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Fig. 2. Effect of JL28B mutations in the ISDR, Core70, and Core91 of HCV on time-dependent clearance of HCV. The rate of undetectable HCV-RNA was plotted for serial
time points after the start of therapy (4, 8, 12, 24, and 48 weeks) and for 24 weeks after the completion of therapy. Patients were stratified according to (A) the [L28B allele
(minor allele vs. major allele), (B) the number of mutations in the ISDR (0-1 mutation vs. 2 or more mutations), amino acid substitutions of (C) Core70 (GIn/His vs. Arg), and

(D) Core91 (Met vs. Leu). The p values are from Fisher's exact test.

HCV-RNA (p = 0.035), Gln or His at Core70 (p <0.0001), low plate-
let counts (p=0.009), and advanced fibrosis (p = 0.0002) were
associated with NVR. By multivariate analysis, the minor allele
of IL28B (OR =20.83, 95%Cl = 11.63-37.04, p <0.0001) was associ-
ated with NVR independent of other covariates (Table 2). Notably,
mutations in the ISDR (p=0.707) and at amino acid Core70

(p=0.207) were not significant in multivariate analysis due to -

the positive correlation with the IL28B polymorphism (p = 0.004
for ISDR and p <0.0001 for Core70, Fig. 4).

Genetic polymorphism of IL28B also was associated with SVR
(OR =7.41, 95% Cl = 4.05-13.57, p <0.0001) independent of other
covariates, such as platelet counts, fibrosis, and serum levels of
HCV-RNA. Mutation in the ISDR was an independent predictor
of SVR (OR=2.11, 95% Cl=1.06-4.18, p = 0.033) but the amino
acid at Core70 was not (Table 3).

Factors associated with the IL28B polymorphism

Patients with the JL28B minor allele had significantly higher
serum level of gamma-glutamyltransferase (GGT) and a higher

frequency of hepatic steatosis (Table 4). When the association
between the IL28B polymorphism and HCV sequences was ana-
lyzed, GIn or His at Core70, that is linked to resistance to PEG-
IFN and RBV therapy [4,14,15], was significantly more frequent
in patients with the minor /L28B allele than in those with the
major allele (67% vs. 30%, p<0.0001) (Fig. 4). Other HCV
sequences with an IFN resistant phenotype also were more pre-
valent in patients with the minor IL28B allele than those with.
the major allele: Met at Core91 (46% vs. 37%, p = 0.047) and one
or no mutations in the ISDR (94% vs. 85%, p = 0.004) (Fig. 4).

Data mining analysis

Data mining analysis was performed to build a model for the pre-
diction of SVR and the result is shown in Fig. 5. The analysis
selected four predictive variables, resulting in six subgroups of
patients. Genetic polymorphism of IL28B was selected as the best
predictor of SVR. Patients with the minor /128B allele had a lower
probability of SVR and a higher probability of NVR than those
with the major IL28B allele (SVR: 14% vs. 50%, NVR: 72% vs.
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Fig. 3. Association between relapse and the IL28B allele or mutations in the
ISDR. The rate of relapse was calculated for patients who had undetectable HCV-
RNA at serial time points after the start of therapy (4, 8, 12, 24, and 48 weeks).
Patients were stratified according to (A) the IL28B allele (minor allele vs. major
allele) and (B) the number of mutations in the ISDR (0-1 mutation vs. 2 or more
mutations). The p values are from Fisher’s exact test.

12%). After stratification by the [L28B allele, patients with low
platelet counts (<140 x 10°/L) had a lower probability of SVR
and higher probability of NVR than those with high platelet
counts (>140 x 10°/L): for the minor [L28B allele, SVR was 7%
vs. 19%, and NVR was 84% vs. 62%, and for the major IL28B allele,
SVR was 32% vs. 66% and NVR was 16% vs. 8%. Among patients
with the major [L28B allele and low platelet counts, those with
two or more mutations in the ISDR had a higher probability of
SVR and lower probability of relapse than those with one or no
mutations in the ISDR (SVR: 75% vs. 27%, and relapse: 8% vs.
57%). Among patients with the major IL28B allele and high plate-
let counts, those with a low HCV-RNA titer (<600,000 IU/ml) had
a higher probability of SVR and lower probability of NVR and
relapse than those with a high HCV-RNA titer (SVR: 90% vs.
61%, NVR: 0% vs. 10%, and relapse: 10% vs. 29%). The sensitivity
and specificity of the decision tree were 78% and 70%, respec-
tively. The area under the receiver operating characteristic
(ROC) curve of the model was 0.782 (data not shown). The pro-
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Fig. 4. Associations between the IL28B allele and HCV sequences. The
prevalence of HCV sequences predicting a resistant phenotype to IFN was higher
in patients with the minor /L28B allele than those with major allele, (A) 0 or 1
mutation in the ISDR of NS5A, (B) Gln or His at Core70, and (C) Met at Core91. p
values are from Fisher's exact test.

‘portion of patients with advanced fibrosis (F3-4) was 39% (84/

217) in patients with low platelet counts (<140 x 10°/L) com-
pared to 13% (37/279) in those with high platelet counts
(=140 x 10%/L).

Validation of the data niining analysis

The results of the data mining analysis were validated with 165
patients who differed from those used for model building. Each
patient was allocated to one of the six subgroups for the valida-
tion using the flow-chart form of the decision tree. The rate of
SVR and NVR in each subgroup was calculated. The rates of SVR
and NVR for each subgroup of patients were closely correlated
between the model building and the validation patients
(r?=0.99 and 0.98) (Fig. 6).

Discussion

The rate of NVR after 48 weeks of PEG-IFN/RBV therapy among
patients infected with HCV of genotype 1 is around 20-30%. Pre-
viously, there have been no reliable baseline predictors of NVR or
SVR. Because more potent therapies, such as protease and poly-
merase inhibitor of HCV {28,29] and nitazoxianide [30], are in
clinical trials and may become available in the near future, a
pre-treatment prediction of the likelihood of response may be
helpful for patients and physicians, to support clinical decisions
about whether to begin the current standard of care or whether
to wait for emerging therapies. This study revealed that the
[L28B polymorphism was the overwhelming predictor of NVR
and is independent of host factors and viral sequences reported
previously. The IL28B encodes a protein also known as IFN-
lambda 3, which is thought to suppress the replication of various
viruses including HCV [31,32]. The results of the current study
and the findings of the GWAS studies [{6-9] may provide the
rationale for developing diagnostic testing or an IFN-lambda
based therapy for chronic hepatitis C in the future.
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Table 2. Factors associated with NVR analyzed by univariate and multivariate logistic regression analysis.

Univariate Multivariate
Odds 95%Cl p value QOdds 95%Cl p value
] ratio ] ratio

Gender: female’ 0.98 0.67-1.45 0.938 129 . 0.75-2.23 0.363
Age 1.01 0.97-1.01 0.223 0.99 0.97-1.02 0.679
ALT 1.00 1.00-1 .00 0867  1.00 0.99-1.00 0.580
GGT ‘ 1.004 1.00-1.01 0.029 1.00 1.00-1.00 0.715
Platelets 0.95 0.91-0.99 0.009 0.92 0.87-0.98 0.006
Fibrosis: F3-4 223 1.46-3.42 0.0002 1.97 1.09-3.57 0.025
HCV-RNA: 2600,000 IU/ml 1.83 1.05-3.19 0.035 2.49 1.17-5.29 0.018
ISDR mutation: <1 2.14 1.08-4.22 0.030 0.96 0.78-1.18 0.707
Core 70 (GIn/His) 3.23 2.16-4.78 <0.0001 1.41 0.83-2.42 0.207
Core 91 (Met) 1.39 0.95-2.06 0.093 1.21 . 0.72-2.04 0.462
1L.28B: Minor allele 19.24 11.87-31.18 <0.0001 20.83 11.63-37.04 <0.0001

ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase; ISDR, interferon sensitivity determining region; Gln, glutamine; His, histidine; Met, methionine; Minor

allele, heterozygote or homozygote of minor allele,

. Table 3. Factors associated with SVR analyzed by univariate and multivariate logistic regression analysis.

Univariate Multivariate

Odds 95%Cl p value Odds 95%Cl p value

ratio ratio .
Gender: female 0.81 0.56-1.16 0.253 0.86 0.55-1.35 0.508
Age ) 0.97 0.95-0.99 0.0003 0.99 0.96-1.01 0.199
ALT 1.00 1.00-1.00 0.337 1.00 1.00-1.01 : 0.108
GGT 1.00 1.00-1.00 0.273 1.00 1.00-1.00 0.797
Platelets : 1.12 1.01-116 <0.0001 1.13 1.08-1.19 -<0.0001
Fibrosis: F0O-2 2.64 1.65-4.22 <0.0001 1.87 1.07-3.28 - 0.029
HCV-RNA: <600,000 IU/mi 249 1.55-3.98 0.0001 275 1.55-4.90 0.001
ISDR mutation; 2< 3.78 2.14-6.68 <0.0001 2.1 1.06-4.18 0.033
Core 70 (Arg) 1.61 1.11-2.28 0.012 0.84. 0.52-1.35 : 0470
Core 91 (Leu) 1.28 0.88-1.85 0.185 1.26 0.81-1.96 0.300
IL28B: Major allele . 6.21 3.75-10.31 <0.0001 - 7.41 4.05-13.57 <0.0001

ALT, alanine aminotransferase; GGT, Gamma-glutamyltransferase; ISDR, interferon sensitivity determining region; Arg, arginine; Leu, leucine; Major allele, homozygote of

major allele.

Among baseline factors, IL28B was the most significant predic-
tor of NVR and SVR. Moreover, the IL28B allele type was also cor-
related with early virological response: the rate of RVR and cEVR
was significantly high for the IL28B major allele compared to the
1128B minor allele: 9% vs. 3% for RVR and 57% vs. 11% for cEVR
(Fig. 2). On the other hand, the relapse rate was not different
between the [L28B genotypes within patients who achieved
RVR or cEVR (Fig. 3). We believe that optimal therapy should
be based on baseline features and a response-guided approach.
Our findings suggest that the IL28B genotype is a useful baseline
predictor of virological response which should be used for select-
ing the treatment regimen: whether to treat patients with PEG-
IFN and RBV or to wait for more effective future therapy includ-
ing direct acting antiviral drugs. On the other hand, baseline
IL28B genotype might not be suitable for determining the treat-
ment duration in patients who started PEG-IFN/RBV therapy

and whose virological response is determined because the IL28B
genotype is not useful for the prediction of relapse. The duration
of therapy should be personalized based on the virological
response. Future studies need to explore whether the combina-
tion of baseline IL28B genotype and response-guided approach
further improves the optimization of treatment duration.

The SVRrate in patients having the IL28B minor allele was 14%
in the present study while it was 23% in Caucasians and 9% in
African Americans in a study by McCarthy et al. [33]. On the other
hand, the SVR rate in patients having the IL28B minor allele was
28% in genotypes 1/4 compared to 80% in genotypes 2/3 in a
study by Rauch et al. [9]. These data imply that the impact of
the IL28B polymorphism on response to therapy may be different
in-terms of race, geographical areas, or HCV genotypes, and that -
our data need to be validated in future studies including different
populations and geographical areas before generalization.
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Table 4. Factors associated with IL28B genotype.

JOURNAL OF HEPATOLOGY

IL28B major allele IL.28B minor allele p value
n =345 n=151
Gender: male 166 (48%) 84 (56%) 0.143
Age (years) - 57 +10 57 +10 0.585
ALT (JUIL) 79+ 60 7862 ' 0.842
Platelets (10°/L) 1563 £ 54 155+ 52 0.761
GGT (UML) 51£45 78+ 91 . 0.001
Fibrosis: F3-4 76 (22%) 45 (30%) 0.063
Steatosis:
>10% 16/88 (18%) 13/23 (57%) 0.024
>30% 6/88 (7%) 623 (26%) 0.017
HCV-RNA: >600,000 1U/mi 284 (82%)

125 (83%) 1.000

ALT, alanine aminotransferase; GGT, gamma-glutamyltransferase.

Four GWAS studies have shown the association between a
genetic polymorphism near the IL28B gene and response to
PEG-IFN plus RBV therapy. The SNPs that showed significant
association with response were rs12979860 [8] and rs8099917
[6,7,9]. There is a strong linkage-disequilibrium (LD) between
these two SNPs as-well as several other SNPs near the IL28B gene
in Japanese patients [34] but the degree of LD was weaker in Cau-
casians and Hispanics [8]. Thus, the combination of SNPs is not
useful for predicting response in Japanese patients but may
improve the predictive value in patients other than Japanese
who have weaker LD between SNPs.

Other significant predictors of response independent of I[L28B
genotype were platelet counts, stage of fibrosis, and HCV RVA
load. A previous study reported that platelet count is a predictor
of response to therapy [35], and the lower platelet count was
related with advanced liver fibrosis in the present study. The
association between response to therapy and advanced fibrosis
independent of the IL28B polymorphism is consistent with a
recent study by Rauch et al. [9].

There is agreement that the viral genotype is significantly
associated with the treatment outcome. Moreover, viral factors
such as substitutions in the ISDR of the NS5A region [10] or in
the amino acid sequence of the HCV core [4] have been studied
in relation to the response to IFN treatment. The amino acid
Gln or His at Core70 and Met at Core91 are repeatedly reported
to be associated with resistance to therapy [4,14,15] in Japanese
patients but these data wait to be validated in different popula-
tions or other geographical areas. In this study, we confirmed that
patients with.two or more mutations in the ISDR had a higher
rate of undetectable HCV-RNA at each time point during therapy.
In addition, the rate of relapse among patients who achieved
cEVR was significantly lower in patients with two or more muta-
tions in ISDR compared to those with only one or no mutations
(15% vs. 31%, p <0.05). Thus, the ISDR sequence may be used to
predict a relapse among patients who achieved virological
response during therapy, while the JL28B polymorphism may be
used to predict the virological response before therapy. A higher
number of mutations in the ISDR are reported to have close asso-
ciation with SVR in Japanese [11-13,15,36] or Asian [37,38] pop-
ulations but data from Western countries have been controversial
. |39-42]. A meta-analysis of 1230 patients including 525 patients
from Europe has shown that there was a positive correlation

between the SVR and the number of mutations in the ISDR in Jap-
anese as well as in European patients [43] but this correlation
was more pronounced in Japanese patients. Thus, geographical
factors may account for the different impact of ISDR on treatment
response, which may be a potential limitation of our study.

To our surprise, these HCV sequences were associated with
the IL28B genotype: HCV sequences with an IFN resistant pheno-
type were more prevalent in patients with the minor IL28B allele
than those with the major allele. This was an unexpected finding,
as we initially thought that host genetics and viral sequences
were completely independent. A recent study reported that the
IL28B polymorphism (rs12979860) was significantly associated

with HCV genotype: the IL28B minor allele was more frequent -

in HCV genotype 1-infected patients compared to patients
infected with HCV genotype 2 or 3 [33]. Again, patients with
the IL28B minor allele (IFN resistant genotype) were infected with
HCV sequences that are linked to an IFN resistant phenotype. The
mechanism for this association is unclear, but may be related to
an interaction between the IL28B genotype and HCV sequences in
the development of chronic HCV infection as discussed by McCar-
thy et al., since the IL28B polymorphism was associated with the
natural clearance of HCV [44]. Alternatively, the HCV sequence
within the patient may be selected during the course of chronic
infection [45,46]. These hypotheses should be explored through
prospective studies of spontaneous HCV clearance or by testing
the time-dependent changes in the HCV sequence during the
course of chronic infection.

How these host and viral factors can be integrated to predict
the response to therapy in future clinical practice is an important
question. Because various host and viral factors interact in the
same patient, predictive analysis should consider these factors
in combination. Using the data mining analysis, we constructed
a simple decision tree model for the pre-treatment prediction
of SVR and NVR to PEG-IFN/RBV therapy. The classification of
patients based on the genetic polymorphism of IL28B, mutation
in the ISDR, serum levels of HCV-RNA, and platelet counts, iden-
tified subgroups of patients who have the lowest probabilities of
NVR (0%) with the highest probabilities of SVR (90%) as well as
those who have the highest probabilities of NVR (84%) with the
lowest probability of SVR (7%). The reproducibility of the model
was confirmed by the independent validation based on a second
group of patients. Using this model, we can rapidly develop an
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Fig. 5. Decision tree for the prediction of response to therapy. The boxes indicate the factors used for splitting, Pie charts indicate the rate of response for each group of
patients after splitting. The rate of null virological response, relapse, and sustained virological response is shown,

estimate of the response before treatment, by simply allocating
patients to subgroups by following the flow-chart form, which
may facilitate clinical decision making. This is in contrast to the
calculating formula, which was constructed by the traditional
logistic regression model. This was not widely used in clinical
practice as it is abstruse and inconvenient. These results support
the evidence based approach of selecting the optimum treatment
strategy for individual patients, such as treating patients with a
low probability of NVR with current PEG-IFN/RBV combination
therapy or advising those with a high probability of NVR to wait
for more effective future therapies. Patients with a high probabil-
ity of relapse may be treated for a longer duration to avoid a
relapse. Decisions may be based on the possibility of a response
against a potential risk of adverse events and the cost of the ther-
apy, or disease progression while waiting for future therapy.
We have previously reported the predictive model of early
virological response to PEG-IFN and RBV in chronic hepatitis C

[26]. The top factor selected as significant was the grade of stea-
tosis, followed by serum level of LDL cholesterol, age, GGT, and
blood sugar. The mechanism of association between these factors
and treatment response was not clear at that time. To our inter-
est, a recent study by Li et al. [47] has shown that high serum
level of LDL cholesterol was linked to the IL28B major allele (CC
in rs12979860). High serum level of LDL cholesterol was associ-
ated with SVR but it was no longer significant when analyzed
together with the JL28B genotype in multivariate analysis. Thus,
the association between treatment response and LDL cholesterol
levels may reflect the underlining link of LDL cholesterol levels to
IL28B genotype. Steatosis is reported to be correlated with low

‘lipid levels [48] which suggest that IL28B genotypes may be also

associated with steatosis. In fact, there were significant correla-
tions between the IL28B genotype and the presence of steatosis
in the present study (Table 4). In addition, the serum level of:
GGT, another predictive factor in our previous study, was signif-
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Fig. 6. Validation of the CART analysis. Each patient in the validation group was
allocated to one of the six subgroups by following the flow-chart form of the
decision tree. The rate of (A) sustained virological response (SVR) and (B) null
virological response (NVR) in each subgroup was calculated and plotted. The X~
axis represents the rate of SVR or NVR in the model building patients and the Y-
axis represents those in the validation patients. The rate of SVR and NVR in each
subgroup of patients is closely correlated between the model.building and the
validation patients (correlation coefficient: r* = 0.98-0.99).

icantly associated with IL28B genotype in the present study
(Table 4). The serum level of GGT was significantly associated
with NVR when examined independently but was no longer sig-
nificant when analyzed together with the IL28B genotype. These
observations indicate that some of the factors that we have pre-
viously identified may be associated with virological response to
therapy through the underlining link to the [L28B genotype.

In conclusion, the present study highlighted the impact of the
11.28B polymorphism and mutation in the ISDR on the pre-treat-
ment prediction of response to PEG-IFN/RBV therapy. A decision
model including these host and viral factors has the potential to

JOURNAL OF HEPATOLOGY

support selection of the optimum treatment strategy for individ-
ual patients, which may enable personalized treatment.
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Abstract

Background and Aim Complications associated with live
liver donor surgery should be minimized. There is little
information on the impact of team experience and learning
on the surgical outcome. The aim of this study was to
clarify the impact of team experience in a single center on
the outcome of live donor hepatectomy.

Methods  Graft livers consisted of 56 right lobes, 40 left
lobes with/without caudate, 36 left lateral section (LLS),
and 11 right posterior section (RPS). Surgeries were divi-
ded according to the time of execution: era I (n = 50), era
II (n = 50) and era III (n = 43).

Results No postoperative mortality was recorded. Blood
loss steadily decreased and operation time decreased after
era Il (P < 0.0001). The overall frequency of postoperative
morbidities by the Clavien system was significantly less
for LLS graft [P = 0.009, right lobe (42.9%) vs. LLS
(13.9%)]. Multivariate risk factor analysis showed that
donors in recent years were at low risk of morbidity and
bile leakage (P = 0.025 and 0.010, respectively). There
was less impact for team experience on the outcome in LLS
graft than other types of grafts.

Conclusion Our analysis demonstrated several learning
steps in live liver donor surgery and confirmed their posi-
tive impact on surgical outcome.
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Abbreviations

BMI Body mass index

DIC-CT Drip-infusion cholangiography computed
tomography

LDLT Living donor liver transplantation

LLD Live liver donor

MHV Middle hepatic vein

MD-CT scan Multi-detector row-computed tomography
scan

POD Postoperative day

PT-INR Prothrombin time - international
normalized ratio

SLV Standard liver volume

Introduction

Since the first pediatric living donor liver transplantation
(LDLT) in 1989 [1, 2], the procedure has been successfully
developed and applied to adult-to-adult LDLT. Organ
shortage due to limited availability of cadaveric donors in
Japan as well as other Asian countries necessitates this
trend, although the risk of donor hepatectomies in living
donors should not be overlooked. In Japan, more than
5,000 living donor liver transplantations have been per-
formed since December 2009 [3].

Donor hepatectomy can usually be well planned with
intensive preoperative work-up including multidetector
computed tomography (MDCT) and drip infusion cholan-
giography-computed tomography (DIC-CT), and the sur-
gical techniques have been standardized [4]. In addition,
the donor must be a healthy individual and liver function
should be normal before the donation. Nevertheless, zero-
mortality of living donor is not achievable because of the
complexity of the treatment. Umeshita et al. [5] reported
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that the living donor morbidity rate was 12.4% and
increased to 19.0% among right lobe living donors.
Hashikura et al. [3] subsequently reported lower donor
morbidities with further experience in Japan. Nevertheless,
one operative mortality has been reported in Japan [6] and
several from other countries [7-9]. The latest morbidity
rate in donor hepatectomy is 8.4% for all living donors and
9.4% for right lobe living donors [3].

While donor hepatectomy is a standardized surgery, it
requires special care for both living donor and resected
allograft. Therefore, donor hepatectomy should be per-
formed by the most skilled and experienced hepatobiliary
surgeons. We started donor hepatectomy in 1998. Since
then, a total of 143 donor hepatectomies had been per-
formed by November 2009 using a uniform policy. This
included, for example, no use of inflow occlusion during
donor hepatectomy, and no use of metallic clips inside the
donor abdomen. There is also a general belief that the
incidence of donor morbidities started to decrease with
accumulated experience. The aim of the present study was
to evaluate the importance of team experience on the
outcome of LDLT by evaluating various operative
parameters, morbidity graded by Clavien Dindo classifi-
cation [10], and improvement with experience.

Patients and Methods

The study protocol was approved by the Human Ethics
Review Committee of Osaka University Graduate School
of Medicine. A signed consent form was obtained from
each donor before surgery.

Donors

We analyzed the results of 143 consecutive LDLT per-
formed between 1998 and November 2009 at Osaka Uni-
versity. The donors comprised 98 males and 45 females,
with a mean age of 38.6 & 11.7 years (£SD). Further-
more, 94 recipients were adults (>18 years) and 47 recip-
ients were children (<18 years). One adult and one
pediatric recipient each received a second LDLT due to
graft failure. Donor graft was selected based on volumetric
analysis and anatomical feasibility. Consequently, 56 right
lobes, 40 left lobes, 11 right posterior sections, and 36 left
lateral sections were selected and harvested.

Donor Evaluation

Donor evaluation was based on the criteria approved by the
ethics review committee of Osaka University. All living
liver donors were adults of <65 years of age. Donor
candidates with systemic disease such as hypertension,

diabetes mellitus, psychiatric disease, or were using med-
ications for any systemic disease were strictly rejected.
Preoperative evaluation consisted of complete history and
physical examination, and laboratory tests (complete blood
count, blood chemistry, coagulation factors, hepatitis B
virus, hepatitis C virus, and serological profiles for other
infectious diseases). Donors also underwent chest and
abdominal radiography, four-phase MD-CT and DIC-CT
with three-dimensional reconstruction. Liver volumetric
analysis was conducted routinely using the Virtual Place
software version 2.0 (AZE, Tokyo, Japan).

Graft Selection

The graft type was basically determined by the results of the
volumetric study. The requirements for living donation
were (1) an estimated volume of the remnant liver of more
than 35% of donor whole liver volume and (2) an estimated
donor graft liver volume of more than 40% of the recipient’s
standard liver volume (SLV). The anatomy of the donor
liver (artery, portal vein, hepatic vein, and bile duct) was
always taken into consideration when selecting the graft.
Multiple and small arteries or portal veins for reconstruction
are relative contraindication in selecting the graft [11].
The basic rule followed for graft selection in adult-to-adult
LDLT is shown in Fig. 1. We first considered the left lobe
without or with the caudate lobe. If it did not fulfill the criteria
(1) and (2) above, we then selected the right lobe without the
middle hepatic vein. If the right lobe also did not fulfill the
criteria, we then considered the right posterior section after
referring to the findings of various imaging studies.

Donor Surgery

All donor surgery was planned and simulated on the
MDCT and DIC-CT scans prior to surgery. However,
DIC-CT was not performed preoperatively in eight emer-
gency cases with fulminant hepatic failure. In elective
surgery, autologous blood (800 ml) was collected routinely
under standard protocol 2 weeks prior to surgery.

During the study period (1998-2009), donor surgery
was performed in our department by four expert staff
surgeons of equal expertise in hepatic-biliary surgery. Each
surgery was conducted by two surgeons, the primary sur-
geon assisted by another surgeon. In 1998, the donor sur-
gery was conducted by the first primary surgeon assisted by
another surgeon, until the former moved for other duties, at
which time the assistant surgeon became the primary sur-
geon and conducted the surgery with another hepatic-
biliary assistant surgeon. This change of surgeons/roles
continued with time to finally include four surgeons within
the study period. Thus, all surgeons had equal share in
acting as the primary surgeon and assistant surgeon.
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Fig. 1 a Criteria used for graft selection in adult-to-adult LDLT in
our institution based on volumetric analysis. The criteria for living
donation were (1) an estimated volume of the remnant liver of more
than 35% of donor whole liver volume, and (2) an estimated donor
graft liver volume of more than 40% of the recipient’s standard liver
volume (SLV). b Technical evolution of donor hepatectomy accord-
ing to the three Eras

Modifications to the donor surgery protocol were discussed
and agreed by the team and executed thereafter by all
surgeons as illustrated on Fig. !b. Donor surgery was
conducted initially under general and epidural anesthesia,
then modified in 2008 to general anesthesia to avoid pos-
sible neural injury associated with epidural anesthesia.

In all 143 cases, the technique of parenchymal dissection
was applied, using an ulirasonic dissector (CUSA, Tyco
Healthcare, Tokyo), without inflow occlusion. No metallic
clip was used during dissection of the parenchyma to avoid
any interference with the evaluation of abdominal CT scan
after surgery. The stump of the bile duct was closed in
monofilament running sutures in the early surgeries but
subsequently changed in 2002 to interrupted sutures because
of the high incidence of bile leakage after donor surgery.
Real-time cholangiography of the bile duct was introduced in
2002, and dye injeciion via the cystic duct at the end of
dissection [12] commenced in 2002. Most recently, the dis-
section of hilar structures was minimized; limiting the dis-
section to the cut line around the portal vein, artery, and bile
duct from 2007, and the energy device used for parenchymal
hemostasis was changed from conventional monopolar
electrocautery to irrigation bipolar electrocautery with VIO
soft-coagulation system [13] from 2008 (Fig. 1b).

After securing the hepatic artery and portal vein
at the cut point, the hemi-liver was mobilized. The

@ Springer

cholangiogram was repeated twice, when necessary, for
accurate recognition of bile duct anatomy, before liver
resection and at the time of cutting the bile duct after
parenchymal resection. The liver anatomy was confirmed
constanily during parenchymal resection by ultrasonogra-
phy. In grafting the right lobe without the MHV, tributaries
of the MHYV larger than 5 mm in diameter were carefully
saved for later anastomosis by auto-vein graft. A Penrose
drain tube was used to lift the parenchyma, a procedure
helpful in dissecting the tissue close to the inferior vena
cava [14]. In hepatectomy involving the left and the cau-
date lobes, drainage veins with diameters >5 mm were
preserved in the caudate to be later used in reconstruction
in the recipient surgery.

After intravenous administration of 1,500 units heparin
sodium, the bile duct, hepatic artery, portal vein, and
hepatic veins were cut and the graft liver was removed and
flushed with the University of Wisconsin colloid-based
preserving solution. The bile duct stump was closed with
4-Q absorbable monofilament in running sutures until
supplanied with interrupted sutures using 6-0 absorbable
monofilament after 2004. After complete hemostasis,
10-ml indigo carmine solution was injected via the cystic
duct tube into the biliary system. When dye leakage was
identified, additional monofilament sutures were placed
and the dye injection was repeated to confirm the leakage
was fxed. Furthermore, Sepraﬁlm® (Kaken Pharm. Co.,
Tokyo) was used to prevent adhesion of the stomach to the
cui-surface of the left lobectomy or left lateral sectionec-
tomy. One or two drains were placed at the Winslow’s
foramen or cut surface of the liver. Operative time of donor
surgery represented technically working time and excluded
any waiting/holding time before the start and during reci-
pient surgery.

Postoperative Management and Care

After donor surgery, the donors were moved to the general
ward and vital signs were monitored for 2 days. Oral intake
usually started on postoperative day . Drains were
removed at postoperative days (POD) 35 according to the
volume and condition of the drainage. Bile leakage repre-
sented the presence of bile leak from the drainage tube
when inspected on POD8 or direct identification of bile
during exploratory laparotomy conducted before PODS.

Postoperative Morbidities and Evaluation of Donor
Surgery

Postoperative morbidities were recorded according to the
grading system used by Clavien et al. [10]. Differences in
the clinical background of living donors, operation time,
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blood loss during surgery, graft types and postoperative
morbidities according to graft type and throughout the
postoperative course were compared. The time course was
divided into three bins of eras: era I, case nos. 1-50
(1998-2003); era II, case nos. 51-100 (2004-2006); and
era III, case nos. 100-143 (2006-2009).

Statistical Analysis

Continuous data were expressed as mean &= SD. Differ-
ences between groups were analyzed for statistical differ-
ences by the Student’s ¢ test or Mann—-Whitney U test.
Categorical data were presented as percentages, and dif-
ferences between proportions were compared using the
chi-square test. Univariate and multivariate analyses of risk
factors for postoperative morbidities and bile leakage were
performed using logistic regression. A P value less than
0.05 was considered significant.

Resuits
Clinical Findings

There was no postoperative mortality among the 143 living
donors. No allogenic transfusion was used during the peri-
and postoperative course and all donors are alive and in
healthy condition. The background characteristics of the
liver donors including age, gender, body mass index of the
four graft groups were similar with respect to the type of
graft (Table }). The graft liver weight was significantly
larger for the right lobe (677 £ 102 g) than other graft
types (P < 0.0001).

Table 1 Donors’ characteristics

Experience and Operation Time

The operation time tended to decrease with the increase in
case number (Fig. 2a); it was almost constant in eras I and
II, then decreased significantly in era III for the right
(P < 0.0001 era II vs. IIT) and left lobe grafts (P = 0.0005
era II vs. III) (Fig. 2b). On the other hand, there was no
difference in operation time between era I and era II for all
graft types or between era II and era III for the left lateral
section and right posterior section grafts (Fig. 2b).

Experience and Intraoperative Blood Loss

Blood loss during surgery also decreased steadily with
further gains in experience (Fig. 3a). Blood loss was the
most markedly reduced in right lobe graft surgery between
era I and era IT (P = 0.009). Blood loss tended to decrease
with gain in experience, with the exception of the right
posterior section graft, where blood loss tended to increase
slightly in recent cases, although the difference was not
significant (Fig. 3b).

Effect of Donation on Liver Function Tests

The results of liver function tests performed postopera-
tively are shown in Fig. 4a—d. Serum bilirubin reached a
peak level at day 1 and tended to be higher in donors with
right lobectomy than other types of grafts, especially when
compared with donors of the left lateral graft, and remained
slightly elevated throughout the postoperative period
(P < 0.0001, POD1) (Fig. 4a). Changes in prothrombin
time (PT-INR) showed a similar pattern; the level was
higher in donors of the right lobe graft than in donors of
other grafts (P = 0.0004, right lobe vs. left lobe;

Characteristics Right lobe Left lobe with/without Right posterior Left lateral section
caudate section
n =356 n =40 n=11 n =36
Age (years) 38.6 + 13.8 403 £ 11.6 422 + 133 349 + 6.6
Gender (male/female) 37/19 32/8 8/3 21/15
Body weight (kg) 62.6 £9.8 66.6 + 10.2 67.3 £+ 8.9 60.8 + 11.1
Body height (cm) 166.6 + 9.6 168.8 + 8.3 1678 £ 7.5 164.6 = 8.8
Body mass index (kg/m?) 226 +2.8 233429 238 £ 2.1 223 4+ 3.0
Graft weight (g) 677 £ 102 473 + 82 499 + 82 255.2 4+ 453
Graft weight/recipient weight ratio (GWRW) 1.02 £ 0.22 0.79 + 0.24 0.86 £ 0.18 2.99 + 1.03
Operative time (min) 435 £ 85 419 + 64 454 £ 57 346 + 65
Blood loss (ml) 765 + 657 584 + 403 889 + 534 584 4 403
Autologous blood transfusion (%) 0 0 0 0
Duration of hospitalization (days) 24.8 + 132 21.5£229 22.6 + 11.8 153 £49
@ Springer
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P < 0.0001, right lobe vs. left lateral section; P = 0.013,
right lobe vs. right posterior section, POD1) (Fig. 4b).
Interestingly, the level of aspartate aminotransferase (AST)
was elevated in donors of the left lateral section and right
posterior section grafts than those of right and left lobe
grafts (P = 0.024, left lateral section vs. left lobe;
P = 0.001, left lateral section vs. right lobe; P = 0.005,
right posterior section vs. left lobe; P = 0.0001, right
posterior section vs. right lobe, POD1) (Fig. 4c). Similar
findings were noted in alanine aminotransferase (ALT)
(Fig. 4d). The results of liver function tests were not dif-
ferent among the three Eras for each graft type (data not
shown).

Complications Associated with Donor Surgery

The incidence of postoperative morbidities including
Clavien grade I was 30.8% (n = 44) for all donors, 42.9%

@ Springer

(n = 24) for right lobe, 27.5% (n = 11) for left lobe,
36.4% (n = 4) for right posterior section, and 13.9%
(n = 5) for donors of the left lateral section. There was no
significant difference in the incidence of morbidities
according to graft type, except that they were significantly
higher in right lobe graft donors than in left lateral section
graft donors (P = 0.009). Morbidities with Clavien grade
over II was noted in 28 donors (19.6%), including Clavien
grade IIla in 24 donors (16.8%) and grade IIIb in two
donors (1.4%). Morbidities with Clavien grade over II
according to the graft type are shown in Fig. 3a. Bile leak
was noted in 13 (9.1%) donors, and was the most frequent
morbidity among Clavien grade IIla and IIIb complica-
tions. The frequency of morbidities steadily decreased with
time (Eras I, II and III), including the incidence of bile leak
(Table 2, Fig. 5b, c).

Postoperative complications in two donors (Grade 3b)
were due to bile leak (n = ) and portal vein thrombosis
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Fig. 4 Changes in liver function tests after donor surgery according
to type of liver graft. a Serum total bilirubin levels before and after
surgery. *P < 0.0001 (right lobe vs. left lateral section), P = 0.003
(right lobe vs. left lobe). *P = 0.0003 (left lateral section vs. right
posterior section), P = 0.0002 (left lateral section vs. left lobe). b PT-
INR before and after operation. *P < 0.0001 (right lobe vs. left lateral
section), P = 0.0004 (right lobe vs. left lobe), P = 0.013 (right lobe
vs. right posterior section). ¢ Serum aspartate aminotransferase (AST)

(n = 1). Both patients required emergency laparotomy at
POD1 and the problems were fixed without any further
complications. These two donors were discharged on
POD20 and POD31.

Uni- and Multi-Variate Analyses of Factors Associated
with Postoperative Morbidity

Univariate logistic regression analysis showed that early
era (P = 0.0007), graft type (right lobe vs. left lateral
section, P = 0.005), amount of blood loss (P = 0.011),
and longer operation time (P = 0.005) were risk factors for
postoperative morbidity, while age, gender, weight, and
BMI were not associated with postoperative morbidity
(Table 3). Multivariate logistic regression analysis of these
factors showed that only early era was an independent risk
factor (P = 0.025) for postoperative morbidity (Table 3).

Comparative analysis of donors with bile leak (n = 13)
and those without (» = 130) showed that more recent cases
had lower risk of bile leak after surgery (P = 0.010), while
age, gender, weight, BMI, graft type, operation duration,
blood loss, and graft weight were not different between the
two groups.

b 1.8 1 e Rlight lobs (n=56)
1.7 | e |6t I0be withiwithout caudate (n=40)
16 4 ~ == Lefl lateral section (n=36)
. - Right postarior seclion(i=11)
1.5 4
x j
Z 1.4
~ 1.3 4
o 124 k0 TTTETRs e~
114 o
104 ¥
0.8 —
pre 1 3 7 14 28
Time after surgery (days)
d 400,
350 A . —— Right lobe (n=56)
~~~~~~~~~~ Lett Inbe withiwithcul caudate (n=40)
— 300 / N — == Leftlateral section (n=36)
d 250 /1' #\\ - = Right posterior section{n=11)
= ! N
E 200 K
- 150
<
100
50 -
0

Time after surgery (days)

levels before and after surgery. ¥*P = 0.0005 (left lateral section vs.
right lobe), P = 0.022 (left lateral section vs. left lobe). #p = 0.0001
(right posterior section vs. right lobe), P = 0.012 (right posterior
section vs. left lobe). d Serum alanine amino transferase (ALT) levels
before and after surgery. *P = 0.001 (left lateral section vs. right
lobe), P = 0.024 (left lateral section vs. left lobe). *P = 0.0001 (right
posterior section vs. right lobe), P = 0.005 (right posterior section vs.
left lobe). Data are mean =+ standard deviation (SD)

Discuassion

Live donor morbidity and mortality are basically inevita-
ble. The reports of deaths of live donors associated with
donor surgery in several institutions both in Japan and
western countries [6—9] prompted extensive discussion of
the ethics and merits of live donation [15, 16]. Neverthe-
less, LDLT is still needed for selected patients in certain
circumstances especially in Japan, where cadaveric organ
transplantation is still very limited; although, an increase of
cadaveric donation is expected in the future due to the
recent approval (July 2009) of the revised bill of Organ
Transplant Law by the Japanese Government.

The principle of our practice is to go first through
extensive preoperative work-up for donor candidates, so as
not to miss any contraindication for live donation, and then
to give the best practice for the donor before, during, and
after surgery. We have gained vast experience and
knowledge about donor surgery and care, and witnessed a
progressive improvement in the surgical outcome and
postoperative clinical course. In this regard, only a few
other studies described improvement of outcome of donor
surgery [17], and to our knowledge, there is no study to
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Fig. 5 Frequency of complications after living liver donor surgery.
a Morbidities with Clavien grade over II according to the graft type.
b Percentage of all complications after donor surgery according to the
time of surgery. ¢ Percentage of bile leakage after donor surgery
according to the time of surgery (era I: 19982003, era II: 20042006,
era III: 2006-2009)

date that has compared the donor surgical outcome
according to the type of graft (right lobe, left lobe, right
lateral section, and left lateral section) in LDLT.
Assessment of postoperative liver function serves to
identify the potential risk of graft failure and other post-
operative complications. In the present study, the results of

@ Springer

liver function tests showed increased levels of serum bili-
rubin and PT-INR after right lobe surgery, and a larger
increase in transaminases in left lateral section and right
posterior section surgeries. These results indicate that
selection of grafts other than the right lobe could spare the
donor any postoperative rise in serum bilirubin, while
parenchymal injury, represented by high levels of serum
transaminases, was more severe in donors of the left lateral
section or right posterior section graft. The high transam-
inase in donors of the left lateral section is probably due to
ischemia of the left medial section followed by tissue
atrophy, since the inflow to this area is sacrificed following
preservation of inflow to the left lateral graft. On the other
hand, after removal of the right posterior section, the right
anterior sector becomes congested due to reduced flow in
the right hepatic vein, resulting in rises in serum trans-
aminases. Thus, it is important to recognize changes in
these laboratory data since they reflect various physio-
pathological phenomena.

One of the important findings of this study was the
progressive improvement in the operative outcome, as
reflected by operation time, blood loss, and morbidity rate.
Interestingly, intraoperative blood loss diminished signifi-
cantly in the second 50 cases (era II), though operation time
did not change. However, operation time improved after era
II. Exceptions to the progressive improvement of surgical
outcome were the stable and short operation time, low blood
loss and morbidity rate in left lateral sectionectomy; these
parameters were almost stable from Eras I to IIL

In our hands, postoperative morbidity improved pro-
gressively with experience. Bile leakage was the most
frequent complication in this series. We have so far
introduced several techniques to handle bile duct leakage,
including real-time cholangiography during donor surgery,
the technique used to close the bile duct stump, dye
injection via the cystic duct, and minimizing the dissection
of hilar structures. Several surgical techniques are available
for closure of the bile duct stump. We changed the method
from running sutures with 4-0 absorbable monofilament to
interrupted sutures with 6-0 absorbable monofilament.
Ligation of the bile duct stump is one of the choices, but it
is not recommended because the bile duct in the graft
becomes too short to anastomose duct-to-duct biliary
reconstruction on the recipient side. It is possible that one
or more of these techniques contributed to the improve-
ment in surgical outcome, although in general, the most
significant parameter associated with the reduced rate of
bile leakage was the era of surgery, i.e., the experience of
the surgical team.

With regard to the surgical outcome of donor surgery,
there was a substantial learning curve to achieve qualified
surgery for right and left lobe graft, while there was little
improvement in right posterior section graft and left lateral
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Table 2 Morbidities encountered in living donors according to graft type

Grade/ Right lobe (n = 56)  Left lobe with/without caudate Right posterior section Left lateral section (n = 36)
incidence (n = 40) (n=11
Eral Erall Eralll Eral Era II Era III Eral Era I Era III Eral Erall Eralll
n 26 18 12 8 18 14 3 6 2 13 8 15
I 4 3 1 2 2 - - - 1 1 -
i 1 - - - 1 - - - - - - -
la 11 2 1 4 1 1 1 - 1 1 1
IlIb ~ 1 - - - 1 - - - - - -
v,V - - - - - - - - - - - -
Incidence 61.5% 333% 16.7% 25% 38.9% 14.3% 100% 33.3% 0% 154% 25% 6.7%
Total incidence 42.9% 27.5% 36.4% 13.9%
Table 3 Risk factors for postoperative complications
Risk factors Donors without Donors with P (Logistic OR 95% CI P (Multivariate,
complications complications regression) logistic regression)
(n=99) (n = 44)

Age (years) 38.1 &+ 12.0 39.0 £ 115 0.654 1.007 (0.978, 1.037)
Gender

M/F 64/35 10/34 0.137 1.859 (0.821, 4.202)
Weight (kg) 63.0 + 10.2 65.3 + 10.5 0.234 1.022 (0.986, 1.060)
Body mass index (kg/m?) 22.6 + 2.6 233 +£32 0.238 1.080 (0.949, 1.234)
Era

1 27 23

i 34 16 0.153 0.552 (0.245, 1.247) 0.609

m 38 5 0.0007 0.155 (0.052, 0.457) 0.025
Operation time (min) 397 £ 83.0 44] + 69.9 0.005 1.007 (1.002, 1.012) 0.845
Blood loss (g) 525 + 500.3 794 £ 569.1 0.011 1.001 (1.000, 1.002) 0.373
Graft type

Left lateral section 31 5

Left lobe with/without caudate 29 11 0.153 2.353 (0.728, 7.58) 0.243

Right lobe 32 24 0.005 4.65 (1.57, 13.7) 0.079

Right posterior section 7 4 0.11 3.546 (0.751, 16.7) 0.330

OR odds ratio, CI confidence interval

sectionectomy. Clinical outcome of the left lateral section
was good from the beginning, while that of the right pos-
terior section could be improved with more experience in
this type of graft. Therefore, we recommend that surgical
teams with limited experience (<50 cases) should start
conducting donor hepatectomy with left lateral sectionec-
tomy, then shift to any type of donor surgery/graft after
gaining sufficient experience (>100 donor surgeries).

Of course, all efforts should be employed to reduce
complications in the donors. After gaining experience
between 1998 and 2009, we anticipate better management
and improved outcome in living liver donation surgery. In
conclusion, our self-analysis study of a single center
experience demonstrated a clear and progressive learning

curve, which was instrumental in improvement of living
donor liver surgery.

Conflict of interest The authors declare no conflict of interest.
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ABSTRACT

Purpose. Detection of AFP mRNA in peripheral blood is
considered a useful predictor of HCC recurrence after
resection. However, its interpretation and clinical signifi-
cance remains to be determined. This study was designed
to evaluate the clinical significance of detecting AFP
mRNA positive cells in peripheral blood.

Methods. A total of 153 patients without macroscopic
vascular invasion, who underwent liver resection, were
prospectively enrolled in this study. The pattern of HCC
recurrence was confirmed by image studies and divided
into four types: (1) no recurrence (control group,
n = 68); (2) intrahepatic single recurrence (SR group,
n = 28); (3) intrahepatic multiple recurrences (MR group,
n =38); and (4) extrahepatic HCC recurrence (EX
group, n = 19). ‘
Results. HCC recurrence was identified in 85 (55.6%)
patients during a follow-up of 8.6 & 6.7 (range, 0.7-36)
months. Multivariate analysis identified preoperative AFP
mRNA (HR = 2.54; P = 0.006) as an independent risk
factor for HCC recurrence. Preoperative AFP mRNA
expression was a significant predictor of HCC recurrence in
the MR/EX group (P = 0.029) but not in the SR group
(P = 0.467).

Conclusions. Detection of AFP mRNA expression in
peripheral blood before surgery for HCC is a useful pre-
dictor of multiple or extrahepatic HCC recurrences.

© Society of Surgical Oncology 2011

First Received: 20 January 2010;
Published Online: 8 February 2011

S. Marubashi, MD
e-mail: smarubashi@gesurg.med.osaka-u.ac.jp

Hepatocellular carcinoma (HCC) is the fifth commonest
malignant disease and is highly associated with viral hep-
atitis in up to 90% of cases. Similar to other malignant
tumors, HCC has the potential of recurrence with local and
distant metastasis. Liver resection has been established as
the first-line treatment for HCC, although the high inci-
dence of postoperative recurrence of HCC remains a
serious problem. HCC recurrence after liver resection is
recognized to have unique characteristics and is divided
into three patterns of recurrence: (1) intrahepatic metasta-
sis; (2) multicentric HCC; and (3) extrahepatic metastasis.
The diagnosis of these patterns of recurrence requires close
follow-up with image studies after liver resection as well as
histopathological evaluation of the tumor recurrence, if
available.’

Circulating tumor cells (CTC) in the peripheral blood or
disseminated tumor cells (DTC) in the bone marrow are
reported to be the cause of tumor recurrence in various
malignant tumors.” In liver transplantation for HCC, the
fact that the most common site of tumor recurrence is the
transplanted allograft provides strong support for this notion
and the central role of CTC and DTC in tumor recurrence. ™

The mRNA level of alpha-fetoprotein (AFP) in periph-
eral blood is a candidate marker of CTC. We reported
previously the efficacy of detecting AFP-expressing cells
by quantitative RT-PCR in patients who had undergone
liver resection or liver transplantation for HCC.”® Despite
numbers of publications on this prognostic marker of HCC

- recurrence, it has not been studied in reference with the

patterns of HCC recurrence.

This study was designed to determine the prognostic
value of detecting AFP mRNA-positive cells in peripheral
blood in patients with HCC who underwent curative
resection, in predicting HCC recurrence after surgery, and
to clarify the correlation between AFP mRNA expression in
peripheral blood and the three patterns of HCC recurrence.
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PATIENTS AND METHODS

The study protocol was approved by the Human Sub-
jects Review Committee of Osaka University. All study
subjects provided written, informed consent.

Patients

Among 295 consecutive patients who underwent liver
resection for HCC between December 2001 and October
2008 in our hospital, 188 patients who underwent curative
resection were free of macroscopic portal or venous inva-
sion and consented to this prospective study. Peripheral
blood samples (16 ml) were obtained from each participant
for analysis of AFP mRNA at the following time points:
within 3 days before surgery, and postoperatively imme-
diately after surgery. Of the 188 patients, 37 were excluded
because of short follow-up period without HCC recurrence
(<12 months), and thus data of 153 patients were subjected
to the analysis of risk factors.

The patient demographic and operative data, tumor
characteristics, preoperative serum AFP levels, serum
levels of protein induced by vitamin K antagonist II
(PIVKA-II), and computed tomographic (CT) scans of the
abdomen and chest after surgery were collected prospec-
tively. The standard postoperative follow-up consisted of
abdominal dynamic CT scan or magnetic resonance
imaging (MRI) every 3—4 months with serum AFP, PIV-
KA-II, and chest X-ray or chest CT scan every 3—6 months.
Bone scintigraphy or brain MRI was performed whenever
metastasis was suspected.

Patients with HCC > 5 cm in preoperative image stud-
ies received transcatheter arterial chemoembolization
(TACE) therapy 1-2 months before liver resection. No
adjuvant chemotherapy, TACE, or other anticancer treat-
ment was provided to the study patients until HCC
recurrence was confirmed.

HCC recurrence confirmed by image studies was divi-
ded based on the patterns of the recurrence into: (1) no
recurrence (control group); (2) intrahepatic single recur-
rence after liver resection (SR group); (3) multiple
intrahepatic recurrences (MR group); and (4) extrahepatic
HCC recurrence (EX group).

Real-Time Quantitative RT-PCR for AFP mRNA in
Peripheral Blood

Peripheral blood (16 ml) samples were obtained pro-
spectively from each patient within 3 days before surgery
(preoperative AFP mRNA) and again immediately after
surgery (postoperative AFP mRNA). The method used
for the detection of AFP mRNA in peripheral blood
was described previously.”" Briefly, blood samples were

collected in a VACUTAINER CPT™ cell preparation
tubes with sodium citrate (Becton Dickinson, Franklin
Lakes, NJ) and centrifuged at 17,000xg for 20 min. The
separated mononuclear cells were placed into a 15-ml
centrifugation tube, suspended with 10 ml of phosphate
buffered saline (PBS), and centrifuged at 2,000 rpm for
10 min. After washing with PBS again, the cells were
suspended with TRIzol Reagent (Molecular Research
Center, Cincinnati, OH), and stored at —80°C until RNA
isolation. AFP mRNA was quantified with the Light-
Cycler™ analysis software (Roche Diagnostics, Mannheim,
Germany) using the protocol provided by the manufacturer.
The level of AFP mRNA in the blood was expressed relative
to that of the mRNA of glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH). The lower limit of detection of the
AFP mRNA by this method was 1.0 x 1078, and any value
above this level was designated as positive, as described
previously.™"

Statistical Analysis

Continuous data were expressed as mean =+ standard
deviation, and group data sets were compared using the
Mann-Whitney U test or Kruskal-Wallis test. Categorical
data are presented as percentages, and differences between
proportions were compared using the chi-square test. The
cumulative risk of HCC recurrence and the 95% confidence
intervals (CI) were computed by Kaplan-Meier analysis.
Univariate and multivariate risk-factor assessments were
performed using the Kaplan—-Meier method (log-rank test)
and Cox’s proportional hazards model. Variables that
correlated with the risk of HCC recurrence in the univariate
analysis (P <0.1) were entered into the multivariate
analysis. P < 0.05 was considered significant.

RESULTS

The 153 patients with HCC comprised 116 men and 37
women. The underlying liver disease was HCV (n = 90,
58.8%), HBV (n = 33, 21.6%), Laennec’s (n = 4, 2.6%),
and no apparent background liver disease (n = 32,
20.9%). The mean follow-up duration was 13.4 & 10.8
(range, 0.4-54.2) months. Of the 153 patients, 68 (44.4%)
were recurrence-free after a follow-up period of 22.6 +
11.3 (range, 12-54.2) months, whereas 85 patients (55.6%)
developed HCC recurrence within a follow-up period
of 8.6 & 6.7 (range, 0.7-36) months. The proportion of
patients showing each type of recurrence pattern was
44.4% (n = 68) for the control group {(no recurrence),
16.3% (n = 28) for the SR group (intrahepatic single
recurrence after liver resection), 24.8% (n = 38) for the
MR group (multiple intrahepatic recurrences after liver
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resection), and 12.4% (n = 19) for the EX group (extra-
hepatic HCC recurrence), which included pulmonary
metastasis (n = 10, 53%), lymph node metastasis (n = 3,
16%), diaphragm metastasis (n = 3, 16%), bone metas-
tasis (n = 2, 11%), and adrenal gland metastasis (n = I,
5%).

TABLE 1 Characteristics of patients and hepatocellular carcinoma

Table | shows the demographic and clinical features
of the four groups. Age, gender, and background liver
disease were similar among the four groups. Tumor size
tended to be smaller in the control group and largest in
the MR group (P = 0.018 between control vs. MR
groups). Tumor number was single in 54 of 68 (79.4%)

Control group (n = 68)

SR group (n = 28)

MR group (n = 38) EXgoup(n=19) P

Age (years) 652 +£9.9 67.1 9.9 66.6 = 7.6 63.9 + 7.8 0.515
Gender (male/female) 46/22 22/6 31717 17/2 0.157
Primary diagnosis
HCV 41 (60.3) 16 (57.1) 25 (65.8) 8 (42.1) 0.213
HBV 16 (23.5) 5(17.9) 5(13.1) 7 (36.8)
Laennec’s 2(2.9) 1(0.4) 0 (0) 1(5.3)
Non-B, non-C 14 (20.6) 9 (32.1) 9 (23.6) 5(26.3)
Tumor characteristics
Size (cm) 3.74 + 2.47 4.14 222 5.18 + 3.63 4,78 + 3.75 0.055
Number 128 + 0.67 157 &1 1.97 + 1.46 1.8 4 1.24 0.093
Microscopic vascular invasion (%) 25.4 26 50 26.3 0.06
Histological differentiation (Edmondson classification)
i [ (1.8) 1 3.7) 00 0 (0) 0.119
2 19 (33.3) 15 (55.6) 12 (31.6) 9 (47.3)
3 ‘ 34 (59.6) 10 (37) 25 (65.8) 6 (31.6)
4 3(5.3) 1 (3.7) 1(2.6) 3 (15.8)
Preoperative TACE (%) 455 46.4 474 68.4 0.353
Hepatectomy (HR)?
0 34 (50) 17 (60.7) 20 (52.6) 9 (47.4) 0.9
S 8 (11.8) 1(3.6) 4 (10.5) 3 (15.8)
1 16 (23.5) 6 (21.4) 7 (18.4) 6 (31.6)
2 9 (13.2) 4 (14.3) 7 (18.4) 1(5.3)
3 1(1.5) 0(0) 0O 0 (0)
Blood loss (ml) 842 + 1280 647 £ 595 1460 £ 2683 721 £ 454 0.075
Transfusion 6/68 (8.8) 6/28 (21.4) 6/38 (15.8) 0 0.102
Transfused RC-M.A.P. (ml) 133 £ 610 89 + 253 302 + 1098 0 0.769
TNM stage”
1 4(5.9) 4 (14.3) 2(5.3) 1(5.3) 0.096
2 50 (73.5) 13 (46.4) 19 (50) 10 (52.6)
3 12 (17.6) 8 (28.6) 12 (31.6) 5 (26.3)
4a 2(2.9) 3 (10.7) 3(7.9) 3 (15.8)
4b 0 () 0 (0) 2(5.3) 0 (0)
AFP (median; range) 17.5 (2-206249) 36.5 (3-31310) 52 (4-179200) 38 (4-947500) 0314
PIVKA 105 (28-61330) 300 (9-32539) 334 (20-122976) 252 (23-304000) 0.356
AFP mRNA (%)
Preoperative 4.4 10.7 15.8 105 0.264
Postoperative 20.6 42.9 36.8 316 0.095
Preoperative and postoperative 44 0 53 53 0.466

Data are mean £ standard deviation or number of patients with percentages in parentheses unless otherwise indicated

RC-M.A.P. Red cell concentrates mannitol adenine phosphate, AFP alpha-fetoprotein, PIVKA protein induced by vitamin K antagonist, TACE
transcatheter arterial chemoembolization, SR single recurrence, MR multiple recurrence, EX extrahepatic recurrence

® According to the Liver Cancer Study Group of Japan (LCSGJ)
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patients of the control group and in 18 of 28 (64.3%)
patients of the SR group, whereas a solitary tumor was
less frequently seen in 21 of 38 (55%) patients of the
MR group and 11 of 19 (58%) patients of the EX group.
The number of tumors was the lowest in the control
group compared with the MR (P =0.007) and EX
(P = 0.035) groups. Tumor differentiation according to
Edmondson classification, HAI score in background
liver, and the extent of liver resection were not different
among the four groups. The estimated blood loss and
transfused red cell concentrates mannitol adenine phos-
phate were not significantly different among the groups.
AFP and PIVKA-II were not different among the four
groups.

The AFP mRNA/GAPDH mRNA ratio in peripheral
blood ranged from undetectable and 1.04E—4. AFP mRNA
was detected in 14 (9.2%) patients before surgery, whereas
46 (30.1%) patients were positive postoperatively. Six
(3.9%) patients were positive for AFP mRNA both pre-
operatively and postoperatively. A larger proportion of
patients of the MR group were AFP mRNA-positive pre-
operatively and less in the control group than the SR and
EX groups, whereas a larger proportion of patients of the
SR, MR, and EX groups were AFP-mRNA-positive post-
operatively than the control group. The status of AFP
mRNA (positive/negative) did not correlate with tumor
characteristics, such as microscopic vascular invasion,
blood loss, blood transfusion, TNM stage, and PIVKA-II,

TABLE 2 Relationship
between preoperative AFP
mRNA and various clinical

Preoperative AFP mRNA P

Positive (n = 14) Negative (n = 139)

parameters
Age (years) 70.1 £ 6.8 653 9.2 0.057
Gender (male/female) 1173 105/34 0.064
Primary diagnosis (%)
HCV 429 60.4 0.203
HBV 14.3 223 0.487
Non-B, non-C 429 21.6 0.187
Tumor characteristics
Size (cm) 52+35 42+29 0.146
Number 2.57 & 1.83 1.47 £ 0.92 0.070
Microscopic vascular invasion (%) 30.8 324 0.906
Histological differentiation (Edmondson classification) )
1 0O 2(1.4) 0.947
2 5357 50 (36)
3 8 (57.1) 67 (48.2)
4 1(7.1) 7(5)
Preoperative TACE (%) 57.1 489 0.557
Hepatectomy (HR)?
s 0 16 0.094
0 11 69
1 0 35
2 3 18
3 0 1
Blood loss (median; range) (ml) 480 (20-16600) 550 (30-2400) 0.724
Data are mean - standard .
deviation or number of patients  Blood transfusion (RC-M.AP.) 14% (780 + 736) 10.1% (1539 £ 1781) 0.571
with percentages in parentheses incidence (amount (ml))
unless otherwise indicated TNM stage®
RC-M.A.P. Red cell 1 1 10 0.527
concentrates mannitol adenine 2 6 86
phosphate, AFP alpha- 3 6 31
fetoprotein, PIVKA protein )
induced by vitamin K 4a 1 10
antagonist, TACE transcatheter 4b 0 2
arterial chemoembolization AFP (median; range) 396 (4-947500) 32 (2-206249) 0.039
According to the Liver Cancer  pryg o 115 (31-304000) 174 (9-122976) 0.917
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