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Introduction

Abstract

Background and Aim: '®F-fluorodeoxygiucose (FDG)-positron emission tomography
(PET) may detect primary lesions (PLs) and extrahepatic metastases (EHMs) only in
advanced hepatocellular carcinoma (HCC) patients. We investigated the requirement of
PET and the optimal timing of PET scanning for accurate staging and treatment planning.
Methods: We conducted a retrospective investigation of 64 HCC patients who underwent
PET (median age, 74 years; male/female, 41/23; etiology, 46 hepatitis C virus/4 hepatitis
B virus/4 alcoholic/10 others). To determine the best timing for PET examinations, we
analyzed PET result-based recommended treatment changes and characteristics of patients
with FDG-avid PLs or EHMs.

Results: FDG-avid PLs were detected by PET in 22 patients (34%): 18 with hypervascular
PL, 11 with serum o-fetoprotein levels = 200 ng/ml, and 11 beyond Milan criteria. EHMs
were detected in 21 patients (33%: lymph nodes, 8; lung, 5; abdominal wall, 4; bone, 3;
other organs, 4 [including overlapping]). Recommended treatments changed for 16 patients
(25%) because of Barcelona Clinic Liver Cancer stage increases based on PET scanning.
In multivariate analyses, serum ¢-fetoprotein levels = 200 ng/mL and beyond Milan cri-
teria were independent factors for FDG-avid PLs and a maximum standardized uptake
value (SUVmax) of PLs of 24.0 was an independent factor for FDG-avid EHMs
(P =0.002, 0.008, and 0.045, respectively).

Conclusions: PET allows detection of HCC spread in patients with elevated serum
o-fetoprotein levels or those beyond Milan criteria and detects EHMs in patients with PLs
with high SUVmax values. Optimally timed PET scans can complement conventional
imaging for accurate staging and treatment strategy determination.

option. Therefore, the accurate clinical staging of HCC has
become increasingly important to determine which patients may

Hepatocellular carcinoma (HCC) is one of the most common
malignancies in East Asia, Scandinavia, and North America.!
Recent advances in the treatment of HCC have led to extended life
span of patients, and the number of those with extrahepatic metas-
tases (EHMs) has been increasing.? Although the rate of EHM is as
low as 2% in initial occurrences of HCC, patients with advanced
and recurrent HCC who have received any treatment have a 20%
incidence of EHM.? In the treatment algorithms for HCC used in
Europe,* the United States,” and Japan,® which are constructed
based on the Barcelona Clinic Liver Cancer (BCLC) stage, radical
treatments such as liver resection, ablation, and transplantation are
not indicated for patients with EHM. Previously, only supportive
care was recommended for these patients. Currently, however, the
molecular-targeted agent sorafenib has become an additional

1722

benefit from such newly available treatment options.

Single small HCC nodules could be detected by regular
screening of high-risk patients at a 3- or 6-month interval using
serum tumor marker measurements and abdominal ultrasonogra-
phy with additional dynamic computed tomography (CT) and/or
magnetic resonance imaging (MRI).” In addition, use of contrast-
enhanced ultrasonography® and gadolinium-ethoxybenzyl-
diethylenetriamine pentaacetic acid-enhanced MRI® has recently
increased the possibility of detection of intrahepatic HCC
primary lesions (PLs) in early stages. On the other hand, very
few studies have examined the surveillance of EHM in patients
with advanced stage HCC.

Although 'F-fluorodeoxyglucose (FDG)-positron emission
tomography (PET) is not useful for the diagnosis of
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well-differentiated, early-stage HCC because of variable FDG
uptake in hepatocytes,'® it can detect PLs of moderate to poor
differentiation, advanced-stage HCC, and EHMs, in a one-time,
noninvasive whole-body scan.!!

PET scanning has been increasingly used in patients with HCC,
but its diagnostic accuracy in these cases has not yet been fully
evaluated. Additionally, the question of how frequently PET results
change the recommended treatment strategy has not been answered.
Because PET examination is costly and not suitable for repeated
evaluations, it is important to define the characteristics of HCC
patients with FDG-avid PLs or FDG-avid EHMs in order to deter-
mine when PET should be performed for accurate staging of HCC.

In this study, we analyzed (i) the sensitivity, specificity, and
accuracy of PET for HCC patients; (ii) the frequency of changes in
recommended treatments for HCC based on PET results; and (iii)
the clinical characteristics of HCC patients with FDG-avid PLs or
EHMs.

Methods

Patients. A retrospective cohort study was performed to
analyze 64 HCC cases in outpatients at Osaka City University
Hospital who underwent PET/CT between April 2005 and Novem-
ber 2012. Of the 64 patients, 25 were diagnosed as having HCC by
examination of liver specimens obtained by liver resection or
needle biopsy performed under ultrasonographic guidance. The
remaining 39 patients were clinically diagnosed with HCC by a
team of three or more hepatologists based on the findings of
contrast-enhanced CT or contrast-enhanced MRI and serum tumor
marker levels. We examined multiple parameters related to the
background of the HCC patients including age, sex, Child-Pugh
score, vascularity of the PL, Milan criteria,’> BCLC stage,'* serum
levels of o-fetoprotein (AFP), and des-y-carboxy prothrombin
(DCP). Exclusion criteria for the present study were as follows
those can influence FDG avidity: fasting blood glucose on the day
of PET examination of 150 mg/dL or more, or diabetes mellitus
treated with insulin; past treatments, such as liver resection,
interventional radiological procedures, percutaneous local abla-
tion, or sorafenib administration within 1 month of the PET exami-
nation. The baseline characteristics of the patients are shown in
Table 1. Child class, tumor markers, vascularity of PL, and BCLC
stage were assessed using data measured within 1 month prior to
PET/CT examinations. Chest radiography and abdominal contrast
enhanced-CT (or MRI) were performed in all subjects within 3
months and 1 month prior to PET/CT examinations, respectively.
We verified EHMs diagnosed on the basis of PET/CT by CT (or
MRI, appropriately with contrast agent) of the chest or pelvis as
necessary. Images were reviewed by 2 or more board-certified
radiologists and nuclear medicine specialists each. We recorded
the accuracy of diagnosis of the PL or EHM, the PET parameter of
maximal standardized uptake (SUVmax) of the PL, and the rate of
change of BCLC-recommended treatments according to the results
of PET. We performed multivariate analyses to determine the
factors associated with detection of FDG-avid PLs or EHMs. We
also performed a univariate analysis of risk factors associated with
overall survival after PET examination.

The clinical use of FDG PET for patients with HCC was per-
mitted by the ethics committee of our university (approval number:

Journal of Gastroenterology and Hepatology 29 (2014} 1722-1727
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Table 1 Clinical characteristics of the hepatocellular carcinoma
patients before '®F-fluorodeoxyglucose-positron emission tomography
examination

No. of patients

Total patients 64

Age, < 65/2 65 11/53
Female/male 23/41
Etiology, HBV/HCV/NASH/alcohol/autoimmune/NA  4/46/3/4/1/6
Chronic hepatitis/cirrhosis, Child-Pugh class A/B/C  14/36/13/1
o-fetoprotein level (ng/mL), < 200/= 200/NA 4117/6
Des-y-carboxy prothrombin level (mAU/mL), 3119114

< 150/= 150/NA
Initial occurrence/recurrence (prior treatment,
TACE or TAl/ablation'/resection/sorafenib/other)

7/57 (25/16/6/8/2)

Vascularity of primary lesion®, not 20/36/8
hypervascular/hypervascular/NA

Histological differentiation, well/moderately to 5/16/4/39
poorly/combined/NA

Milan criteria, within/beyond/NA 43/13/8

Barcelona Clinic Liver Cancer stage, 0/A1-4/B/C/D  15/26/10/12/1

"Radiofrequency ablation or percutaneous ethanol injection.
“Diagnosed by contrast enhanced-computed tomography (or contrast
enhanced-magnetic resonance imaging) of the liver.

HBV, hepatitis B virus; HCV, hepatitis C virus; NA, not available;
NASH, nonalcoholic steatohepatitis; TACE, transcatheter arterial
chemoembolization; TAl, transcatheter arterial infusion chemotherapy.

0049). The present study was performed based on their approval.
Before performing PET/CT, the purpose of the diagnostic tool was
explained to each patient and informed consent was obtained.
Procedures of this study were in accordance with the principles
outlined in the Helsinki Declaration of 1964 (2008 revision).

'SF-FDG PET scanning and data analysis. Studies
were performed with PET (Eminence SET-3000B/L, Shimadzu,
Kyoto, Japan) plus CT between April 2005 and May 2010. A
PET-CT scanner (Biograph 16, Siemens, Bayern, Germany) was
also used in a random order between June 2010 and November
2012. Whole-body images were obtained 50 min after intravenous
injection of 185-370 MBq of FDG (FDG scan Injectable [Nihon
Medi-physics, Tokyo, Japan] or a product in our hospital using a
12 MeV cyclotron [JEE, Tokyo, Japan]). Patients fasted for at least
4h before the PET scan. PET plus CT fusion images were
acquired on a workstation (between April 2005 and February
2010: Eminence workstation Rev02.50.12, Shimadzu, Kyoto,
Japan; between March 2010 and November 2012: XTREK
Browser version 1.01.16j, -MAC Systems, Sapporo, Japan). For
quantitative evaluation, a region of interest (ROI: 5 mm in diam-
eter) was placed over the area of strong activity within the lesion,
and the SUVmax was obtained by dividing the maximum activity
concentration in the lesion [Bq/g] by the administrated activity
[Bg/bodyweight (g)]."* For patients with multiple PLs, the
SUVmax of the largest lesion was used for statistical analysis.

Statistical analysis. The Fisher’s exact test was used to
compare categorical variables. Multivariate logistic regression
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analyses were used for FDG-avid lesions. Univariate Cox regres-
sion was used to analyze overall survival. A P-value of less than 0.05
was considered significant. All statistical analyses were performed
using JMP 9.0.3 software (SAS Institute Inc., Cary, NC, USA).

Results

The accuracy of PET for the diagnosis of PLs or EHMs is shown
in Table 2. PL were detected by PET with 36% sensitivity, 100%
specificity, 39% accuracy, 100% positive predictive value, and 7%
negative predictive value (Fisher’s exact test, P =0.276), and
EHMs were detected with 88% sensitivity, 75% specificity, 80%
accuracy, 68% positive predictive value, and 91% negative predic-
tive value (P < 0.0001).

PET detected EHMs in 21 of the 64 patients (33%) (lymph
nodes in 8, the lung in 5, the abdominal wall in 4, bone in 3, and
others in 4, including patients with multiple metastases). Three of
these 21 patients had overlapping as follows: lung and abdominal
lymph node, lung and abdominal wall, and bone and abdominal
wall. The diagnostic sensitivities for the lymph nodes, lungs,
abdominal wall, and bone were 80% (8/10), 83% (5/6), 80% (4/5),
and 100% (3/3), respectively. The number of patients with BCLC
stage O disease decreased from 15 to 9, that of patients with stage
A disease decreased from 26 to 19, that of patients with stage B
disease decreased from 10 to 7, that of patients with stage C

E Kawamura et al.

disease increased from 12 to 28, and that of patients with stage D
disease remained 1, when modified according to the results of
PET. Thus, recommended treatments for HCC, based on the algo-
rithm, were changed in 16 of the 64 patients (25%) (Fig. 1).
Multivariate logistic regression analyses of risk factors for FDG-
avid PL and EHM are shown in Table 3. Because of the lack of
definitive evidence indicating the proper cut-off values of AFP and
DCP to predict the occurrence of PL or EHM, we used an AFP of
200 ng/mL and a DCP of 150 mAU/mL, as established by the
HALT-C trial.” Serum levels of AFP = 200 ng/ml (odds ratio [OR]
11.2, P =0.002) and beyond Milan criteria (OR 10.5, P =0.008)
were independent factors for FDG-avid PL detection. The receiver
operating characteristic analyses indicate that the best performance
of SUVmax of the PL for predicting FDG-avid EHM detection and
overall survival is with a cut-off of 4.0. An SUVmax of the PL> 4.0
was only an independent factor for FDG-avid EHM detection (OR
4.3, P=0.045). The univariate Cox regression analysis of risk
factors associated with overall survival after PET examination is
shown in Table 4. An SUVmax of PL 2 4.0 was the only indepen-
dent factor significantly associated with overall survival (hazard
ratio: 5.9, P < 0.001). Mean survival time was shorter in the group
with an SUVmax of PL 2 4.0 (n = 14) than in the group with an
SUVmax of PL < 4.0 (n=50) (7.8 and 18.6 months, respectively).
PET/CT images of representative HCC patients with FDG-avid
EHM:s are shown in Figure 2. A 74-year-old woman with hepatitis

Table 2 Diagnostic accuracy of the primary lesion or extrahepatic metastases using FDG-positron emission tomography

(A} Primary lesion

(B) Extrahepatic metastases*

Type of accumulation pattern Viability! (+) Viability' (~) Total Yes No Total
FDG avidity (+) 22 0 22 21 10 31
FDG avidity (~) 39 3 42 3 30 33
Total 61 3 64 24 40 64

(A) Sensitivity: 36%; specificity: 100%; accuracy: 39%; positive predictive value: 100%; negative predictive value: 7% (P = 0.276, Fisher's exact test).
(B) Sensitivity: 88%; specificity: 75%; accuracy: 80%; positive predictive value: 68%; negative predictive value: 91% (P < 0.0001). 'Based on contrast
enhanced-computed tomography (CT) (or contrast enhanced-magnetic resonance imaging [MRI]) of the liver.

*Based on any typical imaging (e.g. chest radiography and CT [MRI] of the chest, abdomen, or pelvis).

FDG, *®F-flucrodeoxyglucose.

30
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Figure 1 The distribution of patients accord-
ing to the recommended treatment for hepa-
tocellular carcinoma based on an algorithm
involving Barcelona Clinic Liver Cancer stage
before and after modification according to the
BF-fluorodeoxyglucose-positron emission
tomography (PET) results. The rate at which
recommended treatment changed after PET
was 25% (16/64: decrease in the summation
of four treatments in 16 patients [RFA,
radiofrequency ablation or resection; trans-
plantation; and TACE, transcatheter arterial
chemoembolization], increase in sorafenib in
16 patients).
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Table 3 Multivariate logistic regression analyses of risk factors for FDG-avid primary lesions and extrahepatic metastases

Risk factor For FDG-avid primary lesion For FDG-avid extrahepatic metastases
COR 95% ClI Pvalue AOR 95% Ci Pvalue COR 95% Ci Pvalue AOR 95% Cl P value
> 65, years old 0.57 0.15-2.21  0.403 0.83 0.22-3.51 0.784
Male 0.45 0.15-1.29 0.137 0.71 0.25-2.11 0.538
Hypervascular primary 400 1.20-16.12 0.024* 149 0.28-9.43 0.646 1.056 0.34-3.40 0.934 1.16 0.26-5.80 0.847
lesion
AFP level =200, ng/mL 5.68 1.73-20.53 0.004* 11.19 2.42-69.40 0.002* 1.51 0.46-4.86 0.493 0.99 0.24-3.74 0.992
DCP level 2 150, mAU/mL. 249 0.72-8.90 0.147 1.06 0.32-3.47 0923
Beyond Milan criteria 8.61 2.21-43.65 0.002* 10.45 1.77-92.03 0.008* 1.44 038-5.21 0582 0.79 0.14-3.85 0.771
SUVmax of primary lesion 3.80 1.12-13.62 0.032* 4.31 1.04-20.07 0.045*
>4.0
*P<0.05.

AFP, o-fetoprotein; AOR, adjusted odds ratio; Cl, confidence interval; COR, crude odds ratio; DCP, des-y-carboxy prothrombin; FDG, '¢F-

fluorodeoxyglucose; SUVmax, maximum standardized uptake value.

Table 4 Univariate Cox regression analysis of risk factors for overall
survival after '8F-fluorodeoxyglucose-positron emission tomography
examination

Risk factor Crude hazard 95% Confidence P value
ratio interval

> 65, years old 0.87 0.29-3.70 0.820

Male 0.76 0.33-1.78 0.512

Hypervascular primary 1.79 0.70-5.47 0.237
lesion

AFP level =200, ng/mL 1.28 0.45-3.23 0.628

DCP level 2 150, mAU/mL  1.97 0.75-5.04 0.166

Beyond Milan criteria 1.71 0.60-4.30 0.295

SUVmax of primary lesion 5.91 2.39-14.58 <0.001*
24.0

*P<0.05.

AFP,  o-fetoprotein; DCP, des-y-carboxy prothrombin; SUVmax,

maximum standardized uptake value.

B virus (HBV)-related cirrhosis was diagnosed with HCC approxi-
mately 6 months before PET examination, and was treated with
transcatheter arterial chemoembolization (TACE). She had multi-
nodular HCC that was approximately 9 cm at its maximum diam-
eter and her Child-Pugh class was B. The PET examination
revealed EHM on her abdominal wall (Fig. 2a). A 64-year-old man
with HBV-related HCC had been treated several times with TACE
and other treatments during the 14 years after his primary diagno-
sis. He had multinodular HCC that was approximately 3 cm at its
maximum diameter, and his Child-Pugh class was B. The PET
examination showed right iliac bone metastasis (Fig. 2b). In both
cases, the BCLC stage was B before PET, which was changed to
stage C based on the FDG-avid EHM. Accordingly, the recom-
mended treatment was changed from TACE to sorafenib.

Discussion

PET using *F-FDG has been established as a noninvasive tool for
the diagnosis of various malignancies. It is considered a useful
imaging method for tumor characterization, tumor staging, and
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assessment of therapy response.’®*® Although it is recognized that
the sensitivity of PET scans is insufficient in cases of HCC with
low malignant potential (well-differentiated), PET is important for
disease staging and prognosis prediction in cases of HCC with
high malignant potential (moderately to poorly differentiated).'>*
The liver is known to have high activity of glucose 6-phosphatase
(G6Pase).” The G6Pase activity of low malignant potential HCC
tends to be higher than that of high malignant potential HCC,
suggesting that low malignant potential HCC may retain the prop-
erties of normal liver tissue. In contrast, assessment of glucose
metabolism to help stage patients with high malignant potential
HCC has been reported.'® In addition, in the present study, we
found that the detection sensitivity of PET for PL is low in patients
with HCC of various grades, compared with the sensitivity for
EHM detection (Table 2).

Additional metastatic HCC cases were detected by PET, result-
ing in alteration of the recommended treatment (mostly from cura-
tive treatment to sorafenib) in 25% of all patients because of the
increase in the BCLC stage as shown in Figure 1. PET is beneficial
for proper identification of patients in whom sorafenib is indicated.
It is important to note that when EHMs are undetected after FDG
PET, this should be confirmed by high-quality diagnostic imaging
modalities such as multidetector CT and MRI. This is because we
must be aware that the PET results are not always accurate. In this
study, PET results had a 13% false negative rate (3/24), and a 25%
false positive rate (10/40) for the detection of EHMs (Table 2). On
the other hand, of the 21 patients who had EHMs detected by PET
in the present study, three patients had multiple metastases in
different sites. Thus, PET is advantageous because it can detect
tumors in different organs in a one-time systemic scan.

It is well established that advanced intrahepatic lesions with
elevated levels of serum tumor markers are risk factors for EHM.?
The present study proposed that an AFP level =200 ng/mL and
being beyond Milan criteria can be used to indicate the appropriate
time to screen patients using PET examinations (Table 3). DCP
was not an independent predictive factor of FDG-avid PL or FDG-
avid EHM detection, even when we used 40, 100, and
200 mAU/mL as cut-off values (Supporting Information Table
S1). A corollary study is needed to determine whether a high AFP
level is associated with a specific subtype of HCC. Table 3 also
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Figure 2 '®F-fluorodeoxyglucose (FDG)-positron emission tomography/
computed tomography of two patients with hepatocellular carcinoma
with FDG-avid primary lesion (PL) and extrahepatic metastases (EHM)
detection. {a) A 74-year-old woman with hepatitis B virus-related cirrho-
sis: hypervascular PL with maximum standardized uptake value
(SUVmax) of 7.2 (= 4.0, white circle) with EHM (abdominal wall invasion,
arrowhead); abdominal axial and whole-body coronal images. The risk
factors of FDG-avid PL were as follows: o-fetoprotein (AFP) level of
19.3 ng/mL and beyond Milan criteria. (b} A 64-year-old man with hepa-
titis B virus-related cirrhosis: hypervascular PL with SUVmax of 4.2 (2 4.0,
white circle) with EHM (right iliac bone, arrowhead); thoracic axial,
sacrum axial, and whole-body sagittal images. The risk factors for FDG-
avid PL were as follows: AFP level of 18.8 ng/mL and beyond Milan
criteria.

proposes that a PL with an SUVmax 2 4.0 is a significant predic-
tive factor for EHM. It is reasonable that PET detected EHM at a
high rate in the patients who had PL with strong glucose metabo-
lism. The SUVmax of PL 2 4.0 is considered to correlate with the
malignant potential of the PL, corresponding to moderately to
poorly differentiated HCC.? Moreover, Table 4 indicates that the
PET results, such as PL with a high SUVmax, play an important
role in predicting prognosis in high malignant potential HCC.
The organs where PET imaging detected EHM were the lymph
node, lung, abdominal wall, and bone, as mentioned in the results.
Generally speaking, a metastatic lymph node is considered to be of
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significant size if it is 10 mm or more along the minor axis. PET
has been shown to detect lesions of 10 mm or more in diameter
with high malignancy.* However, in PET-CT fusion images, a gap
between PET images and CT images occurs in association with
respiratory fluctuation, making it difficult to detect small meta-
static lesions, especially in the lower lung field.® As shown in
Figure 2a, abdominal wall invasion with high FDG uptake is
detectable by PET, even when it is not detected on CT, MRI, and
ultrasonography because of low volume. Because bone metastases
from HCC are generally osteolytic, bone scintigraphy is not useful
for detection.?® In fact, Figure 2b shows that PET is able to reveal
a bone metastasis that was not depicted by bone scintigraphy.?’

One limitation of the present study was the lack of sufficient
whole-body search for EHM using conventional imaging (radiog-
raphy, CT, and MRI) prior to PET examination of all subjects. This
occurred because of the lack of precise rules related to screening
for EHM. The positive merit of routine screening by chest CT and
bone scintigraphy in HCC within Milan criteria is low.?® Another
limitation is that this study was conducted in patients with hetero-
geneous tumor stages and prior treatments.” It was difficult to
select patients of a specific clinical background because a limited
number of patients with HCC underwent PET examination in
clinical practice. Further validation studies are needed.

In summary, PET gives hepatologists additional screening infor-
mation about PL and EHM in HCC, and this information effects
the indications for radical treatment or sorafenib intervention. We
believe that our study is the first to provide evidence that HCC
patients with serum AFP levels =200 ng/mL or those beyond
Milan criteria are good candidates for PET examinations to evalu-
ate the spread of the lesion. Importantly, EHM could be detected at
a high rate in patients who had PL with SUVmax =24.0. PET
performed at the correct time is beneficial to complement conven-
tional imaging methods in BCLC staging and determination of
optimal treatment.
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The aims of this study were to evaluate the frequency of dose-limiting toxicities
and to find the recommended dose of combination chemotherapy with sorafenib
and transcatheter arterial infusion (TAI) using cisplatin for patients with
advanced hepatocellular carcinoma (HCC), for whom surgical resection, local abla-
tion therapy, or transcatheter arterial chemoembolization were not indicated.
Patients received 800 mg sorafenib daily. Cisplatin was given at one of three
dosages (level 1, 35 mg/m%/cycle; level 2, 50 mg/m?/cycle; and level 3, 65
mg/m?/cycle) from feeding arteries to the HCC. The treatment was repeated
every 4-6 weeks up to a maximum of six cycles, until there were signs of tumor
progression or unacceptable toxicity. The dose-limiting toxicities experienced by
the 20 enrolled patients were grade 4 increased aspartate aminotransferase at
level 1, grade 3 gastrointestinal hemorrhaging at level 1, and grade 3 hyperten-
sion at level 3. The common drug-related adverse events that were of severity
grade 3 or 4 included the elevation of aspartate aminotransferase (30%), alanine
aminotransferase (20%), amylase (30%), and lipase (30%). Partial response was
seen in four patients (20%), and 13 patients (65%) had stable disease. The med-
ian overall survival and progression-free survival were 9.1 and 3.3 months,
respectively. The combination of sorafenib at 800 mg/day with TAl of cisplatin at
65 mg/m?/cycle was determined to be the recommended regimen. A randomized
phase 1l trial of sorafenib alone versus sorafenib plus TAl of cisplatin is currently
underway. This study was registered at UMIN as trial number UMIN000001496.
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H epatocellular carcinoma is one of the most common
types of cancer worldwide.’ Hepatic resection, liver
transplantation, and local ablation therapy, including radiofre-
quency ablation and percutaneous ethanol injection, are consid-
ered to be curative treatments for HCC.®™ Transcatheter
arterial chemoembolization has been recognized as an effective
but non-curative treatment for patients with large or multifocal,
unresectable HCC without vascular invasion or extrahepatic
spread.® However, the majority of patients develop recurrence
or metastasis after these treatments, and their HCCs progress
to the advanced stages. Two separate phase III trials have
reported that sorafenib, an oral multikinase inhibitor, prolongs
OS with manageable toxicities. % Thus, sorafenib has been
accepted as standard first-line chemotherapy for patients who
cannot benefit from resection, transplantation, local ablation
therapy, or TACE, and who still have preserved liver function.
However, sorafenib treatment has yielded rather unsatisfactory
results in terms of OS of patients with advanced HCC.

In Japan, TAI chemotherapy is often given to patients with
localized advanced HCC, such as in cases with vascular

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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invasion. Transcatheter arterial infusion likely has better antitu-
mor activity and reduced toxicity compared to systemic che-
motherapy, because TAI can increase the local concentration
of anticancer drugs while reducing their systemic distribution
and accompanying adverse effects.”® However, TAI has not
been established as a standard treatment for advanced HCC,
because the survival benefit has not been evaluated in large-
scale prospective randomized trials. Cisplatin alone,®'9 5-FU
plus cisplatin,"" and 5-FU plus interferon™® are frequently
used chemotherapeutic regimens that have been shown to lead
to tumor shrinkage and increased OS. Among these options,
TAI of cisplatin does not require an implanted reservoir sys-
tem, so it is easier to mana%e its administration. In addition,
favorable antitumor efficacy"® has been reported by previous
phase II trials. The combination of sorafenib and TAI of cis-
platin might be more effective than sorafenib alone for the
treatment of advanced HCC. Therefore, we planned a phase I
study of the combination chemotherapy of sorafenib and TAI
with cisplatin for advanced HCC. The primary endpoint of this
trial was to determine the recommended doses of TAI of
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cisplatin and sorafenib to use for combination therapy, accord-
ing to the frequency of its DLT. The secondary goal of this
study was to evaluate the toxicity and efficacy of this combi-
nation in patients with advanced HCC.

Materials and Methods

Patient eligibility. Patients eligible for enrolment in this study
had advanced HCC for which surgical resection, local ablation
therapy, and TACE were not indicated. Hepatocellular carci-
noma was diagnosed by either histologic examination or based
on a computed tomographic scan, angiograph, and an increased
level of serum AFP or DCP. Eligibility criteria included the
following factors: (i) 20-79 years of age; (ii) an Eastern Coop-
erative Oncology Group performance status score of 0-2;
(iii) one or more measurable lesions in the liver; (iv) adequate
hematological function (hemoglobin levels of 8.5 g/dL or
more, neutrophil counts of 1500 cells/mm? or more, and plate-
let counts of 70 000 cells/mm> or more); (v) adequate hepatic
function (serum total bilirubin levels of 2.0 mg/dL or
less, serum albumin levels of 2.8 g/dL. or more, and serum
AST/ALT levels within five times the ULN, Child-Pugh score
of seven points or less); (vi) adequate pancreatic function
(serum total amylase/lipase levels within two times the ULN);
and (vii) adequate renal function (serum creatinine level within
normal limits and creatinine clearance of 60 mL/min or more).
Previous local therapy for intrahepatic lesions, such as hepatic
resection, percutaneous local ablation, or TACE was allowed if
it had not been given within the 4 weeks before this treatment.
In this study, the eligibility criterion regarding the Child—Pugh
classification was set at a score of seven points or less,
because sorafenib has been reported to be feasible in patients
with Child—Pugh class B.1%

Patients were excluded from the study if they had a treat-
ment history of sorafenib or cisplatin for HCC, an active infec-
tion, uncontrollable hypertension, severe heart disease,
refractory pleural effusion or ascites, a severe mental disorder
or encephalopathy, an active gastroduodenal ulcer or esopha-
geal bleeding, or active concomitant malignancy. This study
also excluded pregnant and lactating women, women of child-
bearing age unless they were using effective contraception,
and patients with other serious medical conditions.

Treatment plan. Sorafenib (Bayer Health Care Pharmaceuticals,
West Haven, CT, USA) was given orally at a dose of 800 mg
daily. Cisplatin (Nippon Kayaku, Tokyo, Japan) was concurrently
administered by a catheter in the proper, right, or left hepatic
artery, or another feeding artery, under angiographic guidance
with the Seldinger technique on the same day as sorafenib admin-
istration at one of three dosages (35 mg/m*/cycle for level 1,
50 mg/m*/cycle for level 2, or 65 mg/m?/cycle for level 3)
(Table 1). The maximum dose of cisplatin was set according to
the dose approved by Japanese insurance for single-use as an
intra-arterial therapy.?® The treatment was repeated every 4—

Table 1. Dosage levels of sorafenib and cisplatin administered to
patients with advanced hepatocellular carcinoma

Level Sorafenib Cisplatin TAI Remarks
eve (mg/day) (mg/m?/cycle)
1 800 35 Starting dose
2 800 50
3 800 65 Recommended dose
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6 weeks up to a maximum of six cycles, until there was evidence
of tumor progression or unacceptable toxicity. A list of suspen-
sion criteria was set, and the treatment of patients receiving so-
rafenib that met these criteria was interrupted until the toxicities
were resolved. When resuming treatment, the dose of sorafenib
needed to be reduced to 400 mg daily. If additional dose reduc-
tion was required, the dose was reduced to a single 400-mg dose
every other day. The suspension criteria for sorafenib were
defined as: (i) grade 4 neutropenia or thrombocytopenia; (ii) grade
3 or 4 non-hematological toxicity excluding increased levels of
serum AST/ALT/vy-GT, pancreatic enzyme increases, HFSR,
hyperglycemia, and constipation; (iii) grade 4 pancreatic enzyme
increases with clinical and/or imaging findings of pancreatitis, or
a pancreatic adverse event considered to be life threatening;
(iv) serum AST/ALT levels of 10 times the ULN; (v) serum cre-
atinine levels of 2.0 mg/dL or more; (vi) grade 2 or 3 HFSR; and
(vii) grade 2 or 3 hypertension.

The starting criteria for cisplatin TAI were defined as follows:
(i) neutrophil counts of 1200/mm® or more; (i) thrombocyte
counts of 50 000 cells/mm> or more; (iii) total bilirubin levels
of 3.0 mg/dL or less; (iv) AST or ALT levels five times the
ULN or less; and (v) creatinine levels of 1.5 mg/dL or less. If
these adverse events were outside of the starting criteria, TAI
of cisplatin was postponed until the criteria were fulfilled.

Clinical assessments. The trial was an open-label, single-arm
phase I study that was carried out at four cancer centers in
Japan. The primary endpoints were to evaluate the frequency
of DLTs and to determine the recommended doses of sorafenib
and cisplatin in a phase II study. Dose escalation followed a
standard “3 plus 3” dose escalation design. In other words, at
least three patients were enrolled at each of three dosage lev-
els. If one or two DLTs were observed in the initial three
patients, three additional patients were entered at the same
dosage level. If DLTs were not observed in three of the three
patients, or three or more of the six patients treated at that
level during the first cycle of treatment, the dose of cisplatin
was escalated to the next level. At the highest dosage level,
three additional patients were entered and the safety was eval-
uated carefully during the first three cycles of the nine patients.
An additional patient would be included when treatment was
terminated for reasons other than DLT before the end of the
first course, because it would be impossible to determine the
frequency of DLTs. The efficacy and safety evaluation com-
mittee determined the recommended dose. Dose-limiting toxic-
ities were defined as follows: (i) febrile neutropenia; (ii) grade
4 leucopenia or grade 4 neutropenia persisting for 7 days or
more; (iii) grade 4 thrombocytopenia or thrombocytopenia
requiring transfusion; (iv) grade 3 or 4 non-hematological tox-
icity excluding increased serum AST/ALT/y-GT levels,
increased pancreatic enzyme levels, HFSR, hyperglycemia, or
constipation; (v) grade 4 increased pancreatic enzyme levels
with clinical and/or imaging findings of pancreatitis, or a
pancreatic adverse event considered to be life threatening;
(vi) serum AST/ALT levels of 10 times the ULN or more;
(vii) serum creatinine levels of 2.0 mg/dL. or more; and
(viii) any toxicities that necessitated a treatment delay of more
than 4 weeks. Toxicities were graded according to the Com-
mon Terminology Criteria for Adverse Events, version 3.0.
During treatment, a complete blood count with differentials,
serum chemistry, and urinalysis was obtained biweekly. Tumor
response was evaluated every 6 weeks using RECIST version
1.0. Progression-free survival was defined as the time from
enrolment in this trial to the first documentation of progression
or death. Overall survival was the time from enrolment in this
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trial to the date of death or the date of the last follow-up. Both
PFS and OS times were calculated using the Kaplan—-Meier
method.

This protocol was approved for clinical investigation by each
institution’s review board in accordance with the provisions of
the Declaration of Helsinki, Good Clinical Practice guidelines,
and local laws and regulations. Written informed consent was
obtained from all patients who were considered eligible for
participation in this study before enrolment. This study was
registered at UMIN as trial number UMIN0O00001496.

Results

Patient characteristics. A total of 20 patients were enrolled in
the trial between December 2008 and August 2010. The
patient characteristics are listed in Table 2. Seven patients
were enrolled at dose level 1, three patients at dose level 2,
and 10 patients at dose level 3. This was because we replaced
one more patient at dose levels 1 and 3, according to the rec-
ommendation of the efficacy and safety evaluation committee.
Sorafenib treatment was terminated for one patient at dose
level 1 who developed grade 3 erythema multiforme and one
patient at dose level 3 who developed hypoglycemia owing to
disease progression on -the 11th day of the first cycle.
Erythema multiforme was a distinctive adverse event of sorafe-
nib and was therefore not considered a DLT in this study. In
addition, hypoglycemia was considered unrelated to the combi-
nation therapy.

The median dose intensity of sorafenib and the median rela-
tive dose intensity were 528 mg daily and 66%, respectively
(Table 3). There was no decrease in the dose of cisplatin. The
median number of cycles of cisplatin was 2.8 (range, 1-6
cycles).

Table 2. Baseline characteristics of patients with advanced hepato-
cellular carcinoma enrolled in this study

Level 1 Level 2 Level 3 Total
Characteristics No‘. of 4 3 10 20
patients
Age, years 30-39 0 0 1 1
40-49 0 0 1 1
50-59 1 2 1 4
60-69 3 0 2 6
70-79 3 1 4 8
PS 0 7 3 8 19
1 0 0 1 1
Viral marker HBs Ag (+) 0 1 3 5
HCV Ab (+) 3 1 3 7
Child-Pugh score 5 4 2 4 1"
6 1 1 3 5
7 2 0 2 4
Portal vein invasion Vp 3 1 0 3 4
Vp 4 3 o 2 5
Distant metastases  Absent 4 2 6 13
Present 3 1 3 7
Stage (UICC v.6) 1l 4] 1 0 1
1 4 1 6 12
I\ 3 1 3 7

HBs Ag, hepatitis B surface antigen; HCV Ab, hepatitis C antibody;
PS, performance status; UICC, Union for International Cancer Control;
Vp 3, hepatocellular carcinoma invasion of the first-order branch of
the portal vein; Vp 4, hepatocellular carcinoma invasion of the main
trunk of the portal vein.
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Table 3. Dosage intensity and number of transcatheter arterial
infusion (TAl) cycles in patients with advanced hepatocellular
carcinoma treated with sorafenib and cisplatin

Level 1 Level 2 Level 3  Total
No. of enrolled patients 7 3 10 20
No. of patients with dose 2 (29) 1(33) 5 (50) 8 (40)
reduction of sorafenib (%)
Mean relative dose intensity 91 78 62 66
of sorafenib, %
Mean no. of cisplatin TAl cycles 3.1 1.6 3.0 2.8

Adverse events. The DLTs included grade 4 increased AST,
grade 3 gastrointestinal hemorrhage, and grade 3 hypertension.
At dose level 1, two of the seven patients experienced DLTs;
the first of these patients developed grade 4 increased levels of
serum AST on the 13th day of the first cycle, and the second
patient experienced grade 3 gastrointestinal bleeding and grade
3 bacteremia on the 13th day of the first cycle. No DLTs
occurred in patients receiving dose level 2. At dose level 3,
one patient experienced DLT in the form of grade 3 hyperten-
sion on the 32nd day of the first cycle, but no other DLTs
were seen at this dose level.

The most common grade 3 or 4 drug-related adverse events
included increased levels of AST (30%), amylase (30%), lipase
(30%), ALP (10%), and y-GT (10%), anemia (15%), leukope-
nia (10%), and thrombocytopenia (10%) during the entire peri-
ods of the combination therapy (Table 4). There were no
treatment-related deaths in this trial. Therefore, the combina-
tion therapy of TAI of cisplatin at 65 mg/m? with 800 mg
/day sorafenib was considered to be manageable.

Tumor response and survival. No patients had a complete
response, five patients (25%) showed partial responses, and 12
patients (60%) showed stable disease. Progressive disease
occurred in three patients (15%). During the treatment, the
serum AFP level decreased in 12 patients (60%), and the
serum DCP level decreased in nine patients (45%). All patients
were included in the survival assessment. Of the 20 patients,
one is still alive at the time of drafting this manuscript. He
survived more than 40 months. He received six courses of
combination chemotherapy of sorafenib with TAI of cisplatin.
His HCC shrank partially, allowing for surgical resection, and
no recurrence was seen. The other 19 patients did not survive.
The cause of death was tumor progression in 18 of the patients
and myocardial disease in one patient. The median OS and
median PFS were 9.1 and 3.3 months, respectively (Fig. 1).

Discussion

For advanced HCC patients with preserved liver function with
a Child-Pugh score of A, sorafenib has been reported to pro-
long OS compared to placebo with manageable toxicity in two
pivotal phase I trials.®® However, the OS times of
10.7 months in the SHARP study and 6.5 months in the Asia-
Pacific study are still unsatisfactory. Several clinical trials of
sorafenib combined with systemic chemotherapy agents or
novel molecular targeted agents have been carried out, but few
favorable results were reported.(ls) Combination chemotherapy
with TAI may be a promising alternative. Transcatheter arterial
infusion can increase the local concentration of anticancer
drugs while reducing their systemic distribution and accompa-
nying adverse effects.”® Cisplatin is an anticancer agent that
has a potency that is directly related to its concentration. The

2 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Table 4. Adverse events observed in patients with advanced hepatocellular carcinoma treated with sorafenib and cisplatin by transcatheter

arterial infusion (TAl) (n = 20)

Characteristic Level 1 Level 2 Level 3 Total

No. of pts n=7 % % n=3 % % n=10 % % % %
Grade (CTCAE v.3.0) 1 2 3 4 Any 34 1 2 3 4 Any 3/4 1 2 3 4 Any 3/4 Any 3/4
Leukopenia 3 0 1 0 57 14 0 2 0 O 33 0 2 3 1 0 60 10 55 10
Neutropenia 2 0 1 0 43 14 1 1 0 O 66 0 3 1 0 0 40 0 45 5
Anemia 1 1 2 0 57 29 1 0 0 O 33 0 2 0 1 0 30 10 35 15
Thrombocytopenia 1 2 1 0 57 14 0o 2 0 0 66 0 1 6 1 0 80 10 70 10
Hyperbilirubinemia 4 2 0 O 86 29 3 0 0 0 33 0 3 4 0 O 70 0 80 0
AST increased 0o 2 1 1 57 29 0o 1 2 0 100 66 2 6 2 0 100 20 85 30
ALT increased 1 0 2 0 43 29 1 1 1 0 100 33 2 2 1 0 50 10 55 20
v-GT increased 0o 2 0 1 43 14 o 1 0 o0 33 33 0 3 1 0 40 10 40 10
ALP increased 2 0 1 o0 43 14 1 1 0 0 66 0 2 1 1 0 40 10 45 10
Amylase increased o 0 0 1 14 14 0 1 0 0 33 0 3 0 5 0 80 50 50 30
Lipase increased 0 0 0 1 14 14 1 0 1 0 66 33 2 0 1 3 60 10 45 30
Anorexia 2 1 0 o0 43 0 0 0 o0 O 0 0 2 1 1 0 40 10 35 5
Nausea 1 0 0 O 14 0 0O 0 0 O 0 0 2 0 1 0 30 10 20 5
Hypertension 0O 0 o0 o© 0 0 o 0 0 O 0 0 1 0 1 0 20 10 10 5
Gastrointestinal bleeding 0 0 1t 0 14 14 0O 0 0 O 0 0 o o0 1 0 10 10 10 10
Bacteremia 0 o0 1 0 14 14 o o0 o0 O 0 0 0o 0 0 0 0 0 5 5

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CTCAE, Common Terminology Criteria for Adverse

Events; y-GT, y-glutamyl transpeptidase.

Probability

Time after treatment (months)

Fig. 1. Overall survival curve (solid line) and progression-free survival
curve (dashed line) of all patients enrolled in this trial of sorafenib
combined with transcatheter arterial infusion of cisplatin for patients
with advanced hepatocellular carcinoma.

response rate to intra-arterially administered cisplatin has been
reported to be 33.8%,"'? compared to a response rate of only
9% to systemically administered cisplatin.’® Thus, intra-
arterial administration of cisplatin appears to be more effective
than systemic administration of cisplatin. Moreover, sorafenib
may interact with platinum transporter proteins,"” and exerts
a synergistic anticancer effect with cisplatin in preclinical
research.'®!® The combined regimen of sorafenib with cis-
platin has been tested in clinical trials in patients with pediatric
HCC,®0 gastric cancer,?1 ™% lung cancer,®+% nasopharyngeal
carcinoma,®® and solid tumors,*” with favorable outcomes
reported. Therefore, the combination of sorafenib with TAI of
cisplatin would be expected to have better antitumor efficacy
than sorafenib alone in patients with advanced HCC.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd 33
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In this study, the safety and tolerability of the combination
therapy of sorafenib with TAI using cisplatin were investigated
in patients with advanced HCC. Although DLTs included
grade 4 increased levels of serum AST (level 1), grade 3
gastrointestinal hemorrhage and grade 3 bacteremia (level 1),
and grade 3 hypertension (level 1), sorafenib at 800 mg/day
combined with cisplatin at 65 mg/m?/cycle (level 3) was well
tolerated. The common drug-related adverse events that were
of grade 3 or 4 severity included increased levels of AST
(30%), ALT (20%), amylase (30%), and lipase (30%). Liver
dysfunctions of grade 3 or higher severity were reported in
<1.0% of patients in the SHARP study and in no patients in
the Asia-Pacific study. The increase of serum transaminase
level seemed to be more severe in this combination regimen
than with sorafenib alone. This may have been due to TAI of
cisplatin, because the increased levels of AST for grades 3 and
4 have been previously reported to be 32-44% in TAI of
cisplatin alone.%?®

In this study, administration of sorafenib should have been
suspended according to protocol regulations, if grade 2 HFSR
was seen. We did not see severe HESR, but this might lead to
a slightly lower dose intensity of sorafenib. Although these
severe toxicities were sometimes observed in this study, this
regimen was %enerally manageable, and 800 mg/day sorafenib
and 65 mg/m*/cycle cisplatin were acceptable to be the rec-
ommended doses. We plan to carry out a randomized phase II
study comparing the combination of sorafenib and TAI using
cisplatin to sorafenib alone to evaluate the efficacy and safety
of the combination at the recommended doses in patients with
advanced HCC.

In conclusion, the combination of sorafenib at 800 mg/day
combined with cisplatin at 65 mg/m?/cycle was determined to
be the recommended regimen for a phase II study in patients
with advanced HCC. This regimen was generally manageable,
and a randomized phase II trial of sorafenib alone versus the

Cancer Sci | 2014 | 4
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combination of sorafenib with TAI of cisplatin is presently
underway.
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Cytoglobin is expressed in hepatic stellate cells, but not
in myofibroblasts, in normal and fibrotic human liver

Hiroyuki Motoyama', Tohru Komiya®?, Le Thi Thanh Thuy', Akihiro Tamori', Masaru Enomoto’, Hiroyasu Morikawa',
Shuji Iwai', Sawako Uchida-Kobayashi', Hideki Fujii', Atsushi Hagihara', Etsushi Kawamura®, Yoshiki Murakami',
Katsutoshi Yoshizato'* and Norifumi Kawada'

Cytoglobin (CYGB) is ubiquitously expressed in the cytoplasm of fibroblastic cells in many organs, including hepatic
stellate cells. As yet, there is no specific marker with which to distinguish stellate cells from myofibroblasts in the human
liver. To investigate whether CYGB can be utilized to distinguish hepatic stellate cells from myofibroblasts in normal and
fibrotic human liver, human liver tissues damaged by infection with hepatitis C virus (HCV) and at different stages of
fibrosis were obtained by liver biopsy. Immunohistochemistry was performed on histological sections of liver tissues
using antibodies against CYGB, cellular retinol-binding protein-1 (CRBP-1), a-smooth muscle actin («-SMA), thymocyte
differentiation antigen 1 (Thy-1), and fibulin-2 (FBLN2). CYGB- and CRBP-1-positive cells were counted around fibrotic
portal tracts in histological sections of the samples. The expression of several of the proteins listed above was examined
in cultured mouse stellate cells. Quiescent stellate cells, but not portal myofibroblasts, expressed both CYGB and CRBP-1
in normal livers. In fibrotic and cirrhotic livers, stellate cells expressed both CYGB and a-SMA, whereas myofibroblasts
around the portal vein expressed a-SMA, Thy-1, and FBLN2, but not CYGB. Development of the fibrotic stage was
positively correlated with increases in Sirius red-stained, «-SMA-positive, and Thy-1-positive areas, whereas the number of
CYGB- and CRBP-1-positive cells decreased with fibrosis development. Primary cultured mouse stellate cells expressed
cytoplasmic CYGB at day 1, whereas they began to express «-SMA at the cellular margins at day 4. Thy-1 was
undetectable throughout the culture period. In human liver tissues, quiescent stellate cells are CYGB positive.

When activated, they also become ¢-SMA positive; however, they are negative for Thy-1 and FBLN2. Thus, CYGB is

a useful marker with which to distinguish stellate cells from portal myofibroblasts in the damaged human liver.
Laboratory Investigation (2014) 94, 192-207; doi:10.1038/labinvest.2013.135; published online 2 December 2013

HEYWORDS: a-smooth muscle actin; cellular retinol binding protein-1; chronic hepatitis; cytoglobin; fibulin-2; Thy-1

Stellate cell activation-associated protein was originally
discovered by proteomic analysis (in 2001)! in cultured
rat hepatic stellate cells that have vitamin A storage ability
when quiescent and function as liver-specific pericytes.
Histoglobin? and Cytoglobin (CYGB)® were reported by
Trent and Hargrove? and by Burmester et al,> respectively, in
2002. These proteins, in addition to stellate cell activation-
associated protein, were classified as human, mouse, and rat
homologs of a hexacoordinate globin that differs from the
traditional pentacoordinate globins, such as myoglobin and
hemoglobin.* CYGB consists of 190 amino acids with a
calculated molecular mass of 21kDa, and its amino acid

sequence is highly conserved among species.> Human CYGB
has ~25% amino acid identity with vertebrate myoglobin
and hemoglobin and 16% identity with human neuroglobin,
which is another type of globin that is present specifically in
the nervous system. CYGB is thus recognized as the fourth
globin of mammals.> The CYGB gene is located on human
chromosome 1725.3 and mouse chromosome 11E2.
Although myoglobin, hemoglobin, and neuroglobin are
tissue restricted to cardiomyocytes and skeletal myofibers,
erythrocytes, and the nervous system, respectively, CYGB
is ubiquitously expressed in the cytoplasm of mesenchymal
fibroblastic cells of many organs,® and CYGB was reported to
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be present in the nucleus of human hepatocytes.” In
particular, CYGB is present in stellate cells in the liver and
pancreas, reticulocytes in the spleen, mesenchymal cells in
the submucosal layer of the gut, and mesangium cells and
stromal cells in the rat kidney. Therefore, one interesting
aspect of CYGB expression is its presence in visceral cells that
have the ability to store vitamin A. CYGB has also been
observed in some neuronal subpopulations of the central and
peripheral nervous systems in humans,

Hepatic stellate cells have conventionally been recognized
as hepatic fibroblastic cells (myofibroblasts are also catego-
rized as this cell type) that preferentially localize to the portal
region. Considering that quiescent stellate cells are trans-
formed into activated stellate cells, the liver contains at least
three types of fibroblastic cells: stellate cells, activated stellate
cells, and portal myofibroblasts.»? Stellate cells are desmin
positive in rodents'® and, when activated, they express
a-smooth muscle actin (z-SMA). In addition, these cells
express cellular retinol-binding protein-1 (CRBP-1) and
participate in the metabolism of retinol and retinyl esters.!!
In contrast, thymocyte differentiation antigen 1 (Thy-1 or
CD90)!12-1 and fibulin-2 (FBLN2)!'517 have been utilized
as markers of liver myofibroblasts. These cell type-specific
markers of liver fibroblastic cells have been largely utilized
in studies with rodents. However, a specific marker to
distinguish stellate cells from myofibroblasts in the human
liver has not yet been identified.

The aims of our present work were to investigate whether
CYGB is a reliable marker of stellate cells in the normal
human liver and to study the expression of CYGB, CRBP-1,
Thy-1, FBLN2, and 2-SMA in fibrotic and cirrhotic human
liver.

MATERIALS AND METHODS

Human Liver Tissues

Human liver tissues damaged by hepatitis C virus (HCV)
infection at various fibrosis stages (from F1 to F4, 10 samples
each) and one tissue sample damaged by nonalcoholic stea-
tohepatitis (NASH) at fibrosis stage F2 (58-year-old woman
with serum alanine aminotransferase (ALT) 1101U/1) were
obtained by liver biopsy at Osaka City University Medical
School Hospital (Osaka, Japan) from August 2006 to
September 2011. Intact human liver tissues were obtained
from patients who had metastatic liver tumors or cholangio-
carcinoma treated by surgical resection. The procedures for
this study were in accordance with the Helsinki Declaration
of 1975 (2000 revision). Liver biopsy was performed after
informed consent had been granted.

Clinical Data

The age, sex, and primary clinical data for each patient were
obtained on consultation or admission to our university
hospital. ALT levels, albumin levels, platelet counts, and anti-
HCV antibody levels were measured at the Central Clinical
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Table 1 Characteristics of the HCV-infected patients enrolled
in this study

Stage Age® (years)  ALT® (IU/)  Albumin®  Platelet®  Grade
(g/dh) (x10°%  (AO/AY/

mm?) A2/A3)

F1 5554137 635 (250-89.0) 4.1+£03 179454  3/7/0/0
F2 556487 602 (405-740) 39+£03 150%54  0/5/5/0
F3 638481 751 (482-1035) 38%03 126%32 0/2/5/3
F4 630168 824 (447-1152) 36+03  120%41  0/4/6/0

ALT, alanine aminotransferase.

The stage of liver fibrosis and grade of necroinflammation were assessed
based on the new Inuyama classification.'?

“Mean * s.d.

“Median (interquartile range).

Laboratory of Osaka City University Medical School Hospital
(Table 1).

Histopathological Diagnosis
Liver biopsy was performed in all 41 patients using a
15-gauge Tru-Cut needle (Hakko, Tokyo, Japan) under
ultrasound guidance. The tissue samples fulfilled the size
requirements suggested by Janiec et al:'® adequate liver
biopsy samples were defined as having a length > 1.0 cm and/
or the presence of at least 10 portal tracts. The liver tissues
were fixed in 10% formaldehyde, embedded in paraffin,
and cut into 4-pm-thick sections. Deparaffinized sections
were stained with hematoxylin—eosin and Azan-Mallory,
dehydrated in 100% ethanol, cleared by xylene, mounted
with NEW M-X (Matsunami Glass Industries, Osaka,
Japan), and then examined by microscopy. The degree of
liver fibrosis was assessed based on the new Inuyama classi-
fication'? as follows: FO, no fibrosis; Fl, expansion of the
portal tracts without linkage; F2, portal expansion with
portal-to-portal linkage; F3, extensive portal-to-portal and
focal portal-to-central linkage; and F4, cirrhosis (Table 1).
The sections were also stained with 0.1% (w/v) Sirius red
(Direct Red 80; Aldrich, Milwaukee, W1, USA) in a saturated
aqueous picric acid solution for 1h at room temperature to
visualize collagen fibers. After staining, the sections were
washed in two changes of 0.01N HCl and mounted as
described above.?

Immunostaining of Human Liver Tissues

For immunohistochemistry, paraffin sections were dewaxed
in xylene and rehydrated in decreasing concentrations of
ethanol (xylene: 3 x 3min; 100% ethanol: 2 x 3min; 95%
ethanol: 3min; 70% ethanol: 3min). Primary antibodies
and immunohistochemistry conditions are listed in Table 2.
In brief, the sections were deparaffinized and treated with
a solution of 3% H,0, in 100% methanol for 10min at
room temperature to block endogenous peroxidase activity.

193




Table 2 Primary antibodies used in this study

Antibody Species Source Dilution
Anti-human cytoglobin Rb poly Our laboratory 1/100
Anti-human cytoglobin Mo mono Our laboratory 1/1000
Anti-rat cytoglobin Rb poly Qur laboratory 1/100
Anti-human cellular retinol-binding protein-1 Rb poly Santa Cruz 1/100
Anti-human ¢-smooth muscle actin Mo mono Dako 1/100
Anti-human thymocyte differentiation antigen 1 (Thy-1) Rb poly Abcam 1/100
Anti-mouse thymocyte differentiation antigen 1 (Thy-1) Mo mono Abcam 1/100
Anti-human fibulin-2 (FBLN2) ) Rb poly Sigma 1/200
Anti-human lymphatic vessel endothelial hyaluronan receptor-1 (LYVE-1) Rb poly Abcam 1/200

Mo mono, mouse monoclonal antibody; Rb poly, rabbit polyclonal antibody.

The sections were then preincubated with serum-free protein
block (Dako, Glostrup, Denmark) for 10 min at room tem-
perature and subsequently incubated with primary anti-
bodies in a dilution of 1:100 for 1h at room temperature.
Negative controls with no primary antibody were used to
assess nonspecific staining. The secondary antibodies used
included horseradish peroxidase-conjugated goat anti-rabbit
IgG (1:200; Dako), rabbit anti-goat IgG (1:200; Dako), and
rabbit anti-mouse IgG (1:200; Dako). The chromogen used
was 3,3'-diaminobenzidine (Dako). The resultant sections
were stained and analyzed using a BZ-8000 microscope
(Keyence, Osaka, Japan).

Subsequently, double immunofluorescence staining was
performed. After the paraffin sections were dewaxed, the
sections were incubated with a mixture of antibodies against
CYGB and o-SMA as described previously.?! After rinsing
in PBS, the sections were incubated with a mixture of
fluorochrome-conjugated secondary antibodies: AlexaFluor
488 goat anti-rabbit IgG (Molecular Probes, Eugene, OR,
USA) and AlexaFluor 594 goat anti-mouse IgG (Molecular
Probes). The sections were briefly washed and mounted with
ProLong Gold Antifade Reagent (Molecular Probes). The
resulting sections were stained and analyzed using a BZ-8000
microscope (Keyence).

Morphometry for Hepatic Fibrosis

For morphometric image analysis of hepatic fibrosis in
immunostaining, the areas of the liver sections that were
positive for Sirius red (red), «-SMA (brown), or Thy-1
(brown) were captured separately using a charge-coupled
device (CCD) camera connected to a macro digital filing
system (DP70 - BX-51; Olympus Corporation, Tokyo, Japan).
Images representing the whole biopsy section were acquired
at x 200 magnification and digitalized. These separately
captured and digitalized images were consolidated to create
one large image using e-Tiling (Mitani Corporation, Tokyo,
Japan). Collagen- or a-SMA-positive areas were measured
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using Lumina Vision 2.4 (Mitani Corporation) and were
calculated automatically. The hepatic fibrotic area (%) was
calculated as the area stained with the selected color divided
by the whole tissue area at x 100 magnification.?

In fibrotic livers, the number of CYGB- and CRBP-1-
positive stellate cells in each field was counted around fibrotic
portal tracts (F1 to F4 samples). The analysis was performed
on each 10-sample group of F1-F4 tissues using an average of
five fields per zone (1.4 mm?) (100 x objective). We counted
the cell bodies that stained positively and contained a
nucleus.

Cell Lines

The human HSC line LX-2 was donated by Dr Scott L
Friedman at the Mount Sinai School of Medicine (New York,
NY, USA).?? LX-2 cells were cultured on plastic dishes or glass
chamber slides in Dulbecco’s modified Eagle’s medium
(DMEM; Sigma Chemical, St Louis, MO, USA) supple-
mented with 10% fetal bovine serum (FBS; Invitrogen,
Carlsbad, CA, USA), 100U/ml penicillin, and 100 ug/ml
streptomycin. Huh7 cells (JCRB0403), which were obtained
from the Japanese Collection of Research Bioresources (JCRB)
Cell Bank (Osaka, Japan), were maintained on plastic culture
plates in DMEM supplemented with 10% FBS. In some
experiments, LX-2 cells were transfected with the pEGFP-
cytoglobin vector (Clontech, Mountain View, CA, USA) using
FuGENE HD (Roche, Applied Science, Indianapolis, IN,
USA). The cells were collected at 24 h after transfection.

Preparation of Primary Cultured Mouse Hepatic Stellate
Cells

Primary mouse stellate cells were isolated from 12- to
16-week-old male C57BL/6N mice (Japan SLC, Shizuoka,
Japan) by pronase—collagenase digestion and subsequent
purification with a single-step Nycodenz gradient, as
previously described.?> All animals received humane care.
The experimental protocol was approved by the Committee
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of Laboratory Animals, Osaka City University Medical
School, and was performed according to institutional guide-
lines. Isolated stellate cells were cultured on plastic dishes or
glass chamber slides in DMEM (Sigma Chemical) supple-
mented with 10% FBS (Invitrogen), 100 U/ml penicillin,
and 100 ug/ml streptomycin. The purity of the cultures was
determined based on observation of the characteristic stellate
cell shape using phase-contrast microscopy.

Quantitative Real-Time PCR

Total RNA was extracted from stellate cells using the RNeasy
Mini Kit (Qiagen, Valencia, CA, USA). cDNA was synthesized
as previously described.?* Gene expression was measured by
quantitative real-time PCR using ¢cDNA, THUNDERBIRD
SYBR gPCR Mix Reagents (Toyobo, Osaka, Japan), and a set
of gene-specific oligonucleotide primers. The reactions were
performed in an Applied Biosystems Prism 7500 Sequence
Detection System  (Applied Biosystems, Foster City,
CA, USA). The expression of glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was also measured as an internal
control.

Immunoblotting

Protein samples (30 ug) were subjected to 5-20% gradient
SDS-polyacrylamide gel electrophoresis (ATTO, Tokyo,
Japan) and transferred to Immobilon P membranes
(Millipore Corporation, Bedford, MA, USA). After blocking,
the membranes were probed with a primary antibody against
CYGB (1:1000; our laboratory), «-SMA (1:2000; Dako),
Thy-1 (1:1000; Abcam, Cambridge, UK), or GAPDH (1:2000;
Santa Cruz Biotechnology, Santa Cruz, CA, USA). The
membranes were then labeled with horseradish peroxidase-
conjugated secondary antibodies. Immunoreactive bands
were visualized using the ECL detection reagent (GE
Healthcare, Buckinghamshire, UK) and documented with an
LAS 1000 device (Fuji Photo Film, Kanagawa, Japan).

Data Analysis

The data are presented as bar graphs representing the
mean £ s.d. in all experiments. Statistical analyses were per-
formed using Student’s #-test. P<0.05 indicated statistical
significance.

RESULTS

Specificity of the Anti-CYGB Antibody

We previously generated rabbit polyclonal anti-rat CYGB
antibodies that stain stellate cells in intact and fibrotic
rat liver and other visceral organs.?> In the present study,
we newly generated rabbit polyclonal and mouse mono-
clonal antibodies against human CYGB in our laboratory.
Immunoblot analysis revealed that the rabbit polyclonal
antibodies detected purified recombinant human CYGB,?
which was provided by RIKEN (Harima, Hyogo, Japan), at
21kDa and EGFP-binding recombinant human CYGB
(generated in our laboratory) at 48kDa; however, the
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antibodies did not detect human albumin. LX-2 and Huh 7
cells expressed negligible levels of CYGB (Figure la). The
monoclonal antibody produced almost identical results (data
not shown).

Immunohistochemical Characterization of Intact Human
Liver

Intact human liver tissues were obtained by surgical resection
from patients with metastatic liver tumors or cholangio-
carcinoma, and the expression levels of CYGB, a-SMA,
Thy-1, and FBLN2 were determined (Figure 1). As shown
in Figure 1bA and B, the obtained tissue samples showed
negligible inflammatory cell infiltration and negligible
expansion of fibrotic areas. Immunostaining using the
polyclonal antibodies against human CYGB revealed positive
cells along the sinusoids throughout the lobule (Figure 1bC
and D). Similar results were obtained with the mono-
clonal antibody (Figure 1bE and F). The hepatocytes and
the cells in the portal areas were CYGB negative. CYGB-
positive cells were present in the serial sections, and
we identified these cells as stellate cells because an enlarged
view revealed that they were located between the hepatocytes
and the lumen of the sinusoids. In addition, these cells
contained lipid droplets in their cytoplasm, and their
cytoplasmic processes expanded along the sinusoids
(Figure 1bD and F).

Immunohistochemistry was further performed on intact
human liver samples using antibodies against CRBP-1,
o-SMA, FBLN2, and Thy-1. In the liver parenchyma, strong
expression of CRBP-1 was observed along the sinusoids
(Figure 2a). An enlarged view showed that CRBP-1-positive
cells contained lipid droplets, indicating that they were
hepatic stellate cells. There were no CRBP-1-positive cells
around the portal area. Instead, o-SMA-positive cells
predominated; these cells also existed in the walls of the
vessels, but not along the hepatic sinusoids (Figure 2b).
In addition, the regions adjacent to the portal vein contained
limited numbers of cells that stained for FBLN2 or Thy-1
(Figure 2c and d), which are also biomarkers of myo-
fibroblasts.

Taken together, these findings indicate that CYGB and
CRBP-1 are uniquely expressed in hepatic stellate cells in the
intact human liver, whereas myofibroblast markers such as
o-SMA, FBLN2, and Thy-1 are locally present in cells around
the portal tract.

Immunohistochemistry of CD68, LYVE-1, and CRBP-1

in Relation to CYGB

CD68 is a glycoprotein that binds to low-density lipoprotein
and is expressed by monocytes and macrophages. Kupffer
cells are positive for CD68.27 We found that spindle-shaped
CD68-positive cells were present in the sinusoids in the
intact human liver, indicating that these cells were Kupffer
cells. These cells were predominantly located along the
sinusoids (Figure 3a). Double immunofluorescence staining
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