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Fig. 2. Effect of IL28B 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 IL28B 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), GIn 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%CI = 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% CI = 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 IL28B 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, Gln 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 IL28B 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 IL28B 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 IL28B 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 IL28B 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 IL28B 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 [L28B 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) GIn 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 mining 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
(* =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
IL28B 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%CI p value Odds 95%Cl p value

ratio ratio
Gender: female 0.98 0.67-1.45 0.938 1.29 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 0.867 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 2.23 1.46-3.42 0.0002 1.97 1.09-3.57 0.025
HCV-RNA: 2600,000 1U/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) 3123 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
1L28B: 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 518 1.08-1.19 <0.0001
Fibrosis: FO-2 2.64 1.65-4.22 <0.0001 1.87 1.07-3.28 0.029
HCV-RNA: <600,000 IU/ml 2.49 1.55-3.98 0.0001 2.75 1.55-4.90 0.001
ISDR mutation: 2< 3.78 2.14-6.68 <0.0001 2.11 1.06-4.18 0.033
Core 70 (Arg) 1.61 1.11-2.28 0.012 0.84 0.52-1.35 0.470
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, [L28B 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
IL28B 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 IL28B 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 [L28B 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 [L28B
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 SVR rate 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.
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IL28B major allele IL28B 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 (IUL) 79 £ 60 78 £ 62 0.842
Platelets (109/L) 153 + 54 155+ 52 0.761
GGT (IU/L) 5145 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%) 6/23 (26%) 0.017
HCV-RNA: >600,000 [U/ml 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 IL28B
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 IL28B 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 [L28B 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
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[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 IL28B 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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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 IL28B genotype.

In conclusion, the present study highlighted the impact of the
IL28B 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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Changes in hepatitis C viral load during first 14 days can
predict the undetectable time point of serum viral load by
pegylated interferon and ribavirin therapy
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Aim: In the treatment of chronic hepatitis C, pegylated inter-
feron (PEG-IFN) and ribavirin combination therapy must be
continued for an adequate duration to improve the rate of
sustained virological response. We attempted to predict the
time point at which serum hepatitis C virus (HCV) RNA are
undetectable during combination therapy.

Methods: Patients with HCV genotype 1b were enrolled in a
model preparation (n = 35) and a validation group (n =70). All
patients received PEG-IFN-o-2b/ribavirin combination therapy
for at least 48 weeks, and serological samples were screened
a minimum of 17 times during the therapy. Serum HCV RNA
were measured by the Abbott RealTime HCV assay. Using the
HCV dynamics model described by Neumann et al., we used
multiple linear regression analysis to select factors that
affected the undetectable time point.

Results: Difference in viral load between weeks 1 and 2 was
the only predictive factor for the undetectable time point of

serum HCV RNA (r?=0.67, P <0.0005), and we derived the
following prediction equation: undetectable time point
(week) = 13.495 x (viral load at day 14 [log IU/mL] — viral load
at day 7 [log IU/mL]) + 25.456. The equation was applicable to
the validation group.

Conclusion: We created a formula for predicting the unde-
tectable time point from viral load measurements early
in PEG-IFN-o-2b/ribavirin combination therapy. An early
response reflects sensitivity to therapy, and the estimation of
an undetectable time point would be useful for determining
the optimal duration of treatment for chronic hepatitis C
patients.

Key words: hepatitis C, interferon, kinetics, real-time
polymerase chain reaction, undetectable time point

INTRODUCTION

NTERFERON (IFN)-BASED therapy is the main form
of therapy for chronic hepatitis C, but it requires a
long-term period to complete, typically lasting at least
48 weeks for hepatitis C virus (HCV) genotypes 1 and 4.
The final therapeutic effect is eradication of HCV, which
is referred to as a sustained virological response (SVR).
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Although combination therapy with pegylated (PEG)-
IFN-o. and ribavirin is now established as the standard
treatment for chronic HCV infection genotype 1b, the
SVR rate in these patients is still approximately 50%.'->
Moreover, it is difficult to know the treatment outcomes
during treatment and follow-up period.

Various factors have been investigated to predict the
treatment efficacy before initiation of therapy, including
pretreatment viral load,* viral genotype,® and gene
sequences, such as IFN sensitivity determining region,®
and host factors, including sex, age, fibrosis stage and
race.”® These factors cannot be modified by therapy and
are unfortunately not completely reliable for predicting
therapeutic response. However, other studies have
documented the importance of the period when HCV
is cleared from the serum (we define this as the
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“undetectable time point”).>"'* When an undetectable
time point is achieved within 4 weeks of therapy initia-
tion, the SVR rate is high. In contrast, the later the
undetectable time point, the lower the SVR rate. One
disadvantage with this prediction method during
therapy is that SVR cannot be predicted until serum viral
clearance. If one can predict the undetectable time point
early during the treatment, physicians can modify and
optimize the ongoing treatment.

There are various patterns of patient response to IFN
therapy. In clinical settings, the following three response
patterns are observed: (i) SVR; (ii) non-virological
response {NVR), in which viral loads continue to be
detected during therapy; and (iii) relapse, in which viral
loads transiently drop below the detection limit but
become detectable again after the end of therapy.® Math-
ematical models have been developed for analyzing
therapy-induced changes in HCV viral load. Neumann
et al.** introduced a model for IFN monotherapyin 1998,
and a pharmacokinetic model for PEG-IFN has been
developed by Powers et al.’* These models are very useful
for understanding the therapeutic effects of IFN on HCV.

In recent years, techniques to quantify serum viral
RNA levels have advanced. The detection limit and the
dynamic range of the quantitative real-time polymerase
chain reaction (PCR) assay are lower and wider than
those of Amplicor PCR assay.’®!” As a result, the real-
time PCR assay can show us the more accurate viral
dynamics. In the present study, we used the model of
Powers et al.”® and real-time PCR to measure serum viral
loads. Our aim was to ascertain whether it is possible to
predict the undetectable time point during the early
stage of PEG-IFN-a-2b/ribavirin combination therapy
for genotype 1b patients with a high viral load, which is
the most difficult-to-treat phenotype of HCV.

METHODS

Patients

HE MODEL PREPARATION group comprised 35

patients with biopsy-proven chronic hepatitis C
who were treated at the Musashino Red Cross Hospital
from 2000-2001. All patients had HCV genotype 1b
and a high viral load (>100 000 IU/mL) as determined
by the Amplicor-HCV Monitor Assay (Roche Diagnos-
tics, Tokyo, Japan). Patients with other liver disease,
such as liver cirrhosis, autoimmune hepatitis or alco-
holic liver injury, were excluded. None of the patients
had hepatitis B virus-related antigens, antibodies or
anti-HIV antibodies. At the time of enrollment, it was

© 2011 The Japan Society of Hepatology
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confirmed that none of the patients were taking drugs
that could affect their immune system. The dosage of
ursodeoxycholic acid and glycyrrhizin was not changed
during therapy.

The model validation group comprised 70 patients
with biopsy-proven chronic hepatitis C who were treated
at the Musashino Red Cross Hospital from 2004-2006.
As with the model preparation group, all patients had
HCV genotype 1b and a high viral load, and patients with
liver cirrhosis or alcoholic liver injury were excluded.
None of the patients had hepatitis B virus-related anti-
gens, antibodies or anti-HIV antibodies.

Informed consent was obtained from all patients in
writing. The present study was approved by the Ethics
Review Board of Musashino Red Cross Hospital in
accordance with the Declaration of Helsinki.

Treatment protocol

All patients received at least 48 weeks of PEG-IFN-o-2b
(PegIntron; Schering-Plough, Kenilworth, NJ, USA) and
ribavirin  (Rebetol; Schering-Plough) combination
therapy. In the model validation group, if viral clearance
was not achieved by week 12, combination therapy was
prolonged to 72 weeks. PEG-IFN-o-2b (1.5 pg/kg per
week) was administrated s.c. Ribavirin was adminis-
trated p.o. at 600 mg/day twice daily to patients weigh-
ing less than 60 kg, and 800 mg/day was given to
patients weighing between 60 and 80 kg. The dosage of
PEG-IFN-0-2b was reduced to 0.75 pg/kg per week
when white blood cells, neutrophils or platelets
dropped below 1500, 750 or 80 x 10°/mm? respec-
tively. When hemoglobin concentration dropped below
10 g/dL, the dosage of ribavirin was reduced from 600
to 400 mg/day for patients weighing less than 60 kg,
and from 800 to 600 mg/day for patients weighing
between 60 and 80 kg. Both drugs were discontinued
when white blood cells, neutrophils, platelets or
hemoglobin levels dropped below 1000/mm? 500/
mm?, 50 x 10*/mm? or 8.5 g/dL, respectively.

HCV dynamics in serum

To analyze viral dynamics, serum samples were col-
lected from each patient according to the following
schedule with respect to the start of PEG-IFEN-02b/
ribavirin combination therapy: immediately before and
at 4, 8h, and 1, 2, 4, 7, 8, 14 and 28 days after the
therapy was started; and then at 4-week intervals until
completion of the therapy. HCV viral loads were mea-
sured in all serum samples using the Abbott RealTime
HCV assay (Abbott Molecular, Des Plaines, IL, USA) at
an Abbott laboratory in the USA.'® The dynamic range
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was 1.08-8 logio IU/mL. The assay is standardized to the
2nd World Health Organization (WHO) International
Standard for HCV RNA (National Institute for Biological
Standards and Control code 96/798). Nucleic acid
extraction was performed on 0.5-mL samples using
an Abbott m2000sp (Abbott Molecular). The Abbott
m2000rt (Abbott Molecular) was used for reverse
transcription, PCR amplification and detection/
quantification. A single-stranded linear probe was used
as the HCV probe.

Definitions of response to therapy

The undetectable time point was defined as the first time
the viral load dropped below the detection limit
(1.08 logie IU/mL) during therapy. Patients with SVR
had no detectable viral load 6 months after the end of
PEG-IFN-a-2b/ribavirin combination therapy. Patients
in relapse had no detectable viral load at the end of
therapy but had a detectable viral load 6 months after
the end of therapy. Patients with NVR had a detectable
viral load throughout the treatment period.

Table 1 Patient characteristics at baseline

Formulae predicting antiviral efficacy 219

Calculation of the HCV dynamic parameters
Hepatitis C virus dynamic parameters (c, 6, €, To and Vi)
were calculated from viral loads with equations for HCV
dynamics.'® The parameter ¢ is the constant viral death
rate, 8 is the death rate of infected cells, ¢ is the effect of
PEG-IEN on blocking production of virus from infected
cells, and T, and V, are the numbers of uninfected cells
and virus at the start of therapy, respectively.

Statistical analysis

SAS ver. 9.13 was used for the statistical analysis.
P-values of less than 0.05 were considered significant.

RESULTS

Baseline patient characteristics

ABLE 1 SHOWS the baseline characteristics of the
patients. The SVR rate was 60% and 27 patients
accomplished undetectable serum HCV until 24 weeks
after the therapy was started. The therapy was discontin-
ued in three of the 35 patients because of a reduction in

Model preparation group Model verification group

(n=35) (n=70)

Age (years) 52.1£9.9 57.8%11
Sex (male/female) 24/11 36/34
BMI 123.7£2.9 23.9%3.7
Hemoglobin (g/dL) 14.7%+1.2 14.2+1.6
Platelet count (x10°/uL) 179+4.38 15552
Albumin (g/dL) 4.2+033 3.92+0.048
ALT (U/L) 91.7 + 64 80.0+7.4
Liver histology (Metavir score)

A (0/1/2/3/4/not measured) 0/17/13/5/0/0 0/40/26/2/0/2

F (0/1/2/3/4/not measured) 0/17/15/3/0/0 2/23/25/18/0/2

~ Viral load (log IU/mL)

At pretreatment 5.49+£0.52 5.54+0.92

At 7th day of treatment 4.05£0.98 4.75+1.05

at 14th day of treatment 3.23+1.41 4.23+£1.29
Durations of therapy

(48 weeks/72 weeks/dropout) 32/0/3 45/7/18
Drug adherencet

(PEG-IFN/ribavirin/both/non-) 7/5/2/21 6/21/30/13
Outcome (SVR/relapse/NVR) 21/6/8 20/26/24
Actual undetectable time point#
(14/28 days/8/12/16/20/24/28/32 weeks/therapy end) 3/7/8/4/1/2/2/0/0 2/2/12/14/4/4/2/2/4

tPatients numbers with dose reduction during the therapy.
#NVR cases were excluded.

BMI, body mass index; ALT, alanine aminotransferase; PEG-IEN, pegylated interferon; SVR, sustained virological response; NVR,

non-virological response.

© 2011 The Japan Society of Hepatology
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Figure 1 Early hepatitis C virus (HCV) dynamics of model preparation group (a) and of model validation group (b). The patients
with incomplete blood collection were excluded from the figure of the model validation group. Solid line, dynamics of those who
accomplished undetectable serum HCV until the therapy ended; dotted line, of those in whom serum HCV was detected through

the whole therapy.

the hemoglobin concentration, a reduction in the neu-
trophil count and a worsening of depressive symptoms.
In comparison to the model preparation group, there
were more NVR patients, and the SVR rate was 29% in
the model validation group. There were six patients who
accomplished undetectable serum HCV after 24 weeks,
and the latest patients achieved it 40 weeks after the
therapy started. More patients had advanced hepatic
fibrosis in the model validation group than in the model
preparation group. Eighteen patients discontinued the
combination therapy for various reasons, for example,
decreased neutrophil count. The early HCV dynamics of
both group are shown in Figure 1.

Undetectable time point prediction

From the model preparation group, 29 patients were
analyzed and six patients were excluded for the follow-
ing reasons: therapy was discontinued before viral
clearance in one patient, PEG-IEN dosage was
decreased before viral clearance in three patients, viral
load increased during therapy in one patient, and an
incomplete series of samples were obtained from one
patient.

© 2011 The Japan Society of Hepatology

First, we hypothesized that the HCV dynamic param-
eters have a possibility to predict the undetectable time
point. HCV dynamic parameters were calculated with
three dataset patterns of viral loads, as follows: (i)
immediately before and at 4, 8 h, and 1, 2, 4, 7 and
8 days; (ii) before and at 8 h, and 1, 2, 4 and 7 days;
and (iii) before and at 4, 8 h, and 1, 2, 4 and 7 days
after the therapy was started. Unfortunately, no signifi-
cant factors for prediction of the undetectable time
points were detected in these HCV dynamic parameters
(Table 2), even when adding parameters of age and
sex.

Next, we investigated the possibility using early-stage
treatment dynamics. Multiple linear regression analysis
was conducted for viral load, and changes in viral load
up to day 14 as the explanatory variables and undetect-
able time points as the objective variables. Among
various factors which became significant alone, the
decrease in viral load from day 7 to 14 was found to be
the best predictor for the undetectable time points by
multiple linear regression analysis (2= 0.67, Table 3).
Then, whole datasets were analyzed again including
HCV dynamic parameters, sex, age, viral loads and viral

- 365 -



Hepatology Research 2011; 41: 217-224

Table 2 Calculated HCV-dynamic parameters of model preparation group

Formulae predicting antiviral efficacy 221

Dataset Dataset 11 p Dataset 2% p Dataset 3§ P
median (range) median (range) median (range)

¢ 0.77 (0.032-5.21) 0.73 1.54 (0.0515-7.58) 0.37 2.75 (0.040-6.19) 0.85
) 0.0033 (0-0.69) 0.76 0.013 (0-0.99) 0.094 0.053 (0-0.70) 0.91
e 0.28 (0.023-0.84) 0.30 0.067 (0.0083-0.72) 0.038 0.28 (0.023-0.71) 0.18
To 0.36 (0.0001-0.95) 0.63 0.415 (0.0049-0.98) 0.23 0.36 (0.007-0.90) 0.21
Vo 5.49 (4.40-6.69) 0.53 4.99 (4.10-6.48) 0.090 5.29 (4.30-6.69) 0.29
R? 0.012 0.056

tDataset 1: serum hepatitis C virus (HCV) load immediately before and at 4, 8 h, and 1, 2, 4, 7, 8 days after the therapy was started.

$Dataset 2: serum HCV load before and at 8 h, and 1, 2, 4, 7 days after the therapy was started.
§Dataset 3: serum HCV load before and at 4, 8 h, and 1, 2, 4, 7 days after the therapy was started.

load changes. The results showed that only the change
in viral load from day 7 to 14 was associated with the
prediction of the undetectable time point (r*=0.67).

Finally, prediction in each patient was valid (Cook’s

D = 0.046, mean, data not shown), and we derived the

following prediction formula:

Undetectable time point (week) =13.495 x (viral load
at day 14 [log IU/mL]- viral load at day 7
[log IU/mL])+25.456.

The degree of decrease in viral load from day 7 to 14

for the model preparation group and the actual

Table 3 Early viral dynamics of model preparation group, correlation to undetectable time point and the result of multiple linear

regression analysis

Viral load Spearman’s rank correlation Multiple linear regression
(log IU/mL) test coefficient (P-value) analysis 7 (P-value)

Pretreatment (0 days) 5.48 £0.30 0.27 (0.28) Excluded

4h 5.66+£0.22 0.045 (0.82) Excluded

8h 555+0.19 10.026 (0.89) Excluded

1 day 3.74+0.75 0.68 (<0.001) Excluded

2 days 3.2040.76 0.66 (<0.001) Excluded

4 days 4.01+£0.74 0.56 (0.002) Excluded

7 days 4.05+0.75 0.77 (<0.001) Excluded

8 days 3.34+0.80 0.67 (<0.001) Excluded

14 days 3.52+0.95 0.87 (<0.001) Excluded
Subtracted values of viral load (log scale)

1 day - 0 days -1.78+0.88 0.59 (0.001) Excluded

2 days - 0 days -2.18+0.79 0.53 (0.003) Excluded

4 days - 0 days -1.46 £0.65 0.72 (0.000) Excluded

7 day - 0 days -1.38+0.80 0.38 (0.049) Excluded

14 days ~ 0 days —2.24+1.17 0.83 (0.000) Excluded

2 days - 1 day -0.55+0.13 0.085 (0.67) Excluded

4 days - 1 day 0.17 £0.25 0.22 (0.27) Excluded

7 days - 1 day 0.44 +£0.46 0.27 (0.19) Excluded

14 days - 1 day —0.42 £0.46 0.76 (<0.001) Excluded

4 days - 2 days 0.61+£0.23 0.12 (0.54) Excluded

7 days - 2 days 0.86+£0.50 0.12 (0.56) Excluded

14 days - 2 days 0.11+0.44 0.76 (<0.001) Excluded

7 days - 4 days -0.11+0.17 0.047 (0.82) Excluded

14 days - 4 days -0.7£0.37 0.78 (<0.001) Excluded

14 days - 7 days ~0.86 £0.50 0.76 (<0.001) 0.667 (<0.0005)
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Figure 2 Correlation between the undetectable time point and the decrease in viral load from day 7 to 14 (a,b) and correlation
between the actual and predicted undetectable time points (c,d). (a,c) Results of analyses for the model preparation group; and
(b,d) analyses for the model validation group. Black circles, actual cases; dotted line, (a,c) estimate obtained from the prediction
formula; (b,d) equal values of actual and predicted undetectable time points.
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undetectable time point are plotted in Figure 2(a),
which shows a very strong and a significant correlation
(*=0.67, P < 0.0005).

The wvalidity of the prediction formula was investi-
gated in the validation group. Analysis was possible in
32 patients, as the other patients were excluded from the
analysis due to the following reasons: therapy was dis-
continued before viral clearance in eight patients, PEG-
IFN dosage was reduced before viral clearance in nine
patients and viral clearance was achieved before day 14
in two patients. There were six cases of NVR, and incom-
plete blood collections from 13 patients on day 7
and/or 14. A strong and a significant correlation was
demonstrated between the undetectable time points
that were predicted using this formula and the actual
undetectable time points (Fig. 2¢, r=0.53, P =0.005).

Although only one case was predicted to achieve a
rapid virological response (undetectable viral load at
week 4)" in the model validation group, the actual
undetectable time point of this patient was week 8
(Fig. 2d). In contrast, all nine cases who were predicted
to achieve a complete early virological response (unde-
tected viral load until week 12),"* the actual undetect-
able time points of these patients were within week 12.
Because the prediction formula was derived by the least
squares method, half of the patients, who were pre-
dicted not to achieve the complete early virological
response, actually achieved it.

DISCUSSION

UMEROUS STUDIES HAVE documented that the

undetectable time point is related to therapeutic
responses, and its usefulness in predicting therapeutic
efficacy is clear.’”"* In the present study, we were able to
derive a formula for predicting the undetectable time
point for patients with HCV genotype 1b and high
serum viral loads during PEG-IEN-¢-2b/ribavirin com-
bination therapy. Though the various parameters for the
HCV dynamics were investigated, the change in viral
load from day 7 to 14 was the only parameter that was
useful for predicting the undetectable time point.

The standard length of PEG-IFN/ribavirin combina-
tion therapy is 48 weeks for patients with HCV genotype
1b and high serum viral loads; however, a 72-week
administration is recommended to improve therapeutic
response.>'*8 Therefore, when undetectable time points
are predicted as from weeks 13-24 by our formula, the
SVR rates could be improved by continuing the IFN
therapy for longer periods. By prediction of the unde-
tectable time point early during the treatment using our

Formulae predicting antiviral efficacy 223

formula, the physician can make early modification and
optimization of currently ongoing therapy.

Another important issue of PEG-IFN/ribavirin treat-
ment is adherence to treatment. Because dose reductions
may delay the time until serum viral clearance, patients
in whom the dosage of IFN and ribavirin was reduced
during therapy were excluded in the present study.
However, there are many patients in whom the dosage
of drugs has to be reduced during therapy for a wide
variety of clinical reasons. If reducing dosage before the
predicted undetectable time point, administration of
IEN for longer periods should be considered.

In conclusion, we created a formula for predicting the
undetectable time point in patients treated with PEG-
IFN-0-2b/ribavirin combination therapy. Viral eradica-
tion is the ultimate objective of IFN-based therapy, but
many patients failed to achieve viral eradication for
some reason. Because our prediction formula for the
undetectable time point was made with a small popu-
lation, it is necessary to correct it by further analysis with
a larger population. However, an early viral response
reflects efficacy of the therapy, and the estimation of an
undetectable time point by our formula would be useful
for determining the optimal duration of treatment in
the early period of the therapy for each chronic hepatitis
C patient.
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Abstract

Objective: Keratin (K) 19 positivity has been reported to be
a useful predictive marker for recurrence in patients with he-
patocellular carcinoma (HCC) who have undergone hepatic
resection. We investigated the clinical usefulness of K19 pos-
itivity in patients who had received curative radiofrequency
ablation (RFA). Methods: We retrospectively evaluated the
clinicopathological features, including imaging and K19 ex-
pression, in 246 patients with HCC who were within the Milan
criteria and had received curative RFA. Using a two-step in-
sertion method, tumor biopsies were obtained just prior to
RFA and were evaluated histologically. Resulfts: Tumor seed-
ing due to liver biopsy and RFA was not observed. Ten pa-
tients (4.1%) had K19-positive HCC. Imaging findings were
similar between K19-positive and -negative HCC (p = 0.187).
Nine out of 10 patients (90%) who had K19-positive HCC had

recurrence of HCC after RFA, and intrahepatic recurrences
were observed within 12 months in 6 out of 10 (60.0%). K19
positivity was a significant risk factor for recurrence (p <
0.0001) and early recurrence (<1 year after RFA; p = 0.012).
K19 expression (p = 0.016) was an independent risk factor for
tumor status exceeding the Milan criteria after RFA. Conclu-
sion: Expression of K19 is related to high recurrence of HCC
after curative RFA. Copyright © 2011 S. Karger AG, Basel

Introduction

Radiofrequency ablation (RFA) is regarded as an im-
portant treatment modality for hepatocellular carcinoma
(HCC) [1-4], and its efficacy, especially for tumors <2 cm
in diameter, is better than that of ethanol and nearly com-
parable to that of surgical resection [5]. In addition, RFA
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is considered to be a bridge to liver transplantation be-
cause the prolonged waiting time for cadaveric livers
leads to dropouts from the waiting list [6]. Tumor recur-
rence after curative RFA has been a problem, as it is after
hepatic resection. Tumor size (>3 cm in diameter) [7],
time after treatment (>1 year) [7], the number of HCC
nodules [8] and hepatitis C virus (HCV) infection [8]
have been reported to be risk factors for intrahepatic tu-
mor recurrence after curative RFA. Moreover, primary
technical failure is reported to be a risk factor for tumor
progression beyond the Milan criteria after RFA [9].

Keratin (K) 19, which is considered to be a biliary/he-
patic progenitor cell marker [10], has attracted attention
as a useful predictive marker for detecting the more ag-
gressive HCCs after curative resection, because tumors
with K19 expression have a poorer prognosis [11, 12] and
higher rates of recurrence [13, 14] and lymph node metas-
tasis [12] than K19-negative HCC. In these previous stud-
ies, surgical specimens were investigated and K19 posi-
tivity was defined as expression in >5% of tumor cells
[11-14].

As a result, one would expect that K19 expression
might be a useful predictive marker for detecting HCC
with a worse outcome after RFA, especially regarding tu-
mor recurrence. To the best of our knowledge, the corre-
lation between clinicopathological features and K19 ex-
pression has not been investigated in HCC patients treat-
ed by RFA. Therefore, we performed a clinicopathological
study on 246 HCC cases treated with RFA and investi-
gated the relationship between the K19 expression and
recurrence and prognosis after treatment.

Methods

Patients

Between April 1999 and February 2010, 1,284 patients were
admitted to the Musashino Red Cross Hospital for the first treat-
ment of HCC. A total of 684 patients were treated with RFA as the
initial therapy for HCC. Ablation therapy was chosen either be-
cause the patients were considered not to be suitable for resection
(n=323), when considering impairment of liver function, number
and distribution of the tumors as well as cardiopulmonary dys-
function, or because they preferred ablation and provided in-
formed consent (n = 361), despite surgery also being feasible. From
the outset, 172 patients were excluded because RFA was per-
formed without tumor biopsy. Therefore, 512 consecutive pa-
tients, on whom tumor biopsies had been performed before RFA,
were included and we evaluated these specimens retrospectively.
The result of retrospective analysis was that there were 57 patients
with no residual samples, 119 patients with no tumorous lesion
and 9 patients with no definitive histological diagnosis because of
a small and/or fragmented specimen. The remaining specimens
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1,284 patients diagnosed as initial HCC
April 1999 to February 2010
at Musashino Red-Cross Hospital

600 patients received

v other therapies

‘ 684 patients received RFA |

172 patients received RFA

v without tumor biopsy

| 512 patients received RFA with tumor biopsy |

196 patients: not diagnosed

v as HCC histologically

| 316 patients: diagnosed as HCC histologically |

70 patients beyond
the Milan criteria

A
246 patients: diagnosed as HCC histologically
within the Milan criteria, analyzed in this study

Fig. 1. Flow chart summarizing the patient selection for the study.

were diagnosed as HCC in 316 patients, as dysplastic nodule in 6
patients, as adenocarcinoma in 4 patients and as neuroendocrine
tumor in 1 patient. Seventy patients were excluded, because their
states of HCC were beyond the Milan criteria (3 cmand upto 3
nodules, or <5 cm and a single nodule). Therefore, 246 consecu-
tive patients, on whom tumor biopsies had been performed before
RFA and diagnosed as HCC retrospectively, were included in the
study (fig. 1). The inclusion criteria for receiving RFA were as fol-
lows: total bilirubin concentration <3.0 mg/dl, platelet count
>3 x 10°/mm?, prothrombin activity >50% (approximately equal
to an international normalized ratio of 1.5) and Child-Pugh score
<8 points. Ascites were controlled by administration of diuretics
before RFA. Patients with macroscopic vascular invasion or ex-
trahepatic metastases were excluded. The criteria of the Interna-
tional Union against Cancer were used for TNM classification
[15]. Written informed consent was obtained from all patients,
and the study was approved by the ethics committee at Musashi-
no Red Cross Hospital, in accordance with the Declaration of Hel-
sinki.

Diagnosis of HCC

All the patients were diagnosed as having HCC on the basis of
tumor markers and a combination of typical imaging findings on
ultrasonography (US) and dynamic computed tomography (CT),
according to the American Association for the Study of Liver Dis-
eases and the Japan Society of Hepatology guidelines [1, 16].
When patients had 2 or 3 HCC nodules, a needle biopsy was tak-
en from the main nodule. The histological diagnosis of HCC was
based on the World Health Organization criteria [17].

For the evaluation of vascularity and Kupffer cell activity of
the target nodule, CT during arteriography (CTHA) and CT dur-
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ing arterioportography (CTAP) were performed in 188 (76.4%)
patients, superparamagnetic iron oxide-enhanced magnetic reso-
nance imaging (SPIO-MRI) was performed in 194 (78.8%) pa-
tients and gadolinium-ethoxybenzyl-diethylenetriamine penta-
acetic acid magnetic resonance imaging (Gd-EOB-DTPA) was
performed in 47 patients (19.1%), from March 2008. For triple-
phase dynamic CT scans, arterial, portal and equivalent phases
were 35, 70 and 150 s, respectively, after injection of contrast
agent. Spiral CT scans were obtained from 3- to 5-mm-thick sec-
tions. Board-certified radiologists diagnosed HCC on the basis
of typical patterns, such as an early-phase hyperattenuation ar-
ea and late-phase hypoattenuation on dynamic CT. According to
previous studies, the sensitivity of the diagnosis of HCC in
CTHA/CTAP is higher than that of spiral CT. The diagnosis of
HCCin CTHA/CTAP is hyperattenuation area in CTHA and hy-
poattenuation area in CTAP. It has been reported that the pres-
ence of Kupffer cells could be evaluated, and this was defined by
a hyper-intensity area in the T2* image of SPIO-MRI as a typical
imaging finding of HCC. Gd-EOB-DTPA MRI is a liver-specific
contrast-enhanced agent, and hypointensity in the hepatobilliary
phase is a typical imaging finding. We started to perform Gd-
EOB-DTPA MRIinstead of SPIO-MRI from March 2008, because
it was reported that the sensitivity of Gd-EOB-DTPA MRI was
superior to SPIO-MRI for the diagnosis of HCC.

Tumor Biopsy and RFA

There are 24 operators who participated in this study. Theyare
specialized liver physicians who have great experiences in per-
forming percutaneous ethanol injection for HCC, percutaneous
tumor biopsy for liver tumor, percutaneous liver biopsy for hepa-
titis, percutaneous hepatobiliary drainage for obstructive jaun-
dice, or percutaneous liver abscess drainage. A needle-guiding
technique was used, consisting of an initial guided needle and a
secondary outer needle (two-step insertion method). This meth-
od was reported by another center previously [18] and involves the
initial insertion of a 21-gauge needle (Silux, Saitama, Japan) just
adjacent to the tumor under real-time US guidance, and using this
to insert a 14-gauge Daimon outer needle (Silux), also just adja-
cent to the tumor. After removal of the inner needle, an 18-gauge
biopsy needle was inserted to obtain the tumor tissue sample. Af-
ter removal of the biopsy needle, a 17-gauge cooled-tip electrode
was inserted into the targeted tumor. The electrode, with a 2- or
3-cm exposed tip, was connected to a 480-kHz RF Generator (Ra-
dionics, Burlington, Mass., USA), which produces 200 W at 50 )
of impedance [19, 20]. The equipment also allows the measure-
ment of power output, tissue impedance and electrode tip tem-
perature. A tip temperature of 10-20°C was maintained by infu-
sion of chilled water through a peristaltic pump. After insertion
of the electrode into the tumor, ablation was performed at 60 W
for the 3-cm exposed tip and 40 W for the 2-cm exposed tip. The
power was increased to 140 W at a rate of 10-20 W/min. When a
rapid increase in impedance was observed during thermal abla-
tion, the output was reduced. The duration of a single ablation was
12 min. After RF exposure, the pump was stopped and the tem-
perature of the needle tip was measured. When the temperature
of the electrode tip was >60°C, ablation was defined as being suf-
ficient. When the target nodule was >2 cm in diameter, multiple
needle insertions and ablations were performed in 1 nodule to
achieve complete necrosis. A session was defined as a single inter-
vention consisting of =1 ablations performed on =1 tumors at
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the same time. After completion of nodule ablation, the intrahe-
patic needle track was treated by thermocoagulation to avoid nee-
dle track seeding. Finally, a mixture of gelatin sponge particles
(Gelfoam®; Upjohn, Kalamazoo, Mich., USA) was injected into
the puncture route. All procedures were completed within 15-20
min. After each session of RFA, a dynamic CT scan (section thick-
ness 5 mm) was performed to evaluate the efficacy of ablation.
Complete ablation of HCC was defined as non-enhancement of
the lesion, including the whole surrounding liver parenchyma.
The ablative margin was shown as the boundary between the low
density area as ablated area and the isodensity area as surround-
ing normal liver parenchyma. The residual portion of the tumor
was treated by additional RFA within a few days of the post-treat-
ment CT scan. Follow-up consisted of monthly serial measure-
ments of tumor markers [o-fetoprotein (AFP) and des-y-carboxy
prothrombin (DCP)], US examination every 2 months and dy-
namic CT every 3 months. We checked various complications of
RFA with conventional contrast-enhanced CT and blood exami-
nation at day 1 after RFA.

Tumor Recurrence

Recurrence of HCC was defined as an early enhancement area
on dynamic CT, concomitant with late wash out. Two types of re-
currence, local tumor progression and distant intrahepatic recur-
rence, were identified. Local tumor progression was defined as an
enhancing area located adjacent to the ablated area [21], while dis-
tant intrahepatic recurrence referred to the appearance of a new
tumor in the liver, distant from the ablated area. Early recurrence
was defined as a recurrence within 12 months of the initial RFA.

Immunohistochemistry

Immunohistochemistry using antibodies against K19 (1:100,
BA17, Dakocytomation, Glostrup, Denmark) was performed on
paraffin-embedded sections from 246 needle biopsy specimens.
The slides were reviewed by 2 independent pathologists (M. Ko-
muta and M. Sakamoto). Expression of K19 was considered posi-
tive if >5% of tumor cells were stained according to the expected
pattern of reactivity.

Statistical Analysis

Categorial variables were compared with the x? test and con-
tinuous variables with the Mann-Whitney test; a p value <0.05
was considered statically significant. Continuous variables were
expressed as the mean * standard deviation. The imaging find-
ings were compared with the x? test between K19-positive and
-negative patients. Overall survival was defined as the interval
between treatment and death or the date of the last follow-up or
the date of the most recent follow-up visit. Probability of recur-
rence-free survival was defined as the interval between treatment
and the date of HCC recurrence.

Univariate analysis was performed to identify clinical and bi-
ological parameters (sex, age, etiology, prothorombin activity, al-
bumin, bilirubin levels, Child-Pugh class, serum AFP level, se-
rum DCP level) and tumor factors (size, number, tumor stage,
tumor differentiation, K19 expression) predicting overall surviv-
al, recurrence-free survival and the interval beyond the Milan
criteria.

Survival curves were computed according to the Kaplan-Mei-
er method and compared by the log-rank test. All variables with
a p value <0.05 were subjected to multivariate analysis by Cox’s

Tsuchiya et al.

-372 -



Table 1. Comparison of clinicopathological features of patients
(n = 246) with HCC with and without K19 expression

Table 2. Comparison of the image findings of patients with HCC
with and without K19 expression

Features K19 K19 p value K19 K19 p
>5% <5% positive >5%  negative  value
(n=10) (n=236) (n=10) (n=236)

Mean age * SD, years 70£8 68*38 0.541 CECT arterial phase high

Sex, male/female 2/8 146/90 0.016 density 10/10 200/235 0.187
. CTHA high densi 717 159/181 0.326

Clinisal and laburuiory data CTAP low densityty 717 179/181  0.779

Mean AFP, ng/ml 489 [52.1] 12[16.2]  0.062 SPIO-MRI T2* 10/10 175/184 0.473

Mean DCP, mAU/ml 42 [25]  321[22] 0.773 EOB-MRI '

Child-Pugh score A/B 8/2 200/36 0.655 Hepatobiliary phase low

Total bilirubin, mg/dl 09205 0.8%04  0.480 intensityry B B sy -

Albumin, g/dl 34%£0.7 3.6%x05 0.137

PT, % 97%£12 92 %15 0.375

Pathology

Tumor size, mm 247 22%8 0.392

Tumor number 1.3%0.7 1.2+0.6 0.891

Vascular invasion, yes/no 0/10 0/236 cells was observed in HCCs from 10 of 246 patients (4.1%).

Wi efling 0 i o Two of the 10 HCCs (20.0%) were poorly differentiated
well/moderate/poor 0/8/2 108/126/2  <0.0001 0 e W P . Y ’

TNM stage I/11 8/2 183/53 0855  and8(80.0%) were moderately differentiated. None of the

Lymph node involvement well-differentiated HCCs showed K19 positivity. Among
yes/no 0/10 0/236 the 10 patients with K19-positive HCCs, 2 had a HCC

Metastasis, yes/no 0/10 0/236 nodule >3 cm and 8 had HCC nodules <3 cm in diam-

Major associated liver diseases eter. The 8 HCC nodules with K19 positivity <3 cm in

HBsAg+ 1(10) 24(10.1)  0.895  diameter were moderately (n = 7) and poorly differenti-

HCV Ab+ 9 (90) 189 (80.1) ated HCCs (n = 1).

ALD 0 8(3.4)

NASH 0 2(0.8) . . o . :

Unknown etiology 0 13 (5.6) Clinicopathological Characteristics of Patients with

Figures in parentheses are percentages; figures in brackets are
medians. PT = Prothrombin time; HBsAg = hepatitis B surface
antigen; HCV Ab = HCV antibody; ALD = alcoholic liver disease;
NASH = non-alcoholic steatohepatitis.

proportional hazards model to assess their value as independent
predictors.

All statistical analyses were performed using StatView (ver-
sion 5.0) software (Abacus Concepts, Berkeley, Calif., USA).

Results

Proportion of HCCs Expressing K19

The biopsy number was 272, and the median length of
our biopsy specimens was 8.2 £ 4.0 mm. In 117 cases, the
specimens were <1 cm, and =1 cm in 155 cases. Patho-
logical diagnosis and K19 staining were practicable in all
specimens <1 cm. Expression of K19 in >5% of tumor

Keratin 19 as Risk for HCC Recurrence

HCC in Relation to Expression of K19

The clinicopathological characteristics of the patients
in relation to K19 expression in HCCs are shown in ta-
ble 1. The proportion of well-differentiated HCCs was
significantly lower among K19-positive HCC patients
(p < 0.0001). K19 expression was more frequent among
female than among male patients (p = 0.016). There were
no significant differences in age, clinical laboratory data,
tumor size, number of tumor nodules, tumor stage in
TNM classification or etiology between K19-positive and
-negative HCC patients. There was no significant differ-
ence in tumor location (near the major vessels, bile ducts
and organs) between K19-positive and -negative patients.
The number of RFA sessions did not differ significantly
between K19-positive and -negative HCC patients. Se-
rum AFP before initial RFA was not evaluated in 1 pa-
tient.

Imaging Characteristics of HCCs in Relation to

Expression of K19

Comparison of the various imaging findings, accord-
ing to vascular profiling, and in relation to K19 expres-
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Fig. 2. a-e A patient with K19-negative HCC: a 70-year-old man
with chronic hepatitis (anti-HCV positive). The HCC (25 mm in
diameter, in segment 6) showed an early enhancement area by dy-
namic CT (a). Dynamic CT at 1 day after RFA (b). On histological
investigation, the tumor showed moderately differentiated HCC
on H&E staining (c), and K19 expression was negative in tumor
cells (d). The HCC did not show early enhancement on dynamic
CT 4 yearsand 10 months after curative RFA (e). f-j A patient with

sion, is shown in table 2. These imaging findings were
consistent with the histological diagnosis, as determined
by pretreatment needle biopsy.

All K19-positive HCCs showed typical HCC images,
such as hypervascularity at the arterial phase, hypovas-
cularity at the portal and equilibrium phases in dynamic
CT, and hyperintensity at the T2* image in SPIO-MRI.
There was no significant difference between K19-posi-
tive and -negative patients in terms of the imaging find-
ings.

282 Oncology 2011;80:278-288

K19-positive HCC: a 72-year-old female with chronic hepatitis
(anti-HCV positive). The HCC (25 mm in diameter, in segment 8)
showed an early enhancement area by dynamic CT (f). CT 1 day
after RFA (g). On histological investigation, the tumor showed
moderately differentiated HCC on H&E staining (h), and K19-
positive cells were seen in the tumor (i). Five months after RFA,
the HCC showed intrahepatic recurrence beyond the Milan crite-

ria (j).

Recurrence of HCC after RFA

The median follow-up period was 34.0 months (range
65 days to 10.3 years). A recurrence of HCC was diag-
nosed at least once during the follow-up period in 156
patients (63.4%). The cumulative recurrence-free surviv-
alat1, 3 and 5 years was 69.9, 26.6 and 12.2%, respective-
ly. Among the 156 patients with recurrent HCC, 14 (8.9%)
had local tumor progression and 142 (91.1%) had distant
intrahepatic recurrences. Five of 14 patients (35%) who
had local tumor progression had K19-positive HCC and
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