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Abstract

AIM: To compare the surgical outcomes between liv-
ing-donor and deceased-donor liver transplantation in
patients with hepatic carcinoma.

METHODS: From January 2007 to December 2010,
257 patients with pathologically confirmed hepatic
carcinoma met the eligibility criteria of the study. Forty
patients who underwent living-donor liver transplanta-
tion (LDLT) constituted the LDLT group, and deceased-
donor liver transplantation (DDLT) was performed in
217 patients. Patients in the LDLT group were ran-
domly matched (1:2) to patients who underwent DDLT
using a multivariate case-matched method, so 40 pa-
tients in the LDLT group and 80 patients in the DDLT
group were enrolled into the study. We compared the
two groups in terms of clinicopathological character-
istics, postoperative complications, long-term cumula-
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tive survival and relapse-free survival outcomes. The
modified Clavien-Dindo classification system of surgi-
cal complications was used to evaluate the severity of
perioperative complications. Furthermore, we deter-
mined the difference in the overall biliary complication
rates in the perioperative and follow-up periods be-
tween the LDLT and DDLT groups.

RESULTS: The clinicopathological characteristics of the
enrolled patients were comparable between the two
groups. The duration of operation was significantly lon-
ger (553 min vs 445 min, £ < 0.001) in the LDLT group
than in the DDLT group. Estimated blood loss (1188 mL
vs 1035 mL, £ = 0.055) and the proportion of patients
with intraoperative transfusion (60.0% vs 43.8%, P =
0.093) were slightly but not significantly greater in the
LDLT group. In contrast to DDLT, LDLT was associated
with a lower rate of perioperative grade 1 complica-
tions (45.0% vs 65.0%, P = 0.036) but a higher risk
of overall biliary complications (27.5% vs 7.5%, P =
0.003). Nonetheless, 21 patients (52.5%) in the LDLT
group and 46 patients (57.5%) in the DDLT group ex-
perienced perioperative complications, and overall peri-
operative complication rates were similar between the
two groups (P = 0.603). No significant difference was
observed in 5-year overall survival (74.1% vs 66.6%, P
= 0.372) or relapse-free survival (72.9% vs 70.9%, P =
0.749) between the LDLT and DDLT groups.

CONCLUSION: Although biliary complications were
more common in the LDLT group, this group did not
show any inferiority in long-term overall survival or
relapse-free survival compared with DDLT.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.

Key words: Liver cancer; Hepatocellular carcinoma; Liv-
er transplantation; Living donor; Survival; Recurrence;
Complication

Core tip: Several retrospective studies from single cen-
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ters have shown that living-donor liver transplantation
(LDLT) might be associated with higher rates of tumor
recurrence than deceased-donor liver transplanta-
tion (DDLT). In this study, we compared the surgical
outcomes between LDLT and DDLT in patients with
hepatic carcinoma using a multivariate case-matched
method, which minimized the disparity from case se-
lection and thus made our results statistically more
persuasive than others. Our results suggest that LDLT
did not show any inferiority in long-term overall sur-
vival or relapse-free survival in comparison with DDLT.

Wan P, Zhang JJ, Li QG, Xu N, Zhang M, Chen XS, Han LZ,
Xia Q. Living-donor or deceased-donor liver transplantation
for hepatic carcinoma: A case-matched comparison. World J
Gastroenterol 2014; 20(15): 4393-4400 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i15/4393 . htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i15.4393

INTRODUCTION

Liver cancer is the sixth most common cancer and the
third leading cause of cancer-related death, accounting
for 7% of all cancers worldwide. In the United States
and Japan, the incidence of liver cancer is highest in
the elderly population (approximately 70 years), with a
strong male preponderance[m, while the mean age of
patients with liver cancer in the Chinese population is
appreciably younger. Patients who develop liver cirrhosis
after hepatitis B virus (HBV) infection have a high risk
of developing liver cancer. Owing to the high incidence
of HBYV infection, China has a large population of pa-
tients with HBV-related cirrhosis, which makes Chinese
cases of and deaths from liver cancer constitute 55% of
the global total.

A significant proportion of patients with liver can-
cer are accompanied by serious liver cirrhosis or liver
dysfunction, so radical liver resection is limited in such
patients. Liver transplantation (LT) is the best option for
patients with a hepatic tumor < 5 cm in diameter and
concurrent decompensated cirrhosis (Child-Pugh class
B or C)". However, due to the severe shortage of donor
organs, a considerable number of patients with liver can-
cer die from a lack of donors every year. As a solution,
living-donor liver transplantation (LDLT) is currently an
effective alternative. Currently, approximately 70% of
patients undergoing LDLT are from Japan, South Korea,
Hong Kong and Taiwan, but worries exist that LDLT
may be associated with higher rates of tumor recur-
rence” and biliary complications[“’]ZJ than deceased-
donor liver transplantation (DDLT). Which group has
better postoperative results is not certain, as results from
various centers differ from one another!” . Whether
LDLT can have more benefits on perioperative and long-
term outcomes than DDLT is still disputable. Based on
our long-term follow-up experience, we carried out this
study to compare the two approaches of LT for primary
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liver cancer patients in terms of perioperative and long-
term survival outcomes.

MATERIALS AND METHODS

Patients and case-matching procedure

From January 2007 to December 2010, 281 patients
underwent either LDLT or DDLT for clinically diag-
nosed primary liver cancer in the Department of Liver
Surgery, Ren Ji Hospital, Shanghai, China. Twenty-four
patients were excluded for the following reasons: (1) 11
patients who received preoperative downstaging treat-
ment had complete tumor necrosis; (2) 7 patients had
possible metastatic disease before LT; (3) coexistence
of gallbladder carcinoma was pathologically found with
hepatocellular carcinoma (HCC) in 2 patients after L'T; (4)
one patient underwent additional left nephrectomy for
concurrent renal carcinoma; (5) one patient underwent
combined liver-kidney transplantation; (6) one patient
was pathologically diagnosed with hepatic diffuse large B
cell lymphoma after L'T; and (7) one patient was patho-
logically diagnosed with hepatic sarcomatoid carcinoma
after surgery.

A total of 257 patients with pathologically confirmed
hepatic carcinoma met the eligibility criteria of the
study, of whom 40 consecutive patients who underwent
LDLT constituted the LDLT group, leaving 217 patients
in the DDLT pool from which the case-matching was
performed. To minimize any disparity in case selec-
tion between the two groups, we used a 1:2 multivariate
matching analysis of similar patient cohorts. Each case
in the LDLT group was exactly matched to 2 cases from
the DDLT pool. We set 4 exact matching variables and
3 relative matching variables. Gender, age (+ 5 years),
within or outside the Milan critetia (the Pittsburgh stag-
ing system was used to classify the cases outside the
Milan criteria" ™) and history of hepatic surgery were se-
lected as exact matching variables by which each case in
the LDLT group should have been absolutely matched
to the corresponding 2 cases in the DDLT pool. After
more than two matches were identified, we used relative
matching variables to select the best candidates for the
DDLT group. Child-Pugh classification, MELD score (*
5 points), and serum alpha-fetoprotein (< 400 or = 400
ng/ml) were defined as relative matching variables. Af-
ter two rounds of matching, a random selection through
the use of computer software was performed to deter-
mine the final members of the DDLT group. Finally,
40 patients in the LDLT group and 80 patients in the
DDLT group were enrolled into the study.

Methods and clinical data collection

The clinicopathological characteristics and surgical data
of the two groups were retrospectively reviewed from
our prospectively collected database of LT. All the sut-
geons involved in the study were from the same surgi-
cal team. Preoperative down-staging treatment for size
reduction of the tumors included transcatheter arterial
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chemoembolization, radiofrequency ablation, percuta-
neous ethanol injection and stereotactic body radiation
therapy (gamma knife), thereby facilitating L'T. Data of
oncological characteristics (tumor within or outside the
Milan criteria, tumor size, tumor number, vascular inva-
sion and tumor pathological type) were based on the in-
traoperative findings and confirmed pathologically after
LT. Tumor size was measured with the maximal tumor
diameter in the resected specimens. The duration of the
operation was collected from operation or anesthesia re-
cords. Follow-up data were obtained through outpatient
visits or telephone inquiries. All of the living organs
were donated with informed consent. Cadaveric donots
involved in the study were obtained from brain-dead or
no-heart beating donors.

All the surgical procedures were performed by spe-
cialists with experience with the LT technique in the
Department of Liver Surgery, Ren Ji Hospital, Shanghai,
China. Surgery was performed using standard tech-
niques. Classic orthotopic LT was the only surgery type
in the DDLT group. All patients undergoing LDLT were
operated on using right liver grafts without the middle
hepatic vein. Biliary tract reconstruction was performed
using a duct-to-duct anastomosis. The posterior anasto-
mosis line was sutured continuously with 7-0 Prolene,
while an interrupted suture was applied to the anterior
anastomosis line.

Evaluation of complications

The definition of postoperative complication intro-
duced by Copeland ez al™ does not cover many com-
mon complications after LT, so complications that were
confirmed clinically were also included. Perioperative
complications occurring during the initial hospital stay
for LT were compared between the two groups. The
modified Clavien-Dindo classification system of surgical
complications was used to evaluate the severity of peri-
operative complications' . As for biliary complications,
a bile leak was diagnosed through abdominal drains or
reexploration findings, while an anastomotic stenosis
was detected on the basis of an overt dilatation of the
intrahepatic duct according to computed tomography or
ultrasonography, or on the basis of direct visualization
using endoscopic retrograde cholangiopancreatography
(ERCP). Wound infection not requiring pharmacologi-
cal treatment was defined as a grade [ complication, so
it was not included in postoperative bacterial infection
of grade II. Suspected cases of acute rejection were
confirmed by liver biopsy. Postoperative hypertension
was defined as hypertension lasting longer than 3 d after
surgery in the absence of a history of hypertension. If
a patient died of a grade IV complication, the reason of
death was not listed in the complications, but other co-
existent complications were still recorded. Furthermore,
we compared the overall biliary complication rates in the
perioperative and long-term follow-up periods between
the LDLT and DDLT groups.
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Immunosuppressive regimens

After LT, a triple drug regimen of tacrolimus or cy-
closporine (CsA) combined with methylprednisolone
and/or mycophenolate mofetil (MMF) was used. Immu-
nosuppression was started during surgery with 500 mg
methylprednisolone, followed by tapering from 240 mg
on postoperative day 1 to 40 mg on postoperative day 6.
Maintenance prednisone at an initial dose of 20 mg daily
was gradually reduced every week and was withdrawn 3
mo post-transplantation. The initial dose of tacrolimus
was 0.06-0.15 mg/kg every 24 h with a target trough
level of 8-10 ng/mL during the first 30 d. MMF was
administered orally after LT at 0.5-0.75 g twice a day. If
tacrolimus did not reach the target level, it was replaced
with CsA at 6-10 mg/kg per day. The target CO and C2
levels for CsA were 150-200 ng/mL and 800-1200 ng/
mlL, respectively.

Statistical analysis

Statistical analyses were performed with SPSS for Win-
dows version 13.0 to compare the differences between
the LDLT group and DDLT group. Categorical data
were analyzed with the ;(2 test. The test of normality
for all related variables was checked by the Shapiro-Wilk
method, and a nonparametric statistical method (Mann-
Whitney test) was applied to the variables without a
normal distribution. The Kaplan-Meier method was
used to estimate the cumulative overall survival (OS) and
relapse-free survival (RFS). A log-rank method was used
to test the equality of survival distributions between the
two groups. P values < 0.05 were considered statistically
significant.

RESULTS

Patient characteristics

The clinical characteristics of the LDLT and DDLT groups
are summarized in Table 1. Matching in terms of age,
sex distribution, MELD score, Child-Pugh score and
proportion of patients with previous hepatic resection
was well achieved in all cases. Twelve patients (30.0%) in
the LDLT group and 29 patients (36.3%) in the DDLT
group received down-staging treatment before LT, with
no significant difference between the two groups. One
hundred and sixteen patients (96.7%) suffered cirrhosis
due to HBV infection. One patient in the LDLT group
had no cirrhosis, and the DDLT group included one
case with alcoholic cirrhosis, one case with autoimmune
cirrhosis and a third case without cirrhosis. No signifi-
cant difference was seen in the overall distribution of
different causes of liver cirrhosis. The proportions of
patients who had particular comorbidities, including
hypertension, diabetes mellitus, cardiac diseases, cere-
brovascular diseases and previous history of abdominal
surgery wete also similar between the two groups. Table
2 shows the outcomes of preoperative serological de-
tection in the two groups; there was no significant dif-
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Table 1 Clinical characteristics 7 (%)

Variable LDLT (7 = 40) DDLT (n= 80) P value
Age (yr) 48.6£9.7 495+89 0.614
Gender >0.999
Male 34 (85.0) 68 (85.0)
Female 6 (15.0) 12 (15.0)
MELD score 0.354
6-9 7 (17.5) 22 (27.5)
10-19 28 (70.0) 49 (61.2)
20-29 3 (7.5) 8 (10.0)
30-40 2(5.0) 1(1.3)
Child-Pugh score 0.898
A 12 (30.0) 25 (31.2)
B 18 (45.0) 38 (47.5)
C 10 (25.0) 17 (21.3)
Previous hepatic resec- 3(7.5) 6 (7.5) >0.999
tion
Preoperative down- 12 (30.0) 29 (36.3) 0.496
staging treatment
Liver cirrhosis >0.999
Hepatitis B cirrhosis 39 (97.5) 77 (96.3)
Alcoholic cirrhosis 0 1(1.3)
Autoimmune cirrhosis 0 1(1.3)
No cirrhosis 1(2.5) 1(1.3)
Comorbidities
Hypertension 4 (10.0) 8 (10.0) >0.999
Diabetes mellitus 4 (10.0) 8 (10.0) >0.999
Cardiac disease 0 1(1.3) >0.999
Cerebrovascular disease 1(2.5) 4(5.0) 0.872
Previous abdominal 11 (27.5) 13 (16.3) 0.146

surgery

LDLT: Living-donor liver transplantation; DDLT: Deceased-donor liver
transplantation; MELD: Model for end-stage liver disease.

Table 2 Preoperative serological detection outcomes 7 (%)

Variable LDLT (» = 40) DDLT (#» = 80) P value
Serum alpha-fetoprotein 0.331
<400 ng/mL 25 (62.5) 57 (71.2)
= 400 ng/mL 15 (37.5) 23 (28.8)
Blood group 0.132
A 10 (25.0) 25 (31.3)
B 11 (27.5) 28 (35.0)
AB 2 (5.0) 9 (11.3)
0 17 (42.5) 18 (22.5)
HBVsAg positive 40 (100.0) 76 (95.0) 0.369
HBV DNA 0.297
<1000 copies/mL 20 (50.0) 32 (40.0)
= 1000 copies/mL 20 (50.0) 48 (60.0)
HCV antibody positive 0 0 >0.999

LDLT: Living-donor liver transplantation; DDLT: Deceased-donor liver
transplantation; HBVsAg: Hepatitis B virus surface antigen; HCV: Hepati-
tis C virus.

ference in serum alpha-fetoprotein, blood group or the
proportion of patients with positive hepatitis B virus
surface antigen (HBVsAg) or positive hepatitis B virus
DNA (HBV DNA). No patient with positive hepatitis C
virus antibody was found in either group.

Perioperative and oncological outcomes
As shown in Table 3, the duration of operation was sig-
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Table 3 Perioperative outcomes and oncological characteris-

tics 7 (%)

Variable LDLT (n= 40) DDLT (7 = 80) P value
Duration of operation (min) 553 + 105 445 +75 <0.001
Estimated blood loss (mL) 1188 + 824 1035 + 1072 0.055
Intraoperative transfusion 24 (60.0) 35 (43.8) 0.093
Tumor pathological type 0.557

HCC 39 (97.5) 79 (98.8)

ICC 0 1(1.3)

cHCC-CC 1(2.5) 0
Tumor size (cm) 38+1.9 41+23 0.708
Tumor number 0.238

Single 27 (67.5) 62 (77.5)

Multiple 13 (32.5) 18 (22.5)
Vascular invasion 3(7.5) 4 (5.0) 0.890
Within Milan criteria 24 (60.0) 48 (60.0) >0.999
Outside Milan criteria >0.999
(Pittsburgh staging)

I 12 (30.0) 24 (30.0)

Va 2(5.0) 4 (5.0)

Vb 2(5.0) 4 (5.0

Data are expressed as absolute mean + SD or numbers (percentage). LDLT:
Living-donor liver transplantation; DDLT: Deceased-donor liver trans-
plantation; HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangio-
carcinoma; cHCC-CC: Combined hepatocellular carcinoma and cholangio-
carcinoma.

nificantly longer (P < 0.001) in the LDLT group than in
the DDLT group. Estimated blood loss (P = 0.055) and
the proportion of patients with intraoperative transfu-
sion (P = 0.093) were slightly but not significantly great-
er in the LDLT group. Tumor pathological type, tumor
size, tumor number and the proportion of patients with
vascular invasion were similar between the two groups.
The mean tumor sizes in the LDLT and DDLT groups
were 3.8 £ 1.9 cm and 4.1 + 2.3 cm, respectively. The
proportions of patients who met the Milan criteria and
of patients staged by the Pittsburgh system who did not
meet the Milan criteria were exactly matched; 60% of
the entire cohort of patients with hepatic carcinoma met
the Milan criteria, and 10% of the enrolled patients fell
within stage IV according to the Pittsburgh staging sys-

tem[m.

Postoperative complications

Details of all perioperative complications are listed in
Table 4. Multiple complications were possible in a single
patient, so the sum of the individual complications was
not equal to the total number of patients with complica-
tions. Twenty-one patients (52.5%) in the LDLT group
and 46 patients (57.5%) in the DDLT group experienced
perioperative complications. No significant difference
was observed between the 2 groups in terms of overall
number of patients with complications, whereas a sig-
nificantly higher incidence of grade II complications
was noted in the DDLT group than in the LDLT group,
and postoperative bacterial infection accounted for the
majority of grade II complications. The 3 most com-
mon complications during the initial hospital stay for LT
were postoperative bacterial infection, intra-abdominal
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Table 4 Perioperative complications (modified Clavien-Dindo

classification) 7 (%)

Grade LDLT (n= 40) DDLT (#» = 80) P value

Grade 1 3 (7.5) 5(6.3) >0.999
Wound infection 3 4
Mental symptom 0 1

Grade I 18 (45.0) 52 (65.0) 0.036
Postoperative bacterial 11 B5

infection

Virus infection

Bile leak

Hypertension

Mental symptom

Acute rejection

Peripheral nerve injury

Intra-abdominal bleeding

Subdural hematoma
Grade Ila

Biliary stricture

Hepatic artery thrombosis

Wound dehiscence
Grade Ib

Intra-abdominal bleeding

Bile leak

Wound dehiscence

0.063

(S5}
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5) 0333

Biliary stricture
Hepatic artery thrombosis
Grade IVa
Renal insufficiency
Grade Vb
MODS
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Overall
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21 (52.5) 46 (57.5) 0.603

LDLT: Living-donor liver transplantation; DDLT: Deceased-donor liver
transplantation; MODS: Multiple organ dysfunction syndrome.

Table 5 Overall biliary complications 7 (%)

Biliary complications LDLT (» = 40) DDLT (» = 80) P value

Perioperative period 5(12.5) 2(2.5) 0.073
Bile leak 4 1
Biliary stricture 1 1

Long-term follow-up period 6 (15.0) 4 (5.0) 0.129
Biliary stricture 6 4

Overall 11 (27.5) 6 (7.5) 0.003

LDLT: Living-donor liver transplantation; DDLT: Deceased-donor liver
transplantation.

bleeding and biliary complications. Most intra-abdominal
bleeding (5 out of 8) and biliary complications (5 out of
7) were solved through reoperation or biliary stent place-
ment by ERCP.

It is worth highlighting here that during the periop-
erative period, the LDLT group had more biliary compli-
cations (12.5% vs 2.5%, P = 0.073), while postoperative
bacterial infection (27.5% vs 43.8%, P = 0.084) and intra-
abdominal bleeding (2.5% #s5 8.8%, P = 0.365) seemed to
be more common in the DDLT group. However, only
a slight difference existed in the 3 kinds of complica-
tions between the two groups. In the long-term follow-
up period after the first hospital stay for LT, 6 patients

(49

Boiohidengs  WJG | www.wijgnet.com

Wan P et a/. Liver transplantation for hepatic carcinoma

Table 6 Survival outcomes 7 (%)

Variable LDLT (7 = 40) DDLT (#» = 80) P value
Survival status
Alive without relapse 27 (67.5) 51 (63.8)
Alive with disease 3(7.5) 3(3.8)
Died of relapse 5 (12.5) 16 (20.0)
Died of other causes 5 (12.5) 10 (12.5)
Opverall survival 0.372
1-yr 89.8% 84.9%
5-yr 741% 66.6%
Relapse-free survival 0.749
1-yr 81.2% 80.3%
5-yr 72.9% 70.9%

LDLT: Living-donor liver transplantation; DDLT: Deceased-donor liver
transplantation.

in the LDLT group (15.0%) and 4 patients in the DDLT
group (5.0%) experienced biliary stricture, so the LDLT
group had a higher proportion of patients suffering bili-
ary stricture (P = 0.129). Consequently, total biliary com-
plications in the LDLT group reached a rate of 27.5%,
which was significantly higher than that in the DDLT
group (27.5% vs 7.5%, P = 0.003) (Table 5).

Survival and recurrence after LT

The median follow-up period of this cohort of patients
was 50 mo (range, 1-76 mo) from the surgery day. Table
6 shows the details of survival outcomes between the
two groups. With a median follow-up period of 57 mo
(range, 1-75 mo) in the LDLT group and 48 mo (range,
1-76 mo) in the DDLT group, the two groups were
comparable in the follow-up petriod (P = 0.2306). The 1-
and 5-year OS rates in the two groups were, respectively,
89.8% vs 84.9% and 74.1% s 66.6% (Figure 1A, P =
0.372). Moreover, the RFS rate also did not differ be-
tween the two groups. The 1- and 5-year RES rates were
81.2% s 80.3% and 72.9% ws 70.9% in the LDLT s
DDLT group, respectively (Figure 1B, P = 0.749). In the
LDLT group, recurrence occurred in 10 patients (25.0%)
and caused 5 deaths (12.5%). In contrast, 22 recurrences
(27.5%) occurred and 16 patients (20%) died of recur-
rence in the DDLT group. Three patients with relapse
in the LDLT group (7.5%) and 3 patients with that in
the DDLT group (3.8%) were still alive by the end of
follow-up. In patients treated with LDLT, 3 deaths were
caused by biliary complications and 2 deaths were caused
by sevetre bacterial infection. On the other hand, 10
deaths from non-recurrent causes in the DDLT group
included the following causes: severe bacterial infection (1
= 4), cerebral hemorrhage (# = 2), biliary complication
(n = 1), gastrointestinal tract hemorrhage (» = 1), severe
coagulation disorder (# = 1) and hemothorax after tho-
racentesis (7 = 1).

DISCUSSION

In recent decades, more and more patients with end-
stage liver diseases have been saved thanks to the rapid

April 21, 2014 | Volume 20 | Issue 15 |



Wan P et a/. Liver transplantation for hepatic carcinoma

A 100 |- B 100 | 5
~ 80 £ 80
X —
g 2
S 60 s 60 [
b= 2
2 a0t & 40t
g P
[
3 20°r g 20+
&
07\ | | | | | | | 07\ |
0 12 24 36 48 60 72 84 0

Months after surgery

12 24 36 48 60 72 84

Months after surgery

Figure 1 Long-term survival outcomes. A: Overall survival rate (P = 0.372); B: Relapse-free survival rate (P = 0.749). LDLT: Living-donor liver transplantation;

DDLT: Deceased-donor liver transplantation.

progress in LT technology. Mazzaferro e al”' put forward
the Milan criteria for LT in HCC patients in 1996. Nev-
ertheless, patients’ chance of cure has been restricted by
such a strict indication, and whether the criteria could be
expanded to enable more patients to qualify as transplant
candidates has been a moot point. The EASL-EORTC
clinical practice guidelines have mentioned that the cri-
teria of “up-to-seven” in patients without microvascular
invasion could be considered for LT for HCC"*, Ad-
ditionally, extended indications for LT in patients with
hepatic carcinoma having similar survival outcomes with
the Milan criteria have been reported by some transplant
centers” Y,

Theoretically speaking, LDLT calls for preservation
of the inferior vena cava and a long internal structure of
the hepatoduodenal ligament, which seems to render it
less radical and thus less effective than DDLT. Moreover,
it may expose the living donors to the risk of surgery.
Therefore, most reported expanded indications are cut-
rently based on DDLT. Howevet, several studies from
Japan have shown encouraging outcomes of extended
criteria for LDLT™?, In the current study, tumors were
staged according to the intraoperative findings and path-
ological outcomes of the resected specimens. Patients
with tumor invasion wetre confirmed after LT. The Pitts-
burgh staging system seemed to have a ditect correlation
with the tumor-free survival rate based on the clinical
data in our medical center, so we used it to match the
patients of the two groups who did not meet the Milan
criteria. Although 40% of the enrolled patients did not
meet the Milan criteria, the OS and RFS turned out to
be favorable on the whole.

Organs from donation after cardiac death (DCD)
cannot meet the needs of LT. Consequently, a large
number of patients die of a shortage of liver donors ev-
ery year, making living donors another important source
of organs. However, animal experiments have suggested
that the regenerating liver might have a potential effect
on the growth of HCC™ and LDLT has been criti-
cized for its higher HCC recurrence rate than DDLT.
Based on our expetience, the long-term follow-up results
do not support such a conclusion. Therefore, we carried
out this multivariate case-matched comparison to maxi-
mize the compatability of the LDLT and DDLT groups.
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Our results show similar overall and relapse-free survival
rates between the two groups, and LDLT conferred a
7.5% survival benefit compared with DDLT, so LDLT
did not compromise the survival of patients or increase
tumor recurrence. In addition, for emergency patients
with fulminant hepatic failure, LDLT is often an optimal
choice and can provide a timely graft to save their lives.

Patients with HCC, now widely accepted as legitimate
transplant candidates, require special consideration to
achieve timely transplantation. A study by Mizuno ¢ a/"”
showed that the median period between the registration
for LDLT and the occurrence of extrahepatic metastasis,
macroscopic vascular invasion or rupture of HCC was
12.2 mo (range, 3.8-32.9 mo), indicating that the wait-
ing period suitable for a liver transplant is quite limited
for HCC patients. Many patients with hepatic carcinoma
lose their chance of LT or die of tumor progression
during the waiting period, whereas the waiting period has
greatly shortened and the survival has greatly improved
with the advent of LDLT"", In the present study, the
median preoperative waiting time for LT in the LDLT
group was 14 d (range, 5-63 d), which was significantly
less than the 45 d (range, 20-235 d) in the DDLT group.
However, LDLT can only be feasible when a suitable
volunteer is available, even though it is in theory a good
alternative to DDLT. In Hong Kong, the policy of a
6-mo wait for cadaveric liver allocation benefits the HCC
patients who have practically no chance of undergoing
LDLT. These modifications of the cadaveric liver alloca-
tion policy could result in transplants for as many HCC
patients as possible but would not deptive non-HCC
patients of a fair chance of undergoing LT,

Another important criticism of LDLT is that biliary
complications in patients who undergo LDLT are more
common than in DDLT patients' *'?, Our data showed a
similar pattern that LDLT was associated with a signifi-
cantly increased rate of biliary complications compared
with DDLT. In the 5 patients of the LDLT group who
died of non-recurrent causes, 3 deaths (60%) were caused
by biliary complications, which may be a weak point of
LDLT. There wete 5 bile leak cases in this study, all of
them diagnosed within the first month, of whom 2 un-
derwent reexploration. Continuous abdominal drainage
was the most important treatment modality for bile leaks.
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Unlike bile leaks, the stenoses (10 out of 12 cases) wete
mostly detected in the outpatient clinic after worsening
of liver function, symptoms of cholangitis, or intrahe-
patic duct dilatation on computed tomography scans or
magnetic resonance cholangiopancreatography. However,
they could be successfully controlled by placement of a
biliary stent through ERCP in most cases.

By and large, the LDLT and DDLT groups were
comparable in the total number of patients with periop-
erative complications, but it should be noted that com-
plications occurring in the DDLT group seemed to be
more serious than those in the LDLT group. For exam-
ple, in the DDLT group 10 patients (12.5%) underwent
surgical or endoscopic interventions under general an-
esthesia due to grade [Ib complications, and 7 patients
(8.8%) suffered complications higher than grade IIb.
Our data of perioperative complications and follow-
up results revealed that DDLT tended to result in more
bleedings after surgery, including intra-abdominal bleed-
ing, cerebral hemorrhage and gastrointestinal tract hem-
orrhage. In our comparison, 5 intra-abdominal bleedings
needed a second operation, and another 4 patients died
of hemorrhage in the DDLT group. A slight but not sig-
nificant difference was observed in these findings, which
prompts the question whether a difference exists in the
coagulation function among liver grafts from different
sources. Further large-scale, prospective, randomized
trials are needed to address the question. Postoperative
bacterial infection is always the most common compli-
cation in the field of LT. In our comparative study the
DDLT group showed a significantly higher proportion
of patients with grade II complications, which were
mainly composed of postoperative bacterial infections.
At times, bacterial infections after LT are not accompa-
nied by fever, so identifying and preventing the develop-
ment of infections after LT is particularly important.

In conclusion, grade II complications occurred more
frequently in the DDLT group than in the LDLT group,
but the overall proportions of patients with periopera-
tive complications were comparable between the two
groups. Although LDLT led to a higher rate of biliary
complications, it did not show any inferiority in long-
term OS or RFS. Large-scale, prospective, randomized
controlled trials are needed to reveal the inherent charac-
teristics of complications between the two groups.

COMMENTS

Background

Liver cancer is the sixth most common cancer and the third cause of cancer-
related death, accounting for 7% of all cancers worldwide. Liver transplantation
(LT) is the best option for patients with a hepatic tumor < 5 cm in diameter and
concurrent decompensated cirrhosis. Living-donor liver transplantation (LDLT)
is currently an effective alternative to alleviate the organ shortage, but worries
exist that LDLT may be associated with higher rates of tumor recurrence and
biliary complications than deceased-donor liver transplantation (DDLT). Wheth-
er LDLT can have more benefits on perioperative and long-term outcomes than
DDLT is still disputable.

Research frontiers
Due to a severe shortage of cadaveric donor organs, LDLT is currently an ef-
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fective alternative to alleviate organ shortage, but it has been criticized for its
underlying higher cancer recurrence rate than DDLT. As for the surgical selec-
tion for patients with hepatic carcinoma, the research hotspot is whether LDLT
will result in more postoperative complications or tumor recurrences than DDLT.

Innovations and breakthroughs

It remains controversial whether LDLT can achieve similar or better long-term
survival than DDLT. In the present study, the authors used a multivariate case-
matched method to compare the results of LDLT and DDLT in patients with
hepatic carcinoma. In spite of a higher rate of biliary complications in the LDLT
group, DDLT was associated with more grade II complications, while the
overall perioperative complication rates were similar between the two groups.
Furthermore, compared with the DDLT group, the LDLT group had comparable
long-term follow-up survival. The present data do not suggest that LDLT results
in more tumor recurrences than DDLT.

Applications

The study results suggest that LDLT not only could greatly shorten the waiting
period of patients with hepatic carcinoma but also would not compromise long-
term survival or increase tumor recurrence, so LDLT is a favorable alternative to
solve the problem of organ shortage.

Terminology

Liver transplantation is a surgical technique that removes a diseased liver and
replaces it with a healthy donor liver in patients with end-stage liver disease.
Case-matched comparison is a comparative study between groups in which
each case is matched by one or more comparable cases (1:1 or 1:N) in terms
of several measurable parameters.

Peer review

The study used a special statistical method to compare the surgical outcomes
of LDLT and DDLT in patients with hepatic carcinoma, which is a good way to
establish greater parity between the two surgery groups. The results suggested
that LDLT could have similar survival outcomes as DDLT. This study has signifi-
cant merits.
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