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Background: Living donor liver transplantation (LDLT) is an established treatment not only for those
with end-stage liver disease but for those with hepatocellular carcinoma (HCC) developing in cirrhotic
liver. The aim of this study was to present a single-center experience of LDLT for HCC at the University of
Tokyo Hospital, Japan.

Methods: Among 573 liver transplant recipients from January 1996 until the end of 2015, 139 patients
have been indicated LDLT for the treatment of HCC, and were the subjects of the present study. We use
the expanded criteria for HCC as follows; the number of tumor should be five or less, and the maximum
diameter of the tumor should be 5 cm or less, without the distant metastasis nor the vascular invasion (Tokyo
criteria, 5-5 rule). We also focused on the identification of the incidental intrahepatic cholangiocarcinoma
(ICC) and combined hepatocellular carcinoma/cholangiocarcinoma (cHCC-CC) in liver explants.

Results: The overall 1-, 5-; and 10-year recurrence-free and patient survival rates were 95%, 91%, and
91%, 91%, and 80%, 78%, respectively. The 1-, 3-, and 5-year cumulative recurrence rate was 5%, 6%, and
6% for within Milan, 0%, 8%, and 8% for beyond Milan/within Tokyo, and 33%, 50%, and 50% for beyond
Tokyo, respectively, demonstrating the significantly impaired outcome of those beyond Tokyo criteria
(P<0.001). The high alpha-fetoprotein (AFP) value (400 ng/mL), the high des-gamma-carboxy prothrombin
(DCP) value (200 mAU/mL) and beyond the Tokyo criteria were proved to be significant predictors for the
HCC recurrence, but the size or the type of the partial graft was not associated. Incidental ICC and cHCC-
CC were found in one and two patients, respectively, with the size of less than 2 ¢m in all cases. ICC was not
detected in preoperative evaluation but cHCC-CCs were misdiagnosed as HCC preoperatively. All three
patients were alive without recurrence with a follow-up period of 2 to 14 years.

Conclusions: The present results of our institution seem acceptable in terms of the recurrence-free and
patient survival. The issues of the expansion of indication, living donor vs. deceased donor for HCC, and

liver transplantation (LT) for cholangiocarcinoma are still left to be investigated in future studies.
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Introduction

Since the landmark study by Mazzaferro et al. (1) liver
transplantation (LT) has become widely-accepted as
an established treatment for patients with early stage
hepatocellular carcinoma (HCC), defined as a single tumor
smaller than 5 cm in diameter or up to three tumors smaller
than 3 c¢m in diameter with no vascular invasion or extra-
hepatic disease, Milan criteria. Milan criteria are also
standard indication criteria for LT for HCC patients in
Asian countries (2,3). However, in Asia where living donor
liver transplantation (LDLT) is mainstay for LT, majority
of centers use an expanded criteria without impairing the
recipient outcomes (4,5). Unlike deceased donor liver
transplantation (DDLT), LDLT is not limited by the
restrictions imposed by the nationwide allocation system,
and the indication for LDLT in patients with HCC often
depends on institutional or case-by-case considerations,
balancing the burden on the donor, the operative risk, and
the overall survival benefit for the recipient (6). The main
purpose of the present study is to present the results of
LDLT for HCC patients with our extended criteria (Tokyo
criteria, 5-5 rule) at the University of Tokyo Hospital.

During the review of our series, we also focused on
additional two issues: (I) the association between the
small-sized partial graft and HCC recurrence; and (II) the
incidental intrahepatic cholangiocarcinoma (ICC) and
combined hepatocellular carcinoma/cholangiocarcinoma
(cHCC-CC) in liver explants. The former may include the
possible supportive information to the recent controversy
regarding LDLT versus DDLT for HCC patients in terms
of the recurrence rate (7-9). The latter has become a topic
in LT recently (10,11), and the accumulation of institutional
reports will be of help in future studies in view of the rarity
of this situation.

Methods

From January 1996 until the end of 2015, total of
573 patients, including 550 LDLT and 23 DDLT,
underwent LT at the University of Tokyo. Among them,
139 patients have been indicated LDLT for the treatment
of HCC, and were the subjects of the present study.
All HCC recipients were donated from living donors.
Preoperative diagnosis of HCC was based on dynamic
multi-detector computed tomography (MDCT) performed
within 1 month before LT in all cases. Lesions presenting
with typical radiological characteristics of classical HCC,
that is, lesions with enhancement in arterial phase and
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low density during portal phase, were diagnosed and
counted as HCC. Essentially, we used the Milan criteria as
a standard indication of LT for HCC, however, we allow
the expanded criteria in LDLT setting, the detail of which
is as follows; the number of tumor should be five or less,
and the maximum diameter of the tumor should be 5 cm or
less, without the distant metastasis nor the vascular invasion
(Tokyo criteria, 5-5 rule). We do not use biomarkers,
such as alpha-fetoprotein (AFP) and des-gamma-carboxy
prothrombin (DCP) in patient selection. As for the donor
selection, an estimated graft volume to the recipient
standard liver volume (SLV) ratio must be over 40% for
LT at our institution, and the left liver was the first choice
for the graft if it satisfied the lower limit. Otherwise, right
liver procurement was indicated if the estimated right liver
graft volume was less than 70% of the donor’s total liver
volume, and a right lateral sector graft was used in selected
cases. Details of the donor evaluation and graft selection are
described elsewhere (12). The basic immunosuppression
regimen comprised tacrolimus and steroid for all recipients,
and the doses of each drug were gradually tapered
over 6 months after LDLT. Our detailed postoperative
recipient management including immunosuppression
protocol is described elsewhere (13). We do not modify
the immunosuppression for HCC recipients, and do not
use m-TOR inhibitors nor adjuvant chemotherapies. All
the patients were followed up at our department after LT
according to the following protocol: monthly measurement
of AFP and DCP, abdominal ultrasound performed
every 3 months, and contrast-enhanced dynamic MDCT
every 6 months. Recurrence was defined as emergence
of radiological findings in MDCT compatible with
typical HCC.

Statistical analysis

Categorical variables were expressed as number (%) and
continuous variables were expressed as median with range.
Categorical and continuous data were compared between
groups using the chi-square, Fisher’s exact and Student’s
t-test, or Mann-Whitney U test, as appropriate. Patient
overall survival and recurrence-free survival was calculated
using Kaplan-Meier with Log rank test. Univariate and
multivariate logistic regression model was used to identify
the predictors of HCC recurrence. Statistical calculations
were performed with SPSS statistical software (version 22.0
for Windows, Chicago, IL, USA). P values less than 0.05
was considered to indicate statistical significance.
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Table 1 Characteristics of recipients with hepatocellular carcinoma
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Table 1 (continued)

Recipients with
hepatocellular
carcinoma (n=139)

Characteristic

Recipients with
hepatocellular
carcinoma (n=139)

Characteristic

Pretransplant factors

Gender (male/female) 107/32
Model for end-stage liver disease score 13 [2-34]
[range]
Child-Pugh score [range] 9 [5-14]
Child-Pugh classification [%)]
Child A 10 [7]
Child B 65 [47]
Child C 64 [46]
Diseases [%]
HBV 40 [29]
HCV 84 [60]
HBV, HCV co-infection 2]
Alcohol 5[4]
Other 8 [6]

Biological marker [range]
Alpha-fetoprotein (ng/mL) 241 [1-11,999]

Des-gamma-carboxy prothrombin 290 [60-13,248]

(mAU/mL)

Carcinoembryonic antigen (ng/mL) 6[1.2-17.0]
Pretransplant treatments [%]

Transcatheter arterial 64 [46]

chemoembolization

Radiofrequency ablation 27 [16]

Percutaneous ethanol injection 21 [15]

therapy

Liver resection 13 [10]

Chemoembolization 2 [2]

Proton therapy 1[1]
Tumor number (pretransplant) [range] 1.9 [0-14]
Tumor size (pretransplant) [range] (cm) 2.2 [0-8]
Within Milan criteria (pretransplant) [%] 117 [84]
Within Tokyo criteria (pretransplant) [%] 117 [84]
Tumor number (explants) [range] 3[0-19]
Tumor size (cm) (explants) [range] 2.0[0.5-11.0]

Table 1 (continued)
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Differentiation [%]

Well differentiated 67 [48]
Moderately differentiated 55 [40]
Poorly differentiated 17 [12]

Intraoperative factors [range]

Operation time (min) 897 [604-1,890]
Total blood loss (mL) 7,403 [568-53,853]
Graft volume (g) 571 [361-880]

Graft volume ratio to standard liver
volume (%)

47 [31-68]

HBV, hepatitis B virus; HCV, hepatitis C virus.

Results
Patient characteristics

Recipient demographics were summarized in Table 1.
There were 107 males and 32 females, with a mean age of
55 (range, 37-67) years. Hepatitis C virus (HCV) positive
cases comprised of 60% of the cohort. Model for end-stage
liver disease (MELD) score was mean 13 (range, 2-34).
Fifty-nine percent (82/139) had undergone loco-regional
treatments for HCC before LT, including 13 cases with
surgical resections, 27 with radiofrequency ablation, 21
with percutaneous ethanol injection therapy, and 64 with
transarterial chemoembolization. There were no cases of
intentional downstaging or bridging therapy in this cohort.
The number and the size of the tumor were 2 (range, 0-14)
and 2.0 (range, 0.5-8.0) cm in the preoperative radiologic
evaluation, while those were 3 (range, 1-19) and 2.0 (range,
0.5-11.0) cm in the pathologic examination of the explants.
In histologic examination of explants, vascular invasion
was confirmed in 16/138 (11.6%) cases, and 67 (48%), 55
(40%), and 7 (5%) patients were with well-, moderately-,
and poorly-differentiated HCC, respectively. Regarding the
tumor burden, 119 cases were within Milan criteria, 14 cases
were beyond Milan/within Tokyo criteria, and 6 cases
were beyond Tokyo criteria in pretransplant radiologic
evaluation, meaning 133/139 (95%) patients met the Tokyo
criteria, but in the explants, 94 (68%) patients and 119 (86%)
patients met Milan and Tokyo criteria, respectively.
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Figure 1 Kaplan-Meier curves for recipients with hepatocellular carcinoma. (A) Patient recurrence-free survival rates stratified by three

groups, within Milan, beyond Milan and within Tokyo, and beyond Tokyo criteria; (B) patient overall survival rates stratified by three

groups, within Milan, beyond Milan and within Tokyo, and beyond Tokyo criteria.

Recurrence-free and patient survival

The follow-up period was 148 (range, 0.8-1,366) months.
The 1-, 5-, and 10-year recurrence-free and patient survival
of all the cohort was 95%, 91%, and 91%, and 91%, 80%,
and 78%, respectively in long-term. When the patients
were divided into three groups, within Milan (n=119),
beyond Milan and within Tokyo (n=14), and beyond Tokyo
(n=6), both recurrence-free and patient survival of those
beyond Tokyo were significantly impaired (P<0.001), while
those of within Milan and beyond Milan/within Tokyo were
comparable, as shown in Figure 1. Overall 11 (8%) patients
experienced HCC recurrence. The 1-, 3-, and 5-year
cumulative recurrence rate was 5%, 6%, and 6% for within
Milan, 0%, 8%, and 8% for beyond Milan/within Tokyo,
and 33%, 50%, and 50% for beyond Tokyo, respectively.
There were totally 33 mortality cases in this cohort, and
the death due to HCC recurrence were observed in nine
patients.

Factors associated with HCC recurrence

Risk factors associated with HCC recurrence were
evaluated with univariate and multivariate analysis, which
revealed that the high AFP value (400 ng/mL), the high
DCP value (>200 mAU/mL) and beyond the Tokyo criteria
were significant predictors (Table 2). Focusing on the graft
type and size, there was no relation between these graft
characteristics and HCC recurrence. The 1-, 3-, and 5-year
recurrence rates stratified by the graft size (the cutoff value:
40% to SLV of recipient) were comparable between the
large graft (5%, 9%, and 9%) and the small graft (7%, 7%,
and 7%), as shown in Figure 2 (P=0.83).
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ICC and cHCC-CC

During this study period, we identified 3 patients (2%) with
histological variant of primary liver cancer (one ICC and
two cHCC-CC patients), all which had been incidentally
confirmed in histologic investigation of explanted livers.
Clinicopathological features of these cases were summarized
in Table 3. There were one ICC in one patient and two
cHCC-CCs in two patients. Two cHCC-CC nodules were
misdiagnosed as HCC preoperatively, while an ICC nodule
was not detected in preoperative evaluation but was found
incidentally in pathology. All tumors were less than 2 cm
in diameter, and were well to moderate in differentiation.
In terms of tumor burden, all three were within Milan
preoperatively, however, one patient exceeded even Tokyo
criteria in histologic evaluation of the explant (seven
nodules in total). Preoperative tumor markers including
AFP, carcinoembryonic antigen (CEA), and carbohydrate
antigen 19-9 (CA 19-9) levels were elevated in two patients
in each measurement, however, no supportive information
for the preoperative diagnosis could be found due to the
small number of cases and the slight increment of each
marker. All patients were alive without recurrence with a
follow-up period of 2 to 14 years.

Discussion

In this study, we reviewed our single-institution experience
of LDLT for 139 HCC patients, the result of which seems
acceptable in terms of the recurrence-free and patient
survival.

The Japanese Ministry of Health, Labor, and Welfare
considers L'T" indicated for patients with HCC within the

HepatoBiliary Surg Nutr 2016;5(5):399-407
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Table 2 Risk factors associated with hepatocellular carcinoma recurrence
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Univariate analysis

Multivariate analysis

Variables
P value HR (95% Cl) P value
Pretransplant factor
Pre-treatment therapies 0.4200
Tumor number =2 0.0900
Tumor size >2.0 cm 0.0400
Within Milan criteria 0.0400
Within Tokyo criteria 0.0001 0.08 (0.01-0.66) 0.0141
Alpha-fetoprotein =400 ng/mL <0.0001 11.00 (2.09-58.41) 0.0047
Des-gamma-carboxy prothrombin =200 mAU/mL 0.0010 6.20 (1.31-29.45) 0.0217
Graft type; right/left 0.6100
Graft volume to standard liver volume >40% 0.8300
Posttransplant factor
Tumor number >2 0.0700
Tumor size =2.0 cm 0.3400
Within Milan criteria 0.5700
Within Tokyo criteria 0.9300
Microvascular invasion 0.0040

Cl, confidence interval; HR, hazard ratio.

0.4
_}1_.?
© 0.2 1
[0}
e Large graft (n=110)
2 —
§ Small graft (n=29)
o 0.0

0 1 2 3 4 5 6
Years after liver transplantation
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Figure 2 Patient recurrence rate curve stratified by graft size (the

cutoff value: 40% to standard liver volume of recipient).

Milan criteria, stating that (I) the decision of whether
the patient satisfies the Milan criteria should be based on
dynamic CT or MRI taken within 1 month before LT;
(II) a pre-LT diagnosis of HCC means that the tumor
demonstrates the classical pattern, low-high-low density,
in dynamic contrast-enhanced CT; (III) and in cases that
undergo loco-regional treatment prior to LT, at least a
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3-month interval between the last treatment and LT is
mandatory, and the indication should be based on images
obtained within 1 month before LT (tumors judged
as totally necrotic need not be counted). All Japanese
institutions as well as our center, however, allow patients
with tumor status that is beyond the Milan criteria
to undergo LT according to the institution’s criteria
as an uninsured treatment, provided that there is no
contraindication such as macroscopic vascular invasion or
extrahepatic metastases. Nevertheless, the latest report from
Japanese (14) liver transplant registry reported that 1-, 3-,
5-, and 10-year survival after LDLT was 84%, 75%, 69%,
and 61%, respectively, among 1,431 HCC recipients, which
was comparable to those reported by the registry study in
Europe (15) and USA (16).

HCC recurrence after LT remains a clinical issue
regardless of the meticulous patient selection criteria (15).
Based on the literature (17,18), HCC recurrence after LT
uniformly occurs with an incidence of 10% to 20%. Well-
recognized predictors of recurrence include tumor size and

HepatoBiliary Surg Nutr 2016;5(5):399-407
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Table 3 Outcomes in incidental ICC or cHCC-CC after liver transplantation for hepatocellular carcinoma
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Post-transplant
Outcomes

Pre-transplant
number; maximum number; maximum

CA19-9

(U/mL)

size of HCC

size of HCC

CEA
(ng/mL)

AFP
(ng/mL)

Pathological

Size

findings

Age yean: e p Type

Case

sex

26 months alive

6 (necrosis);
1.8cm

80 1;0.6 cm

11.2

1.8cm  Well to moderately 17

ICC, as

17

64; female

solitary  differentiated

incidental

adenocarcinoma

168 months alive

7;1.0cm

6.6 46 2;2.0cm

73

Well to moderately
differentiated

cHCC-CC,as 1.2cm
misdiagnosis

15

55; female

solitary

adenocarcinoma

90 months alive

1;1.8cm

1;1.3cm

9

2.4

7

Well to moderately
solitary  differentiated

1.8cm

62; male 11 cHCC-CC, as

3

misdiagnosis

adenocarcinoma

AFP, alpha-fetoprotein; CA 19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; HCC, hepatocellular carcinoma; cHCC-CC, combined hepatocellular

carcinoma; ICC, intrahepatic cholangiocarcinoma; MELD, model for end-stage liver disease.
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number, bilobar disease, tumor differentiation, presence of
macro- and micro-vascular invasion and tumor satellites,
and tumor-specific biomarkers such as AFP and DCP
levels before L'T" (19-22). A meta-analysis (20) of 74 studies
comprising 22,432 patients revealed that the diameter of
the largest nodule or the total diameter of nodules was the
best predictor of outcome, and that a total tumor size (sum
of diameters) over 10 cm was associated with a four-fold
higher risk of recurrence. Another meta-analysis (23) of
1,198 patients indicated that the presence of vascular
invasion, poor differentiation, tumor diameter over
5 cm, and tumor status beyond the Milan criteria
were independent risk factors for HCC recurrence.
Unfortunately, these large studies do not include biomarkers
such as AFP and DCP, however, there have been numerous
reports (21,22,24), as well as the present study that report
the significance of these biomarkers in predicting HCC
recurrence after L'T. Two other major Japanese centers,
Kyoto (25) and Kyushu (26), indeed, include DCP value as
their expanded criteria for HCC patients. The inclusion of
biomarkers to the existing criteria based on the number and
the size of tumor will be a critical issue in the future debate
regarding the indication of I'T" for HCC. Another concern
in the present study was that small size of the graft can
affect the HCC recurrence after LT Recently, Park ez a/. (8)
reported that the recurrence is significantly higher in LDLT
setting than in DDLT setting, but that the size of the graft
in LDLT did not affect the recurrence. The same group
also reported the possible association between parenchymal
congestion of the partial graft and the recurrence (9). In
the present study, we did not find any association between
the graft size/type and HCC recurrence. The controversy
whether LDLT imposes the increased risk of recurrence
on patients is discussed in another review article on this
focused issue, however, the present result may deny the link
between graft regeneration and HCC recurrence.

Another aim of this study was to figure out the incidence
and outcome of those with incidental ICC or cHCC-CC.
Early reports of LT for ICC or cHCC-CC (27-30) had
demonstrated dismal outcome with the reported 1-, 3-,
and 5-year recurrence-free and patient survival around
70%, 50%, and 30%, 60%, 40%, and 20%, respectively.
Accordingly, L'T is in principle contraindicated for those
diagnosed as having ICC or cHCC-CC preoperatively
worldwide as well as in our institution. During the last
decade, however, some authors (10,31-34) have published
studies demonstrating the favorable outcome of those
incidentally diagnosed as having cholangiocarcinoma in the

HepatoBiliary Surg Nutr 2016;5(5):399-407
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