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lactate dehydrogenase (LDH, 331 U/L; normal, 119 to 229)
énd hyaluronic acid (59 ng/ml; normal, =50). Albumin yas
slightly low (3.49 g/dl; normal, 4.0 to 5.0). I.ndocyam.ne
green retention (ICG Ris) was 55.3% (normal, =10), while
ammonia (NH;) was 135 pg/dl (normal, 12 to 66).
Abdominal ultrasonography showed evidence of chronic
liver damage and steatosis, as well as iso- to hypoechoic
nodule in segment VI (20x21 mm in diameter) (Fig. 1).
Three smaller nodules were present (7x8 mm in segment
VI, 6x8 mm in segment VI, and 10x10 mm in segment
VII). Color Doppler ultrasonography revealed an artery
branching from an artery at the margin of the largest nodule,
then approaching the center of the nodule. No “spoke-
wheel” pattern was seen (Fig. 2). Dynamic computed to-
mography (CT) detected only the largest nodule, which was
isodense prior to contrast agent administration and in the de-
layed phase, showing mild enhancement at the early phase
(Fig. 3A, B). Portal flow within the liver or in the portal
tract approaching the hepatic hilum was not detected
(Fig. 3C). The IVC communicated with the superior mesen-
teric vein (SMV) and the narrow splenic vein (SV). A nor-
mal IVC was not seen inferior to its connection with the
SMV and SV; instead, two prominent veins likely to be the
left IVC and the testicular vein drained into the left renal
vein from below. The complexity of portal and systemic ve-
nous anatomy were shown clearly by three-dimensional

Figure 2.

(3D) CT (Fig. 4). Magnetic resonance imaging (MRI)
showed the largest hepatic nodule to be hyperintense on
both T1-weighted and T2-weighted images. Superparamag-
netic iron oxide (SPIO)-enhanced MRI using Resovist as a

Figure 1. Ultrasonogram showed an iso- to hypoechoic nod-
ule in segment VI. This largest nodule measured 20x21 mm.
The echo pattern in surrounding liver parenchyma demon-

strated fatty liver and associated chronic damage.

Color Doppler examination. A: Color Doppler image showed an artery running along

the margin of nodule, with a branch turning toward the center of the nodule. B: Fast Fourier trans-
formation indistinctly demonstrated an arterial pulsatile wave in this branched artery.
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Figure 3. Abdominal computed tomography. A: The largest nodule showed contrast enhance-
ment in the early phase (arrow). B: The largest nodule appeared isodense in the delayed phase
(arrow). C: No portal flow is shown in the liver (delayed phase).

5 connection of IVC

_and portal tract

testicular vein
& left IVC

Figure 4. Three-dimensional computed tomography of the venous system. The inferior vena cava
(IVC) communicated with the superior mesenteric vein (SMV) and the splenic vein (SV). The IVC
disappeared below the level of its connection with the SMV and SV. Two veins, apparently a left
IVC and the testicular vein, flowed into the left renal vein. A: Anterior view. B: Right lateral view.

IVC: the inferior vena cava, SMV: the superior mesenteric vein, SV: the splenic vein.

contrast agent showed the largest nodule to be hyperintense
relative to surrounding liver, indicating less accumulation of
Resovist in the nodule (Fig. 5).

A biopsy specimen from the largest nodule consisted of
tissue from the nodular lesion and also from surrounding
liver (Fig. 6A). Histopathologically, the nodule showed
mildly increased cellularity with distinct trabecular architec-
ture, and occasionally a pseudoglandular pattern. Surround-
ing liver tissue showed mild fatty change. A specimen from
a smaller nodule was similar to the trabecular areas of the
‘larger nodule. Both nodules contained areas of fibrous scar-
Iii:ig, with a few anomalous arterial vessels and biliary pseu-
doductules (Fig. 6B). Immunohistochemically, nodule tissue

was strongly reactive to anti-CD34 along sinusoids, while
surrounding liver tissue was not (Fig. 6C). Cells reactive to
anti-CD68 along a nodule sinusoid were fewer than in sur-
rounding liver (Fig. 6D). The nodules were diagnosed as
showing the morphology of focal nodular hyperplasia
(FNH). We decided to maintain outpatient clinical follow-up
as opposed to treatment for tumors such as resection.

Discussion

We could not obtain any detailed early-life medical re-
cords concerning the patient’s infection with malaria, sple-
nectomy or shunt operation. Based upon radiologic findings
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and any past history that the patient and his mother could
remember, we concluded that somehow he was infected with
malaria from his uncle, then underwent splenectomy as a
treatment related to malaria. End-to-side portacaval shunting
was carried out as treatment for portal hypertension conse-

Figure 5. Magnetic resonance imaging using superpara-
magnetic iron oxide (Resovist). This enhanced imaging
showed the largest nodule to be hyperintense relative to sur-

rounding liver (arrow).

quent to malaria or to portal thrombosis after splenectomy.
Antibodies characteristic of malarial infection were negative,
and no organisms could be found in blood smears when the
patient was admitted, most likely because the infection was
remote.

Paucity of intrahepatic portal blood flow resulted from the
shunt operation at age 15. Images from 3D-CT suggested
the absence of the IVC below its junction with the left renal
vein was congenital. Lack of intrahepatic portal blood flow
and radiologic configurations of the portal and systemic
veins in the present patient resembled those of congenital
absence of the portal vein (CAPV) type Ib (liver not perfuse
with portal blood, while the SMV and SV form a conflu-
ence) (3, 4). Although our patient was not examined by an-
giography, 3D-CT clearly depicted the complexities of the
abnormal abdominal vascular anatomy.

Biopsy specimens from nodular hepatic lesions in the pres-
ent case showed marked hepatocytic hyperplasia with an
area of fibrosis scarring containing anomalous vessels and
showing marked sinusoidal capillarization as seen in FNH.
Hirohashi et al demonstrated that FNH included capillarized
sinusoids (5), while Tanaka et al showed that 15% of FNH
cases showed fewer Kupffer cells in nodules than in sur-
rounding liver tissue (6). Imaging findings in the largest
nodule closely depicted the pathologic findings. Hypervascu-

Figure 6. Pathologic findings in biopsy specimens. A: A‘specimen from the largest nodule (20x21
mm, in segment IV) consisted of tissue from the nodule (left) and surrounding liver (right). Tissue
from the nodule showed mildly increased cellularity, a distinct trabecular pattern, and occasional
pseudoglands. The surrounding liver showed mild fatty change (hematoxylin and eosin stain,
x200). B: A specimen from a smaller nodule (7x8 mm, in segment IV) contained a fibrous scar with
anomalous arterial blood vessels (Azan stain, x100). C: Immunostaining with anti-CD34 showed a
strongly positive reaction in sinusoidal endothelial cells (capillarization) in tissue from the largest
nodule (left), exceeding the reactivity in the surrounding tissue (right)(x200). D: Immunostaining
with anti-CD68 demonstrated fewer positive cells in the largest nodule (left) than in the surround-

ing liver (right)(x200).
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larity seen by dynamic CT corresponded to anomalous arte-
rial vessels in a fibrous scar, as well as marked sinusoidal
capillarization. Findings by SPIO-enhanced MRI are ex-
plained by a decrement of CD-68-positive cells, possibly
Kupffer cells, along the sinusoids. Accordingly, the nodules
were highly suggestive of multiple FNH lesions.

Various hyperplastic liver lesions have been associated
with portal venous abnormalities, and frequently occurring
in association with CAPV (7), a rare malformation seen
mostly in children. Reviewing the literature concerning
CAPV, De Gaetano et al found that 15 of 31 cases had he-
patic tumors (7): hepatoblastoma in 1, FNH in 9, adenoma
in 1, nodular regenerative hyperplasia (NRH) in 1, heman-
gioma in 1, and hepatocellular carcinoma (HCC) in 2. Addi-
tionally, 2 cases of CAPV with FNH (8, 9), 1 case with
HCC (10), 3 cases with NRH (11, 12), and 3 cases with hy-
perplastic nodular hepatic lesions (13-15) recently were re-
ported. Hemodynamic imbalance with insufficient blood
supply and nonuniform arterial perfusion to the liver would
appear likely to induce hyperplasia in livers of patients with
CAPV (16, 17). In addition, the portal vein carries sub-
stances in splanchnic venous blood such as insulin, gluca-
gon, epidermal growth factor and other hepatotrophic pep-
tides. As these substances regulate hepatocytic function and
development, diversion of portal flow may induce abnor-
malities by causing dysregulation (18, 19).

Alteration of portal and systemic venous structure thus
would appear to be a likely cause of hyperplasia of hepato-
cytes in the present case, as in the occurrence of hyperplasic
liver lesions in patients with CAPV. Griin et al reported that
portacaval anastomosis in rats resulted in hyperestrogenemia
and hypoandrogenemia, while the occurrence of FNH also
has been observed (20). In the present case testosterone was
in the normal range (5.30 ng/ml; normal, 2.07 to 7.61),
while estradiol was elevated (55 pg/ml; normal, 15 to 35).
Elevated estrogen in the systemic circulation after portacaval
shunting may induce formation of hyperplastic nodular le-
sions in the liver. The observed association of FNH with
oral contraceptive use (21), as well as estrogen receptor ex-
pression in mammalian hepatocytes (22) would support this
speculation.

While the occurrence of hyperplastic liver lesions includ-

ing FNH has been observed in animal model after experi-
mental portacaval shunting (20, 23), few reports have de-
scribed benign hyperplastic lesions in livers of a patient with
portacaval anastomosis. FINH has been reported in nine pa-
tients with type I glycogen storage disease (GSD-I), while
five of these nine patients had been treated with a portacaval
shunt (24, 25). Takamura et al (24) suggested that portacaval
shunts favored the development of FNH in livers of the pa-
tients with GSD-I, an inherited disorder frequently accompa-
nied by hepatic tumors (mainly adenomas). Additionally,
several studies suggested that portasystemic shunt was asso-
ciated with a higher risk of developing HCC in the patients
with cirrhosis (26, 27). From such previous literature porta-
caval anastomnosis is considered to promote induction of tu-
mor in the liver essentially inclined to develop liver tumor,
for example cirthotic liver or liver of patient with GSD-1.
Webster et al (28) reported a hepatic adenoma that became
greater after mesocaval shunt for portal venous obstruction,
suggesting that portasystemic shunt promotes the develop-
ment of hyperplastic lesion that already existed in the liver.
The liver of present patient was not cirrhotic, Budd-Chiari
syndrome and GSD-I were also excluded, and earlier ab-
dominal ultrasonography had shown no nodular lesion in the
liver. Thus, our case suggested that portasystemic shunt may
produce a tumor in a liver with originally no tumor, and in
the liver of a patient with no inclination to develop hepatic
neoplasm. Previous malaria infection might have been as-
sosiated with the occurrence of hyperplastic lesion in the
present case. However, there is no report of hepatic tumor of
a patient with malaria, only fibrosing necrotic nodule has
been reported (29). One study suggested a negative correla-
tion of malaria with HCC (30).

Our report appears to be the first to describe benign hy-
perplastic lesions in the human liver following portosystemic
anastomosis, except for patients with GSD-I. This case sug-
gests that iatrogenic changes in the portal and systemic ve-
nous systems can result in hyperestrogenemia and disappear-
ance of intrahepatic portal flow to cause hyperplastic nodule
formation in a previously normal liver. This case supports
the theory that abnormality of intrahepatic blood flow initi-
ates hyperplasia of hepatocytes which is often observed in
the liver of patients with CAPV.
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Abstract. Glucose intolerance frequently is found in hepato-
cellular carcinoma (HCC) patients with hepatitis C virus
(HCV) infection; however, the significance of glucose
intolerance remains unclear. In addition, SH2 domain-
containing inositol phosphatase (SHIP) 2 is a negative regulator
of intracellular insulin signaling; however, changes in SHIP2
expression have not been investigated in HCC. To assess the
significance of glucose intolerance, we analyzed 1138 HCC
patients with HCV infection. Twenty HCC specimens were
used for immunoblotting and immunostaining for SHIP2.
Patients were classified into two groups: a glucose intolerance
group (n=39) and a normal glucose tolerance group (n=79).
There was no significant difference in the disease-free
survival (P=0.838) or long-term survival (P=0.091) between
the groups. However, for males, the cumulative survival rate
was significantly lower in the glucose intolerance group (n=22)
than that in the normal glucose tolerance group (n=52)
(P=0.036). In multivariate analysis, Child-Pugh class
(P=0.0003) and glucose intolerance (P=0.036) were identified
as statistically significant and independent prognostic factors
in males. SHIP2 expression level decreased in HCC compared
to that in nontumor tissues. In conclusion, this study is the
first to demonstrate the significance of glucose intolerance in
prognosis of male HCC patients and down-regulation of
SHIP2 expression in HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common
malignancies in the world. The incidence of HCC has increased
in Eastern Asia and Africa during the past several decades and
has also increased in the US (1). This trend has been attributed
to hepatitis C virus (HCV) infection. In many areas of the
world, HCV infection accounts for more than half of the cases
of HCC, and in Japan, ~75% of all HCC are associated with
chronic liver disease and HCV infection (2). In order to prevent
and treat this malignancy, it is important to understand the
pathogenesis of HCC in patients with HCV infection.

Liver is one of the major organs regulating glucose meta-
bolism and patients with chronic liver diseases frequently
show glucose intolerance which is called hepatogenous
diabetes (3). Although its pathogenesis involves various
factors, insulin resistance and hyperinsulinemia are thought
to play major roles (4,5). In chronic liver disease associated
with HCV infection, the prevalence of glucose intolerance is
higher than in other chronic liver diseases, including hepatitis B
infection (6). We previously reported that down-regulation of
insulin receptor substrate 1/2, central molecules for intracellular
insulin signaling, was seen in livers from HCV core-transgenic
mice as well as patients with HCV infection (7). In HCV
hyperendemic areas, anti-HCV-positive subjects were nearly
three-fold as likely as anti-HCV-negative subjects to develop
diabetes mellitus with insulin resistance (8). Collectively, these
findings suggest that HCV directly causes hepatic insulin
resistance and subsequent hyperinsulinemia (9). »

Glucose intolerarice is frequently observed in HCC patients

with chronic liver disease. In addition, glucose intolerance
has been suggested as a potential risk factor for the incidence
of HCC. Several large population-based cohort studies showed
that the incidence of HCC was increased 2-4-fold in patients
with diabetes mellitus (10,11). However, it is unclear how
glucose intolerance is linked to the incidence of HCC in
patients. Moreover, it is unclear whether the presence of
glucose intolerance has an impact on the prognosis in HCC
patients with HCV infection.
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Insulin is known as one of the most important factors not
only for a variety of metabolic pathways, but also for cell
growth (12). Insulin stimulates activation of the tyrosine
kinase activity of the insulin receptor and subsequently
causes the phosphorylation of insulin receptor substrate
families. Upon tyrosine phosphorylation, these proteins
interact with signaling molecules through their Src homology 2
(SH2) domains (13), resulting in a diverse series of signaling
pathways, including activation of phosphatidylinositol 3-kinase
(PI3K) and Akt cascade (14), and Ras and mitogen-activated
protein (MAP) kinase cascade (15). These cascades regulate
cell proliferation, differentiation, and apoptosis. Changes in
these insulin signaling cascades are involved in cell growth.

SH2-containing inositol phosphatase (SHIP)-2 plays an
important role in the negative regulation of insulin sensitivity
(16,17). In insulin signaling, PI3K produces phosphati-
dylinositol 3,4,5-trisphosphate (PIP3) from phosphati-
dylinositol 3,4-bisphosphate (PIP2) (14). PIP3 mediates
insulin signals to downstream molecules including Akt (18).
SHIP2 hydrolyses the PI3K product PIP3 to PIP2, leading to
decreased level of this phospholipid and, simultaneously,
reduced activation of PI3K and Akt signaling cascade (19). In
addition, SHIP2 causes down-regulation of Ras and MAPK
signaling cascade (20). Thus, SHIP2 suppresses cell growth
through regulating intracellular insulin sensitivity. However,
changes in expression of SHIP2 in patients with HCC have
not been investigated.

The aim of this study was to evaluate the long-term impact
of glucose intolerance and to examine the expression of SHIP2
in HCC patients with HCV infection.

Materials and methods

Materials. All reagents were purchased from Wako Pure
Chemical Industries (Osaka, Japan) unless otherwise indicated.

Patients. Between January 1994 and December 2000, 330
Japanese patients with HCV infection at the Division of
Gastroenterology, Department of Medicine, Kurume University
School of Medicine were diagnosed with HCC. These patients
had a single tumor <5 cm, and three or fewer tumors each
<3 cm. HCC with HCV infection was defined as HCC with
positive hepatitis C virus antibody and negative hepatitis B
virus surface antigen. Among these patients, 120 patients were
randomly selected and their blood samples analyzed. Blood
samples were obtained from each patient on admission and
stored at -20°C for later analysis. Plasma glucose levels were
measured by a glucose oxidase method. Serum insulin levels
were measured using a sandwich enzyme immunoassay kit
(Eiken Chemical, Tokyo, Japan).

Insulin resistance was calculated on the basis of fasting
levels of plasma glucose and insulin, according to the homeo-
stasis model assessment (HOMA) method. The formulas for
the HOMA model are: Insulin resistance (HOMA-IR) =
fasting glucose (mg/dl) x fasting insulin (3 U/ml)/405. All
patients were classified either into the glucose intolerance
group or the normal glucose tolerance group based on the
presence of hyperinsulinemia and/or insulin resistance. The
glucose intolerance group was defined by fasting insulin
level =15 pU/ml and/or HOMA-IR value >3, and the normal
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glucose tolerance group was defined by fasting insulin level

<15 pU/ml and/or HOMA-IR value <3 according to previous

studies (21,22). We enrolled 120 patients in this study,
however, 2 patients were excluded because of type 1 diabetes
mellitus. The remaining 118 patients were retrospectively
examined.

The diagnosis of HCC was histologically confirmed by
needle biopsy under ultrasonographic guidance in 78 of 118
patients. In the remaining 40 patients, the diagnosis of HCC
was made based on the findings of typical radiological features
on ultrasonography, contrast enhanced dynamic computed
tomography, magnetic resonance imaging, and hepatic angio-
graphy along with elevated alpha-fetoprotein levels. The
pretreatment hepatic functional reserve was determined using
the Child-Pugh scoring system (23). Tumor staging of HCC
was determined using the tumor node metastasis (TNM)
classification (24). The measurement of tumor size was based
on the largest dimension observed on ultrasonography and
computed tomography. Alcohol drinking was defined as an
average daily consumption of an amount exceeding 60 g per
day of pure ethanol over a period of >5 years based on the
report of Donato et al (25). Body mass index (BMI) was
calculated as body weight in kg divided by the square of
height in meters (kg/m?). The study protocol was approved
by the institutional review board, and informed consent for
participation in the study was obtained from each subject and
conformed to the guidelines of 1995 Declaration of Helsinki.

Treatment and follow-up. As treatment for HCC, 22
patients underwent hepatic resection, 80 patients received
percutaneous ethanol injection therapy, microwave coagulation
therapy or percutaneous radiofrequency ablation therapy, and
16 received transcatheter arterial chemoembolization. No -
patient underwent liver transplantation.

After initial treatment, the condition of each patient was
followed carefully. Serum biochemistries, alpha-fetoprotein
levels, and Child-Pugh score were measured and ultrasono-
graphy was performed monthly. Contrast enhanced dynamic
computed tomography was performed every 3 months until 6
months post-treatment and every 6 months beyond 6 months
post-treatment. Magnetic resonance imaging was performed
as a supplemental examination. The closing date of this study
was December 2004 or the time of the patient's death.
Follow-up ranged from 12 to 128 months (median, 57 months).
During follow-up, 74 patients died of HCC. No patient died
of complications of cirrhosis or diabetes.

Measurement of HCV core. Serum HCV core levels were
evaluated using a newly developed HCV core antigen enzyme
linked immunosorbent assay test system (Ortho-clinical
Diagnostics K K., Tokyo, Japan) as previously described (26).
This assay has high stability and reproducibility under all
conditions and the detection limit is 50 fmol/I.

Human HCC tissues. Tumor and nontumor tissues were
obtained from 20 patients with HCC who underwent partial
hepatectomy [15 men and 5 women, mean age 67.7+6.7
years (range, 53-76 years)]. Tissue sections were stained
with hematoxylin-eosin, and each HCC was histologically
graded into one of three categories: well-, moderately- or
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poorly-differentiated, according to criteria proposed by the
Liver Study Group of Japan (27). The tumors included one
well-differentiated, 18 moderately differentiated and one
poorly differentiated HCCs. All sections were examined by
immunostaining and four tissues from men were used for
immunoblotting.

Immunoblotting. Tumor and nontumor tissues were obtained
from patients with HCC who underwent partial hepatectomy,
and were homogenized on ice in RIPA buffer (150 mmol/l
NaCl, 1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1%
sodium dodecyl sulfate, 50 mmol/l/Tris-HCI, pH 7.5)
containing 100 ng/phenylmethylsulfonyl fluoride, 4 pg/ml
aprotinin, 2 pg/ml leupeptin, 1 zg/ml pepstatin, 10 pg/ml
antipain, 10 pg/ml soybean trypsin inhibitor, and 2 mmol/l
ethylenediaminetetraacetic acid. Then, sodium dodecy! sulfate-
polyacrylamide gel electrophoresis sample buffer was added
and immediately boiled for 5 min. An equal amount of
protein (50 pg) of tumor or nontumor liver homogenates was
applied to each lane and was subjected to sodium dodecyl
sulfate-polyacrylamide gel electrophoresis on 7.5% acryl
amide gels. The resolved proteins were transferred to poly-
vinylidene difluoride membranes (Amersham International,
Buckinghamshire, UK). The membranes were incubated
with an anti-human SHIP2 polyclonal antibody (Santa Cruz
Biotechnology, Santa Cruz, CA) diluted 1:100 (vol/vol) with
PBS at room temperature for 1 h, and then incubated with a
horseradish peroxidase-conjugated goat anti-mouse IgG
(Nichirei, Tokyo, Japan) diluted 1:1000 at room temperature
for 1 h. After several washes, the membranes were incubated
with chemiluminescence reagents (ECL-kit; Amersham
International) for 1 min and immediately exposed on radio-
graph film.

Immunohistochemistry. Tumor and nontumor tissues were
obtained from patients with HCC who underwent partial
hepatectomy. Paraffin-embedded sections (3-pm) were
deparaffinized and incubated in 0.2% (vol/vol) hydrogen
peroxide in methanol for 15 min to inhibit endogenous

peroxidase activity. To prevent nonspecific binding, sections’

were incubated with protein block serum-free (Dako, Kyoto,
Japan) at room temperature for 30 min. Sections were then
incubated with an anti-human SHIP2 polyclonal antibody
(Santa Cruz Biotechnology) diluted 1:50 (vol/vol) with
phosphate-buffered saline (pH 7.4, 130 mmol/l NaCl, 2 mmol/l
NaH,PO,, and 7 mmol/l Na,HPO,, PBS) overnight at 4°C.
Sections were washed 3 times for 5 min in PBS and incubated
with a horseradish peroxidase-conjugated anti-goat antibody
(Nichirei) diluted 1:50 (vol/vol) with PBS at RT for 1 h. After
several washes with PBS, peroxidase activity was visualized

using 3,3'-diaminobenzidine-tetrahydrochloride. Finally,

sections were counterstained with hematoxylin.

Quantitation of SHIP2 expression. Immunoblotting and
immunostaining for SHIP2 were quantified as previously
described (28). Briefly, immunoblotting intensity and
immunostaining intensity were quantified by measuring pixel
intensities by an investigator without any information regarding
the group assignment of the patients. This analysis was carried
out on a Macintosh computer (PowerBook G4; Apple
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Computer, Cupertino, CA) using the public domain NIH
Image-J program for Mac OS X (developed at the National
Institutes of Health and available by anonymous FTP from
http://rsb info.nih.gov/ij/download html).

Statistical analysis. All data are expressed as mean =+ standard
deviation. Comparisons between the two groups were
performed using the Mann-Whitney U test for continuous
variables, and the Chi-square test or the Fisher exact test for
discrete variables. Cumulative overall survival and disease-free
survival were estimated by the Kaplan-Meier method. Any
significant differences in cumulative overall survival or
disease-free survival rates were determined using the log-
rank test. A Cox proportional hazard model was used for
univariate and multivariate analysis to identify any independent
variables that are related to cumulative overall survival. The
variables analyzed were age at HCC diagnosis, gender, body
mass index, alcohol drinking, Child-Pugh class, glucose
intolerance, alpha-fetoprotein, tumor stage, and maximal
tumor size. All P-values were two-tailed, and a level of <0.05
was considered to be statistically significant. Statistical analysis
was performed using Stat View software (version 5.0: SAS
Institute Inc., Cary, NC).

Results

Patient characteristics. A total of 118 patients were enrolled.
The mean age was 66.9+6.8 years (range, 50-87 years). The
mean BMI value was 22.6+2.6 (range, 14.7-32.3). Twenty-
seven patients (23%), were considered alcohol drinkers.
Among the 118, 79 patients (67%) were classified as the
normal glucose tolerance group while 39 patients (33%) were
classified as the glucose intolerance group. This classification
was based on analysis of blood samples obtained at initial
admission. Of the 39, 14 (36%) had already been diagnosed
as having diabetes mellitus. The 14 had been treated as follows:
2 with insulin, 8 with oral hypoglycemics, and the rest were
managed using diet only. The baseline clinical characteristics
of both the glucose intolerance and normal glucose tolerance
groups are summarized in Table I. BMI values (P=0.0008),
bilirubin levels (P=0.048) and HCV core levels (P=0.049) in
the glucose intolerance group were significantly higher
compared to those of the normal glucose tolerance group.
Albumin levels in the glucose intolerance group were
significantly lower than that of the normal glucose tolerance
group (P=0.007). '

Disease-free survival rate and survival rate based on glucose
intolerance. The comparison of the disease-free survival rate
based on glucose intolerance was not significantly different
between the groups (Fig. 1A) (P=0.838) nor was cumulative
survival rate (Fig. 1B) (P=0.091). The 1-, 3-, and. 5-year
cumulative survival rates were 100, 64.1, and 42%,
respectively, in the glucose intolerance group, and 97.4, 78 2,
and 57 2%, respectively, in the normal glucose tolerance group.

Univariate and multivariate analysis in all patients. Cox
proportional hazard regression analysis was performed to
determine which of the 9 variables were independently
associated with cumulative overall survival. The results of
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univariate analysis are shown in Table II. Child-Pugh class
[hazard ratio (HR): 2.81, 95% confidence interval (CI): 1.74-
454, P<0.0001], and tumor stage (HR: 1.75, 95% CI: 1.09-
2.82, P=0.021) were found to be significant factors affecting
survival. In multivariate analysis, Child-Pugh class (HR: 3.37,
95% CI: 1.95-5.82, P<0.0001) was identified as an independent
prognostic factor (Table II).

The difference in glucose intolerance between male and
female. This study included 74 males and 44 females. Among
patients who were glucose intolerant, there was no significant
difference in the number of males and females [22 males
(29.7%) vs. 17 females (38.6%); P=0.482]. There was also no
significant difference in plasma glucose levels between males
and females (87.6+29.8 vs. 92.8+39.6; P=0.264). However,
the mean fasting insulin level in males (15.2+23.63 xU/ml)
was significantly higher than in females (15.1x13.8 pU/ml)
(P=0.045). Thus, glucose intolerance in males was more
severe than that in females. We evaluated further the ability of
glucose intolerance to influence long-term outcomes in male
patients with HCC.

Male patient characteristics. Baseline clinical characteristics
of male patients are summarized in Table III. Although BMI
value in the glucose intolerance group was significantly
higher compared to those in the normal glucose tolerance
group (P=0.009), the mean value of BMI was within normal
range. There were no significant differences in other clinical
characteristics.

SUMIE et al: INSULIN RESISTANCE AND SHIP2 IN HEPATOMA

Table [I. Univariate and multivariate analyses of survival for
hepatocellular carcinoma by Cox proportional hazard model.

Variable HR 95% CI P-value
Univariate analysis
Gender 1.12 0.70-1.80 0.637
Age 1.26 0.78-2.02 0.341
BMI 1.16 0.66-2.05 0.609
Alcohol drinking 1.32 0.77-2.27 0.319
Child-Pugh class? 2.81 1.74-4 54 <0.0001
Glucose intolerance 1.53 0.93-2.50 0.093
AFP 092 0.58-1.46 0.725
Tumor stage® 1.75 1.09-2.82 0.021
Maximal tumor size 0.97 0.48-1.95 0.932
Multivariate analysis
Child-Pugh class® 3.37 1.95-5.82 <0.0001

BMI, body mass index; AFP, alpha-fetoprotein. *Child-Pugh scoring
system (23). °TNM classification (24).

Disease-free survival rate and survival rate based on glucose
intolerance in male patients. Disease-free survival rates were
not significantly different between the two groups (Fig. 2A)
(P=0.378). The 1-, 2-, and 3-year disease-free survival rates
were 45.5, 27.3, and 18.2%, respectively, in the glucose
intolerance group and 61.5,32.7, and 26.9%, respectively, in

Table I. Comparison of patient characteristics based on glucose intolerance.

Glucose intolerance group

Normal glucose tolerance group

(n=39) (n=79) P-value
Gender (male/female) 22/17 52/27 0.320
Age (y1s.) 67.7£7.0 66.5+6.8 0.339

BMI 23.8+2.6 22.1+24 0.0008
Alcohol drinking (+/-) 9/30 18/61 0972
Child-Pugh class (A/B/C)* 25/13/1 60/18/1 0.392
AST (IU/) 79.4+31.9 76.0+35.6 0.355
Bilirubin (mg/dl) 12404 1.0£04 0.048
Albumin (g/dlD) 3404 3.6+04 0.007
AFP (ng/ml) 224449920 414.8+2363.2 0.567
HCV core 5031.3+5335.1 3235.1+3798.7 0.049
Tumor stage (I/II)® 23/16 54/25 0423
Maximal tumor size (mm) 20.0+8.1 21.0+103 0777
(=30 />30 to <50) 36/3 66/13 0258

Data are expressed by mean = SD. BMI, body mass index; AST, glutamine oxaloacetic transaminase; AFP, alpha-fetoprotein; HCV,
hepatitis C virus. *Child-Pugh scoring system (21). °TNM classification (22).




ONCOLOGY REPORTS 18: 545-552, 2007

549

Table ITI. Comparison of the characteristics of male patients based on glucose intolerance.

Glucose intolerance group Normal glucose tolerance group
(n=22) (n=52) P-value

Age (yrs.) 65.6+£6.9 66.7+6.8 0.586
BMI 234422 21.7£24 0.009
Alcohol drinking (+/-) 9/13 18/34 0.609
Child-Pugh class (A/B/CY* 15/6/1 44/8/0 0.133
AST U/ 82.0+32.5 77.0+£36.8 0.303
Bilirubin (mg/dl) 1.1x04 1.0+0.3 0.052
Albumin (g/dl) 3.5¢04 3.7+04 0.079
AFP (ng/ml) 337.4+1321.0 183.9+554.2 0.404
Tumor stage (/1) 12/10 33/19 0.647
Maximal tumor size (mm) 21.1+8.6 21.0+£10.3 0.776
(=30 / >30 to <50) 20/2 44/8 0.725

Data are expressed by mean + SD. BMI, body mass index; AST, glutamine oxaloacetic transaminase; AFP, alpha-fetoprotein. *Child-Pugh

scoring system (23). °TINM classification (24).
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Figure 1. Comparison of disease-free survival rate (A) and cumulative
survival rate (B) for all HCC patients between the normal glucose tolerance
and the glucose intolerance groups.

Table IV. Univariate and multivariate analyses of survival
for hepatocellular carcinoma in males by Cox proportional
hazard model.

Variable HR 95% C1 P-value
Univariate analysis
Age 114 0.64-204 0.649
BMI 0.96 043-2.15 0920
Alcohol drinking 127  0.70-2.31 0428
Child-Pugh class? 3.79 1.96-7.14 <0.0001
Glucose intolerance 195  1.03-3.62 0039
AFP 1.15 0.65-2.05 0.628
Tumor stage® 205 1.11-3.80 0023
Maximal tumor size 094 0.40-2.21 0.880
Multivariate analysis
Child-Pugh class? 426 1.95-9.34 0.0003
Glucose intolerance 230 1.05-503 0.036

BMI, body mass index; AFP, alpha-fetoprotein. *Child-Pugh scoring
system (23). "TNM classification (24).

the normal glucose tolerance group. On the other hand, the
cumulative survival rate in the glucose intolerance group was
significantly poorer than that in the normal glucose tolerance
groups (Fig. 2B) (P=0.036). The 1-, 3-, and 5-year cumulative
survival rates were 100, 50, and 36.4%, respectively, in the
glucose intolerance group and 98, 84.3, and 56.5%,
respectively, in the normal glucose tolerance group.
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Figure 2. Comparison of disease-free survival rate (A) and cumulative
survival rate (B) for male HCC patients between the normal glucose
tolerance and the glucose intolerance groups.

Univariate and multivariate analysis in male patients. The
results of univariate analysis of male patients are shown in
Table IV. Child-Pugh class (HR: 3.79, 95% CI: 1.96-7.14,
P<0.0001), glucose intolerance (HR: 1.95, 95% CI: 1.03-3.62,
P=0.039) and tumor stage (HR: 2.05, 95% CI: 1.11-3.80,
P=0.023) were identified as being statistically independent
prognostic factors. In the multivariate analysis, Child-Pugh
class (HR: 4.26, 95% CI: 1.95-9.34, P=0.0003) and glucose
intolerance (HR: 2.30, 95% CI: 1.05-5.03, P=0.036) were
identified as independent prognostic factors.

Protein expression levels of SHIP2 in the tumor and nontumor
livers from HCC patients. Protein expression levels of SHIP2
in tumor and nontumor livers from patients with HCC were
examined by immunoblotting and immunostaining. Immuno-
blotting revealed that SHIP2 expression was decreased in
HCC tissues compared to that in nontumor tissues (Fig. 3A).
Quantitation of immunoblotting intensity confirmed that
SHIP2 expression was significantly down-regulated in HCC
tissues compared to that in nontumor tissues (48.5+17.2 vs.
151.2435 3 arbitrary units, P<0.05) (Fig. 3B). Immunostaining
demonstrated cytoplasmic SHIP2 expression in nontumor
hepatocytes, but not in peripherally located well-differentiated
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Figure 3. Expression levels of SHIP2 in tumor and nontumor livers from
patients with HCC. (A) Immunoblotting for SHIP2. Proteins from tumor and
nontumor extracts were immunoblotted with anti-SHIP2 antibodies. (B)
Quantitation of immunoblotting intensity for SHIP2 in tumor and nontumor
tissues. (C) Immunostaining for SHIP2. SHIP2 staining of liver sections
from border areas between HCC tissue (T) and nontumor tissue (NT), (D)
tumor tissue, and (E) nontumor tissue. (F) Quantitation of immunostaining
intensity for SHIP2 in tumor and nontumor sections.



ONCOLOGY REPORTS 18: 545-552, 2007

HCC cells (Fig. 3C-E). Quantitation of immunostaining
intensity confirmed that SHIP2 expression was significantly
decreased in HCC cells compared to that of nontumor
hepatocytes (13.5+3.1 vs. 192.2+15.9 arbitrary units, P<0.01)
(Fig. 3F).

Discussion

In Japanese HCC patients, survival is poorer in patients with
diabetes mellitus compared to those without diabetes mellitus
(29). On the other hand, two other cohort studies had reported
that diabetes mellitus does not have a significant influence on
the perioperative outcome or prognosis after hepatic resection
for HCC (30,31). Thus, the impact of glucose intolerance for
HCC patients remains controversial. A major contrast between
their studies is that the majority of Japanese patients had
HCYV infection, whereas the patients of other studies had
predominantly HBV infection. In a large population based
cohort study, the relative risk for the development of HCC
among those with HBV infection was 9.6, and the relative
risk among those with HCV infection was 2.7. This result
suggests that HBV itself, compared to HCV, may have greater
potential for being carcinogenic (32). Furthermore, we
previously reported that more severe insulin resistance was
present in patients with HCV infection than in patients with
HBV infection. HCV core protein has been reported as a
responsible factor to the development of glucose intolerance
(9). Similarly, HCV core protein level was associated with
glucose intolerance. Therefore, glucose intolerance may have
a significant influence on survival of HCC patients with HCV
infection.

In this study, we investigated the impact of glucose
intolerance in HCC patients with HCV infection. We observed
no change in either disease-free survival or long-term survival.
Barbara ez al reported that Child-Pugh class was independently
correlated with survival in the natural history of small untreated
HCC among patients with cirthosis (33). In agreement with
the previous study, Child-Pugh class was an independent
prognostic factor in the multivariate analysis of this study.
Thus, our data imply that the ability to change the clinical
course of the disease is strongly influenced by liver function.

Although the effect of glucose intolerance as a survival
predictor was not significant, the significance of glucose
intolerance in HCC patients was disclosed by stratification
of gender. In male HCC patients, glucose intolerance was
associated with significant decrease in long-term survival rate,
although no difference was observed in disease-free survival
between patients with and without glucose intolerance. It is
presently uncertain why a gender difference was observed in
the negative relationship between glucose intolerance and
long-term survival of HCC patients with HCV. However, we
showed that fasting insulin level was significantly higher in
males than in females. It is possible that increased insulin
resistance in male patients is associated with long-term
survival of HCC patients.

In order to examine risk factors for long-term survival
of male HCC patients, we performed univariate and
multivariate analyses. In both analyses, the Child-Pugh class
and glucose intolerance was identified as statistically
independent prognostic factors. It remains unclear how glucose
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intolerance is involved in survival. It could be explained as
insulin resistance contributing to fibrotic progression in chronic
hepatitis with HCV infection (34). Furthermore, diabetes
mellitus is an independent prognostic factor associated with the
occurrence of hepatic decompensation in HCC patients (35).
Thus, our findings suggest that the presence of glucose
intolerance in HCC patients causes a more severely impaired
liver function, which results in poor long-term survival. An
alternative mechanism is that glucose intolerance could be a
significant factor contributing to the growth rate of HCC.
Saito ef al reported the effect of hyperinsulinaemia on growth
of human HCC (36). In addition, clinical studies have reported
that high cell proliferation activity is an important survival
predictor for HCC patients (37). Collectively, increased insulin
levels may stimulate the growth of HCC, and survival may be
reduced in male HCC patients.

Suppression of insulin signaling is also related to growth
of HCC. Phosphatase and tensin homolog deleted on
chromosome 10 (PTEN) is a suppressor of insulin signaling
and it is frequently mutated or deleted in a variety of human
cancers (38). Decreased PTEN expression levels are involved
in the pathogenesis of HCC, and this decrease was correlated
with tumor progression and poorer prognosis (39). SHIP2 is
also known to be a negative regulator of insulin signaling
(16,17). In chronic myeloid leukemia cells, overexpression of
SHIP2 results in decreased insulin sensitivity, which strongly
reduces cell proliferation (40). Thus, although the important
role of SHIP2 as a tumor suppressor has been clarified in
insulin signaling, the changes in SHIP2 on HCC has not been
investigated. In this study, immunoblotting and immuno-
staining showed significant decreases in SHIP2 expression
level in HCC tissues compared to nontumor tissue. These
results suggest that down-regulated SHIP2 expression leads
to increased sensitivity to insulin, which is linked to cell
proliferation in HCC.

In conclusion, in this study we showed that glucose
intolerance is an independent factor of poor prognosis in male
HCC patients with HCV infection and expression of SHIP2
is significantly down-regulated in human HCC.
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Abstract

Background/Aims: C-reactive protein (CRP) was recently identified as a prognostic
factor for patients with hepatocellular carcinoma (HCC) after surgical resection. We
investigated the relationship between the serum levels of high sensitivity CRP
(H-CRP) and the prognosis of HCC patients. Method: We conducted a cohort study

-of 90 HCC patients enrolled from 1997 to 1998. All patients were treated and followed

for a mean period of 3.2 years. Clinical variables were compared between patients
positive for H-CRP (serum H-CRP levels >3.0 mg/L, n=47) and those negative for
H-CRP (serum H-CRP levels < 3.0mg/L, n=43). We also determined the relation-
ship between serum H-CRP and prognosis in HCC patients. Results: The survival rate
of patients of the H-CRP-positive group was lower than that of H-CRP-negative
patients. Tumour stage (stages 3 or 4), total bilirubin > 1.2 mg/dL, albumin (Alb)
< 3.5 g/dL, des-y-carboxy prothrombin >40 mAU/mL, positive H-CRP and initial
treatment (transcatheter arterial chemoembolization, hepatic arterial infusion che-
motherapy or best supportive care) were identified as significant poor prognostic
factors by univariate analysis, while positive H-CRP [hazard ratio (HR), 1.58;
P=0.048], Alb < 3.5g/dL (HR, 2.10; P=0.004), tumour stage (stages 3 or 4; HR,
3.05; P=0.001) and initial treatment (HR, 1.88; P=0.029) were considered to be
significant determinants of poor prognosis by multivariate Cox proportional hazards
analysis. Conclusions: The prognosis of H-CRP-positive patients was poorer com-
pared with H-CRP-negative patients. This study confirmed that H-CRP, like CRP, is
a marker of poor prognosis in HCC patients.

Hepatocellular carcinoma (HCC) is one of the most
common cancers in Japan, Southeast Asia, northern
Europe and the USA (1, 2). Recent advances in
treatment including liver transplantation, surgical resec-
tion, percutaneous ethanol injection therapy and trans-
catheter arterial chemoembolization (TACE) have
improved the prognosis for patients with HCC (3, 4).
C-reactive protein (CRP) is an acute-phase reactant
synthesized by hepatocytes as part of the inflammatory
response and regulated by proinflammatory cytokines.
Interleukin (IL)-6 is another inflammatory cytokine that
is central in the induction of CRP in human primary
cultured hepatocytes and in human hepatoma cell lines.
Cancer cells show autocrine production of IL-6 in
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multiple myeloma, as well as in prostate, renal, color-
ectal and oesophageal cancer in vivo (5-8). Serum CRP
level is a prognostic marker in various malignancies,
such as oesophageal cancer, colorectal cancer, gastric
cancer, multiple myeloma, malignant fibrous histiocyto-
ma and HCC treated with surgical resection (9-13).
Recently, the value of the serum level of high-sensitivity
CRP (H-CRP) has been investigated. Some authors have
identified H-CRP as a predictor of future cardiovascular
events, atherosclerosis and colorectal cancer (14-16).

In the present study, we analysed the relationship
between serum H-CRP concentration and prognosis
in patients with HCC based on the reported prognos-
tic value of standard CRP levels.
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Materials and methods
Patients and diagnosis

Between January 1997 and November 1998, 184
patients with untreated HCC were admitted to the
Division of Gastroenterology, Department of Medicine,
at Kurume University School of Medicine for HCC
therapy. This was a cohort study comprising a collec-
tion of serial serum samples. The diagnosis of HCC was
confirmed by needle biopsy or based on the findings
of hypervascular liver masses with increased serum
o-foetoprotein (AFP) levels exceeding 400 ng/mlL.
Ultrasonography (US), computed tomography (CT),
magnetic resonance imaging and digital subtraction
angiography were used for imaging techniques. In most
of the patients, a percutaneous fine-needle aspiration
liver biopsy was also performed under US guidance to
confirm the diagnosis. Clinical staging was determined
~ based on the TNN Classification of Malignant Tumors/
International Union Against Cancer (UICC) classifica-
tion system (17). The degree of tumour differentiation
was determined histologically according to a modified
Edmondson and Steiner classification (18). On the basis
of nuclear overcrowding, increased cytoplasmic baso-
philia and microacinar formation, tumours were de-
fined as well differentiated, moderately differentiated
(grade III) or poorly differentiated (grade IV).

Treatment and follow-up of patients

The following treatment criteria were used in this study:
(i) Percutaneous ethanol injection therapy (PEIT) was
performed to allow US detection of less than four HCC
lesions measuring less than 3cm each in size; (ii)
operation was performed for solitary lesions measuring
> 3 cm or solitary lesions measuring < 3 cm that were
undetectable by US; (iii) TACE was performed for
multiple nodular HCC lesions where they numbered
more than four or were larger than 3 cm in size; (iv)
hepatic arterial infusion chemotherapy (HAIC) was
performed for multiple nodular lesions with major
portal tumour thrombus (19); (v) Patients with Child—
Pugh grade C or distant metastases were treated with
best supportive care (BSC).

After the initial treatment, the condition of each
patient was carefully followed. Serum AFP and des-y-
carboxy prothrombin (DCP) concentrations were
measured once every month. US and CT were per-
formed every 3 months until 6 months post-treatment
and every 6 months thereafter until 30 months post-
treatment. The recurrence of HCC was confirmed by
tumour enlargement or the appearance of new lesions
in the imaging studies. When recurrence was sus-
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pected, an angiography or a percutaneous fine-needle
aspiration liver biopsy was performed under US
guidance. Subsequent treatments for recurrent HCC
were selected according to tumour number and liver
function. Therapy for a recurrent tumour included the
following: (i) PEIT was usually selected for recurrent
HCC where tumours were < 2cm and the number of
nodules was less than three; (ii} TACE was selected for
single nodules more than 3 cm or for multiple nodules
with unequivocal tumour stains; (iii) HAIC was
selected for multiple nodules with major portal tu-
mour thrombus; (iv) Patients with Child—Pugh grade
C or distant metastases were treated with BSC.

This study was closed in December 2005, or at the
time of a patient’s death. The possible causes of death
were defined as: (i) liver-related diseases: patients who
died of tumour progression, liver failure or bleeding
form oesophageal-gastric varices or (ii) others: pa-
tients who died of other diseases.

If a patient had not been monitored in our hospital
or in a related private Hepatology Clinic for more than
1 year, the patient was considered to have been lost to
the follow-up procedure.

High sensitivity C-reactive protein determinations

Serial serum samples have been collected over many
years at our hospital and maintained at —20°C.
Serum H-CRP levels were measured with an Assay
Max Human C-Reactive Protein ELISA kit (Assay Pro,
Winfield, MO, USA), using the protocol provided by
the manufacturer (20). The H-CRP values in preserved
serum and fresh serum were compared to determine
the influence of preservation at —20°C using 10
samples. Because the standard deviation was < 10%
(data not shown), we concluded that serum preserva-
tion at — 20 °C did not affect the measured values.

Statistical analysis

Survival rates were determined by the Kaplan-Meier
method, and differences in the survival rates between
the two groups were compared using the log rank test.
Analysis of multiple covariates of prognostic factors for
the patient’s background was performed with the Cox
proportional hazards model. The y’-test and Kruskal-
Wallis rank test were used for comparisons of discrete
variables. Statistical significance was defined as a P value
of < 0.05. All statistical analyses were performed using
the spss and sas systems. The 14 factors examined were
age at the diagnosis of HCC, sex, hepatitis B surface
antigen (HBsAg), total bilirubin (TB), albumin (Alb),
serum aspartate aminotransferase, serum alanine
aminotransferase, platelet count, prothrombin time,
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positive H-CRP, positive AFP, positive DCP and tu-
mour stage. The cut-off value for the AFP and DCP
levels was set at 200 ng/mL and 40 mAU/mL respec-
tively. The initial treatment was classified into two
groups of hepatectomy or PEIT, and TACE or HAIC or
BSC.

Results
Patient characteristics

Ninety patients were enrolled in this study, and prog-
nostic factors for HCC were prospectively analysed by
follow-up for a mean period of 3.2 years (median
follow-up period, 2.5 years; range, 0.03-8.6 years).
The patient characteristics are listed in Table 1. Patient
age ranged from 14 to 83 years (median: 65 years)
and there were 68 males and 22 females. Of these
patients, 15 (16.7%) were positive for HBsAg, but
negative for antibodies to hepatitis C virus (anti-
HCV), while 66 (73.3%) patients were positive for
anti-HCV, but negative for HbsAg; nine (10.0%)
patients were negative for both HBsAg and anti-HCV.
Of all patients, 65 (72.2%) were DCP positive at the
time of diagnosis, and 29 (32.2%) patients were AFP
positive.

Percutaneous fine-needle aspiration liver biopsy
performed under US guidance was used to confirm
the diagnosis of HCC in 35 of 90 patients. In 35

Table 1. Characteristics of patients (n=90)

Variables (%)
Age (years, median) 65
Sex (M/F) 68/22
Positive for HBsAg and negative for anti-HCV (%)  15(16.7)
Positive for anti-HCV and negative for HBsAg (%) 66 (73.3)
Negative for both HBsAg and anti-HCV (%) 9(10)
Serum albumin (g/dL) 3.4
Total bilirubin (mg/dL) 1.2
Serum aspartate aminotransferase (U/L) 63.5
Serum alanine aminotransferase (U/L) 50.5
Prothrombin time (%) 78.5
Platelet count ( x 10%) 10.2
o-foetoprotein (ng/mL) 55.4
Des-y-carboxy prothrombin (mAU/mL) 113.5
Highly sensitive C-reactive protein (mg/L) 2.65
Child-Pugh grade (A/B+C) 60/30
Tumour stage (1/2/3A+B+C/4) 37/36/14/3
Histology (well/moderate or poor) 10/25
Initial treatment (hepatectomy or PEI/TAE or 30/50/10
HAI/BSC)
Average interval period (years) 3.2

BSC, best supportive care; HAI, hepatic arterial injection; HBsAg, hepa-
titis B surface antigen; HCV, hepatitis C virus; PEI, percutaneous ethanol
injection; TAE, transarterial embolization; Tumour stage: TNM classifica-
tion of malignant tumour 6th edition.
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(38.8%) patients, HCC was diagnosed pathologically.
The remaining 55 (61.2%) patients showed clinical
features of HCC in the imaging study. Thirty patients
underwent hepatectomy or PEIT, 50 patients were
treated with transarterial chemoembolization or
HAIC and 10 patients received BSC.

Long-term outcomes

Follow-up data were obtained on 85 (94.4%) patients
while five patients (5.6%) were lost during the follow-
up period. In total, 74 (82.2%) patients died from
hepatic disease (72 died from tumour progression and
hepatic failure, and two patients died from gastro-
intestinal bleeding), and two patients died from other
causes (one died in a traffic accident, and the other
from a different kind of cancer).

Characteristics of the two groups classified according
to high sensitivity C-reactive protein

The patients with HCC were divided into two groups:
47 patients were H-CRP positive at the time of
diagnosis of HCC, whereas 43 patients were H-CRP
negative. As shown in Table 2, the patients in these
groups were similar with regard to age, aetiology of
cirrhosis, degree of liver function, AFP levels and DCP
levels. Only the H-CRP levels were significantly differ-
ent between the two groups.

Survival rates

Three-year survival rates for the 90 patients averaged
41.1% and the 5-year survival rate was 24.4% (Fig. 1).
The overall survival of patients in the H-CRP-positive
group (Fig. 2) was significantly lower than for patients
classified as H-CRP negative, using the log rank test
(P < 0.05).

Univariate and multivariate analyses

The independent predictors of survival are summar-
ized in Table 3. According to univariate analysis,
H-CRP positive, tumour stage, positive DCP, TB>
1.2mg/dL and Alb < 3.5g/dL significantly correlated
with survival. Multivariate Cox regression analyses
were performed on the five variables in the model.
Three factors were found to be independently asso-
ciated with survival: Alb < 3.5 g/dL, positive H-CRP,
tumour stages 3 or 4 and initial treatment (TACE or
HAIC or BSC). The risk of death in patients with
Alb < 3.5 g/dL at entry was 2.01-fold higher compared
with patients with Alb>3.5g/dL. The risk of death in
patients in the H-CRP-positive group was 1.82-fold
higher than for H-CRP-negative patients. The risk of
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Table 2. Univariate and multivariate analyses of survival in patients with hepatocellular carcinoma

Univariate analyses Multivariate analyses

Number Hazard ratio Hazard ratio
Variables of patients  {95% Cl) Pvalue (95% CI) Pvalue
Age =65 47 0.98 (0.59-1.63) 0.96
Sex Male 47 0.79(0.52-1.21) 0.29
Hepatitis B virus HBsAg positive 15 1.72(0.97-3.03)- 0.075
Albumin < 3.5¢9/dL 45 1.75(1.13-2.70) 0.011 2.01(1.20-3.37) 0.008
Total bilirubin >1.2mg/dL 47 1.52(1.00-2.33) 0.049 1.11(0.65-1.88) 0.69
Serum aspartate aminotransferase =64 U/L 45 1.49(0.98-2.28) 0.062
Serum alanine aminotransferase >51U/L 45 0.90(0.59-1.38) 0.65
Prothrombin time < 80% 46 1.10(0.72-1.68) 0.65
Platelet count <10(x 10% 44 1.07(0.70-1.63) 0.73
Highly sensitive C-reactive protein >3 mg/L 47 1.76(1.15-2.69) 0.01 1.82(1.13-2.93) 0.012
a-fetoprotein >200ng/mL 29 1.32(0.85-2.07) 0.21
Des-y-carboxy prothrombin >40 mAU/mL 65 1.96(1.22-3.16) 0.004 1.49(0.89-2.51) 0.12
Stage Stages 3 or 4 17 2.69(1.54-4.69) 0.001 2.26(1.16-4.39) 0.016
Initial treatment TAE or HAl or BSC 60 2.88(1.69-4.93) 0.001 1.88(1.065-3.32) 0.029

BSC, best supportive care; Cl, confidence intervals; HA, hepatic arterial injection; TAE, transarterial embolization.
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Fig. 1. Overall survival rate of 90 patients who underwent initial
treatment for hepatocellular carcinoma.

death in patients with stages 3 or 4 tumours was 2.26-
fold higher than for those with stages 1 or 2 HCC. The
risk of death in patients treated by TACE or HAIC or
BSC was 1.88-fold higher than in those treated by
hepatectomy or PEIT.

Discussion

This study shows that H-CRP is a marker of poor
prognosis and tumour progression. Following the
identification of CRP as a prognostic marker for
various malignant tumours, predictive scoring systems
that included CRP were reported for HCC, oesopha-
geal cancer and multiple myeloma (10, 11, 13). We
identified CRP in some HCC samples and surround-
ing tissues obtained by surgical resection (data not
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Fig. 2. Survival rates according to the Kaplan—Meier method
for the hepatocellular carcinoma patient groups defined by H-
CRP. The survival rate for the H-CRP-positive group (solid line;
n=47) was significantly lower than that for the H-CRP-negative
group (dotted line; n=43). H-CRP, high sensitivity C-reactive
protein.

shown), and Nozoe et al. (8) used immunohistochem-
istry to demonstrate CRP expression in tumour cells of
patients with squamous cell carcinoma of the oeso-
phagus. They found that elevated serum CRP levels
might be at least in part owing to the production of
CRP by the tumour itself, in addition to CRP synthesis
by hepatocytes in response to the tumour growth.
Considering the poor prognosis associated with ele-
vated CRP in various cancer patients, serum CRP is
probably correlated with malignant potential and
tumour growth. ‘

Infection with hepatitis B virus or HCV is an
important risk factor for HCC, and various chronic
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Table 3. Comparison of characteristics of patients positive for highly sensitive C-reactive protein (H-CRP) and negative for H-CRP

Positive H-CRP Negative H-CRP

Variables (n=47) (n=43)
Age (years) 63 65

Sex (M/F) 38/9 3013
Positive for HBsAg and Negative for anti-HCV (%) 10(21.2) 5(11.6)
Positive for anti-HCV and Negative for HBsAg (%) 31 ({66.0) 35(72.6)
Negative for both HBsAg and anti-HCV (%) 6(12.8) 3(8.1)
Serum albumin (g/dL) 3.3 3.5
Total bilirubin (mg/dL) 1.4 1.1
Serum aspartate aminotransferase (U/L) 67 59
Serum alanine aminotransferase (U/L} 49 55
Prothrombin time (%) 76 82
Platelet count (x 10%) i1 9.9
o-foetoprotein (ng/mL) 99.1 25.6
Des-y-carboxy prothrombin (mAU/mL) 174 64
Highly sensitive C-reactive protein (mg/L)* 6.5 0.9
Child—Pugh grade (A/B+C)* 25/22 35/8
Tumour stage (1/2/3A+B+C/4)* 14/22/8/3 23/14/6/0
Maximum tumour size (cm) 4.6 3.5
Vascular invations (portal vein/hepatic vein/bile duct) 5/ 5/0/0
Histology (well/moderate or poor) 5/12 5/13
Initial treatment (hepatectomy or PEWTAE or HAI/BSC) 15/23/9 15/271

Data expressed as median values.
*P < 0.05.

BSC, best supportive care; HA, hepatic arterial injection; HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; PEI, percutaneous ethanol injection;

TAE, transarterial embolization.

inflammations have been linked to both the occur-
rence and the progression of malignancies including
HCC, oesophageal cancer, lung cancer and cervical
cancer. Nonspecific inflammatory responses include
the release of proinflammatory cytokines and growth
factors, some of which may promote tumour growth
(21). There are also some epidemiological data that
link inflammation with cancer; tumour necrosis factor
and IL-1 are proinflammatory cytokines that have
been associated with poor prognosis and disease
severity in patients with non-Hodgkin’s lymphoma
(22) and gastric cancer (23). In addition, some authors
have reported a relationship between prognosis and
various cytokines including IL-6, IL-8, IL-10 and
VEGF in HCC (24-26). These results, however, remain
controversial.

Little is known about the association between the
role of CRP in inflammation and its role in the
progression, invasion and metastasis of cancer cells. If
CRP is proven to be important in the signalling
for tumour growth or metastases as this study sug-
gests, then inhibition of CRP production may poten-
tially be used to treat HCC patients. The success of
this therapeutic modality was hinted at recently by
Yoshida et al. (27), who showed that pigment epithe-
lium-derived factor can block CRP production in
Hep3B cells.
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Lin et al. (28) reported significantly high serum CRP
levels in patients with diffuse-type hepatoma, and
Hashimoto et al. (13) reported CRP as a prognostic
indicator and developed a scoring system including
CRP for HCC patients treated by surgical resection.
These authors associated serum CRP levels with re-
lated portal invasion, extrahepatic metastases and
infiltration of hepatoma cell into the systemic circula-
tion. Our study shows significantly high serum CRP
levels in patients with extra hepatic metastases, and
child B or C. However, average of maximum tumour
size, vascular invasions, histological grades and initial
treatment were not significant between the positive
H-CRP group and the negative H-CRP group (Table 3).
Some authors explain the reasons for malignant poten-
tial of the tumour with high CRP levels as follows:
i, resistance to chemotherapy; ii, anti-apotopic activity
and tumorigenic potency; iii, T cell impairment; iv,
increased levels of serum angiogenic factors and v, the
metastatic potential of the tumour (29). In addition,
multivariate analyses identified H-CRP as a poor prog-
nostic factor, but did not flag clinical tumour markers
AFP and DCP as significant prognostic factors. Our
results therefore suggest that H-CRP could also be a
useful prognostic marker in other kinds of cancers;
many authors reported that the prognosis of patients
with various malignancies is related to CRF.
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