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A 107 Table 3 Predictors of overall survival: univariate analysis (n = 223)
3 22 ] Variable Hazard ratio P
g 07 - 95 % CI)
g 0.6 - Age (years) >65 1.01 (0.76-1.35) 0.94
2 %97 Male sex 1.03 (0.73-145)  0.87
TE 2‘3‘ ECOG performance status >0 1.73 (1.25-2.39)  <0.001
g 02 HBsAg, positive 0.87 (0.63-1.20) 0.38
01 4 Anti HCVAD, positive 1.06 (0.80-1.42) 0.68
0.0 T . . ; . . . : . - - . Child-Pugh class B versus A 2.12 (1.54-2.92) <0.001
0 6 12 18 24 30 36 42 48 54 60 66 72 Platelet count >127,000/uL 1.25 (0.94~1.67) 0.13
No.atRisk 223 111 58 30 20 1I:ﬂon;hs 5 3 3 1 1 BCLC stage C 1.46 (089-2.41)  0.14
Viable intrahepatic lesion, present 1.85 (0.76-4.49) 0.17
B 10 Macroscopic vascular invasion, present  1.37 (1.03-1.83)  0.03
0.9 4

Child-Pugh A

= = = = Child-Pugh B

Probability of Survival

Extrahepatic metastasis, present 1.35 (0.97-1.87) 0.08

Previous chemotherapy, present 1.16 (0.86-1.55) 0.34

Table 4  Predictors of overall survival: multivariate analysis
(n = 223)

Variable Hazard ratio P

95 % CI)

T T
0 6 12 18 24 30 36 42 48 54 60 66 72
i Months
No. at Risk

Child-PughA166 98 49 27 17 9 6 4 3 3 1 1
Child-PughB 57 13 9 3 3 2 2 1

©
2
2
un 3
2]
k]
=
E
©
Q2
o
o
-
S,
0.0+
o 6 12 18 24 30 36 42 48 54 60 66 72
No. at Risk Months

CR 6 6 5 4 4 1
PR 15 15 14 7 7
SD 52 42 23 13 8 6
PD 132 46 16 8 1

Fig. 2 Kaplan—-Meier analysis of overall survival (a); stratified based
on Child-Pugh classification (b) and response to treatment (c¢). CR
complete response, PR partial response, SD stable disease, PD
progressive disease

with CR, PR, SD, and PD were 27.4, 24.0, 13.2, and
4.4 months, respectively (Fig. 2c, P < 0.001). Based on a
univariate analysis, the following factors were significantly
associated with shorter survival time: ECOG performance
status >0, Child-Pugh class B, and presence of macro-
scopic vascular invasion (Table 3). A multivariate analysis
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ECOG performance status >0
Child-Pugh class B

Macroscopic vascular invasion, present

1.46 (1.04-2.05) 0.03
1.83 (1.31-2.55) <0.001
1.39 (1.03-1.88) 0.03

Extrahepatic metastasis, present 1.35 (0.96-1.92) 0.09

Table 5 Safety profile

Grade 1-2, n (%) Grade 3-4, n (%)

Leukopenia 25(11.2) 31(13.9)
Anemia [{X (V)] 1(04)
Thrombocytopenia 20 (9.0) 13 (5.8)
Stomatitis 11 (4.9) 3(1.3)
Anorexia 2 (0.9) 1(0.4)
Diarrhea 2 (0.9) 0(0)
Skin rash 2 (0.9 1(0.4)

showed that all of these factors were also independent
prognostic factors (Table 4).

Safety

Adverse events graded as 3 or 4 were observed in 28
(12.6 %) patients. The incidence of major adverse events is
presented in Table 5. The major grade 3—4 adverse events
were leucopenia (13.9 %) and thrombocytopenia (5.8 %).
A common non-hematological toxicity was stomatitis
(6.2 %, any grade). Fever, which was mostly low-grade,
occurred in about 90 % of the patients, usually after the
first administration of peginterferon, and was gradually
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attenuated during subsequent administrations. Elevations in
bilirubin, AST, and ALT levels from baseline occurred in
7.6 % of patients, although most cases of such elevation
occurred due to progression of the intrahepatic lesion, and
not due to the treatment itself. There were no catheter-
related problems, including infection or occlusion. No
treatment-related deaths occurred.

Discussion

Wadler et al. first reported combination therapy with
intravenous 5-FU and subcutaneous interferon for a malig-
nant neoplasm. They treated 30 patients with advanced
colorectal cancer using this protocol [19]. However, the
following phase III trial failed to establish the efficacy of
the treatment [20]. Subsequently, Patt et al. [21] reported
systemic combination therapy for HCC patients, reporting
that the treatment induced a decrease of more than 50 % in
the size of each measurable lesion in 18 % of the treated
patients. Since then, several studies have demonstrated the
efficacy of combination therapy of intraarterial 5-FU and
subcutaneous interferon for patients with advanced HCC
with portal venous invasion, reporting response rates of
44-63 % [13, 22, 23]. Furthermore, other studies have
revealed the mechanism underlying the antitumor effects of
this combination therapy [24-31]. However, only a case
series of a small number of patients has reported on this
systemic combination therapy in HCC patients [32]. The
present study is the first report of this therapy in a large
number of patients (n = 223).

In the past, systemic chemotherapy for advanced HCC
using various cytotoxic agents, such as doxorubicin, 5-FU,
cisplatin, and etoposide, has been investigated. However,
few agents showed response rates above 20 %, and the
number of patients included in those studies was small.
Furthermore, no regimens demonstrated convincing sur-
vival benefits in phase III trials [33, 34]. Single-agent 5-FU
[35-37] and related drugs such as eniluracil/5-FU [38, 39]
and uracil/tegafur [40, 41] showed low response rates. An
impressive result came from phase II and phase III studies
of PIAF (combination of cisplatin, interferon alfa, doxo-
rubicin, and 5-FU). The response rates of these studies
were 26 and 20.9 %, respectively [42, 43], which were
actually better than that of the present study, although the
number of patients was small and the characteristics of the
patients differed from those in our study.

At present, sorafenib is the standard treatment for
advanced HCC with extrahepatic metastasis or vascular
invasion. Before the availability of sorafenib, we treated
such patients with a combination of systemic intravenous
5-FU and subcutaneous interferon. The MSTs in the
SHARP study and the Asian-Pacific study of sorafenib

(both randomized controlled trials) were 10.7 and
6.5 months, respectively, whereas the MST in the present
study was 6.5 months. However, both these trials of
sorafenib consisted only of Child-Pugh class A patients,
and the MSTs in these two studies were comparable to the
MST of the Child-Pugh class A patients in our study
(9.2 months). The disease-control rate in our study was
32.7 %, which was comparable to that of sorafenib (43 %
in the SHARP study; 35.3 % in the Asian-Pacific study).
Moreover, there were no complete responders in either of
these randomized controlled trials, and the response rates
were also low (2 % in the SHARP study; 3.3 % in the
Asian-Pacific study). On the other hand, in the present
study, six (2.7 %) patients achieved a complete response,
and the response rate of 9.4 % was higher than that in these
two studies. Thus, the combination of intravenous 5-FU
and subcutaneous interferon is worth consideration as a
choice of treatment for advanced HCC.

The response rate of 52.6 % that we observed in our
previous study where we treated HCC patients with portal
venous invasion with a combination of intraarterial 5-FU
and subcutaneous interferon [13] was much better than that
observed here. This may be partly because the local con-
centration of 5-FU in the liver is higher after intraarterial
infusion than after systemic administration. However,
systemic rather than intraarterial administration is appro-
priate for patients with extrahepatic metastases because
intraarterially administered 5-FU is substantially removed
by the liver in the first pass [44, 45].

In our previous study [13], we combined interferon alfa,
not pegylated, with the intraarterial administration of 5-FU.
Here, we combined pegylated interferon alfa with the
systemic administration of 5-FU mainly because of the
convenience in an outpatient setting. Whereas non-pegy-
lated interferon needs to be administered three times a
week, pegylated interferon requires only once-a-week
administration.

Cirrhotic patients have lower clearance rates of 5-FU
than non-cirrhotic patients [46]. Thus, such patients with
poor liver function may have more severe adverse events.
However, there were few serious adverse events in the
present study, although as many as 25.6 % of the patients
were Child-Pugh class B. Although grade 3 or 4 leuco-
penia and thrombocytopenia were observed, the baseline
white blood cell and platelet counts in the patients with
these events were almost always low because of back-
ground cirrhosis, and they were able to continue to receive
treatment. In addition, we did not observe any serious
adverse events in relation to infection.

According to our data, ECOG performance status, Child—
Pugh classification, and the presence of vascular invasion
were independent prognostic factors. This is consistent with
our previous study findings on the prognosis of patients with
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extrahepatic metastasis of HCC [47]. In the present study,
we also analyzed prognosis as stratified by treatment
response, and better treatment response resulted in better
prognosis. This point is to be confirmed in future prospective
studies.

The combination therapy described in the present study
was performed before the advent of sorafenib. It will now be
important to evaluate the efficacy of this combination ther-
apy in cases of sorafenib failure. It is also necessary to assess
the efficacy and safety of this treatment, as well as that of
sorafenib, for patients with poor liver function [48, 49].

In conclusion, the combination of continuous intrave-
nous infusion of 5-FU and subcutaneous peginterferon alfa-
2a was well tolerated and showed promising efficacy in a
subset of patients with advanced HCC. Further studies;
for example validating the efficacy of this treatment in
patients with sorafenib failure and conducting a random-
ized controlled trial comparing this treatment with sorafe-
nib, are needed to definitively establish the usefulness of
this treatment.
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patients with hepatocellular carcinoma
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Aim: Hepatocellular carcinoma (HCC) is a common clinical
problem all over the world. Fucosylated hemopexin (Fuc-Hpx)
is a newly reported glycoprotein for the diagnosis of HCC,
however, its clinical implications are unclear. The aim of this
study was to elucidate the clinical utility of Fuc-Hpx in Japa-
nese patients with HCC.

Methods: The sera from 331 HCC patients, 45 with liver cir-
rhosis (LC), 85 with chronic hepatitis (CH) and 22 healthy
people were examined for the expression of Fuc-Hpx; the
level was compared with clinical parameters as well as
hemopexin (Hpx) expression. The expressions of Fuc-Hpx in
12 HCC tissues and corresponding adjacent non-cancerous
liver tissues were also examined.

Results: No correlation was observed between Hpx and Fuc-
Hpx level. The median Fuc-Hpx levels in healthy people and
CH, LC and HCC patients were 3.8, 3.7, 6.1 and 7.6 AU/mL,
respectively (CH vs LC, P=0.002; CH vs HCC, P <0.001; LC

vs HCC, P=0.02). Multivariate analysis revealed that low
albumin, low prothrombin time and the presence of HCC were
significantly correlated with high Fuc-Hpx (P = 0.013, =0.001
and <0.001, respectively). Among the HCC patients, albumin
was correlated with high Fuc-Hpx; however, none of the
tumor factors, such as tumor size, tumor number and tumor
stage, was correlated with Fuc-Hpx level. The expression of
Fuc-Hpx in cancer tissue was not different from that in non-
cancerous tissue.

Conclusion: Fuc-Hpx is a valuable biomarker for HCC but it
might be a marker for hypercarcinogenic liver rather than a
marker for tumor-bearing liver.

Key words: biomarker, fucosylated hemopexin,
glycosylation, hepatocellular carcinoma,
hypercarcinogenicity

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is the

fifth most common cancer and its very poor prog-
nosis makes it the third leading cause of cancer death
worldwide. HCC accounts for over 90% of common
primary liver cancer in Japan. More than 80% of HCC
cases develop in patients suffering from long-lasting
viral hepatitis. Recently, rising rates of diabetes, obesity
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and non-alcoholic steatohepatitis (NASH) have become
increasingly important risk factors of future HCC inci-
dence trends globally, particularly in developed coun-
tries.** Although HCC without hepatitis virus infection,
which is difficult to survey, is increasing and the per-
centage of cases with viral hepatitis is decreasing in
Japan, the majority of HCC patients (>80%) still suffer
from either hepatitis C or hepatitis B virus (HBV) infec-
tion.> Many of these patients were under surveillance
programs for the diagnosis of HCC, resulting in smaller
tumor size at diagnosis.

While modalities of imaging diagnoses have been
improving and therapeutic options have progressed, a
major problem in HCC surveillance is the lack of
reliable biomarkers.* o-Fetoprotein (AFP) is the best
available biomarker with high sensitivity for HCC
surveillance, but the low specificity of AFP led the
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American Association for the Study of Liver Diseases
Practice Guideline Committee to recommend that sur-
veillance has to be based on ultrasound (US) examina-
tion.® Des-y-carboxy prothrombin (DCP) is used widely
as a HCC biomarker in Japan, but it is not popular in
other countries including the USA. DCP is more closely
related to tumor size with high sensitivity in the diag-
nosis of large HCC than AFP, but the sensitivity is low
for the diagnosis of small HCC.” It is known that
the fucosylation of glycoprotein often emerges during
carcinogenesis.®> " The fucosylated AFP (AFP-L3) was
highly specific and correlated with biological malig-
nancy and prognosis of HCC patients.’®""” Recent glycan
analysis demonstrated the increasing fucosylation of
serum glycoproteins, not only AFP but also haptoglo-
bin, fetuin A, hemopexin (Hpx), kininogen, o-1
antitrypsin and Golgi protein 73 (GP73) with the devel-
opment of HCC.%"

Hemopexin is a 60-kDa glycoprotein that is one of the
acute-phase reactant proteins. Besides its classical func-
tions, such as binding and transportation of free heme in
peripheral blood, a wide range of other properties of the
hemopexin molecule have been described, such as anti-
oxidant activity.”® Hpx is produced in the liver and
secreted in serum. A report from the USA demonstrated
that the fucosylated form of hemopexin (Fuc-Hpx) was a
good serum marker for HCC and its capacity for the
diagnosis of HCC was superior to that of AFP.®>?
However, the profile of glycosylation is known to be
different by age, race or country of residence.’? In addi-
tion, HCC surveillance has become popular, so the size of

Table 1 Baseline characteristics
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HCC at diagnosis is smaller in Japan than in other coun-
tries.”*?* Thus, the aim of this study is to evaluate the
clinical utilities of Fuc-Hpx in Japanese HCC patients.

METHODS

Human subjects

UMAN SERUM SAMPLES were obtained from

patients with newly developed HCC (n=331),
chronic hepatitis (CH, n=85) or liver cirthosis (LC,
n=45), who were admitted to Okayama University
Hospital between 2002 and 2009, as well as from
healthy volunteers (n = 22). The serum was collected at
the time of admission, meaning that no intervention
had been performed. The characteristics of the patients
are summarized in Table 1. Healthy subjects did not
have a past history of liver disease, cancer, or metabolic
or hormonal disorder that required medication. Age is
shown as median and interquartile range. The median
age of HCC patients was older than that of others
(P < 0.001). For etiology, patients with hepatitis B virus
surface antigen positivity were classified as having HBV,
and those with hepatitis C virus antibody were classified
as hepatitis C virus (HCV). Alcohol-induced liver injury,
NASH, autoimmune hepatitis or liver disease of
unknown origin were classified as others. Over 80% of
the patients suffered from viral infection in both the
HCC and the non-HCC groups, and HCV infection was
more prevalent in HCC patients than in non-HCC
patients (73% vs 49%, P < 0.001). The changes of Fuc-

Disease Healthy control Non-HCC HCC P-value
CH LC

No. of patients 22 85 45 331
Age (years) 65 (60-71) 50 (41-55) 59 (48-66) 71 (64-76) <0.001
Sex

Male (%) 72 61 71 66 NS.
Etiology (%)

HBV/HCV/others 36/ 60/ 4 29/ 29/ 42 15/ 73/ 14 <0.001
Child-Pugh grade

A/B or C (%) 94/ 6 53/47 79/ 21 <0.001
Stage

I/I/II/IV (%) 31/35/20/14

Statistical significance was set at P < 0.05.

CH, chronic hepatitis; HBV, positive for hepatitis B virus surface antigen; HCC, hepatocellular carcinoma; HCV, positive for hepatitis C
virus antibody; LG, liver cirrhosis; others, alcohol-induced liver injury, non-alcoholic steatohepatitis, autoimmune hepatitis or liver

disease of unknown origin.
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Hpx between before and after curative treatments of
HCC were examined in 21 cases. Nine cases were treated
by local curative treatments (five surgical resection and
four radiofrequency ablation). The others were treated
by liver transplantation.

Hepatocellular carcinoma tissue samples and the cor-
responding adjacent liver tissue samples were obtained
from 12 patients who received liver transplantation.
Informed consent was obtained from all patients, and the
study protocol conformed to the ethical guidelines of the
World Medical Association Declaration of Helsinki and
was approved by our institutional review board.

Diagnosis of HCC

In accordance with the AASLD 2005 Practice Guidelines,
we confirmed the diagnosis of HCC by at least two
dynamic imaging modalities. Typical findings were con-
firmed as hyperattenuation at the arterial phase and
hypoattenuation at the portal phase in dynamic com-
puted tomography (CT) or magnetic resonance imaging
(MRI), and tumor staining on angiography. The nodules
without these findings were diagnosed by histological
examination via US-guided, fine-needle biopsy. Stage
was based on the General Rules for the Clinical and
Pathological Study of Primary Liver Cancer. The diagno-
sis of CH and LC was based on liver histology, or clinical
and laboratory data including the findings of ultra-
sound, CT or MRL

Sample preparation from human
liver tissues

Human liver samples were extracted from 50 mg of
frozen tissues. Briefly, samples were homogenized with
250 pL reagent mixed CelLytic-MT (Sigma-Aldrich, St
Louis, MO, USA) containing protease inhibitor. The
lysed samples were centrifuged for 10 min at 4°C,
12 000-20 000 g, to pellet the tissue debris. The super-
natant was harvested in a clean tube and used for the
following studies. Protein concentration in each sample
was measured by the Bradford method.

Measurement of Hpx

Serum Hpx concentrations were measured by enzyme-
linked immunosorbent assay (ELISA). We used the
AssayMax Human Hemopexin ELISA kit (AssayPro, St
Charles, MO, USA). The samples were measured in
duplicate according to the manufacturer’s instructions.
A microplate reader (Model 680; Bio-Rad Laboratories,
Tokyo, Japan) was used for reading absorbance at
450 nm.

Fucosylated hemopexin and HCC 3

Lectin ELISA for Fuc-Hpx

We performed lectin ELISA for quantitative analysis of
Fuc-Hpx in accordance with the method reported by
Metha et al. with some modification.’ Briefly, the rabbit
antihuman hemopexin antibody (AssayPro) was incu-
bated with 10 mmol/L sodium periodate to remove the
fucosylation of the captured antibody at 4°C for 1 h
under dark conditions. An equal volume of ethylene
glycol was added and the oxidized antibody was diluted
to a concentration of 10 pg/mL with sodium carbonate
buffer (pH 9.5). Antibody (1 ng) was added to each well
of the ELISA plate and incubated overnight at 4°C. The
plate was washed five times with 0.1% Tween-20/
phosphate-buffered saline 7.4 (PBS-T) and then blocked
overnight with 3% bovine serum albumin/phosphate-
buffered saline (PBS).

For analysis, 50 uL of serum was diluted in 50 puL of
PBS with 1 puL of Immunoglobulin Inhibiting Reagent
(Bioreclamation, Westbury, NY, USA) and incubated at
room temperature for 45 min. The samples were added
to the plate and incubated at 37°C for 1 h, followed
by washing with lectin incubation buffer (10 mM Tris
pH 8.0, 0.15 M NaCl, 0.1% Tween-20) five times. After
that, AAL lectin (Vector Laboratories, Burlingame, CA,
USA) diluted 250 times by lectin incubation buffer was
applied and incubated at room temperature for 1 h.
After five washes with PBS-T, AP-streptavidin (Vector
Laboratories) diluted 1000 times by PBS was applied
and incubated at room temperature for 1h. After
washing five times, color was developed using phos-
phatase substrate (KPL, Baltimore, MD, USA) and the
optical density (OD) at 630 nm was measured. The
concentration is expressed as arbitrary unit (AU) based
on the relative concentration against a standard HCC
sample and normal stock serum. The control curve of
lectin-ELISA is shown in Figure 1.

Statistical analysis

The JMP ver. 8.02 software (SAS Institute, Cary, NC,
USA) was used for the analyses. Continuous variables are
shown as median and interquartile range. The Wilcoxon
rank sum test was used to compare the continuous data
and the y>-test was used to compare categorical data.
Statistical significance was set at P < 0.05. Univariate
analysis was performed in allpatients except healthy vol-
unteers to identify the potential factors correlated with
Fuc-Hpx in liver diseases. Variables at P < 0.05 in the
univariate analysis were further analyzed to identify
independent factors correlated with Fuc-Hpx by multi-
variate analysis. The variables used in the analysis
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Figure 1 Control curve of lectin enzyme-linked immunoassay.
The concentration is expressed as arbitrary unit (AU) based on
the relative concentration against control curve. OD, optical
density.

included age, sex, etiology, presence of HCC, platelet
count (Plt), prothrombin time (PT), albumin (Alb), total
bilirubin (T-Bil), aspartate aminotransferase (AST),
alanine aminotransferase (ALT) and Child-Pugh grade.
For the analysis in HCC patients, tumor markers such as
AFP, AFP-L3, DCP, tumor size, tumor number, presence
of portal vein tumor thrombosis (Vp) and tumor stage
were added. The optimal cut-off values of most variables
were set at approximate values of medians. Those of AFP,
AFP-L3 and DCP were 20 ng/mL, 10% and 40 mAU/mL,
respectively. Student’s paired t-test was used for the
analysis of Fuc-Hpx expression levels between HCC and
adjacent liver tissues. Correlation analysis was verified at
r* value by Pearson correlation coefficient. Diagnostic
abilities in differentiating HCC from liver disease
without HCC were evaluated using the areas under the
receiver-operator curve (AUROC). Sensitivity, specificity
and accuracy were analyzed by the McNemar test, and
positive predictive value (PPV) and negative predictive
value (NPV) were analyzed by Fisher's exact test. All tests
were two-sided between Fuc-Hpx and another marker,
and P < 0.05 was considered significant.

RESULTS
Relationship between serum Hpx
and Fuc-Hpx

O DETERMINE THE effect of Hpx concentration on
Fuc-Hpx level, we measured both Hpx and Fuc-Hpx
expressions in 18 samples simultaneously (Fig. 2). No

© 2012 The Japan Society of Hepatology
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correlation was observed between Hpx and Fuc-Hpx
(P =0.89). The level of Hpx was not significantly differ-
ent between the non-HCC (median, 648 AU/mL; range,
488-750) and HCC groups (median, 772 AU/mL;
range, 483-1022; P=0.16), whereas Fuc-Hpx level was
higher in the HCC group (median, 6.8 AU/mL; range,
4.9-11.0) than in the non-HCC group (median,
2.6 AU/mL; range, 0.9-4.8; P<0.001). Because total
Fuc-Hpx level was closely correlated with the percentage
of Fuc-Hpx (R*=0.6, P<0.001) and no difference of
AUROC of total and percentage of Fuc-Hpx was
observed in this study population (0.84 and 0.77,
respectively), we used total Fuc-Hpx level in the follow-
ing analysis.

Serum Fuc-Hpx level in liver diseases

To confirm the Fuc-Hpx expression in various liver dis-
eases, we measured it in large populations. The median
value in the HCC group (n=331) was 7.6 AU/mL
(range, 5.6-10.8), which was significantly higher than
that of the non-HCC group (n = 130; median, 4.6 AU/
mL; range, 2.5-7.1; P < 0.001). A progressive increase of
Fuc-Hpx was observed from that of healthy controls
(median, 3.8 AU/mI; range, 0.1-5.8) through CH
(median, 3.7 AU/mL; range, 1.9-6.2) to LC (median,
6.1 AU/mL; range, 4.1-8.9). Significant difference was
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Figure 2 Relationship between serum hemopexin (Hpx) and
fucosylated hemopexin (Fuc-Hpx). The data of hepatocellular
carcinoma (HCC) and non-HCC are plotted by closed circles
and open circles, respectively. No correlation was demon-
strated between serum Hpx and Fuc-Hpx in both groups.
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Figure 3 Serum fucosylated hemopexin (Fuc-Hpx) concen-
tration. Serum Fuc-Hpx level increased according to the
progression of the liver diseases. CH, chronic hepatitis;
HCC, hepatocellular carcinoma; LC, liver cirrhosis; N.S., not
significant.

observed between the HCC group and LC (P = 0.02) or
CH group (P < 0.001), and between LC and CH groups
(P =0.002), but no difference was observed between the
CH group and healthy subjects (Fig. 3). We examined
Fuc-Hpx level in patients with or without HCC with the
same liver function. The median was 7.7 AU/mL (range,
5.4-10.5) in the HCC group, which was significantly
higher than that in the non-HCC group (median,
3.9 AU/mL; range, 2.1-6.7; P<0.001) in Child-Pugh
grade A patients. In Child-Pugh grade B/C patients,
no difference was observed between the groups, and
the median was 7.8 AU/mL (range, 6.2-11.1) and
6.6 AU/mL (range, 5.5-11.2) in the HCC group and in
non-HCC group, respectively. We measured to compare
Fuc-Hpx levels in 21 HCC cases before and after curative
therapy. Fuc-Hpx levels in all nine cases but one who
received local curative treatments did not decrease after
the treatments. The median Fuc-Hpx levels before and
after the treatments were 5.23 and 6.77 AU/mL, respec-
tively. On the other hand, in nine out of 12 HCC cases
who received liver transplantation, the median Fuc-Hpx
level significantly decreased from 10.2 to 4.87 AU/mL
(P =0.02). Significant difference was observed between
local curative treatment and liver transplantation
(P=0.001).

Factors correlated with serum Fuc-Hpx

We evaluated the relationship between serum Fuc-Hpx
and clinical parameters in patients with liver diseases
(Table 2). Fuc-Hpx in elderly patients and HCV-infected

Fucosylated hemopexin and HCC 5

patients was high. High AST (240IU/L) and T-Bil
(21.0 mg/dL), and low Plt (<10 x 10*/uL), PT (<100%)
and Alb (<£3.5 g/dL), were also correlated with high
serum Fuc-Hpx level. In addition, the presence of
HCC was significantly associated with high Fuc-Hpx

Table 2 Fucosylated hemopexin expression in patients with
liver diseases

Variables Fuc-Hpx, medium  Univariate Multivariate
(range) (AU/mL)  P-value P-value
Age (years)
<65 6.2 (3.5-9.0) <0.001 0.600
>65 7.5 (5.3-10.8)
Sex
Male 7.2 (4.5-10.2) 0.690
Female 6.8 (4.5-9.7)
Etiology
HBV 6.3 (4.1-9.8) 0.025 0.410
HCV 7.4 (4.8-10.4)
Others 6.2 (3.6-8.8)
Diagnosis
Non-HCC 4.6 (2.5-7.1) <0.001 <0.001
HCC 7.6 (5.6-10.8)
Plt (x10%/uL)
>10 6.6 (3.9-9.8) 0.002 0.800
<10 8.1 (5.3-10.4)
PT (%)
>100 6.3 (4.0-9.4) <0.001 0.001
<100 7.9 (5.6-11.0)
Albumin (g/dL)
>3.5 5.8 (3.3-9.0) <0.001 0.013
<35 8.1 (6.3-11.1)
T-Bil {mg/dL)
<1 6.7 (4.0-9.8) 0.031 0.990
21 7.3 (5.3-10.5)
AST (1U/L)
<40 5.3 (2.8-8.4) <0.001
240 7.4 (5.4-10.3)
ALT (IU/L)
<40 6.5 (4.0-9.4) 0.100
240 7.0 (4.8-10.0)
Child-Pugh grade
A 6.7 (4.2-9.8) 0.004
B+C 7.7 (5.8-11.1)

Statistical significance was set at P < 0.05.

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
CH, chronic hepatitis; Fuc-Hpx, fucosylated hemopexin; HBV,
positive for hepatitis B virus surface antigen; HCC,
hepatocellular carcinoma; HCC, hepatocellular carcinoma; HCV,
positive for hepatitis C virus antibody; LC, liver cirthosis; others,
alcohol-induced liver injury, non-alcoholic steatohepatitis,
autoimmune hepatitis or liver disease of unknown origin; Plt,
platelet count; PT, prothrombin time; T-Bil, total bilirubin.
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Table 3 Relationship between clinical parameters and fucosy-
lated hemopexin in HCC patients

Variables Fuc-Hpx, median Univariate Multivariate
(range) (AU/mL) P-value P-value
Albumin (g/dL)
>3.5 7.1 (4.5-10.3) <0.001 0.027
<35 8.1 (6.4-11.2)
PT (%)
2100 7.2 (5.0-9.8) 0.004 0.053
<100 8.3 (6.1-11.4)
AFP (ng/mlL)
<20 7.5 (5.0-10.5)  0.083
220 7.8 (6.0-10.9)
AFP-L3 (%)
<10 7.6 (5.5-10.4) 0.379
>10 7.8 (6.1-11.2)
DCP (mAU/mL)
<40 7.4 (5.0-10.2) 0.021 0.063
240 8.1 (6.0-11.2)
Tumor size (mm)
<20 74 (55-10.1)  0.190
>20 8.0 (5.5-11.2)
Tumor number
Single 7.4 (5.0-104) 0.230
Multiple 7.7 (6.1-10.9)
Vp
Yes 7.6 (5.5-10.4) 0.800
No 7.7 (4.6-11.0)
Stage
1+10 7.5(5.3-10.2)  0.420
1+ IV 7.7 (5.6-11.1)

Statistical significance was set at P < 0.05. .

AFP, o-fetoprotein; AFP-L3, fucosylated AFP; DCP, des-y-carboxy
prothrombin; Fuc-Hpx, fucosylated hemopexin; HCC,
hepatocellular carcinoma; PT, prothrombin time; Vp, portal vein
tumor thrombosis.

(P<0.001). On multivariate analysis, low Alb, low PT
and the presence of HCC were significantly correlated
with high Fuc-Hpx (P =0.013, P=0.001, and P < 0.001,
respectively).

The relationship between Fuc-Hpx and tumor factors
in combination with three variables that showed corre-
lation with Fuc-Hpx on multivariate analysis was exam-
ined in HCC patients (Table 3). None of the tumor
factors such as tumor size, tumor number, Vp or stage
was correlated with Fuc-Hpx level. Fuc-Hpx was high in
patients with high DCP (240 mAU/mL), while AFP and
AFP-L3 were not correlated with Fuc-Hpx. On multivari-
ate analysis, Alb was the only factor correlated with
serum Fuc-Hpx level (P=0.027).

© 2012 The Japan Society of Hepatology
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Utility of Fuc-Hpx for the diagnosis of HCC

The accuracy, sensitivity and specificity of Fuc-Hpx for
the diagnosis of HCC were 69%, 71% and 63% at a
cut-off of 5.95 AU/mL, respectively (Table 4). The diag-
nostic accuracies of AFP and DCP in the same serum
samples were 56% and 58%, sensitivities were 46% and
47%, and specificities were 87% and 91% at cut-offs
of 20ng/mL and 40.0 mAU/mL, respectively. The
receiver-operator curve (ROC) of three individual
markers is shown in Figure 4. The AUROC of Fuc-Hpx
for the diagnosis of HCC was 0.739, which was inferior
to that of AFP (0.791) but superior to DCP (0.723).

The levels of AFP and DCP gradually increased as
the stage progressed, but no correlation was observed
between Fuc-Hpx and the stage. The sensitivity of Fuc-
Hpx was superior to that of the others in both stage I
and stage II or more patients. The clinical utility of
Fuc-Hpx was equivalent in both stage I and stage II or
more patients as well as AFP. AUROC was statistical
significantly superior to DCP in stage 1.

Table 4 Utilities of tumor markers for the diagnosis of HCC

Fuc-Hpx AFP DCP
All stages
AUROC 0.739 0.791 0.723
Sensitivity (%) 71 46** 47+*
Specificity (%) 63 87*: 91**
Accuracy (%) 69 56 58
PPV (%) 83 91 94
NPV (%) 46 36 37
Stage |
AUROC 0.720 0.785 0.599*
Sensitivity (%) 75 45** 28**
Specificity (%) 63 87** 91**
Accuracy (%) 69 67 60
PPV (%) 63 76 76
NPV (%) 75 63 56
Stage I or more
AUROC 0.737 0.802 0.785
Sensitivity (%) 71 46*+ 57+
Specificity (%) 63 87+ 91**
Accuracy (%) 69 56 68
PPV (%) 83 91 93
NPV (%) 46 36 51

*Statistically significant difference between Fuc-Hpx and the
other marker in the given group (P <0.05).

* *Statistically significant difference between Fuc-Hpx and the
other marker in the given group (P < 0.001).

AFP, a-fetoprotein; AUROC, areas under the receiver-operator
curve; DCP, des-y-carboxy prothrombin; Fuc-Hpx, fucosylated
hemopexin; HCC, hepatocellular carcinoma; NPV, negative
predictive value; PPV, positive predictive value.
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Figure 4 Receiver-operator curve of three tumor makers of hepatocellular carcinoma. The area under the receiver-operator curve
(AUROC) of fucosylated hemopexin (Fuc-Hpx) for the diagnosis of hepatocellular carcinoma (HCC) was 0.739, which was inferior
to that of a-fetoprotein (AFP) (0.791) but was superior to that of des-y-carboxy prothrombin (DCP) (0.723).

The sensitivities of Fuc-Hpx+AFP and Fuc-
Hpx + DCP were 84% and 74%, respectively, and the
specificities were 66% and 71%, respectively. Sensitivity
was improved, whereas specificity was not improved by
combination with AFP or DCP.

Fuc-Hpx expression in liver tissue

The expression of Fuc-Hpx in HCC tissue was higher
than that in adjacent non-cancerous liver tissue in four
out of 12 HCC patients, almost equal in one patient and
lower in seven patients. Median Fuc-Hpx level in HCC
tissue was 6.5 AU/mL and 7.0 AU/mL in adjacent non-
cancerous tissue. The difference between them was not
statistically significant (Fig. 5).

DISCUSSION

EVERAL TUMOR MARKERS of HCC have been iden-

tified, but there is no evidence indicating that the
detection of HCC by these markers precedes clinical
imaging diagnosis. However, the diagnostic accuracy of
the radiological tools is dependent on tumor size and
this approach is expensive.” Moreover, US examination
is affected by the skill of individual operators. Therefore,
it is necessary to find non-invasive, reliable markers for
detecting or predicting HCC.

The expression of Fuc-Hpx increased according to the
progression of liver disease from hepatitis, cirrhosis,
to HCC, and albumin, PT and the presence of HCC
were major factors to determine the expression level.
However, we did not observe any correlations between
Fuc-Hpx and tumor factors such as tumor size or tumor
number. The result is quite different from those of con-

ventional tumor markers such as AFP and DCP. From
the analysis of the expression in liver tissues, Fuc-Hpx
was produced not only in HCC but also in non-
cancerous tissue, meaning that Fuc-Hpx might be a
biomarker for hypercarcinogenic liver rather than a
marker for tumor-bearing liver.

Recently, glycoproteomics and glycomics have been
focused on as a post-genomic research field to find

14 4
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HCC Adjacent liver

Figure 5 Fucosylated hemopexin (Fuc-Hpx) expression in
liver tissue. Fuc-Hpx expressions in hepatocellular carcinoma
(HCCQ) tissues and corresponding adjacent non-cancerous liver
tissues are shown. Closed circles indicate that Fuc-Hpx was
lower in cancerous tissue than in non-cancerous tissue. Closed
triangles indicate that Fuc-Hpx expression was higher in can-
cerous tissue. Closed squares indicate that the expression was
at the same level in both tissues.

© 2012 The Japan Society of Hepatology

— 284 —



8 S. Kobayashi et al.

diagnostic markers.** Glycosylation is involved in
both physiological and pathological events, such as
cell growth, migration, differentiation and tumor inva-
sion. In particular, fucosylation of N-glycan is well
known as one of the changes during carcinogenesis
of various cancers.*'*'3* There are several putative
mechanisms of elevation of fucosylated proteins in
cancers. A tumor marker of HCC, AFP-L3, was
produced by core fucosylation of AFP by o-1,6-
fucosyltransferase (Fut8), which is overexpressed in
advanced liver diseases. However, high expression of
Fut8 was also observed in non-cancerous liver cirrhotic
tissues as well as HCC tissues.”” a-1,6-Fucosylated pro-
teins are normally rare in the blood and are enriched
in the bile by proper balance of two secretion path-
ways of glycoproteins; one is sorting to an apical
surface of hepatocytes followed by secretion into bile
ducts and the other is sorting to the basolateral surface
followed by secretion into blood vessels.” If hepato-
cytes become depolarized in hepatocarcinogenesis,
these normal secretion pathways cannot work and,
thus, fucosylated proteins are elevated in the blood.*

Several reports have been published dealing with the
utility of Fuc-Hpx for the diagnosis of HCC.**?' They
reported that Fuc-Hpx is superior to AFP, which has
been a standard marker for the detection of HCC.
Comunale et al. reported that the sensitivity and speci-
ficity of Fuc-Hpx for the diagnosis of HCC were high
(both 92%) and the AUROC for Fuc-Hpx was 0.951.° In
our study, the diagnostic ability in Japanese patients was
inferior to the data described above. In a previous
report, they analyzed 72 HCC patients and 280 patients
without HCC; however, 248 out of 280 were non-
cirthotic patients including 20 healthy controls.” The
AUROC decreased to 0.8665 when only cirrhotic
patients were used as controls. We did not include
healthy controls for AUROC analysis so the difference of
the liver function in non-HCC patients might be one of
the reasons for the difference of AUROC between the
studies. In addition, the race was different, the median
age was higher and the etiology was different; hepatitis
virus infection was a major cause of liver injury in our
research, while alcoholism was the main etiology in
previous reports. Although it is not clear whether these
differences affect the diagnostic utility, it is possible that
albumin and PT, which are factors correlated with Fuc-
Hpx expression, are different between the studies, which
were not precisely indicated in other reports. Despite the
differences, Fuc-Hpx expression in HCC patients was
high in both studies, indicating that Fuc-Hpx is an effec-
tive biomarker for HCC.

© 2012 The Japan Society of Hepatology
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Although serum Fuc-Hpx increased in HCC patients,
the expression level was not correlated with any tumor
factors. Furthermore, Fuc-Hpx levels did not decrease
except one case by surgical resection or radiofrequency
ablation. On the other hand, in nine out of 12 cases
who received liver transplantation, which replaced the
hypercarcinogenic liver with normal liver, Fuc-Hpx
level decreased by the treatment. The result indicated
that the major source of Fuc-Hpx in blood is non-
cancerous liver tissue although it might be secreted
from HCC by the mechanism described above. Scarce
correlation with tumor factors is a disadvantage as a
conventional tumor marker. Generally, the annual
incidence of HCC from LC is known to be 4-8%. On
the other hand, the recurrence rate of HCC is reported
at an annual rate of 20%, indicating tumor-bearing
liver is hypercarcinogenic. We conjectured that the
difference of Fuc-Hpx between LC and HCC might
correspond to the hypercarcinogenic status mentioned
above. We inferred that a high level of Fuc-Hpx might
not be shown in HCC but could be shown in hyper-
carcinogenic liver. In the present study, we could not
confirm how effective Fuc-Hpx was as a hypercarcino-
genic marker because it was not examined prospec-
tively. If we assumed that the AUROC for the diagnosis
of HCC was a surrogate marker of hypercarcinogenic-
ity, the ability of Fuc-Hpx (0.73) was higher than that
of Alb, Plt count and Child-Pugh grade (0.53, 0.66
and 0.67, respectively)

In this study, we demonstrated that Fuc-Hpx could
be an effective biomarker of HCC. Future prospective
research is necessary to verify the utility of Fuc-Hpx as a
marker for hypercarcinogenic liver.
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ollow-up surveillance of patients

with cirrhosis has been performed

to detect hepatocellular carcinoma
(HCC) early enough to allow curative
treatment (1). The American Associ-
ation for the Study of Liver Discases
practice guidelines outline a strategy
for distinguishing HCCs from other he-
patic lesions of smaller than 3 cm that
are identified during ultrasound (US)
screening of livers in patients with cir-
rhosis (2). The guidelines suggest that
nodules greater than 1 cm in diameter
be further investigated by using dynamic
contrast material-enhanced computed
tomography (CT) or magnetic reso-
nance (MR) imaging. Thus, the detec-
tion of arterial hypervascularization can
justify treating the nodule as if it were
HCC. For hypovascular nodules, defined
as lesions that appear less enhanced
than the surrounding liver both on ar-
terial and venous phase images (2),
careful monitoring (eg, repeat US at 3
months and biopsy) is recommended.
However, the existing treatment guide-
lines do not specify the patient and tu-
mor attributes that accurately predict
subsequent hypervascularization.

Advances in Knowledge

The hepatobiliary phase of gadoxet-
ic acid—enhanced MR imaging can allow
clear visualization of hepatic focal le-
sions (3-6). Along with the widespread
use of advanced imaging techniques,
including three-dimensional T1-weight-
ed gradient-echo sequences with high
spatial resolution (7), hypovascular
small nodules that show hypointensity
on gadoxetic acid-enhanced hepatobili-
ary phase MR images are increasingly
detected during HCC screening of pa-
tients with cirrhosis. Such nodules may
include hypovascular well-differentiated
HCCs, dysplastic nodules, and other
benign nodules (8), which are difficult
to distinguish, even at needle hiopsy. Of
these, hypovascular HCC and dysplastic
nodules grow and acquire a more ex-
tensive arterial supply, and show overt
stromal invasion (invasive growth of tu-
mor tissue in portal tracts and fibrous
septa), during stepwise carcinogenesis
of HCC (9,10).

Previously,  image-hased  stud-
ies suggested that hypovascular nod-
ules containing fat or those that were
greater than 10-15 mm in diameter
were at high risk for development of
hypervascularization (11-13). Authors
of a histopathologic study (14) reported
that most borderline nodules (dysplas-
tic nodules or well-differentiated HCCs)
greater than 15 mm in diameter were
early HCC. Because these results were
taken from findings at a single time
point, further research examining the
time course of the development of this
change is required for the development
of a better approach to follow-up of
these hypovascular nodules.
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The aims of our study were to
identify patient characteristics and MR
imaging findings associated with subse-
quent hypervascularization in hypovas-
cular nodules that show hypointensity
on gadoxetic acid-enhanced hepatobili-
ary phase MR images in patients with
chronic liver diseases.

Materials and Methods .

Study Group

Retrospective  data  collection and
analysis were approved by the institu-
tional review bhoard of the two partici-
pating hospitals, and the requirement
for informed consent was waived. The
selection of the suhbjects is outlined in
Figure 1. From February 2008 to Octo-
ber 2010, there were 238 patients who
underwent multiple gadoxetic acid-en-
hanced MR imaging examinations for
HCC surveillance. Of these, we excluded
patients with (a) Child-Pugh class C,
owing to insufficient enhancement on
gadoxetic acid-enhanced hepatobiliary
phase MR images (1), and (b) those
who had undergone previous systemic
chemotherapy or treatment with molec-
ularly targeted agents against malignant
tumors. One radiologist (S. Kumano,
with 22 years of experience in ahdomi-
nal imaging) and one gastroenterologist

48t
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Figure 1

Gadoxetic acid-enhanced MRI surveillance exams for HCC
860 patients

Single MRI exam
622 patients

Multiple MRl exams
238 patients

Child-Pugh class C
61 patients

Previous systemic chemotherapy or
treatment with molecular-targeted agents
20 patients

Remaining patients
157 patients

No hypointense nodule (> 2 mm) on
the hepatobiliary phase image
59 patients

Hemangioma (14 nodules in 12 patients) or
cyst (32 nodules in 25 patients) on MRI

Hypovascular nodules
190 nodules in 95 patients Located in segments that had been
previously biopsied or treated with
local therapy 10 nodules in 7 patients

Single exam for the hypovascular nodule
20 nodules in 20 patients

Nodules for Cox regression analysis
160 nodules in 68 patients

« Hypervascularization group: 50 nodules in 35 patients
« Non-hypervascularization group: 110 nodules in 51 patients

Second MRI showed hypervascularization
22 nodules in 19 patients

\4

Nodules for growth analysis
138 nodules in 59 patients

» Hypervascularization group: 28 nodules in 21 patients
« Non-hypervascularization group: 110 nodules in 51 patients
Figure 1:  Flowchart of the study population.

specializing in hepatology (Y.I., with 30
years of experience) reviewed images to
detect hypovascular nodules and to di-
agnose subsequent hypervascularization
in consensus. A hypovascular nodule
was defined as that in which all parts of
the nodule showed lower signal intensity
than the surrounding liver parenchyma
during the arterial phase of dynamic
imaging when any of the available mo-
dalities were used (intravenous contrast-
enhanced CT, CT hepatic arteriography
and contrast-enhanced ultrasound) com-
pared with the corresponding site on
the unenhanced image. The arterial en-
hancement was assessed by means of vi-
sual inspection. In addition, the subjects
were limited to those with round hy-
pointense lesions on gadoxetic acid-en-
hanced hepatobiliary phase MR images.
Procedures involving all modalities were
performed within 2 weeks of each other.
Nodules were excluded if they were (a)
less than 2 mm in diameter; (b) consid-
ered to be suspicious for hemangiomas,
cysts or cystic tumors on the basis of
other MR imaging sequences or modal-
ities; or (c) located in segments that had
been previously biopsied or treated with
local therapy (including transcatheter
arterial chemoembolization).

We identified 160 hypovascular
nodules in 68 patients (mean patient
age = standard deviation, 70.0 = 7.8
years; range, 51-85 vyears). Among
these patients, 48 were men (mean
age, 69.9 = 7.7 years; range, 54-85
years), and 20 were women (mean age,
70.2 £ 8.4 years; range, 51-79 years).
The presumed causes of chronic liver
disease of the patients were chronic
hepatitis C viral infection (n = 46),
chronic hepatitis B viral infection (n
= 12), alcohol abuse (n = 4), nonal-
coholic steatohepatitis (n = 1) and
unknown cause (n = 5). Forty (27%)
patients had cirrhosis. The number of
nodules per patient ranged from one to
10, with a mean value of 2.3. The date
of entry into the study was defined as
the date of the initial gadoxetic acid-
enhanced MR imaging examination.
All patients were treated according to
the clinical guidelines for the diagnosis
and treatment of HCC in Japan (15).
During the study period, all patients
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received follow-up gadoxetic acid-en-
hanced MR imaging examinations in
combination with US, CT, or angiogra-
phy at various times according to the
degree of liver disease. One radiologist
(S. Kumano) and one gastroenterol-
ogist who specializes in hepatology
(Y.I.) reviewed images in consensus to
verify lesion correspondence between
the different imaging modalities. Each
nodule was followed up until it showed
early enhancement when imaged by
means of any of the imaging modal-
ities, until the segment containing the
nodule was biopsied or treated, or
until the final imaging examination of
the study period. The number of ga-
doxetic acid-enhanced MR imaging
examinations reviewed per patient was
two for 32 patients (43%), three for
16 patients (28%), four for 12 patients
(18%), five for three patients (4%), six
for three patients (4%), seven for one
patient (1%) and eight for one patient
(1%). The mean interval between ga-
doxetic acid~enhanced MR imaging ex-
aminations was 186 days = 110 (range,
57-619 days). Of the 110 nodules that
did not develop into hypervascular
nodules, 101 were censored at the
date of the most recent consultation
before November 1, 2010, and nine
(in five patients) were censored at the
date of the final imaging examination
of the study period before therapy (six
nodules for transarterial chemoembo-
lization; one each for radiofrequency
ablation, intra-arterial reservoir che-
motherapy and whole-liver radiation
therapy due to coexistent HCC) of the
liver segment(s) involved.

We obtained the baseline clinical
data by means of review of all availahle
medical records for assessment of the as-
sociation with the subsequent hypervas-
cularization. The clinical data comprised
seven patient characteristics at the time
of baseline MR imaging and six initial ga-
doxetic acid-enhanced MR imaging find-
ings from each nodule (see the Imaging
Analysis subsection). Patient character-
istics that were used in the study were
age, sex, Child-Pugh classification, cause
of liver disease, serum a-fetoprotein
level, history of local therapy for HCC,
and coexistence of hypervascular HCC.

For patients with hepatitis B infections,
we recorded information regarding the
use of oral nucleotide analogs with ac-
tivity against hepatitis B. The mean in-
terval between the laboratory test and
initial MR imaging examination was 9
days (range, 0-24 days).

Nodules were categorized into two
groups according to the presence (hy-
pervascularization group) or absence
(nonhypervascularization  group) of
early enhancement at the final imaging
examination. Needle biopsy specimens
were reviewed by two expert patholo-
gists who made a consensus diagnosis
according to the International Working
Party criteria (9).

Imaging Techniques

MR imaging studies were performed by
using either a 3.0 T (Achieva; Philips
Medical Systems, Best, Netherlands) or
one of two 1.5 T systems (Signa Excite
HDxt; GE Healthcare, Milwaukee, Wis;
Gyroscan Intera Nova; Philips Medical
Systems) (Table 1). First, a T1-weighted
dual-echo sequence was performed. For
dynamic imaging, T1-weighted three-di-
mensional fat-suppressed gradient-echo
images were acquired before and after a
bolus injection of 0.025 mmol/kg of body
weight of gadoxetic acid (EOB-Primovist;
Bayer Schering Pharma, Osaka, Japan)
at a rate of 2 mL/sec with a saline flush
through the antecubital vein. Arterial-
phase imaging was performed hy using a
bolus tracking technique: the center of k-
space was acquired 15 seconds after the
contrast material appeared in the abhdom-
inal aorta (16). Portal venous and hepa-
tobiliary phase images were acquired af-
ter an imaging delay of 70 seconds and 20
minutes, respectively. T2-weighted im-
ages were acquired with a fat-suppressed
fast spin-echo sequence before or within
10 min after contrast-material injection.
Although there were missing data from
the fat-suppressed T2-weighted fast spin-
echo images (not available owing to mo-
tion artifacts in two nodules; other T2-
weighted sequences were obtained for 32
nodules), we included all subjects in the
analysis. Dynamic contrast-enhanced CT,
CT hepatic arteriography and contrast-
enhanced US were performed as de-
scribed in the literature (17-19).

Image Analysis
A consensus review of baseline MR im-
ages was performed by three radiologists
(M.O., T.H., and Y.K., with 18, 11, and
6 years of experience in abdominal im-
aging, respectively), who were blinded
to the outcomes and the biopsy results
for each nodule. The fat content of each
nodule was determined on the basis of
T1-weighted dual-echo images accord-
ing to apparent signal loss on opposed-
phase images relative to in-phase images.
On the T2-weighted images, each lesion
was evaluated for signal intensity relative
to that of the surrounding liver paren-
chyma and classified as hyperintense,
isointense, hypointense or missing. On
the T1-weighted three-dimensional fat-
suppressed gradient-echo images of
without and with contrast enhancement
(hepatobiliary phase), signal intensities
of the nodule and liver parenchyma were
recorded to evaluate nodule-to-liver con-
trast ratios. For measurement of the
nodule, one abdominal radiologist (T.H.)
placed the largest possible region of in-
terest but did not include the edges of
the nodule to avoid edge artifacts. For the
liver parenchyma, two regions of interest
that avoided the major hepatic and portal
vessels (size range, 200-400 mm?) were
selected, and then the mean value was
calculated. The nodule-to-liver contrast
ratios were calculated for each unen-
hanced and hepatobiliary phase image by
dividing the signal intensity of the nodule
by the signal intensity of the liver paren-
chyma. The contrast enhancement ratio
was then calculated by dividing the con-
trast ratios of the hepatobiliary phase im-
ages by those of the unenhanced images.
One abdominal radiologist (T.H.)
measured the maximum nodule diame-

ter on axial gradient-echo T1-weighted

gadoxetic acid-enhanced hepatobiliary—
phase images of the baseline and the
final MR imaging examinations. Only
for the purpose of the growth analysis,
the final MR imaging examination was
defined as the last MR imaging exami-
nation before hypervascularization for
each nodule. Twenty-two nodules in
which the second MR imaging exami-
nation showed hypervascularization (19
pairs of examinations; median interval
between the two examinations, 210 days;
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Table 1

Intersection gap (mm)
f on time (msec)

1.17/25,1.47/25

B e‘ hniqu
X 272,256 X 224 400, 400

range, 91-410 days) were excluded from
the growth analysis, because the growth
rate before hypervascularization could
not be calculated. Thus, 138 nodules
from 59 patients were included in the
growth analysis. First, the tumor volume
doubling time (TVDT) was calculated as
follows (20,21): TVDT = T X log2/|3 X
log (D,/D,)], where Tis the time interval
between two measurements and D, and
D, denote the maximum diameter of the
nodule at the initial and last MR imaging
examinations, respectively. Then, the
growth rate of the nodules was calcu-
lated as the inverse of the TVDT.

Statistical Analysis

All analyses were conducted at the nodule
level. R software (Version 2.12.0; R Foun-
dation for Statistical Computing, Vienna,
Austria) was used for statistical analysis
(22). To evaluate the independent prog-
nostic significance of baseline covariates
for subsequent hypervascularization, a
multivariate  Cox proportional hazard
model was used. Because 32 patients had
multiple nodules detected at two or more
follow-up examinations, we used the cox-
ph function from the survival package in
the R software, with the cluster option.
This method allows accounting for cor-
relation induced by having multiple nod-
ules per patient and uses robust variance

estimates (23). Belore model selection,
bivariate analysis was performed by us-
ing Spearman rank correlations to test
for collinearity among independent var-
iables. As a result, Spearman correlation
coefficients for variables were generally
below 0.5, which suggests that multicol-
linearity was not of concern. Hazard ra-
tios (HRs) and 95% confidence intervals
(Cls) were calculated. Because no factor
(except intensity on T2-weighted images)
was found to show a significant difference
when univariate analysis was performed,
preliminary multivariate Cox propor-
tional hazards models were constructed
by using all 13 variables. Candidate vari-
ables were then allowed to enter the final
model (entry criterion, P < .05). Fat con-
tent and initial diameter were forced into
the final model because they were con-
sidered important predictors (12). The
Wald test was performed to determine
an overall P value for each variable, and a
robust score test was used to assess the
significance of the final model as a whole.
The model that was fitted by using miss-
ing data was not appreciably different
from that with the missing data excluded.

The median time interval between
the initial and final MR imaging exami-
nation was compared for the two groups
by using the Mann-Whitney U test. For
evaluation of initial diameter and growth

rate of the nodules, continuous data dif-
ferences between the two groups were
tested with the Mann-Whitney U test,
and categorical data were assessed by
using the x? test. Correlation between
the initial diameter and the growth rate
of the nodules was examined by using
the Kendall tau rank test. The prognos-
tic value of the growth rate was evaluated
by means of the area under the receiver
operating characteristic curve. By using
the ROCR package in the R software,
the cutoff value for the growth rate was
determined at the optimal operating
point, with the highest sensitivity and
specificity combined (24). Cumulative
event rates were estimated by using the
Kaplan-Meier method and compared by
using the log rank statistic. A P value of
less than .05 was considered to indicate
a statistically significant difference. All P
values were two-sided.

Resulfs

Study Population and Events

During the median follow-up time of
342 days (range, 64-948 days), arterial
hypervascularization was observed in
31% (50 of 160) of the nodules in 52%
(35 of 68) of the patients. The cumula-
tive percentages of nodules that showed
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Table 2

 Preliminary Multivariate Cox Model -
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r chronic hepatitis -

i Hepaﬂns C vir
- Hepatitis Bvirus
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History of local therapy for HC!
‘Coexistence of hypervascular HCC
MR Imaging Finding
‘Fat-suppressed T2-weighted fast spin echof =
Hyperintensity
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Missing data

; ng on in- and opposed-phase images' 24
Noise-to-liver contrast on unenhanced fat-suppressed . . .

T1-weighted GRE images
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1 Qualitative assessment.

hypervascularization at 6, 12, 18, and 24
months were 10%, 25%, 36%, and 46%,
respectively. Hypervascularization was
diagnosed in 39 nodules on the basis of
arterial-phase gadoxetic acid-enhanced
MR images, eight nodules on the basis of
dynamic CT images, two nodules on the
basis of CT hepatic arteriographic images,
and one nodule on the basis of contrast-
enhanced US. In the hypervascularization
group, the mean number of hypervascu-
larized nodules was 1.5 (range, 1-7) per
patient during the study period.
Histologic results from core nee-
dle biopsy were obtained for 13 nod-
ules. Of these, nine nodules were
in the hypervascularization group
(eight well-differentiated HCCs and

one moderately differentiated HCC).
Three nodules in the nonhypervascu-
larization group were diagnosed as
dysplastic nodules and one as well-
differentiated HCC.

Baseline Findings

Table 2 shows the baseline character-
istics of the 160 nodules and results of
the preliminary multivariate Cox regres-
sion. In the final model, five of the var-
iables showed a statistically significant
difference (robust score test, P = .023;
Table 3). The factors associated with an
increased risk of hypervascularization
were hyperintensity on T2-weighted im-
ages (IR = 8.7; 95% CI: 3.6, 20.8), pre-
vious local therapy for HCC (HR = 5.0;

95% CI: 1.8, 13.6), Child-Pugh class B
cirrhosis (HR = 3.6; 95% CI: 1.4, 9.5),
and coexistence of hypervascular HCC
(HR = 2.0; 95% CI: 1.0, 3.8). Hepatitis
B infection was independently associated
with a decreased risk (HR = 0.2; 95%
Cl: 0.04, 0.8). Of 26 nodules in 13 pa-
tients with chronic hepatitis B infections,
23 nodules in 11 patients were treated
with oral nucleotide analogs with activity
against hepatitis B at the point of entry
(five of six nodules in the hypervascu-
larization group and 18 of 20 nodules in
the nonhypervascularization group). Fat
content and the initial diameter of the
nodule were not substantially different
in the final model. Of 14 fat-containing
nodules in the nonhypervascularization
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group, four nodules in one patient were
censored because the patient underwent
transcatheter arterial chemoemboliza-
tion for HCC in a different liver seg-
ment. Two nodules were censored be-
cause of biopsy; one was diagnosed as
moderately differentiated HCC, and the
other was a dysplastic nodule. The mean
initial nodule diameter was not signifi-
cantly different between the hyper-
vascularization (9.5 mm * 5.1 [range,
2-34 mm]) and the nonhypervascular-
ization groups (9.8 mm = 3.7 [range,
4-21 mm]) (P = .282). The numbers of
nodules that were smaller than 5 mm,
5-10 mm, 10-15 mm, and greater than
15 mm in initial size were four, 28,
11, and seven in the hypervasculariza-
tion group, and three, 60, 33, and 14
in the nonhypervascularization group,
respectively. In addition, there was no
difference in the percentage of nodules
greater than or equal to 15 mm in size
between the two groups (14% |seven
of 50] vs 13% [14 of 110], respectively;
P = .825).

Growth Analysis

Twenty-eight lesions in the hypervas-
cularization group (initial diameter,
9.7 mm * 5.9 [range, 2-34 mm]) and
110 nodules (9.8 mm * 3.7 [range,
4-21 mm]) in the nonhypervascular-
ization group were evaluated. The
median time between the initial and
last MR imaging examination was not
significantly different (P = .075) be-
tween the two groups (235 and 293
days, respectively). In the hypervascu-
larization group, 27 nodules increased
in diameter during follow-up (Fig 2)
and one remained stable. The mean
growth rate in the hypervasculariza-
tion group (6.5 X 1073%/day [TVDT,
154 days]) was significantly higher (P
= 1.8 X 107%) than that in the nonhy-
pervascularization group (1.1 X 1073/
day [TVDT, 946 days]) (Fig 3). There
was no correlation between initial di-
ameter and growth rate (Kendall tau
= —0.066; P = .266) (Fig 4). Receiver
operating characteristic analysis (area
under the curve, 0.79) identified a
growth rate cutoff value of 1.8 X 1073
per day (TVDT, 542 days) with a pos-
itive predictive value of 89% (25 of

34(14,7.9

1.3(05,3.7)

28 nodules) and a negative predictive
value of 63% (70 of 110 nodules) for
hypervascularization (Fig 5, A). The
1-year cumulative proportion of nod-
ules showing hypervascularization was
0% for those with a growth rate of
less than 1.8 X 107%/day and 53% for
those with a growth rate greater than
or equal to 1.8 X 107%/day (log-rank
test, P=5.2 X 107%; Fig 5, B).

Discussion.

We set out to determine risk factors
associated with hypervascularization in
hypovascular nodules in patients with
chronic liver diseases by using time-to-
event analysis. Among the baseline pa-
tient characteristics and MR imaging
findings, the most important variable
associated with an increased risk of
hypervascularization was hyperinten-
sity on TZ2-weighted images. In the
hypervascularization group, higher
signal intensity on T2-weighted images
might reflect peliotic changes in the
intratumoral sinusoids of HCC (25).
Meanwhile, nodular regeneration, fi-
brosis, and scarring that occur in the
course of cirrhosis occasionally appear
as hyperintense round lesions on T2-
weighted images. Dysplastic nodules
can be hyperintense on T2-weighted

images; the causes are considered to
be varying degrees of fibrosis, or in-
farction (26,27). It has been reported
that T2-weighted imaging does not
provide added diagnostic value to ga-
doxetic acid-enhanced images for the
detection and characterization of focal
lesions in cirrhotic livers (28). Find-
ings from our study suggest that the
combination of T2-weighted images
and gadoxetic acid-enhanced MR im-
ages could be useful in the prediction
of hypervascularization of previously
hypovascular nodules.

Child-Pugh class B cirrhosis in-
creased the risk of hypervasculariza-
tion compared with Child-Pugh class
A or chronic hepatitis, and hepatitis B
infection decreased the risk compared
with hepatitis C infection. These re-
sults might reflect the epidemiologic
features of HCC (29,30); Child-Pugh
class B and C are associated with a
three-fold increase in the risk of HCC.
The annual incidence of HCC in pa-
tients with cirrhosis due to hepatitis B
infection exceeds 2%, which is lower
than that due to hepatitis C infection
(39%-8%). In addition, there may be
morphologic and histologic differ-
ences hetween hypovascular nodules
associated with hepatitis B and those
associated with hepatitis C infection.
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