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Backgrounds/Aims: Liver transplantation (LT) provides a favorable outcome for patients with hepatocellular carcinoma (HCC) and
was launched in Vietnam in 2004. In this study, we evaluated the short-term and long-term outcomes of LT and its risk factors.
Methods: This retrospective study analyzed HCC patients who underwent LT at Viet Duc University hospital, Vietnam, from
01/2012-03/2022. The following data were gathered: demographics, virus infection, tumor characteristics, alpha-fetoprotein (AFP) lev-
el, Child-Pugh and MELD scores, selection criteria, type of LT, complications, 30-day mortality, and disease-free and overall survival
(DFS and OS).

Results: Fifty four patients were included, the mean age was 55.39 + 8.46 years. Nearly 90% had hepatitis B virus-related HCC. The
median (interquartile range) AFP level was 16.2 (88.7) ng/mL. The average MELD score was 10.57 + 5.95; the rate of Child-Pugh A and
B were 70.4% and 18.5%, respectively. Nearly 40% of the patients were within Milan criteria, brain-dead donor was 83.3%. Hepatic and
portal vein thrombosis occurred in 0% and 1.9%, respectively; hepatic artery thrombosis 1.9%, biliary leakage 5.6%, and postoperative
hemorrhage 3.7%. Ninety-day mortality was 5.6%. Five-year DFS and OS were 79.3% and 81.4%, respectively. MELD score and Child-
Pugh score were predictive factors for DFS and OS (p < 0.05). In multivariate analysis, Child-Pugh score was the only significant factor

(p < 0.05).
Conclusions: In Vietnam, LT is an effective therapy for HCC with an acceptable complication rate, mortality rate, and good survival

outcomes, and should be further encouraged.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common ma-
lignancy of the liver and the third leading cause of cancer-re-
lated deaths in the world. HCC mostly occurs in patients with
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chronic liver diseases such as hepatitis B virus (HBV) infection
and hepatitis C virus (HCV) infection, or alcohol abuse [1,2].
Vietnam is among the countries with a high incidence of HCC
with age-standardized incidence rates of HCC of 14 and 3.7 per
100,000 in males and females, respectively [3,4].

Liver transplantation (LT) is widely considered to be the most
effective therapeutic option for certain patients with HCC [5].
HCC within the Milan criteria, published by Mazzaferro et al.
[6] in 1996, is the most common indication for LT. As a result,
the patients have a four-year overall survival (OS) of 75% and a
better quality of life. Though many expanded criteria, such as
University of California San Francisco (UCSF), Asan, Kyoto,
and Tokyo have been introduced, the survival in LT within
Milan criteria remains superior compared to other criteria [5,7].
The reported 3-year survival rate ranges from 76%-88% for
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within Milan criteria and 47%-73% for beyond Milan criteria
and a 5-year survival rate of approximately 80% in big Asian
centers [5,8]. Demand for LT continues to increase and spreads
from developed countries to many developing countries, in-
cluding Vietnam.

In Vietnam, LT was launched in 2004 and has been mostly
conducted in specialized centers [9,10]. By the end of 2022,
approximately 440 liver transplants, including 341 liver trans-
plants from living donors and 99 transplants from brain-
dead donors, had been performed in Vietnam. The first liver
transplant for a patient with HCC was performed in December
2007 at Viet Duc University Hospital. Since then, the demand
and number of liver transplants have been increasing yearly
[11]. Thus, we evaluated the effectiveness of LT (short-term and
long-term outcomes, and potential risk factors) for HCC in our
institution.

MATERIALS AND METHODS

Patients

All patients were assigned and underwent liver transplant
surgery for HCC (a pathologist confirmed HCC) at Viet Duc
University Hospital from January 2012 to March 2022. Our
study was approved by the Institutional Ethical Review Board
(No. 02.2023.NCVD). The written informed consent was ob-
tained from the recruited patients.

Methods

We retrospectively collected data for the patients who un-
derwent LT for HCC in our center. The data were divided into
two groups: Within Milan and Out of Milan. We collected
data for the baseline characteristics: age, sex, body mass index
(kg/m?), alcoholism, HBV infection, HCV infection; pretrans-
plant treatment: history of transarterial chemoembolization,
radiofrequency ablation, hepatectomy; clinical symptoms:
jaundice, weight loss, ascites, Child-Pugh score, MELD score;
laboratory results: hemoglobin, platelets, prothrombin time,
liver enzymes (apartate aminotransferase [AST], alanine trans-
aminase [ALT]), total bilirubin, albumin, alpha-fetoprotein
(AFP). Imaging diagnosis (computed tomography/magnetic
resonance imaging) included the number of tumors, tumor
size, site; type of LT (living-donor [LDLT], deceased-donor
[DDLT]), indications for LT: within Milan criteria or out of
Milan criteria; reconstruction techniques used for the hepatic
vein (HV) (classical, piggyback with common orifice of three
HYV, common orifice of middle hepatic vein [MHV] and left
hepatic vein [LHV], common orifice of right hepatic vein [RHV]
and MHYV, enlarged orifice of RHV and modified piggyback
with end-to-side cavocaval), warm ischemia time; Treatment
outcomes: Early results: surgical complications including hem-
orrhage, hepatic artery (HA) stenosis/thrombosis, portal vein
(PV) stenosis/thrombosis, biliary fistula, pleural effusion and
management, Clavien-Dindo classification of surgical com-

plications up to three months, length of hospital stay, 90-day
mortality rate, long-term results: Disease-free survival (DFS),
OS and its prognostic factors.

Surgical techniques

Step 1. The recipient hepatectomy: The bilateral subcostal in-
cision with midline extension to the sternal xiphoid. Dissection
of the hepatic pedicle: division of the common bile duct, right
hepatic artery (RHA), and left hepatic artery. Dissection of the
PV, exposed from the hilum of the liver and to the superior
border of the pancreas. The posthepatic vena cava segment is
conventionally preserved or excised with the liver if the tumor
infiltrates the vena cava.

Step 2. Hepatic venous outflow, portal vein flow reconstruc-
tion: In general, for HV reconstruction, we used classical,
piggyback, common orifice of three HV, enlarged RHV ori-
fice, common orifice of the LHV and MHV, RHV with MHV
reconstruction, and/or short HV. HV outflow reconstruction is
carried out with 5/0 polypropylene sutures. For DDLT, we per-
formed the classic technique with vena cava interposition, pig-
gyback technique: end-to-end anastomosis between the supra-
hepatic vena cava of the donor’s liver and the common orifice
of the recipient’s hepatic veins and modified piggyback tech-
nique: side-to-side or end-to-side veno-vena caval anastomosis.
For LDLT using right liver graft: For liver graft without MHV,
the RHV is anastomosed with the recipient’s RHV after each
orifice has been enlarged sufficiently, if V5 and V8 branches >
5 mm, they will be reconstructed with the cryopreserved iliac
vein conduit from the brain dead donor. For the grafts with the
MHYV, the MHV will be reconstructed with the RHV in one
orifice and then be anastomosed with the vena cava.

PV inflow reconstruction is carried out by end-to-end anas-
tomosis of the recipient’s PV with the grafted hepatic PV with
6/0 polypropylene sutures for conventional cases.

Liver reperfusion: releasing the portal clamp to allow blood
and air to flow out through the lower end of the vena cava of
the liver graft then releasing the hepatic venous outflow anas-
tomosis clamp.

Step 3. Hepatic artery and biliary tract reconstruction. For
DDLT, HA anastomosis is performed end-to-end using poly-
propylene suture 6/0-7/0 between the proper or common HA
of the liver graft and the proper or common HA of the recipi-
ent to ensure that there is no twisting, folding, or tension, and
the anastomosis is wide enough. For LDLT, the RHA of the liv-
er graft is anastomosed with the recipient's RHA, interrupted
or continuous suture with the 7/0-8/0 polypropylene. Bile duct
anastomosis is performed end to end with a drainage tube.

Step 4. Check hemostasis and close the incision. Immuno-
suppression protocols: The standard combination of drugs in-
cluding basiliximab (induction) on days 0 and 4, prednisolone
+ tacrolimus + mycophenolate mofetil (or mycophenolic acid).
We reduce the dose of prednisolone from 500 mg first day to
20 mg after 7 days and usually stop after 3 months. The trough
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concentration of tacrolimus was 8-10 ng/mL in the early stage
of LT. After 1-3 months, mycophenolate mofetil (or mycophe-
nolic acid) is changed to everolimus. Based on the patient’s
condition, the drug may vary.

Statistical analysis

The primary endpoint was DFS measured as the number
of months from the operation until the disease recurrence,
and OS (from the operation to the latest follow-up or death).

Table 1. Baseline characteristics and laboratory results

Student’s t-test for continuous variables, nonparametric test
for the median parameter, and ¥’ test for categorical variables
were used. DFS, OS, and survival probabilities were calculated
by the Kaplan-Meier curves using the log-rank test. The Cox
regression model was used for multivariate analysis. A two-tail
p-value of < 0.05 was considered statistically significant. The
analyses were performed using SPSS 26.0 64-bit (IBM Corp).

Variable Within Milan (n = 21) Out of Milan (n = 33) Total p-value
Age (yr) 55.43 +9.02 55.36 +8.23 55.39 + 8.46

<40 2(9.5) 2(6.1) 4(7.4) 0.75

40-60 15(71.4) 22 (66.7) 37 (68.5)

> 60 4(19.0) 9(27.3) 13 (24.1)

Sex

Male 18 (85.7) 32(97.0) 50 (92.6) 0.29

Female 3(14.3) 1(3.0) 4(7.4)

HBV infection (%) 19 (90.5) 29 (87.9) 48 (88.9) >0.99
HCV infection (%) 2(9.5) 2(6.1) 4(7.4) 0.64
Alcohol abuse 3(14.3) 5(15.2) 8(14.8) >0.99
Preoperative treatment

TACE only 5(23.8) 17 (51.5) 22 (40.7)

RFA only 1(4.8) 1(3.0%) 2(3.7) 0.14

TACE + RFA 7 (33.3) 10 (30.3%) 17 (31.5)

Liver resection 6 (28.6) 8 (24.2%) 14 (25.9) 0.76
Hb (g/L) 128.8 £ 25.1 136.2+19.5 1333+219 0.23
PLT (g/L) 113.3+62.2 129.5 +56.0 123.2+584 0.33
PT (%) 76.6 £ 20.6 80.4 +£20.2 79.0£20.3 0.51
AST (U/L) 54.7 £28.8 63.0 £43.2 59.8 +38.1 0.44
ALT (U/L) 46.5+19.6 65.2+41.8 57.9+358 0.03*
Total bilirubin (umol/L) 29.2+434 540+ 118.2 443 +£96.4 0.36
AFP (median [IQR]) (ng/mL) 14 (58.2) 31(120.4) 16.2 (88.7) 0.06
Child-Pugh score

A 13(61.9) 25 (75.8) 38(70.4) 0.56

B 5(23.8) 5(15.2) 10(18.5)

@ 3(14.3) 3(9.1) 6(11.1)

MELD score 10.76 + 4.61 (6-25) 10.45 + 6.73 (6-38) 10.57 £ 5.95 (6-38) 0.86
Tumor parameters
Number 1.10+£0.63 2.58+1.20 200+ 1.24 < 0.001
Size (mm) 21.76 £12.01 49.55+21.26 38.74 £22.67 < 0.001
Site (n=21)" (n=54)
Right 15(71.4) 19 (57.6) 34 (63.0) 0.13
Left 2(9.5) 5(15.2) 7(13.0)
Both 2(9.5) 9(27.3) 11 (20.4)

Cold ischemic time (min) 168.6 +78.2

Values are presented as mean + standard deviation, number (%), or mean * standard deviation (range) unless otherwise indicated.
HBV, hepatitis B virus; HCV, hepatitis C virus; TACE, transarterial chemoembolization; RFA, radiofrequency ablation; PLT, platelets; PT, prothrombin time;
AST, apartate aminotransferase; ALT, alanine transaminase; AFP, alpha-fetoprotein; IQR, interquartile range.

?2 patients excluded due to recurrent after liver resection.
*p < 0.05.
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RESULTS

A total of 54 patients were selected. The mean age was 55.39
+ 8.46 years. Male:female ratio was 12.5:1. HBV infection was
the main cause of HCC (88.9%), followed by alcohol abuse
(14.8%) and HCV (7.4%). The main symptoms were jaundice
(16.7%) and weight loss (16.7%). AFP level was 195.4 + 471.9 ng/
mL, there were no differences in Child-Pugh scores (p = 0.56)
and MELD scores (p = 0.86) between the two groups (Table 1).

AST and ALT were 59.8 + 38.1 and 57.9 + 35.8 U/L, respec-
tively. Total bilirubin was 44.3 + 96.4 umol/L, there was no sta-
tistical difference among the two groups (p = 0.36). Most of the
tumors were in the right lobe (63.0%). There was a significant
difference in the number of tumors (1.10 + 0.63 vs. 2.58 + 1.20,
p <0.001) and tumor size (21.76 + 12.01 vs. 49.55 + 21.26 mm,
P < 0.001) between the within Milan and out of Milan groups
(Table 1).

DDLT was performed in 83.3% of cases. We used the right
graft for LDLT and reconstructed the HV using RHV (55.6%)
and RHV with MHV reconstruction (44.4%). The mean warm
ischemic time was 61.09 + 30.42 minutes. The most frequent
complication was pleural effusion (44.4%), and vascular com-
plication included HA thrombosis/stenosis (1.9%) and PV
thrombosis (1.9%). Bile leakage was seen in 5.6% of cases, 2 pa-
tients (3.7%) had graft rejection, 1 patient was medically treat-
ed and the other one died. The 90-day mortality rate was 5.6%
(Table 2).

The mean follow-up time was 51.2 + 38.1 months, mean DFS
and OS were 101.8 + 6.8 and 103.3 + 6.4 months. The 1-, 3-, and
5-year DFS of the within Milan group was 90.0%; and OS was

Table 2. The postoperative outcomes

90.5%, respectively. For the out of Milan group, the DFS was
80.4%, 73.1%, and 73.1%; and OS was 73.2%, 69.7%, and 69.7%,
respectively. In univariate analysis, there was a statistically
significant difference in both DFS and OS between the Child-
Pugh classification and MELD score (cut-off = 15) (p < 0.05)
(Fig. 1). In multivariate analysis, the Child-Pugh score was the
sole significant factor of DFS and OS (Table 3).

DISCUSSION

Our study showed that the main cause of HCC was HBV.
Nearly 40% of the HCC cases were within Milan criteria, while
61.1% of the HCC cases were out of Milan criteria. DDLT was
the main type of surgery. Pleural effusion was the most com-
mon complication; grade 3—4 complications were 40.8%. Nine-
ty-day mortality was 5.6%, 5-year survival rate reached 81.4%.

Vietnam is among the countries with a high proportion of
HBYV infection, ranging from 5.7%-24.7% with an age-stan-
dardized incidence rate of HCC of 14 and 3.7 per 100,000 for
males and females, respectively [3,4]. However, the estimated
number of patients receiving the antiviral drugs is thought to
be very low because of the unawareness and costly treatment.
Consequently, there is a high number of patients with HBV-in-
duced HCC in Vietnam, leading to a high national burden.

In total, over 100 LTs have been performed in our center
since 2007 and approximately 80% are brain-death donors. In
this study, most of the donors (83.3%) were also brain-death
donors. The figure is different from other transplant centers in
Vietnam [9]. This is partly because, currently, in the Northern
area, our hospital is the largest and the most specialized center

Variable DDLT (n =45) LDLT (n=9) Total
Complications
Hemorrhage 2(4.4) 0(0) 2(3.7)
HA thrombosis/stenosis 1(2.2) 0(0) 1(1.9)
PV thrombosis 1(2.2) 0(0) 1(1.9)
HV thrombosis 0 0 0
Bile leakage 1(2.2) 2(22.2) 3(5.6)
Bile duct stenosis 1(2.2) 0 1(1.9
Need-to-drain pleural effusion 20 (44.4) 4 (44.4) 24 (44.4)
Graft rejection 2(4.4) 0(0) 2(3.7)
Clavien-Dindo classification
1 0 0 0
2 1(2.2) 0 1(1.9)
3 16 (35.6) 5(55.6) 21(38.9)
4 1(2.2) 0 1(1.9)
5 2(44) 1(11.1) 3(5.6)
90-day mortality 2(4.4) 1(11.1) 3(5.6)

Values are presented as number (%).

DDLT, deceased-donor liver transplantation; LDLT, living-donor liver transplantation; HA, hepatic artery; PV, portal vein; HV, hepatic vein.
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Fig. 1. (A) Overall survival (OS) and disease-free survival (DFS). (B) OS and the associated factors. (C) DFS and the associated factors.
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Fig. 1. Continued.
Table 3. Multivariate analysis for DFS and OS
DFS 0OS
Variable
Exp (B) p-value Exp (B) p-value
AFP 2.421 0.261 0.971 0.972
Child-Pugh 4.040 0.001* 3.541 0.003
Age 1.314 0.698 1.002 0.997
Milan 6.346 0.062 2913 0.176
Sex 2.244 0.534 0.000 0.985

DFS, disease-free survival; OS, overall survival; AFP, alpha-fetoprotein.

*p < 0.05.
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for brain injury patients (approximately 2-5 brain-death cases/
day). However, due to cultural perspectives, organ donation af-
ter brain death remains low in Vietnam [12]. Furthermore, the
primary drawbacks of brain-death donor were donor scarcity,
failing to satisfy the high demand, as well as the quick factor,
which caused many patients to drop out of the waiting list due
to long waiting times [8].

We mainly used Milan criteria and UCSF criteria to select
the patients to undergo LT and could get a 5-year OS of 81.4%.
In our study, the selection criteria were based on preoperative
imaging, and though downstaging was applied, we still count-
ed all of the necrotic tumors as viable tumors to classify wheth-
er the patients were within Milan or not. Interestingly, the data
suggested that the Child-Pugh score was the significant factor
in both DFS and OS, but not the selection criteria. In the with-
in Milan group, the tumor burden was not big, but the rate of
decompensated liver function and severe complications was
higher than in the out of Milan group. Two out of 21 patients
died within three months because of complications/infection
after LT, which might have led to the lower survival outcomes
of this group. The survival might not reflect the role of Milan
criteria, the prognosis for DFS was nearly statistically signifi-
cant (p = 0.06). In our study, CTP and MELD were significant-
ly correlated. Lee et al.’s research study [13] (2019) showed that
if HCC patients have a high MELD score (>20), the presence
of tumors does not impact survival. Since a consensus about
LT for HCC based on Child-Pugh grade C/high MELD score
is yet to be established, we suggest that Child-Pugh classifica-
tion could be a prognostic factor in patients with HCC. This
evidence could somehow show that liver function is still an
important factor in LT and should be focused on.

To increase the chance of LT, our center also tried to manage
the patient by downstaging method (RFA, TACE, liver resec-
tion). The patient follow-up was every one to three months
using an MRI/CT scan and tumor marker, and was considered
a successful LT candidate if the tumor size decreased and the
AFP level was below 400 ng/mL. A minimum waiting time
of three months from successful downstaging was applied.
We still have 42.6% of patients who were out of Milan and
UCSF criteria. Based on the Metroticket 2.0 model, 21.7% of
them have a prognostic survival rate of below 50% [14]. These
patients were in the advanced stage, and all of the other treat-
ments could partially control the tumor progression. LT was
chosen as the last option. Meanwhile, some patients acknowl-
edged the role of LT right after they were diagnosed with HCC
and determined to have LT soon. The complications rate was
48.1%, similar to Pham et als study (2022) [9]. Twenty eight
patients (51.9%) had no complications, this was higher than
Daugaard et al’s study (7.9%) [15] and Pham et al.’s study [9].
Percentage of vascular complications in our study was 5.6%,
similar to the study of Khalaf (7%-13%) [16]. Biliary complica-
tions occured in 7.4% of the patients, similar to Nemes et al’s
systematic review (2015) [17], which showed that 8.5% of the

https://doi.org/10.14701/ahbps.23-072

patients had biliary leakage and 14.7% had biliary stricture.
Ninety-day mortality was 5.6%. One patient died due to un-
controlled hemorrhage, one patient due to fungal-related HA
thrombosis, and one patient because of bile leakage.

More than half of the patients who underwent LT had HCC.
Though the demand is increasing and we are one of the leading
LT teams in Vietnam, we perform only 15-25 liver transplants
per year. This volume is classified as low volume center and we
aim to raise it up [18]. There are several obstacles to be pointed
out, including cultural perspective in DDLT, donor safety in
LDLT, and financial issues. We try to do policy advocacy and
prioritize the living donor as the main source for LT and we
expected that more patients could benefit from LDLT in our
center and Vietnam, in general [9,10].

To the best of our knowledge, this is the first worldwide
publication about LT for HCC with the longest follow-up in
Vietnam. We are aware that LT is still a new and challenging
operation in Vietnam. Though it is a retrospective study with a
limited study population, we believe that it is valuable data that
could be a useful tool for policymaking and a milestone for our
country.

In conclusion, LT is a promising treatment option for patients
with HCC in developing countries, including Vietnam. LDLT
increases the donor pool to meet the increasing demand for
transplantation in Vietnam.

FUNDING

None.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was
reported.

ORCID

Khai Viet Ninh, https://orcid.org/0000-0002-2871-0931
Dang Hai Do, https://orcid.org/0000-0002-1657-838X
Trung Duc Nguyen, https://orcid.org/0009-0003-3204-5967
Phuong Ha Tran, https://orcid.org/0000-0002-0026-7157
Tuan Hoang, https://orcid.org/0009-0003-8018-913X

Dung Thanh Le, https://orcid.org/0000-0001-5257-2092
Nghia Quang Nguyen, https://orcid.org/0000-0003-4729-3018

AUTHOR CONTRIBUTIONS

Conceptualization: KVN, TDN. Data curation: DHD, TDN.
Methodology: KVN, DHD. Visualization: PHT, TH. Writing -
original draft: KVN, DHD, TDN. Writing - review & editing:
DTL, NQN.


https://orcid.org/0000-0002-2871-0931
https://orcid.org/0000-0002-1657-838X
https://orcid.org/0009-0003-3204-5967
https://orcid.org/0000-0002-0026-7157
https://orcid.org/0009-0003-8018-913X
https://orcid.org/0000-0001-5257-2092
https://orcid.org/0000-0003-4729-3018

Liver transplantation for HCC in Vietnam 4

—

w

w

(=)}

N

oo}

10.

REFERENCES

. Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet 2012;

379:1245-1255.

. Baecker A, Liu X, La Vecchia C, Zhang ZF. Worldwide incidence of

hepatocellular carcinoma cases attributable to major risk factors. Eur
J Cancer Prev 2018;27:205-212.

. Anh PT, Parkin DM, Hanh NT, Duc NB. Cancer in the population of

Hanoi, Vietnam, 1988-1990. Br ] Cancer 1993;68:1236-1242.

. Nguyen VT. Hepatitis B infection in Vietnam: current issues and fu-

ture challenges. Asia Pac ] Public Health 2012;24:361-373.

. Yoon YI, Lee SG. Living donor liver transplantation for hepatocellu-

lar carcinoma: an Asian perspective. Dig Dis Sci 2019;64:993-1000.

. Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, Bozzetti F,

et al. Liver transplantation for the treatment of small hepatocellular
carcinomas in patients with cirrhosis. N Engl ] Med 1996;334:693-
700.

Yao FY, Xiao L, Bass NM, Kerlan R, Ascher NL, Roberts JP. Liver
transplantation for hepatocellular carcinoma: validation of the
UCSF-expanded criteria based on preoperative imaging. Am J Trans-
plant 2007;7:2587-2596.

. de Villa V, Lo CM. Liver transplantation for hepatocellular carcino-

ma in Asia. Oncologist 2007;12:1321-1331.

Pham PH, Phan NP, Tran VDK, Dang VQ, Le DT, Nguyen TD, et al.
The first years of liver transplantation: experiences at a single center.
Korean J Transplant 2022;36:119-126.

Nguyen TC, Robert A, Nguyen PV, Nguyen NM, Truong DQ, Goyens

1

—

12.

13.

14.

15.

16.

17.

18.

P, et al. Current status and actual need for pediatric liver transplanta-
tion in Southern Vietnam. Pediatr Transplant 2016;20:215-221.

. Ledinh H. Landmarks in clinical solid organ transplantation in Viet-

nam. Transplant Proc 2011;43:3408-3411.

Sinh TN, Mackie FE, Ninh LH, Thuy HTD. Attitude towards de-
ceased donation in Ho Chi Minh City, Vietnam. Nephrology (Carlton)
2019;24:1077-1080.

Lee ], Lee JG, Jung I, Joo DJ, Kim SI, Kim MS. Development of a Ko-
rean liver allocation system using model for end stage liver disease
scores: a nationwide, multicenter study. Sci Rep 2019;9:7495.
Mazzaferro V, Sposito C, Zhou J, Pinna AD, De Carlis L, Fan J, et al.
Metroticket 2.0 model for analysis of competing risks of death after
liver transplantation for hepatocellular carcinoma. Gastroenterology
2018;154:128-139.

Daugaard TR, Pommergaard HC, Rostved AA, Rasmussen A. Postop-
erative complications as a predictor for survival after liver transplan-
tation - proposition of a prognostic score. HPB (Oxford) 2018;20:815-
822.

Khalaf H. Vascular complications after deceased and living donor
liver transplantation: a single-center experience. Transplant Proc
2010;42:865-870.

Nemes B, Gaman G, Doros A. Biliary complications after liver trans-
plantation. Expert Rev Gastroenterol Hepatol 2015;9:447-466.

Reese PP, Yeh H, Thomasson AM, Shults J, Markmann JF. Trans-
plant center volume and outcomes after liver retransplantation. Am J
Transplant 2009;9:309-317.

www.ahbps.org





