratio 52.4% (+26.9%). The KGR is 17.83
(±10.58cm3/day).
3

And the Ishak score were as follows: score 0 (no fibrosis), n=1,
score 1–2(Mild fibrosis), n=0, score 3 to 4 (Moderate fibrosis),
n=5, score 5 (Severe fibrosis), n=4, score 6 (Cirrhosis), n=10.
Interestingly, the patients with score 0 has a better volume
increasing tendency than others even the statistic could not be
applied. These are showed in Table 6.
3.4. The follow-up information

All the patients have been well followed-up. The medium survival
in ALPPS group is 27.4 (±3.8 months) moths and the TACE
group is 13.5 (±1.2months) (P< .001). The 1 and 3 years of OS is
69.6% and 58.9% in ALPPS group vs 55% and 5% in TACE
group, respectively (P< .001). The medium survival in LT group
is 41.3 (±3.2 months), the 1 and 3 years of OS is 90% and 77.9%
(P= .048 compared to ALPPS group). And the medium survival is
31.8 (±2.6 months) in Resection group, the 1 and 3 years of OS is
85% and 61.1%(P= .368 compared to ALPPS group). Those are
showed in Figures 1–3.
4. Discussion

The complete resection is the best choice to the advanced HCC
patients.[1] The main factor to limit resection is the FLR which is
likely to be PHLF if the FLR is not enough to maintain the liver
function especially for the patients with cirrhosis. For those
unresectable patients, TACE is recommend.[22] While to increase
the resectability and the FLR, PVE is widely performed with the
FLR increasing up to 10% to 46% within 4 to 8 weeks.[7]

However, recent years ALPPS has been performed and debated
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Table 6

The information for ALPPS group.

ALPPS
(n=20)

Hospital days 29.4 (±13.1)d
Interval days 15.3 (±8.8)d
Before operation
FLR 448.7 (±169.1cm3)
FLR/SLV 36.8 (±10.7%)
FLR/BWR 0.70 (±0.18%)

Before stage two
FLR 658.2 (±170.3cm3)
FLR/SLV 54.5 (±10.9%)
FLR/BWR 1.04 (±0.22%)

The increasing volume 209.5 (±61.5cm3)
The increasing ratio 52.4 (±26.9%)
The KGR 17.83 (+10.58cm3/d)

Table 3

The baseline of the patients in ALPPS vs resection group.

ALPPS Resection
Various (n=20) (n=20) P

Patients
Age 48.6 (±8.5) 51.6 (±12.3) .376
Gender

Female 1 4 .302
Male 19 16

Tumor
Size (cm3) 10.1 (±4.2) 7.6 (±3.5) .053
Number >1 5 2 .204
Number�1 15 18

Diagnosis
HCC 20 20 >.999
HBV 20 18 .244

Pre-operative lab test
ALT (IU/L) 65.1 42.9 .081
AST (IU/L) 71.7 53.7 .092
TB (mmol/L) 35.2 13.5 .265
WBC (∗109) 6.0 5.8 .700
PLT (∗1012/L) 164.8 158. .764

MELD
Average 5.88 6.12 .212

Child-Pugh
A 19 20 .999
B 1 0
C 0 0

Child-Pugh .199
A 11 16
B 4 1
C 5 3

Table 5

The post-operative information between ALPPS and TACE group.

ALPPS TACE LT Resection
(n=20) (n=20) (n=20) (n=20)

Complications
∗

18 4 15 10
Grade I 5 3 8 4
Grade II 9 1 5 5
Grade IIIa 1 0 1 0
Grade IIIb 1 0 0 1
Grade IV 0 0 0 0
Grade V 2 0 1 0

The mortality (�90 d) 2 0 1 0
∗
In ALPPS group, the complication was counted whether he had in stage 1 or stage 2 and it counts the

highest Grade if the patients had complications in both stage 1 and stage 2.

Peng et al. Medicine (2019) 98:38 Medicine
over the world for its rapid FLR increasing time and obviously
FLR increasing rate.[9–12,23]

For PVE, the current reports show that the median time from
PVE to feasible hepatectomy is 28 days which is much longer than
the two-step interval of ALPPS surgery 15.3 days.[24] Shindoh
et al also support this view, suggesting that ALPPS surgery has a
shorter interval than post-PVE resection and has a lower rate of
tumor progression than post-PVE resection.[25] At the same time,
for CRLM patients, multicenter clinical randomized trials show
that ALPPS improves resectability compared with PVE.[26]

Reviewing these reports, the patients are most CRLM and the
surgery for HCC patients was not investigated well. Is ALPPS
available for those patients? In our study, the medium post-
operative FLR is 658.2 cm3 (±170.3 cm3) and the medium Post-
operative FLR/SLV ratio is 54.5% (±10.9%). The medium
Table 4

The complications after ALPPS stage 1 and 2.

Stage 1 Stage 2

Postoperative complications 16 13
Grade I 5 3
Grade II 9 6
Grade IIIa 0 1
Grade IIIb 0 1
Grade IV 2 0
Grade V 0 2

4

increasing volume is 209.5 cm3 (±61.5 cm3) and the medium
increasing ratio is up to 52.4% (+26.9%). The increasing ratio
may be less than those studies reported,[23,27] but it is do enough
for our cirrhosis patients to endure the surgery. So, we may have
the same view with the Chan.A. C reported that ALPPS was
available for HCC patients.[28]

Themedium interval daywith 15.3(±8.8) days was observed in
our study which is much less than 4 to 8 weeks in PVE,[7,24] and
the other studies have the similar result with ours.[12,23,29]

After PSM matching, there was no statistical difference in
baseline between the ALPPS group and other LT groups,
Resection group, and TACE group. Compared the overall
survival time of ALPPS group and the TACE group, a
significantly difference was observed with 27.4 (±3.8 months)
Ishak grade of liver fibrosis
0 (no firbrosis) 1
1–2 (Mild fibrosis) 0
3–4 (Moderate fibrosis) 5
5 (Severe fibrosis) 4
6 (Cirrhosis) 10

Patient information after ALPPS. The average hospital stay was 29.4 (+13.1) days, and the two-step
surgery interval was 15.3 (+8.8) days. The preoperative mean FLR was 448.7 cm3 (+169.1 cm3), the
preoperative FLR/SLV rate was 36.8% (+10.7%), and the preoperative residual liver volume/body
weight ratio (BWR) was 0.70% (+0.18%). The mean postoperative FLR was 658.2 cm3 (+170.3 cm3),
postoperative FLR/SLV was 54.5% (+10.9%), and the mean postoperative BWR was 1.04%
(+0.22%). The average postoperative residual liver growth was 209.5 (+61.5 cm3), with an average
growth rate of 52.4% (+26.9%) and a KGR of 17.83 (+10.58 cm3/d).
∗
Its Ishak score is 0 points: no cirrhosis; 1–2 points: mild liver fibrosis; 3–4 points: moderate liver
fibrosis; 5 points: severe liver fibrosis; 6 points: cirrhosis.



Figure 1. The overall survival between ALPPS and TACE. The 1 and 3 years of overall survival is 69.6% and 58.9% in ALPPS group vs 55% and 5% in TACE group,
respectively (P< .001).Theblue line representsTACEandthegreen line representsALPPS.ALPPS=Associating liverpartitionandportal vein ligation for stagedhepatectomy.

Figure 2. The overall survival between ALPPS and LT. The 1 and 3 years of OS is 69.6% and 58.9% in ALPPS group vs 90% and 77.9% in LT group, respectively
(P= .048). The blue line represents ALPPS and the green line represents LT. ALPPS=Associating liver partition and portal vein ligation for staged hepatectomy.

Peng et al. Medicine (2019) 98:38 www.md-journal.com

5

http://www.md-journal.com


Figure 3. The overall survival between ALPPS and Resection. The 1 and 3 years of OS is 69.6% and 58.9% in ALPPS group vs 85% and 61.1% in LT group,
respectively (P= .368). The blue line represents ALPPS and the green line represents resection. ALPPS=Associating liver partition and portal vein ligation for staged
hepatectomy.

Peng et al. Medicine (2019) 98:38 Medicine
moths in ALPPS group vs 13.5 (±1.2 months) in TACE group
(P< .001). The TACE group has a similar OS with those
studies.[30–32] In the Resection group, the medium survival is 31.8
(±2.6months) and the OS compared to ALPPS is no significant
(P= .368). While in the LT group, the medium survival is 41.3
(±3.2months), the OS is significant compared to ALPPS
(P= .048). We may conclude that the ALPPS group has a better
long-term survival than the TACE group, less than LT group, and
there is no significant with Resection group according to our
study. Especially for those patients who received TACE treatment
for the insufficient FLR to surgery, the ALPPS could improve their
OS. Recent report has a similar conclusion with ours.[33] In
addition there is a case report for ALPPS to save the unsuccessful
TACE.[34]

The high morbidity and mortality in ALPPS is the outstanding
shortcomings.[13,14] In our study the mortality is 10% and the
severe complication rate is 15% in ALPPS group. However,
the ALPPS Registry reported 31% mortality while other studies
have similar mortality (0%–12%) with ours.[28,35–38] This might
because ALPPS is a mature surgery now, doctors would try their
best to reduce the complications. However, there is a small
sample, the statistic needs to be examed by a large sample.
Analyzing the 2 death cases in ALPPS, we found 1 case is because
the ligation of the common bile duct and another is for the liver
failure with the high TB before stage 2. As the Clavien said, the
TB is a risk factor to influence the ALPPS procedure.[16,39] The
age, degree of fibrosis, MELD score, Child-Pugh score, are also
considered the risk factors for the poor outcome of ALPPS. So,
the high selected patients are necessary for HCC patients
especially those who have cirrhosis background.
6

This study also has some limitations. First, this is a retrospective
study, the evidenced is not well. Second, the number of the sample
are small, the PSMcould not eliminate thebasis completely.we still
collect the adaptable patients prospectively the future study is
ongoing.Third this is a single center’s experience, themultipleRCT
should be conduct in future.

5. Conclusion

According our study, the ALPPS is a feasible treatment for HCC
patients and it provides a better long-term survival than TACE,
and has a similar long-term survival with Resection, while it is
worse than LT. So, the ALPPS could be performed to those
patients who are considered unresectable tumors conventionally,
and the patient should be high selected.
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