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Table 3. Adverse Events and Selected Hematologic and Laboratory Abnormalities

Treatment-naive Patients Nonresponder Patients
Placebo DCV 10 DCV 60 DCV 10 DCV 60
n=38 myg mg mg mg

Event, n n=9 n=8 n=38 n=9
Grade 3/4 adverse events 7 6 6 6 6
Discontinuations due to 0 1 0 0 2
adverse events

Serious adverse events 0 2 0 0 0

Adverse Events (Grade 1-4) Occurring in > 25% of Patients in Any Treatment Group, n

Pyrexia 5 6 5 6 8
Anemia 5 6 5 4 5
Decreased appetite 5 2 5 4 4
Alopecia 6 3 5 2 3
Lymphopenia 5 2 4 5 3
Malaise 5 1 4 2 5
Neutropenia 4 4 3 3 2
Fatigue 4 4 2 3 2
Headache 4 3 0 4 4
Insomnia 2 4 3 2 3
Arthralgia 2 2 2 2 3
Rash 3 5 2 0 1
Leukopenia 3 1 2 2 2
Cough 1 2 2 1 5
Pruritis 3 3 3 3 1
Diarrhea 3 1 1 1 3
Back pain 2 2 1 0 4
Nasopharyngitis 3 1 3 1 1
Cheilitis 3 2 0 1 0
Injection site reaction 1 4 0 1 0
Chills 4 0 0 0 0
Vomiting 3 0 0 1 0
Thrombocytopenia 0 0 0 3 0
Grade 3/4 Events, n
Anemia 0 2 1 0 2
Neutropenia 4 4 3 3 2
Thrombocytopenia 0 0 0 2 0
Elevated ALT 0 0 0 0 0
Elevated AST 0 0 0 1 0
Elevated bilirubin 0 0 0 0 0

DCV: daclatasvir; ALT: alanine aminotransferase; AST: aspartate aminotransferase
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Figure 1. Study Design
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Figure 2. HCV RNA Reductions through Week 24
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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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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, VEGE-D, and a structurally related mole-
cule: placental growth factor. Three high-affinity VEGF tyrosine kinase receptors (VEGFRs) have been identified:
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VEGFR-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-1.1In 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.7"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
VEGF 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
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established by the Liver Cancer Study Group of Japan'?
and the American Association for the Study of Liver Dis-
eases'” 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
multiforme (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 X1800¢ 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,

Cancer January 15, 2014

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
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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 38418 pg/mL; P=.0024).
Consistent with a previous study (the SHARP trial; Llovet
et al’), our data suggested that the pretreatment plasma
VEGF 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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Figure 1. This Kaplan-Meier plot illustrates overall survival for
all patients in the study.
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Figure 2. Changes in plasma vascular endothelial growth
factor (VEGF) concentrations are illustrated.

(Fig. 1). Plasma VEGF concentrations at baseline, at 4
weeks, and at 8 weeks after the initiation of sorafenib
treatment were 288 pg/mL (range, 60-1580 pg/mL), 372
pg/mL (range, 69-1990 pg/mL), and 347 pg/mL (range,
64-1840 pg/mL), respectively (Fig. 2). Plasma VEGF
concentrations increased within 4 weeks after the admin-
istration of sorafenib in 47 of 63 patients (74.6%). The
median survival of patients who had a decrease in their
plasma VEGF concentration at week 4 (n = 16) and an
increase in their plasma VEGF concentration at week 4
(n =47) were 19.5 months and 16.8 months, respec-
tively; and there was no significant difference in OS
between changes in plasma VEGF at 4 weeks (P = .645).
However, patients 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

232

205

Patiants with 2 VEGF decrease

Patients without a3 VEGF decrease

0.8

0.8

047

Sutvival Probabiiity

0.2

; - - - Days
200 400 600 800 1000

Number of patients at risk

Patients with a VEGF decrease
Patients without & VEGF decrease 49

14 11

28

9
17

3 1
5 2
Figure 3. This Kaplan-Meier plot illustrates overall survival

according to changes in vascular endothelial growth factor
(VEGF) concentration.

months; P = .038) (Fig. 3), suggesting that a decrease in
VEGF concentration 8 weeks after starting sorafenib
treatment is closely associated with a favorable prognosis.
The median percentage of decrease in the plasma VEGF
concentration was 18.3% (range, 7%-41.7%). There were
no differences in any pretreatment patient characteristics,
including HCC stage and Child-Pugh score, between
patients who did and did not have a VEGF decrease
(Table 2).

Relation Between Radiologic Findings or Serum
a-Fetoprotein Concentration and Overall
Survival

The best radiologic responses to therapy assessed by modi-
fied RECIST were classified as a complete response (CR)
(n=4), a pardal response (PR) (n=16), stable disease
(SD) (n= 34), and PD (n =9). Fourteen patients had a
VEGEF decrease, and their best radiologic responses were a
CR(n=2),aPR(n=2),SD (n=29),and PD (n=1).
There was no significant difference in OS between the
patients who had an objective response (CR + PR) and
those with SD. The survival of patients who had PD was
significantly worse than that of the patients without PD
(median OS, 5.8 months and 19.4 months, respectively;
P=.0006). There was no significant difference in OS
between patients who had an AFP response and those
who did not have an AFP response within the group that
did not have PD (ie, those who attained a CR, a PR, or
SD [the non-PD group]) (Fig. 4). There also was no sig-
nificant difference (P =.111) between patients who did
and did not have an AFP response among those in the
non-PD group who had had an elevated AFP at baseline.
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TABLE 2. Characteristics of Patients Categorized
According to Variation in Vascular Endothelial
Growth Factor Levels at 8 Weeks of Sorafenib
Treatment

No. of Patients (%)

With VEGF Without VEGF
Decrease, Decrease,
Characteristic n=14 n =49 P
Age, y 72 69 325
Sex: Men 11 (78.6) 42 (85.7) 679
Body weight, kg 58.3 62.3 175
Cause of disease .210
Hepatitis B 0(0) 8(16.3)
Hepatitis C 9 (64.3) 24 (49)
Other 5 (35.7) 17 (34.7)
Prior treatment 797
Yes 11 (78.6) 40 (81.6)
No 3 (21.4) 9 (18.4)
Baseline bilirubin, mg/dL 0.8 1.0 375
Baseline albumin, g/dL 3.4 3.6 190
Child-Pugh score 178
5 7 (50) 30 (61.2)
6 7 (50) 16 (32.7)
7 0(0) 3(6.1)
Maximum tumor size, cm .892
<5 8 (57.1) 22 (44.9)
>5 6 (42.9) 27 (65.1)
No. of tumors .883
<3 10 (71.4) 34 (69.4)
>3 4 (28.6) 15 (30.6)
Extrahepatic disease .502
Yes 3(21.4) 15 (30.6)
No 11 (78.6) 34 (69.4)
Site of metastatic disease
Lung 1 7
Bone 1 4
Lymph node 1 3
Lung and bone 0 1
Major vascular invasion 739
Yes 3 (21.4) 15 (30.6)
No 11 (78.5) 34 (69.4)

Abbreviations: VEGF: vascular endothelial growth factor.

It is noteworthy that all patients who had a VEGF
decrease and an AFP response survived during the obser-
vation period (median, 19.7 months; range, 6.5-31.0
months). In patients without a VEGF response (n = 49),
there was no significant difference in OS between those
who did and did not have an AFP response (P = .147). Of
49 patients who did not have a VEGF decrease at 8 weeks,
19 patients were able to survive beyond 1 year after start-
ing sorafenib. Nine patients without a VEGF decrease at
8 weeks survived for >18 months.

Prognostic Factors After Sorafenib
Administration

In univariate analysis, among all patients, a VEGF decease
and an AFP response were associated significantly with

Cancer  January 15, 2014

Patients with an AFP response

e Patients withoul an AFP response

Survival Probatdity

2 Pa.152
9 Days
0 200 400 600 800 1000
Number of patients at risk
Patiants with an AFP response 23 17 12 4 1
Patients without an AFP response 31 18 12 4 2

Figure 4. This Kaplan-Meier plot illustrates overall survival
according to a-fetoprotein (AFP) response in patients with-
out progressive disease (PD), classified as non-PD (ie, those
who had a complete response, a partial response, or stable
disease) according to modified Response Evaluation Criteria
in Solid Tumors.

OS after starting sorafenib. Major vascular invasion and
PD, as evidenced by radiologic findings after sorafenib
administration, also were significant prognostic factors.
To predict which patients would have a highly favorable
prognosis, the prognostic factors associated with 1-year
survival after starting sorafenib were assessed in univariate
and multivariate analyses. In the univariate analysis, a
VEGEF decrease, PD, and major vascular invasion were
associated significantly with survival (Table 3). In the
multivariate analysis, which was performed using those
factors as covariates, a VEGF decrease was identified as an
independent factor associated significantly with survival
(Table 3). There was a significant difference in OS among
the 3 groups (patients with a VEGF decrease and non-
PD, patients without a VEGF decrease but non-PD, and
patients without a VEGF decrease and PD; P = .0013)
(Fig. 5). Only 1 patient who had a VEGF decrease was
classified with PD. All 4 patients who had a VEGF
decrease and an objective response (CR or PR) were able
to survive during the observation period.

Adverse Events During Sorafenib Treatment

The overall incidence of treatment-related adverse events
was 100%. The rate of discontinuation of sorafenib as a
result of adverse events was 22.2%. Adverse events that
led to the discontinuation of sorafenib treatment were
liver dysfunction (63.6%), hand-foot skin reaction
(18.2%), interstitial pneumonia (9.1%), and rash (9.1%).
Dose reductions because of adverse events occurred in 62
patients. The most frequent adverse event leading to dose
reductions was liver dysfunction (33.9%). In addition,
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TABLE 3. Prognostic Factors Associated With
1-Year Survival After Sorafenib Administration

Risk Factor OR (95% CI)* P
Univariate analysis
Age, by every 10y 1.47 (0.75-2.87) .266
Sex

Women 1.00

Men 0.26 (0.50-1.39) 116
HBYV infection

Negative 1.00

Positive 0.33 (0.06-2.02) .231
HCYV infection

Negative 1.00

Positive 1.23 (0.41-3.74) 714
Albumin, by every 1 g/dL, 1.34 (0.45-3.99) .604
Total bilirubin, by every 1 mg/dL. 0.79 (0.28-2.25) .656
Pre-AFP, by every 10 ng/mL 1.00 (1.00-1.00) 161
Tumor size, cm

<5 1.00

>5 0.42 (0.14-1.32) 147
No. of tumors

<3 1.00

>4 0.26 (0.06-1.08) .064
Major vascular invasion

Yes 1.00

No 4.00 (1.12-14.4) .034
Extrahepatic metastasis

Yes 1

No 1.82 (0.56-5.90) .320

5% VEGF decrease at wk 8

No 1.00

Yes 11.1 (1.29-84.6) .028
PD

No 1.00

Yes 0.16 (0.29-0.86) .033
Objective response: CR + PR

No 1.00

Yes 1.63 (0.49-5.42) 426
AFP response

No 1.00

Yes 2.76 (0.80-9.52) 107
Multivariate analysis®

5% VEGF decrease at wk 8

No 1.00

Yes 10.0 (1.02-91.3) .041
PD

No 1.00

Yes 0.20 (0.29-1.39) 104
Major vascular invasion

Yes 1.00

No 3.03 (0.71-12.9) 134

Patients with a VEGF decrease and non- PDY (Group A}
--------- Patients withouta VEGF decrease but non-PD {Group B)
~~~~~ Patients without a VEGF decrease and PD {Group C}

>
H
2
2
&
é
P 0013
07 — . : . . Bays
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Number of patients at risk
Group A 13 " 9 4 1
Group B 42 25 47 I3 2
Group C 7 3 1

Figure 5. This Kaplan-Meier plot illustrates overall survival
according to the combination of vascular endothelial growth
factor (VEGF) changes and radiologic findings classified by
modified Response Evaluation Criteria in Solid Tumors. Non-
PD indicates patients who did not have progressive disease
(PD) (ie, those who had a complete response, a partial
response, or stable disease).

Abbreviations: AFP, a-fetoprotein; Cl, confidence interval; CR, complete
response; HBV, hepatitis B virus; HCV, hepatitis C virus; PD, progressive
disease; PR, partial response; VEGF, vascular endothelial growth factor.
2The ORs for 1-year survival were calculated using logistic regression analysis.
®|n the multivariate logistic analysis, a 5% VEGF decrease, PD, and portal
invasion were included as covariates.

the incidence of adverse events was not related to plasma
VEGF concentrations.

DISCUSSION
In the current study, we demonstrated that plasma VEGF
concentrations change dynamically during sorafenib
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therapy, and changes in VEGF concentration are closely
associated with OS in patients who receive treatment with
sorafenib. VEGEF is the major mediator of angiogenesis in
HCC, and several studies have correlated VEGF concen-
trations with the prognosis of patients who have advanced
HCC 51421

Recently, a new staging system was proposed that
includes the plasma VEGF concentration along with the
Cancer of the Liver Italian Program (CLIP) score; this
new system—known as the V-CLIP score—classifies
patients with advanced HCC more appropriately into a
homogeneous prognostic group.”” Therefore, the concen-
tration of circulating VEGF is included as a candidate
prognostic marker for HCC, especially in patients with
advanced disease. The objective of our study was to eluci-
date the important question of whether an on-treatment
change in VEGF is a potentially useful new biomarker for
predicting prognosis in patients who survive beyond 8
weeks, because such an on-treatment predictor among
patients who have relatively longer survival has not yet
been elucidated. In this study, plasma VEGF concentra-
tions increased from pretreatment levels within 4 weeks of
starting sorafenib in 47 of 63 patients (74.6%). This was
followed by a decrease in plasma VEGF levels at 8 weeks
in 68.1% of patients. A possible mechanism of this tran-
sient increase in VEGF after starting sorafenib may be
related to a reactive increase against the inhibition of

VEGF activity or hypoxia induced by sorafenib. This
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hypothesis is supported by the demonstration that plasma
VEGF concentrations increased shortly after treacment
with TACE.**?° It is believed that these increases in
plasma VEGF concentration are related to the induction
of tissue hypoxia.”” However, the peak time point of
VEGEF elevation during sorafenib administration was dif-
ferent from that previously reported in TACE, in which a
transient elevation of VEGF was observed within 7 days
after TACE.”*?® This observed difference may be related
to the continuous induction of hypoxia by sorafenib
administration.

It is noteworthy that, in our study, decreases in
plasma VEGF observed within 8 weeks of sorafenib
administration were associated with better OS. One possi-
ble reason for this association may be that the decrease in
VEGF concentrations reflects a decrease in the number of
tumor cells secreting VEGF. An association between
changes in VEGF concentrations and disease progression
was observed in a previous study of an anti-VEGF anti-
body, bevacizumab, in patients with advanced HCC.* In
that study, plasma VEGEF-A concentrations decreased
from baseline in all patients after 8 weeks of bevacizumab
therapy and increased to near baseline levels in 5 of 6
patients at the time of disease progression. Unfortunately,
plasma VEGF-A levels after 8 weeks of bevacizumab in
that study were available for only 8 of 46 patients who
were enrolled the study, and plasma VEGF-A levels after
4 weeks were not evaluated. In our study, all patients were
evaluated before and every 4 weeks after starting sorafenib.
Moreover, we demonstrated the usefulness of plasma
VEGF concentrations at 8 weeks and not at 4 weeks. Zhu
et al*® reported that plasma levels of VEGF and placental
growth factor increased after cediranib, a pan-VEGEFR ty-
rosine kinase inhibitor monotherapy for advanced HCC.
In that study, progression-free survival was correlated
inversely with baseline levels of VEGF, soluble VEGFR2
(sVEGFR2), and basic fibroblast growth factor and with
on-treatment levels of basic fibroblast growth factor and
insulin-like growth factor-1; and progression-free survival
was directly associated with on-treatment levels of
interferon-y. Because changes of VEGF concentrations
during therapy were not identified as a prognostic factor
in the study by Zhu et al, biomarkers that predict progno-
sis may be different among different types of tyrosine ki-
nase inhibitors. Jayson et al®’ reported that plasma
VEGF-A in patients who received bevacizumab was
potentially predictive and prognostic in metastatic breast,
gastric, and pancreatic cancers; however, it was only prog-
nostic (and not predictive) in metastatic colorectal cancer,
nonsmall cell lung cancer, and renal cell carcinoma. In
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our study, we measured plasma VEGF concentrations
and not plasma VEGF-A concentrations. Sorafenib is a
multikinase inhibitor, whereas bevacizumab is a human-
ized monoclonal antibody that recognizes and blocks
VEGEF-A expression. Further studies to evaluate the clini-
cal usefulness of determining VEGF and VEGF-A con-
centrations during sorafenib therapy are necessary in
various cancers. Although the precise mechanism underly-
ing the association between serial changes in VEGF and
disease progression is unclear, the findings of the current
study are extremely valuable for clinical practice in pre-
dicting the prognosis of patients who receive treatment
with sorafenib.

Llovet et al’ studied plasma biomarkers as predictors
of outcome in patients with advanced HCC. They meas-
ured plasma biomarkers in 491 patients at baseline and in
305 patients after 12 weeks in a phase 3, randomized, con-
trolled trial (the SHARP trial). Those authors concluded
that angiopoietin-2 and VEGF were independent predic-
tors of survival in patients with advanced HCC and that
none of the tested biomarkers significantly predicted
response to sorafenib. In our study, by measuring plasma
VEGEF monthly, we demonstrated that the changes 8
weeks after starting sorafenib were important for predict-
ing OS.

It has been reported that modified RECIST guide-
lines are useful for predicting efficacy and prognosis after
patients with advanced HCC receive treatment with sora-
fenib.?® However, modified RECIST can only be used for
typical hypervascular HCC, and not for atypical HCC,
including poorly differentiated HCC and diffuse-type
HCC. Moreover, the percentage of patients in our study
who had PD was only 11.1% (9 of 63 patients), and the
objective response rate (CR + PR vs SD) could not pre-
dict OS, suggesting that using only modified RECIST
guidelines was insufficient for predicting OS in most
patients who received sorafenib (non-PD patients).
Therefore, it is important to identify a predictive bio-
marker for those patients who can expect long survival
during sorafenib therapy, although their radiologic find-
ings may not be categorized as objective responses.

From this point of view, decreases in VEGF
observed in non-PD patients at week 8 may identify
patients who have a favorable prognosis. According to our
results, the median survival of patients who had a VEGF
decrease was extremely good at 31.0 months, and we dem-
onstrated that a VEGF decrease, but not modified
RECIST or AFP, was the only significant post-
therapeutic factor associated with favorable survival after
sorafenib administration (Table 3). In our study, all
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patients who had both a VEGF decrease and an AFP
response survived during the observation period (median,
19.7 months). Taken together, the combination of a
plasma VEGF decrease, an AFP response, and modified
RECIST is useful for predicting an extremely favorable
prognosis.

This study had a few limitations. The first was our
subanalysis of consecutive patients. However, the median
survival for the 23 excluded patients who were available
for estimation was equivalent to that of the included
patients (16.8 months); therefore, it is unlikely that selec-
tion bias affected our results. The second limitation is that
we measured only plasma VEGF concentrations. In previ-
ous studies, many factors, including VEGEF-A, short
VEGE-A isoform, sVEGFRI1, sVEGFR2, sVEGFR3,
angiopoietin-2, and insulin-like growth factor-2, were
evaluated as biomarkers. However, to our knowledge, this
is the first clinical study to demonstrate the early dynamic
changes in plasma VEGF concentrations in patients who
received sorafenib. Finally, the number of patients in this
study was relatively small to make recommendations to
physicians. Our results indicated that patients who have
decreased VEGF concentrations at 8 weeks have a favor-
able prognosis, regardless of their radiologic findings.
However, further studies with a larger number of patients
will be necessary to propose new recommendations.

In conclusion, changes in plasma VEGF concentra-
tions during sorafenib treatment are dynamic in patients
with advanced HCC, and an observed decrease in the
plasma VEGF concentration 8 weeks after starting sorafe-
nib is associated significantly with favorable OS. Today,
because many clinical trials of new molecular-targeted
agents for HCC are being conducted, it is necessary for
hepatologists and oncologists to determine the time when
alternative agents should be started as a second or third
line of treatment. Our results have potentially important
clinical implications for physicians and may influence
their decisions regarding a treatment strategy for advanced

HCC in individual patients.
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Prospective comparison of real-time tissue elastography
and serum fibrosis markers for the estimation of liver
fibrosis in chronic hepatitis C patients
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Aim: Real-time tissue elastography (RTE) is a non-invasive
method for the measurement of tissue elasticity using ultra-
sonography. Liver fibrosis (LF) index is a quantitative method
for evaluation of liver fibrosis calculated by RTE image fea-
tures. This study aimed to investigate the significance of
LF index for predicting liver fibrosis in chronic hepatitis C
patients.

Methods: In this prospective study, 115 patients with
chronic hepatitis C who underwent liver biopsy were
included, and the diagnostic accuracy of LF index and serum
fibrosis markers was evaluated.

Results: RTE imaging was successfully performed on all
patients. Median LF index in patients with FO-1, F2, F3 and F4
were 2.61, 3.07, 3.54 and 4.25, respectively, demonstrating a
stepwise increase with liver fibrosis progression (P < 0.001).
LF index (odds ratio [OR]=5.3, 95% confidence interval
[Cl] = 2.2-13.0) and platelet count (OR =0.78, 95% Cl = 0.68-

0.89) were independently associated with the presence of
advanced fibrosis (F3—4). Further, LF index was independently
associated with the presence of minimal fibrosis (FO-1)
(OR = 0.25, 95% CI = 0.11-0.55). The area under the receiver—
operator curve (AUROC) of LF index for predicting advanced
fibrosis (0.84) was superior to platelets (0.82), FIB-4 index
(0.80) and aspartate aminotransferase/platelet ratio index
(APRI) (0.76). AUROC of LF index (0.81) was superior to plate-
lets (0.73), FIB-4 index (0.79) and APRI (0.78) in predicting
minimal fibrosis.

Conclusion: LF index calculated by RTE is useful for predict-

ing liver fibrosis, and diagnostic accuracy of LF index is supe-
rior to serum fibrosis markers.

Key words: chronic hepatitis C, fibrosis, liver fibrosis index,
real-time tissue elastography

INTRODUCTION

N ADVANCED STAGE of liver fibrosis in chronic
hepatitis C (CHC) is associated with hepatocellular
carcinoma development and complications such as
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esophageal variceal bleeding and liver failure.'? There-
fore, accurate evaluation of the stage of liver fibrosis
is most important in clinical practice. Liver biopsy is
considered to be the golden standard for diagnosis
of liver fibrosis.>-* However, this method may be inac-
curate because of sampling errors and interobserver
variations.®’

Improvements in a variety of non-invasive methods
for evaluating liver fibrosis have recently emerged as
alternatives to liver biopsy. Liver fibrosis was reportedly
predicted by measurement of liver stiffness using
transient elastography®® and acoustic radiation force
impulse (ARFI).!*!! As assessed by blood laboratory
tests, the aspartate aminotransferase (AST)/alanine

© 2013 The Japan Society of Hepatology
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aminotransferase (ALT) ratio,'* AST/platelet ratio index
(APRI),**" and FIB-4 index'*'¢ have been reported to be
useful for the prediction of liver fibrosis. We previously
reported that the FIB-4 index is useful for the prediction
of liver fibrosis progression."’

Real-time tissue elastography (RTE) is a non-invasive
method for the measurement of tissue elasticity using
ultrasonography.'® RTE calculates the relative hardness
of tissue from the degree of tissue distortion and dis-
plays this information as a color image. RTE was
recently reported to be useful for predicting liver fibro-
sis.’*?° To increase the objectivity of the evaluation, an
image analysis method to evaluate the strain image fea-
tures and a new algorithm to deliver an index were
proposed. Liver fibrosis (LF) index is a quantitative
method for evaluation of liver fibrosis that is calculated
by nine RTE image features, and the significance of LF
index for predicting liver fibrosis has been reported.?"*

In the present study, we prospectively investigated the
significance of LF index calculated by RTE for the pre-
diction of liver fibrosis in CHC patients. Further, diag-
nostic accuracy for liver fibrosis was compared between
LF index and serum fibrosis markers.

METHODS

Patients

TOTAL OF 127 consecutive patients with CHC
were prospectively investigated. All patients under-
went liver biopsy at Musashino Red Cross Hospital
between February 2011 and November 2012. Exclusion
criteria comprised the following: (i) co-infection with
hepatitis B virus (n=1); (ii) co-infection with HIV
(n = 1); (iii) history of autoimmune hepatitis or primary
biliary cirthosis (n=3); (iv) alcohol abuse (intake of
alcohol equivalent to pure alcohol 240 g/day) (n=0);
(v) portal tracts of biopsy sample of less than five
(n=7); and (vi) presence of serious heart disease
(n=0). After exclusion, 115 patients were enrolled in
this study. Written informed consent was obtained from
each patient and the study protocol conformed to the
ethical guidelines of the Declaration of Helsinki and was
approved by the institutional ethics review committees
(application no. 24007).

Histological evaluation

Liver biopsy specimens were laparoscopically obtained
using 13-G needles (n=93). When laparoscopy was
not conducted due to a history of upper abdominal
surgery, percutaneous ultrasound-guided liver biopsy
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was performed using 15-G needles (n =22). Specimens
were fixed, paraffin-embedded, and stained with
hematoxylin-eosin and Masson-trichrome. A biopsy
sample with minimum portal tracts of five was required
for diagnosis. All liver biopsy samples were indepen-
dently evaluated by two senior pathologists who were
blinded to the clinical data. Fibrosis staging was catego-
rized according to the METAVIR score:* FO, no fibrosis;
F1, portal fibrosis without septa; F2, portal fibrosis with
few septa; F3, numerous septa without cirrhosis; and F4,
cirrhosis. Activity of necroinflammation was graded on a
scale of 0-3: AO, no activity; Al, mild activity; A2, mod-
erate activity; and A3, severe activity. Percentage of
steatosis was quantified by determining the average pro-
portion of hepatocytes affected by steatosis and graded
on a scale of 0-3: grade 0, no steatosis; grade 1, 1-33%;
grade 2, 34-66%; and grade 3, 67% and over.

Clinical and biological data

The age and sex of the patients were recorded. Serum
samples were collected within 1 day prior to liver biopsy
and the following variables were obtained through
serum sample analysis: AST, ALT and platelet count.
FIB-4 index and APRI were calculated according to the
published formula appropriate to each measure."**?

RTE and LF index

Real-time tissue elastography was performed using HI
VISION Preirus (Hitachi Aloka Medical, Tokyo, Japan)
and the EUP-L52 linear probe (3-7 MHz; Hitachi Aloka
Medical) within 3 days of liver biopsy. RTE was per-
formed on the right lobe of the liver through the inter-
costal space. An RTE image was induced by heartbeats.
Five RTE images were collected for each patient and
analyzed to calculate nine image features. RTE method
and the equation that calculates LF index using nine
image features has been previously detailed.?* Results
are expressed as mean LF index of all measurements.
Two hepatologists (N.T. and K. Tsuchiya, with 8 and
16 years of experience, respectively) performed RTE. In
32 patients with CHC, LF index was measured indepen-
dently by two examiners. The correlation coefficient of
LF index between two examiners was 0.85 (P < 0.001).

Statistical analysis

Correlations between LF index and histological fibrosis
stage were analyzed using Spearman’s rank correlation
coefficients. Categorical variables were compared using
Fisher's exact test, and continuous variables were com-
pared using Mann-Whitney U-test. P < 0.05 was con-
sidered statistically significant. Logistic regression was

© 2013 The Japan Society of Hepatology
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used for multivariate analysis. Receiver-operator curves
(ROC) were constructed, and the area under the ROC
(AUROC) was calculated. Optimal cut-off values were
selected, to maximize sensitivity, specificity and diag-
nostic accuracy. Sensitivity, specificity, positive predic-
tive value (PPV) and negative predictive value (NPV)
were calculated by using cut-offs obtained by ROC. SPSS
software ver. 15.0 (SPSS, Chicago, IL, USA) was used for
analyses.

RESULTS

Patient characteristics

HE CHARACTERISTICS OF all 115 patients are

listed in Table 1. FO-1 was diagnosed in 52 cases
(45%), F2 in 31 (27%), F3 in 20 (17%) and F4 in 12
(11%). Mean values of LF index of FO (2.62) and F1
(2.60) were not significantly different (P=0.9), and
only six patients with FO were included in this study.
Therefore, patients with FO and F1 were integrated for
the analysis. RTE imaging was successfully performed in
all patients, and LF index was calculated.

Relationship between histological findings
and LF index by RTE

The median value of LF index compared with the
METAVIR fibrosis stage is shown in Figure 1. Median LF

Table 1 Patient characteristics

Characteristics Patients (n=115)
Female/male 68/47
Age (years) 57.9+10.9
AST (IU/L) 55.7 +44.9
ALT (IU/L) 63.2456.3
Platelet counts (x10°/L) 162+ 53
Portal tracts of biopsy samples 12.6+5.0
Fibrosis stage

FO-1 (%) 51 (44)

F2 (%) 32 (28)

F3 (%) 20 (17)

F4 (%) 12 (11)
Histological activity

A0 (%) 0 (0)

Al (%) 75 (65)

A2 (%) 34 (30)

A3 (%) 6(5)
Steatosis grade ’

Grade 0 (%) 65 (57)

Grade 1 (%) 47 (41)

Grade 2 (%) 3

Grade 3 (%) 0(0)

ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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p<0.001
‘ p<0.001 '
p<0.001 ' '
' p=0.38
p=0.009 '
6 - p<0001 —

LF index

FO-1 F2 F3 F4

Figure 1 Correlation between liver fibrosis (LF) index calcu-
lated by real-time tissue elastography and fibrosis stage. Box
plot of the LF index is shown according to each fibrosis stage.
The bottom and top of each box represent the 25th and 75th
percentiles, giving the interquartile range. The line through the
box indicates the median value, and error bar indicates
minimum and maximum non-extreme values.

index in patients with FO-1, F2, F3 and F4 were 2.61,
3.07, 3.54 and 4.25, respectively, demonstrating a step-
wise increase with liver fibrosis progression (P < 0.001).
LF index of each fibrosis stage significantly differed from
each other (FO-1 vs F2, P < 0.001; FO-1 vs F3, P< 0.001;
FO-1 vs F4, P<0.001; F2 vs F3, P=0.009; F2 vs F4,
P=0.001). On the other hand, mean values of LF index
in patients with steatosis grade 0, 1 and 2 were 2.99,
3.29 and 2.60, respectively, demonstrating no signifi-
cant correlation (Fig. 2a). LF index was compared with
steatosis grade for each fibrosis stage. LF index was not
significantly different between patients with steatosis
and without steatosis (Fig. 2b).

Liver fibrosis index was compared with histological
activity. A significant correlation existed between histo-
logical activity and fibrosis stage. Therefore, the relation-
ship between LF index and histological activity was
examined by each fibrosis stage. In patients with FO-1,
the mean LF index of A1, A2 and A3 was 2.60, 2.58 and
2.40, respectively, demonstrating no significant correla-
tion. Similarly, in patients with F2, F3 and F4, there was
no significant correlation between LF index and histo-
logical activity (Fig. 3).
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(a)

LF index

1 -

Steatosis grade 0 Steatosis grade 1 Steatosis grade 2

LF index

FO-1 F2 F3 Fa

Figure 2 (a) Correlation between liver fibrosis (LF) index and
steatosis grade. Box plot of the LF index is shown according to
each steatosis grade. The bottom and top of each box represent
the 25th and 75th percentiles, giving the interquartile range.
The line through the box indicates the median value, and error
bar indicates minimum and maximum non-extreme values.
(b) Box plot of LF index for each fibrosis stage in relation to
degree of steatosis grade. The bottom and top of each box
represent the 25th and 75th percentiles, giving the interquar-
tile range. The line through the box indicates the median value,
and error bar indicates minimum and maximum non-extreme
values. Dark grey bar chart indicates steatosis grade 0. Light
grey bar chart indicates steatosis grade 1-2.
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Figure 3 Box plot of liver fibrosis (LF) index for each fibrosis
stage in relation to degree of necroinflammatory activity. The
bottom and top of each box represent the 25th and 75th
percentiles, giving the interquartile range. The line through
the box indicates the median value, and error bar indicates
minimum and maximum non-extreme values. Dark grey bar
chart indicates activity grade 1. Light grey bar chart indicates
activity grade 2. White bar chart indicates activity grade 3.

Comparison of variables associated with
the presence of advanced fibrosis (F3-4) by
univariate and multivariate analysis

Variables associated with the presence of advanced
fibrosis (F3-4) were assessed by univariate and multi-
variate analysis (Table 2). The variables of age (P = 0.03)
and LF index (P < 0.001) were significantly higher, and
the variable of platelets (P < 0.001) was significantly
lower in patients with advanced fibrosis than in
patients with FO-2. Multivariate analysis showed that
LF index (odds ratio [OR]=5.3, 95% confidence
interval [CI] =2.2-13.0) and platelets (OR =0.78, 95%
CI = 0.68-0.89) were independently associated with the
presence of advanced fibrosis.

Comparison of variables associated with
the presence of minimal fibrosis (FO-1) by
univariate and multivariate analysis

Variables associated with the presence of minimal fibro-
sis (FO-1) were assessed by univariate and multivariate
analysis (Table 3). The variables of age (P < 0.001), AST
(P=0.02) and LF index (P < 0.001) were significantly
lower, and the variable of platelets (P < 0.001) was sig-
nificantly higher in FO-1 patients than F2-4 patients.

© 2013 The Japan Society of Hepatology
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Table 2 Variables associated with the presence of advanced fibrosis (F3-4) by univariate and multivariate analysis

F0-2 (n=83) F3-4 (n=32) P-value Odds ratio (95% CI)
(Univariate) (Multivariate)
Age (years) 56.6 £10.9 61.3+104 0.03
Sex (female/male) 51/32 17/15 0.41
AST (IU/L) 52.3+43.3 64.4 £48.3 0.19
ALT (IU/L) 62.9+60.6 63.9t44.2 0.93
Platelets (x10°/L) 179 £47 117 + 42 <0.001 0.78 (0.68-0.89)
LF index 2.81%0.69 3.86+0.81 <0.001 5.30 (2.16-13.0)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; LF, liver fibrosis.

Multivariate analysis showed that LF index was indepen-
dently associated with the presence of minimal fibrosis
(OR=0.25, 95% CI = 0.11-0.55).

Diagnostic accuracy of RTE and serum
fibrosis markers

Receiver-operator curves of LF index, platelets, FIB-4
index and APRI for predicting advanced fibrosis (F3-4),
and minimal fibrosis (FO-1) were plotted, as shown in
Figure 4. AUROC of LF index for predicting advanced
fibrosis (0.84) was superior to platelets (0.82), FIB-4
index (0.80) and APRI (0.76). Similarly, for predicting
minimal fibrosis, AUROC of LF index (0.81) was supe-
rior to platelets (0.73), FIB-4 index (0.79) and APRI
(0.78). The corresponding sensitivities, specificities, PPV
and NPV are detailed in Table 4.

DISCUSSION

MPROVEMENTS IN VARIOUS methods for predic-
tion of liver fibrosis have recently emerged as alterna-
tives to liver biopsy. RTE is a non-invasive method for
the measurement of tissue elasticity using ultrasonogra-
phy. The utility of RTE for evaluating liver fibrosis is
reported in a few studies.'®?* However, for utilizing LF

index, one of the equations used to calculate tissue elas-
ticity by RTE is still unclear. The aim of this study was to
investigate the significance of LF index for the prediction
of liver fibrosis in CHC patients.

In this prospective study, we found that LF index is a
useful predictive factor for diagnosis of the fibrosis stage
in CHC patients. Increase in LF index significantly cor-
related with progression of the fibrosis stage and LF
index was able to predict the presence of advanced fibro-
sis and minimal fibrosis. Previous studies reported the
utility of LF index for prediction of the liver fibrosis
stage.”? In this study, LF index differed significantly
between patients with FO-1 and F2; thus, LF index was
especially useful for prediction of minimal fibrosis. This
may be due to a sufficient number of patients with FO-1
and F2 included in the present study. This is an advan-
tage of LF index because other quantitative methods by
RTE could not discriminate patients with FO-1 and
F2.12 On the other hand, there is a possibility that a
similar result may be obtained for differentiation of F3
and F4 if a large number of patients with advanced
fibrosis was included.

Previous studies did not compare the diagnostic accu-
racy of LF index and serum fibrosis markers. We revealed
that LF index performed better than serum fibrosis

Table 3 Variables associated with the presence of minimal fibrosis (FO-1) by univariate and multivariate analysis

FO0-1 (n=51) F2-4 (n=64) P-value Odds ratio (95% CI)
(Univariate) (Multivariate)

Age (years) 540119 61.0+£9.0 <0.001

Sex (female/male) 31/20 37/27 0.74

AST (1u/L) 44.5+42.6 64.6 £44.9 0.02

ALT (IU/L) 53.0£56.3 71.3+55.5 0.08

Platelets (x10°/L) 186 +£47 142 £ 50 <0.001

LF index 2.60£0.59 3.51+£0.84 <0.001 0.25 (0.11-0.55)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; LF, liver fibrosis.
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Figure 4 Receiver-operator curves (ROC) of liver fibrosis (LF)

index and serum fibrosis markers. (a) ROC for diagnosis of

significant fibrosis (F3-4). (b) ROC for diagnosis of minimal

fibrosis (FO-1). —, LF index; ---- platelets; ~~, aspartate
aminotransferase-to-platelet ratio index; - -, FIB-4 index.

markers based on blood laboratory tests for predicting
liver fibrosis.

Transient elastography has been most commonly
used to measure liver stiffness and is established in
clinical practice to evaluate liver fibrosis.*® RTE exhibits
some advantages compared with transient elastogra-
phy. In this study, RTE imaging was successfully per-
formed in all patients, and LF index was calculated.
Although transient elastography has high diagnostic

RTE and liver fibrosis 725

capabilities when it comes to liver fibrosis, measure-
ments are sometimes impossible in patients with severe
obesity and ascites.”® Reproducibility of transient
elastography was reportedly lower in patients with
steatosis, inflammation, increased body mass index
and lower degrees of liver fibrosis.®** On the other
hand, LF index is measured by ultrasound guidance
that facilitates the identification of a suitable location
for elastographic measurement, thereby resulting in a
higher number of patients with valid results.

Unlike transient elastography, another advantage of
LF index is that the results are not influenced by the
presence of inflammation and steatosis. It was reported
that LF index is not useful in patients with steatosis.*?
However, LF index was not significantly different
between patients with and without steatosis in the
present study even after stratification by fibrosis stage.
Thus, LF index was useful for prediction of fibrosis in
CHC patients regardless of steatosis. Because LF index of
each activity grade and steatosis grade did not differ
from each other, estimation of liver fibrosis by LF
index demonstrated higher reproducibility than tran-
sient elastography.

In previously reports, diagnostic accuracy of liver
fibrosis using RTE was inferior to transient elastogra-
phy;*® however, other studies have reported contrasting
results.’ The reason for this variability is probably
because RTE technology and the equations used to cal-
culate tissue elasticity are rapidly changing. The utility of
elastic ratio, another RTE method for evaluation of liver
fibrosis, was reported.”® The elastic ratio is the ratio
between the tissue compressibility of the liver and that
of the intrahepatic small vessel. The AUROC of elastic
ratio for predicting advanced fibrosis was 0.94 and was
superior to LF index. Further, ARFI and real-time shear
wave elastography were reported to have a high diag-
nostic accuracy of liver fibrosis.'®'* There are currently
no studies that directly compare LF index and those
methods for diagnostic value of liver fibrosis. Therefore,
further studies are needed to fully explore the potential
of RTE, especially with regard to LF index.

Our study had several limitations. The number of
patients with advanced fibrosis was small. The potential
of LF index to differentiate patients with F3 and F4
needs to be explored with a large number of patients.
Further, validation study is needed to evaluate the diag-
nostic accuracy of fibrosis stage, especially in compari-
son with other modalities.

In conclusion, LF index calculated by RTE is useful for
predicting liver fibrosis, and diagnostic accuracy of LF
index is superior to that of serum fibrosis markers.
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Table 4 Diagnostic performance of LF index and serum fibrosis markers

FO-2 vs F3-4 FO-1 vs F2-4
AUROC  Sensitivity = Specificity = PPV NPV~ AUROC  Sensitivity = Specificity = PPV NPV
(%) (%) (%) (%) (%) (%) (%) (%)
LF index 0.84 90.6 71.1 54.7 95.2 0.81 84.3 70.3 69.4 84.9
Platelets 0.82 87.5 66.3 50.0 93.2 0.73 80.4 59.4 61.2 79.2
FIB-4 index 0.80 71.9 81.9 60.5 88.3 0.79 54.9 90.6 82.3 71.6
APRI 0.76 87.5 61.4 46.7 92.7 0.78 64.7 85.9 78.6 753

APRI, aspartate aminotransferase/platelet ratio index; AUROC, area under the receiver-operator curve; NPV, negative predictive value;
PPV, positive predictive value.
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