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Liver stiffness predicts the response to direct-acting
antiviral-based therapy against chronic hepatitis C
in cirrhotic patients
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Abstract The purpose of this investigation was to evaluate
the impact of liver stiffness (LS) on the response to direct-
acting antiviral (DAA)-based therapy against hepatitis C virus
(HCV) infection in cirrhotic patients. Those patients included
in two Spanish prospective cohorts of patients receiving ther-
apy based on at least one DAA, who showed a baseline LS ≥
12.5 kPa and who had reached the scheduled time point for
sustained virological response evaluation 12 weeks after com-
pleting therapy (SVR12) were analysed. Pegylated interferon/
ribavirin-based therapy plus an HCV NS3/4A protease inhib-
itor (PR-PI group) was administered to 198 subjects, while
146 received interferon-free regimens (IFN-free group). The

numbers of patients with SVR12 according to an LS < 21 kPa
versus ≥21 kPa were 59/99 (59.6%) versus 46/99 (46.5%) in
the PR-PI group (p = 0.064) and 41/43 (95.3%) versus 90/103
(87.4%) in the IFN-free group (p = 0.232). Corresponding
figures for the relapse rates in those who presented end-of-
treatment response (ETR) were 3/62 (4.8%) versus 10/56
(17.9%, p = 0.024) and 1/42 (2.4%) versus 8/98 (8.2%, p =
0.278), respectively. In a multivariate analysis adjusted for
age, sex and use of interferon, a baseline LS ≥ 21 kPa was
identified as an independent predictor of relapse [adjusted
odds ratio, AOR (95% confidence interval, CI): 4.228
(1.344–13.306); p = 0.014] in those patients with ETR. LS
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above 21 kPa is associated with higher rates of relapse to
DAA-based therapy in HCV-infected patients with cirrhosis
in clinical practice. LS could help us to tailor the duration and
composition of DAA-based combinations in cirrhotic sub-
jects, in order to minimise the likelihood of relapse.

Introduction

The presence of cirrhosis is usually associated with a poorer
response to therapy against chronic hepatitis C virus (HCV)
infection. This was demonstrated for dual therapy consisting
of pegylated (Peg) interferon (IFN) plus ribavirin (RBV) [1,
2]. Also, lower rates of sustained virologic response (SVR)
have been reported in patients with cirrhosis who receive treat-
ment regimens based on an NS3/4A protease inhibitor (PI) in
combination with Peg-IFN plus RBV [3–10]. With the avail-
ability of interferon-free direct-acting antiviral (DAA) regi-
mens, very high overall SVR rates can be achieved and the
difference in response rates between cirrhotic and non-cirrhotic
patients has become much lower [11–13]. However, there is
evidence that the presence of cirrhosis still has an impact on the
likelihood of SVR [14], especially in patients harbouring HCV
genotypes 2 and 3 who receive the currently recommended
combinations [15, 16]. Consequently, specific clinical trials
and sub-studies within clinical trials in cirrhotic patients are
still being conducted. Importantly, lower response rates to
DAA are mainly driven by elevated relapse. Therefore, longer
courses of treatment and RBV-including combinations are of-
ten recommended in patients with cirrhosis, in order to reduce
the likelihood of relapse [17, 18].

In the recent decade, liver stiffness (LS) determination by
means of transient elastometry has become a widely accepted
method for the evaluation of liver fibrosis in HCV-infected
patients with or without human immunodeficiency virus
(HIV) coinfection [19–21]. Thus, clinical trials and studies
include patients with an LS above a specific threshold, com-
monly >12.5–14.6 kPa, to define a sub-population bearing
cirrhosis. Importantly, LS also has a predictive capacity for
the presence of portal hypertension and oesophageal varices
[22–24] and different levels of LS are strongly associated with
the clinical outcome of cirrhosis [25]. Additionally, transient
elastometry represents a non-invasive tool to identify patients
with persistent clinically significant portal hypertension after
achieving SVR. However, the median levels of LS differ con-
siderably between clinical trials and studies aimed at evaluat-
ing the efficacy and safety of therapy against HCVinfection in
patients with cirrhosis. In addition, response according to the
level of LS have scarcely been analysed in cirrhotic subjects
receiving DAA-based combinations, in spite of the fact that
the degree of LS was independently associated with the like-
lihood to achieve SVR to dual therapy with Peg-IFN/RBV
within this subset [2].

The aim of this study was to evaluate the impact of LS on
the response to DAA-based therapy against chronic HCV in-
fection in patients with cirrhosis in real-life practice.

Patients and methods

Study design and population

This is an analysis of the prospective HEPAVIR-DAA
(clinicaltrials.gov ID: NCT02057003) and GEHEP-MONO
(clinicaltrials.gov ID: NCT02333292) cohorts. In these co-
horts, all patients seen at the Infectious Diseases Units of 32
hospitals throughout Spain who initiate therapy against chron-
ic hepatitis C including one or more DAA are included since
October 2011. HIV/HCV-coinfected patients are included in
the HEPAVIR-DAA cohort, while HCV-monoinfected sub-
jects are included in the GEHEP-MONO cohort. Patients are
seen at least at treatment weeks 4, 12 and, if applicable, 24 and
48, as well as 12 weeks after the scheduled end of treatment.
At baseline and each follow-up visit, plasma HCV-RNA is
quantified and haematological and biochemical parameters
are determined. Before starting therapy, a transient elastometry
examination is conducted in all patients to determine LS. For
the present analysis, all those patients who fulfilled the follow-
ing criteria were selected: (i) baseline LS ≥ 12.5 kPa, (ii) having
received Peg-IFN-based therapy in combination with an HCV
NS3/4A PI or a Peg-IFN-free combination of at least two DAA
with or without RBV. The treatment outcome 12weeks after the
scheduled end of therapy was considered for analysis.

Treatment groups, patient management and definition
of response

Patients were classified into two study groups: (1) those who
received a three-drug combination including the NS3/4A PI
boceprevir (BOC), telaprevir (TVR) or simeprevir (SMV) in
combination with Peg-IFN alpha-2a or Peg-IFN alpha-2b plus
weight-adjusted oral RBV (PR-PI group) and (2) those sub-
jects who were given paritaprevir (PTV), ritonavir-boosted
ombitasvir (OBT/r) with or without dasabuvir (DBV) and/or
RBV, or a DAA combination including sofosbuvir (SOF) plus
either SMV, daclatasvir (DCV) or ledipasvir (LED) with or
without RBV (IFN-free group). Treatment duration and futil-
ity rules, if applicable, were in accordance with the package
insert and clinical guidelines [17, 18]. End-of-treatment re-
sponse (ETR) was considered when HCV RNAwas undetect-
able at the scheduled end of therapy in those subjects who
completed treatment. Relapse was defined as detectable
HCV RNA at week 12 post-treatment in the population who
had achieved ETR. Undetectable HCV RNA 12 weeks after
the scheduled end of therapy was defined as SVR12. The
patient was considered a non-responder to the respective
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NS3/4A PI when the stopping rules were met [18]. Detectable
HCV RNA on therapy following undetectability was consid-
ered as viral breakthrough. Management of adverse events
was carried out according to the criteria of caring physicians.

LS determinations and classification of cirrhosis

LS was measured by transient elastometry (FibroScan®,
Echosens, Paris, France). The determination was considered
valid if at least ten successful measurements could be conduct-
ed, with an interquartile range lower than 30% of the median
value and a success rate of more than 60%. For the purposes of
this study, cirrhosis was diagnosed in patients who presented
an LS ≥ 12.5 kPa.

Statistical analysis

The outcome variable was relapse in the population who had
presented with ETR. Furthermore, the rates of SVR12, treat-
ment discontinuations due to adverse events, as well as non-
response or viral breakthrough (NR/VB), were assessed as
secondary end-points. Youden’s index J was calculated by
means of receiver operator characteristic (ROC) curves in or-
der to determine the most adequate cut-off value for the pri-
mary outcome variable [26]. Continuous variables were
expressed as median (Q1–Q3) and categorical variables as
number (percentage). The impact of LS on relapse, as well
as comparisons of other categorical variables, were analysed
using the χ2 test or Fisher’s exact test, when applicable.
Finally, a multivariate logistic regression analysis was applied,
adjusting for age, sex, as well as for those factors that were
associated with a p < 0.2 in a univariate analysis. Statistical
analysis was performed using the SPSS statistical software
package release 23.0 (IBM, Chicago, IL, USA).

Results

Patient characteristics and regimens

In two out of 346 eligible subjects, both had compensated
cirrhosis and were successfully treated with IFN-based thera-
py, but the LS measurement did not meet the criteria of valid-
ity. Thus, a total of 344 patients were included in this study:
287 (83.4%) were male, the median age was 50.3 (46.7–54.2)
years and 207 (60.2%) were coinfected with HIV. The median
(Q1–Q3) baseline LS in the overall population was 24.4
(17.3–34.8) kPa. One hundred and ninety-eight (57.6%) sub-
jects received an NS3/4A PI in combination with IFN and
RBV, mainly TVR (70.7%), followed by BOC (26.8%) and
SMV (2.5%), representing the PR-PI group. Among the 146
patients who were entered in the IFN-free group, the numbers
of subjects receiving different DAA combinations were: 90

(61.6%) for SOF/SMV, 43 (29.5%) for SOF/DCV, 12 (8.2%)
for SOF/LED and 1 (0.7%) for PTV/OBT/r/DBV. In this
group, RBV was applied in 15 (34.9%) patients with an LS
< 21 kPa and in 42 (40.8%) of those with an LS ≥ 21 kPa. The
programmed treatment duration was 12 weeks in all of the
subjects with a, LS < 21 kPa, while a 24-week therapy was
scheduled in 18 (17.5%) patients with an LS ≥ 21 kPa. The
baseline characteristics of the two populations are shown in
Table 1.

Response to therapy

ETR was achieved by 258 (75%) subjects: 118 (59.6%) sub-
jects of the PR-PI group and 140 (95.9%) individuals of the
IFN-free group. The numbers of patients who relapsed after
having presented ETR were 13 (11%) subjects in the PR-PI
group and 9 (6.4%) in the IFN-free group. A total of 236
(69%) subjects presented SVR12. The numbers of SVR12
according to treatment group, as well as other treatment out-
comes, are shown in Fig. 1.

Impact of LS on treatment response

An analysis of the ROC curve for the capacity of LS to predict
relapse in the sub-population of those who achieved ETR
disregarding the treatment regimen yielded a maximum J for
an LS cut-off value of 20.95 kPa. Due to these findings, a
rounded cut-off value of 21 kPa was selected for further anal-
ysis. Of the 104 patients who presented a baseline LS < 21
kPa, 4 (3.8%) presented relapse, while 18/154 (11.7%) of
those with an LS ≥ 21 kPa relapsed (p = 0.027). Table 2 sums
up the main characteristics of these individuals. Relapse rates,
as well as SVR12 rates, according to baseline LS within the
different study groups are shown in Fig. 2.

SVR12 analysed in an intention-to-treat basis was observed
in 100/142 (70.4%) patients who presented a baseline LS <
21 kPa and 136/202 (67.3%) of those with an LS ≥ 21 kPa (p =
0.542). Rates of SVR12 according to the baseline LS for the
two study groups are shown in Fig. 2b. Twenty-three out of 99
(23.2%) subjects with an LS < 21 kPa versus 24/99 (24.2%)
patients with an LS ≥ 21 kPa presented NR/VB in the PR-PI
group (p = 0.867), while NR/VB was not shown by any pa-
tient of the IFN-free group. Discontinuations due to adverse
events in the PR-PI group were observed in 10/99 (10.1%)
subjects with an LS < 21 kPa versus 14/99 (14.1%) individ-
uals with an LS ≥ 21 kPa (p = 0.384). The corresponding
figures for the IFN-free group were 0/43 (0%) versus 1/103
(1%) patients (p = 1).

In a multivariate analysis, baseline LS ≥ 21 kPa was the
only factor independently associated with relapse in pa-
tients who attained ETR [adjusted odds ratio, AOR (95%
confidence interval, CI): 4.228 (1.344–13.306); p = 0.014].

Eur J Clin Microbiol Infect Dis (2017) 36:853–861 855



Table 1 Baseline characteristics
of the study population (n = 344) Parameter PR-PI group (n = 198) IFN-free group (n = 146)

Age (years)a 49.8 (46.4–53.7) 50.5 (47.3–54.8)

Male gender, n (%) 170 (85.9) 117 (80.1)

Prior injection drug users, n (%) 105 (53) 109 (74.7)

IL28B rs12979860 CT/TT, n (%)b 116 (58.6) 87 (59.6)

HCV genotype, n (%)

1a 96 (49) 64 (43)

1b 78 (39) 27 (19)

1 (other or not done) 23 (12) 8 (5.5)

2 0 0

3 0 11 (7.5)

4 1 (0.5) 36 (24.7)

Plasma HCV RNA >6 × 106 IU/mL, n (%) 30 (15.2) 13 (9)

HIV(+), n (%) 93 (47) 114 (78.1)

Liver stiffness (kPa)a 21 (16.4–31.9) 27.6 (20–40.7)

Child–Pugh–Turcotte index A, n (%)c 139 (92.7) 112 (78.3)

Platelets (cells/μL)a 133 (101–178) 98 (65–158)

Albumin (g/dL)a 4 (3.6–4.4) 3.8 (3.5–4.3)

Previous hepatic decompensation, n (%)d 7 (4.2) 30 (20.5)

Alanine aminotransferase, IU/mLa 76 (47–109) 61 (39–93)

aMedian (Q1–Q3)
bAvailable in 286 patients
c Available in 293 patients
d Available in 314 patients

Fig. 1 Treatment outcome of the patients included in the study. PR Pegylated interferon plus ribavirin; PI protease inhibitor; IFN interferon
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The detailed univariate and multivariate analyses are shown
in Table 3.

Discussion

The present study demonstrates that cirrhotic patients with
LS above 21 kPa present higher relapse rates after receiv-
ing DAA-based therapy in the clinical practice. This effect
is predominantly observed when an HCV NS3/4A PI in
combination with Peg-IFN and RBV is applied, but the
relapse rate is also numerically higher in subjects with LS
over this threshold receiving IFN-free combinations. As a
consequence of this, the SVR rate tended to be lower in
subjects with LS ≥ 21 kPa, which was driven by the relapse
rate rather than by a different frequency of discontinuations
due to side effects or of other therapy outcomes.

Relapse is the most frequent way of virologic failure to
DAA-based, IFN-free therapy [3, 12, 13, 27, 28], even as
far as most recently developed drugs are concerned [29].

Furthermore, patients who relapse to therapy often present
viral strains that are resistant to the drugs applied and to
other drugs from the same family, therefore limiting future
treatment options [30]. For these reasons, it is critical to
identify patients who are more prone to relapse after
therapy. Furthermore, extending treatment duration [14,
31, 32] or the addition of RBV [32–35] in patients with a
higher probability of relapse could minimise the possibility
for this event. Thus, patients with an LS > 21 kPa may
benefit from prolonged therapy, while those who have a
lower baseline LS might be candidates for shorter therapy
or RBV-free combinations, a hypothesis that should be
tested in properly designed clinical trials. In the mean-
while, given the higher likelihood of relapse, in our
opinion, the treatment approach for cirrhotic patients
with an LS above 21 kPa should be based on the use of
strategies implying the maximum duration for each combi-
nation and/or the addition of RBV, especially in those pa-
tients who show other unfavourable parameters. This could
have a major impact on the optimisation of patient
management.

Table 2 Baseline characteristics
and treatment of the patients who
relapsed after having presented
end-of-treatment response

Patient HIV LS
(kPa)

HCV
GT

HCV RNA, log10
IU/mL

Treatment
regimen

RBV Treatment
duration, weeks

1 Positive 27.7 1a/b 6.24 SOF/LED Yes 12

2 Positive 29.9 1a/b 6.61 SOF/SMV Yes 12

3 Negative 19.6 1a 6.08 SOF/SMV Yes 12

4 Positive 75 1a 5.75 SOF/DCV No 24

5 Positive 33.8 1a 6.1 SOF/DCV No 24

6 Positive 25.7 4 6.13 SOF/SMV No 12

7 Positive 49 1a/b 4.47 SOF/SMV No 12

8 Negative 24.3 1a 7.06 SOF/DCV No 12

9 Positive 48.8 4 5.98 SOF/SMV No 12

10 Negative 25.3 1b 6.54 PR/BOC Yes 48

11 Positive 43 1b 6.63 PR/TVR Yes 48

12 Positive 14 1a 6.54 PR/TVR Yes 48

13 Positive 25.1 1b 7.13 PR/BOC Yes 48

14 Negative 21 1b 6.1 PR/TVR Yes 48

15 Positive 17.3 1a/b 5.76 PR/TVR Yes 48

16 Negative 14.9 1a 6.33 PR/TVR Yes 48

17 Positive 28.8 1a 7.65 PR/TVR Yes 48

18 Negative 26.4 1b 6.23 PR/TVR Yes 48

19 Negative 21.8 1a 5.64 PR/TVR Yes 48

20 Negative 46.4 1a 5.88 PR/TVR Yes 48

21 Negative 38.9 1a 6.48 PR/TVR Yes 48

22 Negative 26.3 1b 6.12 PR/TVR Yes 48

LS Liver stiffness; GT genotype; RBV ribavirin; SOF sofosbuvir; LED ledipasvir; SMV simeprevir; DCV
daclatasvir; PR pegylated interferon plus ribavirin; BOC boceprevir; TVR telaprevir
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Most clinical trials conducted in cirrhotic patients did not
analyse the impact of baseline LS on response and there are
only little data which suggest LS having a potential impact on
the response. Lawitz and colleagues report a relapse rate to
SOF/SMVof 0% versus 14% for patients with an LS of 12.5–
20 kPa and >20 kPa, respectively [27]. Furthermore, in a
pooled analysis of phase II and III trials on SOF/LED with
or without RBV conducted in cirrhotic patients, an LS equal to
or below 20 kPa tended to impact on SVR12, although statis-
tical significance was not reached [36]. In the present study,
LS was identified as an independent predictor of relapse in
those patients who reached ETR. This finding demonstrates
that response rates should be adjusted for LS in order to accu-
rately interpret and compare the results in cirrhotic patients.
Importantly, the data presented herein show a clear numerical
disadvantage in terms of relapse after IFN-free therapy when
presenting a baseline LS above 21 kPa. Relapse rates were
three times higher in those patients with an LS equal to or
above 21 kPa, and it is to note that the only patient who
relapsed in the sub-population with an LS of <21 kPa present-
ed an LS value of 19.6 kPa.

Interestingly, the determination of the most adequate cut-
off value yielded a value which has been previously described
to have clinical significance [22, 25, 37]. In this context, this
cut-off can be considered an adequate marker of significant
portal hypertension [37]. Interestingly, portal hypertension has
been identified as a strong predictor of response to Peg-IFN
and RBV [38], while this effect was not seen in a different
study on IFN-free regimens [39]. However, in the latter study,
response-guided therapy was used and prolonged treatment
duration may have overcome the predictive value of clinically
significant portal hypertension [39], while in the present study,
treatment duration was defined according to baseline charac-
teristics. The presence of significant portal hypertension has
led some authors to propose a classification of cirrhosis, be-
cause those patients with this finding have a more severe liver
damage and a poorer clinical outcome [40]. Also, 21 kPa has a
100% negative predictive value for the presence of varices at
risk of bleeding [22] and patients maintaining LS under this
threshold do not suffer from portal hypertensive gastrointesti-
nal bleeding [41]. The results of this study show that this level
of LS is associated, not only to a poorer clinical condition, but
to a higher rate of relapse to DAA-based therapy.

Cirrhotic patients with more advanced liver disease such as
those in Child–Pugh–Turcotte (CPT) class C respond worse to
therapy [42–45]. In the preliminary results from a clinical trial
of post-transplant patients treated with SOF/LED/RBV, the
SVR12 rates suggest a decline in SVR rates according to
increasing CPT stage [42]. Similar observations have been
made among patients treated with SOF/DCV/RBV within
the ALLY-1 trial, where CPT class C patients showed consid-
erably poorer response rates as compared to CPTA/B [43]. In
the present study, the degree of LS did not impact on the rates
of discontinuations due to adverse events.

This study has limitations. Due to the generally high re-
sponse rates to IFN-free DAA-based therapy, the lack of sta-
tistical power may have impeded the detection of a statistically
significant impact of LS on relapse rates to IFN-free regimens
in the univariate analysis. However, there was a clear numer-
ical difference, which is clinically relevant, given that no re-
lapse should be the objective of an optimal DAA therapy.
Likewise, the regimens applied in the IFN-free group were
considerably heterogeneous. Also, scheduled treatment dura-
tion was longer in approximately one-fifth of those subjects
with an LS ≥ 21 kPa, However, as stated by the reviewer, this
individual treatment optimisation would rather have attenuat-
ed the association between high LS and relapse rates. Studies
with a larger sample size and stratified for the different drugs
are needed.

In conclusion, the degree of LS impacts on the relapse rate
to DAA-based therapy in the clinical practice. This should be
considered when designing clinical trials in cirrhotic patients,
as patients should be stratified according to whether they have
LS below or above 21 kPa. In addition, patients with an LS <

Fig. 2 Rates of relapse among those patients who had reached end-of-
treatment response (n = 258) (a) and rates of sustained virologic response
12 weeks after scheduled end of therapy (SVR12) (b), according to base-
line liver stiffness and study group. PR Pegylated interferon plus ribavi-
rin; PI protease inhibitor; IFN interferon
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21 kPa could be candidates to shorter regimens and/or RBV-
free combinations. Clinical trials exploring these alternatives
are warranted.
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