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Background: Associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) has recently 
been suggested to cause rapid liver hypertrophy among patients having inadequate future liver remnant (FLR). 
However, ALPPS is still considered as a controversial hepatocellular carcinoma (HCC) treatment, especially for 
those with cirrhosis. This is ascribed to the high mortality and morbidity. The present study aimed to evaluate 
the ALPPS safety and feasibility for HCC patients related to hepatitis B virus (HBV).
Methods: This was a retrospective observational study. Consecutive HCC cases undergoing ALPPS or RH 
at our hospital between September 2014 and June 2018 were included. The demographic and clinical data of 
patients were collected, and oncological results of ALPPS patients were compared with those receiving right 
hepatectomy (RH).
Results: A total of 14 ALPPS patients and 21 RH patients were consecutively collected between September 
2014 and June 2018. All ALPPS patients received stage II operations, with 100% resection of R0. The 
median growth of FLR between operations was 48% (range, ‒0.06% to 100%) in 17 days (range, 9–30 days). 
3 ALPPS patients (21.4%) suffered from severe complications (grade ≥IIIb) according to the Clavien-Dindo 
grade, including 1 with renal failure, and 2 with the FLR/SLV of <30% and liver failure, and 1 (4.8%) with 
severe complication (liver failure) after the stage I RH. Difference in the long-term survival, either overall 
survival (OS) or disease-free survival (DFS), between ALPPS and RH was not statistically significant.
Conclusions: Our results suggest that ALPPS should be performed in highly selected patients with 
cirrhosis. Patients with 30%< the FLR/SLV <30% and ages <60 years old are recommended. And a longer 
interval time between stages is suggested to improve the safety of ALPPS. Because the long-term survival 
after ALPPS is similar to that after RH, which indicates that the long waiting time between stage does not 
increase the risk of tumor progression.
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Introduction

Liver cancer ranks the sixth and fourth places in terms of its 
morbidity and mortality, respectively, worldwide (1). Surgical 
resection remains a major treatment for hepatocellular 
carcinoma (HCC) among cases with conserved hepatic 
functions (2,3). However, many patients fail to receive 
surgical treatment due to inadequate future liver remnant 
(FLR), particularly for hepatitis B virus (HBV)-induced 
HCC patients receiving right hepatectomy (RH) (4).

At present, associating liver partition and portal vein 
ligation for staged hepatectomy (ALPPS) is recognized as a 
potent treatment for improving resectability in comparison 
with the traditional two-stage hepatectomy for cases 
developing liver metastases of advanced colorectal cancer 
(CRC) (5,6). 

Recently, ALPPS is introduced as the viable therapeutic 
choice among unresectable HCC patients with concomitant 
HBV infection (7-11). However, it is controversial to perform 
ALPPS in cases with concurrent HBV infection, since HCC 
usually occurs with cirrhosis, which restricts liver growth (12).  
Although radiofrequency (RF)-assisted ALPPS and 
tourniquet ALPPS have been employed to improve the safety 
of ALPPS for HCC, the 90-day mortality remains high, and 
20% patients can’t proceed to do the second stage of ALPPS 
(8,9). Besides, the safety and feasibility of ALPPS for HCC 
patients remain questionable (13).

Studies show that the stricter selection criteria help to 
reduce hepatic failure following ALPPS (14,15). However, 
no favorable benchmark is available to decide whether a 
HCC patient is eligible for ALPPS or not. Moreover, data 
on the long-term survival of HCC patients after ALPPS are 
lacking so far.

Therefore, this study was carried out aiming to assess 
the safety and efficacy of ALPPS for HBV-related HCC 
patients, and to explore a new eligibility standard. Besides, 
the oncologic long-term outcomes of ALPPS were 
compared with those of one-stage extended RH.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tcr-19-2633).

Methods

Patients and study design

This was a retrospective observational study. Between 
September 2014 and June 2018, consecutive HBV-related 
HCC cases undergoing ALPPS, together with HBV-related 

HCC cases receiving RH, were enrolled from the Peking 
Union Medical College Hospital (PUMCH) into this 
study. We followed the Declaration of Helsinki (as revised 
in 2013), and the study was approved by the institutional 
ethics board of PUMCH (No: S-K1150). Informed consent 
was obtained from all patients. All cases were positive for 
HBV surface antigen and were diagnosed with HCC in line 
with CT or MRI findings. After the diagnosis of HCC, the 
treatment for patients was discussed by the multidisciplinary 
team, including liver surgery department, oncology 
department, radiotherapy department, and interventional 
department. Physicians recommended treatments for 
patients, but the final decision was made by patients 
themselves. For HCC patients undergoing RH, the liver 
remnant/standard liver volume (SLV) was judged by two 
experienced surgeons, respectively, and both of them were 
deemed as >40%. For HCC patients receiving ALPPS, the 
liver remnant/SLV was calculated based on CT scans, both 
of which were deemed as <40%.

Moreover, the King’s scores, Child-Pugh scores, and 
MELD scores were also utilized to rate liver fibrosis in 
predicting the 1-year survival and 3-month mortality (16). 
In addition, the Couinaud’s classification and the Brisbane 
2000 Terminology of Liver Anatomy and Resections were 
utilized for surgical and anatomic designations (17). The 
International Study Group of Liver Surgery (ISGLS) 
classification was employed to grade the post-hepatectomy 
l iver fai lure (PHLF) (18).  Besides,  postoperative 
complications (POC) were defined in accordance with the 
Clavien-Dindo standards, among which, grades IIIb and 
above were deemed as serious (19). Tumor relapse was 
diagnosed according to either histological evidence or non-
invasive HCC diagnostic standards.

Study size and potential biases

We retrospectively collected patients who underwent 
ALPPS and RH between September 2014 and June 
2018, and 14 ALPPS and 21 RH patients were enrolled 
finally. There were potential biases in this study due to its 
retrospective nature. Firstly, ALPPS was the two-stage 
liver resection, while RH was the one-stage liver resection, 
therefore, patients who underwent ALPPS certainly had 
more injury than RH. As a result, we only compared the 
operation time of stage I ALPPS with RH to balance 
the bias. Secondly, ALPPS and RH were performed by 
the surgical team at the same time, and their therapeutic 
schedule was given by the same team, which balanced the 
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potential bias caused by the different surgical skills and 
therapy after surgery.

Surgical procedure

The ALPPS surgical technique in our hospital have been 
previously described, which is similar to the technique 
described in other publications (9). At the first stage, a 
Y-shaped incision was made in the upper abdomen, and 
then the abdominal cavity was explored to exclude the 
presence of any metastasis. In addition, ultrasonography 
was carried out intraoperatively to verify the relationship 
between hepatic vein and tumor. This ascertained whether 
the middle hepatic vein was completely preserved. The 
gallbladder was removed routinely, and the first hepatic 
hilum was dissected. Later, the right-sided portal vein was 
dissected, while the right hepatic artery and biliary duct 
must be carefully divided and preserved. Thereafter, the 
portal vein in the right side was cut to reveal the hepatic 
ischemic boundary in the right side. Such boundary, 
together with the middle hepatic vein position, was 
utilized to determine the detachment surface, and tissue 
was removed from the liver at the direction of hepatic 
tract. Subsequently, the bilaterally-dissected sections were 
treated one by one until the anterior wall of posterior 
inferior vena cava was completely exposed. Notably, it was 
unnecessary to dissect the right hepatic vein. Additionally, 
any active hemorrhage and bile leakage in the liver section 
were carefully examined. Moreover, a broad flap was used 
to mark the right hepatic duct and the right hepatic artery, 
and a drainage tube was placed between these two incisions 
under the liver.

At the second stage, right hepatic duct and right hepatic 
artery were identified and sutured in surgical markers, and 
the right hepatic ligament was severed. Then, the second 
hepatic hilum was dissociated, right hepatic vein was 
dissected, and the right liver was completely removed.

Follow-up

Once discharged, patients were followed up at our 
outpatient clinic, and digital subtraction angiography (DSA) 
was performed for twice at an interval of 4 weeks. Tumor 
recurrence or subclinical recurrence was suspected if any 
abnormal contrast medium concentration was detected 
in the liver. Enhanced CT and peripheral blood tumor 
markers were examined at 6 months after surgery if no 
abnormality was detected.

Hepatic volumetry

Hepatic volumetry was performed prior to and following 
the stage I ALPPS under the hand of the same radiologist 
certified by the board. Liver volume was calculated from 
images at the portal venous phase. The major branches 
of portal vein within liver hilum were carefully excluded. 
Afterwards, the resection plane was plotted under the 
assistance of surgeon, so as to automatically calculate the 
predicted FLR. When evaluating the eligibility of the 
increased FLR for stage-II resection, the estimated SLV was 
calculated according to the formula [SLV (cm3) = 758.259 
× BSA (m2) − 124.272] for predicting SLV in Chinese  
adults (20). In HCC patients with a history of fibrosis or 
cirrhosis, a FLR/ SLV ratio of >40% was considered as 
safe for proceeding to the stage-II operation. The kinetic 
growth rates (KGR), which reflect the weekly increase in 
the FLR volume, were calculated. We also referred to the 
liver transplantation standards, and an FLR and weight 
ratio of >0.8% were regarded as adequate for the patient.

Statistics

The IBM SPSS Statistics 23.0 (SPSS, Chicago, IL, USA) 
was employed for all statistical analyses. Kolmogorov-
smirnov test was used to test the data distribution. Data 
were expressed as mean standard deviation (SD) or median 
with ranges for normally or non-normally distributed data. 
Continuous data were presented as median, which were 
analyzed through student’s T test or U test. And fisher exact 
test was used to compare the categorical data. Postoperative 
morbidity and mortality were graded according to the 
Clavien classification. The Kaplan–Meier approaches were 
utilized for survival analyses, while log-rank test was carried 
out for comparison. A difference of P<0.05 indicated 
statistical significance. If the patient was lost to our follow-
up, the last follow-up was deemed as the time that he quit 
the study. Clinical factors favoring the DFS and OS survival 
were identified using logistic regression.

Results

Characteristics of patients and diseases

From September 2014 and June 2018, a total of 35 HCC 
patients related to HBV-virus underwent ALPPS (n=14) 
or RH (n=21) at the Department of Liver surgery, Pecking 
Union medical College Hospital. Table 1 presents the basic 
demographic of patients and disease features. Differences in 
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the demographic data between ALPPS and RH cases were 
not statistically significant. All the 14 cases receiving ALPPS 
in the study period had a single tumor, and the median 
diameter was 10.8 cm (range, 7.7–14.1 cm). Among the 21 
cases receiving RH surgery, 19 had a single tumor, with the 
median diameter of 9.4 cm (range, 2.2–16 cm). Meanwhile, 
the median age was 54.8 years (range, 34–68 years) for 
ALPPS patients, and 49.4 years (range, 32–66 years) for RH 
patients. Differences in the blood tests between ALPPS and 
RH patients were not statistically significant, indicating the 
presence of the same degree of cirrhosis. 

Intraoperative data

The average blood loss at stage I ALPPS was 432 mL (range, 
300–1,200 mL), while that of RH was 890 mL (range, 200–
3,000 mL). Difference was statistically significant between 
both groups (P=0.025). The average blood transfusion was 
2.3 U red cells (range, 0–8 U) in stage I ALLPS, while 

that was 2.9 U red cell (range, 0–8 U) in RH. All ALLPS 
patients underwent complete surgical resection and negative 
margins were achieved. The average operation time of stage 
I ALPPS was 248.3 min (range, 169–373 min), while that in 
RH procedures was 241.6 min (range, 177–409 min). The 
complete resection (R0) rate of ALPPS was 100% (Table 2).

Postoperative morbidity and mortality

All patients proceeded to stage II operation. The incidence 
of severe complications was 21.4% in ALPPS. One patient 
suffered from renal failure after stage I operation and 
recovered very well after dialysis. Two patients experienced 
PHLF after stage II operation, which was rated as a grade 
C hepatic failure in accordance with the ISGLS (18). 
These two patients died within 2 months after discharge. 
The FLR/SLV of them were <30% and the FLR/weights 
were <0.6%. One patient experienced severe complication 
(hepatic failure) after RH and died at two weeks after RH 

Table 1 Baseline characteristics of ALPPS and RH patients

Characteristics ALPPS (n=14) RH (n=21) P

Age, year 54.8±5.4 49.4±5.9 0.2

Male sex, (%) 78.6 81 0.594

BMI 22.1±0.8 23.3±1.6 0.17

More than one tumor 0 2 0.353

Size of tumor 10.8±1.3 9.4±1.7 0.20

Diabetes (%) 0 4.8 0.6

Hypertension (%) 7.1 9.5 0.652

Blood value

Hemoglobin (g/L) 137.4±6.5 136.5±12.2 0.90

White blood cells (109/L) 5.1±0.9 5.2±1 0.88

Platelets (109/L) 183.4±32.5 192.4±46 0.75

INR 1.1±0.03 1.1±0.04 0.81

Albumin (g/L) 37±5.5 40±2.15 0.23

Bilirubin (mmol/L) 16.3±3.7 14.5±2.5 0.42

Creatinine (mmol/L) 68±5 68±8 0.93

MELD score 4.3±1 3.8±1.5 0.61

Kings’ score 29.9±12.9 17.8±6.1 0.12

Child-Pugh grade 5.1±0.18 5.0±0.1 0.34

ALPPS, associating liver partition and portal vein ligation for staged hepatectomy; RH, right hepatectomy; BMI, body mass index; MELD, 
model for end-stage liver disease; King’s score, age× aspartate aminotransferase × international normalized ratio/platelet count. 
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(Table 3). The total length of hospital stay of ALPPS was 
38.5 days (range, 25–54 days), which was significantly 
longer than the 17.5 days of RH (range, 14–21 days). Only 
one patient after ALPPS stayed at the intensive care unit 
(ICU) for 4 days after ALPPS because of renal failure, while 
three patients stayed at the ICU for one day after RH. The 
30-days mortality was 0% for ALPPS and 4.7% for RH. 
However, the 90-day mortality was 14% for ALPPS and 
4.7% for RH, which has no statistical difference (P=0.551, 
fisher exact test) 

Volumetric changes in the liver

The median preoperative FLR volume was 437 mL 
(range, 342–511 mL), which increased to 649 mL (range, 
460–810 mL) before stage I operation, resulting in the 

median increase by 212 mL (range, −30–362 mL). This 
was corresponding to a median increase by 48% (range, 
−0.06–100%). The median preoperative FLR was 36% 
(range, 27–44%), which increased to 52% (range, 36–72%) 
before stage II ALPPS. The preoperative median FLR/
weight was 0.66% (range, 0.48–0.88%), which increased 
to 0.95 (range, 0.65–1.26) before stage II ALPPS. The 
median interval between two operations was 17 days (range,  
9–30 days). In addition, the absolute and relative KGR were 
13.2 mL/day (range, −1.3–22.5 mL/day) and 1.8%/day 
(range, −0.7–3.4%/day), respectively (Table 4). 

Two patients had insufficient hypertrophy before 
stage II operation. One patient received ALPPS and had 
negative hypertrophy at 21 days after stage I operation. 
We performed stage II operation in case of liver infection 
and necrosis. After the second stage operation, the patient 

Table 2 Surgical outcome (ALPPS first stage compared with RH)

Variable ALPPS I RH P

blood loss (mL) 432 (100–1,200) 890 (200–3,000) 0.025

blood transfusion (U) 2.3 (0–8) 2.9 (0–8) 0.354

Surgical time (min) 248.3 (169–373) 241.6 (177–409) 0.305

R0 resection rate 100% 95.2%*

*, one patient after RH was found to have tumors in the cutting edge under microscope, which was deemed as R1 resection. ALPPS I, The 
first stage of associating liver partition and portal vein ligation for staged hepatectomy; RH, right hepatectomy. 

Table 3 Postoperative Complications in Patients Undergoing ALPPS and RH

ALPPS 1 (n=14) ALPPS 2 (n=14)  RH (n=21)

Grade I Pleural effusion (n=1) Pleural effusion (n=2)

Grade II Mild ascites, relieved by diuretics (n=2) Mild ascites, relieved by diuretics (n=1) Mild ascites, relieved by diuretics (n=2)

Gross ascites, not relieved by diuretics 
(n =1)

Gross ascites, not relieved by diuretics (n =1)

Grade III  Pleural effusion requiring thoracentesis 
(n=1)

Grade IV Acute renal failure requiring dialysis 
(n=1)

Grade V Hemorrhage and liver failure (n =1); liver failure 
(n=1)

Liver failure, n

Grade A 6 1 1

Grade B 2 0 4

Grade C 0 2 0

ALPPS, associating liver partition and portal vein ligation for staged hepatectomy; RH, right hepatectomy.
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experienced fast liver growth from 460 mL (36.2%) to 
576 mL (45.2%). Another patient had hemorrhage after 
surgery, which aggravated hepatic failure and caused hepatic 

encephalopathy. Therefore, the stage II operation was 
performed in 20 days after the first stage.

Follow up

All cases were followed up for 15 months on average (range, 
1–63 months). The 1-year OS rates were 64.3% for the  
14 patients receiving ALPPS and 36% for RH patients, 
and the 3-year OS rates were 34.3% for ALPPS and 19.2% 
for RH patients; while the 1-year DFS rates were 32.7% 
for ALPPS patients and 36.3% for RH cases. According to 
K-M analysis, the OS for patients undergoing ALPPS was 
similar to that of patients following one-stage liver resection 
(P=0.34), and the DFS was also equivalent (P=0.754)  
(Figures 1,2). And no clinical factors favors the DFS and OS 
survival were founded using logistic regression.

Discussion

ALPPS is considered as the potential solution for patients 
with liver cancer suffering from inadequate FLR. However, 
ALLPS is still controversial, though it has been practiced 
for about ten years (21-24). The safety of ALPPS is the 
highest concern since its first description by Schnitzbauer 
in 2012 (25). The selection of patients, surgical technique 
modification, and second stage timing can be used to 
improve the safety of ALPPS.

Our results suggest that ALPPS should be performed 
in highly selected patients with HBV-related HCC. 
30%< the FLR/SLV <30% and the ages >60 years old are 
recommended. And a longer interval time between stages 
is suggested to improve the safety of ALPPS. The long-
term survival after ALPPS is similar to that after RH, which 
indicates that the long waiting time between stage does not 
increase the risk of tumor progression.

ALPPS has been proved in clinical trials and meta-
analysis to achieve satisfactory hypertrophy for liver 
metastasis of advanced CRC (26,27). However, the safety 
and patient selection for ALPPS, especially for HCC 
patients, should be further investigated. The greatest 
concerns about the application of ALPPS among HCC 
patients are displayed as follows: (I) whether FLR can 
rapidly increase among liver cirrhosis patients within a short 
time and whether it is sufficient to compensate for liver 
function; (II) whether patients waiting for liver regeneration 
are prone to metastasis and have increased risks of 
recurrence; (III) whether it is worth performing ALPPS as a 
result of the increased complication risks, especially for bile 
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Figure 1 The OS of patients after ALPPS was similar to those 
with RH (P=0.34, Log Rank test). OS, overall survival; ALPPS, 
associating liver partition and portal vein ligation for staged 
hepatectomy; RH, right hepatectomy.

Table 4 The postoperative data of ALPPS patients

Variable Median range

Interval between stage-1 and stage-2 17.3 (9–31)

SLV (Urata formula), mL 1,192.8 (1,050–1,340)

Before stage-1 operation

FLR, mL 437 (342–511)

FLR/SLV (%) 36 (27–44)

FLR/weight (%) 0.66 (0.48–0.88)

Before stage-2 operation

FLR, mL 649 (460–810)

FLR/SLV (%) 52 (36–72)

FLR/weight (%) 0.95 (0.62–1.26)

FLR increase before stage-2 operation (%)

Absolute KGR, mL/day 13.2 (–1.3–23.5)

Relative KGR, %/day 1.8 (–0.8–3.4)

ALPPS, associating liver partition and portal vein ligation for 
staged hepatectomy; SLV, standard liver volume; FLR, future 
liver remnant; KGR, kinetic growth rate. 
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leakage.
In the present study, all of our 14 patients successfully 

proceeded to the stage II operation, suggesting that cirrhotic 
liver regenerated quickly. Also, the stricter selection criteria, 
including FLR/SLV and FLR/weight, were applied for 
measurements. However, two patients had insufficient 
FLR when they underwent stage II surgery, including one 
because of the short interval time between stages (the patient 
underwent the stage II operation at 20 days after stage I 
one). The patient had fast liver regeneration just at 1 week 
after stage II operation. We assumed that liver with cirrhosis 
grew slower than the normal liver, as proved by previous 
studies (28,29). Another patient was due to hemorrhage and 
liver failure after stage I operation, and we had to perform 
the stage II operation in advance. The patient died at two 
months after discharge, which indicated that it was not safe 
to perform the stage II operation if the stage I operation was 
performed ahead of plan. In this regard, we recommended a 
longer interval between stages to wait for liver hypertrophy. 
And if the FLV can’t grow big enough, do not perform the 
second stage operation.

As for the short-term outcomes in this study, two ALPPS 
and one RH patients experienced PHLF after stage II 
operation. Both of the two patients after ALPPS had low 
FLR/SLV and FLR/weight ratios, and older than 60 years 
old; therefore, it was plausible that we should raise the 

criteria for HBV-related HCC. Typically, 40%> FLR/SLV 
>30% and ages >60 years old might serve as the favorable 
indications for HCC patients. One patient experienced 
renal failure after ALPPS, who recovered well after dialysis. 
Previous studies show that, patients with cirrhosis are more 
likely to develop renal failure, and its mechanism needs to 
be further studied (30).

Bile leakage is the common complication of ALPPS, 
which results in sepsis and hepatic failure (23). As a result, 
doctors have to perform the stage II operation in advance. 
Different methods have been employed to decrease the 
bile leakage rate, including plastic bags, tourniquets and 
radiofrequency-assisted ALPPS (8,9,31). However, these 
methods may introduce further complications, such as 
infection and slow growth rates. In our study, we observed 
no bile leakage in our patients, which suggested that using 
cavitron ultrasonic dissector to identify and ligate individual 
bile ducts during surgery were the important steps to reduce 
the bile leakage rate, and that it was useful to perform 
“delayed ALPPS” (22).

With regard to the long-term outcomes, this study 
showed that the OS and DFS for patients receiving 
ALPPS were similar to those undergoing RH. Such results 
demonstrated that advanced HCC patients might benefit 
from ALPPS, although they were associated with a higher 
risk during stage II operation, which further indicated that 
ALPPS should be performed successfully at an experienced 
center in highly selected patients.

The strengths of our study were that, all surgeries were 
performed by the same surgical team during the same 
period, which contributed to balancing numerous biases. 
Nonetheless, some limitations should be noted in our 
study. Firstly, this was an observational study, which might 
inevitably lead to recall bias. Also, some other factors not 
analyzed in subgroup due to the small sample size. Due to 
the small number of patients from one single center in our 
study, the results of our study should be interpreted with 
caution.

In conclusion, our study shows that ALPPS can be 
performed in highly selected patients at experienced centers 
in treating HBV-related HCC patients and that "delayed 
ALPPS" can reduce liver failure in patients receiving 
ALPPS, without inducing tumor progression.
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