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Abstract

AIM: To investigate risk factors for hepatocellular car-
cinoma (HCC) recurrence after living donor liver trans-
plantation (LDLT) and efficacy of various criteria.

METHODS: From October 2000 to November 2011,
233 adult patients underwent LDLT for HCC at our
institution. After excluding nine postoperative mortal-
ity cases, we analyzed retrospectively 224 patients.
To identify risk factors for recurrence, we evaluated
recurrence, disease-free survival (DFS) rate, survival
rate, and various other factors which are based on the
characteristics of both the patient and tumor. Addition-
ally, we developed our own criteria based on our data.
Next, we compared our selection criteria with vari-
ous tumor-grading scales, such as the Milan criteria,
University of California, San Francisco (UCSF) criteria,
TNM stage, Barcelona Clinic Liver Cancer (BCLC) stage
and Cancer of the Liver Italian Program (CLIP) scoring
system. The median follow up was 68 (6-139) mo.
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RESULTS: In 224 patients who received LDLT for
HCC, 37 (16.5%) experienced tumor recurrence dur-
ing the follow-up period. The 5-year DFS and overall
survival rates after LDLT in all patients with HCC were
80.9% and 76.4%, respectively. On multivariate analy-
sis, the tumor diameter {5 cm; P < 0.001; exponen-
tiation of the B coefficient [Exp(B)], 11.89; 95%CI:
3.784-37.368} and alpha fetoprotein level [AFP, 100
ng/mL; P = 0.021; Exp(B), 2.892; 95%CI: 1.172-7.132]
had significant influences on HCC recurrence after
LDLT. Therefore, these two factors were included in
our criteria. Based on these data, we set our selection
criteria as a tumor diameter < 5 cm and AFP < 100
ng/mL. Within our new criteria (140/214, 65.4%), the
5-year DFS and overall survival rates were 88.6% and
81.8%, respectively. Our criteria (P = 0.001), Milan
criteria (P = 0.009), and UCSF criteria (P = 0.001)
showed a significant difference in DFS rate. And our
criteria (P = 0.006) and UCSF criteria (P = 0.009)
showed a significant difference in overall survival rate.
But Milan criteria did not show significant difference
in overall survival rate (P = 0.137). Among stages 0,
A, B and C of BCLC, stage C had a significantly higher
recurrence rate (P = 0.001), lower DFS (P = 0.001),
and overall survival rate (P = 0.005) compared with
the other stages. Using the CLIP scoring system, the
group with a score of 4 to 5 showed a high recurrence
rate (P = 0.023) and lower DFS (P = 0.011); however,
the overall survival rate did not differ from that of the
lower scoring group. The TNM system showed a trend
of increased recurrence rate, decreased DFS, or sur-
vival rate according to T stage, albeit without statistical
significance.

CONCLUSION: LDLT is considered the preferred ther-
apeutic option in patients with an AFP level less than
100 ng/mL and a tumor diameter of less than 5 cm.

© 2013 Baishideng. All rights reserved.
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Core tip: Liver transplantation (LT) for hepatocellular
carcinoma (HCC) is known to be the best therapeutic
option. To obtain a good result, it is important to select
appropriate LT candidates from among HCC patients.
For living-donor liver transplantation (LDLT), investiga-
tion of the efficacy of such criteria will facilitate adop-
tion of extended criteria in LDLT. We defined the se-
lection criteria according to risk factors for recurrence
based on our results and compared them with other
criteria or scoring systems, such as the Milan and Uni-
versity of California, San Francisco criteria, tumor node
metastasis and Barcelona Clinic Liver Cancer staging,
and the Cancer of the Liver Italian Program scoring
system.
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INTRODUCTION

On the hepatocellular carcinoma (HCC), two alternative
treatment options exist with curative intention, such as
liver resection and liver transplantation (LT). LT, unlike
hepatic resection, has the advantage that it can treat not
only the tumor but also the underlying liver cirrhosis.
Most LT candidates in the past have been patients with
advanced HCC. The high tumor recurrence rates and
low survival rates of these patients were discouraging[ 14
However, LT was established as a suitable treatment for
HCC since Mazzaferto et al” reported the Milan criteria
in 1996. The Milan criteria improved the overall survival
and disease-free survival (DFS) rates. Thereafter, LT has
achieved the best results in well-selected candidates, and
most international transplantation communities have ad-
opted the Milan criteria for the treatment of HCC.
However, unfortunately, about 70% of HCC pa-
tients are diagnosed with advanced stage disease!".
Even among patients who meet the Milan criteria, 20%
or more will be removed from the waiting list because
progression of HCC excludes them from the Milan
criteria””. Additionally, the treatment outcome of a
patient excluded from the waiting list because of HCC
progression who selects other treatments is known to

be very poot. Furthermore, many centers have reported
good results despite expansion of the selection critetia.
Therefore, the current Milan criteria are too strict, and
most centers agree on the need for their expansion. Ad-
ditionally, in Asian countries, potential donors for de-
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ceased donor liver transplantation (DDLT) are lacking;
Therefore, living donor liver transplantation (LDLT) is
emerging as an additional therapeutic option. In LDLT,
it is possible to match the donor and recipient, so the
decision to operate is based on the risk to the donor and
the expected benefit to the recipient. Patient selection in
LDLT is generally wider compared with that in DDLT.
However, ethical issues exist concerning LDLT, such as
the risk of the donor and the high recurrence rate of the
recipients due to advanced-stage disease. Appropriate
criteria are necessary for these issues. Therefore, criteria
for LDLT and DDLT that are suitable for each center
are necessary.

To date, various groups have attempted to expand
the Milan criteria while maintaining long-term survival
rates® . One was the proposal of the University of
California, San Francisco (UCSF) criteria by Yao ez al”
in 2001. Most centers agree on expanding the criteria
because more patients can benefit from transplantation,
and the DFS and overall survival are comparable to the
Milan criteria. Other systems include the TNM system
that reflects cancer stage, and the Barcelona clinic liver
cancer (BCLC) staging and the cancer of the liver Ital-
ian program (CLIP) staging systems that are well-known
guidelines for therapy and prognosis prediction that are
used in the United States and Europe. Regarding LT,
investigation of the efficacy of these criteria for therapy
of HCC is important.

The purpose of the present study was to evaluate the
characteristics of patients and tumors according to re-
currence. Subsequently, we defined the selection criteria
according to our results and compared our criteria with
other criteria or scoring systems, such as the Milan and
UCSF criteria, TNM and BCLC staging, and the CLIP

scoring system.

MATERIALS AND METHODS

From October 2000 to November 2011, 233 patients un-
derwent LDLT for HCC at our center. After excluding
nine postoperative mortality cases, 224 patients were
evaluated. We defined the postoperative mortality as ex-
pire of patients within a month after transplantation. All
LDLT patients were adults, and the right lobe was used
for transplantation. The Institutional Review Board of
our center approved the study design.

All patients with HCC planned for transplantation
were evaluated preoperatively by computed tomography
(CT) of the abdomen and chest, enhanced magnetic res-
onance image (MRI), positron emission tomography-CT
(PET-CT), bone scintigraphy, gastrofiberscopy, and colo-
noscopy. Alpha fetoprotein (AFP) and protein induced
by vitamin K absence or angiotensin-II (PIVKA-TI)
were also evaluated as tumor markers. Contraindications
of LT in patients with HCC included tumor thrombus
in the main portal vein, regional lymph node metastasis,
and distant metastasis. We reviewed the tumor diameter
and number of tumors based on the pathologic report.
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LDLT was performed according to a standard tech-
nique using a modified right lobe with middle hepatic
vein reconstruction. For ascites, aspiration and cytology
were performed before beginning the operation. When
lymph node enlargement was present, or in cases with
suspicious metastatic disease, an intraoperative biopsy
was performed. The operation was performed only in
cases with negative biopsy results. Immunosuppression
treatment included a regimen of a calcineurin inhibi-
tor (Cyclosporine or Tacrolimus) as part of a dual- or
triple-drug regimen with prednisone and mycophenolate
mofetil (MMF). An interleukin-2 receptor blocker was
administered on both the day of the operation and the
fourth postoperative day. Steroids were withdrawn 1
mo after surgery, and MMF was withdrawn 6 mo after
surgery. Only a low dose of a single calcineurin inhibitor
was administered after this period. The immunosuppres-
sion protocol did not differ from other benign diseases.
When recurrence was detected during the follow-up
period, the immunosuppressive agent was changed or
decreased.

For early detection of cancer recurrence, AFP and
PIVKA-II were checked monthly during the first year,
and then bimonthly thereafter. Abdomen CT, chest CT,
and bone scintigraphy were routinely performed every
6 mo during the first 2 years, and then were performed
annually. When tumor recurrence was suspected, MRI
and/or PET-CT were performed.

We evaluated recurrence, the DFS rate, the survival
rate, and various other factors to identify the risk of recur-
rence. Additionally, based on our data, we developed pa-
tient selection criteria suitable for our center. Furthermore,
using our LDLT data, we evaluated and assessed criteria,
such as the most frequently used Milan criteria, the UCSF
critetia, and important therapeutic guidelines such as TNM
staging, BCLC staging, and the CLIP scoring system.

Statistical analysis

Numeric data were presented as means and standard de-
viations or as medians and ranges. Continuous variables
(means, standard deviations, medians, and ranges) were
analyzed using an independent ~test or ;(2 test. Multiple
regression analyses were performed using Cox propor-
tional hazards models for identification of factors inde-
pendently associated with recurrence in 95%CI. DFS and
5-year survival rates were estimated using the Kaplan-
Meier method, and survival curves were compared using
the log-rank test. Statistical analysis was performed using
SPSS version 19.0 (IBM SPSS statistics 19). Statistical sig-
nificance was accepted for P values less than 0.05.

RESULTS

Patient characteristics

The mean age of all patients was 51.9 * 6.92 years (range,
34-66 years), and 184 patients (82.1%) were male. Under-
lying liver disease was caused by HBV infection (87.9%)
most commonly, followed by HCV infection (5.8%) and
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other causes (6.3%). The average Child-Pugh score was
8.15 * 2.40 (range, 5-15), and the average Model for
end-stage liver disease (MELD) score was 12.8 £ 7.63
(range, 1-37). The graft »s recipient weight ratio (GRWR)
was 1.21% * 0.27% (range, 0.6%-2.3%). Preoperative
treatments were performed in 167 patients (74.6%). Of
the 224 patients, 133 (59.4%) met Milan criteria, and 154
patients (68.8%) met UCSF criteria. During the follow-
up period, 50 patients expired. The cause of death was
HCC recurrence in 31 patients (62%), technical com-
plications in nine patients, (18%), sepsis in five patients
(10%), graft failure in three patients (6%), and other
causes in two patients (4%). The median follow-up dura-
tion was 68 (range, 6-139) mo.

Recurrence and related factors
Of the 224 patients, recurrence occurred in 37 (16.5%)
during the follow-up period. The number of patients
who met the Milan criteria was 16 of 133 (12.0%), and
of those who did not meet the Milan criteria 20 of 83
(24.1%) (P = 0.021). Most recurrences occurred within
2 years, with 26 patients (76%) experiencing recurrence
within 1 year, and 30 (81%) within 2 years. Two patients
experienced recurrence 5 years after transplantation. The
primary recurrence site was intrahepatic in 10 patients
(27%) and extrahepatic in 27 (73%). Of the extrahepatic
metastasis sites, the lung was the most common primary
recurrence site [10 patients (27%)]. Other recurrence sites
were the brain, bone, adrenal gland, diaphragm, omen-
tum, para-aortic lymph nodes, and neck lymph nodes.
Patient demographics and tumor characteristics were
compared between the group without recurrence and the
group with recurrence. The levels of AFP and PIVKA-II
were compared to the averages of 50, 100 and 200 ng/ml..
The AFP level showed a significant difference when com-
pated to that of 100 ng/mL (P = 0.025). Additionally,
although the compared number of PIVKA-II cases was
small, the comparison itself was significant at 50, 100 and
200 ng/mL. Furthermore, the mean AFP and PIVKA-
I levels seemed higher in the recurrent patient group;
however, no significant differences were noted (AFP, P
= 0.568; PIVKA-II, P = 0.576). The group that had re-
ceived preoperative treatment showed a higher recurrence
rate (P = 0.025). However, age, gender, cause of disease,
Child-Pugh scores, MELD scores, and GRWRs showed
no statistically significant difference. The mean maximal
and total tumor diameters were higher in the recurrent
group, being 5.54 £ 5.65 and 7.82 * 6.56 cm, respectively,
in the recurrent group and 2.76 + 1.98 and 4.21 £ 2.88
cm, respectively, in the non-recurrent group (P = 0.006
and 0.005, respectively). Additionally, when the recurrent
and non-recurrent groups were divided according to max-
imal diameter and total diameter over 5 cm, both groups
had significantly higher recurrence rates (P < 0.001 and
P = 0.011, respectively). The tumor number was signifi-
cantly different between the non-recurrent and recurrent
groups when the cutoff numbers were 5 and 7 (P = 0.046
and P = 0.049, respectively). Microvascular invasion was

August 7,2013 | Volume 19 | Issue 29 |



Choi H] et a/. Impact of various criteria after LDLT for HCC

Table 1 Patient and tumor characteristics according to recur-

rence rate, univariate analysis

Variables Non-recurrent Recurrent  P-value
(n = 187) HCC (n = 37)
Patient characteristics
Age (yr) 52.05 + 6.93 50.89 + 6.88 0.354

Gender (male: female)
HBV: HCV: Other cause

151 (80.7):36 (19.3) 33 (89.2):4 (10.8)  0.221
164:11:12 33:22 0.965

Child-Pugh score 8.15+241 8.14 £237 0.972

MELD score 12.76 £7.25 13.05+9.45 0.858

GRWR (%) 1.20£0.28 124+0.24 0.454
<1(n=29 26 (89.7) 3 (10.3) 0.327
>1 (n=193) 159 (82.4) 34 (17.6)

AFP (ng/mL) 170.5+806.2  249.94+48137 0.568
< 100 (n = 163) 142 (87.1) 21 (12.9) 0.025
>100 (n = 59) 44 (74.6) 15 (25.4)

PIVKA-TI (mAU/mL) 189.6 £1150.3  397.2+6745  0.576
<100 99 (94.3) 6(5.7) 0.018
>100 14 (77.8) 4(22.2)

Pre-transplant treatment 0.025
No (1 = 57) 53 (93.0) 4(7.0)
Yes (n =167) 134 (80.2) 33 (19.8)

Pathologic characteristics

Maximal diameter (cm) 2.76 £1.98 5.54 +5.65 0.006
< 5 (n=196) 170 (86.7) 26 (13.3) <0.001

>5 (n =20) 10 (50.0) 10 (50.0)

Total diameter (cm) 421+288 7.82 £ 6.56 0.005
< 9 (n=185) 162 (87.6) 23 (12.4) 0.001
>9 (n=19) 11 (57.9) 8 (42.1)

Tumor number 246+218 3.06 £3.11 0.282
< 5(n=193) 164 (85.0) 29 (15.0) 0.046
>5 (n=22) 15 (68.2) 7 (31.8)

Microvascular invasion 0.039
No (1 =163) 140 (85.9) 23 (14.1)

Yes (1 = 44) 32(72.7) 12 (27.3)

E-S grade 0.300
Low (I, I) (n =108) 93 (86.1) 15 (13.9)

High (1, IV) (n = 81) 65 (80.2) 16 (19.8)

Data are expressed as absolute n (%) or mean + SD. HBV: Hepatitis B vi-
rus; HCV: Hepatitis C virus; MELD: Model for End-Stage Liver Disease;
GRWR: Graft vs recipient weight ratio; AFP: Alpha fetoprotein; PIVKA-
II: Protein induced by vitamin K absence or angiotensin-II; E-S grade:
Edmondson-Steiner grade.

significant different between the non-recurrent and recur-
rent groups (P = 0.039). There was no difference in the
Edmondson-Steiner (E-S) grade (P = 0.3; Table 1).

To identify factors related to recurrence, a multivariate
analysis of factors that had shown statistical significance
in univariate analysis was performed. The prognostic fac-
tors affecting recurrence included a serum AFP level >
100 ng/mL, a PIVKA-TI level > 100 mAU/mL, a tumor
diameter > 5 cm, a total tumor diameter > 9 c¢m, a tumor
number > 5, microvascular invasion, and pretransplantation
treatment in univariate analyses. In multivariate analysis, a
maximal tumor diameter > 5 cm {exponentiation of the B
coefficient [Exp(B)], 11.89; 95%CI: 3.784-37.368; P < 0.001}
and an AFP level > 100 ng/mL [Exp(B), 2.892; 95%CI:
1.172-7.132; P = 0.021] had a significant influence on recur-
rence (Table 2). Based on these data, we set our selection
criteria [Catholic Medical Center (CMC) criteria] as a tumor
diameter < 5 cm and AFP < 100 ng/mlL. When both
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Table 2 Risk factors for recurrence; multivariate analysis

Variables P-value Exp(B) 95%CI
AFP (100 ng/mL) 0.021  2.892 1.172-7.132
Pre-transplant treatment 0114 2421 0.742-7.897
Maximal diameter (5 cm) <0.001 11.891 3.784-37.368
Total diameter (9 cm) 0.142  2.633 0.754-9.194
Tumor number (5) 0.712  1.373 0.262-7.203
Microvascular invasion 0.27 1.768 0.653-4.784

AFP: Alpha fetoprotein; Exp(B): Exponentiation of the B coefficient.

criteria were met, the case was classified as within criteria (#
= 138, 66.0%), and when at least one criterion was not met,
the case was classified as beyond criteria (7 = 71, 34.0%).

Impacts of the various criteria

We applied our data to various conventional criteria and
therapeutic guidelines and compared the results with
those of our CMC criteria. The data were applied to the
Milan and UCSF criteria, TNM and BCLC stagings, the
CLIP scoring system, and our CMC criteria were evalu-
ated in terms of recurrence. In the Milan criteria and
UCSF criteria, the patient group not meeting the criteria
demonstrated a significantly higher recurrence rate than
the group meeting the criteria (Milan, P = 0.021; UCSE, P
=0.002). In the CMC criteria specified above, the within-
criteria group showed a recurrence rate of 10.0%, and the
beyond-criteria group showed a recurrence rate of 28.4%.
The difference was statistically significant (P = 0.001). In
BCLC staging, the C stage showed a significantly higher
recurrence rate compared with the 0, A, and B stages (P
< 0.001); however, the differences among the 0, A, and B
stages were not significant. In evaluating the CLIP scor-
ing system, scores of 0 and 1, 2 and 3, and 4 and 5 were
classified as three groups. The group with scores of 4
and 5 had a significantly higher recurrence rate than the
other two groups (P = 0.023). The group with scores of
0 and 1, as well as that with scores of 2 and 3, showed
no difference in recurrence. However, in the TNM stag-
ing, although recurrence showed an increasing trend with
higher T status, there were no significant differences in
recurrence (P = 0.325; Table 3).

The DFS and overall survival rates according to vari-
ous criteria were compared. The 5-year DES and survival
rates of total patients were 80.9% and 76.4%, respective-
ly. The Milan criteria showed a statistically significant dif-
ference in only the DES rate (P = 0.009). However, the
UCSF criteria showed a statistically significant difference
in the DFS rate (P = 0.001) and overall survival rate (P =
0.009). Regarding CMC criteria, the 5-year DFS rate (P
< 0.0001) and survival rate (P = 0.0006) showed statisti-
cally significant differences. Classification according to T
status showed a decreasing trend in the 5-year DFES rate
(P =0.190) and survival rate (P = 0.394) with increasing
T stage, albeit without statistical significance (P = 0.190).
In the BCLC staging, the 5-year DFS and survival rates
among stages 0, A, and B showed no statistically sig-
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Table 3 Recurrence rates according to various criteria 7 (%)

Variables Non-recurrent Recurrent P-value
Milan criteria 0.021
Within (n = 133) 117 (88.0) 16 (12.0)
Beyond (1 = 83) 63 (75.9) 20 (24.1)

UCSEF criteria 0.002
Within (n = 154) 136 (88.3) 18 (11.7)
Beyond (n = 62) 44 (71.0) 18 (29.0)

CMC criteria 0.001

Within (n = 140) 126 (90.0) 14 (10.0)
Beyond (1 = 74) 53 (71.6) 21 (28.4)
TNM 0325
T1 (n = 81) 71 (87.7) 10 (12.3)
T2 (n=127) 103 (81.1) 24 (18.9)
T3 (1=7) 5 (71.4) 2 (28.6)
BCLC <0.001
0 (n=36) 3 (91.7) 3(83)
A (n=82) 3 (89.0) 9 (11.0)
B (n = 53) 47 (887) 6 (11.3)
C (n = 45) 7 (60.0) 18 (40.0)
CLIP 0.023
0,1 (n =89) 73 (82.0) 16 (18.0)
2,3 (n =110) 97 (88.2) 13 (11.8)
4,5 (n=12) 7 (58.3) 5 (41.7)

UCSF: University of California, San Francisco; CMC: Catholic Medical
Center; BCLC: Barcelona Clinic Liver Cancer; CLIP: Cancer of the Liver
Italian Program; HCC: Hepatocellular carcinoma.

Table 4 Disease-free survival and overall survival rates ac-

cording to various criteria

Criteria Disease-free survival Overall survival

3yr 5yr P-value 3yr 5yr P-value
Milan  Within (n = 130) 0.880 0.867 0.009 0.808 0.798 0.137

Beyond (1 = 81) 0.730 0.704 0.733 0.706

UCSF  Within (1=150)  0.881 0.869 0.001 0.822 0.813 0.009
Beyond (1 = 61) 0.681 0.645 0.677 0.643

CMC  Within (n=138)  0.899 0.886 <0.001 0.840 0.818 0.006
Beyond (1 = 71) 0.682 0.656 0.663 0.663

TNM T1 (n = 80) 0.890 0.870 0.190 0.830 0.830 0.394
T2(n=123)  0.788 0.773 0.753 0.725
T3 (n=7) 0571 0.571 0.556 0.556

BCLC 0 (n=35) 0.943 0.902 <0.001 0.882 0.882 0.005
A (1= 80) 0.878 0.878 0.805 0.787
B (n=52) 0.854 0.854 0.878 0.826
C (n = 44) 0.578 0.544 0.549 0.549

CLIP 0,1 (n = 88) 0795 0.771 0011 0.776 0.776 0272
23(n=106)  0.885 0.870 0.819 0.792
45 (n=12) 0556 0556 0509 0.509

UCSF: University of California, San Francisco; CMC: Catholic Medical
Center; BCLC: Barcelona Clinic Liver Cancer; CLIP: Cancer of the Liver
Italian Program.

nificant differences. However, the 5-year DFS rate (P
< 0.001) and survival rate (P = 0.005) of stage C were
significantly lower than those of the other stages. The
CLIP scoring system showed a statistically significant
difference in only DFS (P = 0.011; Table 4).

The Milan criteria showed significant differences re-
garding DFS, but not survival rate. We subdivided each
factor of the Milan criteria and compared them with re-
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spect to the recurrence rate, and DFS and survival rates.
Additionally, we subdivided factors of the CMC criteria
and compared them with those of the Milan criteria
(Table 5). Of the total, 133 (59.4%) patients were within
the Milan critetia, and 140 (62.5%) were within the CMC
criteria. When applying Milan criteria, the difference was
significant when the cutoff value was a single tumor under
5 cm but was not significant when the cutoff value was
less than three tumots, or two or three tumors less than 3
cm. When factors of the CMC criteria were subdivided,
the recurrence rate, DFS, and overall survival rates were
all significantly different. Although the number was small,
most cases with a tumor size over 5 cm and an AFP level
over 100 ng/mL recurred with a very poot prognosis; no
patients survived beyond 3 years (Figure 1).

DISCUSSION

LT is a curative treatment modality for HCC. LT is par-
ticularly important in cases where resection is impossible
due to factors such as liver cirrhosis. In countries with
a shortage of deceased donor organs, LDLT can be the
mainstay of therapy rather than DDLT. However, there
is concern that LDLT has disadvantages regarding HCC
recurrence compared with DDLT. The LDLT selection
criteria are likely applied more widely than DDLT. Due
to the short waiting time, LDLT candidates have no op-
portunity to be screened for an aggressive tumor biol-
ogy. Because of their relatively small size LDLT grafts
are subject to additional mechanical injury at the start of
reperfusion, and angiogenesis and cell division signaling
pathways may be initiated more frequently. The rapid
graft regeneration in LDLT may also be associated with
acceleration of tumor growth[13]. In fact, some studies
have reported higher recurrence rates of LDLT com-
pared with DDLT"*"!. However, a recent meta-analysis
concluded that the DFS rates of LDLT and DDLT do
not differ signiﬁcantlym. In our study, the recurrence
rate was 16.5%, and for DDLT performed on patients
within the Milan criteria, the recurrence rate was 12.0%.
The total 5-year DFS rate and overall survival rate were
80.9% and 76.4%, respectively, and these results were
generally acceptable.

The Milan criteria (MC) are often used to determine
which patients will benefit from LT. However, when LT
is strictly confined to those within MC, many patients
who may benefit from LT will be lost. In advanced-
stage [l HCC patients, survival rates are about 59%
after LT, which is comparable to patients with benign
disease (65%)"". LT is undoubtedly superior to transar-
terial chemoembolization or chemotherapy in patients
beyond MC, who may still benefit from transplantation.
Unlike DDLT, LDLT is private, not public, and is per-
formed in beyond-MC patients more easily. As reported
by four major LT centers, 29.6% of LDLT procedures
were performed in beyond MC patients'”. At our insti-
tution, 37.5% of LDLT patients exceeded MC. Many
centers have center-based criteria for selection of patient
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Table 5 Comparison of the Milan and Catholic Medical Center criteria

Criteria Recurrence rate P-value 5-yr DFS P-value  5-yr survival P-value
Milan criteria
Single <5cm (n=91) 13% <0.001 0.862 <0.001 0.829 <0.001
>5cm (n=12) 61.5% 0.333 0.333
No.2or3 <3cm (n=239) 9.8% 0.889 0.878 0.891 0.711 0.251
>3 cm (n=22) 8.7% 0.848 0.747
Number <3 (n=164) 15.4% 0.209 0.824 0.228 0.781 0.316
>3 (n=47) 21.7% 0.737 0.698
CMC criteria
Size < 5cm AFP < 100 (n = 138) 9.6% 0.001 0.886 <0.001 0.818 <0.001
Size < 5cm AFP >100 (n = 52) 20.0% 0.765 0.749
Size > 5 cm AFP < 100 (n = 15) 38.9% 0.514 0.508
Size > 5 cm AFP > 100 (n = 4) 75.0% 0 0

CMC: Catholic Medical Center; DFS: Disease free survival; AFP: Alpha fetoprotein (mg/dL).

Survival functions

research. Some authors have reported that an AFP level

1.0¢ ptior to LT of > 200 or > 1000 ng/mL affected HCC
recurrence” ™. Conversely, the Kyoto and Kyushu Uni-
0.8} versity criteria included the PIVKA-TI level as a factor
affecting tumor recurrence ',

S sl According to our results, a largest tumor diameter > 5
% cm and AFP level C 100 ng/mlL significantly influenced
E 0al 514%  51.4% recurrence. Tumor numbet, which is important in the Mi-
o ©Size < 5 cm, AFP < 100 lan criteria, did not show statistical significance. Indeed,
- Size < 5 cm, AFP > 100 many tumors discovered postoperatively are around 1 cm
0.2 i:'éz Z gz: 2';;’ i 133 in size and are difficult to identify preoperatively. A dis-
! crepancy between the preoperatively and postoperatively
0.0[ ‘ ‘ ‘ ‘ discovered tumor numbers exists. Therefore, using tumor
0.0 20.00  40.00  60.00  80.00 number as an important criterion may be problematic.
Disease free survival Our results showed significant differences with the Milan
criteria regarding recurrence and DFS; however, there
Survival functions was no significant difference regarding the survival rate,
1.0 and so we subdivided each factor. There was a signifi-
_____ cant difference with a “single tumor smaller than 5 cm”,
0.8 a finding that ascribes importance to size. However, no
significant difference was found regarding the two other
S 6 factors, a finding that confers importance on the tumor
g number. These findings correlate with the finding that
e 50.8% 50.8% tumor number was not a significant factor in multivariate
3 0.4 ) analysis. Additionally, biologic factors are more important

©Size < 5 cm, AFP < 100 . N .o
+ Size < 5cm, AFP > 100 than morphologic factors in terms of predicting tumor
0.2- = Size > 5 cm, AFP < 100 behavior. Thus, inclusion of AFP, which is a biologic
= Size > 5 cm, AFP > 100 factor rather than representative of the tumor number,
0.0f seems to be more appropriate. Therefore, we decided

| | |

that, for our criteria (CMC criteria), the largest diameter
of the tumor should be less than 5 cm, and the AFP level
should be less than 100 ng/mlL..

Next, we applied our data to current HCC guidelines,
staging systems, and the Milan and UCSF criteria, which
are relatively widely used LT criteria, and compared the
recurrence, DFS, and overall survival rates with those of
our criteria. The Milan and UCSF criteria both adequately
reflected recurrence, DFS, and survival. However, when

| |
0.0 20.00 40.00 60.00 80.00
Overall survival

Figure 1 Comparison of the disease free survival and overall survival
rates in patients with hepatocellular carcinoma according to Catholic
Medical Center criteria. AFP: Alpha fetoprotein (mg/dL).

who exceed MC. The UCSE, Tokyo, and up-to-seven
criteria are based on HCC size and number, which are

surrogate markers of tumor volume™". Recently, the
expression level of pre-operative serum tumor mark-
ers that affect HCC recurrence, such as pre-operative
AFP and PIVKA-TI levels, have become a hot topic of
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compared with only our data, the UCSF criteria included
more patients and showed a better correlation between
criteria and prognosis. CMC criteria showed statistically
significant differences in recurrence, DFS, and overall
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survival rates. Notably, although the case number was
small, in cases beyond both critetia, the recurrence rate
was as high as 75%, and the 5-year DFS and overall sur-
vival rates were 0%, suggesting a contraindication to LT.

Many HCC staging systems are extant; however, the
most commonly used is TNM staging, the 7" edition
of which was recently published by the American Joint
of Committee on Cancer (AJCC). The TNM system ef-
fectively stratifies post-hepatectomy HCC patients into
stages 1, II, and mP. According to this system, we
analyzed our results to evaluate the efficacy of the TNM
system for LDLT. The recurrence, DFS, and overall sur-
vival rates worsened with increasing T stage; however,
no statistically significant difference was found. T3 cases
seemed to show a stronger trend, although the number
was small. A statistically significant difference may be
found if additional cases ate examined.

Because HCC patients also have liver cirrhosis, not
only the stage of HCC but also liver function and the
general condition of the patient must be considered
when deciding the treatment modality. Many HCC guide-
lines exist, but the most commonly used ate the BCLC
and CLIP scoring systems. The BCLC scoring system
is used frequently in the United States and Europe for
HCC therapy and considers factors such as the patient’s
general condition, Child-Pugh score, portal pressure, and
tumor size and number. LT is recommended only for
carly stage A (single, 3 nodules, < 3 cm). Because LT can
be performed regardless of Child-Pugh score or portal
pressure, only the tumor factor is considered. Regarding
transplantation, it is important to investigate the results
according to BCLC stage. Vitale e¢f al™ reported that LT
showed a survival benefit for patients with HCC and ad-
vanced liver cirrhosis (BCLC stage D) and in those with
intermediate tumors (BCLC stage B-C). In our study, the
recurrence, DFS, and overall survival rates showed no
significant differences among BCLC stages 0, A, and B.
However, these rates showed significant differences be-
tween stage C, which includes gross portal vein throm-
bosis, and the other stages. Therefore, although LT is
recommended only for stage A according to the BCLC
guidelines, LT may be performed on stage 0, A, and B
patients with comparable results. Additionally, our study
showed a stage C recurrence rate of 40.0% and 5-year
DES and survival rates of 54.4% and 54.9%, respective-
ly. Although those data indicate a poor prognosis, as the
recommended minimum prerequisite 5-year survival is
50%, LDLT may be petformed in select stage C patients
when the patient and family agree.

The CLIP scoring system was established in 1993. It
considers Child-Pugh stage, tumor morphology, AFP level,
and degree of portal vein thrombosis, and is considered an
important index of prognosis. The CLIP scoring system
for HCC is accurate and easy to implementm. However, to
our knowledge, few studies have investigated the associa-
tion between the CLIP scoring system and LDLT. In our
study, we divided patients into three groups according to
CLIP scores. In the lower-scoring groups (scores 0-3), re-
currence rates, DFS rates, and overall survival rates showed
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no statistically significant differences. However, the group
with scores of 4 and 5 showed a significant difference
compared with the lower-scoring groups. Although it is
difficult to reach a definite conclusion due to the small
number of cases, patients with a CLIP score of 3 or lower
may be suitable for LT, whereas those with a score of 4 or
5 may demonstrate worse results.

In conclusion, the recurrence rate was 16.5%, and
the 5-yeatr DES and overall survival rates wete 80.9% and
76.4%, respectively, after performance of LDLT in HCC
patients. Factors influencing recurrence were a maximal
tumor diameter greater than 5 cm and an AFP level
greater than 100 ng/mL. When both criteria are not met,
LT is contraindicated. Milan criteria, UCSF criteria, TNM
staging, BCLC staging, and the CLIP scoring system
showed different outcomes depending on the degree of
criteria. Therefore, all of these staging and scoring sys-
tems are useful for determining LDIT for HCC patients.
These findings should be confirmed by future prospec-
tive studies that include larger numbers of cases.

COMMENTS

Background

Liver transplantation (LT) for hepatocellular carcinoma (HCC) is known to be the
best therapeutic option. To obtain a good result, it is important to select appropri-
ate LT candidates from among HCC patients. Currently, many centers have their
own criteria or treatment guidelines, which generally consist of factors that influ-
ence survival.

Research frontiers

The Milan criteria is a well-established tool for assessing the prognosis of HCC.
We expanded the criteria while maintaining long-term survival rates. Authors
decided that, for our criteria (CMC criteria), the largest diameter of the tumor
should be less than 5 cm, and the alpha fetoprotein (AFP) level should be less
than 100 ng/mL. When both criteria are not met, authors think LT is contraindi-
cated.
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Most centers agree on expanding the criteria because more patients can
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reflects cancer stage, and the Barcelona Clinic Liver Cancer (BCLC) and the
Cancer of the Liver Italian Program (CLIP) staging systems that are well-
known guidelines for therapy and prognosis prediction that are used in the
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these criteria for therapy of HCC is important. Authors defined the selection
criteria according to risk factors for recurrence based on authors’ results and
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UCSF criteria, TNM and BCLC staging, and the CLIP scoring system.
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For living donor liver transplantation (LDLT), investigation of the efficacy of such
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