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Table 3 Factors associated with sustained virological response in patients with chronic hepatitis C who underwent 48 weeks of pegylated

inferferon-ct plus ribavirin therapy

UVA MVA
SVR Non-SVR p OR (95 % CI) p
Number 74 (38 male, 36 female) 45 (31 male, 14 female) 0.06
Age (years) 554 4+ 10.1 58.2 = 10.0 0.122
WBC (/mm?*) 5,043 & 1,695 5,248 + 1,363 0.247
Hb (g/dL) 143 £ 1.5 1444106 0.504
Plt (x10%mm®) 18.2 = 4.6 16.9 + 6.0 0.186
TP (g/dL) 754 0.6 7.6 £+ 0.5 0.292
Alb (g/dL) 42404 4.1 404 0.575
AST (U/L) 475 £ 279 66.5 4 50.0 0.049 1.012 (0.997-1.027)  0.108
ALT (U/L) 66.4 4+ 47.9 80.0 £ 62.9 0.286
T-bil (mg/dL) 07403 0.9 4+ 04 0.101
T-chol (mg/dL) 178.1 4= 36.8 174.3 + 37.7 0.717
AFP (ng/mL) 7.1+£78 14.1 £ 18.8 0,062
HCV RNA (log IU/mL) 6.3 + 07 6.3 4 05 0.753
IFNL3 138099917 (TT/non-TT) 70:4 30:15 <0.0001  17.25 (3.34-89.13) 0.001
Histological activity score (AO-A1/A2-A3)  45:20 24:15 0.454 '
Fibrosis score (F1-F2/F3-F4) 57:8 27:12 0.023 0.239 (0.072-0.798) 0.02
IFN-A; (pg/mL) 17.3 4 31.7 11.8 &= 14.9 0.262
IP-10 (pg/mL) 458.0 = 404.9 504.7 & 364.0 0.208
MIP-1la (pg/mL) 13.1 & 36.1 42+ 5.6 0.026 0.66 (0.457-0.956) 0.028
MIP-1B (pg/mL) 195.7 4 204.3 1549 &4 81.5 0.865
RANTES (pg/mL) 18,125 + 8,076 16,597 4= 7,946 0.187
PDGF-BB (pg/mL) 3,931 & 1,846 3,312 + 1,803 0.079

Alb albumin, AFP a-fetoprotein, ALT alanine aminotransferase, AST aspartate aminotransferase, CI confidence interval, Hb hemoglobin, HCV
hepatitis C virus, IFN-1; interferon-Az, IP-10 interferon-y-inducible protein 10, MIP-1a macrophage inflammatory protein lo, MIP-I1f mac-
rophage inflammatory protein 1B, MVA multivariate analysis, OR odds ratio, PDGF-BB platelet-derived growth factor BB, Pl platelets,
RANTES regulated on activation, normally T cell expressed, and secreted, T-bil total bilirubin, T-chol total cholesterol, TP total protein, UVA

univariate analysis, WBC white blood cells

function was reported for PDGF-BB, the level of which is
reported to be increased in patients with advanced/fibrosis
stages of HBV infection [32, 33]. These reports support the
notion that IFN-A3 is related to liver inflammation and
fibrosis. As well as in B-CH patients, a positive correlation
was observed between serum IFN-A; levels and inflam-
mation (AST levels) and fibrosis markers (FIB-4 score and
APRI). Secondly, we examined whether serum IFN-A; and
chemokines are involved or not involved in the SVR to
PEG-IFN-o. plus RBV therapy for C-CH patients. We
confirmed that IFNL3 genotypes, fibrosis score, and MIP-
lo are associated with SVR in this cohort, but failed to do
so with IP-10 and serum IFN-A;. Several studies showed
that pretreatment IP-10 levels could be a predictor of SVR
in PEG-IFN-a plus RBV therapy for C-CH [34], the sig-

nificance of which became stronger in combination with

IFNL3 genotypes [35, 36]. One of the reasons why the IP-
10 levels failed to be significant in this study may be a bias
for the enrollment of patients from multiple hospitals and
medical centers.

‘?_] Springer

In summary, serum IFN-A; levels are increased in
patients with chronic HCV infection regardless of the
IFNL3 genotype, the level of which is associated with liver
inflammation and fibrosis. The biological role and clinical
impact of IFEN-A; in patients with chronic HCV infection
need to be investigated further.
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Abstract

Background HCV kinetics during treatment demon-
strated strong association with the antiviral outcome of
patients treated with pegylated interferon (Peg-IFN) plus
ribavirin. However, the relationship between HCV kinetics
and pre-treatment factors remains unclear.

Methods Of 547 patients with HCV genotype 1 treated
with Peg-IFN alfa-2b plus ribavirin, 401 completed the
response-guided therapy and were assessed for per protocol
analysis.

Results The sustained virologic response (SVR) rate was
53 % for all patients, 60 % for those with genotype TT,
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and 19 % for those with genotype TG/GG according to
IL28B (1s8099917) single nucleotide polymorphisms. The
SVR rates increased with HCV decrease at week 4,4 %
(2/56) with <1 logo decrease, 13 % (7/56) with 1-2 logyg
decrease, 51 % (44/87) with 2-3 log;o decrease, 64 %
(56/87) with 3—4 log;q decrease, 88 % (72/82) with more
than 4 log;o decrease but with detectable HCV RNA and
100 % (33/33) with undetectable HCV RNA (p < 0.001).
Similarly, SVR rates increased step-by-step in proportion
to HCV decrease in both IL28B TT and TG/GG groups,
showing almost the same SVR rates for the same condi-
tions. In multivariate analysis, age (p = 0.005) and the =
magnitude of HCV decrease at week 4 (p < 0.001) but not
IL28B were associated with SVR. Advanced liver fibrosis
(p = 0.004) and the magnitude of HCV decrease at week 4
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(p < 0.001) but not IL28B were associated with non-
response. -
Conclusions The magnitude of the HCV decrease at week
4 seems to be the most reliable marker for predicting
antiviral outcome after starting Peg-IFN plus ribavirin
therapy.

Keywords Chronic hepatitis C - Pegylated interferon
plus ribavirin - HCV decrease - IL28B

Introduction

Triple therapy with pegylated interferon (Peg-IFN), riba-
virin plus telaprevir (TVR) can improve the antiviral effect
for patients infected with hepatitis C virus (HCV) genotype
1 [1-8]. However, this triple therapy is not indicated for
some patients due to adverse effects such as severe anemia
progression, severe eruption and deterioration of renal
function. On the other hand, 48-55 % of genotype 1
chronic hepatitis C (CH-C) patients have been shown to
attain sustained virologic response (SVR) by response-
guided Peg-IFN plus ribavirin combination therapy [9, 10].
Accordingly, naive patients for whom there is concern
about the possibility of enhanced adverse effects due to the
addition of TVR, especially elderly patients, should first be
given dual therapy with Peg-IFN plus ribavirin [11].
However, if patients having a high risk for hepatocellular
carcinoma show poor antiviral response to this dual ther-
apy, starting them on the triple therapy with Peg-IFN,
ribavirin plus TVR should be considered. What is impor-
. tant is the ability to predict the antiviral outcome early
during treatment in response-guided Peg-IFN plus ribavirin
combination therapy. .

The magnitude of the HCV RNA decrease or the timing
of HCV RNA negativiation during the treatment has been
reported to be strongly associated with SVR rates among
genotype 1 CH-C patients treated with Peg-IFN plus
ribavirin combination therapy [12—16]. During a 48-week
treatment, SVR was attained in 70-80 % of patients with
complete EVR (c-EVR), defined as undetectable HCV
RNA at 12 weeks of treatment, and in about 90 % of
patients with rapid virological response (RVR), defined as
undetectable HCV RNA at 4 weeks of treatment [14-16],
while those with less than a 2 log;g decrease in the HCV
RNA level at 12 weeks mostly were non-SVR [12, 13, 16].
Currently, the magnitude of the HCV RNA decrease at
4 weeks of treatment has been attracting attention as a
predictive factor for the antiviral outcome to this combi-
nation therapy -[16, 17]. However, the aforementioned
study was based on an existing method (lower limit 50 IU/

ml) [17). It is now possible to more precisely predict -

antiviral outcome thanks to progress in measurement of

@ Springer

HCV RNA levels, which can now be quantitated with a
higher degree of accuracy (lower limit 15 IU/ml) and for a
broader range with 2 log,q differences.

© A genetic polymorphism near the interleukin 28B
(IL28B) gene has been reported to be a strong factor
associated with antiviral outcome to the Peg-IFN plus
ribavirin combination therapy [18-24]. Patients with the
TT genotype of IL28B single nucleotide polymorphism
(SNP) (rs8099917) can attain a higher virologic response
during treatment (RVR, ¢-EVR) and a higher SVR rate in
comparison with those with non-TT genotype [19, 23].

In the present study, we investigated the magnitude of
impact of the early HCV RNA kinetics on predicting the
antiviral outcome of response-guided Peg-IFN plus riba-
virin combination therapy among genotype 1 CH-C
patients. We also examined the relationship between the
early viral kinetics and pre-treatment factors.

Patients and methods
Patients

The current study was a retrospective, multicenter trial
conducted by Osaka University Hospital and other insti- -
tutions participating in the Osaka Liver Forum. A total of
547 patients with CH-C treated with a combination of Peg-
IFN alfa-2b plus ribavirin between January 2008 and
August 2010 were enrolled in this study. Of the 547
patients, 401 completed the response-guided therapy and,
were assessed for per protocol analysis. )

Eligible patients for this study were those who were

. infected with HCV genotype 1 and had a viral load of more

than 10° TU/ml, but were negative for hepatitis B surface
antigen and anti-human immunodeficiency virus. Patients
were excluded from this study if they had decompensated
cirrhosis or other forms of liver disease (alcohol liver
disease, autoimmune hepatitis). Informed consent was
obtained from each patient included in this study. This
study was conducted according to the ethical guidelines of
the 1975 Declaration of Helsinki amended in 2002.

Treatment

All patients received Peg-IFN alfa-2b (PEGINTRON;
Merck & Co. Inc.; Whitehouse Station, NJ, USA) plus
ribavirin (REBETOL; Merck & Co. Inc.). Peg-IFN alfa-2b
was given subcutaneously once weekly at a dosage of

. 60-150 pg/kg based on body weight (body weight

35-45 kg, 60 pg; 46-60 kg, 80 pg; 61-75 kg, 100 pg;
76-90 kg, 120 pig; 91-120 kg, 150 pg) and ribavirin was
given orally twice a day at a total dose of 600-1000 mg/

* day based on body weight (body weight <60 kg, 600 mg;
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60-80 kg, 800 mg; >80 kg, 1000 mg), according to a
standard treatment protocol for Japanese patients.

Dose reduction

Dose modification followed, as a rule, the manufacturer’s
drug information according to the intensity of the hema-
tologic adverse effects. The dose of Peg-IFN alfa-2b was
reduced to 50 % of the assigned dose if the white blood cell
(WBC) count declined to <1500/mm?>, the neutrophil count
to <750/mm°, or the platelet count to <8 x 10%mm°, and
was discontinued if the WBC count declined to <1000/
mm?>, the neutrophil count to <500/mm°, or the platelet
count to <5 x 10%mm?>. Ribavirin was also reduced from
1000 to 600, or 800 to 600, or 600 to 400 mg if the
hemoglobin (Hb) level decreased to <10 g/dl, and was
discontinued if the Hb level decreased to <8.5 g/dl. '

Histological evaluation

Pre-treatment liver biopsies were conducted within
6 months before the start of the combination therapy.
Histopathological interpretation of the specimens was done
by experienced liver pathologists who had no clinical,
biochemical and virological information. The histological
appearances, activity and fibrosis, were evaluated accord-
ing to the METAVIR histological score [25].

IL.28B genotyping

Human genomic DNA was extracted from a whole blood
sample for each patient. Genetic polymorphism in SNPs
located near the IL28B gene (rs8099917) was determined
by a real-time PCR system. Fach extracted DNA was used
for PCR with primers and probes from a commercial kit
(Tagman SNP Genotyping Assays, Applied Biosystems).
The SNP of I1.28B rs8099917 was amplified, and the
results were analyzed by real-time PCR in a thermal cycler
(7900 Real-time PCR System, Applied Biosystems).
Homozygosity for TT genotype was defined as having the
IL28B TT genotype, whereas homozygosity for GG or
heterozygosity for TT (TG) genotype was defined as hav-
ing the IL28B non-TT genotype.

Virologic assessment and definition of viral response

Serum HCV RNA level was quantified with the COBAS
Tagman HCV test, version 2.0 (detection range 1.2-
7.8 log IU/ml; Roche Diagnotics, Branchburg, NJ, USA).
Serum HCV RNA level was assessed before treatment,
every 4 weeks during treatment and 24 weeks after the
therapy. The patients were divided into six groups

according to the magnitude of the decrease in HCV RNA
from baseline at treatment week 4, 8 and 12: <1 logg
decrease, 1 to <2 log;q decrease, 2 to <3 log;o decrease, 3
to <4 logo decrease, >4 log;o (detectable), and undetect-
able. The case of serum HCV RNA level lower than
1.2 log TU/ml but positive for the amplification signal was
defined as >4 logig (detectable). A RVR was defined as
undetectable serum HCV RNA at week 4, a c-EVR as
undetectable serum HCV RNA at week 12, and a late
virologic response (LVR) as detectable HCV RNA at week
12 but undetectable at week 36. SVR was defined as
undetectable serum HCV RNA at 24 weeks after discon-
tinuation of treatment. The treatment duration followed the
response-guided therapy, i.e., patients with c-EVR were
treated for 48 weeks and those with LVR for 72 weeks.
Treatment was stopped for patients with detectable HCV
RNA at week 36; they were considered to have experi-
enced treatment failure (non-response, NR).

Definition of PPV and NPV

The positive predictive value (PPV) was defined as the
probability that a certain outcome would occur in subjects
on implementing the prediction criterion of interest, and a
negative predictive value (NPV) was defined as the prob-
ability that a certain outcome would not occur in subjects if
the prediction criterion of interest were not implemented.

Factors associated with SVR or NR on multivariate
analysis

Factors associated with SVR or NR were assessed by

multivariate analysis using two models; model 1 used the
pre-treatment factors while model 2 also included the
virologic response, i.e., the magnitude of the decrease in
HCV RNA from baseline at treatment week 4, in addition
to the factors used for model 1.

Statistical analysis

Baseline data for various demographic, biochemical, and
virologic characteristics of the patients are expressed as
mean £ SD or median. Viral response was evaluated using
per protocol .analysis. The difference between the two
groups was assessed by Chi square test or ¢ test and the
significance trend was determined with the Mantel-Ha-
enszel Chi square test. The factors associated with the
virologic response were assessed by univariate and multi-
variate analyses using logistic regression analysis. A
p value <0.05 was considered significant. Statistical anal-
ysis was conducted with SPSS version 19.0J (IBM, Ar-
monk, NY, USA). )
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Results

The baseline characteristics of the 401 patients who com-
pleted the response-guided regimen are summarized in
Table 1. All were assessed for the HCV RNA level at
baseline and treatment weeks 4, 8 and 12. The IL28B
genotype was assessed for 174 patients. The RVR rate was
8 % (33/401), the c-EVR rate was 41 % (164/401) and the
"LVR rate was 33 % (133/401). The NR rate was 26 %
(104/401) and the SVR rate was 53 % (214/401).

Patient prevalence and SVR rates according
to the magnitude of the decrease in HCV RNA
from baseline at treatment week 4, 8 and 12

The patient prevalence for the different magnitudes of
decrease in HCV RNA from baseline at treatment week 4,
8 and 12 are shown (Fig. 1a). The SVR rate on response-
guided therapy was assessed for the six groups classified
according to the magnitude of decrease in HCV RNA from
the baseline (Fig. 1b). At week 4, the SVR rate signifi-
cantly increased with the magnitude of the decrease in
HCV RNA from the baseline; while all patients achieved
SVR among those with undetectable HCV RNA (33/33),
the SVR rates were very low among patients with <1 logiq
decrease (4 %, 2/56). At week 8, none of the patients
achieved SVR among those with <1 log;o decrease (0/32)
and the SVR rates were very low among patients with 1 to

Table 1 Baseline characteristics of patients

Factor Number or
mean =+ SD

Number 401
Age (y.0) 56,0 4= 10.6
Sex: male/female 1907211
Past history of IFN therapy®: naive/experienced 316/66
Liver histology (METAVIR)®

Activity, A0-1/2-3 188/120

Fibrosis, F0-2/3-4 265/42
IL28B SNP® TT/TG/GG 131/40/3
HCV RNA (log IU/ml) 6.5+ 0.6
White blood cells (/mm?>) 5152 4= 1486
Hemoglobin (g/dl) 13.8 £ 14
Platelets (x 10%mm®) 169 £ 5.5
ALT QU/Mn) 65 + 47
yGTP QU/N) 62 4 68

ALT alanine aminotransferase, yGTP y-glutamyl transferase
@ Past history of IFN was unknown in 19 patients
> 94 missing

© Single nucleotide polymorphism of IL28B gene determined for
rs8099917, 227 missing '

@ Springer

<2 logo decrease (6 %, 2/36). At week 12, none of the
patients achieved SVR among those with <1 log;o decrease
(0/32) or 1 to <2 logo decrease (0/23) and the SVR rates
were very low if HCV RNA did not decrease more than 4
log,o compared to the baseline (among patients with 2 to
<3 log, decrease, 8 %, 2/25, 3 to <4 log, decrease, 7 %,
2/27).

Next, the relationship between the virologic response
during the treatment (c-EVR, LVR and NR) and the
magnitude of the decrease in HCV RNA from baseline
were assessed (Fig. 2). The timing of HCV RNA negati-
viation tended to shift to an earlier time during the treat-
ment with an increase in the magnitude of the decrease in
HCV RNA from the baseline at any week (week 4,
p < 0.0001, week 8, p < 0.0001, week 12, p < 0.0001,
respectively). At week 4, 89 % of the patients with a <1
logo decrease resulted in NR; none of those with a <2
logip decrease achieved c-EVR. At week 8, all patients
resulted in NR among those with a <1 log,, decrease (32/
32, PPV for NR = 100 %); none of those with a < 3 logo
decrease achieved c-EVR. At week 12, all the patients with
a <2 log)p decrease resulted in NR (55/55, PPV for
NR = 100 %). ‘

Patient prevalence and virologic responses according
to IL28B genotype

Among the patients who were assessed for their 1L28B
genotype, 131 had the JL28B TT genotype and 25 had the.
IL28B non-TT genotype (Fig. 3A). The SVR rate for
response-guided therapy was significantly higher in
patients with the IL28B TT genotype than those with the
non-TT genotype (p < 0.001) (Fig. 3B). The treatment
responses distributing ¢c-EVR, LVR, and NR between the
two groups were assessed. The c-EVR rate was signifi-
cantly higher in patients with the IL28B TT genotype and
the NR rate was significantly higher in those with the
IL28B non-TT genotype (p < 0.001) (Fig. 3C).

Patient prevalence and SVR rates according

to the magnitude of the decrease in HCV RNA
from baseline at treatment-week 4, 8 and 12

among patients with IL28B genotype TT or non-TT
genotype :

The patient prevalence and SVR rates according to the
magnitude of the decrease in HCV RNA from baseline at
treatment week 4, 8 and 12 are shown by IL28B genotype
(Figs. 4a, 5a). The magnitudes of the decrease in HCV
RNA from baseline at treatment week 4, 8 and 12 were
significantly higher in patients with the IL28B TT genotype
than in those with the IL28B non-TT genotype. The SVR
rate for response-guided therapy was assessed according to
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Fig. 1 a Patient prevalence
according to the magnitude of
HCV RNA decrease from
baseline. @ <1 log;y decrease.
7 1 to <2 logo decrease.
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Fig. 2 Relationship between the virologic response during treatment and the magnitude of the decrease in HCV. RNA from baseline. [J early
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Fig. 3 A Patient prevalence
according to IL.28B genotype.
O TT genotype. = non-TT
genotype (TG of GG genotype).
B SVR rate according to IL.28B
genotype. C Relationship
between the virologic response
during treatment and IL28B
genotype. a Patients with IL28B
TT genotype. b Patients with
1L28B non-TT genotype.

[ early virologic response.

= late virologic response.

B non-response

Fig. 4 a Patient prevalence
according to the magnitude of
HCV RNA decrease from
baseline among patients with
IL28B TT genotype.
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the six-group classification of the magnitude of the
decrease in HCV RNA from baseline (Figs. 4b, 5b). The
SVR rate increased step-by-step with the magnitude of the
decrease in HCV RNA from baseline at 4, 8 and 12 weeks,
irrespective of the IL28B genotype.

Factors associated with SVR
The factors associated with SVR were assessed for the

variables shown in Table 1 and the magnitude of the
decrease in HCV RNA from baseline at week 4 (Table 2).

@ Springér

The factors selected as significant by univariate analysis
(age, stage of liver fibrosis, platelet count, IL28B genotype
and the magnitude of the decrease in HCV RNA from
baseline at week 4) were evaluated by multivariate logistic
regression analysis. In model 1, which consisted of only the
pre-treatment factors, the IL28B genotype was the most
powerful independent factor for SVR (Odds ratio, OR;
6.92, p < 0.001), apart from age (OR; 0.96, p = 0.048) and
the stage of liver fibrosis (OR; 0.23, p = 0.021). However,
in model 2, which included the parameter of viral kinetics
at week 4, the magnitude of the décrease in HCV RNA
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Fig. 5 a Patient prevalence
according to the magnitude of
HCV RNA decrease from
baseline among patients with
IL28B non-TT genotype. B <1
log;o decrease. # 1 to <2 logjo
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Table 2 Factors associated with SVR
Factor Categbry Univariate analysis Multivariate analysis
Model 1 Model 2
OR 95 % CI pvalue OR 95% CI  pvalue OR 95 % CI  p value

Age 0967 095-0.99 © 0.001 0.963 093-1.00 0.048 0936 0.89-0.98 0.005
Sex M/F _ 0.679  0.46-1.01 0.055
Activity A0-1/A2-3 0.671 0.42-1.06 0.090
Fibrosis F0-2/F3-4 0301 0.15-0.62 0.001 0231 0.07-0.80 0.021 - - NS
HCV-RNA By 1 log 0.657 0.53-1.03 0.075 ‘
WBC 1.000 1.00-1.00 0.167
Hb 1.080 0.94-1.24 0.272
PLT 1.069 1.03-1.11 0.001 - - NS - - NS
ALT 0.999  0.96-1.00 0.756
yGTP , 0998 099-1.00  0.160
.28 TG or GG/TT 6647 2.86-155 <0001 6924 260-184 <0001 - - NS
Change of HCV RNA = By 1 log increase 3472  2.74-4.40  <0.001 3338 220-5.06 <0.001

at 4 weeks

Model 1 consisted of pre-treatment factors. Model 2 consisted of pre-treatment factors and virologic response, that is the magnitude of the
decrease in HCV RNA from baseline at treatment week 4

OR Odds ratio, SVR sustained virologic response, WBC white blood cells, Hb hemoglobin, PLT platelets, ALT alanine aminotransferase, yGTP

y-glutamyltransferase s
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from baseline at week 4 was the most powerful indepen-
dent factor for SVR (OR; 3.4, p < 0.001) apart from age
(OR; 0.936, p = 0.005), and the factor of IL28B was not a
significant independent factor.

Factors associated with NR

The factors associated with NR were assessed in the same
manner as SVR (Table 3). The factors selected as signifi-
cant by the univariate analysis were evaluated by multi-
variate logistic regression analysis: grade of liver activity,
stage of liver fibrosis, WBC count, platelet count, serum
y-glutamyltransferase level, IL28B genotype and the
magnitude of the decrease in HCV RNA from baseline at
week 4. In model 1, IL28B genotype was the most pow-
erful independent factor for NR (OR; 39.75, p < 0.001),
apart from the degree of liver fibrosis (OR; 10.31,
p = 0.021) and platelet count (OR; 0.84, p = 0.01).
However, in model 2, the magnitude of the decrease in
HCV RNA from baseline at week 4 was the most powerful
independent factor for NR (OR; 9.29, p < 0.001) apart
from the degree of liver fibrosis (OR; 14.48, p = 0.004).
IL28B was not selected as a significant independent factor.

SVR rate according to IL28B genotype and the timing
of HCV RNA negativiation during treatment

Lastly, the SVR rate according to the IL28B genotype and
the timing of HCV RNA negativiation during the treatment

Table 3 Factors associated with NR

were assessed (Supplementary Figure 1). RVR  was
attained in nine patients with the IL28B TT genotype, and
SVR was attained by all, but none of those with the IL28B
non-TT genotype attained RVR. Among the patients
without RVR, the SVR rate was significantly higher in the
patients with the IL28B TT genotype than those with the
non-TT genotype (57 %, 70/122 vs. 19 %, 8/43,
p < 0.001). Among the patients with ¢c-EVR, the SVR rate
was 81 % (48/59) in the patients with the IL28B TT
genotype and 67 % (2/3) in those with the non-TT geno-
type (p = 0.48). On the other hand, among the patients
without c-EVR, the SVR rate was significantly higher in
the patients with the IL28B TT genotype than those with
the non-TT genotype (43 %, 30/70 vs. 16 %, 6/37,
p < 0.01). Among the patients with LVR, the SVR rate
was 60 % in both patients with the IL28B TT genotype
(30/50) and the non-TT genotype (6/10) (p = 1.00). Next,
the HCV RNA decrease among the patients without RVR or
¢-EVR was examined. The results revealed a significantly
greater HCV RINA decrease in the IL28 TT group compared
with the non-TT group among the patients without
RVR (3.3 4= 1.2 logo IU/ml vs. 1.3 £ 0.9 logo IU/l,
p < 0.001) and those without c-EVR (4.7 == 1.5 log;o IU/ml
vs. 2.6 & 1.5 log;p IU/ml, p < 0.001). The mean level of
HCV RNA was significantly lower in the IL28 TT group
compared with the non-TT group among the patients without
RVR (3.3 £ 1.3 vs. 5.1 &= 1.2 log;o IU/ml, p < 0.001) and
those without c-EVR (2.0 == 1.4 vs. 3.9 & 1.8 log;o TU/ml,
p < 0.001).

Factor Category Univariate analysis Multivariate analysis
Model 1 Model 2

OR 95 % CI  pvalue OR 95 % CI p value OR 95 % CI  p value
Age 1.015 0.99-1.04 0.185
Sex M/F 1.187 0.76-1.86  0.455
Activity A0-1/A2-3 2.186 123-3.71 0.004 - ~ NS - - NS
Fibrosis FO-2/F3-4 5.079 2.53-10.0 <0.001 10.306 2.17-48.9 0.003 18.482 2.5-136.2 0.004
HCV-RNA By 1 log 1.371 0.93-2.02 0.111
WBC - 1.000 1.00-1.00 0.004 - - NS - - NS
Hb 0.947 0.81-1.10  0.498
PLT 0.887 0.85-0.93 <0.001 0.844 0.74-0.96 0.01 - - NS
ALT 0.985 0.99-1.01  0.985 ‘ ‘
yGTP 1.003 1.00-1.01 0035 - - NS - - NS
128 TT/TG or GG 12.088 5.4-269 <0.001 39.750 10.3-153.5 <0.001 - - NS ’
Change of HCV RNA at By 1 log 6.717 4.56-9.88 <0.001 9292 3.95-21.8 <0.001

4 weeks decrease

Model 1 consisted of pre-treatment factors. Model 2 consisted of pre-treatment factors and v1rolog1c response, that is the magmtude of the

decrease in HCV RNA from baseline at treatment week 4

OR Odds ratio, SVR sustained virologic response, WBC white blood cells, Hb hemoglobin, PLT plate]ets ALT alanine anunotransferase yGTP y-

glutamyltransferase
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Discussion

The importance of the timing of HCV RNA negativiation
for the prediction of SVR has been well recognized [12—
16]. In this study, all of the patients with RVR achieved
SVR and those with c-EVR achieved 90 % of SVR by
48 weeks of treatment. However, only 8 % of the patients
achieved RVR and about 40 % achieved c-EVR. This
means that there is a need for another predictor of the
effects of the response-guided therapy for the remaining
population in which RVR or c-EVR were not attained. At
present, triple therapy with Peg-IEN, ribavirin plus TVR,
which can improve the antiviral outcome, is an option and
the next generation of direct-acting antivirals is coming
[1-8, 26-29]. Thus, the decision of “to treat or not to treat”
during Peg-IFN plus ribavirin combination therapy should
be carefully made with consideration of predictable anti-
viral outcomes and the degree of the adverse effect. In the
present study, we focused on the early HCV RNA
dynamics during the first 12 weeks of Peg-IFN plus riba-
virin combination therapy.

First, we assessed the relationship between the magni--

tude of the decrease in HCV RNA from the baseline and
SVR. At week 4, the patients without RVR were catego-
rized into five groups, almost equally (Fig. 1a). The SVR
rate increased step-by-step in proportion to the magnitude
of the HCV RNA decrease at week 4, 8 and 12 (Fig. 1b).
The SVR rates were very low (0-8 %) in patients with <1
log;o decrease at week 4, <2 logo decrease at week 8 or
<4 log)o decrease at week 12; NR rates were very high
(63-100 %) in these patient groups (Fig. 2). All patients
with <1 log;q decrease at week 8 or with <2 log;q decrease
at week 12 were NR. These results could be useful for
preparing guidelines on when to stop the response-guided
therapy. Similar results were obtained from stratified
analysis according to the IL28B genotype; SVR rates
increased step-by-step in proportion to HCV RNA decrease
in both the IL28B TT group and the non-TT group (Figs. 4,
5). Both groups showed almost the same SVR rates with
the same level of HCV RNA decrease over the same
number of weeks after the start of treatment, although few
patients with non-TT showed a good response (marked
HCV RNA decrease) to the treatment. This means that
early HCV RNA decrease can predict SVR irrespective of
the IL28B status.
In order to examine in more detail whether early HCV
RNA dynamics can predict antiviral outcome irrespective
. of IL.28B status, we investigated the predictive factors for
treatment response before and after the start of treatment by
multivariate logistic regression analysis. As a result, the
IL28B genotype was found to be the strongest predictive
factor for pre-treatment prediction in response-guided
therapy (Table 2, model 1). However, on analysis including

the HCV RNA decrease from the baseline at week 4, the
magnitude of the HCV RNA decrease at week 4 was shown
to be the best predictor for SVR (Table 2, model 42)‘ Mul-
tivariate analysis for NR gave similar results; the IL28B
genotype was the strong predictive factor for pre-treatment
prediction and the HCV RNA decease at week 4 for post-
treatment (Table 3). These results indicate that the infor-
mation of the IL28B genotype is very useful for predicting
the antiviral response before treatment, however, once the
treatment is initiated, that of the HCV RNA decrease at
week 4 can replace the IL28B status for predicting the

~antiviral outcome.

Recently, the relationship between the timing of HCV
RNA negativiation and IL.28B status for predicting the
antiviral effect has been reported [21, 24]. No significant
difference of the SVR rates was shown among patients
with the same on-treatment virologic response, such as
RVR or ¢c-EVR, regardless of the IL28B genotype. How-
ever, the IL28B status was shown to affect the antiviral
outcome among patients who could not attain RVR or
c-EVR; higher SVR rates were obtained for patients with a
favorable IL28B genotype. With the cohort enrolled in this

study, we assessed stratified analysis according to the

TL28B genotype and the timing of HCV RNA negativiation
in order to determine whether the IL28B genotype directly
affects the antiviral outcome or whether the difference of
HCV RNA decrease caused by IL28B status affects the
antiviral outcome (Supplementary Figure 1). The results
showed that the IL28B genotype was associated with SVR
among the patients without RVR or c-EVR, while nearly
equal SVR rates were attained regardless of the IL28B
genotype among the patients with HCV RNA negativiation
over the same period of time. These results correspond to
those of a previous study [21, 24], and the IL.28B genotype
was concluded to affect the antiviral outcome among the
patients without RVR or c-EVR. However, examination of
the HCV RNA decrease among the patients without RVR
or c-EVR in our cohort showed that HCV RNA signifi-
cantly decreased in the IL28 TT group compared with the
non-TT group. These results suggest that the IL28B status
does not directly affect the antiviral outcome and that the
difference of HCV RNA decrease caused by the TL.28B
status affects the antiviral outcome among the patients
without RVR or c-EVR. In sum, the HCV decrease at week
4 can be used in place of the IL28B status for predicting the
antiviral outcome after the start of treatment, as shown by
the multivariate analysis in the present study.

The limitation of this study was that pre-treatment viral
factors were not assessed due to the small numbers of
patients. Among the patients enrolled in this study, the
amino acid (aa) sequences at position 70 in the HCV core
protein were examined in some cases (126 patients). The
analysis for SVR and NR including the factor of aa
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substitution of core 70, the same results were obtained.
That is, the results of the factor of IL28B in model 1 and
the HCV RNA decrease at week 4 in model 2 were the
significant predictive factors for SVR and NR but the factor
of aa substitution of core 70 was not significantly associ-
ated with SVR by univariate analysis and NR by multi-
variate logistic regression analysis. Further examination is
needed to clarify the usefulness of the factor of aa substi-
tution of core 70 as a predictor for SVR or NR in this
combination therapy.

In conclusion, the TL28B genotype is a very strong
predictive factor in pre-treatment prediction. After the start
of treatment, the magnitude of the HCV RNA decrease at
week 4 seems to be the most reliable marker for predicting
the antiviral outcome among patients treated with
response-guided Peg-IFN plus ribavirin combination
therapy.
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Abstract
Background Screening and periodic surveillance for
esophageal varices (EVs) by esophagogastroduodenoscopy

(EGD) are recommended for cirrhotic patients. We inves- -

tigated non-invasive liver stiffness measurement using
acoustic radiation force impulse (ARFI) for the diagnosis
of EV presence and high-risk EVs among patients with
HCV-related cirrhosis. ‘
Methods Among 181 consecutive patients with HCV-
related cirrhosis, we studied 135 patients who had received
EGD and ARFI. Serum fibrosis markers [platelet count,
FIB-4, and aspartate aminotransferase-to-platelet ratio
index (APRI)] were measured in a training set of 92
patients and compared with ARFI in the diagnostic per-
formance for EV presence and high-risk EVs. Furthermore,
the obtained optimal cutoff values of ARFI were pro-
spectively examined in a validation set of 43 patients.
Results In the training set, the ARFI value increased with
the EV grade (p < 0.001). The ARFI value for high-risk
EVs was significantly higher than that for low-risk EVs
(p < 0.001). AUROC values for diagnosis of EV presence
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and high-risk EVs by ARFI were 0.890 and 0.868, which
had the highest diagnostic performance among factors
including serum fibrosis markers. The optimal cutoff value
of ARFI for EV presence was 2.05 m/s with good sensitivity
(83 %), specificity (76 %), PPV (78 %), and NPV (81 %),
and that for high-risk EVs was 2.39 m/s with good sensi-
tivity (81 %), specificity (82 %), PPV (69 %), and NPV
(89 %). These cutoff values obtained in the training cohort
also showed excellent performance in the validation set. _
Conclusions Liver stiffness measurement by ARFI is
useful in predicting EV presence or high-risk EVs among
patients with HCV-related cirrhosis.

Keywords Acoustic radiation force impulse -
Esophageal varices - HCV-related cirrhosis - Portal
hypertension - Liver stiffness

Introduction

Esophageal varices (EVs) resulting from portal hyperten-
sion are present in approximately 50 % of patients with
cirrhosis [1], and variceal bleeding is life-threatening with
a 14 % mortality for hospitalized patients [2, 3]. The risk of
bleeding has been shown to be related to the size of the
varices, the presence of red signs, and the stage of liver
insufficiency as evaluated by the Child-Pugh score [2, 4, -
5]. Patients with high-risk EVs require prophylactic treat-
ment to prevent variceal bleeding [1, 6]. Among patients

. with cirrhosis, the rate of EV incidence was reported to be

5 % at 1 year, 17 % at 2 years, and 28 % at 3 years, and
the rate of EV progression from a small to a large size was
found to be 12 % at 1 year, 25 % at 2 years, and 31 % at
3 years [7]. Therefore,-cirrhotic patients should undergo
periodic surveillance for EVs.
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Esophagogastroduodenoscopy (EGD) is the gold standard
for the diagnosis of EVs. American Association for the Study
of Liver Diseases (AASLD) guidelines and Baveno V con-
sensus strongly recommend screening EGD for all patients
who are diagnosed with cirrhosis [1, 6]; the recommended
intervals are 2-3 years for patients without varices and
1-2 years for those with small varices [6]. However, EGD
causes psychological distress for patients when not per-
formed under sedation, resulting in poor acceptance by
patients. Furthermore, repeated EGD examinations can Jead
to complications and entail high costs. Therefore, instead of
EGD, the development of non-invasive methods which can
be useful in evaluating EVs is very important.

Several non-invasive markers such as platelet count,
FIB-4 index, aspartate aminotransferase-to-platelet ratio
index (APRI), and FibroTest have been examined as pre-
dictors of the accumulation of fibrosis and have been
reported to predict the presence of EVs and large EVs in
cirrhotic patients [8—10]. However, their performance val-
ues were not sufficiently accurate to support the use of
these markers as alternatives to EGD. On the other hand,
the platelet count/spleen diameter ratio (PSR) with a cutoff
value of 909 has shown to have high sensitivity (100 %)
and specificity (93 %) [11]. However, the PSR cutoff value
(909) has not shown good accuracy for the prediction of
EVs in a recent study [12].

As a non-invasive and ultrasound-based method, tran-
sient elastography (TE) has shown excellent diagnostic

.accuracy for the estimation of liver fibrosis [13, 14]. In
addition, TE is useful for predicting portal hypertension
[15]. However, TE measurements are difficult to perform
with obese patients and when ascites is present, and the
interfering structures such as blood vessels can not to be
avoided in TE measurement [16]. On the other hand,
acoustic radiation force impulse (ARFI), a new ultrasound
imaging modality for evaluation of liver stiffness, can be
performed for these patients, and a high level of accuracy
of ARFI for predicting liver fibrosis has been reported over
the last few years [17-19].

The aim of this study was to investigate whether ARFI
can be useful in selecting patients with hepatitis C virus
(HCV)-related cirrhosis who need screening EGD for the
diagnosis of EV and who need EGD at short intervals for
the diagnosis of the progression to high-risk EVs.

Patients and methods

The 181 consecutive patients with HCV-related cirrhosis
~ visited in our hospital between April 2009 and January
2013. Among them, 40 patients did not undergo ARFI and 6
patients did not undergo EGD. Finally, 135 patients who
had undergone both EGD and ARFI were enrolled in this

2} Springer

study. ARFI was measured less than 6 months before or
after the EGD examination. HCV infection was diagnosed
by a real-time PCR method. Diagnosis of cirrhosis was done
by histologic examination or combined physical, laboratory,
and radiologic findings. Patients with a history of endo-
scopic treatment for EVs, portal thrombosis, f-blocker use,
post-liver transplantation, co-infection with HBV, or other
causes of liver disease [autoimmune hepatitis, alcoholic
liver disease, non-alcoholic steatohepatitis (NASH), pri-
mary biliary cirrhosis, etc.] were excluded from the study.

The patient characteristics and the following biochemi-
cal tests were recorded at the time of ARFI platelet count,
prothrombin time, aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), total bilirubin, and albumin.
Data were collected on the presence or absence of ascites,
hepatic encephalopathy, and hepatocellular carcinoma
(HCC). The Child—Pugh scores were also determined.

The training set comprised 92 patients who had under-
gone EGD and ARFI measurements between April 2009
and September 2012. The validation set comprised 43
patients who had undergone EGD and ARFI measurements
from October 2012 to January 2013. We examined the
diagnostic performance of ARFI for the presence of EVs
and high-risk EVs and conducted comparative analysis
with several serum non-invasive markers in the training set.
The obtained optimal cutoff values of ARFI were pro-
spectively examined in the validation set.

This study was approved by the institution’s ethics
committee and was performed in accordance with the
ethical guidelines of the 1975 Declaration of Helsinki
amended in 2008. Written informed consent was obtained
from all study patients.

Non-invasive serum markers

The relationships were examined for three established
serum markers of liver fibrosis, i.e., platelet count, FIB-4,
and APRI, and the presence of EVs or the risk of variceal
bleeding. Serum liver fibrosis scores were calculated
according to previously published formulas: FIB-4 = [age
(years) x AST (IU/L)]/[platelet count (109/L) x ALT (IU/
L)]; APRI = [(AST/ULN) x 100]/platelet count 10°/L

) (ULN = the upper limit of normal) {20, 21].

Liver stiffness measurements

Liver stiffness was measured by ARFI, using the Siemens
ACUSON S-2000 ultrasound system. ARFI is based on the
measurement of the acoustic shear wave induced by an
ultrasonic push pulse to assess the elastic properties of
target tissues [22]. During real-time B-mode imaging, a-
region of interest (ROI) was set in the right hepatic lobe at
a depth of 2 cm below the liver capsule. Patients were
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examined in a supine position with short intervals of
breath-holding. The operator performing the ARFI mea-
surements was blinded to the EGD results. The velocity of
the shear wave was quantified, and the results are expressed
in meters per second (m/s). The mean values of 10 valid
measurements for each patient were used for further
analyses.

Endoscopic evaluation of EVs

EGD examination was performed by endoscopists who
were blinded to the AFRI results. Consensus was reached
for discrepancies in the diagnosis of varices during endo-
scopic conferences. EVs were recorded according to the
general rules of the Japanese Society for Portal Hyperten-
sion [23]. The grade of EVs was classified as follows: FO,
lesions assuming no varicose appearance; F1, straight
small-calibered varices; F2, moderately enlarged, beady
varices; F3, markedly enlarged, nodular, or tumor-shaped
varices. Red color (RC) signs included red wale marking,
cherry red spot, or hematocytic spot. We categorized var-
ices as presence (grade > F1) or absence (grade = FO).

Patients were then divided into two groups according to the

risk of EV bleeding; high-risk EV's (grade > F2 or F1 with
RC signs) and low-risk EVs (FO or F1 without RC signs).

Statistical analysis

Quantitative  demographic data are expressed as
mean =+ standard deviation. The non-parametric Mann—
Whitney test was used to compare various subgroups. The
relationship between the ARFI value and the grade of
varices was assessed by the Jonckheere—Terpstra test. The
diagnostic performance of ARFI, platelet count, APRI, and
FIB-4 was assessed by using curves of receiver operating
characteristics (ROC) and analysis of the area under the
ROC (AUROC) curve. The optimal cutoff values were
determined to maximize the sum of sensitivity (Se) and
specificity (Sp). Se, Sp, positive predictive value (PPV),
and negative predictive value (NPV) were calculated.
AUROCs were compared using the DeLong test. The 95 %
confidence intervals (95 % CIs) were calculated for each
predictive test and a p value less than 0.05 was regarded as
significant for each statistical test. All statistical analyses
were performed with SPSS software, version 19 (SPSS,
Chicago, IL, USA) and MedCalc software (MedCalc, Os-
tend, Belgium).

Results

The characteristics of the patients in the training and
validation sets are presented in Table 1. ARFI was

Table 1 Baseline characteristics of patients in training and validation
sets

Factor Training set Validation set
Number 93 43
Age (year) 68.8 £9.3 72,6 £ 6.9
Sex (male/female) 48/45 26/17
BMI (kg/m?) 227 £32 223432
Child-Pugh class
A 60 (64.5 %) 31 (72.1 %)
B 31 (33.3 %) 11 (25.6 %)
C ’ 2 (22 %) 123 %)
HCC o
No - . 47 (50.5 %) 12 (27.9 %)
Yes ) 46 (49.5 %) 31 (72.1 %)
Ascites .

No 82 (88.2 %) 35 (81.4 %)
Yes 11 (11.8 %) '8 (18.6 %)
Platelet (x 10*/mm>) 9.63 + 4.94 9.35 £+ 4.30
AST (IU/L) 54.0 + 29.9 38.6 £22.6
ALT (JU/L) 489 + 329 534 £ 386
Albumin (g/dl) 3.59 £ 0.59 3.67 £ 0.56
Total bilirubin (mg/dl) 1.06 £ 0.86 1.02 4 0.61

Results are given as mean =+ standard deviation or 1 (%)

BMI body mass index, HCC hepatocellular carcinoma, AST aspartate
aminotransferase, ALT alanine aminotransferase

successfully performed in all patients. In the training set,
EVs were found on conducting EGD in 47 patients
(51.1 %): 19 with F1, 22 with F2, and 6 with F3. RC
signs were present in 24 patients (26.1 %). There were 31
(33.7 %) and 61 (66.3 %) patients with high-risk and low-
risk EVs, respective}y. In the validation set, EVs were
present on EGD in 27 (62.8 %) patients. High-risk EVs
were present in 12 patients (27.9 %). The median ARFI
values of the training set and the validation set were
2.12 m/s [interquartile range (IQR) 1.56-2.69] and

- 228 m/s (IQR 1.69-2.61).

ARFI measurements and EV gradgs

The median ARFI values for patients without EVs and with’
EVs were 1.59 m/s (IQR 1.27-2.07) and 2.63 m/s (IQR
2.14-3.03) and the ARFI value for patients with EVs was
significantly higher than that without EV (p < 0.001)
(Fig. 1a). The median ARFI values according to the grade
of EVs were as follows: FO, 1.59 m/s (IQR 1.27-2.07); F1,
2.23 m/s (IQR 1.95-2.66); F2, 2.74 m/s (IQR 2.47-3.12);
F3, 3.02 m/s (JQR 2.89-3.16) (Fig. 1b). The ARFI value
increased with the grade of EVs (p < 0.001). The median
ARFI value for low-risk and high-risk EVs were 1.74 m/s
(IQR 1.40-2.24) and 2.84 m/s (IQR 2.48-3.15), and the
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Fig. 1 Correlation between ARFI values and esophageal varices. The
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respectively. The middle line represents the median. Correlation

ARFI value with high-risk EVs was significantly higher
than that with low-risk EVs (p < 0.001) (Fig. 1¢).

Diagnostic performances and optimal cutoff values
for the presence of EVs

The ROC curves for diagnosis of the presence of EVs by
ARFI, platelet count, FIB-4, and APRI are shown in Fig. 2.
AUROCs (95 % ClIs) were as follows: ARFI, 0.890
(0.825-0.955); platelet count, 0.735 (0.632-0.838); FIB-4,
0.745 (0.642-0.848); APRI, 0.684 (0.573-0.795). ARFI
had the best diagnostic performance for predicting EVs
compared with all other parameters (ARFI vs. platelet
counts, p = 0.0047; ARFI vs. FIB-4, p = 0.0041; ARFI
vs. APRI, p = 0.0001). f '
Table 2 shows the Se, Sp, NPV, and PPV of the optimal
cutoff values for diagnosis of the presence of EVs. The
optimal cutoff value of ARFI was 2.05 m/s with the best
- performance of Se (83 %), Sp (76 %), PPV (78 %), and
NPV (81 %) compared with those of platelet count, FIB-4,
and APRI
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Fig. 2 Receiver operating characteristics curves of ARFI, platelet
count, FIB-4, and APRI for detecting the presence of esophageal
varices
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Table 2 Diagnostic performance of ARF], platelet count, FIB -4, and 1.0
APRI for detecting the presence of esophageal varices
Cutoff  Se(%) Sp(%) PPV (%) NPV (%)
0.8+
ARFI 2.05 83 76 78 81
Platelet 8.25 67 67 71 67
FIB-4 6.21 71 69 73 69
> 0.67]
APRI 1.50 59 64 67 64 'i
Se sensitivity, Sp specificity, PPV positive predictive value, NPV .g
negative predictive value » g
Diagnostic performances and optimal cutoff values : AUROG  (95% Cl)
for high-risk EVs ' 5 ; ---ARFl 0.868(0.792-0.943)
02 — Platelet 0.659 (0.547-0.771)
) . R DC I A Fib-4  0.741(0.635-0.847)
The ROC curves for diagnosis of high-risk EV by ARFI, --- APRI  0.669 (0.555-0.784)
platelet count, FIB-4, and APRI are shown in Fig. 3. AU- 00
ROCs (95 % ClIs) were as follows: ARFI, 0.868 ~ 00 02 04 06 08 10
(0.792-0.943); platelet count, 0.659 (0.547-0.771); FIB-4, ‘ 1-Specificity (

0.741 (0.635-0.847); APRI, 0.669 (0.555-0.784). ARFI
had the best diagnostic performance for predicting EV
compared with all other parameters (ARFI vs. platelet
count, p = 0.0004; ARFI vs. FIB-4, p = 0.0109; ARFI vs.
APR], p = 0.0002).

Table 3 shows the Se, Sp, PPV, and NPV of the optimal
cutoff values for diagnosis of high-risk EVs. The optimal
cutoff value of ARFI was 2.39 m/s with the best perfor-
mance of Se (81 %), Sp (82 %), PPV (69 %), and NPV
(89 %) compared with those of platelet count, FIB-4, and
APRIL

Diagnostic performance of ARFI cutoff value
in validation set

In the validation set, the optimal cutoff values of ARFI
analyzed by the training set for diagnosis of the presence of
EVs (2.05 m/s) and high-risk EVs (2.39 m/s) were pro-
spectively analyzed. The ARFI cutoff value for the pre-
sence of EVs showed good performance with Se (85 %),
. Sp (81 %), PPV (89 %), and NPV (77 %), and that for
high-risk EVs with Se (83 %), Sp (77 %), and- NPV
(92 %), but not PPV (59 %) (Table 4). Thus, the diagnostic
performance of ARFI for the presence of EVs and high-risk
EVs in the validation set were almost equal to those in the
training set.

Discussion

Screening EGD for EVs is clinically important in the
management of patients with cirrhosis. However, EGD is
an examination that is not readily accepted by patients [24].
Therefore, there has been increasing interest in developing
non-invasive methods for prediction of EVs. Recently,

Fig. 3 Receiver operating characteristics curves of ARFL, platelet
count, FIB-4, and APRI for diagnosis of high-risk esophageal varices

Table 3 Diagnostic performance of ARFI, platelet count, FIB-4, and
APRI for detecting high-risk esophageal varices

Cutoff  Se (%) Sp(%) PPV (%) NPV (%)
ARFIL 2.39 81 82 69 89
Platelet ~ 7.95 64 63 49 63
FIB-4 7.70 67 78 63 78
APRI 1.62 64 68 53 68

Se sensitivity, Sp specificity, PPV positive predictive value, NPV
negative predictive value

Table 4 Diagnostic performance of ARFI for detecting the presence
of esophageal varices and high-risk esophageal varices in training and
validation sets

Cutoff  Set Se (%) Sp (%) PPV (%) NPV (%)
Presence  2.05 Training 83 76 78 81
Validation 85 81 89 77
High-risk 2.39 Training 81 82 69 89
Validation 83 71 59 92

Se sensitivity, Sp specificity, PPV positive predictive value, NPV negative
predictive value

several serum markers and imaging methods have been
shown to correlate well with liver fibrosis and can replace
liver biopsy in the diagnosis of liver fibrosis [18]. Several
of these methods have been tried for non-invasive assess-
ment of EV prediction. Another simple test, the platelet
count, has not been a good predictor of the presence of EVs
in patients with cirrhosis (AUROC 0.63) [8]. In a large
cirrhotic cohort, FIB-4 showed an AUROC of 0.64 for the
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presence of EVs and 0.63 for large EVs, and APRI showed
an AUROC of 0.57 for the presence of EVs and 0.60 for
large EVs [9]. In the present study, the diagnostic perfor-
mances for the presence of EVs and high-risk EVs by
platelet count (AUROC 0.735 and 0.659, respectively),
FIB-4 (AUROC 0.745 and 0.741, respectively), and APRI
(AUROC 0.684 and 0.669, respectively) were superior to
those by previously reported findings [8, 9]. Nevertheless,
ARFI showed better diagnostic performances (AUROC
0.890 and 0.868, respectively) than these serum fibrosis
markers in this study.

In this study, we examined patients with HCV infec-
tion. A large study evaluating the performance of TE for
diagnosis of cirrhosis showed variation in optimal liver
stiffness cutoff values depending on the underlying cause
of HCV infection, HBV infection, and alcoholic liver
disease or NASH [25]. The factors which contribute to
increasing liver stiffness other than fibrosis were reported
as follows: severe inflammation which was characterized
by ALT elevation often displayed in patients with chronic
HBYV infection [26-29], perisinusoidal f{ibrosis which was
common in patients with alcoholic liver disease and
NASH [25], and alcohol consumption characterized by
AST elevation [30]. In addition, pooled meta-analysis
suggested lower diagnostic performance for liver fibrosis
in patients with chronic HBV infection. That is, the
AUROC of diagnosis of the fibrosis (METAVIR fibrosis
score >2) by ARFI in patients with chronic HBV infec-
tion was lower than that in those with chronic HCV
infection (AUROC 0.79 vs. 0.88) [19]. This result could
be related to architectural abnormalities, characterized by
inhomogeneous liver fibrosis and macronodular cirrhosis,
which is common in patients with HBV-related cirrhosis
[25]. Thus, we suggest that liver stiffness measurement
(LSM) for diagnosis of liver fibrosis should be evaluated
according to the underlying disease, and the patients who
were limited to HCV-related cirrhosis were examined in
this study. '

Recently, prediction of the presence of EVs and large or
high-risk EVs by TE or ARFI has been reported in several
studies [28, 31-36]. However, the diagnostic performances
differed greatly among these reports; AUROC for the
presence of EVs was from 0.58 to 0.84 and that for large or
high-risk EVs was from 0.58 to 0.83 [28, 31-36]. The
reason for these differences of AUROCS is considered to

arise as a result of the underlying liver disease. In fact,.

Pritchett et al. [31] reported that the AUROC for predicting
large varices by -TE in patients with only HCV-related
cirrhosis was higher than those with various cirrhosis eti-
ologies except HCV-related (AUROC 0.78 vs. 0.72). Thus,
as well as the evaluation of the LSM for diagnosis of liver
fibrosis, the correlation between EVs and the liver stiffness

@ Springer

by ARFI should be evaluated according to the specific
etiology of liver diseases.

Our study is the first assessment of the prediction of EVs
by ARFI for a patient group with homogeneous cirrhotic
disease of HCV etiology. This led to the very good diag-
nostic performance for predicting the presence of EVs or
high-risk EVs (AUROC 0.890 or 0.868, respectively) in the
training cohort, and these results were also confirmed to
prospectively validate another cohort of HCV-related cir-
rhosis patients whose characteristics differed from the
training cohort. The results of our study showed better
diagnostic performance than those of the past studies
described above. Only one report showed high diagnostic
performance of TE for the presence of EVs and high-risk
EVs among patients with only HCV (AUROC 0.87 and
0.84, respectively) [37]. TE can show diagnostic perfor-
mance for EVs comparable to ARFIL. However, ARFI may
have some advantages over TE for LSM. For one, the rate
of unsuccessful TE was reported to be as high as 18.9 %,
mostly because of obesity, ascites, and patients with nar-
row intercostal spaces [16]. On the other hand, ARFI is not
limited by these conditions and the rate of unsuccessful
results was reported to be 2.9 % overall [19]. In the présent
study, ARFI could be successfully performed in all
patients. Moreover, ARFI is superior in terms of its con-

“venience because it is integrated into a conventional

ultrasonography (US) system using conventional probes
and can be performed during standard US examinations. In
addition, the ROI, which is 10 mm long and 6 mm wide, is
smaller than that of TE and can be chosen while per-
forming real-time B-mode imaging. Therefore, we can see
the ROI while avoiding nearby interfering structures such
as blood vessels and minimize the measurement error.
Further study is needed to clarify whether ARFI surpasses
TE in LSMs.

In recent studies, the relationship between spleen stiff-
ness and the presénce of EVs and high-risk or large EVs
has been assessed. Takuma et al. [36] reported the high
diagnostic performance of spleen stiffness for the presence
of EVs and high-risk EVs (AUROC 0.933 and 0.930,
respectively). On the other hand, Vermehren et al. [34]
showed that the diagnostic performance of spleen stiffness
for predicting large EVs was low (AUROC 0.58). Thus, the
diagnostic values of EVs or portal hypertension by spleen
stiffness remain controversial. The mechanism of spleen
stiffness arising as portal hypertension develops should be
investigated.

The limitation of our study is that a serial prospective
study by ARFI for the development of EVs for a specific
individual was not done. Therefore, the ideal interval for
ARFI measurement to follow-up on EVs remains unclear.

Further study is needed.
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In conclusion, for patients with HCV-related cirrhosis,
we showed that LSM by ARFI can non-invasively predict
the presence of EVs or high-risk EVs. This indicates that
the non-invasive ARFI can be useful in selecting patients
with HCV-related cirrhosis who need screening EGD or
EGD at short intervals for the diagnosis of the progression
to high-risk EVs.
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