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Table 2 Univariate and multivariate analysis of variables associated
with waiting list mortality

Table 3 Comparison of patient characteristics between HCV and
PBC

Variables Univariate Multivariate Variable HCV (n = 189) PBC (n = 81) P value
HR 95 % Cl  Pvalue HR 95 % CI P value Age (years) 55 (29-69) 52 (27-69) 0.02*
Age (per yearof 1.04  1.03-1.05 <0.001 104 1.03-1.05 <0.001 Gender 143/46 15/66 <0.001°
age) (male/female)
Male gender 093  0.77-1.13 048 Platelet count 6.0 (1.7-49.0) 10.2 (2.2-42.3) <0.001*
Blood type (x10*/uL)
A 1.00  Reference Albumin (g/dL) 2.8 (1.8-4.4) 2.8 (1.4-4.2) 0.96"
B 1.07  0.83-143 0.61 Total bilirubin 2.7 (0.4-39.8) 7.2 (0.7-41.2) <0.001*
o] .13 0.90-1.43 0.29 (mg/dL)
AB 126  090-1.77  0.17 Creatinine 0.78 (0.4-74) 0.67 (0.37-2.83)  <0.001*
Etiology (mg/dL)
HCV 1.00  Reference Prothrombin 54.7 (11.0-103.0) 62.2 (16.0-120.0) 0.001*
BA 040  022-072  0.002 time (%)
PBC 162 1.21-2.16 0001 179 1.34-239 <0.001 INR 151 (0.98-6.24)  1.32(0.91-4.31) 0.001*
PSC 079  0.54-1.17 0.24 MELD score 15 (7-52) 17.5 (8~39) 0.002"
HBV 077  056-1.05  0.10 CTP score 10 (6-15) 10 (5-15) 0.27*
Alcohol 095  059-153 0.83 Medical point 54/135 22/39 0.81°
AIH 0.77 0.34-1.74 0.52 (1, 3/6, 9)
NASH L1 076-1.63 059 Data are shown as median (range). Data were available for patients
HCC 146 1.05-205  0.003 who were listed after June 22, 2006
Metabolic 040 0.22-075  0.004 CTP Child-Turcotte-Pugh, HCV hepatitis C virus, INR international
o normalized ratio, MELD model of end-stage liver disease, PBC pri-
PZ:Z';;T:C 0.26  0.10-0.70 0.008 0.27 0.10-0.73 0.01 mary biliary cirthosis
Vascular 0009 0.01-067  0.002 * Mann-Whitney U test
disease ® Chi-square test
Others 070 0.34-143 0.33

AIH autoimmune hepatitis, BA biliary atresia, HBV hepatitis B virus, HCC
hepatocellular carcinoma, HCV hepatitis C virus, HR hazard ratio, NASH non-
alcoholic steatohepatitis, PBC primary biliary cirrhosis, PSC primary scleros-
ing cholangitis
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Fig. 2 Kaplan-Meier curves comparing the cumulative waiting list
survival probability of patients with chronic hepatitis C (HCV,
n = 254) and primary biliary cirrhosis (PBC, n = 156)
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Fig. 3 Adjusted risk of waiting list mortality for patients with
primary biliary cirrhosis compared with patients with chronic
hepatitis C

To examine which disease severity index was able to assess
the risk of PBC patients accurately, we estimated their relative
hazards with adjustment for each index. We did not estimate
age-adjusted relative hazard because age was not included in
the allocation measures. Figure 3 indicates the crude and dis-
ease severity index-adjusted HR for waiting list mortality of
PBC patients with reference to HCV patients. In univariate
analysis, PBC patients were at 62 % (HR 1.62; 95 % CI
1.21-2.16, P = 0.001) increased risk of waiting list mortality
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Fig. 4 Kaplan-Meier curves
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compared with HCV patients. In bivariate analysis, the medi-
cal point-adjusted HR of waiting list mortality of PBC patients
was significantly higher than that of HCV patients (HR 1.58;
95 % CI 1.07-2.35, P = 0.02). The CTP score-adjusted HR
also showed a significantly increased risk of waiting -list
mortality in PBC patients (HR 2.15; 95 % CI 1.42-3.25,
P < 0.001). However, the MELD score-adjusted HR did not
show a statistically significant risk of waiting list mortality in
PBC patients (HR 1.29; 95 % CI1 0.87-1.91, P = 0.21).
Waiting list survival of patients with HCV and PBC was
compared with stratification by each of the disease severity
indices (Fig. 4). Patients with medical point 6, for which
most PBC and HCV patients were registered, showed a
significantly shorter waiting list survival for PBC patients
than of HCV patients (median 261 vs. 503 days,
P = 0.02). In patients with CTP score >10, the score
classified as C, the shorter waiting list survival of PBC
patients was also significant (median 235 vs. 475 days,
P = 0.03). On the other hand, when they were selected by
MELD =15, the score indicating patients who can be
expected to achieve improved survival with liver trans-
plantation [12], there was no significant difference in the
waiting list survival rate between them (P = 0.13).

Discussion
The result of this study clearly indicated that the most

common reason for removal from the waiting list in Japan
was “waiting list death”, which was a combination of
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death and becoming too sick for transplantation. The
waiting list death included 58.1 % of all the patients
removed from the list. In the United States, a recent report
indicated that waiting list death was the reason for removal
from the list in 25.9 % of adult patients [1]. Although this
report included patients with acute liver failure and re-
transplantation, high waiting list mortality in Japan was
evident. Thus, the high mortality rate on the liver transplant
waiting list is a major challenge in Japan. Moreover, severe
donor organ shortage in Japan should contribute to the high
waiting list mortality [13]; an improved organ allocation
policy will be necessary to cause a decrease in waiting list
death.

In this study, we found that PBC patients had a signif-
icantly higher risk of waiting list mortality compared with
patients with other etiologies in the JOT registry. Since
PBC is currently the third most common diagnosis in the
JOT registry for liver transplantation, poor waiting list
survival of PBC patients would contribute to the high
waiting list mortality in Japan. PBC is a cholestatic liver
disease that causes bile duct deterioration and progresses
slowly to a terminal phase characterized by hyperbilirubi-
nemia, signs of decompensated cirrhosis, ascites, and var-
iceal bleeding. Only one type of medical therapy, involving
the use of ursodeoxycholic acid (UDCA), is now widely
recognized to improve the prognosis of PBC patients.
Many studies have shown that UDCA therapy not only
improves biochemical indices, but also delays histologic
progression and improves survival without transplantation
[14-16]. However, evidence has also accumulated that the
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favorable effect of UDCA therapy is limited to patients
with early-stage disease. In histologically advanced
patients or biochemical non-responders, the transplant-free
survival rate of UDCA-treated patients was not different
from spontaneous survival [16, 17]. This means that PBC
patients have no effective medical therapeutic option to
prolong their survival when they have progressed to end-
stage liver disease, and liver transplantation remains the
only hope of a cure [18, 19]. PBC patients in our cohort
also showed a consistently poor survival of a median per-
iod of 392 days.

The reason why PBC patients have a higher risk for
waiting list mortality compared with patients with other
etiologies of chronic liver disease is not clearly understood.
Interestingly, PBC patients were younger, and their INR
and serum creatinine levels were lower than for HCV
patients at registration. This indicated that neither age nor
liver and renal function at registration alone caused poor
waiting list survival of PBC patients; the registration of
PBC patients was not later than that for HCV patients. The
rate of disease progression and lethal complications might
be involved in their short waiting list survival rate. More-
over, the actual waiting list survival rate in PBC patients
was not greater than the updated Mayo score-predicted
spontaneous survival rate. This observation indicated that
the PBC patients on the waiting list were refractory to the
medical therapy and their waiting list survival suddenly
deteriorated. Further analyses, particularly on the cause of
death, are required to clarify the pathophysiology of PBC
patients who have progressed to end-stage liver disease.

In general, deceased donor livers are allocated for
transplantation on the basis of “sickest first”, i.e., those
who are more likely to die without a liver transplantation
are assigned the highest priority. Therefore, the disease
severity index used in the liver allocation system should
consider the urgency of PBC patients for liver transplan-
tation. However, our results have clarified the inability of
the currently used Japanese allocation system to identify
the risk of PBC patients. The medical point-adjusted HR of
PBC patients revealed that they were at 58 % increased
risk of waiting list mortality compared with HCV patients.
In addition, the CTP score-adjusted HR showed that PBC
patients were at 115 % increased risk for waiting list
mortality. Thus, it is not only the current allocation system
but also the CTP score-based allocation that cannot capture
the risk for waiting list mortality in PBC patients. On the
other hand, we found that the MELD score-adjusted HR of
PBC patients lost statistical significance, and stratification
by MELD score revealed comparable survival curves
between patients with PBC and HCV. These results indi-
cated that PBC patients had a similar risk of waiting list
mortality compared with patients with other etiologies
when they were stratified by MELD score. At the time of

registration, the patients with HCV and PBC had different
characteristics; however, only the MELD score accurately
evaluated their disease severity, and therefore, MELD-
based allocation would adequately assign priority to the
patients according to their risk of waiting list mortality.
Thus, our results demonstrated that the MELD score was
superior to both the current Japanese allocation and CTP
score-based allocation for ranking patients in the JOT
registry by their risk of waiting list mortality.

In addition, patients should be re-evaluated according to
their chronological change of hepatic failure to improve
allocation. However, most patients with chronic liver disease
were waiting at medical point 6 as an upper limit, because the
highest priority at medical point 9 was generally awarded to
the patients with acute liver failure or early graft failure in the
current Japanese allocation system. Therefore, the current
allocation system did not completely reflect the chronolog-
ical change in the degree of liver failure. Thus, the MELD
score, which was expressed numerically as a continuous
variable with a wide dynamic range in the evaluation of
hepatic decompensation, would have an advantage over the
medical point system for assessing the chronological change
in patients’ risk of death.

In conclusion, this study demonstrated that patients with
PBC, the third most common indication for liver trans-
plantation in Japan, have a high risk for waiting list mor-
tality in the current Japanese allocation system. The
allocation system should be changed to accurately priori-
tize the patients with a higher mortality risk; MELD-based
allocation would be suitable for this purpose and could
reduce the waiting list mortality of PBC patients.
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Abstract

Background and Aim: The purpose of this study was to evaluate the usefulness of liver
stiffness measurement (LSM) for assessing the risk of hepatocellular carcinoma (HCC) in
chronic hepatitis C (CHC) patients receiving interferon (IFN) therapy.

Methods: One hundred fifty-one CHC patients who underwent LSM and received IFN
therapy were included in the estimation cohort, and 56 were included in the validation
study. The cumulative HCC incidences were evaluated using Kaplan—Meier plot analysis
and the log-rank test. Multivariate Cox proportional hazard analyses were used to estimate
the hazard ratios (HRs) of variables for HCC.

Results: In the estimation cohort, 9 of 151 patients developed HCC during the median
follow-up time of 722 days. Multivariate analysis identified three independent risk factors
for HCC: LSM (= 14.0 kPa, HR 5.58, P =0.020), platelet count (< 14.1 x 10%uL, HR
5.59. P =0.034), and non-sustained virological response (HR 8.28, P = 0.049). The cumu-
lative incidence of HCC development at 3 years was 59.6%, 8.2%, and 0.0% in patients
with all three risk factors, one to two risk factors, and none of these risk factors, respec-
tively. The incidence of HCC was significantly different between these groups (P < 0.001).
In the validation cohort, HCC incidence was also significantly different with respect to
these risk factors (P = 0.037).

Conclusion: LSM., platelet count, and IFN-therapeutic effect could be used to success-
fully stratify the risk of HCC in patients receiving IFN therapy and demonstrate the

usefulness of LSM before IFN therapy for the management of CHC patients.

Introduction

Persistent hepatitis C virus (HCV) infection is one of the major
causes of chronic liver disease leading to the development of HCC,
the fifth most common cancer, and the third most common cause
of cancer-related death worldwide.! HCV is responsible for
27-75% of the HCC cases in Europe and the United States and
> 80% of the HCC cases in Japan.*? In fact, HC V-positive patients
have a 20-fold higher risk of developing HCC than HCV-negative
patients,* indicating a significant carcinogenic role for persistent
HCV infection. Because of this connection, many chronic hepatitis
C (CHC) patients are treated with interferon (IFN)-based antiviral
therapy because it not only eradicates HCV but also reduces
the rate of HCC development. IFN therapy is most effective at
decreasing the risk of developing HCC in patients that achieve a
sustained virological response (SVR);>” however, the risk of HCC
development persists after IFN therapy even in patients who do
achieve SVR.® HCC might develop immediately after IFN therapy
in some cases, or during long-term IFN therapy in others.”!

Journal of Gastroenterology and Hepatology 29 (2013) 137-143

Because assessing the risk of developing HCC is clinically impor-
tant in the management of CHC patients, it is necessary to estab-
lish predictors for HCC development in patients who receive
IFN therapy.

Some factors reported to predict the risk of HCC development
after IFN therapy are older age, male gender, and severe fibro-
sis,'"2 with advanced fibrosis and cirrhosis significantly correlat-
ing with the risk of HCC development.'® To date, liver biopsy has
been the gold standard for assessing the severity of liver fibrosis
and cirrhosis,™ although sampling errors and intraobserver and
interobserver variability can lead to understaging.'>' In addition,
it is difficult to perform liver biopsy for all patients because of its
invasiveness and rare but potentially life-threatening complica-
tions." As a result, liver stiffness measurement (LSM), a type of
transient elastography, has become a reliable alternative for assess-
ing hepatic fibrosis and cirrhosis mainly in patients with CHC.!"!8
LSM is non-invasive, reproducible, can be expressed numerically
as continuous values, and has a wide dynamic range in the
evaluation of hepatic fibrosis. These advantages over liver biopsy
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suggest the clinical usefulness of LSM for predicting HCC devel-
opment. Here, we evaluated factors that affect the occurrence of
HCC in CHC patients receiving IFN therapy, with a special focus
on the predictive value of LSM.

Methods

Patients. Between October 2007 and April 2011, a total of 207
consecutive CHC patients who underwent a successful LSM and
then received IFN-based antiviral therapy at the Department of
Gastroenterology and Hepatology, Juntendo University Shizuoka
Hospital, Shizuoka, Japan, were retrospectively enrolled in this
study. CHC diagnosis was based on serum HCV-RNA positivity.
Exclusion criteria were as follows: (i) hepatitis B surface antigen
positivity; (ii) other causes of liver disease of mixed etiologies,
including autoimmune hepatitis, primary biliary cirrhosis, hemo-
chromatosis, and Wilson’s disease; (iil) evidence of hepatocellular
carcinoma (HCC) on ultrasonography or computed tomography;
(iv) previous history of liver transplantation; and (v) treatment for
HCC. This study was approved by the Ethics Committee of
Juntendo University Shizuoka Hospital in accordance with the
Helsinki Declaration, and all patients provided written informed
consent.

Of these 207 patients, 151 underwent ultrasonography-guided
percutaneous liver biopsy within a week before treatment initia-
tion. Liver biopsy specimens were embedded in paraffin and
stained with hematoxylin-eosin, Azan-Mallory, and reticulin silver
impregnation. The specimens were evaluated by an experienced
pathologist who was blinded to the patients’ clinical data. Histo-
logical evaluation was based on the METAVIR criteria." Hepatic
fibrosis was defined as follows: FO, no fibrosis; F1, periportal
fibrous expansion; F2, portal fibrous widening with bridging fibro-
sis; F3, bridging fibrosis with lobular distortion; and F4, liver
cirrhosis. On the basis of the degree of lymphocyte infiltration and
hepatocyte necrosis, inflammation was scored from A0 to A3, with
higher scores indicating more severe inflammation. The 151
patients who underwent liver biopsy were enrolled into the esti-
mation group for the identification of risk factors for HCC devel-
opment, and the remaining 56 patients who did not undergo liver
biopsy were enrolled into a group for the validation of these
identified risk factors.

All laboratory tests were performed for each patient just before
initiation of IFN therapy. Blood cell counts, serum alanine trans-
aminase, gamma-glutamyl transpeptidase, hemoglobin Alc, total
bilirubin, albumin, prothrombin time, and alpha-fetoprotein (AFP)
were measured using commercially available assays. The HCV
genotype was determined using polymerase chain reaction with
the HCV Genotype Primer Kit (Institute of Immunology Co., Ltd.,
Tokyo, Japan) and classified as genotype 1, genotype 2, or other,
according to Simmonds’ classification system. Serum HCV viral
toad was determined using quantitative reverse transcription poly-
merase chain reaction using the COBAS TagMan HCV Test
(Roche Diagnostics, Branchburg, NJ, USA).

Treatment protocol. The treatment protocol for CHC
patients consisted of 1.5 pg/kg of pegylated IFN-0.-2b or 180 g
of pegylated IFN-0t-2a once a week, combined with ribavirin at
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an oral dose of 600-1000 mg/day. Duration of the treatment was
48-72 weeks for those with HCV genotype 1 and a serum HCV
viral load > 5 log IU/mL. For all other patients, treatment lasted
for 24 weeks. SVR was defined as undetectable serum HCV-RNA
at 24 weeks after the end of treatment.

Measurement of liver stiffness. Measurement of liver
stiffness by transient elastography was performed using FibroScan
(Echosens, Paris, France) within a week before treatment initia-
tion. Technical details of the examination and procedure have been
reported previously.'” Ten validated measurements were made on
each patient, and results were expressed in kilopascals (kPa). Only
procedures with 10 validated measurements and a success rate of
at least 60% were considered reliable, and the median value was
considered representative of the liver elastic modulus.

Patient follow-up and HCC diagnosis. Serum AFP
was measured every month, and ultrasonography or computed
tomography were performed at least every 3-6 months for HCC
surveillance during and after treatment, with a minimum follow-up
duration of 6 months after the initiation of IFN therapy. HCC was
diagnosed by histological examination and/or triphasic computer-
ized tomography, in which hyperattenuation in the arterial phase
with washout in the late phase is pathognomonic for HCC. The
status of patients enrolled in this study was confirmed as of March
2012.

Statistical analyses. All analyses were conducted using
IBM SPSS version 19 (IBM SPSS, Chicago, IL, USA), and P
values less than 0.05 were considered statistically significant. Con-
tinuous variables and categorical variables were summarized as
median (range) and percentage, respectively. Mann-Whitney U
and chi-square tests were used when appropriate. The strength of
the association between LSM and the histological fibrosis stage
was estimated using the Spearman’s rank correlation coefficient.
Cumulative incidences of HCC development were estimated by
Kaplan—Meier analysis and compared using the log-rank test. Cox
logistic regression analysis was used for multivariate analysis to
identify factors that were independently associated with HCC
development. The cut-off value of each factor for predicting the
development of HCC was determined using receiver operator char-
acteristics analysis.

Results

Patient characteristics. A total of 229 patients received
LSM followed by IFN-based antiviral therapy at Juntendo Shi-
zuoka Hospital during the study period. Twenty-two patients
(9.6%) were excluded because of LSM failure and/or an invalid
LSM. Of the remaining 207 patients, 151 underwent liver biopsy
prior to IFN therapy and together formed the risk factor-estimation
cohort. The clinical, anthropometric, and laboratory data of the
estimation cohort are summarized in Table 1. The 151 patients (83
male and 68 female) had a median age of 62 years (range 22-82
years) and a median LSM of 8.8 kPa (range 2.8-45.7 kPa). There
was a significant positive association between LSM and histologi-
cal fibrosis stage (r = 0.59, P < 0.001). The prevalence of genotype

Journal of Gastroenterology and Hepatology 29 (2013) 137-143

© 2013 Journal of Gastroenterology and Hepatology Foundation and Wiley Publishing Asia Pty Ltd

-160-



Y Narita et al.

Table 1 Baseline characteristics of the estimation cohort

Predictive value of liver stiffness

Variables All HCC development (+) HCC development (=) P-value
Number of patients 151 9 142

Age (years) 62 (22-82) 67 (60-82) 61 (22-80) 0.010°
Male (%) 55 55.6 54.9 1.000*
BMI (kg/m?3) 235 {18.1-36.8) 23.8 (23.3-25.7) 23.4 (18.1-36.8) 0.2177
Habitual drinker (%) 10.6 1.1 10.6 1.000°
Fibrosis stage (FO-2/F3-4) 115/36 5/4 110/32 0.048*
Inflammatory grade (A0-1/A2-3) 33/118 0/9 33/109 0.101*
LSM (kPa) 8.8 (2.8-45.7) 14.8 (9.8-45.7) 8.7 (2.8-34.8) 0.002°
Observation period {days) 722 (189-1378) 688 (189-1217) 733 (190-1378) 0.4671
Genotype 1 (%) 56.3 100 53.5 0.065*
HCV-RNA {log {U/mL) 6.4 (0.0-7.7) 6.5 (2.9-7.2) 6.3 {0.0-7.7) 0.168"
Albumin {g/dL} 4.1 (3.4-4.8) 4.1 (3.5-4.6) 4.1 (3.4-4.8) 0.390"
ALT (IU/L) 59 (10-410) 75 (27-181) 57 (10-410) 0.4677
Tota! bilirubin {mg/dL) 0.7 {0.3-1.8) 0.8 (0.5-1.3) 0.7 (0.3-1.8) 0.070"
YGTP (IU/L) 44 {4-517) 75 (31-129) 41 (4-517) 0.120"
Hemoglobin Alc (%) 5.1 (3.7-8.2) 5.1 (3.7-6.1) 5.1 (4.2-8.2) 05617
Ferritin {ng/mL)} 134 (8-2096) 215 (8-1026) 134 (9-2096) 0.675"
White blood cell count (x 10°%/ul) 4.9 (2.0-10.3) 4.3 (3.0-7.3) 4.9 {2.0-10.3) 0.496°
Hemoglobin (g/dL) 13.8 (8.9-17.5) 13.3 (9.9-17.5) 13.8 (8.9-17.1) 0.376"
Platelet count {x 10%ulL) 16.3 (5.2-37.0) 9.6 (5.2-19.4) 16.5 (6.8-37.0) 0.004"
Prothrombin time {%) 100 {70-157) 93 (79-120) 102 {70-157) 0.185"
AFP {ng/mL) 6 (1-306) 14 (4-109) 6 (1-306) 0.004"
SVR rate (%) 55 1A 57.7 0.011%

Scale data are shown as median (range). P values are for comparisons between patients with and without HCC development.

‘Mann-Whitney U test.
*Chi-square test.

vGTP, y-glutamyl transpeptidase; AFP, alpha-fetoprotein; ALT, alanine aminotransferase; BMI, body mass index; HCC, hepatocellular carcinoma; HCV,
hepatitis C virus; LSM, liver stiffness measurement; SVR, sustained virological response.

1 HCV infection was 56.3%. Following IFN-based antiviral
therapy, SVR was obtained in 83 of the 151 patients (55%). During
the median follow-up period of 722 days (range 189-1378 days),
nine patients (6.0%) developed HCC. The cumulative incidence of
HCC estimated using the Kaplan—-Meier method was 1.3%, 4.5%,
and 9.0% at 1, 2, and 3 years, respectively (Fig. 1). Compared with
patients who had not developed HCC, HCC patients were of
advanced age and had a high LSM, a high fibrosis stage, a low
platelet count, and a low SVR rate (Table 1).

Risk analyses. Univariate analysis revealed that age (P=
0.029), LSM (P =0.005), platelet count (P=0.002), AFP
(P =0.003), and non-SVR (P =0.011) were associated with HCC
development (Table 2). Multivariate Cox logistic regression
analysis identified three independent risk factors: LSM 2> 14.0 kPa
(hazard ratio [HR] 5.58, 95% confidence interval [CI] 1.32-23.64,
P =0.02), non-SVR (HR 8.28, 95% CI 1.01-68.05, P =0.049),
and platelet count < 14.1 x 10%uL (HR 5.59, 95% C1 1.14-27.53,
P =0.034), Table 3. The 1-, 2-, and 3-year cumulative incidence
rates of HCC development in patients with LSM < 14.0 kPa
were 0.8%, 2.3%, and 4.6%, respectively, whereas those with
LSM 2 14.0kPa were 3.2%, 12.0%, and 22.2%, respectively
(P=0.005) (Fig. 2a). The cumulative incidence rates of HCC
development in patients with SVR were 0.0%, 2.0%, and 2.0%,
respectively, whereas those without SVR were 3.0%, 7.4%, and
17.1%, respectively (P =0.011) (Fig. 2b). The cumulative inci-
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Figure 1 Incidence of hepatocellular carcinoma (HCC) in 151 patients
with chronic hepatitis C receiving interferon-based anti-viral therapy
estimated using the Kaplan—-Meier method.

dence rates of HCC development in patients with a platelet count
> 14.1 x 10YuL were 0.0%, 0.0%, and 4.2%, respectively, whereas
those with a platelet count < 14.1 x 10%uL were 4.0%, 13.4%,
and 19.1%, respectively (P = 0.002) (Fig. 2c).
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Table 2 Univariate analysis of factors associated with hepatocellular
carcinoma development

Variables n Cumulative incidence P-value
of HCC (%)
1 year 3 years

Age (years)
<60 63 0.0 0.0 0.029
260 88 2.3 13.8

Sex
Fernale 68 1.5 121 0.910
Male 83 1.2 6.7

BMI' (kg/m?)
<238 50 0.0 5.3 0.250
=23.8 42 2.4 6.0

Habitual drinker
No 135 0.8 9.6 0.905
Yes 16 6.2 6.2

Fibrosis stage
FO-2 115 0.9 6.7 0.228
F3-4 36 2.9 15.0

LSM (kPa)
<14 19 0.8 4.6 0.005
=14 32 3.2 22.2

ALT (IlUL)
<55 71 0.0 4.9 0.123
255 80 2.5 12.9

YGTP' {(1U/L)
<55 a3 0.0 52 0.057
265 67 3.0 13.5

Hemoglobin Alc! (%)
<55 109 0.9 6.8 0.219
=55 25 0.0 18.8

Ferritin® (ng/mL)
<210 74 1.4 10.0 0.175
2210 43 2.3 16.3

Platelet count (x 10%ul)
2141 101 0.0 4.2 0.002
<141 50 4.0 19.1

AFP! (ng/mL)
<10 95 0.0 5.6 0.003
210 38 4.9 22.3

SVR
Yes 83 0.0 2.0 0.011
No 68 3.0 17.1

*Data not available for all patients.

AFP, alpha-fetoprotein; ALT, alanine aminotransferase; BMI, body mass
index; YGTP, y-glutamy! transpeptidase; HCC, hepatocellular carcinoma;
LSM, liver stiffness measurement; SVR, sustained virological response.

Number of risk factors and HCC development. The
number of risk factors varied between patients: 12 patients (7.9%)
had all three risk factors, 32 patients (21.2%) had two, 50 patients
(33.1%) had one, and 57 patients (37.7%) had none of these risk
factors (Fig. 3). Patients without these risk factors did not develop
HCC during the study period. In patients with 1 or 2 risk factors,
the cumulative incidence rates at 1, 2, and 3 years were 1.2%,
3.1%, and 8.2%, respectively, whereas patients with all three risk
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Figure 2 Kaplan-Meier curves comparing the cumulative incidence of
hepatocellular carcinoma (HCC) development. Patients were stratified
according to liver stiffness measurement (LSM) (a), sustained virological
response (SVR) (b), and platelet count (c).
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Table 3 Multivariate analysis of factors associated with hepatoceliular
carcinoma development

Variable Hazard ratio (95% Cl}  Pvalue

LSM (kPa) <14.0 1.00 0.020
214.0 5.58 (1.32-23.64)

SVR SVR 1.00 0.049
Non-SVR  8.28 (1.01-68.05)

Platelet count (x 10%uL) > 14.1 1.00 0.034
<141 5.59 (1.14-27.53)

Cl, confidence interval; LSM, liver stiffness measurement; SVR, sus-
tained virological response.

Figure 3 Patient distribution at each risk factor. LSM, liver stiffness
measurement; Plt, platelet count; SVR, sustained virological response.

factors had significantly higher cumulative incidence rates (9.1%,
39.4%, and 59.6% at 1, 2, and 3 years, respectively; log-rank test,
P < 0.001) (Fig. 4).

The relationship between the number of risk
factors and HCC development in the validation
cohort. Fifty-six patients who received IFN therapy without
liver biopsy were enrolled into the validation group for analysis of
these three risk factors. The 56 patients (33 male and 23 female)
had a median age of 65 years (range 35-79 years) and a median
LSM of 8.0 kPa (range 2.6-32.0 kPa). There were no significant
differences in clinical, anthropometric, and laboratory findings
between the validation and estimation cohorts (data not shown). In
the validation cohort, seven patients (12.5%) had all three risk
factors, 25 patients (44.6%) had one or two risk factors, and 24
patients (42.9%) had none of these risk factors. Patients without
these risk factors did not develop HCC during the study period. In
patients with one or two risk factors, and patients with all three risk
factors, the cumulative incidence rates at 3 years were 12.7% and
28.6%, respectively. There was also a significant difference in the
cumulative incidences of HCC development according to the
number of risk factors (P =0.037, Fig. 5).
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Figure 5 Kaplan-Meier curves comparing the cumulative incidence
of hepatocellular carcinoma (HCC) development in the validation
cohort. Patients were stratified according to the number of risk factors
they had.

Discussion

Patients with liver cirrhosis or pre-existing severe hepatic fibrosis
have a higher risk of developing HCC,* even after IFN-based
therapy with SVR.>'? Clinical diagnosis of liver cirrhosis can be
easily made in cases showing stigmata of end-stage liver disease,
such as ascites, jaundice, variceal bleeding, and hepatic encepha-
lopathy; however, diagnosis becomes difficult if the liver shows
compensation, and normal or near-normal laboratory findings.
Liver biopsy has been considered the only diagnostic method
for the assessment of early compensated cirthosis, although
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several studies have pointed out sampling variability as a potential
limitation of biopsy to diagnose cirrhosis.*** Given the impor-
tance of assessing the HCC risk factors in managing CHC patients,
we evaluated factors that affect the occurrence of HCC in CHC
patients receiving IFN therapy, with a special focus on the predic-
tive value of LSM as an alternative to liver biopsy.

Qur data identified three risk factors for developing HCC after
IFN therapy. Consistent with previous reports,* we found that
failure to achieve SVR was a significant predictor of HCC devel-
opment among patients receiving IFN therapy. Although it is pos-
sible that IFN therapy itself reduces the risk of HCC,% non-SVR
patients had an approximately eightfold higher risk of developing
HCC than SVR patients. In addition, we identified both high L.SM
and low platelet count as significant predictors of HCC develop-
ment independently of non-SVR. The LLSM threshold = 14.0 kPa
identified here as a risk factor for HCC is in agreement with
previously reported cut-off values for liver cirrhosis,'>!® further
supporting the idea that pre-existing liver cirrhosis increases the
risk of HCC development. Similar to LSM, the platelet count
reflects the severity of CHC?' and is used to estimate the degree of
fibrosis > Previous reports have also shown low platelet counts
to represent a risk of HCC.®** Our cohort showed that LSM
was sometimes high even in patients without a low platelet count,
whereas other patients had a low platelet count without LSM
elevation. Such patients are nevertheless at risk of HCC, suggest-
ing that LSM and platelet count indicate advanced fibrosis or
compensated cirrhosis in a complementary manner.

In agreement with a previous report, our findings indicate that
LSM could be used to stratify the risk of HCC development in
CHC patients.*® Moreover, combination of LSM with platelet
count and the IFN-therapeutic effect could be used to stratify the
risk of HCC in patients receiving IFN therapy. Patients without all
three risk factors had a very low risk of HCC development, and
patients with 1 or 2 risk factors had a moderate risk. Conversely,
patients with all three risks had an extremely high risk. In clinical
practice, frequency of HCC surveillance should be decided based
on HCC risk. Indeed, each of these three factors has previously
been shown to be associated with the risk of developing HCC.
However, here, we have proposed a new, non-invasive risk assess-
ment based on the combination of LSM and two other factors. In
the present study, we did not identify advanced histological fibro-
sis stage F3-4 as a risk factor for HCC likely because of liver
biopsy sampling variability because patients were not excluded
based on the length of liver biopsy samples, an important factor
affecting variability in histological assessment of liver fibrosis.'s
Taken together, these findings suggest that LSM would be more
useful than liver biopsy for diagnosis of patients with liver cirrho-
sis who are at high risk of HCC, especially those with compen-
sated cirrhosis.

Our data indicate patients with all of the three risk factors
require the most intensive HCC surveillance; however, this study
does have a few limitations. One drawback is that LSM failure and
unreliable results occur in some patients. In our cohort, 9.0% of
patients who received LSM did not yield reliable results. Because
subcutaneous fat attenuates the transmission of share waves and
the ultrasonic signals into the liver used to determine LSM, obesity
is the principal reason for LSM failure.?” In addition, it is likely
that obesity itself is associated with an increased risk of HCC.% As
a result, our findings might not reflect the risk of HCC in obese
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patients. Another recent report demonstrated that a new FibroScan
XL probe, designated for use in obese patients, could reduce LSM
failure and facilitate reliable results.”” A study using this new probe
will more accurately evaluate the predictive value of LSM for the
risk of HCC development.

In conclusion, our findings indicate that LSM, platelet count,
and [FN-therapeutic effect could be used to successfully stratify
the risk for HCC development in patients receiving IFN-based
antiviral therapy and demonstrate the usefulness of LSM before
IFN therapy for the management of CHC patients.
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Abstract: Aldo-keto reductase family 1, member B10 (AKRI1BI10), a cancer-related
oxidoreductase, is expressed in well-differentiated hepatocellular carcinomas (HCCs).
However, AKRIBI10 levels are minimal in normal liver tissues (NLs), similar to the
70-kilodalton heat shock protein (HSP70) and glypican-3. Moreover, the role of AKRIB10
in chronic hepatitis or cirrhosis, which are considered preneoplastic conditions for HCC,
has not been fully elucidated. The aim of this study was to evaluate the expression of
AKRI1B10, HSP70, and glypican-3 in 61 HCC tissue samples compared to corresponding
non-tumorous liver tissues (NTs), comprising 42 chronic hepatitis and 19 cirrhosis
cases to clarify the significance of molecular changes at the preneoplastic stages of HCC.
Immunohistochemical analysis demonstrated that the median expression levels of
AKRI1B10 were higher in HCCs than in NTs (p < 0.001) and higher in NTs than NLs
(p < 0.001) with 54.8%, 2.1%, and 0.3% expression in HCCs, NTs, and NLs, respectively.
HSP70 and glypican-3 were expressed in HCCs, but minimally in NTs and NLs with no
significant difference between expression in NTs and NLs. Furthermore, a multivariate
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analysis identified an association between hepatic steatosis and AKRIB10 expression
in NTs (p = 0.020). Of the three protein expressed in well-differentiated HCCs, only
AKR1B10 was upregulated in preneoplastic conditions, and a steatosis-related factor might
influence its expression.

Keywords: AKRIBI10; HSP70; glypican-3; hepatocellular carcinoma; chronic hepatitis;
cirrhosis

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third most common
cause of cancer-related death worldwide [1]. HCC is characterized by a multistep morphological
developmental process, progressing from early, well-differentiated HCC to moderately or poorly
differentiated, advanced HCC [2]. Until now, several molecular alterations have been found to
be associated with morphological developments in HCC. The 70-kilodalton heat shock protein
(HSP70) and glypican-3 (GPC3) are upregulated even in early, well-differentiated HCC [3.,4], while
accumulations of mutated beta-catenin and pS53 are mainly observed in moderately to poorly
differentiated HCC [5,6]. On the other hand, the majority of HCCs arise in chronically diseased livers,
including livers with chronic hepatitis and cirrhosis resulting from hepatitis B or C infection or
exposure to other carcinogenic factors. These chronic liver diseases are widely considered to be
preneoplastic conditions for HCC, potentially leading to molecular alterations that predispose
hepatocytes to malignant transformation. However, the molecular alterations underlying preneoplastic
conditions that predispose to HCC remain poorly understood.

Aldo-keto reductase family 1 member B10 (AKRIB10) is a member of the AKR superfamily,
which are NAD(P)H-dependent oxidoreductases that catalyze the reduction of carbonyl compounds
and various physiological and xenobiotic substrates [7,8]. AKR1B10 was originally isolated as a gene
with increased expression in human HCC [9,10], including well-differentiated HCC, but is minimal in
normal liver tissue [11,12]. This is similar to findings regarding the expression of HSP70 and GPC3.
Recently, we analyzed the expression profiles of approximately 41,000 genes in patients with chronic
hepatitis C and found that AKR1B10 was upregulated in the livers of chronic hepatitis C patients
at high risk of HCC [13]. These observations suggest that an alteration of AKRI1B10 expression
occurs even in preneoplastic conditions that predispose to HCC. To further study the significance of
AKRIBI1O0 alterations in the early stages of hepatocarcinogenesis, we evaluated AKR1B10 expression
in 61 HCCs and corresponding non-tumorous liver tissues (NTs), which comprised 42 chronic
hepatitis and 19 cirrhosis cases, and compared AKR1B10 expression with the expression of the other
two molecules known to be upregulated in well-differentiated HCC—HSP70 and GPC3—both of
which are widely used as immunohistochemical molecular markers of early HCC [14]. In addition,
because a strong association has been reported between smoking and AKRIBI10 expression in
malignant and non-malignant lung airway epithelium [15-17] and several studies have identified
smoking as a risk factor for HCC development [18,19], we further evaluated the correlation of
AKR1B10 expression with NT-associated factors, including patients’ smoking history.
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2. Results
2.1. Clinicopathological Patient Features

Table 1 summarizes demographic, biochemical, and pathological data for all 61 patients enrolled in
this study. Serological markers of hepatitis virus were distributed as follows: positive for HBsAg,
n =13 (21%); positive for anti-HCV (hepatitis C virus), n = 33 (54%); and negative for HBsAg and
anti-HCV, n = 15 (25%). The median HCC size was 48 mm (range: 12—-170 mm), and 19 HCCs were
classified as well differentiated, 38 were moderately differentiated, and 4 were poorly differentiated.
The distribution of the degree of hepatic fibrosis in NTs was as follows: no fibrosis or periportal
fibrous expansion (FO-1), n = 18; portal fibrous widening with bridging fibrosis (F2), n = 14; bridging
fibrosis with lobular distortion (F3), » = 10; and liver cirrhosis (F4), n = 19. Steatosis in NTs ranged
between 0.0% and 23.3% (median 1.3%).

Table 1. Clinicopathological characteristics of patients included in this study.

Characteristics Units N=61
Age (years) * 67 (38-83)
Sex (male/female) 47/14
Habitual drinker (yes/no) 27/34
Smoking (0/<40/>40 pack-years) 38/11/12
Hepatitis virus (B/C/NBNC) 13/33/15
Albumin (g/mL) * 3.8(3.0-4.9)
ALT aumwy * 44 (8-224)
Platelet count (10%/uL) * 14.9 (6.0-45.6)
Total bilirubin (mg/dL) * 0.7 (0.3-1.7)
Prothrombin time (%) * 91 (68-136)
AFP (ng/mL) * 13 (2-60,514)
DCP (mAU/mL) * 184 (0-129,000)
Tumor size (mm) * 48 (12-170)
Grade of HCC (W/M/P) 19/38/4
Fibrosis stage of NT (FO-1/F2/F3/F4) 18/14/10/19
Steatosis in NT (%) * 1.3 (0.0-23.3)

* Date shown as median value (range). Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase;
B, positive for HBsAg, C, positive for anti-HCV; DCP, des-gamma-carboxy prothrombin;
HCC, hepatocellular'carcinoma; M, moderately differentiated; NBNC, negative for HBsAg and anti-HCV;,
NT, non-tumorous liver tissue; P, poorly differentiated; W, well differentiated.

2.2. Immunohistochemical Analyses

Figure 1 shows representative immnohistochemical staining of AKR1B10, HSP70, and GPC3 in
liver tissues. No AKRI1B10 immunoreactivity was observed in any of the 8 NLs, but there was
detectable nucleocytoplasmic AKR1B10 immunoreactivity in single, scattered hepatocytes or some
clustered hepatocytes in 44 of 61 NTs. More widespread nucleocytoplasmic immnoreactivity of
AKRIBI10 was seen in 55 of the 61 HCCs. In addition, HSP70 immunoreactivity was observed in
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50 of the 61 HCCs and GPC3 immnoreactivity in 42 of the 61 HCCs. However, HSP70 and GPC3
immunoreactivity was minimal in both NTs and NLs.

Figure 1. Representative immunostaining of aldo-keto reductase family 1 member B10
(AKR1B10), 70-kilodalton heat shock protein (HSP70), and glypican-3 (GPC3).
HCC, hepatocellular carcinoma; HE, hematoxylin-eosin; NL, control normal liver tissue;
NT, non-tumorous liver tissue. Original magnification x100.

HE AKRIB10 HSP70 GPC3

NT

HCC

Quantification of the immunoreactivity by image analyses showed areas staining positive for
AKRI1B10 ranging from 0.3% to 93.6% (median 54.8%) in HCCs, 0.2% to 47.0% (median 2.1%) in
NTs, and 0.1% to 0.9% (median 0.3%) in NLs. The AKRIB10 expression level was significantly
higher in HCCs than in NTs (p < 0.001) and higher in NTs than in NLs (p < 0.001, Figure 2A).
The HSP70 expression level ranged between 0.0% and 82.5% (median 14.9%) in HCCs, 0.0% and
5.4% (median 0.2%) in NTs, and 0.0% and 0.4% (median 0.1%) in NLs. The HSP70 expression level
was significantly higher in HCCs than in NTs (p < 0.001), but did not differ significantly between
NTs and NLs (p = 0.80, Figure 2B). The GPC3 expression level ranged between 0.0% and 74.4%
(median 7.2%) in HCCs, 0.0% and 0.8% (median 0.0%) in NTs, and 0.0% and 0.0% (median 0.0%) in
NLs. The GPC3 expression level was significantly higher in HCCs than in NTs (p < 0.001), but did not
differ significantly between NTs and NLs (p = 0.80, Figure 2C).

2.3. Factors Associated with Aldo-Keto Reductase Family 1 Member B10 (AKR1B10) Expression in
Non-Tumorous Liver Tissues (NTs)

Of the 3 molecules upregulated in well-differentiated HCC, only AKR1B10 expression increased
in NTs. Therefore, we next evaluated the association between AKRIBI0 expression and various
clinicopathological parameters in NTs (Table 2). In the univariate analysis, patients’ clinical and
biochemical factors, viral markers, fibrosis stage of NTs, and grade of HCC were not associated with
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AKRIBI10 expression in NTs, and hepatic steatosis was the only parameter significantly associated
with AKR1B10 expression. The multivariate analysis confirmed this significant association between
AKRI1B10 expression and hepatic steatosis (p = 0.020). Figure 3A shows a comparison of AKRIB10
expression levels in NTs among HBsAg positive, anti-HCV positive, and HBsAg and anti-HCV
negative patients. Median AKR1B10 expression levels in these 3 patient groups were 1.9%, 2.1%, and
4.1%, respectively. AKR1B10 expression tended to be higher in HBsAg and anti-HCV negative
patients, but the difference was not statistically significant. Figure 3B shows the regression analysis of
AKRI1B10 expression versus hepatic steatosis in NTs, with a significant positive correlation between
the 2 (» = 0.40, p = 0.001). Our immnohistochemical examination also found a tendency towards more
prominent AKR1B10 immunoreactivity in hepatocytes showing fatty change than in hepatocytes with
no fatty change (Figure 4).

Figure 2. Comparison of AKR1B10, HSP70, and GPC3 expression levels among control
normal liver tissues (NLs), non-tumorous liver tissues (NTs), and hepatocellular
carcinomas (HCCs). The box encompasses the 25th through 75th percentiles, and the
horizontal line through the middle of the box indicates the fiftieth percentile (median). The
10th and 90th percentiles are shown as whisker caps. (a) AKR1B10 expression; (b) HSP70
expression; and (¢) GPC3 expression.
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Table 2. Univariate and multivariate analysis of factors associated with AKRIBI0
expression in non-tumorous liver tissues.

. Univariate Multivariate
Variables ; 3
Coefficient p Value Coefficient p Value

Age -0.109 0.403
Male gender 0.033 0.802
Habitual drinker 0.069 0.598
Smoking 0.003 0.980
Hepatitis virus -0.111 0.395
Albumin -0.160 0.218
ALT 0.133 0.305
Platelet count -0.173 0.182
Total bilirubin -0.068 0.604
Prothrombin time -0.105 0.427
AFP -0.107 0415
DCP —=0.100 0.466
Grade of HCC -0.032 0.805
Fibrosis stage of NT 0.130 0318

Steatosis in NT 0.306 0.004 0317 0.021

Stepwise linear regression analysis was used in the univariate and multivariate analysis. Abbreviations:
AFP, alpha-fetoprotein; ALT, alanine aminotransferase; DCP, des-gamma-carboxy prothrombin;

HCC, hepatocellular carcinoma; NT, non-tumorous liver tissue.

Figure 3. (a) ARK1B10 expression level in non-tumorous liver tissue. HBV, positive for
HBsAg; HCV, positive for anti-HCV; NBNC, negative for HBsAg and anti-HCV.
The box encompasses the twenty-fifth through seventy-fifth percentiles, and the horizontal
line through the middle of the box indicates the fiftieth percentile (median). The tenth and
ninetieth percentiles are shown as whisker caps; and (b) Regression analysis of the relationship
between AKR1B10 expression and hepatic steatosis in non-tumorous liver tissues.
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Figure 3. Cont.
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Figure 4. Representative immunostaining of AKR1BI10 in hepatocytes containing fatty

change. AKRIBI10, aldo-keto reductase family 1 member B10; HE, hematoxylin-eosin.
Original magnification x100.
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3. Discussion

In the present study, we demonstrated that AKR1B10 expression levels were significantly higher in
livers with chronic hepatitis or cirrhosis, which are preneoplastic conditions underlying HCC, than in
normal livers, and that AKR1B10 expression was still higher in HCCs. Because the AKR superfamily
consists of more than 100 members, and several AKR members, such as AKRIBI1S5, show high amino
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acid sequence identity with AKRIBI10, cross-reactivity of the anti-AKR1B10 antibody used in this
study may become an issue in immunohistochemical analysis. However, both our previous study and
another study performed quantitative reverse transcription polymerase chain reaction for AKRIB10,
and both reported results consistent with AKR1B10 immunohistochemistry [13,20]. HSP70 and GPC3
also showed prominent immunoreactivities in HCC, but minimal immunoreactivities in NTs and NLs,
consistent with previous reports [3,4]. These results indicate that HSP70 and GPC3, but not
AKRIB10, are useful markers for distinguishing HCC from chronic hepatitis or cirrhosis. However,
the stepwise upregulation of AKRIB10 from chronic hepatitis or cirrhosis to HCC might indicate its
potential role in the early stage of hepatocarcinogenesis.

Many studies have demonstrated AKR1B10 upregulation in several types of cancer, including
several recent reports on HCC [11,20-22]. AKRI1B10 was shown to have a high catalytic efficiency
for the reduction of all trans-, 9-cis-, and 13-cis-retinals to their corresponding retinols in vitro and
in vivo [23,24], and the conversion of retinals to retinols via AKRIB10 can deprive retinoic acid
receptors of their ligands, and can presumably inhibit the retinoic acid signaling pathway [25,26].
Retinoic acid is thought to be essential for the maintenance of normal epithelial differentiation.
Retinoic acid depletion causes cell proliferation and loss of differentiation, thereby inducing neoplastic
phenotypes in normal epithelium [27-29]. On the other hand, retinoic acid exposure inhibits proliferation
of normal and transformed cells in vitro [30,31], and dietary retinoic acid reduced the development
of premalignant and malignant lesions in a chemically induced mouse carcinogenesis model [32].
AKRIBI10 was shown to be downregulated using small, interfering, RNA-inhibited cancer cell
proliferation both in vitro and in vivo [22,33]. Furthermore, oral administration of acyclic retinoids was
reported to prevent human HCC [34]. These observations suggest the involvement of AKRIB10 in
cancer cell dedifferentiation and proliferation via inhibition of retinoic acid signals. In addition to its
hypothetical role in retinoid metabolism, AKR1B10 has been reported to perform other potential functions
such as detoxification of toxic aldehydes, fatty acid synthesis, and resistance to carbonyl-containing
drugs [15]. These functions may also be involved in the molecular mechanisms underlying carcinogenesis.
Consistent with our findings, several reports demonstrated AKR1B10 upregulation in some
preneoplastic conditions such as squamous metaplasia and Barrett’s esophagus [15,16,35].

Although several studies have reported that smoking affects AKR1B10 expression in malignant and
non-malignant lung airway epithelium [15-17], no association between AKRIB10 expression in the
liver and smoking was demonstrated in this study. Interestingly, the present study showed a significant
association between AKR1B10 expression in NTs and hepatic steatosis: a cytological change marked
by clear vacuoles because of fat accumulation in hepatocytes. Recently, we conducted a study
demonstrating that AKR1B10 upregulation was a risk factor for HCC development in chronic hepatitis
C patients [13]. Hepatic steatosis per se has been considered a risk factor for HCC development.
Presence of hepatic steatosis is associated with increased frequency of HCC in patients with
HCV-related cirrhosis [36]. Alcoholic and non-alcoholic steatohepatitis is recognized as an important
liver disease preceding cirrhosis and HCC [37,38]. Taken together, all of these findings suggest that
AKRI1B10 might play a role in the molecular basis of steatosis-related hepatocarcinogenesis. Indeed,
Starmann et al. reported that AKR1B10 expression was upregulated during the progression of simple
steatosis to steatohepatitis with increased risk of HCC [39]. The present study showed that AKR1B10
expression in NTs was not significantly different according to hepatitis B or C viral infection status.
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Interestingly, of the 15 NT liver samples in this study that were negative for hepatitis B surface
antigen (HBsAg) and anti-hepatitis C virus antibody (anti-HCV), 9 showed histological features of
steatohepatitis. In addition, AKR1B10 expression tended to be higher in HBsAg- and anti-HCV-negative
NT samples, compared to HBsAg- or anti-HCV-positive NT samples, although the difference was not
statistically significant. These results partially confirm the results reported by Starmann et al. Because
hepatic steatosis is generally associated with metabolic disorders such as obesity and type 2 diabetes,
some metabolic disorders might affect AKRIB10 expression in preneoplastic conditions [40].

4. Patients and Methods
4.1. Tissue Samples

We obtained paired samples of primary HCCs and their corresponding NTs from 61 patients who
underwent hepatic resection at Juntendo University Shizuoka Hospital, Izunokni, Japan between 2004
and 2012. None of the patients were previously treated. The following laboratory parameters were
measured using commercially available assays immediately prior to hepatic resection: HBsAg and
anti-HCV levels (LUMIPULSE Presto®, FUJIREBIO Inc., Tokyo, Japan); blood cell count
(COULTER LH780, Beckman coulter, Inc., Brea, CA, USA); prothrombin time (Thromborel S®.
SYSMEX Co., Kobe, Japan); and serum albumin, alanine aminotransferase (ALT), total bilirubin
(AQUAAUTO, KAINOS Laboratories, Inc., Tokyo, Japan), alpha-fetoprotein (ARCHITECT®,
ABBOT JAPAN Co., Tokyo, Japan), and des-gamma-carboxy prothrombin (BML, Inc., Tokyo, Japan)
levels. HCC histological grades were determined according to the World Health Organization
criteria [41]. In instances where different tumor grades were found within the same nodule, the
predominant histological grade was used. Histological evaluation of NTs was based on the METAVIR
criteria, as reported previously [42]. Steatosis in NTs was quantitatively assessed by computer-assisted
morphometric image analysis as previously described [43]. Control normal liver tissues (NLs) showing
no unusual histological features were also obtained from surgically resected materials obtained from
8 patients with liver metastasis of colorectal cancer.

This study was approved by the Ethical Committee of Juntendo University Shizuoka Hospital in
accordance with the Helsinki Declaration, and written informed consent was obtained from all patients.

4.2. Immunohistochemistry

Immunohistochemical analyses for AKR1B10, HSP70, and GPC3 were performed on formalin-fixed,
paraffin-embedded tissue sections using an immunoperoxidase method. In brief, deparaffinized and
rehydrated sections were processed by heat-induced antigen retrieval in 0.1 M citrate buffer at pH 6.0.
After blocking endogenous peroxidase activity with 0.3% H,0, in methanol solution, the sections
were treated with 2% normal swine serum and incubated with primary antibody overnight at room
temperature, followed by incubation with biotinylated secondary antibody (Ventana iVIEW DAB
Universal Kit; Ventana Medical Systems Inc., Tucson, AZ, USA). Staining was visualized using
3,3'-diaminobenzidine tetrahydrochloride and hematoxylin counterstain. Negative controls were
prepared by replacing the primary antibody with mouse immunoglobin (Sigma—Aldrich Biochemicals,
St. Louis, MO, USA). Immunostaining was quantitatively assessed as the mean percentage of the
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