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Summary

The optimum primary treatment strategy for early hepatocellular carcinoma
(HCC) patients with multiple nodules remains unclear. We aimed to compare the
outcomes of living donor liver transplantation (LDLT) with that of liver resection
(LR) for early Child-Pugh A HCC patients with multiple nodules meeting the
Milan criteria. From January 2007 to July 2012, 67 of 375 patients with early HCC
in our centre fulfilled the inclusion criteria (group LDLT, n = 34 versus group
LR, n = 33). Patient and tumour characteristics, operative data, postoperative
course and outcomes were analysed retrospectively. The postoperative mortality
and rate of major complications were similar in both groups. The 5-year overall
survival (OS; 76.5% vs. 51.2%, P = 0.046) and recurrence-free survival (RFS;
72.0% vs. 19.8%, P = 0.000) were better in group LDLT than that in group LR.
The 5-year OS and RFS were similar between patients with tumours located in the
same lobe (TSL) and those in the different lobes (TDL) after LDLT, whereas the
5-year RES was better in patients with tumours in TSL (30.6% vs. 0%, P = 0.012)
after LR. In conclusion, primary LDLT might be the optimum treatment for early
HCC patients with multiple nodules meeting the Milan criteria.
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offered to all patients with early HCC as a result of the

Introduction .
organ shortage and patients drop-off due to tumour pro-

The debate concerning the best primary curative option for
early hepatocellular carcinoma (HCC), defined as a single
tumour <5 cm or a maximum of three total tumours with
none more than 3 c¢cm in patients (Milan criteria) [1] with
Child-Pugh A cirrhosis, is continuing.

Liver transplantation (LT) has been advocated in
patients with early HCC because it involves the largest pos-
sible hepatectomy and removal of underlying cirrhotic tis-
sue, leading to a much lower recurrence. Satisfactory
survival results were obtained in patients with early HCC
meeting the Milan criteria with similar 5-year survival as
those undergoing LT for nonmalignant liver diseases and
low 5-year recurrence rate of <20% [2]. However, LT is not
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gression while waiting for a donor organ. Fortunately, liv-
ing donors are another source of organs and another means
of reducing drop-out rate due to tumour progression [3].
On the other hand, some centres have been able to achieve
acceptable outcomes with liver resection (LR), especially in
well-preserved liver function HCC patients (Child-Pugh A)
with long-term survival of 50-70% [4-7]. Moreover, pro-
ponents of LR further support its role in the current situa-
tion of organ shortage and long wait time. However, the
main problem with LR is its high tumour-recurrence rate,
which can reach 70-100% at 5 years [8—10]. Although
outstanding outcomes have been observed with the use
of radiofrequency ablation (RFA) in select patients,
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particularly for tumours smaller than 3 ¢m [11,12], LT and
LR continue to be universally considered the only curative
options with good long-term outcomes.

Several studies have compared outcomes for patients
with HCC meeting the Milan criteria treated with LR and
LT [13-17]. Most of them showed the survival of patients
with early HCC is similar between LR and LT; further-
more, recent studies even recommend LR for HCC
patients with Child-Pugh A cirrhosis with a single nodule
of no more than 5 cm as the first choice [7,18]. However,
the majority of studies have mainly limited their analysis
to early HCC patients with a single nodule. To the best of
our knowledge, there are very few studies exclusively eval-
uating outcomes for another type of early HCC meeting
the Milan criteria, that is, HCC patients with multiple
nodules, treated with primary LR and living donor liver
transplantation (LDLT).

The aim of our study was to try and define a better pri-
mary curative option (LDLT or LR) in Child-Pugh A HCC
patients with multiple nodules meeting the Milan criteria
based on their short- and long-term outcomes.

Patients and methods

Figure 1 shows the inclusion and exclusion criteria for the
cohort. A total of 375 patients with HCC meeting the
Milan criteria underwent surgical operations between Jan-
uary 2007 and July 2012 in our centre. Our general policy
is to prioritize early Child-Pugh A HCC patients with
multiple nodules meeting the Milan criteria for primary
LT rather than LR and to offer LR to those patients who
have no suitable donors in the short term. According to
the different surgical procedures, they were initially
divided into two groups: group LT (n = 113), which con-
sisted of patients underwent LT; group LR (n = 262),
which consisted of those underwent resection. After
excluding two patients who were lost to follow-up, 34
patients with Child-Pugh B or C before transplantation,
24 patients with single nodule and 19 patients who under-
went other treatments including resection, transcatheter
arterial chemoembolization (TACE) and RFA before LT,
34 patients who underwent LDLT finally remained in
group LT (so also named group LDLT). Similarly, 33
patients finally remained in group LR after excluding 16
patients (including 15 patients with a single nodule and
one patient with multiple nodules) who were lost to fol-
low-up, five patients with Child-Pugh B before resection
and 208 patients with single nodule. To ensure the consis-
tency for baseline data, all enrolled patients did not
undergo other antitumour therapies before operation.
They were monitored until October 2013 or their death,
and their medical records were retrospectively reviewed.
All organs were procured from living donors. Living
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donations were voluntary and altruistic in all cases,
approved by the Ethics Committee of West China Hospi-
tal of Sichuan University, and in accordance with the ethi-
cal guidelines of the Declaration of Helsinki.

HCC diagnosis was based on pre-operative imaging
including contrast enhanced computed tomography (CT)
and/or magnetic resonance imaging (MRI), hepatitis B
virus (HBV) background, tumour maker levels and the
pathological profile.

The follow-up was routinely taken in the outpatient clin-
ics. Abdominal ultrasonography was performed every
month for the first half year, then every 3 months. CT scan
or MRI was performed every 3 months for the first year
and then every 6 months. Alpha-fetoprotein (AFP) mea-
sure was done every month for the first year and then every
3 months. The tumour recurrence was mainly based on
radiographic evidence and/or AFP level. Patients diagnosed
HCC recurrence were treated by the following alternatives
including TACE, RFA, salvage LT, sorafenib [19], re-resec-
tion, radiotherapy and chemotherapy.

Using our database, we compared patient demographics,
disease features, tumour characteristics, postoperative
course and long-term outcomes in the group LR and group
LDLT.

375 HCC patients meeting the Milan
criteriaunderwent surgical operation
from January 2007 to July 2012

| l

113 underwent LT 262 underwent
resection
2 excluded 16 excluded
™ becauseloss to | becauseloss to
follow up follow up
111 patients 246 patients
34 Child-Pugh B or -
N C patients N Fhlld-Pugh B
excluded patients excluded
77 Child-Pugh A 241 Child-Pugh A
patients patients
24 excluded 208 excluded
because of single —>{ because of single
nodule nodule
33 und t cti
19 excluded because underwentresection
Group LR
of other treatments
before LT

34 underwentLDLT
Group LDLT

Fig. 1 Flow of study participants. HCC, hepatocellular carcinoma; LT,
liver transplantation; LR, liver resection; LDLT, living donor liver trans-
plantation.

563



LDLT versus resection for early HCC

Statistical analysis

spss 17.0 statistical software (SPSS Inc., Chicago, IL, USA)
was used to analyse the relevant data. Categorical data were
presented as number (per cent) and compared using Pear-
son chi-Square or Fisher’s exact test. Continuous variables
were expressed as the mean value + SD and analysed using
t-test. Overall patient survival and tumour-free survival
rates were estimated by the Kaplan—Meier method, and dif-
ferences between two groups were determined by log-rank
test. P < 0.05 was considered statistically significant.

Results

Patient baseline characteristics

The baseline characteristics of the patients in both groups
are summarized in Table 1. Portal hypertension (PH) was
defined as the presence of oesophageal varices and/or a
platelet count of less than 100 000 per pl in association
with splenomegaly [20]. Of the 67 Child-Pugh A HCC
patients with multiple nodules meeting the Milan criteria,
57 (85.1%) patients were male with a mean age of 48 years
(29-74 years). The percentage of pre-operative antiviral
therapy was higher in group LDLT in comparison with
group LR (73.5% vs. 36.4%, P = 0.002). No differences
existed between patients in group LDLT and group LR with
respect to their age (46.9 £+ 10.2 years vs. 48.5 &+ 10.4
years, P = 0.534), the presence of PH (35.3% vs. 42.4%,
P =0.549) and cirrhosis (100% vs. 97.0%, P = 0.493),
pre-operative Charlson comorbidity index (CCI), the per-
centage of male patients (85.3% vs. 84.8%, P = 1.000), the
percentage of patients with pre-operative HBV DNA < 10°
copies/ml (50.0% vs. 33.3%, P =0.167) and HBV
DNA > 10° copies/ml (20.6% vs. 24.2%, P = 0.720), and
the percentage of patient with pre-operative AFP level
<8 ng/ml (32.4% vs. 21.2%, P = 0.304), of with pre-opera-
tive AFP level > 400 ng/ml (29.4% vs. 36.4%, P = 0.545)
and of with pre-operative AFP level > 800 ng/ml (14.7% vs.
24.2%, P = 0.324). The delay from diagnosis of HCC to
LDLT was longer than that to LR (25.1 & 7.0 vs.
4 £ 1.3 days, P = 0.000).

As shown in Table 2, there was no difference between
the two groups regards as number of tumours, max diame-
ter of tumour nodules, presence of microvascular invasion,
presence of tumour cell on resection margin and the per-
centage of Edmonson grade 3—4 tumours.

Operative characteristics and postoperative course

More patients in group LDLT required blood transfusions
during the operation (32.4% vs. 6.1% in group LR,
P =0.007). No perioperative death (defined as death
within 1 month of the surgical procedure) had occurred in
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Table 1. Baseline characteristics of the patients in group LDLT and
group LR.

Group LR
Group LDLT (n = 34) (n = 33) Pvalue

Age (mean =+ SD, 469 + 10.2 485 + 104 0.534
years)

Male 29 (85.3%) 28 (84.8%) 1.000

Pre-operative 12 (35.3%) 14 (42.4%) 0.549
PH* (Presence)

Cirrhosis (Presence) 34 (100%) 32(97.0%) 0.493

Pre-operative antiviral 25 (73.5%) 12(36.4%) 0.002
therapy

Pre-operative HBV 17 (50.0%) 11(33.3%) 0.167
DNA < 10 copies/ml

Pre-operative HBV 7 (20.6%) 8(24.2%) 0.720
DNA > 10° copies/ml

Pre-operative positive 32 (94.1%) 32 (97.0%) 1.000
HBsAg

Pre-operative AFP 1(32.4%) 7(21.2%) 0.304
level < 8 ng/ml

Pre-operative AFP 10(29.4%) 12(36.4%) 0.545
level > 400 ng/ml

Pre-operative AFP 5(14.7%) 8(24.2%) 0.324
level > 800 ng/ml

Delay from diagnosis of 25.1 &+ 7.0 4+£13 0.000
HCC to LR/LDLT

(mean =+ SD, days)

CCl score
0 24 (70.6%) 21(63.6%) 0.545
1 6(17.6%) 8(24.2%) 0.507
2 1(2.9%) 2 (6.1%) 0.614
3 1(2.9%) 1(3.0%) 1.000
4 2 (5.9%) 1(3.0%) 1.000

LDLT, living donor liver transplantation; LR, liver resection; SD, standard
deviation; PH, portal hypertension; HBV DNA, hepatitis B virus deoxyri-
bonucleic acid; HBsAg, hepatitis B surface antigen; AFP, alpha-fetopro-
tein; HCC, hepatocellular carcinoma; CCl, Charlson comorbidity index.
*Defined as the presence of oesophageal varices and/or a platelet count
of less than 100 000 per pl in association with splenomegaly.

both groups. The incidence of major complications (Cla-
vien-Dindo > Grade 3) was similar in group LDLT and
group LR (17.6% vs. 6.1%, P = 0.259). The length of post-
operative hospital stay was significantly longer in group
LDLT than that in group LR (20.1 &+ 4.3 vs. 10.2 £ 4.1
days, P = 0.000). The percentage of postoperative antiviral
therapy was similar between group LDLT and LR (94.1%
vs. 87.9%, P = 0.427; Table 3).

Survival and recurrence

The mean follow-up for group LDLT was 43.5 + 22.1
months (range, 6-81), whereas it was 31.4 £ 15.5 months
(range, 9—64) in group LR. During the follow-up period,
six patients died in group LDLT and 12 patients died in
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Table 2. Comparison of tumour characteristics between group LDLT and group LR.

Group LDLT (n = 34) Group LR (n = 33) Pvalue
Number of tumours (mean + SD) 24+ 05 23+05 0.361
Maximum diameter of tumour nodules (mean =+ SD, range, cm) 2.4 4+ 0.5(1.2-3) 2.6 + 0.5(1.5-3) 0.119
Tumour necrosis (Presence) 4(11.8%) 5(15.2%) 0.734
Microvascular invasion (Presence) 10 (29.4%) 13 (39.4%) 0.390
Tumour cell on resection margin (Presence) — None
Edmonson grading (lll, IV) 16 (47.1%) 13(39.4%) 0.524
LDLT, living donor liver transplantation; LR, liver resection; SD, standard deviation.
Table 3. Comparison of operative characteristics and postoperative course between group LDLT and group LR.

Group LDLT (n = 34) Group LR (n = 33) Pvalue

Blood transfusion during the operation 11 (32.4%) 2 (6.1%) 0.007
Perioperative death None None —
Postoperative major complications (Clavien-Dindo > Grade 3; Presence) 6(17.6%) 2(6.1%) 0.259
Length of postoperative hospital stay (mean + SD, days) 201 £ 43 10.2 + 41 0.000
Postoperative antiviral therapy 32*(94.1%) 29 (87.9%) 0.427

LDLT, living donor liver transplantation; LR, liver resection; SD, standard deviation.
*All the patients used a prophylactic regimen with lamivudine and individualized low-dose intramuscular hepatitis B immunoglobulin after LDLT.
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Fig. 2 (a) Cumulative postoperative overall survival rates for both groups; (b) cumulative postoperative recurrence-free survival rates for both groups

(log-rank test). LDLT, living donor liver transplantation; LR, liver resection.

group LR, respectively. The 1-, 3- and 5-year overall sur-
vival (OS) rate was higher in group LDLT than that in
group LR (94.1%, 91.2% and 76.5% vs. 84.8%, 64.0% and
51.2%, respectively, P = 0.046; Fig. 2a). Six (17.6%)
patients occurred tumour recurrence in group LDLT, and
the mean time to recurrence was 33.2 & 21.7 months.
However, 23 (69.7%) patients occurred tumour recurrence
in group LR, and the mean time to recurrence was
13.2 + 12.4 months. The 1-, 3- and 5-year recurrence-free

© 2014 Steunstichting ESOT 27 (2014) 562-569

survival (RFS) rate was significantly higher in group LDLT
than that in group LR (94.1%, 86.4% and 72.0% vs. 54.5%,
35.6% and 19.8%, respectively, P = 0.000; Fig. 2b).

The influence of tumour location on survival

According to the tumour’s location, we divided these
patients into two groups: tumours in the same lobe (TSL)
and tumours in the different lobes (TDL). In group LDLT,
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Fig. 3 (a) Cumulative overall survival rates between patients with multiple nodules located in the same lobe and those located in the different lobes
after living donor liver transplantation; (b) Cumulative recurrence-free survival rates between patients with multiple nodules located in the same lobe
and those located in the different lobes after living donor liver transplantation. TSL, the same lobe; TDL, the different lobes; LDLT, living donor liver

transplantation.
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Fig. 4 (a) Cumulative overall survival rates between patients with multiple nodules located in the same lobe and those located in the different lobes
after liver resection; (b) Cumulative recurrence-free survival rates between patients with multiple nodules located in the same lobe and those located
in the different lobes after liver resection. TSL, the same lobe; TDL, the different lobes; LR, liver resection.

the 1-, 3- and 5-year OS rate was similar between TSL and
TDL (100%, 100% and 76% vs. 80%, 70% and 70%,
respectively, P = 0.284; Fig. 3a) and the 1-, 3- and 5-year
RFS rate was also similar between TSL and TDL (100%,
87.5% and 76.6% vs. 92.3%, 84.6% and 63.5%, respec-
tively, P = 0.469; Fig. 3b). In group LR, the 1-, 3- and
5-year OS rate was similar between TSL and TDL (84.2%,
66.5% and 44.3% vs. 85.7%, 60.1% and 60.1%, respec-
tively, P = 0.980; Fig. 4a); however, the 1-, 3- and 5-year
RES rate was higher in TSL than that in TDL (68.4%,
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45.9% and 30.6% vs. 35.7%, 21.4% and 0%, respectively,
P = 0.012; Fig. 4b).

Discussion

Both LT and LR are available to patients with early HCC
and well-preserved liver function. Certainly, the ideal test
of the benefit of any therapy is a randomized prospective
trial, but such studies are limited for patients with HCC.
Thus, therapy strategies have been based on theoretical
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analysis and retrospective investigations. Although the role
of surgery with either LT or LR in the management of early
HCC patients with well-preserved liver function is contin-
uing to evolve, more and more studies show that LR offers
5-year survival similar to LT for early HCC patients with a
single nodule up to 5 cm [7,18]. However, for early HCC
patients with multiple nodules, the optimal management
remains unclear because of very limited relevant literature
reports. We hence design the study to evaluate the short-
and long-term outcomes of early Child-Pugh A HCC
patients with multiple nodules selected for LDLT and LR.

To focus on clinical outcomes relating to surgery rather
than to other antitumour treatments, we exclusively
excluded those patients who had underwent other antitu-
mour therapies including RFA and TACE before surgery.
We think the exclusion, by the present study, to keep the
consistency of the baseline data between two groups may
result in a more accurate analysis for OS and RFS. Because
all liver grafts were from the living donors, the waiting time
before LDLT became relatively fixed, with the mean delay
from diagnosis of HCC to transplantation of 25.1 & 7.0
days in group LDLT. Owing to pre-operative ethical
approval process, the delay from diagnosis to surgery was
longer in group LDLT than that in group LR, which may
have a negative impact on the outcome of the transplanted
group. Accordingly, the percentage of pre-operative antivi-
ral therapy was higher in group LDLT in comparison with
group LR (73.5% vs. 36.4%, P = 0.002).

Our study showed that no differences existed in periop-
erative outcomes between group LDLT and LR. We also
confirmed the satisfactory results for liver resection
obtained in the group LR, with no perioperative mortality
and low incidence of major complications. Perioperative
results after LDLT in those Child-Pugh A patients meeting
the Milan criteria were also excellent, although LDLT is a
more aggressive surgical procedure with longer postopera-
tive stay compared with LR. In addition, with respect to the
graft availability and waiting list priority, LDLT can
effectively alleviate the shortage of deceased live supply and
significantly shorten the waiting time before transplanta-
tion. Although the delay from diagnosis to surgery showed
in this study was significantly longer in group LDLT in
comparison with group LR, almost all patients did not had
HCC tumour progression in the relatively fixed and short
waiting time before transplantation (25.1 + 7.0 days) even
without any antitumour treatments. Therefore, primary
LDLT may be considered as an alternative curative treat-
ment for early HCC parallel to LR, which also can be per-
formed without significant delay.

Our data revealed that the survival of early HCC patients
with multiple nodules who underwent LDLT was better
than that of patients who received LR. According to our
analysis, the survival rates of Child-Pugh A patients with
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multiple HCCs who underwent LR were unsatisfactory.
Their 5-year OS rate was 51.2%, which was worse than that
of the early HCC patients with a single nodule (55-70%)
[5,7,15,18]. Furthermore, a high recurrence rate is a major
drawback of LR as a curative therapy. According to our
data, the 5-year RFS was only 19.8%, which was signifi-
cantly lower than that of our patients who underwent LDLT
(72.0%). The high recurrence rate in the resection could be
partly contributed to the underlying liver diseases, such as
HBYV and cirrhosis. Therefore, our study demonstrated that
LDLT might be the preferred treatment choice to offer the
chance of a cure for early HCC patients with multiple nod-
ules. Reasons for this may include (i) LDLT results in the
widest possible resection margin of the tumour, (ii) LDLT
can remove the underlying cirrhotic liver tissue and onco-
genic viral stimulus for the development of HCC, (iii) mul-
tiple lesions may represent intrahepatic metastasis or
multicentric hepatocarcinogenesis, which is the most
important predictor of recurrence [21,22], (iv) HBV has
been shown to be an independent risk factor for HCC
recurrence after LR [23]. Fortunately, our prophylaxis
against HBV recurrence after LDLT using lamivudine and
individualized low-dose hepatitis B immunoglobulin can
lead to the 5-year HBV recurrence rate of <10% [24,25].

In addition, we preliminarily examined the influence of
tumour location (all nodules located in the same lobe or
different lobes) on HCC recurrence after LR or LDLT. Our
data showed that no differences existed in OS and RES
between early HCC patients with multiple tumours located
in the same lobe and those located in the different lobes
after LDLT; however, patients with multiple nodules
located in the same lobe had higher RFS rate than those
located in the different lobes after LR, although no differ-
ences existed in OS between patients with multiple tumours
located in the same lobe and those located in the different
lobes after LR. Therefore, early HCC patients with multiple
nodules located in the different lobes may be more suitable
for LDLT. Moreover, it is very worthwhile to further inves-
tigate the influence of tumour distribution on survival and
HCC recurrence in long-term, randomized, controlled,
prospective trials.

Major weak points about this study include a small sam-
ple size, its retrospective nature and potential selection bias.
Moreover, patients with hepatitis C virus infection or other
chronic liver disease were not included in this analysis
because of the small sample. It is for the reason of the small
sample size that we did not identify independent prognostic
factors of OS and REFS in all patients. However, this study,
to the best of our knowledge, represents one of the largest
cohorts to exclusively evaluate outcomes for early HCC
patients with multiple nodules treated with primary LR and
LDLT and provides adequate preliminary data to warrant
future-related studies.

567



LDLT versus resection for early HCC

In conclusion, our experience shows that for the Child-
Pugh A HCC patients with multiple nodules meeting the
Milan criteria, LDLT might offer better long-term survival
and lower HCC recurrence rates than LR; moreover, no
differences existed in perioperative death and major com-
plications between group LDLT and group LR. In addi-
tion, patients with multiple nodules located in the
different lobes may have worse HCC recurrence-free sur-
vival than those located in the same lobe after LR. Further
well-designed studies are still warrant to further confirm
our conclusions.
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