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Table 4 Univariate and multivariate analyses of survival in hepatocellular carcinoma patients

Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value
Gender (male) 1.42 (0.77-2.62) 0.272
Age (>65 years) 0.83 (0.50-0.84) 0.497
Child-Pugh class (B) 2.34 (1.37-4.01) 0.002 1.81 (1.01-3.25) 0.046
Platelet count (x 10%/L) (>120) 2.08 (1.24-3.49) 0.006
VEGF (=100 pg/mL) 2.94 (1.63-5.30) <0.001 242 (1.33-4.38) 0.004
AFP (ng/mL) (>1000) 1.01 (0.60-1.68) 0.980
DCP (AU/mL) (=1000) 0.86 (0.49-1.50) 0.590
Previous treatment (yes) 0.85 (0.49-1.48) 0.569
Maximum tumor size (mm) (>100) 2.25 (1.35-3.76) 0.002
Macroscopic finding (infiltrative) 1.42 (0.85-2.38) 0.178
Tumor location (bilobular) 1.89 (1.09-3.27) 0.023
Grade of portal vein invasion (trunk) 2.87 (1.61-5.12) <0.001
Grade of hepatic vein invasion (present) 1.31 (0.72-2.39) 0.385
Therapeutic effect (SD + PD) 2.93 (1.68-5.13) <0.001 246 (1.31-4.62) 0.005

HR hazard ratio, 95% CI 95% confidence interval, SD stable disease, PD progressive disease, VEGF vascular endothelial growth factor, AFP

alpha-fetoprotein, DCP des-gamma-carboxy prothrombin

prognosis [5, 6]. HAIC using various chemotherapeutic
regimens has been recognized to be a useful therapeutic
modality for advanced HCC with MVI [7-12]. The com-
bination of CDDP and 5-FU is one of the most common
HAIC regimens and was used in the present study. Ando
et al. and Lai et al. reported respective response rates of 48
and 33%, and MSTs of 10.2 and 9.5 months, from their
HAIC studies that used low-dose CDDP and 5-FU [8, 13].
In the present study, patients with advanced HCC with
MVI underwent short-term HAIC (2-3 weekly courses)
using low-dose CDDP and 5-FU, and the response rate and
MST were 35% and 10.2 months, respectively. Thus, our
study demonstrated efficacy of HAIC similar to that shown
by Ando et al. and Lai et al. [8, 13], although the treatment
was short-term.

There have not been any previous studies that have
clarified the predictors of therapeutic effect in patients
with advanced HCC undergoing HAIC. In the present
study, we evaluated various factors to determine which
ones were predictive of a therapeutic effect following
HAIC. By multiple logistic regression analysis, the serum
VEGF level was found to be the only independent pre-
dictor of therapeutic effect. High VEGF levels have been
recently shown to be independent markers for predicting
poor response to chemotherapy in other studies of patients
with various cancers [23-25]. Angiogenesis promotes the
development and growth of tumors, including HCC, and
VEGEF is known to be the most important factor in tumor
angiogenesis [16]. In contrast to a healthy vasculature,
tumor vessels are known to be highly abnormal both
structurally and functionally [26, 27]. These abnormal
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tumor vessels are characterized by irregular, disorganized,
and tortuous architecture and are very dysfunctional. The
network of abnormal tumor vasculature exhibits remark-
able spatial and temporal heterogeneity. These abnormal-
ities not only impair the delivery and perfusion of
chemotherapeutic drugs, but also result in a hypoxic
environment [28]. Hypoxia induces chemotherapy-resis-
tant tumor cells [29]. Thus, an enlarged abnormal tumor
vascular network caused by a high serum VEGF level may
lead to resistance to HAIC. Moreover, we showed that in a
patient with a high serum VEGF level and poor response
to HAIC, the tumor tended to appear as hypovascular and
heterogeneous on contrast-enhanced CT. This finding
indicates the presence of an abnormal tumor vascular
network in patients with high serum VEGF levels.
Therefore, while patients with low serum VEGF levels are
suitable for HAIC monotherapy, patients with high serum
VEGF require more effective therapy, not only for the
tumor cells, but also for disease with abnormal vascula-
ture. A previous study has reported that antiangiogenic
therapy can normalize tumor vasculature [26], which could,
theoretically, lead to the increased delivery of oxygen and
chemotherapeutic drugs. VEGF is an important molecular
target of antiangiogenic therapy. VEGF-targeting agents
such as the monoclonal antibody bevacizumab and the
multikinase inhibitor sorafenib, which targets VEGF
receptors 1, 2, and 3, have been recently approved for use
in advanced HCC [30, 31]. Therefore, we suggest that in
patients with high serum VEGF levels, the response to
HAIC may be improved by adding anti-VEGF agents to the
treatment regimen.
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Fig. 6 a Cumulative survival of patients by therapeutic effect. The
median survival times (MSTs) of responders [complete response
(CR) + partial response (PR)] and nonresponders [stable disease
(SD) + progressive disease (PD)] were 21.7 and 7.2 months, respec-
tively (P = 0.0001). b Cumulative survival of patients by serum
vascular endothelial growth factor (VEGF) level. The MSTs of
patients with serum VEGF levels of <100 and >100 pg/mL were 16.8
and 5.8 months, respectively (P = 0.0002). ¢ Cumulative survival of
patients by Child-Pugh class. The MSTs of patients with Child-Pugh
class A and B cirrhosis were 164 and 7.4 months, respectively
(P = 0.0014)

We demonstrated that the serum VEGF level was pos-
itively correlated with platelet count and tumor size. Sev-
eral studies have shown that the degree of elevation of
serum VEGF level was positively correlated with tumor
size and HCC tumor stage [17-20]. Poon et al. [32] dem-
onstrated that there was significantly higher VEGF mRNA
expression in tumors than in normal liver tissues, and there
was a significant correlation of VEGF mRNA expression
with VEGF protein expression in tumors. They also found
that both tumor cytosolic VEGF protein and VEGF mRNA
increased significantly with advancing tumor stage [32].
Platelets contain several angiogenic growth factors that are
released by platelet activation, and these factors affect
processes such as wound healing and tumor growth. Large
amounts of VEGF are stored in platelet a-granules [33].
Previous studies have reported significantly elevated serum
VEGF levels that correlated with platelet counts in HCC
patients [19, 32]. Poon et al. [32] demonstrated that, when
corrected for platelet count, the amount of serum VEGF
per platelet indicated the release of VEGF by platelets, and
the amount of serum VEGF per platelet was significantly
correlated with tumor VEGF protein level. The increased
serum VEGF level per platelet and increased serum VEGF
level were also associated with advancing tumor stage [32].
These results suggest that VEGF released from tumor cells
is stored and transported by platelets in the bloodstream,
and that this reservoir of VEGF may have a role in tumor
angiogenesis and progression. Moreover, these reports
support our results indicating that platelet count and tumor
size are simple and useful markers for identifying patients
with high serum VEGF levels.

In the present study, multivariate analysis demonstrated
that 3 factors, the therapeutic effect produced by HAIC,
serum VEGF level, and Child-Pugh classification, were
independent prognostic factors. Several studies have
reported that the therapeutic effect was a significant prog-
nostic factor in patients with advanced HCC who were
treated using HAIC [8, 11-13]. The results of these studies
demonstrated that the short-term reduction or disappear-
ance of intrahepatic tumor, including MVI, and/or contin-
uation of this state, were the main factors associated with
prolonged survival of patients treated with HAIC. Our
results demonstrating a significant association between the
serum VEGF level and the therapeutic effect of HAIC
suggest that high serum VEGF results in poor response to
HAIC, active angiogenesis, rapidly progressive disease,
and, ultimately, poor survival. Moreover, previous studies
have shown that hepatic function was an independent
prognostic factor in patients with HCC [6, 8, 11-13].
Hepatic reserve is important for the hepatic extraction and
metabolism of HAIC agents. In the present study, liver
dysfunction necessitating the suspension or discontinuation
of HAIC occurred more frequently in patients with Child—
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Pugh class B than in patients with Child—Pugh class A;
therefore, we presume that liver function is an important
predictor of survival. ‘

In conclusion, this study demonstrated that the serum
VEGF level was an important predictive factor of thera-
peutic effect and survival in patients with advanced HCC
undergoing HAIC for the first time. Moreover, our results
suggest that platelet count and tumor size are simple and
useful markers for predicting the serum VEGF level. Based
on these results, additional study evaluating VEGF and
HAIC in the management of patients with advanced HCC
with MVI is warranted.
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Abstract

Background: Sorafenib, an oral multikinase inhibitor, was
approved for the treatment of advanced hepatocellular car-
cinoma (HCC), but has not been adequately evaluated for
safety and effectiveness in Japanese patients with advanced
HCC. Aims: The purpose of this study was to prospectively
assess the efficacy, safety, and risk factors for survival in pa-
tients with advanced HCC treated with sorafenib. Methods:
Between May 2009 and December 2010, 96 Japanese pa-
tients with advanced HCC (76 male, 20 female, mean age:
70.4 years) were treated with sorafenib. Eighty-eight pa-
tients had Child-Pugh class A, and 8 patients had Child-Pugh
class B liver cirrhosis. Barcelona Clinic Liver Cancer stage B
and C were found in 64 and 32 patients, respectively. Re-
sults: Twelve patients demonstrated partial response to
sorafenib therapy, 43 patients had stable disease, and 33 pa-
tients had progressive disease at the first radiologic assess-
ment. The most frequent adverse events leading to discon-

tinuation of sorafenib treatment were liver dysfunction (n =
8), hand-foot skin reaction (n = 7), and diarrhea (n = 4). The
median survival time and time to progression were 11.6 and
3.2 months, respectively. By multivariate analysis, des-y-car-
boxy prothrombin serum levels and duration of treatment
were identified as independent risk factors for survival. Con-
clusions: This study showed that sorafenib was safe and use-
ful in Japanese patients with advanced HCC. In addition, this
study demonstrated that sorafenib should be administered
as a long-term treatment for advanced HCC regardless of
therapeutic effect and dosage.

Copyright © 2012 S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is one of the most
common malignancies in the world [1-3]. Recent advanc-
esinimaging have enabled an increased detection rate for
early-stage HCC. By detecting HCC at an early stage, cu-
rative therapies, such as hepatic resection, liver trans-
plantation, and radiofrequency ablation, are possible,
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which improve patient survival rates [4, 5]. In Japan,
transarterial chemoembolization is an important loco-
regional treatment for patients with unresectable HCC
[6]. However, long-term survival remains limited due to
high rates of recurrence, even after these curative thera-
pies [7, 8]. In particular, the development of advanced
HCC with macroscopic vascular invasion or extrahepat-
ic metastasis greatly reduces survival rates as effective
systemic therapies have not been developed to date [9-11].

Recently, sorafenib, an oral multikinase inhibitor, has
become available as a new molecular targeted therapy for
advanced HCC. The magnitude of the benefit obtained
with sorafenib (25-35% decreased risk of death) is similar
to that observed with trastuzumab in breast cancer, be-
vacizumab in colon cancer, or erlotinib in lung cancer
[12-14]. Sorafenib has been shown to suppress tumor
growth and angiogenesis by inhibiting the Raf/MEK/
ERK signaling pathway and by inhibiting receptor tyro-
sine kinases, such as vascular endothelial growth factor
receptor (VEGFR)-1, VEGFR-2, and VEGFR-3, and plate-
let-derived growth factor receptor- (PDGEFR-B) [15].

The introduction of sorafenib has changed the standard
systemic therapy for advanced HCC, as demonstrated by
the recent positive results from randomized controlled tri-
als, and this new treatment was approved in Japan in May
2009 [16, 17]. These results, proving the efficacy of mo-
lecular targeted therapies for liver cancer, have triggered
the search for additional molecular agents to further im-
prove patient survival. However, concerns regarding the
development and approval of new molecular targeted ther-
apies, including sorafenib, include the inclusion and exclu-
sion criteria for the trials and frequent adverse events. The
SHARP trial was conducted at 121 centers in 21 countries
in Europe, North America, South America, and Austral-
asia [16], and 23 centers in China, South Korea, and Taiwan
were enrolled in the Asia-Pacific study 18], but no trials
have been performed in Japan. Moreover, these studies did
not primarily include patients infected with hepatitis C vi-
rus (HCV). In Japan, >70% of HCC cases are related to
chronic liver disease with HCV infection. Therefore, in
this study, we prospectively assessed the efficacy and safe-
ty of sorafenib and identified the factors associated with
improved survival in Japanese patients with advanced
HCC primarily due to HCV infection.

Patients and Methods

Patients
Eligibility criteria for this study were as follows: (1) Eastern
Cooperative Oncology Group (ECOG) performance status of 0-1;
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(2) measurable disease using the Response Evaluation Criteria in
Solid Tumors (RECIST); (3) Child-Pugh class A or B; (4) leukocyte
count =2,000/mm?; (5) platelet count =50 X 10%/1; (6) hemoglo-
bin level =8.5 g/dl; (7) serum creatinine level <1.5 mg/dl, and (8)
no ascites or encephalopathy. Between May 2009 and December
2010, 96 patients diagnosed with advanced HCC were included in
this study. HCC was either confirmed on histology or diagnosed
using noninvasive criteria according to the European Association
for the Study of Liver. Included patients were treated with sorafenib
at 1 of the 12 experienced member institutions of the Kurume
Liver Cancer Study Group of Japan: Asakura Medical Association
Hospital, Chikugo City Hospital, Kurume Daiichi Social Insur-
ance Hospital, Kurume University Medical Center, Kurume Uni-
versity School of Medicine, Kyushu Medical Center, Omuta City
Hospital, Saga Social Insurance Hospital, Social Insurance Taga-
wa Hospital, St. Mary’s Hospital, Tobata Kyouritsu Hospital, or
Yame General Hospital. The primary outcome of this study was
overall survival time. Overall survival time was defined as the
time from sorafenib initiation to the date of death or the patient’s
last follow-up. Relevant data from the patients’ clinical records,
including history, laboratory results, radiologic findings, histo-
logic results, and survival data, as well as the dosage and adverse
events associated with sorafenib therapy, were prospectively
collected. The study protocol was approved by University
hospital Medical Information Network (UMIN) Center (No.
UMIN000007427) and conformed to the guidelines of the 1975
Declaration of Helsinki. Patients were given full information re-
garding the details of the clinical study, and they provided written
informed consent prior to participation in the study.

Diagnosis of Intrahepatic Lesions and Extrahepatic Metastasis

Intrahepatic lesions and vascular invasion were diagnosed us-
ing a combination of contrast-enhanced computed tomography
(CT), magnetic resonance imaging (MRI), ultrasonography, and
digital subtraction angiography. In addition, determination of a-
fetoprotein (AFP), Lens culinaris agglutinin-reactive fraction of
AFP (AFP-L3), and des-y-carboxy prothrombin (DCP) serum lev-
els was performed up to 1 month prior to treatment. Intra-abdom-
inal metastases were detected on abdominal CT, MRI, and ultra-
sonography, which were performed to evaluate intrahepatic le-
sions. Pulmonary lesions were detected on chest radiography or
chest CT, which were routinely performed up to 1 month prior to
treatment. Additional examinations, such as bone scintigraphy
and brain CT or MRI, were indicated when symptoms attributable
to extrahepatic metastasis appeared. These examinations were
also undertaken when AFP, AFP-L3, or DCP were elevated, and
the elevation could not be accounted for by the status of the intra-
hepatic lesions [11]. Tumor stage was classified according to the
Barcelona Clinic Liver Cancer (BCLC) staging classification [19].

Sorafenib Treatment

An initial sorafenib dose of 400 mg was orally administered
twice daily. Discontinuation and dose reduction were based on
tolerance. Side effects of sorafenib were determined via the Na-
tional Cancer Institute’s Common Terminology Criteria for Ad-
verse Events (CTCAE), version 3.0 [20]. Treatments were discon-
tinued upon development of grade 3 or higher adverse events ac-
cording to CTCAE classification with the exception of platelet
counts and leukocyte counts of <25 X 10°/1 and <1,500/mm?,
respectively.
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Table 1. Baseline clinical characteristics

Patient characteristics n

Age, <70/270 years 39/57
Sex, male/female 76/20
Etiology, HBV/HCV/both negative 20/59/17
Child-Pugh class, A/B 88/8
BCLC stage, B/C 64/32
AFP, <1,000/21,000 ng/ml 62/34
DCP, <1,000/21,000 mAU/ml 49/47

HBV = Hepatitis B virus.

Assessment of Tumor Response

To assess tumor response, 4 weeks after beginning the admin-
istration of sorafenib and every 4-6 weeks thereafter, an imaging
study was performed. Tumor response was evaluated according
to the RECIST criteria, version 1.1 [21] as follows: complete re-
sponse, all measurable lesions disappeared for >4 weeks; partial
response (PR), the sum of the diameters of the largest target le-
sions decreased by >30% and there was no development of a new
lesion for >4 weeks; progressive disease (PD), the sum of the Jarg-
est diameters increased by >20% or a new lesion appeared, and
stable disease, neither PR nor PD was seen [22]. Cancer in patients
who died before their first radiographic assessment was classified
as PD. The time to radiologic progression was defined as the time
from sorafenib initiation to disease progression. Data from pa-
tients who died without tumor progression were censored. The
disease control rate was defined, on the basis of independent ra-
diologic review, as the percentage of patients whose best-response
RECIST rating of complete response, PR, and stable disease was
maintained for at least 30 days after the first demonstration of that
rating.

Statistical Analysis

Baseline patient characteristics were analyzed using descrip-
tive statistical methods. Survival curves were calculated via the
Kaplan-Meier method. Univariate survival curves were com-
pared using the log-rank test. A p value <0.05 was considered sta-
tistically significant. All analyses were performed using the sta-
tistical software package SPSS (IBM, Armonk, N.Y., USA). The
Cox proportional hazards model was used to evaluate the interac-
tion between baseline characteristics and the effect of sorafenib
on overall survival.

Results

Patient Characteristics

There were 76 male (79%) and 20 female (21%) pa-
tients, with a mean age of 70.4 (range 33-87) years (ta-
ble 1). Chronic HCV infection was the predominant cause
of liver disease (n = 59; 61%), followed by chronic hepati-
tis B virus infection (n = 20; 21%). Eighty-eight (92%) pa-
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tients had Child-Pugh class A, and 8 (8%) patients had
Child-Pugh class B liver cirrhosis. With respect to tumor
stage, 64 (67%) patients had stage B disease and 32 (33%)
patients had stage C disease, according to the BCLC stag-
ing classification [19]. The most frequent sites of extrahe-
patic metastases were the lung (n = 41), bone (n = 14), and
lymph nodes (n = 12). Prior to sorafenib therapy, 88 (92%)
patients had been treated with surgical, loco-regional, or
pharmacologic therapies. Of these 88 patients, 48 re-
ceived transcatheter arterial infusion chemoemboliza-
tion, 34 received hepatic arterial infusion chemotherapy,
25 underwent hepatic resection, and 23 patients under-
went radiofrequency ablation.

Overall Response and Efficacy

The mean duration of oral treatment was 4.2 (range
0.1-16.2) months, and the mean follow-up duration was
6.4 (range 0.1-16.2) months. Forty (42%) patients died
during the observation period, whereas 56 (58%) patients
were alive at the end of the follow-up period. At the first
radiologic assessment, 12 (13%) patients showed PR, 43
(45%) patients showed stable disease, and 33 (34%) pa-
tients showed PD; 8 (8%) patients had no follow-up radio-
logic evaluation and were not included in further analysis.

Treatment Compliance

Performance status was used to determine initial
sorafenib dose at the discretion of each chief physician.
Fifty-eight patients with a performance status of 0 started
treatment with 800 mg sorafenib daily and 38 patients
with a performance status of 1 began with a 400-mg dai-
ly dose of sorafenib. Dose reduction was necessary in 40
patients during treatment. By December 2010, the end of
the follow-up period, 71 patients had discontinued treat-
ment. The reasons for discontinuation were adverse
events (36 patients), radiologic and symptomatic progres-
sion (27 patients), and deterioration in performance sta-
tus (8 patients). The mean duration of treatment, prior to
discontinuation, was 3.5 (range 0.1-15.5) months.

Treatment-Related Toxicities

Hand-foot skin reaction (HFSR) was the most trouble-
some adverse event in our series, occurring in 49 (51%)
patients. Other frequent toxicities included diarrhea (n =
23;24%), alopecia (n = 13; 14%), liver dysfunction (n = 13;
14%), and fatigue (n = 11; 11%). The most frequent adverse
events leading to discontinuation of sorafenib treatment
were HESR (n = 7; 7%), diarrhea (n = 4; 4%), and liver dys-
function [n = 8; 8%; 7 patients with Child-Pugh class A
disease (8%) and 1 with Child-Pugh class B (13%)]. In par-
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