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‘Table 1. Patient characteristics classified by their responses to previous PEG-IFN/RBV

wmcql?fgbinaﬁon therapy

Naive Relapser Null responder

N=59 N=30 N=21 P
62.3+11.5 62.7+9.1 61.2+£7.7 0.719
35/24 16/14 9/12 0.427
354+12.6 43.9+534 453+ 14.6 0.008
34.6 £ 18.5 453 +£73.2 51.8+23.5 <0.00!1
15.1+£5.6 143+£3.8 13.8+4.8 0.582
g 42+04 43403 42+05 0.334
- yGTP (IUL) 352+37.7 37.6 £45.1 67.1+552 <0.001
. AFP (ng/ml) 57+63 45+3.6 14.7+29.0 <0.001
‘Cfire aa70R 35 (59.3%) 23 (76.7%) 6 (28.6%) 0.003
Coreaa 91 L 41 (69.5%) 18 (60.0%) 14 (66.7%) 0.672
14 (23.7%) 5(16.7%) 2 (9.5%) 0.340
29 (49.2%) 13 (43.3%) 8 (38.1%) 0.181
38 (64.4%) 27 (90.0%) 6 (25.6%) - <0.001

This article is protected by copyright. All rights reserved.
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g
g

Table 2. Amplicon read numbers obtained by deep sequencing

N Average reads * SD*(range) / sample
59 3603.9 + 1758.4 (655-10293)

30 3980.4 + 3295.9 (445-14330)
21 4601.6 + 2385.5 (1187-9579)

7 5448.3 + 1299.1 (2277-7000)

This article is protected by copyright. All rights reserved.
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Table 3. Presence of daclatasvir-resistance amino acid substitutions in daclatasvir-treatment naive

p 4fiments, determined by deep sequencing

Naive Relapser Nuli Naive Naive Relapser

responder vs. vs. Vs,

Relapser Null Null

. N =59 N=30 N=21 p p p
& e %L}31 M/VIF %, median (range) *  2.0(0.0-99.8)  4.1(0.0-100.0)) 0.2 (0.0-3.4) 0.895 0.295 0.317
o gg with L31MIVIF (%)* * 8 (13.6%) 4 (13.3%) 1(4.8%) 1000 0510 0.612
*f;ff;a é%ﬂ %, median (range) * 0.0(0.0-0.0) 0.0 (0.0-0.0 0.0 (0.0-0.0) 1.000 1.000 1.000
)\

PE@E with P32L (%)™ * 0 (0%) 0 (0%) 0 (0%) 1.000 1.000 1.000
%3H %, median (range) * 11.7 (0.0-99.1)  7.9(0.0-100.0) 4.1(0.0-45.3) 0.824 0.190 0.301
s with YO3H (%)** 21 (35.6%) 10 (33.3%) 3(14.3%) 1.000 0.112 0.224

This article is protected by copyright. All rights reserved.
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Univariate and multivariate analysis of factors associated with NS5A-Y93H

NS5A-Y93H substitution Univariate Analysis (N = 110) Multivariate Analysis (N = 110)
No'. of Positive Negative
patients Odds Ratio (95% Cl)  p Value Odds Ratio (95% Cl}  p Value
(N=34) (N=76)
265 48 16 (47.1%) 32 (42.1%) 1.22 (0.54-2.76) 0.629
50 16 (47.1%) 4 (44.7%) 1.10 (0.49-2.47) 0.821
241 38 11 (32.4%) 27 (35.5%) 0.87 (0.37-2.05) 0.746
A 241 33 9 (26.5%) 4 (31.6%) 0.78 (0.32-1.92) 0.590
Platelets (x104/mm3) <12 35 12 (35.3%) 3 (30.3%) 1.43 (0.61-3.33) 0.601
Albumm (gidl) <4 25 9 (26.5%) 16 (21.1%) 0.69 (0.28-1.70) 0.422
vGTP (luLy 241 30 10 (29.4%) 20 (26.3%) 1.25 (0.51-3.08) 0.628
A g 210 16 5(14.7%) 11 (14.5%) 1.02 (0.32-3.20) 0.974
IL28B TT 7 29 (85.3%) 42 (55.3%) 4.70 (1.64-13.43) 0.004 3.67 (1.05-12.88) 0.042
Coreaa70 R 64 25 (73.5%) 39 (51.3%) 2.64 (1.09-6.38) 0.032 1.19 (0.40-3.55) 0.759
Coreaa91 L ' 73 24 (70.6%) 49 (64.5%) 1.32 (0.55-3.17) 0.531
ISD%* 22 21 8 (23.5%) 13 (17.1%) 1.49 (0.55-4.02) 0.430
IRRDR** 25 54 23 (67.5%) 32 (42.1%) 2.88 (1.23-6.73) 0.015 2.37 (0.98-5.74) 0.056
NS5A L31 MIVIF  positive 11 2(5.9%) 9 (11.8%) 0.46 (0.10-2.28) 0.345
Histsfr“y of IFN therapy 59 21 (61.8%) 38 (50.0%) 1.62 (0.71-3.69) 0.255
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Impaired brain activity in cirrhotic patients with
minimal hepatic encephalopathy: Evaluation by

near-infrared spectroscopy
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Aim: Near-infrared spectroscopy (NIRS) is a tool that could
non-invasively measure the regional cerebral oxygenated
hemoglobin (oxy-Hb) concentration with high time resolution.
The aim of the present study is to reveal the time-dependent
regional cerebral oxy-Hb concentration change coupled
with brain activity during task performance in patients with
minimal hepatic encephalopathy (MHE).

Methods: Cerebral oxy-Hb concentration was measured by
using NIRS in 29 cirrhotic patients without overt hepatic
encephalopathy (HE). Of those, 16 patients who had abnormal
electroencephalography findings were defined as having
MHE. Responsive increase in oxy-Hb during a word-fluency
task was compared between MHE and non-MHE patients.

Results: There was no difference in the maximum value of

oxy-Hb increase between patients with and without MHE
(0.26 £0.12 vs 0.32+0.22 mM-mm, P =0.37). However, the

pattern of the time course changes of oxy-Hb was different
between the two groups. The MHE group was characterized
by a gradual increase of oxy-Hb throughout the task com-
pared to steep and repetitive increase in the non-MHE group.
Increase in oxy-Hb concentration at 5 s after starting the task
was significantly small in the MHE group compared to the
non-MHE (0.03 £ 0.05 vs 0.11 £ 0.09 mM-mm, P = 0.006).

Conclusion: The cerebral oxygen concentration is poorly
reactive in response to tasks among cirrhotic patients without
overt HE but having abnormal electroencephalography find-
ings. These impaired responses in regional cerebral oxy-Hb
concentration may be related to the latent impairment of
brain activity seen in MHE.

Key words: hepatic encephalopathy, near-infrared
spectroscopy

INTRODUCTION

EPATIC ENCEPHALOPATHY (HE) is a major
complication of liver cirrhosis. Apart from
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clinically overt HE (OHE), minimal HE (MHE) is
troublesome because it is associated with reduced
quality of life (QOL), reduced cognitive function,
lowered work efficiency, higher risk of progression to
OHE and may be a cause of traffic accidents."> MHE
treatment can improve QOL, driving capability and pro-
gression of OHE.*% Adequate diagnosis of MHE and
early therapeutic intervention are precluded by the lack
of reliable diagnostic standards, and HE is usually diag-
nosed only after the presentation of overt symptoms.
For the diagnosis of MHE, neuropsychological function
tests, such as number connection test, light/sound
reaction time, inhibitory control test, Wechsler adult
intelligence scale (WAIS) or electro-psychological tests
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including electroencephalography (EEG), cerebral
evoked potential, p300 event-related potential, psycho-
metric hepatic encephalopathy score (PHES) and critical
flicker test”"'* have been employed. Diagnostic specific-
ity can be improved by combining these tests, but com-
plexity becomes a major disadvantage.

Recent advances in diagnostic imaging, such as
positron emission tomography (PET) and functional
magnetic resonance imaging (fMRI), made it possible
to map brain function in tomographic images with high
space and time resolutions. Recent study using PET'®
revealed that the primary event in the pathogenesis of
OHE is inhibition of cerebral energy metabolism evi-
denced by reduced cerebral oxygen consumption and
reduced cerebral blood flow. Whether the same mecha-
nism could be applied to MHE is not known. Near-
infrared spectroscopy (NIRS) is a tool that could
non-invasively measure the cerebral blood volume as
an oxygenated hemoglobin (oxy-Hb) concentration.
The space and time resolution of NIRS is equivalent or
higher than that of PET and fMRI. Moreover, NIRS is
highly portable, does not have any restriction in the
posture and flexible in setting tasks. Therefore it is pos-
sible to perform tests in a natural environment and to
evaluate brain function as reflected by the dynamic
changes in regional cerebral oxy-Hb concentration in
response to a given task. The latter may be especially
important to disclose a latent abnormality of brain
function.

Recent study suggested that astrocytes regulate the
cerebral blood flow and provide the oxy-Hb to the
activation site of the brain.'’-*? In hepatic encephalopa-
thy patients, function of astrocyte is impaired which
may lead to cerebral oxygen consumption and blood
flow.'¢2°-22 We hypothesized that clinically latent abnor-
mality of brain function in MHE also may be linked to

Table 1 Patient characteristics

Hepatology Research 2013

the impairment of adequate increase in cerebral energy
metabolism in response to the stimulation for activating
the brain due to impaired function of astrocytes. In
the present study, we used NIRS to evaluate the latent
abnormality of brain function in patients with MHE, by
measuring the increase of regional cerebral oxy-Hb con-
centration in response to task stimulation.

METHODS

Patients

TOTAL OF 29 liver cirthosis patients without OHE

were enrolled. The underlying etiology of liver
disease was hepatitis C virus infection in 19 patients,
hepatitis B virus infection in two, alcoholic liver disease
in five and other liver disease in three. All participants
were examined by two psychiatrists to exclude mental
disorders. No patient had any history of taking antide-
pressants or other psychotropic drugs. Subjects were
examined by brain MRI or brain CT and they had no
apparent brain structural disease including brain infarc-
tion. The study was performed in accordance with the
Declaration of Helsinki and approved by the ethics com-
mittee of Musashino Red Cross Hospital and National
Center of Neurology and Psychiatry. Informed consent
was obtained from each subject. MHE was defined as
those who had abnormal EEG findings. According to
this definition, 16 patients were assigned to the MHE
group and 13 were assigned to the non-MHE group.
Table 1 shows the clinical characteristics of patients. The
age and sex ratio did not differ between groups.

NIRS measurements

Concentration of oxy-Hb was measured by a 52-channel
NIRS machine (Hitachi ETG4000; Hitachi Medical,

MHE (n=16) Non-MHE (n=13) P-value
Age 67.9£8.9 70.1+10.2 0.53
Sex (M/F) 7/9 7/6 0.72
Albumin (g/dL) 2.68+0.39 3.63+0.47 <0.0001
T-Bil (mg/dL) 1.83£1.22 0.88£0.34 0.011
PT% 64.5+10.8 85.2+12.7 <0.0001
Child-Pugh (A/B/C) 0/9/7 11/2/0 <0.0001
Etiology (HC/HB/Alc/Others) 8/2/4/2 11/0/1/1 0.28
NH3 (mmol/L) 90.1+64.3 40.1£18.3 0.012

Alc, alcoholic liver disease; HB, hepatitis B; HC, hepatitis C; MHE, minimal hepatic encephalopathy; PT%, prothrombin time

percentage; T-Bil, total bilirubin.

© 2013 The Japan Society of Hepatology
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Tokyo, Japan). NIRS detects changes in brain activity
by capturing increases in regional cerebral blood flow
caused by neural activity. For each channel, an optic
fiber device is connected to an application probe that is
placed on the subject’s scalp. The 52 channels cover the
frontal lobe, upper temporal lobe and anterior parietal
lobe of the brain (Fig. 1). The near-infrared light pen-
etrates the scalp and skull, passes through the brain
tissue, and is partially absorbed by oxy-Hb. The reflected
light is detected by a probe positioned 30 mm away
from the application probe. The changes in concentra-
tion of oxy-Hb can be calculated by measuring reflected
light*® In this study, the results measured by the
seven channels which were previously reported to be
diagnostic for mental disorders; (channels 36-38 and
46-49)*% were selected for the analysis. The time-
dependent changes in oxy-Hb concentration in each of
these seven channels were compared between MHE and
non-MHE patients. The sum of increase in oxy-Hb con-
centration in these seven channels was calculated and
compared between MHE and non-MHE patients. For
this analysis, increase of oxy-Hb at 5s and maximum
increase were used.

Activation task

A word-fluency task was used to stimulate frontal lobe
activity. Subjects were instructed to generate as many
words as possible with a given letter. For example, with

Figure 1 Near-infrared spectroscopy.
An optic fiber device connected to a
probe is placed on the subject’s scalp
covering the frontal to temporal
regions. The relative concentration of
oxygenated hemoglobin (oxy-Hb) was
measured every 0.1s during word-
fluency testing.

NIRS for minimal hepatic encephalopathy 3

a task involving “naming words starting with the letter
‘T"”, subjects were given 20 s to say as many words as
they could starting with the letter “T”, such as “tomato”,
“tail” and “tea”. Three tasks were presented for a total of
60 s. During the word-fluency test, the real-time changes
in the oxy-Hb concentration were measured at each
channel. Data are expressed as a wave form as well as in
the form of topographic images.

Statistical analysis

The SPSS software package ver. 15.0 (SPSS, Chicago, IL,
USA) was used for statistical analysis. Categorical data
were analyzed using Fisher's exact test. Continuous vari-
ables were compared with Student’s t-test. A P-value of
less than 0.05 was considered statistically significant.

RESULTS

HE NUMBER OF words generated by the word-

fluency task did not differ significantly between the
MHE and non-MHE groups (10.8£3.4 vs 10.7+2.5
words, P=0.93). Figure 2 shows the time-dependent
changes in the oxy-Hb concentration during the task in
the representative seven channels. The average value of
the seven channels (36-38 and 46-49) is shown in
Figure 2. These changes reflected frontal lobe activation
by the word-fluency test and correspondingly elevated
cerebral blood flow in the frontal lobe. In the non-MHE

© 2013 The Japan Society of Hepatology
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Figure 2 Time-dependent changes in oxygenated hemoglobin (oxy-Hb) concentration in response to tasks. The average waveforms
of time-dependent changes in oxy-Hb concentration in representative channels (Ch) are shown. The solid and broken line
represents non-minimal hepatic encephalopathy (MHE) and MHE groups, respectively. The area between the two vertical lines

corresponds to the 60 s of the word-fluency test.

group, the oxy-Hb concentration increased immediately
after the start of the task, remained high with repetitive
steep peaks during the task, and decreased after the
end of the task. In contrast, the time course of oxy-Hb
changes was somewhat different in the MHE group,
characterized by a slow increase of oxy-Hb throughout
the task, gradually reaching a plateau at the end of the
task (Fig. 2). These differences in the degree of oxy-Hb
changes also could be visualized by the topographic
presentation. In the topographic image, increase of
oxy-Hb concentration is expressed as a deepening of
the red shading. Figure 3 shows a topographic image
showing the increase in oxy-Hb concentration in
response to a task. The image in Figure 3 is the average
value (arithmetic mean topographic image) of all
patients. The concentration of oxy-Hb is small in the
MHE group, as reflected by blue or green color, com-
pared to the non-MHE group, as reflected by orange or
red color.

When the average value of the seven channels
were calculated, the maximum value of oxy-Hb increase
was smaller in MHE compared to non-MHE patients
but it did not reach statistical significance (0.26 +0.12

© 2013 The Japan Society of Hepatology

vs 0.32+0.22 mM-mm, P=0.37) (Fig.4). On the
other hand, increase in oxy-Hb concentration at 5s
after starting the task was significantly small in
MHE compared to non-MHE patients (0.03 £ 0.05 vs

MHE group n =16
task N

no-MHE group n =13

[mMmm]
!+0.2
.. #-0.1
W [mMmm]
§ §+0.2
- .'—0.1
[mMMmm]
:'.“"0'2

Figure 3 Topographic image showing cumulative increase in
oxygenated hemoglobin (oxy-Hb) concentration. Increase in
oxy-Hb concentration is shown by deepening of the red
shading. The concentration of oxy-Hb is small in the minimal
hepatic encephalopathy (MHE) group, as reflected by the blue
or green color compared to the non-MHE group as reflected by
orange or red color.
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Figure 4 Comparison of maximum increase in oxygenated
hemoglobin (oxy-Hb) concentration between patients with
and without minimal hepatic encephalopathy (MHE). The
average value of maximum increase in oxy-Hb did not differ
significantly between the MHE and non-MHE groups.

0.11 £0.09 mM -mm, P=0.006) (Fig. 5). For the diag-
nosis of MHE, the receiver-operator curve analysis
identified an optimal cut-off of 0.05 mM-mm for the
oxy-Hb concentration at 5 s after starting the task. The
area under the curve was 0.774 (P=0.012; 95% confi-
dence interval, 0.60-0.95), sensitivity and specificity of
NIRS for the diagnosis of MHE was 69% and 77%,
respectively. The positive predictive value was 79% and
negative predictive value was 67%.

DISCUSSION

SING NIRS, WHICH can detect changes in

regional cerebral oxy-Hb concentration with an
extremely high level of sensitivity, we found that
increase in cerebral oxy-Hb concentration in response
to tasks was slow and small among cirrhotic patients
without OHE but having abnormal electroencephalog-
raphy findings. The impairment of response was most
significant at an early time point after the start of the
task. These findings indicated that cerebral oxygen
metabolism is poorly reactive in response to tasks
among patients with MHE and that this impaired cere-
bral oxygen metabolism may be related to the patho-
genesis of latent impairment of brain activity seen in

NIRS for minimal hepatic encephalopathy 5

MHE. To the best of our knowledge, our study appears
to be the first evaluating MHE with NIRS. The non-
invasiveness and high time resolution of NIRS give it
potential as a valuable research tool for the examina-
tion of brain function in HE, as well as a clinically
useful tool for the diagnosis of MHE.

Hepatic encephalopathy in its early stage, such as
latent or minimal HE, can reduce cognitive function,
lower work efficiency, reduce QOL?*® or impair driving
skill.'*#*3% Although there are several practical require-
ments for the diagnosis of MHE, adequate diagnosis of
MHE is difficult due to the lack of reliable diagnostic
standards.?*?? Several diagnostic methods such as neu-
ropsychological function tests, number connection test,
light/sound reaction time, inhibitory control test, WAIS
or electro-psychological tests including EEG, spectral
EEG, and cerebral evoked potential, PHES, critical flicker
test and computer-aided quantitative neuropsycho-
logical function test system (NP-test)’"'* have been
proposed,®*¢ but there is no ideal test for MHE as yet.
Because these tests are developed for the screening of
MHE, these are not diagnostic. Establishment of a
reliable diagnostic method for MHE is imperative. We
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Figure 5 Comparison of increase in oxygenated hemoglobin
(oxy-Hb) concentration at 5 s after the start of task between
patients with and without minimal hepatic encephalopathy
(MHE). The average value of increase in oxy-Hb was compared
between the MHE and non-MHE groups at 5 s after starting the
word-fluency task. The increase in the oxy-Hb concentration
was significantly lower in patients with MHE compared to
non-MHE (P = 0.006).

© 2013 The Japan Society of Hepatology
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have some cases in which NIRS results improved with
lactulose and branched-chain amino acid. A prospective
study is ongoing to evaluate the effect of treatment by
NIRS. The major advantage of NIRS over “paper and
pencil tests” is the absence of learning effect which
is generally seen in other neuropsychological function
tests® and NIRS could also discriminate other mental
disorders.***

Neuroimaging using MRI, magnetic resonance spec-
troscopy and PET has made it possible to non-invasively
assess hepatic encephalopathy.?®** However, these tests
require extensive equipment and are therefore costly.
NIRS is a new methodology for brain research and brain
function testing, and has applications in various areas of
medicine, being used not only in research, but also in
clinical medicine.?-***% NIRS has been approved for
identifying the language-dominant hemisphere before
brain surgery and measuring epileptic foci.* In human
studies comparing NIRS and fMRI,**-? a correlation was
seen between blood-oxygen-level-dependent signal and
oxy-Hb concentration as measured by NIRS. In brain
function analysis, the detection sensitivity of NIRS is
comparable to that of fMRI, but the time resolution of
NIRS is greater. Furthermore, the advantages of NIRS are
convenience, bedside analysis, non-invasiveness, free
task setting and low cost.

Here, we used multichannel NIRS to measure the
changes in oxy-Hb concentration during task perfor-
mance from the frontal to temporal regions of the cortex
in MHE patients and compared the results with those
of liver cirrhosis without MHE. In all subjects, oxy-Hb
increased during task performance and gradually
decreased after the completion of task performance.
However, the time-dependent changes in the degree of
increase in oxy-Hb concentration differed between
patients with and without MHE. The degree of increase
in oxy-Hb concentration during task performance was
smaller and more gradual in MHE compared to non-
MHE patients. The increase of the oxy-Hb concentration
reflects the increase of cerebral blood volume in the area
of the brain activated by the task. Iversen et al. found
that the cerebral oxygen consumption and blood flow
were both reduced in cirrhotic patients with an acute
episode of OHE'and that the oxygen delivery was
approximately twice the oxygen consumption, indicat-
ing that oxygen delivery or blood flow was not a limiting
factor for the oxygen consumption. Consequently,
cerebral blood flow seems to be reduced as a result of
diminished cerebral oxygen requirement during HE,
and not vice versa.'® It is reported that neuron-to-
astrocyte signaling is a key mechanism in functional

© 2013 The Japan Society of Hepatology
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hyperemia,'’-'*%** and that function of astrocytes is
impaired in hepatic encephalopathy patients.?>-** There-
fore, impaired astrocyte-mediated control of cerebral
microcirculation can result in slow increase of cerebral
blood flow during task performance in MHE patients.
Thus, the sluggish increase in cerebral blood flow seen
in MHE in the present study may reflect the impaired
brain activity and dysfunction of astrocytes and
impaired cerebral oxygen metabolism in these patients.

There are several limitations in the present study. The
number of patients was not enough to make a compari-
son stratified by Child grade. We would like to analyze
this important point in a future study. It may be pos-
sible that cerebral oxy-Hb may change due to aging or
by the arteriosclerotic changes. In the present study, age
was not related to NIRS results. All patients were exam-
ined by brain MRI or brain CT and they had no appar-
ent brain structural disease including brain infarction.
However, it was not possible to evaluate the arterioscle-
rotic changes. This may be another limitation of this
study. Many neuropsychological function tests, such
as number connection test, light/sound reaction time,
inhibitory control test, WAIS or electro-psychological
tests including EEG, cerebral evoked potential, p300
event-related potential, PHES and critical flicker test
have been employed for the diagnosis of MHE. In
Japan, Kato and colleagues established the computer-
aided quantitative neuropsychological function test
system called NP-test.” However, these tests were not
simultaneously measured in the present study. Because
we recognize the importance of comparing NIRS with
other tests, we would like to solve this issue in future
study.

In conclusion, NIRS, with its high degree of time reso-
lution, enabled us to identify the characteristic time
course of oxy-Hb concentration changes during tasks in
MHE. The observations imply that cerebral oxygen
supply and metabolism is poorly reactive in MHE,
which may be related to the pathogenesis of latent
impairment of brain activity.
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Changes in Plasma Vascular Endothelial Growth Factor at
8 Weeks After Sorafenib Administration as Predictors of
Survival for Advanced Hepatocellular Carcinoma
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BACKGROUND A new predictive blomarker for determmmg prognosis in patlents with hepatocellular carcinoma (HCO) who recelve
sorafenib is required,-because achieving a reduction in tumor size with sorafenib is rare, even in patients who have a favorable prog-
nosis. Vascular endothelial growth,fac,tor (VEGF) receptor is a sorafenib target. In the.current study, the authors exammed changes’in
‘plasma VEGF concentrations during sorafenib treatment and determined the clinical signiﬁcance of VEGF as a prognostic indicator in
,kpatlents wrth HCC METHODS: Plasma VEGF concentratlons were serially measured in.63 patlents with advanced HCC before and
during sorafemb treatment. A plasma VEGF concentratxon that decreased >5% from the pretreatment level at 8 weeks was deflned
as a "VEGF decrease An objective tumor response was determmed using. modnﬁed Response Evaluatlon Cnterla in Sohd Turmors 1
'month after the initiation of therapy and every 3 months thereafter RESULTS' Patnents who had a VEGF decrease at 'week 8 (n =14)
had a longer median survival than those who did not have a VEGF decrease (n= 49 30.9 months vs 14.4 ‘months: P= .038). All
patients who had a VEGF decrease survnved for >6 ‘months, and the patients: who had both a VEGF decrease and an a~fetoprotem
response (n=6) survived during the observation period (medlan 19.7 months; range, 6.5-31. O months) In univariate analyses,’ a VEGF
‘decrease, radiologic findings classn‘led as progressive dlsease and major Vascular invasion were associated srgmﬂcantly with 1-year
survwal and, in multivariate analysis, a VEGF decrease was |dent!fled as an mdependent factor associated S|gn!flcantly with survival.
CONCLUSIONS: A plasma VEGF concentration decrease at 8 weeks after startmg sorafenib treatment may predict favorable overall
survival in_patients w:th advanced HCC. Cancer 2014;120:229-37. © 2013 The Authors Cancer published by Wiley Periodicals; Inc. on
-behalf of American Cancer Socrety This .is an open access article under the terms of. the Creative Commons Attribution-
‘NonCommercual -NoDerivs. License, which permrts use and distribution in any medrum prowded the orlgmal work is properly ctted
“the use is non commeraal and no modn‘lcatrons or adaptatnons are made. : :

KEYWORDS antlangrogemc therapy, bromarker hepatocellular carcinoma, prognosis, a- fetoprotem

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common primary malignancy of the liver (70%-85%) and a major cause of
mortality. It is the fifth and seventh most frequent cancer and the second and sixth most frequent cause of cancer death in
men and women, respectively.’ At early stages or at Barcelona Clinic Liver Cancer stage A, a 5-year survival rate of 60% to
70% can be achieved in well selected patients with HCC who undergo surgical therapies (liver resection or transplanta-
tion) or locoregional procedures (ie, radiofrequency ablation).” However, treatment of advanced HCC that is not amena-
ble to surgical or locoregional therapies remains a challenge in clinical practice.

Sorafenib is an oral, small-molecule tyrosine kinase inhibitor that blocks the synthesis of several intracellular proteins
considered to be important for tumor progression, including the platelet-derived growth factor receptor beta, raf kinase,
and the vascular endothelial growth factor (VEGF) receptor. VEGF is a homodimetric glycoprotein with a molecular
weight of 45 kDa. The VEGF family includes VEGF-A, VEGE-B, VEGF-C, VEGF-D, and a structurally related mole-
cule: placental growth factor. Three high-affinity VEGF tyrosine kinase receptors (VEGFRs) have been identified:

Corresponding author: Namiki Izumi, MD, PhD, Department of Gastroenterology and Hepatology, Musashino Red Cross Hospital, 1-26-1 Kyonan-cho, Musashino-
shi, Tokyo 180-8610, Japan; Fax: (011) 81-422-32-9551; nizumi@musashino.jrc.or,jp

"Department of Gastroenterology and Hepatology, Musashino Red Cross Hospital, Tokyo, Japan; Department of Gastroenterology and Hepatology, Tokyo Medi-
cal and Dental University, Tokyo, Japan; *Department of Liver Disease Control, Tokyo Medical and Dental University, Tokyo, Japan; “First Department of Internal
Medicine, University of Yamanashi, Yamanashi, Japan

The first 2 authors contributed equally to this article.

DOI: 10.1002/cncr.28384, Received: April 2, 2013; Revised: August 10, 2013; Accepted: August 15, 2013, Published online October 7, 2013 in Wiley Online
Library (wileyonlinelibrary.com)

Cancer  January 15, 2014 229

- 232 -



Original Article

VEGEFR-1, VEGFR-2, and VEGFR-3. VEGFR-2 is the
principal receptor that promotes the proangiogenic action
of VEGF-A and has been the principal target of antiangio-
genic therapies, although additional studies have under-
lined the importance of signaling through VEGFR-1.In 2
phase 3, placebo-controlled, randomized trials, sorafenib
treatment significantly improved the time to tumor pro-
gression (TTP) and overall survival (OS) of patients with
advanced HCC.>* In those trials, however, no statistically
significant pretreatment factors that predicted responses
after patients started receiving sorafenib were identified.’
Therefore, in clinical practice, it is extremely important to
identify a predictive post-treatment biomarker that is
associated with the treatment efficacy of sorafenib and the
prognosis of patients after they start receiving sorafenib.

In general, the efficacy of treating solid tumors with
systemic chemotherapy agents is assessed by radiologic
findings. In 2010, Lencioni and Llovet published a modi-
fication of the Response Evaluation Criteria in Solid
Tumors (RECIST).® However, the modified RECIST
can be used only for typical HCC. Advanced HCC:s often
have atypical vascular patterns; therefore, evaluating tu-
mor response to sorafenib is difficult with radiologic find-
ings alone. Alternatively, a-fetoprotein (AFP) is the most
popular tumor marker for HCC, and it has been reported
that early AFP responses are a useful surrogate marker for
predicting treatment response and prognosis in patients
with advanced HCC who receive cytotoxic and antiangio-
genic agents?'9 However, approximately 30% of patients
with advanced HCC in the Sorafenib HCC Assessment
Randomized Protocol (SHARP) trial had normal AFP
concentrations.'® Therefore, the identification of a new
biomarker that can complementarily predict the efficacy
of sorafenib and the prognosis of patients is necessary.

In a mouse model, an increase in hepatic VEGF levels
was observed at 24 hours, 72 hours, and 120 hours after the
administration of sorafenib,!! suggesting that a change in
VEGEF levels may also occur during sorafenib therapy in
humans. Therefore, we evaluated plasma VEGF changes
during sorafenib treatment in patients with advanced HCC
to determine whether VEGF has potential as a new bio-
marker for the prediction of treatment efficacy and progno-
sis after sorafenib administration.

MATERIALS AND METHODS

Patient Selection

Between December 2009 and August 2012, 95 consecu-
tive patients with advanced, inoperable HCC received
treatment with sorafenib at Musashino Red Cross
Hospital. The diagnosis of HCC was based on guidelines

230

established by the Liver Cancer Study Group of Japan'?
and the American Association for the Study of Liver Dis-
cases'® or by pathologic examination. According to these
guidelines, a diagnosis of HCC is confirmed by histology
or by characteristic radiologic findings, such as typical ar-
terial enhancement of the tumor followed by a washout
pattern in the images in the portal venous phase or the
equilibrium phase on dynamic spiral computed tomogra-
phy (CT) imaging or contrast-enhanced magnetic reso-
nance imaging. Inclusion criteria were predefined as
follows: 1) patients were alive 8 weeks after beginning
treatment; and 2) patients had plasma VEGF and serum
AFP concentrations evaluated at baseline, at 4 weeks, and
at 8 weeks. Of 95 patients, 23 were unavailable for a
week-8 VEGF measurement for the following reasons: 7
patients stopped sorafenib therapy because of erythema
muldiforme (grade 2-3) and started other therapies (radia-
tion therapy or cytotoxic chemotherapy) within 1 month
after starting sorafenib, 4 patients moved to another loca-
tion before week 8, 5 patients refused to undergo a plasma
VEGF measurement at week 8, and 7 patients were not
available for obtaining VEGF concentration results.
These 23 patients and 9 other patients who died within 8
weeks were excluded from the study. Hence, in total, 63
patients fulfilled the inclusion criteria. At enrollment, all
patients had metastatic or locally advanced HCC that was
not amenable to surgery or locoregional therapies, includ-
ing transcatheter arterial chemoembolization (TACE) and
local ablation. Written informed consent was obtained
from all patients, and the ethics committee at Musashino
Red Cross Hospital approved the study in accordance
with the Declaration of Helsinki.

Sorafenib Treatment

The initial daily dose of sorafenib was 800 mg in 28
patients, 400 mg in 28 patients, and 200 mg in 7 patients.
A reduced initial dose was allowed for patients who had the
following factors: advanced age (>80 years), gastrointesti-
nal varices with a risk of bleeding, low body weight (<50
kg), and a poor performance status (>2). In total, 60
patients underwent multiphase-multidetector CT imaging
before starting sorafenib, 1 month after starting sorafenib,
and every 3 months thereafter. Radiologic responses to
therapy were evaluated according to modified RECIST. In
all patients, serial measurements of plasma VEGF and se-
rum AFP concentrations were performed before and after
the receipt sorafenib and every month thereafter, with an
allowance of = 1 week. The endpoint of the current study
was OS. In the follow-up visit after sorafenib administra-
tion, the medication was discontinued if progressive disease
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(PD) was identified despite treatment, if intolerable adverse
events occurred, or if inappropriate liver function was
observed. Other palliative treatments or best supportive
care were provided subsequently. An AFP response was
defined as a decrease >20% in the serum AFP concentra-
tion during 8 weeks of treatment.

Plasma VEGF Measurements

Serial serum samples were collected prospectively from
each patient. Venous blood samples were drawn into a
serum separator tube and centrifuged at X1800g for
10 minutes, and plasma samples were stored at —80°C
until measurement. Plasma VEGF concentrations were
measured quantitatively using an enzyme-linked immu-
nosorbent assay kit (Quantikine Human VEGF Immuno-
assay; R&D Systems, Minneapolis, Minn) according to
the manufacturer’s instructions. We defined a decrease in
the plasma VEGF level >5% from the pretreatment level
at 8 weeks as a “VEGF decrease.”

Statistical Analysis

Categorical variables were compared using the chi-square
test, and continuous variables were compared using the
Mann-Whitney test. All tests of significance were 2-tailed,
and P values < .05 were considered statistically signifi-
cant. OS curves were calculated using the Kaplan-Meier
method, and differences between groups were assessed
using the log-rank test. OS was determined as the interval
between the date of treatment initiation and either death
or the last visit. A Cox proportional-hazards model was
used to determine the factors associated with OS. In uni-
variate analyses, clinical and biologic parameters (sex, age,
etiology, albumin, bilirubin concentrations, Child-Pugh
class, plasma VEGF concentrations, and serum AFP con-
centrations) and tumor factors (vascular invasion and dis-
tant metastasis) were included. A logistic regression model
was used to identify the factors associated with 1-year sur-
vival after the receipt of sorafenib. All statistical analyses
were performed using StatView (version 5.0) software
(Abacus Concepts, Berkeley, Calif).

RESULTS

Patient Characteristics

In total, 63 patients were enrolled in this study, and their
characteristics are listed in Table 1. The diagnosis of
HCC was confirmed by histology in 11 patients and by
typical radiologic findings based on established guidelines
in the remaining 52 patients. In all, 51 patients had previ-
ously received other therapeutic modalities, including 22
patients who previously received radiofrequency ablation,
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TABLE 1. Characteristics of Study Patients With
Advanced Hepatocellular Carcinoma (n=63)

Characteristic Median [Range]

Age, y 70 [40-85]
Sex: No. of men (%) 53 (84.1)
Baseline AFP, ng/mL 114 [2.0-98440]
Baseline plasma VEGF, pg/mL 288 [60-1580]
Treatment duration, mo 4.1[0.1-28.3]
Overall survival, mo 9.3 [2.0-30.9]

Abbreviations: AFP, a-fetoprotein; VEGF: vascular endothelial growth factor.

22 who previously underwent TACE, 1 who previously
received transcatheter arterial chemoinfusion, and 6 who
previously underwent hepatic resection. Twelve patients
had received sorafenib as initial therapy for HCC. Among
the 63 enrolled patients, 33 were seropositive for hepatitis
C virus antibody, 8 were seropositive for hepatitis B sur-
face antigen, and 22 were seronegative for both hepatitis
C virus antibody and hepatitis B surface antigen. Eighteen
patients had evidence of extrahepatic metastasis, and 18
had major vascular invasion. No patient was lost to
follow-up in this study.

Pretreatment Plasma VEGF Concentration and
Prognosis and Extent of Hepatocellular
Carcinoma

Pretreatment plasma VEGF concentrations in the 9
patients who died within 8 weeks were significantly higher
than in the patients who survived beyond 8 weeks
(813 2630 pg/mL vs 384 =18 pg/mL; P=.0024).
Consistent with a previous study (the SHARP trial; Llovet
et al?), our data suggested that the pretreatment plasma
VEGEF concentration is a useful prognostic factor for sora-
fenib therapy. However, there was no significant differ-
ence in OS between patients who had pretreatment
plasma VEGF concentrations <450 pg/mL (n = 46) and
those who had concentrations >450 pg/mL (n=17;
P=.731). The pretreatment plasma VEGF concentration
could not predict prognosis for the patients who survived
beyond 8 weeks.

We compared the size and extent of HCC between
patients who had low plasma VEGF concentrations
(<450 pg/mL) and high plasma VEGF concentrations
(>450 pg/mL). No difference was observed in the size or
extent of HCC at baseline between patients with lower
versus higher pretreatment plasma VEGF concentrations.

Association Between Changes in Plasma VEGF
Concentrations and Overall Survival

The median OS assessed by the Kaplan-Meier method
was 16.3 months for all 63 patients enrolled in the study
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