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Introduction

Hepatocellular carcinoma (HCC) is the fifth most 
common cancer worldwide (1), and the third leading cause 
of cancer-related mortality (2). The management of HCC 
is improving with the expansion of resection criteria, due 
to progresses in surgical technique, advanced locoregional 
therapy, advent of targeted systemic therapies, newer 
techniques of radiation therapy, and the possibility of liver 
transplantation (3). Orthotopic liver transplantation (OLT) 
is the ideal treatment for patients with HCC and cirrhosis, 
because it can cure not only HCC but also underlying 
hepatic disease. In Western transplant centers, OLT for 
patients with HCC have been performed since early in 

the history of OLT. Early cases of OLT were performed 
for extensive unresectable tumors. However, the results 
were extremely dismal before the early 1990s, because of 
high recurrence rates after OLT (4,5). Since Mazzaferro 
et al. reported good results with OLT in cases with a single 
cancerous nodule with a maximal diameter of 5 cm, or up 
to 3 nodules with a maximal diameter of 3 cm in 1996 (6), 
these criteria (the Milan criteria) have been applied for 
patient selection in Western transplant centers, which has 
resulted in a dramatic improvement in the results of OLT 
for patients with HCC. Currently, deceased donor liver 
transplantation (DDLT) has become widely accepted as the 
treatment of choice for early HCC. However, the number 
of deceased donors is far less than the number of potential 
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OLT candidates affected with HCC, and up to 30% of 
patients develop contraindications to transplantation while 
waiting for a donor because of tumor progression (7-9). On 
the other hand, living donor liver transplantation (LDLT) 
for patients with HCC has developed mainly in Asian 
countries, including Japan, where deceased donors are 
seldom available, and results comparable to those of DDLT 
have been reported (10). The use of LDLT may shorten the 
waiting time and possibly decrease the waiting list mortality 
associated with DDLT. Therefore, LDLT for patients with 
HCC is being accepted worldwide as a solution to donor 
shortage and waiting list mortality (11,12). However, with 
the accumulation of cases, higher recurrence rates after 
LDLT in comparison to DDLT have been reported by 
several authors (13-17). In this review, we aim to present a 
current overview of the outcomes of LDLT compared to 
those of DDLT in patients with HCC, with emphasis on 
the recurrence of HCC.

Comparative studies of LDLT vs. DDLT for 
patients with HCC

LDLT has certain specific features in comparison with 
DDLT, relating to the graft allocation system, operative 
procedure, graft size, and graft regeneration after LT. It 
is still not clear whether these LDLT-specific features 
could adversely influence the recurrence of HCC. In 2003, 
Kaihara et al. (10) from Japan reported the results of 56 
LDLTs in patients with HCC. The recurrence-free survival 
rates of all the study patients at 1- and 3-year were 85.4% 
and 68.3%, respectively, and those in patients who satisfied 
the Milan criteria were 87.4% and 76.2%, respectively. 
Although these results of LDLT were comparable to the 
previously reported results of DDLT, further comparative 
study was needed to clarify the impact of LDLT on 
recipient outcome compared to DDLT.

In 2004, Gondolesi et al. (18) from the Mount Sinai 
Hospital reported the results of 36 patients with HCC who 
underwent LDLT, comparing their results to those of 165 
DDLT recipients. They found no significant difference in 
overall survival (OS) and recurrence-free survival at 1- and 
2-year between LDLT and DDLT recipients (75% and 60% 
vs. 81% and 70% OS, and 81% and 74% vs. 90% and 83% 
recurrence-free survival). Their study included patients 
with large HCCs (>5 cm), and the OS and recurrence-
free survival were not statistically significantly different for 
LDLT and DDLT.

Hwang et al. (19) from Korea reported a comparative 

study performed at four institutions in 2005. Although 
there were no gross differences in tumor characteristics 
between LDLT (n=237) and DDLT (n=75) groups, their 
results showed significantly better 3-year OS with less 
perioperative mortality in the LDLT group than the DDLT 
group (73.2% vs. 61.1%, P=0.043). There was also no 
significant difference in recurrence-free survival between 
the two groups. They evaluated survival according to three 
different selection criteria [Milan, University of California 
at San Francisco (UCSF) (20,21), and exclusion of gross 
major vessel invasion], and found that the survival rates of 
patients who met these three criteria were excellent for both 
LDLT and DDLT. However, in the LDLT group, survival 
of recipients who did not meet these criteria was statistically 
significantly worse than that of recipients who met the 
criteria.

In 2009, Di Sandro et al. (22) from Italy reported a 
comparative study of 25 LDLTs and 154 DDLTs. In this 
study, patients were selected based on the Milan criteria 
(80% LDLT and 69% DDLT recipients met the Milan 
criteria), and there were no significant differences in tumor 
characteristics between the two groups. The overall 3- 
and 5-year survival rates were 77.3% and 68.7% vs. 82.8% 
and 76.7% for LDLT and DDLT recipients, respectively, 
indicating no significant differences. The recurrence-free 
survival rates at 3- and 5-year were also not significantly 
different between LDLT and DDLT (95.5% and 95.5% vs. 
90.5% and 89.4%, respectively).

In 2010, Li et al. (23) from China also reported the 
results of 38 LDLTs and 101 DDLTs, with no significant 
differences in long-term survival (1- and 3-year: 81% 
and 53% vs. 86% and 50%, respectively, P=0.571) and 
recurrence-free survival rates (71% and 42% vs. 76% and 
41%, respectively, P=0.787) between LDLT and DDLT. 

On the other hand, several studies have also reported 
worse recurrence rates with LDLT than DDLT.

In 2007, Lo et al. (13) reported the results of 60 cases of 
OLT, including 43 LDLTs and 17 DDLTs. These 60 cases 
satisfied the radiological Milan or UCSF criteria. They 
reported that the cumulative 5-year recurrence rate of 
LDLT was 29%, which was significantly higher than that 
of DDLT (0%). In the LDLT group, the waiting time for a 
graft was shorter and graft weight to standard liver weight 
ratio was lower. LDLT was commonly used for salvage 
transplantation for recurrence after previous resection or 
local ablation. Even though the difference did not reach 
statistical significance, microvascular invasion was more 
common in the LDLT than DDLT group. Multivariate 
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analysis identified salvage transplantation and pathological 
stage beyond the UCSF criteria as independent predictors 
of recurrence. The authors speculated that, despite standard 
radiological selection criteria based on number and size, 
the higher recurrence rates following LDLT could be 
attributable to a selection bias for other clinical characters.

In the same year, Fisher et al. (14) also reported the results 
of 106 patients with HCC who were evaluated for LDLT 
at nine centers participating in the Adult-to-Adult Living 
Donor Liver transplantation Cohort Study (A2ALL). Among 
the 106 patients, 58 received LDLT while 34 received 
DDLT. The recurrence rate of HCC within 3 years after 
LDLT was significantly higher as compared to after DDLT 
(29% vs. 0%, P=0.002). In this report, recurrence occurred 
in patients with both early and advanced stage HCC in 
the LDLT group. Although the differences did not reach 
statistical significance, HCCs in the LDLT group were more 
likely to have vascular invasion (22% vs. 10%) and include 
more poorly differentiated tumors (15% vs. 3%) than the 
DDLT group. In 2012, after accumulation of a significant 
number of cases, Kullik et al. (16) reported updated data on 
197 cases (100 LDLT and 97 DDLT). According to this 
report, the 5-year recurrence rate was significantly higher 
after LDLT than DDLT, as in their previous report (38% 
vs. 11%, P=0.0004). Although LDLT recipients were more 
likely to have tumors that did not satisfy the Milan and UCSF 
criteria, with vascular invasion and significantly larger tumors 
than in patients who underwent DDLT, they were less likely 
to receive locoregional therapy for HCC before the LT. 
Therefore, they concluded that the higher HCC recurrence 
rate after LDLT was likely due to more advanced HCC and 
less liver-directed HCC therapy compared to DDLT.

In 2009, Vakili et al. (15) reported a significantly higher 
recurrence rate in LDLT than DDLT (28.6% vs. 12.1%, 
P<0.05). However, microvascular invasion was observed in 
46% of HCCs in the LDLT group in this study. Despite 
the higher recurrence rate in the LDLT group, 5-year 
OS was significantly better following LDLT than DDLT 
due to no perioperative mortality secondary to primary 
graft complications or non-function in the LDLT group. 
Therefore, the authors concluded that LDLT should be 
considered a valuable option for patients with HCC despite 
the high recurrence rates.

Although these three studies reported higher recurrence 
rates with LDLT compared to DDLT, the proportion of 
HCC with microvascular invasion or poorly differentiated 
HCC was relatively high in the LDLT group in these 
studies. 

One of the advantages of LDLT against DDLT is the 
shorter waiting time, which might reduce the mortality 
while on the waiting list for DDLT. On the other hand, 
such “fast-track” to LDLT might be a cause of the high 
recurrence rates (14,24). Therefore, to evaluate the 
effectiveness of LDLT for patients with HCC, the OS 
after enlisting for LT should be compared. To address this 
issue, in 2011, Bhangui et al. (25) from France reported 
the results of a comparative intention-to-treat analysis of 
recurrence rates and survival outcomes after LDLT and 
DDLT in patients with HCC. Their study evaluated 183 
consecutive patients, including 36 LDLTs and 147 DDLTs, 
over 9 years. Twenty-seven patients in the DDLT group 
dropped out from the waiting list, while no patients in the 
LDLT group dropped out. Recurrence rates were similar 
between LDLT and DDLT (12.9% vs. 12.7%), and OS 
rates after enlisting and LT were also comparable. However, 
transplant recipients who did not satisfy the Milan and 
UCSF criteria showed a trend toward worse outcomes with 
LDLT compared to DDLT. Therefore, they mentioned 
that LDLT for patients who do not meet validated criteria 
should be proposed with caution.

Sandhu et al. (26) from Toronto reported the results of 58 
LDLTs and 287 DDLTs at a single-institution in 2012. To 
eliminate the selection bias related to the risk of recurrence 
following LDLT, they offered LDLT to all patients for 
whom cancer clearance could be obtained despite the 
inferior vena cava (IVC) being left in situ. They also 
performed liver biopsy for patients with HCC exceeding 
the Milan criteria to confirm that the dominant lesion was 
not poorly differentiated. Patient and tumor characteristics 
were similar except for the underlying hepatic disease (more 
cases of hepatitis C virus infection and fewer of hepatitis 
B virus infection and alcoholic liver disease in LDLT) and 
waiting period from enlisting to transplant (significantly 
shorter with LDLT) between the two groups. OS was not 
significantly different between the two groups (1- and 5-year 
survival: 91.3% and 75.2% in LDLT vs. 90.5% and 74.6% 
in DDLT). The recurrence rates were also similar (1- and 
5-year rates: 8.8% and 15.4% in LDLT vs. 7.5% and 17.0% 
in DDLT). They concluded that LDLT and DDLT provide 
similarly low recurrence rates and high survival rates for the 
treatment of HCC in well-matched cohorts of LDLT and 
DDLT recipients.

Meta-analysis

In 2012, a meta-analysis of comparative studies of LDLT 
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vs. DDLT for HCC was reported by Liang et al. (27) from 
China. They selected seven controlled clinical trials with 
1,310 participants for the analysis. Their analysis showed no 
significant differences in patient survival, recurrence-free 
survival and recurrence rates between LDLT and DDLT. 
For patients who did not meet the Milan criteria, however, 
LDLT recipients had a greater 1-year recurrence rate than 
DDLT recipients.

On the other hand, in 2013, Grant et al. (28) from 
Toronto selected 16 studies on this subject for systematic 
review, 12 of which satisfied the eligibility criteria for 
recurrence-free survival, including 633 LDLT and 1,232 
DDLT cases. The analysis suggested that recurrence-free 
survival was worse after LDLT compared to DDLT, with a 
combined hazard ratio of 1.59 [95% confidence interval (CI): 
1.02–2.49; I2=50.07%]. However, it was difficult to evaluate 
the risk of bias caused by differences in tumor biology 
because the patient characteristics were poorly reported. 
Therefore, they concluded that further research is needed 
to determine whether the poorer recurrence-free survival 
in LDLT compared to DDLT was due to study biases or to 
true biological differences.

Recent reports

In 2014, Park et al. (17) reported the results of 216 OLT 
recipients with HCC who met the UCSF criteria (166 
LDLT and 50 DDLT). Recurrence-free survival was 
significantly lower with LDLT compared to DDLT (88.6% 
and 80.7% vs. 96.0% and 94.0% at 1- and 5-year, P=0.045). 
A higher proportion of patients with microvascular 
invasion underwent LDLT (41.4% vs. 20.0%). However, 
even after adjustment for microvascular invasion, LDLT 
was an independent risk factor for recurrence. They also 
mentioned about the high recurrence rate of LDLT using 
small living donor grafts compared to DDLT.

On the other hand, in 2014, Akamatsu et al. published 
the review entitled ‘Living-donor vs deceased-donor liver 
transplantation for patients with hepatocellular carcinoma’. 
In this revew, they reported their original data about the 
association of graft liver regeneration with HCC recurrence. 
Their data suggested that there was no differences in the 
regeneration rate of graft liver between the recipients with 
HCC recurrence and those without recurrence (29). 

In 2015, Ninomiya et al. (30) reported a retrospective 
analysis between patients with HCC who underwent LDLT 
in a Japanese institute and those who underwent DDLT 
in an institute in the United States. In these settings, there 

was no difference in 5-year recurrence rate between the 
LDLT and DDLT groups (14.8% vs. 19.0%, P=0.638), 
although OS was better in the LDLT group (84.2% vs. 
63.5%, P<0.0001). They rejected the hypothesis that tumor 
growth was induced by regeneration of small-for-size grafts, 
because they preferentially used smaller left-sided partial 
grafts for LDLT. They concluded that recurrence rates 
were comparable between the two centers where LDLT 
or DDLT was performed as the first treatment choice for 
unresectable HCC.

Another comparative study of LDLT and DDLT for 
patients with HCC using expanded selection criteria was 
reported by Chen et al. (31) from China. In this study, they 
compared the results of 66 LDLTs and 163 DDLTs, after 
excluding 26 patients who died during the perioperative 
period, in terms of their compliance with the Milan criteria, 
UCSF criteria, up-to-seven criteria (32), Hangzhou  
criteria (33), and Chengdu criteria (34). The overall 
recurrence-free survival and OS rates of the Milan criteria-
based recipients, UCSF recipients, up-to-seven recipients, 
Hangzhou recipients, and Chengdu recipients after LDLT 
and DDLT were all similar.

A multi-center data analysis from China was also reported 
in the same year (35). They analyzed the data of 389 LDLTs 
and 6,471 DDLTs from 81 centers over a 10-year period 
retrospectively using the large, multi-center database of the 
China Liver Transplant Registry. The 1-, 3-, and 5-year 
OS rates were, respectively, 86.79%, 70.16%, and 66.31% 
after LDLT, and 74.2%, 54.21%, and 46.97% after DDLT 
(P<0.001). The 1-, 3-, and 5-year recurrence-free survival 
rates were, respectively, 78.46%, 63.68%, and 61.63% after 
LDLT, and 65.65%, 48.61%, and 41.87% after DDLT 
(P<0.001). They concluded that there were no disadvantages 
with LDLT compared to DDLT regarding OS and 
recurrence-free survival.

Comparative studies between LDLT and DDLT 
for patients with HCC, including reports that are not 
mentioned above, are summarized in Table 1.

Hypothesized mechanism of increased risk of 
recurrence with LDLT than DDLT

The inferior results of LDLT have been attributed to 
growth factors and cytokines released during acute graft 
injury, and subsequent graft regeneration resulting from the 
small-for-size graft in LDLT (36-39). Acute phase small-for-
size graft injury, characterized by hepatic sinusoidal damage, 
is caused by excessive portal flow and transient portal 
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hypertension. Man et al. reported that significant activation 
of cell signaling pathways caused by this graft injury leads 
to cell adhesion, angiogenesis, cell invasion, and migration, 
which promoted tumor growth and metastasis after LT 
in an animal study (38). Rapid liver regeneration after 
small-for-size LDLT could also provide a more favorable 
environment for tumor growth and metastasis, as Shi et al. 
reported, since HCC tumors developing after hepatectomy 
display growth rates and malignant transformations related 
to the size of the partial hepatectomy (39).

Certain technical aspects of LDLT have also been 
implicated as the cause for the higher recurrence(14,22,23). 
During total hepatectomy in LDLT, the recipient’s IVC is 
totally isolated from the HCC liver. If the HCC is located 
near the IVC, this procedure might lead to tumor remnants 
being left behind. The necessity for leaving a longer hepatic 
artery, portal vein, and bile duct for anastomosis in LDLT 
recipients might also lead to residual tumor remnants. 
Rotation and more manipulation of the native liver with 
HCC may also increase the risk of seeding tumor cells into 
the circulation. On the other hand, total hepatectomy with 
IVC excision in DDLT seems to be oncologically more 
favorable.

Finally, the fast-track effect is thought to be a possible 
reason for the inferior results of LDLT (14,24). During 
the long waiting periods of DDLT, patients are usually 
treated with locoregional therapy, such as transarterial 
chemo-embolizat ion (TACE) and radiofrequency 
ablation (RFA). During this period, several patients with 
biologically aggressive HCC drop out of the waiting list 
due to tumor progression. On the other hand, LDLT 
has the advantage of shorter waiting periods than DDLT, 
which might decrease the mortality on the waiting list. 
However, such fast-track to LDLT may not allow adequate 
time for evaluation of the biological aggressiveness of 
tumors, which may result in high recurrence rates due to 
the inclusion of patients with inherently more aggressive 
tumor biology.

Biomarkers to predict biologically aggressive HCC

In Western countries, the characteristics of patients 
with HCC are different between LDLT and DDLT due 
to a possible bias in terms of treatment selection. For 
example, especially in the United States where the organ 
allocation system gives higher priority to patients with 
HCC who satisfy the Milan criteria (40), such patients are 
preferentially treated with DDLT (14). Moreover, the “fast-

track” to LDLT may result in inclusion of patients with 
biologically aggressive HCCs. As a result, patients who 
undergo LDLT often have more advanced tumors and more 
frequently have biologically aggressive tumors. These are 
some of the reasons for the higher recurrence rates of HCC 
after LDLT in some previous reports (13-16).

In order to resolve this problem, the biological 
aggressiveness of HCC should be accurately assessed 
preoperatively. Morphological assessment alone, such as 
the number and size of the tumor, might be insufficient 
to exclude biologically aggressive tumors, since, as 
reported by many previous comparative studies, many 
cases in the LDLT group that satisfied the Milan or 
UCSF criteria also had microvascular invasion and 
poorly differentiated HCCs. Therefore, recently, many 
transplant institutes are using selection criteria that 
incorporate tumor markers, such as alpha-fetoprotein 
(AFP) and des-gamma-carboxyprothrombin (DCP), as 
well as tumor number and size to exclude biologically 
aggressive HCC preoperatively (33,41-49). Takada et al. 
reported that DCP >400 mAU/mL was an independent 
risk factor of HCC recurrence after LDLT, and proposed 
expanded selection criteria, the Kyoto criteria, which 
include tumor number ≤10, maximal diameter of each 
tumor ≤5 cm, and DCP levels of ≤400 mAU/mL (41,42). 
Kaido et al. reported excellent OS and low recurrence 
rates in patients who met the Kyoto criteria (5-year OS: 
82%, and 5-year recurrence rate: 4%) (50). The selection 
criteria of LT for patients with HCC, including the 
criteria incorporating tumor markers, are summarized in 
Table 2.

Other biological markers, such as fludeoxyglucose-
positron emission tomography (FDG-PET) and the 
neutrophil-to-lymphocyte ratio (the ratio of neutrophil 
count to lymphocyte count: NLR) are also used to assess 
biological aggressiveness (51-54). Kornberg et al. (51) 
reported that tumor uptake of 18F-FDG on preoperative 
PET scans is significantly associated with tumor grade as 
well as with microvascular invasion on explant pathology 
in recipients with HCC, and Lee et al. (52) reported 
that 18F-FDG-PET is a significant predictor of tumor 
recurrence in liver transplantation. NLR, which is a simple 
index of systemic inflammation, has been reported to be 
associated with prognosis in patients with various kinds of 
malignancies, including HCC (53,54). 

Such biological  markers ,  in  combinat ion with 
morphological tumor size and number, might assist in 
eliminating biologically aggressive HCC preoperatively, 
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Table 2 Selection criteria of LT for patients with HCC

Authors Criteria or institute Year Variables

Criteria based on morphology of HCC

Mazzaferro (6) Milan 1996 (I) Number ≤3, size ≤3 cm; (II) single tumor, size ≤5 cm

Yao (20) UCSF 2001 (I) Single tumor, size ≤6.5 cm; (II) number ≤3, size <4.5 cm, total tumor 
diameter ≤8 cm

Mazzaferro (32) Up to seven 2009 Largest tumor size + number <7

Li (34) Chengdu 2009 Total tumor diameter ≤9 cm

Criteria incorporating serum tumor marker

Takada (41) Kyoto 2007 Number ≤10, size ≤5 cm, DCP ≤400 mAU/mL

Soejima (43) Kyusyu 2007 Size ≤5 cm, DCP ≤300 mAU/mL

Zheng (33) Hangzhou 2008 (I) Total tumor diameter ≤8 cm; (II) total tumor diameter >8 cm, well or 
moderate differentiated, AFP <400 ng/mL

Toso (47) Alberta 2009 Total tumor volume ≤115 cm3, AFP ≤400 ng/mL

Duvoux (48) Liver Transplantation 
French Study Group

2012 (I) Number ≤3, size ≤6 cm, AFP ≤100 ng/mL; (II) number ≥4, size ≤3 cm, AFP 
≤100 ng/mL

Shindoh (49) Tokyo 2014 (I) Number ≤5, size ≤5 cm, and AFP ≤250 ng/mL or DCP ≤450 mAU/mL; (II) 
AFP ≤250 ng/mL and DCP ≤450 mAU/mL

LT, liver transplantation; HCC, hepatocellular carcinoma; DCP, des-gamma-carboxyprothrombin; AFP, alpha-fetoprotein.

which will lead to lower recurrence and better recurrence-
free survival after LDLT (55). 

Conclusions

LDLT can lead to a decrease in mortality while on the liver 
transplant waiting list, and provide better quality grafts due to 
minimal fatty changes and less cold ischemic time compared 
to DDLT. Although the higher recurrence rates in LDLT 
reported by several authors cannot be ignored, low recurrence 
rates can be achieved with LDLT as long as biologically 
aggressive HCCs are eliminated. Therefore, with more 
reliable selection criteria incorporating biological markers to 
eliminate biologically aggressive HCCs, LDLT can be a viable 
treatment option for patients with HCC, providing similar 
recurrence rates as those achieved with DDLT.
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