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Abstract
Transarterial chemoembolization is the standard treatment for patients with intermediate-
stage hepatocellular carcinoma (HCC) according to the Barcelona Clinic Liver Cancer staging 
system. However, in Japan, not a few patients with intermediate-stage HCC undergo liver 
transplantation (LT). The present study investigated characteristics and outcomes of LT for 
intermediate-stage HCC. Between February 1999 and November 2016, a total of 226 patients 
underwent LT for HCC at our institute. Among these, 56 patients showed intermediate-stage 
HCC (24.8%). We examined overall survival and recurrence rate after LT according to our ex-
tended criteria (maximum size ≤5 cm, number ≤10, des-gamma-carboxy prothrombin ≤400 
mAU/mL) and pretreatment. One-, 3-, and 5-year overall survival and recurrence rates of LT 
for intermediate-stage HCC were 88/64/58% and 22/34/44%, respectively. One-, 3-, and 
5-year overall survival and recurrence rates in patients within (n = 35) the criteria (94/80/80% 
and 9/15/22%, respectively) were significantly better than those in patients beyond (n = 21) 
the criteria (81/43/29%, p = 0.002 and 39/41/66%, p = 0.001, respectively). Forty-nine cases 
(88%) had a history of pretreatment. In patients within our extended criteria, overall survival 
and recurrence rates did not differ significantly between patients with (n = 31) and without  
(n = 4) pretreatment. In conclusion, outcomes after LT for intermediate-stage HCC are more 
favorable if patients meet our extended criteria. © 2018 S. Karger AG, Basel
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Introduction

Hepatocellular carcinoma (HCC) is the most common type of primary liver cancer in adults 
with increasing incidence and mortality rates [1, 2]. Although most cases occur in Asia and 
Africa, the incidence has also been rising in developed countries. Regarding mortality, HCC is 
the second leading cause of cancer-related death in the world [2]. In the last two decades, 
multidisciplinary treatments for HCC have improved, including hepatic resection (HR), radio-
frequency ablation (RFA), transarterial chemoembolization (TACE), and liver transplantation 
(LT). Selection of a particular therapy depends on the tumor features, degree of underlying 
liver function, and availability of the treatment modality and local clinical expertise [3–5].

The Barcelona Clinic Liver Cancer (BCLC) classification, the most widely applied staging 
system, divides HCC patients into 5 stages based on tumor stage, cirrhosis stage, and perfor-
mance status, and proposes a treatment algorithm that is associated with a different prog-
nosis [6]. Intermediate-stage HCC, defined as BCLC stage B, has the following host variables: 
multinodular HCC without vascular invasion or distant metastasis, Child-Pugh class A or B, 
and a performance status of 0. In the BCLC guidelines, TACE is commonly recommended for 
the treatment of intermediate-stage HCC. However, intermediate-stage HCC includes a wide 
variety of HCCs and patients with intermediate-stage HCC undergo various kinds of treatment, 
including local therapy, TACE, and LT in the clinical setting.

LT now plays an important role in the treatment of patients with HCC worldwide. The 
Japanese treatment algorithm for HCC recommends LT for patients with Child-Pugh class C 
liver function who are within the Milan criteria (MC) [7]. However, expanded transplantation 
criteria for HCC beyond the MC, especially in living-donor LT (LDLT), have been applied by 
many transplant centers [8–13]. Clinically, patients with Child-Pugh class A or B liver function 
who cannot undergo HR, RFA, or TACE because of liver dysfunction or tumor location some-
times receive LDLT. However, little is known about the characteristics and outcomes of LDLT 
for intermediate-stage HCC.

This retrospective study analyzed the impact of LDLT for intermediate-stage HCC on 
long-term survival and recurrence, with a particular focus on our expanded criteria and 
pretreatment.

Patients and Methods

A total of 226 patients underwent adult LDLT for HCC at Kyoto University Hospital between February 
1999 and November 2016. Among these, 56 patients with intermediate-stage HCC were enrolled in this 
retrospective study. The database was designed for patients with intermediate-stage HCC. This study was 
approved by the ethics committee at Kyoto University and conducted in accordance with the Declaration of 
Helsinki of 2000.

Standard selection criteria for LT recipients and the surgical techniques for both donor and recipient 
operations have been described in detail [14–16]. We preoperatively estimated graft and remnant liver 
volumes in donors using 3-dimensional reconstructed images of the hepatic vascular anatomy produced 
using a software package based on reconstructed, multi-detector row computed tomography of the liver. Our 
selection criteria for LDLT for HCC until December 2006 included HCCs without any restriction of size or 
tumor number and without gross vascular involvement or distant metastasis at the time of preoperative 
imaging. Since January 2007, we have applied the Kyoto criteria (KC) on the basis of risk factor analysis [13]. 
The KC consist of three independent significant risk factors for recurrence: tumor number ≤10, maximal 
diameter of each tumor ≤5 cm, and serum des-gamma-carboxy prothrombin concentration ≤400 mAU/mL. 

Until January 2011, we applied the standard immunosuppression protocol consisting of tacrolimus and 
low-dose steroid [17, 18]. After February 2011, we used a steroid-free protocol with mycophenolate mofetil, 
as described elsewhere, with the exception of patients with ABO-incompatible transplants or with steroid 
administration before LT [19]. No patients were switched to mammalian target of rapamycin inhibitor. 
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Age, sex, tumor size, number, α-fetoprotein, des-gamma-carboxy prothrombin, pathological classifi-
cation, etiology, and model for end-stage liver disease score for each patient were analyzed. Overall survival 
and recurrence rates after LT for all cases, within and beyond the KC, and with or without treatment including 
TACE, RFA, and HR before LT, were also analyzed. 

Statistical Analysis
Consecutive variables are expressed as medians and ranges. Patient characteristics between groups 

were compared using the χ2 test for multinomial categorical variables and the paired t test for consecutive 
variables. Cumulative overall survival and recurrence rates were calculated using the Kaplan-Meier method, 
and differences between curves were evaluated using the log-rank test. We considered values of p < 0.05 as 
significant. All data were statistically analyzed using JMP pro version 12 software (SAS Institute, Cary, NC, 
USA).

Age, years 55 (22–69)
Sex (male/female) 43/13
Etiology

Viral hepatitis C 28
Viral hepatitis B 18
Viral hepatitis C/B 2
Others 8

AFP, ng/mL 100 (2–212,220)
DCP, mAU/mL 100 (2–20,600)
Child-Pugh (A/B/C) 24/32/0
MELD 11 (4–22)
Maximum tumor size, cm 3.4 (1–26)
Tumors, n 6 (2–186)
Classification (well/mod./poor) 4/39/13
Microvascular invasion 31 (55%)
Milan criteria met 0 (0%)
Kyoto criteria met 35 (63%)

AFP, α-fetoprotein; DCP, des-gamma-carboxy prothrombin; MELD, 
model for end-stage liver disease.

Table 1. Clinicopathological 
characteristics of patients  
(n = 56)

Table 2. Clinicopathological characteristics of patients according to the KC

Characteristics Within KC (n = 35) Beyond KC (n = 21) p value

Age, years 57 (22–69) 55 (23–62) 0.38
Sex (male/female) 29/6 14/7 0.16
Etiology 0.96

Viral hepatitis C 17 11
Viral hepatitis B 12 6
Viral hepatitis C/B 1 1
Others 5 3

AFP, ng/mL 51 (2–3,564) 237 (3–212,220) 0.28
DCP, mAU/mL 54 (2–400) 443 (12–20,600) 0.01
Child-Pugh (A/B/C) 15/20/0 9/12/0 1.00
MELD 11 (6–22) 10 (4–17) 0.40
Maximum tumor size, cm 3.4 (1–5) 3.6 (1–26) 0.14
Tumors, n 5 (2–10) 12 (2–186) 0.03
Classification (well/mod./poor) 1/26/8 3/13/5 0.26
Microvascular invasion 16 (46%) 15 (71%) 0.06

AFP, α-fetoprotein; DCP, des-gamma-carboxy prothrombin; MELD, model for end-stage liver disease.
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Results

Clinicopathological characteristics of patients with intermediate-stage HCC are shown 
in Table 1. Median age was 55 years (range, 22–69). Forty-three patients were male (77%). 
No patients were categorized as Child-Pugh class C, and the proportion of those with Child-
Pugh classes A and B was 43 and 57%, respectively. No patients were within the MC. Thirty-
five recipients were beyond the MC and within the KC, and 21 patients were beyond the KC. 
Table 2 shows the clinicopathological characteristics of patients according to the KC.

One-, 3-, and 5-year overall survival rates were 88, 64, and 58%, respectively (Fig. 1a). 
One-, 3-, and 5-year recurrence rates were 22, 34, and 44%, respectively (Fig. 1b). 

Next, we analyzed outcomes in terms of the KC. The 1-, 3-, and 5-year overall survival 
rates in patients within our criteria (n = 35) (94/80/80%) were significantly higher than 
those for patients beyond the KC (n = 21) (81/43/29%; p = 0.002) (Fig. 2a). On the other hand, 
1-, 3-, and 5-year recurrence rates in patients within the KC (9/15/22%) were significantly 
lower than those for patients beyond the KC (39/41/66%; p = 0.001) (Fig. 2b). 

Forty-nine cases (88%) had a history of pretreatment (Fig. 3). Forty-three cases had 
TACE, 30 cases had RFA, 12 cases HR, and 5 cases all treatments. Table 3 shows the clinico-
pathological characteristics of patients with or without pretreatment. All Child-Pugh class A 
patients had a history of pretreatment. Furthermore, Child-Pugh class A patients with 
pretreatment were significantly more frequent than those without pretreatment. Overall 
survival rates tended to be lower in patients with pretreatment (n = 49) than in those without 
pretreatment (n = 7), although these differences were not significant (p = 0.087; Fig. 4a). 
Recurrence rates did not differ significantly between the 2 groups (p = 0.175; Fig. 4b). 

Next, in patients within the KC, the 1-, 3-, and 5-year overall survival rates in groups with 
(n = 31) or without (n = 4) pretreatment were 93, 77, and 77% versus 100, 100, and 100%, 
respectively, and survival rates did not differ significantly between patients with or without 
pretreatment (p = 0.198; Fig. 5a). Similarly, 1-, 3-, and 5-year recurrence rates in groups with 
or without pretreatment were 10, 17, and 21% versus 0, 0, and 0%, respectively. Recurrence 
rates did not differ significantly between the 2 groups (p = 0.288; Fig. 5b). 
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Fig. 1. Overall survival (a) and recurrence (b) rates of LT for intermediate-stage HCC. HCC, hepatocellular 
carcinoma; LT, liver transplantation. 
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Table 4 shows the clinicopathological characteristics of patients with pretreatment 
according to the KC. In patients with pretreatment, the 1-, 3-, and 5-year overall survival rates 
in groups within (n = 31) or beyond (n = 18) the KC were 93, 77, and 77% versus 81, 43, and 
29%, respectively, and there were significant differences between patients within and beyond 
the KC (p = 0.002; Fig. 6a). Similarly, 1-, 3-, and 5-year recurrence rates in groups within or 
beyond the KC were 10, 17, and 21% versus 38, 61, and 66%, respectively. Recurrence rates 
also differed significantly between the 2 groups (p = 0.001; Fig. 6b).
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Fig. 2. Overall survival (a) and recurrence (b) rates of LT for intermediate-stage HCC within and beyond the 
KC. HCC, hepatocellular carcinoma; KC, Kyoto criteria; LT, liver transplantation.
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Discussion

In this retrospective study, we first clarified long-term outcomes after LDLT for interme-
diate-stage HCC. Five-year overall survival and recurrence rate for all cases overall were not 
satisfactory (58 and 44%, respectively). However, among patients within our extended 
criteria, the 5-year overall survival (80%) and recurrence rate (22%) after LT were signifi-

Table 3. Clinicopathological characteristics of patients with or without pretreatment

Characteristics With pretreatment 
(n = 49)

Without pretreatment 
(n = 7)

p value

Age, years 55 (22–69) 55 (30–64) 0.98
Sex (male/female) 37/12 6/1 0.55
Etiology 0.88

Viral hepatitis C 25 3
Viral hepatitis B 15 3
Viral hepatitis C/B 2 0
Others 7 1

AFP, ng/mL 93.9 (2–212,220) 107 (23.8–2,093) 0.68
DCP, mAU/mL 100 (2–20,600) 107 (12–9,470) 0.56
Child-Pugh (A/B/C) 24/25/0 0/7/0 0.01
MELD 10 (4–22) 13 (10–16) 0.28
Maximum tumor size, cm 3.3 (1–26) 4.8 (3–7) 0.62
Tumors, n 6 (2–186) 3 (2–4) 0.29
Classification (well/mod./poor) 3/32/14 1/6/0 0.23
Microvascular invasion 28 (57%) 3 (43%) 0.11
Milan criteria met 0 (0%) 0 (0%) –
Kyoto criteria met 31 (63%) 4 (57%) 0.76

AFP, α-fetoprotein; DCP, des-gamma-carboxy prothrombin; MELD, model for end-stage liver disease.
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Fig. 4. Overall survival (a) and recurrence (b) rates of LT for intermediate-stage HCC with or without pre-
treatment. HCC, hepatocellular carcinoma; LT, liver transplantation.



185Liver Cancer 2018;7:179–189

Kamo et al.: LT for Intermediate-Stage HCC

www.karger.com/lic
© 2018 S. Karger AG, BaselDOI: 10.1159/000487058

cantly better than those for patients beyond the criteria (29 and 66%, respectively), in line 
with our previous report showing favorable long-term outcomes in patients within the KC 
[20]. These findings show that the KC are useful even in the subgroup of patients with inter-
mediate-stage HCC.

In the present study, most cases had a history of pretreatments including TACE, RFA, 
resection, or some combination thereof. In the BCLC guidelines, TACE is commonly recom-
mended for the treatment of intermediate-stage HCC. In contrast, due to technical advances 
in RFA and surgery in Japan, not a few patients undergo RFA or surgery as the first treatment 
for patients with intermediate-stage HCC [21, 22]. Japanese clinical practice guidelines for 
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Fig. 5. Overall survival (a) and recurrence (b) rates of LT for intermediate-stage HCC within KC with or with-
out pretreatment. HCC, hepatocellular carcinoma; KC, Kyoto criteria; LT, liver transplantation.

Table 4. Clinicopathological characteristics of patients with pretreatment according to the KC

Characteristics Within KC (n = 31) Beyond KC (n = 18) p value

Age, years 57 (22–69) 55 (23–62) 0.65
Sex (male/female) 25/6 12/6 0.27
Etiology 0.91

Viral hepatitis C 15 10
Viral hepatitis B 10 5
Viral hepatitis C/B 1 1
Others 5 2

AFP, ng/mL 51 (2–3,564) 249 (3–212,220) 0.28
DCP, mAU/mL 56 (2–400) 374 (12–20,600) 0.04
Child-Pugh (A/B/C) 15/16/0 9/9/0 0.91
MELD 11 (6–22) 10 (4–17) 0.37
Maximum tumor size, cm 3.3 (1–5) 3 (1–26) 0.23
Tumors, n 5 (2–10) 16 (3–186) 0.03
Classification (well/mod./poor) 0/23/8 3/9/6 0.03
Microvascular invasion 15 (48%) 13 (72%) 0.10

AFP, α-fetoprotein; DCP, des-gamma-carboxy prothrombin; MELD, model for end-stage liver disease.
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HCC recommend various treatments including HR, RFA, and TACE for patients with Child-
Pugh classes A and B [7]. In the present study, therefore, Child-Pugh class A patients with 
pretreatment were significantly more frequent than those without pretreatment. If uncon-
trolled with these treatments, patients with HCC are referred to transplant centers, including 
our own, for LT as a second- or third-line treatment. 

In the present study, patients with pretreatment had worse overall survival and recur-
rence-free survival rates compared with those without pretreatment, although there were no 
statistical differences. For this reason, the incidence of poorly differentiated HCC and micro-
vascular invasion was higher in patients with pretreatment than in patients without 
pretreatment, although there were no statistical differences (Table 3). Therefore, tumor 
biology in patients with pretreatment could be more aggressive than that in patients without 
pretreatment. As the number of patients in this study was small, further investigations are 
needed to confirm the reason. 

We reported that pretreatment of HCC was an independent risk factor for HCC recur-
rence after LT in all patients who underwent LT for HCC [20]. In the present study, however, 
overall survival and recurrence rates in patients with intermediate-stage HCC, especially in 
patients within the KC, did not differ significantly between patients with and without 
pretreatment, again demonstrating the usefulness of the KC as expanded selection criteria. 
Patients with pretreatment within the KC also showed favorable outcomes compared with 
patients with pretreatment beyond the KC.

Some investigators have recently proposed the subclassifications of patients with inter-
mediate-stage HCC, because intermediate-stage HCC includes various conditions of HCC and 
predicting survival rates is difficult [23–25]. Bolondi et al. [23] proposed a new subclassifi-
cation using the MC and up-to-7 criteria. This method classified 4 substages of intermediate 
stage, B1–B4, showing recommended and alternative treatments for each substage. LT was 
recommended as an alternative treatment option for patients with a Child-Pugh score of 5–7 
in substage B1 and a Child-Pugh score of 8–9 in substage B4. Yamakado et al. [24] divided 
patients undergoing chemoembolization based on the Child-Pugh score into 3 subgroups 
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(B1–B3). They proposed LT for patients with a Child-Pugh score of 9 in substage B3. They 
showed that 2-year survival rates were 77.2% in 139 patients with 4 tumors measuring ≤7 
cm with a Child-Pugh class A (B1) (p < 0.0001 vs. B2), 59.5% in the 178 patients other than 
B1 and B3 (p = 0.0014 vs. B3), and 16.7% in the 12 patients with a Child-Pugh score of 9 
(B3). Furthermore, Kudo et al. [25] modified the subclassification proposed by Bolondi et 
al. by applying the Child-Pugh score for liver function and the MC and up-to-7 for tumor 
conditions. They recommended curative treatment such as resection, ablation, and super-
selective conventional TACE for stage B1 (beyond the MC and within up-to-7 with Child-
Pugh scores of 5–7), noncurative, palliative treatment such as drug-eluting beads TACE, 
hepatic arterial infusion chemotherapy, and sorafenib for stage B2 (beyond up-to-7 with 
Child-Pugh scores of 5–7), curative intent if tumors were within up-to-7 with Child-Pugh 
scores of 8–9 including LT, ablation, and superselective conventional TACE in stage B3-a, 
and only palliative treatment in stage B3-b (beyond up-to-7 with Child-Pugh scores of 8–9). 
The present study revealed that outcomes after LT are preferable for patients with interme-
diate-stage HCC if they meet the KC, regardless of pretreatments. This finding resembles the 
proposal from Kudo et al. regarding stage B3, although the KC are wider criteria than the 
up-to-7 criteria. 

We previously reported outcomes of LT for small HCC [26]. If we recognize small HCC as 
early-stage HCC, 1-, 3-, and 5-year overall survival and recurrence rates within KC were 
89/85/83% and 2/3/4%, respectively. On the other hand, 1-, 3-, and 5-year overall survival 
and recurrence rates for patients with intermediate-stage HCC within KC were 94/80/80% 
and 9/15/22%, respectively. Although recurrence rates of patients with intermediate-stage 
HCC were higher than those of patients with early-stage HCC, overall survival rates of inter-
mediate-stage HCC were almost similar to those of early-stage HCC. Taking the finding that 
intermediate-stage HCC is a more advanced cancer than early-stage HCC into consideration, 
outcomes after LT for intermediate-stage HCC would be favorable.

In the present cohort study, 8 out of 35 patients within the KC had recurrences. Three 
patients had intrahepatic and 5 patients had extrahepatic recurrences. On the other hand, 12 
out of 21 patients beyond the KC had recurrences, which consisted of 3 intrahepatic and 9 
extrahepatic recurrences. Patients beyond the KC seemed to be easier to have extrahepatic 
recurrence compared with patients within the KC, although there was no statistical difference. 
All intrahepatic recurrences were considered to be metastatic. Compared with intrahepatic 
recurrence, extrahepatic recurrence might be hard to control, and immune checkpoint inhib-
itors could be applicable for such cases. However, LDLT and subsequent immune suppressive 
control could restrict the application of immune checkpoint inhibitors for extrahepatic or 
uncontrolled recurrence, although the effect of calcineurin inhibitor on immune checkpoint 
inhibitors is unclear. Therefore, we think it is important to use criteria with a low recurrence 
rate such as the KC.

Some limitations must be considered for this study. First, this study investigated a small 
cohort, especially for patients within the KC. A larger cohort study is required for validation 
of our results. Second, considering that data were collected retrospectively, the analysis could 
have limited identification of numerous confounding factors and led to some degree of 
selection bias. Third, this was a single-center study. Even if our institution were the largest 
LT center in Japan, a nationwide study would be desirable to confirm the present findings.

Conclusion 

Outcomes after LT for intermediate-stage HCC are more favorable if patients meet our 
extended criteria. 
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