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Background: Non-invasive procedures such as acoustic radiation force impulse imaging (ARFI) shear-wave elastography are
currently used for the assessment of liver fibrosis. In the course of chronic hepatitis C, significant liver fibrosis
or cirrhosis develops in approximately 25% of patients, which is a negative predictor of antiviral treatment re-
sponse. Cirrhosis can be prevented by successful virus elimination.

In this prospective study, a pretreatment ARFI cutoff value of 1.5 m/s was evaluated in relation to sustained
virological response to anti-HCV therapy.

Material/Methods: In 23 patients with chronic hepatitis C, liver stiffness was examined with ARFI at defined times before and un-
der antiviral triple therapy (peginterferon, ribavirin in combination with a first-generation protease inhibitor,
and telaprevir or boceprevir). Patients were stratified into 2 groups based on pretreatment ARFI values (<1.5
m/s and >1.5 m/s) for the assessment of virological response.

Results: The liver stiffness at baseline for all patients was 1.57+0.79 m/s (ARFI median + standard deviation; margin:
0.81 m/s to 3.45 m/s). At week 4 of triple therapy, patients with low pretreatment ARFI values had higher rates
of HCV-RNA negativity (69% vs. 43%), reflecting an early rapid virological response (eRVR). Sustained virolog-
ical response (SVR) was found in 75% (12/16) of patients with an ARFI value <1.5 m/s and only 57% (4/7) of
patients with ARFI value >1.5 m/s.

Conclusions: Patients with chronic hepatitis C and pretreatment ARFI <1.5 m/s showed earlier virus elimination and better
response to treatment.
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Background

Non-invasive shear-wave elastography techniques to deter-
mine the fibrosis stage of the liver, such as transient elastog-
raphy (TE) with Fibroscan and acoustic radiation force impulse
(ARFI) have found their way into the standard diagnostics of
chronic liver diseases [1-4]. Shear-wave elastography tech-
niques measure liver stiffness, which correlates well with his-
tological stage of liver fibrosis [1,3,5,6]. With these techniques
it is possible to distinguish between mild liver fibrosis vs. se-
vere liver fibrosis or cirrhosis [3,5,7]. Fibrosis plays an impor-
tant role in chronic liver diseases, especially in chronic hepa-
titis C infection, because advanced liver fibrosis is a negative
predictor of response to antiviral therapy [8]. Thus, high pre-
treatment shear-wave elastography values may be a nega-
tive predictor of successful virological response to therapy [9].

We used the ARFI technique instead of TE to measure liver
elastography values before, during, and after treatment of
chronic hepatitis C infection. The ARFI technique is an estab-
lished ultrasound-based shear-wave elastography technique.
ARFI is integrated into a conventional ultrasound (US) ma-
chine; therefore, measurements are performed under direct
B-mode visualization of the liver parenchyma [10]. ARFI pres-
ents an alternative method to TE, which has some limitations.
TE is dedicated to specific equipment not included in an US
machine; measurements are based on M- and A-mode imag-
ing, but no B-mode information is available. TE is limited in
patients with severe obesity and impossible in patients with
ascites [11]. With the ARFI technique, B-mode information can
be obtained and shear-wave elastography can be performed
quickly using the same device [3,12]. The US-guided device
makes it possible to identify the most appropriate place for
the elastographic measurements and thereby enables valid re-
sults to be achieved in most patients [13]. Therefore, ARFI has
a higher rate of reliable measurements and diagnostic efficacy
comparable to TE in detecting significant liver fibrosis [14-16].

ARFl involves targeting of an anatomic region to be interrogat-
ed for elastic properties with a region of interest (ROI) curser
during B-mode imaging. A short ARFl is generated by an ultra-
sound transducer causing localized tissue displacement, which
leads to a lateral shear-wave. Shear-wave velocity (SWV) is
tracked by ultrasound, which is proportional to the square root
of tissue elasticity [14]. In 2 meta-analyses, ARFI values had
good correlation to liver fibrosis assessed by histology [6,10].

In chronic hepatitis C infection, ARFI values are correlated
with fibrosis stage [9,17,18]. The grade of liver inflammation
is not reflected by elastography in chronic hepatitis C infec-
tion in contrast to chronic hepatitis B infection. ARFl values in
chronic hepatitis B infection are influenced by fibrosis and in-
flammation [19-21]. In a previous study, we defined a cutoff
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ARFI SWV of 1.5 m/s, distinguishing between no/mild and se-
vere fibrosis in chronic hepatitis C patients [2]. In the current
study we evaluated ARFI values in patients with chronic hep-
atitis C undergoing antiviral therapy.

Treatment of chronic hepatitis C (HCV) is currently undergo-
ing major changes due to the use of direct antiviral active sub-
stances (DAA), with significantly higher rates of virological re-
sponse. The first substances in this group were telaprevir and
boceprevir, given in combination with pegylated alpha inter-
feron (IFN) and ribavirin. Complete IFN-free treatment reg-
imens are available [22] but some countries still common-
ly use IFN-containing regimens, such as combinations with
telaprevir or boceprevir, for socio-economic reasons [23,24].
Although these therapies can significantly increase the viro-
logical response in contrast to dual therapy with PEG-IFN al-
pha/ribavirin, they have a significantly worse adverse effects
profile compared to dual therapy. Therefore, it is important
to identify predictive factors for treatment response, such as
the IL28B polymorphism in HCV genotype 1, at an early stage
of therapy to be able to adjust therapy accordingly [25]. For
example, a Japanese study showed that patients with high-
er shear-wave velocities (ARFI) and an unfavorable IL28b gen-
otype had significantly lower sustained virological response
rates (SVR) [26]. The aim of the present prospective study was
to evaluate the cutoff ARFI shear-wave velocity of 1.5 m/s in
antiviral HCV treatment with PEG-IFN, ribavirin, and first-gen-
eration DAA as a prognostic marker of treatment response.

Material and Methods

Patients

We included all daily routine patients with chronic hepati-
tis C from the outpatient clinic of Medical Department 1,
University of Erlangen, if they had received 1 of these 2 ther-
apies. Between September 2012 and April 2014, patients with
HCV genotype 1 who started antiviral treatment were recruited
for the study prior to treatment during their initial visit. Prior
to patient enrollment, the local Ethics Committee (University
of Erlangen) approved the project. Patients were asked to un-
dergo additional assessment by ARFI elastography. A total of
23 patients were considered for further evaluations. Written
informed consent was obtained from all patients. Descriptive
data (gender, age, BMI, history of HCV infection, prior thera-
pies), and blood test results (HCV-RNA, IL28b, total bilirubin,
AST, ALT, v-GT, AP, albumin, leukocytes, and platelet count) were
evaluated (Table 1). B-mode liver US was performed prior to
ARFI by 2 experienced sonographers with more than 5-year
experience in US (German Society of Ultrasound in Medicine
(DEGUM) — Level 2 and 3). Patients were divided into 2 groups
according to their pretreatment ARFI value (no/mild fibrosis
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Table 1. Patient baseline characteristics.

<1.5 m/s
(n=16)

All patients

significance (p)

((EVE)) </>1.5 m/s

Pretreatment ARFI value

[<1.5m/s/>1.5m/s] sa A0 (o)
Cgender[mA] | nrel | 24 520 ns.
Cagelyeasl 5039:1067 56.08:1023 471451174 ns.
Cemikgml 267849 25582224 301503 00074
fr:iﬁifixg?ﬁi?ffj] [10/13] [8/4] [2/5] n.s
Wosb[TCKC] nwe sl /a3 ns.
CHCVRNA[E/mI 2980.42143.821.878 2.691429+3.591.168 3.823.800:4757.707 | hs.
CasTom 719185702 5027:198 1182918236 00044
CaTmom 7805:4886 65.53:3357 1048616705 ns.
GammaGTUl 992347596 802718162  12057#622 ns.
Bilirubin [mgrd] 072033 0692036 072026 hs.
Abuminlg] 4343393 4ss168 30948521 00018
Thrombocytes[ml] 18586002 192685401 1687127315 ns.
leucogytes[m] 749:1998 788203 682:188 ns.
Hemoglobin[g/d] 1498192 1527¢13 14258285 ns.
International Normalized Ratio (INR) 11201 13502 12002 ns.
 Median ARFlvalue 1575079 11850204 266:086 00001
Average 1612081 1215009 266209 00001
e 0281023 022:013 | 046:033
Genotype[lasb] | e ws we ns.
* Overall responder [responder/non- : 16/7] """""""""""""" [ 12/4] """""""""""""" : 4/3] """""""""""""""" o

responder]

Significant differences between patients with initial shear-wave velocities </>1.5 m/s were observed for BMI, GOT, albumin, and initial
shear-wave velocities. n.s. — non-significant.

<1.5 m/s; severe fibrosis >1.5 m/s) to investigate their treat-
ment response.

Patients received 1 of the 2 treatment regimens (boceprevir vs.
telaprevir) without randomization. Eleven patients received an-
tiviral treatment with PEG-IFN alpha 2a (180 micrograms/week
s.c.)/ribavirin (<75 kg: 1000 mg/d; >75 kg 1200 mg/d) in combi-
nation with boceprevir (800 mg every 8 h). Boceprevir was started
after a 4-week lead with PEG-IFN/ribavirin as specified by the label.

The other 12 patients received peginterferon alpha 2a (180 micro-
grams/week s.c.)/ribavirin (<75 kg: 1000 mg/d; >75 kg 1200 mg/d)
in combination with telaprevir (750 mg every 8 h) without lead-
in. In both therapy regimens, dose modifications of peginterferon

or ribavirin were made according to the label in case of adverse
events. Duration of therapy was 24 to 48 weeks, depending on
pretreatment outcome, virological response, and presence of
cirrhosis, according to the drug label of boceprevir and telapre-
vir. Sustained virological response was defined as RNA viral load
<10 U/l (Abbott RealTime HCV) 24 weeks after end of treatment.

ARFI assessment

ARFl is a device integrated into a conventional US system.
Elastometry can be performed during real-time B-mode US
with a single transducer in the Acuson S2000 US system
(Virtual TouchTM Tissue Quantification, Siemens Acuson 52000,
Siemens Medical Solutions, Erlangen, Germany). A quadratic
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Vs=2,89 m/s
Tiefe=5,6 cm

Figure 1. Example of ARFI measurement: During real-time B-mode US, a region of interest (10x5 mm) is placed in the liver parenchyma
(segment VII). Vs. (shear-wave velocity): 1.07 m/s which represents no significant fibrosis (A); 2.89 m/s which represents
significant fibrosis/cirrhosis (B).

cursor with a size of 10x5 mm representing the anatomic ROI
to be measured is placed in the selected area of the liver pa-
renchyma (Figure 1). At the push of a button, a short-duration
acoustic pulse is transmitted, which leads to localized tissue
displacement and consecutive shear-wave propagation away
from the area of excitation. The shear-wave propagation ve-
locity (expressed in m/s) is proportional to the square root of
tissue elasticity within the cursor [14,27]. All patients in our
study were in the fasting state (at least 2 h after a meal) and
were performing relaxed breathing arrest. ARFI imaging was
performed on the day of clinical examination and blood with-
drawal, with an Acuson $2000 US system curved-array trans-
ducer (6C1HD; 4 MHz). Ten valid measurements in the right
(segment VII) hepatic lobe using an intercostal approach were
made in all patients, avoiding large vessels and bile ducts [28].
The duration of all ARFI measurements was approximately 5-10
min. For the assessment of liver stiffness, the median of 10 valid
ARFI measurements was calculated with an interquartile range
(IQR) <30% as a control for valid results. ARFI measurements
were performed for each patient at the following time points:
before therapy, week 4, 12, 24, and 48 of triple therapy, and
24 weeks after end of therapy (SVR). This means that patients
in the boceprevir group received the second measurement at
week 8 of treatment (4-week lead-in and 4-week triple-therapy.

Statistical analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences (Version 19.0.0.1, IBM SPSS statistics,
NY). Clinical and laboratory data of the patients and ARFl-values
are expressed as mean + standard deviation (SD), counts, and
percentages, as appropriate. Continuous variables of indepen-
dent groups were calculated with the t test. Non-parametric
tests were chosen to compare median values of 2 independent

samples by Mann-Whitney U test in non-normally distributed
data. All tests were 2-sided. A p-value <0.05 indicated a sig-
nificant correlation or difference.

Results

Baseline characteristics of patients

The overall study population of 23 patients consisted of 17
males (74%) and 6 females (26%). Fourteen patients (61%)
had HCV genotype 1b and 9 patients (39%) had genotype 1b.
Thirteen patients (57%) were treatment-experienced with pe-
ginterferon/ribavirin and were non-responders or relapsers.
The mean age was 50.4+10.7 years, and the BMI value was
26,7+4,9 kg/m? (Table 1). The median shear-wave velocity value
according to pretreatment ARFl measurements was 1.57+0.79
m/s. Patients were stratified according to pretreatment ARFI
values defining by a cutoff ARFI shear-wave velocity of 1.5 m/s
distinguishing between no/mild and severe fibrosis [2]. Group
A was defined by pretreatment ARFI values <1.5 m/s (n=16)
and group B by >1.5 m/s (n=7). Two patients in the ARFI >1.5
m/s group stopped at week 4 of triple therapy due to nonre-
sponse. At week 12 of triple therapy, 4 more patients stopped
therapy as a consequence of nonresponse (1 patient <1.5 m/s,
3 patients >1.5 m/s at day 0). Therapy was shortened to 24
weeks of triple therapy in 17 patients (<1.5 m/s n=12 of 16;
>1.5 m/s n=5 of 7) because of early virologic response (HCV-
RNA-negative at week 12 of triple therapy).

Virological response in relation to ARFI measurement:

Sixteen out of 23 patients presented negative HCV-RNA 24
weeks after end of treatment (SVR), corresponding to an
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1007 E<1.5m/satday0
W >1.5m/satday0

HCV-RNA negative in %
S

Week 12
(n=21)

Week 24
(n=17) (n=6)

Week 48 SVR
(n=23)

Week 4
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Figure 2. A low baseline shear-wave velocity <1.5 m/s (n=16)
results in a higher percentage of HCV-RNA negativity
at week 4 of triple therapy (69% vs. 43%, p=0.363; n.s.
(non-significant)) and 24 weeks after end of therapy
(75% vs. 57%, p=0.6258; n.s.) compared to high
baseline shear-wave velocity (>1.5 m/s) (n=7). During
therapy, no differences in HCV-RNA negativity were
observed between groups (A <1.5 vs. B >1.5 m/s: week
12: group A 87% vs. group B 83%; week 24: 92% vs.
80%; week 48 100% vs. 100%; all n.s.).

overall SVR rate of 69.6% (SVR Boceprevir-regimen: 63.6%; SVR
Telaprevir-regimen: 75%). Patients with low pretreatment shear-
wave velocity <1.5 m/s (group A) presented a higher percent-
age of HCV-RNA negativity at week 4 of triple therapy (69% vs.
43%) and 24 weeks after end of therapy (75% vs. 57%) com-
pared to patients with high pretreatment shear-wave velocity
(>1.5 m/s) (group B) (Figure 2). During therapy, HCV-RNA neg-
ativity were approximately the same in both groups, with no
significant differences in HCV-RNA negativity (week 12: group
A 87% vs. group B 83%; week 24: 92% vs. 80%; week 48 100%
vs. 100%). Due to the small number of cases, no significant dif-
ferences were found. However, clear trends could be identified
at week 4 of treatment and at 24 weeks after treatment (SVR).

Discussion

In the present study, low pretreatment shear-wave elastog-
raphy values (ARFI <1.5 m/s) were found to be a predictor of
successful antiviral HCV treatment with peginterferon-based
triple-therapy. Predictive factors for sustained virological re-
sponse (SVR) are essential because of a variety of adverse
events. Most predictive factors are known from dual therapy
without DAA. Thus, a low initial viral load, a favorable 1L.28b
genotype (CC), lower BMI, absence of cirrhosis, genotype 1b,
and an early rapid virological (eRVR) are important prognos-
tic factors of SVR in triple therapy with telaprevir or bocepre-
vir [8,25]. These therapeutic regimens are not the therapeutic
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standard in Western countries, but are still in use as antiviral
HCV-therapies in a variety of countries with lower health-care
budgets, such as Eastern European countries4[24]. Furthermore,
in dual therapy with pegylated interferon and ribavirin, elastog-
raphy value was shown to be a significant predictor of antivi-
ral response to peginterferon/ribavirin in HCV treatment [26].

HCV patients with higher ARFI values have lower rates of re-
sponse to IFN-based therapy [9]. This observation is partly ex-
plained by a higher fibrosis stage. Higher-grade fibrosis is as-
sociated with a worse virological response to IFN-containing
therapies [8,29].

ARFI is established in diagnosis of liver fibrosis [6,12]. The di-
agnostic accuracy of ARFI quantified by AUROC was 87% for
the diagnosis of significant fibrosis, 91% for the diagnosis of
severe fibrosis, and 93% for the diagnosis of liver cirrhosis.
A diagnostic tool is defined as perfect if the AUROC is 100%,
excellent if the AUROC is greater than 90%, and good if it is
greater than 80% [30,31]. According to these results, ARFI can
be used in clinical practice as a good tool for the diagnosis of
significant fibrosis and as an excellent tool for the diagnosis
of severe fibrosis and liver cirrhosis [10]. In a meta-analysis of
8 studies including 518 patients with a variety of liver diseas-
es, an ARFI cutoff value of 1.55 m/s was defined for F3 fibro-
sis in histology [10]. In a previous study, a cutoff shear-wave
velocity of 1.5 m/s, which differentiates between a low (FO-
F2) and a higher-grade (F3-F4) fibrosis in the subgroup of HCV
patients, was assessed. Thus, we investigated the current pa-
tient collective in terms of ARFI values and the virological re-
sponse with a cutoff of 1.5 m/s [2]. The group with a pretreat-
ment shear-wave velocity <1.5 m/s had a higher proportion of
HCV-RNA-negative patients at week 4 of triple therapy and 24
weeks after end of treatment (SVR 24) compared to those with
shear-wave velocity of >1.5 m/s. During the remaining period
of therapy, the proportion of HCV-RNA negative patients was
approximately the same in both groups.

Week 4 of triple therapy is a hallmark in these HCV therapeu-
tic regimens. If patients are negative after 4 weeks of antiviral
therapy with telaprevir or 8 weeks with boceprevir (week 4 of
triple therapy), nearly 90% achieve SVR. This early rapid viro-
logical response (eRVR) is a very strong predictor of SVR [8].
Thus, our pretreatment ARFI values reflect the virological re-
sponse at week 4 (eRVR) with more HCV-RNA-negative pa-
tients in our group A (pretreatment ARFI value <1.5 m/s). This
enables prognosis of virological response in the early phase
of therapy without waiting for laboratory results. This could
be important in case of strong adverse events and the pend-
ing decision of therapy discontinuation.

At 24 weeks after end of therapy (SVR 24), we noticed a signif-
icant difference in HCV-RNA-negativity between the 2 groups
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(shear-wave velocity </>1.5 m/s), with higher SVR rates in pa-
tients with lower initial shear-wave velocities. These findings
agree with data from dual therapy, in which significantly low-
er ARFl values were found in case of SVR [9].

Limitations

We acknowledge that possible patient selection bias, misclassi-
fication or information bias, and the small number of patients
analyzed might impact the veracity of the results of our study,
especially significance levels. Nevertheless, our study shows
a clear indication that an ARFI cutoff value of <1.5 m/s is a
strong indicator for SVR in IFN-based triple therapy of HCV.
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