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Summary: Liver stiffness at the time of sustained virological response after direct-
acting antivirals predicts the emergence of liver events and survival in HIV/HCV-
coinfected patients with advanced fibrosis. This parameter may identify candidates to be

withdrawn from surveillance programs from hepatic complications.
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Abstract

Background: Some HCV-infected patients with sustained virological response (SVR)
develops hepatic complications. Liver stiffness (LS) predicts clinical outcome in HIV-
infected patients with active HCV coinfection, but information after SVR is lacking.
We aimed to analyze the predictive ability of LS at SVR for liver complications in
HIV/HCV-coinfected patients with advanced fibrosis treated with direct-acting
antivirals (DAA).

Methods: 640 HIV/HCV-coinfected patients fulfilling the following criteria were
included: i) Achieved SVR with DAA-including regimen; ii) LS >9.5 kPa before
therapy and; iii) LS measurement available at SVR. The primary end-point was the
occurrence of a liver complication —hepatic decompensation or hepatocellular
carcinoma (HCC) - or requiring liver transplant after SVR.

Results: During a median (Q1-Q3) follow-up of 31.6 (22.7-36.6) months, 19 (3%)
patients reached the primary end-point. In the multivariate analysis, variables
(subhazard ratio [SHR] [95% CI]) associated with developing clinical outcomes were:
prior hepatic decompensations (3.42 [1.28-9.12]), pre-treatment CPT class B or C (62.5
[3.08-1246.42]) and MELD scores (1.37 [1.03-1.82]), CPT class B or C at SVR (10.71
[1.32-87.01]), CD4 cell counts <200/uL at SVR time-point (4.42 [1.49-13.15]), FIB-4
index at SVR (1.39 [1.13-1.70]) and LS at SVR (1.05 [1.02-1.08] for 1 kPa increase).
None out of 374 patients with LS <14kPa at SVR time-point developed a liver
complication or required hepatic transplant.

Conclusions: LS at the time of SVR after DAA therapy predicts the clinical outcome
of HIV/HCV-coinfected patients with advanced fibrosis. These results suggest that LS
measurement may be helpful to select candidates to be withdrawn from surveillance

programs.

Keywords: HIV/HCV-coinfection, sustained virological response, direct-

acting antivirals, cirrhosis, hepatocellular carcinoma.
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Introduction

Achieving sustained virological response (SVR) with antiviral therapy is associated
with a marked reduction of the incidence of liver complications and with an increase of
survival in HCV-infected patients harboring advanced fibrosis or cirrhosis [1-3].
However, a few subjects continue to develop hepatic decompensations and
hepatocellular carcinoma (HCC), despite attaining SVR [4-7]. These complications
usually emerge in subjects showing cirrhosis or advanced fibrosis before starting HCV
therapy. This is the reason why long-term surveillance for complications is
unanimously recommended in HCV-infected patients showing cirrhosis [8] and,
according to some experts, also in patients with METAVIR F3 fibrosis [9,10], even
after SVR. However, the majority of HCV-infected patients, irrespective of HIV
coinfection, who show advanced fibrosis, with or without cirrhosis, and attain SVR, do
not develop complications [6,7]. Because of this, searching for factors that could
identify those patients who will not suffer from liver complications after SVR is of the
highest interest. In fact, the cost-effectiveness of surveillance programs may be
maximized if subjects with very low risk of complications are withdrawn from these

programs.

Liver stiffness (LS), measured by vibration-controlled transient elastography (VCTE),
is a strong predictor of liver disease outcome in patients with active HCV infection,
both in HCV-monoinfected and HIV/HCV-coinfected subjects [11,12]. LS correlates
with hepatic venous pressure gradient (HPVG) [13], which accurately predicts the
development of cirrhosis decompensations [14] and HCC [15]. In addition, in HCV-
infected patients who have achieved SVR, LS also correlates with HPVG [16].
Consequently, it can be hypothesized that LS might also predict the risk of liver
complications after SVR. If so, VCTE could also be used as an easy and convenient

tool to identify patients with lower likelihood of liver complications subsequent to
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SVR, who could be potential candidates to be withdrawn from surveillance programs.
However, data on the prognostic value of LS measured by VCTE for clinical events
after SVR are scarce. In studies including a low proportion of patients with SVR,
mostly achieved with pegylated interferon (Peg-1FN)-based regimens [11,17], LS was
found to be a predictor of clinical outcome. Nevertheless, studies specifically designed
to appraise the prognosis value of LS measured by VCTE in patients with SVR,

particularly in those treated with direct-acting antiviral agents (DAA), are lacking.

The aim of the present study was to analyze the predictive ability of LS measured by
VCTE at the time of SVR for the emergence of liver complications in HIV/HCV-

coinfected patients with advanced liver fibrosis treated with DAA-based therapy.
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Methods

Patients and follow-up

Individuals from the HEPAVIR cohort (clinicaltrials.gov ID: NCT02057003), where
HIV/HCV-infected patients treated with DAA in 17 units of Infectious Diseases
throughout Spain are enrolled, were included in this prospective study, if they fulfilled:
i) SVR after receiving therapy including at least one DAA, either with or without Peg-
IFN; ii) LS before starting DAA therapy >9.5 kPa, and; iii) A LS measurement

available at SVR time-point. Individuals seropositive for HBsAg were excluded.

After SVR, which was considered as the baseline time-point, all patients included in the
study were followed with visits at least every six months until death, liver transplant,
HCV reinfection or the censoring date (November 30th, 2018). A clinical examination
was completed and routine laboratory examinations were carried out at every visit.
Patients with cirrhosis were managed according to a specific protocol reported
elsewhere [11]. Namely, liver ultrasound examinations and plasma alpha-fetoprotein
determinations were conducted every six months for HCC surveillance and serial upper
gastrointestinal endoscopy were performed in patients with LS >21 kPa for

gastroesophageal varices detection.

VCTE examinations

LS was measured by VCTE (FibroScan®, Echosens, Paris, France), according to a
standardized procedure [18], within the 30 days before starting DAA therapy and at the
day of SVR. An experienced operator performed examinations at each participating
institution. M probe was used in all patients. Determinations were considered evaluable
if they included at least 10 measurements, with a success rate >60% and an interquartile
range less than 30% of the median. Although a LS value > 12 kPa is considered as

cirrhosis in HCV-monoinfected patients [19,20], we selected 14 kPa as cutoff for
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defining pre-treatment cirrhosis, because this figure is derived from previous studies

specifically conducted in HIV/HCV coinfected subjects [11,21].

End-point Definitions

The primary end-point of this study was the emergence of a first hepatic complication
or undergoing a liver transplant after having achieved SVR, whichever happened first.
HCC and liver decompensations were considered as hepatic complications. Liver
decompensations included portal hypertensive gastrointestinal bleeding, ascites, hepatic
encephalopathy, spontaneous bacterial peritonitis, hepatorrenal syndrome and acute on
chronic liver failure. The diagnosis of decompensations was carried out as reported
elsewhere [11,22]. HCC diagnosis was performed following the criteria of the
American Association for the Study of Liver Diseases (AASLD) [8]. The indication of
liver transplant was established on the basis of the criteria currently in force in Spain

[23].

Death of any cause was the secondary end-point. In subjects who dropped out the

follow-up, the vital status was established by contacting the patient or a next of kin.

Statistical Analysis

Continuous variables were expressed as median (quartile 1—quartile 3) and categorical
variables as numbers (percentage). 95% confidence interval (95% CI) is provided for
incidence and mortality rates, as well as for survival estimates. The time-to-event was

calculated as the months elapsed from SVR time-point to the occurrence of end-points.
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Survival estimates at specific time-points were calculated using life tables and are
expressed as the cumulative proportions of patients who reached or who did not the
specific end-point. Estimated survival functions were calculated using the Kaplan-
Meier method, and survival curves were compared by the log-rank test. For this
analysis, continuous variables were categorized according to the median value, using
clinically significant cutoffs and analysis of under receiver operator characteristic
(ROC) curves. The relationship between the time to the endpoint and the following
variables was analyzed in the bivariate study: i) variables at starting DAA therapy: age,
sex, HCV genotype, way of HCV infection, alcohol intake, LS, Child-Pugh-Turcotte
(CPT) class, MELD score and drug regimen resulting in SVR; ii) variables at SVR
time-point: LS, prior decompensation of cirrhosis, CPT class, MELD score, fasting
plasma glucose, alpha-fetoprotein, albumin, bilirubin, platelet counts, AST to platelet
ratio index (APRI), Fibrosis-4 index (FIB-4), CD4 cell counts and plasma HIV-RNA
load; and, iii) changes in LS from treatment starting to SVR time-point. Areas under

ROC (AUROC) curves were compared by the Hanley and McNeil test.

Variables associated with the main end-point in the bivariate analysis with a p value
<0.05, along with age, and sex were entered in a Fine-Gray multivariate regression
model to adjust for competing risk of death. For death of any cause, variables
associated with the endpoint in the bivariate analysis were included in a Cox regression

model.

Statistical analyses were conducted using the SPSS statistical software package release

4.0 (IBM, Chicago, IL, USA) and the Stata 12.0 Statistics/Data Analysis (StataCorp

College Station, TX, USA) package.

Ethical Aspects
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This study was conducted according to the Helsinki declaration and was approved by
the Ethics Committee of the Hospital Universitario de Valme. All patients gave written

informed consent before being recruited in the cohorts.
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Results

Characteristics of the Study Population

Six hundred forty patients were included. At SVR time-point, all participants were
receiving antiretroviral therapy. The median (Q1-Q3) CD4 cell count was 580 (367-
809) cells/ml. Other relevant features of the study population, prior to DAA therapy
and at SVR time-point, are displayed in table 1 and table 2, respectively. DAA

combinations which patients had received are listed in table 3.

The median (Q1-Q3) follow-up time was 31.6 (22.7-36.6) months after SVR. Twenty-
two (3.4%) patients were lost to the follow-up. Three (0.5%) patients suffered from an
HCV reinfection during the follow-up and were censored at that time. Median (Q1-Q3)
LS at SVR was 11.8 (8.4-19.5) kPa. The corresponding figures for LS decline from
pretreatment to SVR time-points were 4.6 (1.5-9.30) kPa. One hundred and forty-four
(36.6%) out of the patients who showed LS >14 kPa when starting DAA therapy had
values below that figure at the time of SVR. Conversely, 17 (6.9%) subjects with less
than 14 kPa at treatment onset had LS equal to or higher than this cutoff at the SVR

time-point.

Hepatic Complications

Eighteen (2.8%) patients developed a hepatic complication and two (0.3%) underwent a
liver transplant, one of them without prior defined complications. Consequently, 19
(3.0%) patients reached the composite primary end-point of the study. In these patients,

the end-point was attained after a median (Q1-Q3) follow-up of 10.2 (5.6-16.8) months.

The incidence rate (95% CI) of developing hepatic complications or undergoing liver

transplant was 1.2 (0.7-1.9) events per 100 person-years. The probability (95% CI) of
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suffering from a hepatic complication or having a liver transplant at one and two years
were, respectively, 2.0% (1.2%-3.4%) and 2.7% (1.7%-4.4%). Ascites and HCC were
the most commonly observed hepatic complications (table 4). The incidence rate (95%
Cl) of HCC was 0.3 (0.1-0.7) cases per 100 person-years and that of any hepatic
decompensation 0.8 (0.4-1.4) events per 100 person-years. In the specific subset of
patients with LS >14 kPa at the time of SVR, the incidence rates of HCC and that of
liver complications other than HCC were, respectively, 0.76 (0.25-1.75) y 1.97 (1.05-

3.34) events per 100 person-years.

In the bivariate analysis, parameters associated with a greater risk of developing the
primary end-point were (table 5): i) Pre-DAA therapy: LS, MELD and CPT scores, and
prior liver decompensations, and, ii) At SVR time-point: MELD and CPT scores, LS
(figure 1), lower platelet counts and lower CD4 cell count (table 5). In the multivariate
analysis (tables 5 and supplementary 1), pre-treatment MELD and CPT scores, prior
hepatic decompensations, as well as higher CPT score, LS and CD4 cell count below
200 cells/ml at the time of SVR were independently associated with a greater risk of
reaching the study primary end- point (table 5). Pretreatment LS was excluded from the

models, because this parameter and LS at SVR turned out to be colinear.

Specifically, regarding LS at the time of SVR, none out of the 374 patients showing LS
<14 kPa at the SVR time-point reached the primary end-point (figure 1). Accordingly,
the sensitivity and negative predictive value of this cut-off were 100% and the
specificity 62%. The AUROC (95% IC) was (0.87 [95% IC: 0.81-0.92) versus (0.82
[95% IC: 0.73-0.89]) (p=0.11) for pretreatment LS. The probability (95% CI) of
reaching the primary end-point of the study at 1 and 2 years, according to the value of
LS at SVR, were, respectively: i) LS <14 kPa, 0 and 0; ii) LS 14-21 kPa, 2.5% (0.8%-

7.7%) and 2.5% (0.8%-7.7%); LS 21.1-40 kPa, 3.9% (1.5%-10.1%) and 7.2%
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(3.5%-14.6%); and, iv) LS>40 kPa 13.3% (5.8%-29.1%) and 16.2% (7.6%-32.6%)

(p<0.001) (figure 1 and table 5).

Survival
Eighteen (2.8%) patients died during the follow-up. The all-cause mortality rate (95%
Cl) was 1.2 (0.7-1.8) cases per 100 person-years. The causes of death are shown in

table 4.

Higher pretreatment MELD score, prior liver decompensations, as well as greater
MELD and CPT scores, LS and lower platelet counts at SVR were associated with
mortality in the bivariate analysis. Only LS at SVR predicted mortality in the adjusted
multivariate study (table 6). The probability (95% CI) of death at 1 and 2 years,
according to the value of LS at SVR, at one and two years, were, respectively: i) LS
<14 kPa, 0.8% (0.3%-2.6%) and 0.8% (0.3%-2.6%); ii) LS 14-21 kPa, 0.8% (0.1%-
5.8%) and 3.6% (1.4%-9.4%); iii) LS 21.1-40 kPa, 1.9% (0.5%-7.5%) and 4.1%
(1.6%-10.7%); and, LS>40 kPa, 10.5% (4.1%-25.7%) and 16.0% (7.5%-32.3%)

(p<0.001).
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Discussion

The results of this study show that LS, measured by VCTE at the time of SVR, predicts
the risk of subsequent hepatic complications and mortality in HIV/HCV-infected
patients with advanced fibrosis who receive treatment with DAA. Thus, LS
measurements may identify subjects with low risk of complications, who could be

considered as potential candidates to be withdrawn from surveillance programs.

Currently, there is not agreement on what patients who had attained SVR should be
included in surveillance programs for complications, particularly for HCC. Thus, the
AASLD guidelines for HCC recommend that all patients with cirrhosis and SVR
should continue surveillance [8]. Conversely, the European Association for the Study
of the Liver states that in patients with cirrhosis and in those with F3 surveillance for
HCC must be continued despite achieving SVR [10]. The latter opinion is shared by
other authors [9]. In the present study, only one patient with LS <14 kPa prior to
treatment developed a hepatic complication (table 5), namely ascites, with no case of
HCC in this subset. Our findings suggest that LS could have a higher predictive value
for clinical outcome at SVR than previously to DAA treatment. Thus, no patient with
LS <14 kPa at SVR developed HCC, hepatic decompensations or required transplant.
This data suggest that the incidence of HCC in this subpopulation must be much lower
than 1.5 cases per 100 person-years, the threshold required to HCC screening is cost-
effective [8,24]. That indicates that this level of LS, alone or combined with other
predictive markers, could be considered as a candidate to identify patients in whom
HCC surveillance is not cost-effective. If surveillance programs for HCC were carried
out only in patients with LS at SVR >14 kPa, biannual ultrasonography could be
discontinued in a significant proportion of patients. Thus, if such programs were carried
out in all patients with pretreatment cirrhosis, 393 patients participating in this study

would have required it. However, if only patients with LS >14 kPa at SVR were kept in
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surveillance for HCC, 127 (32%) could have been spared of such a program.

Although the predictive value of LS measured by VCTE at SVR for subsequent clinical
outcome had not been definitely proven so far, some previously published results are
consistent with this finding. Thus, Mandorfer et al [16] reported that LS strongly
correlates with HPVG in patients achieving SVR without significant portal
hypertension. Namely, LS <12.5 kPa showed a 100% negative predictive value for
HPVG >10 mmHg. This data supports that LS could identify patients with low risk of
decompensation, but without the inconveniences of HPVG measurements: invasiveness
and limited availability. Likewise, in a Japanese study with a limited number of patients
[25], LS measured by shear wave elastography predicted the risk of HCC after SVR. In
addition, LS measured by VCTE predicted clinical outcome in populations including a
low proportion of HIV/HCV-coinfected patients with SVR [11,17]. However, there are
also some relatively conflicting results on this issue. Specifically, Lens et al [26] found
that the correlation of LS measured by VCTE with HPVG was only moderately good in
patients with SVR, so that almost half of the patients with LS <13.6 kPa had significant
portal hypertension. Moreover, reversal of fibrosis in patients with cirrhosis with SVR
could be overestimated by LS measurement [27]. In addition, patients with SVR with
documented histological regression of cirrhosis continue to be at risk for HCC [28].
However, LS is a combined expression of fibrosis, inflammation, HPVG, etc [29],
which might confer this procedure a higher prognostic value for clinical outcomes than

that of each these factors separately.

The associations of prior liver decompensations, pre-treatment CPT and MELD scores,
CPT score at SVR, and FIB-4 with poor clinical outcome found were expected, as they
reflect advanced liver disease and markers of impaired hepatic function correlate with a
higher risk of hepatic complications in patients treated with DAA [30-33]. The

association between low CD4 cell count and the emergence of liver complications may
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be attributable to splenic sequestration ensuing portal hypertension [22,34].

This study could have some limitations. Firstly, our analysis is restricted to HIV/HCV-
coinfected patients. However, HIV coinfection does not impact clinical outcome after
SVR [6,7]. Because of this, it is conceivable that these results could be extrapolated to
the overall HCV-infected population. Anyway, specific data in HCV-monoinfected
subjects are needed. Secondly, the median follow-up time after SVR was 31 months.
Hepatic complications, particularly HCC, may occur later in the follow-up of the
patients, until several decades thereafter [35,36]. Thus, with a longer follow-up, the
incidence of cases of HCC in patients with LS<14 KPa could not be zero. However,
this would not diminish the practical value of LS to select candidates for HCC
surveillance programs. In fact, we should consider two points on this issue: i) As
happened herein, most cases of liver complications, including HCC, tended to gather in
the first 12-15 months after SVR in other studies [31,37]. Thus, the incidence of cases
of HCC in patients with LS <14 kPa with longer follow-up must be beneath 1.5
cases/100 person-years, the figure which make HCC screening cost-effective [8,24].
A recent report from another Spanish cohort showed the incidence of HCC after SVR
in HCV-infected patients —a minority with HIV coinfection- with pretreatment LS
below 14.5 kPa is very low [38], which is consistent with the former statement. ii)
Although confirmation of the very low risk of hepatic complications in HIV/HCV-
coinfected patients with LS <14 kPa at SVR is needed in studies with longer follow-up,
fortunately, the incidence of these events after SVR is so low that we should wait for a
long time to have firmer data. And the overload and costs that continued surveillance
programs of all patients with advanced fibrosis and/or cirrhosis who achieve SVR are
very high, so that shorter-term decisions are required. Because of this, despite the
above-stated limitations, in our opinion, the results of this study should prompt the
application of LS at the time of SVR to select candidates for subsequent surveillance

programs.
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In summary, LS at SVR can be applied in clinical practice to identify HIV/HCV-
coinfected patients unlikely to develop subsequent hepatic complications. Thus,
patients without concomitant causes of liver disease showing LS <14 kPa at SVR could
be considered as candidates for HCC surveillance stopping, particularly in resource-
limited settings. If this step was taken, about one third of HIV/HCV-infected patients

with prior cirrhosis would not undergo surveillance for HCC after SVR.

6102 JoquianoN €2 UO Jasn AJIsIaAlun 00D sawer Aq £26/£95/0 | LZI9/PI9/E60 L 0 L/I0p/10B]Sqe-8[o1le-90UuBApPE/pIo/WOo0 dno-olwapeoe//:sdiy Woll papeojumod

16



NOTES

Acknowledgments
The authors want to thank other members of RIS-HEP13 and GEHEP 011 study groups
who have collaborated in this study: Arkaitz Imaz, Carlos Galera, Miguel Angel Lopez-

Ruz, Paloma Geijo, Sergio Javier Reus Bafiuls, and Inés Pérez Camacho.

Funding

This work was supported in part by the Instituto de Salud Carlos Il (Project
‘P16/01443’), integrated in the national I+D+i 2013-2016 and co-funded by the
European Union (ERDF/ESF, “Investing in your future”), by the Spanish Network for
AIDS investigation (RIS) (www.red.es/redes/inicio) (RD16/0025/0040), as a part of the
Nacional I+ D+l, ISCIII Subdireccién General de Evaluacion and the European Fund
for Development of Regions (FEDER) and by GEHEP-SEIMC (GEHEP-011 project).
JAP has received a research extension grant from the Programa de Intensificacion de la

Actividad de Investigacion del Servicio Nacional de Salud Carlos 111 (3SNS).

Conflict of interest

ACG has received lecture fees from Gilead. JAP reports having received consulting
fees from Bristol-Myers Squibb, Abbvie, Gilead, Merck Sharp & Dome, and Janssen
Cilag. He has received research support from Bristol-Myers Squibb, Abbvie and Gilead
and has received lecture fees from Abbvie, Bristol-Myers Squibb, Janssen Cilag, and
Gilead. Juan Macias has been an investigator in clinical trials supported by Bristol-
Myers Squibb, Gilead and Merck Sharp & Dome. He has received lectures fees from
Gilead, Bristol-Myers Squibb, and Merck Sharp & Dome, and consulting fees from
Bristol Myers-Squibb, Gilead, and Merck Sharp & Dome. RP has received lectura fees
and consulting fees from ViiV Healthcare, Gilead Sciences, Merk Sharp and
Dohme, Janssen-Cilag. FV has received lecture fees and grants from Gilead, MSD, and

Janssen-Cilag. DM has received lectures fees from ViiV Healthcare, MSD, Gilead and

6102 18qWBAON £Z UO Jasn AJIsiaAlun 400D sawepr Aq £2G6/£9G/0% 1 LZI9/PI9/S60 L 0 | /I0P/A0BIISHR-8|011B-80UBAPE/PIO/WO02 dNO olWapee//:sdjjy Wol) papeojumo(]

17


http://www.red.es/redes/inicio)
http://www.red.es/redes/inicio)

Janssen. She has received consulting fees from ViiV Healthcare and has been an
investigator in clinical trials supported by GlaxoSmtihKline. RG has received lecture
fees from Abbvie, Gilead, MSD and Janssen. He has received consulting fees from
Abbvie and Janssen. JCA has received personal fees from Abbott, Abbvie, Gilead
Sciences, and Merck, Sharp & Dohme, outside the submitted work. The remaining

authors report no conflict of interest.

6102 JoquianoN €2 UO Jasn AJIsIaAlun 00D sawer Aq £26/£95/0 | LZI9/PI9/E60 L 0 L/I0p/10B]Sqe-8[o1le-90UuBApPE/pIo/WOo0 dno-olwapeoe//:sdiy Woll papeojumod

18



References

Simmons B, Saleem J, Heath K, Cooke GS, Hill A. Long-Term Treatment Outcomes of
Patients Infected With Hepatitis C Virus: A Systematic Review and Meta-analysis of the
Survival Benefit of Achieving a Sustained Virological Response. Clin Infect Dis 2015;

61:730-40.

Nahon P, Bourcier V, Layese R, et al. Eradication of Hepatitis C Virus Infection in
Patients With Cirrhosis Reduces Risk of Liver and Non-Liver Complications.

Gastroenterology 2017; 152:142-156.e2.

Merchante N, Rivero-Juarez A, Téllez F, et al. Sustained virological response to direct-
acting antiviral regimens reduces the risk of hepatocellular carcinoma in HIV/HCV-

coinfected patients with cirrhosis. J Antimicrob Chemother 2018; 73:2435-2443.

van der Meer AJ, Feld JJ, Hofer H, et al. Risk of cirrhosis-related complications in patients
with advanced fibrosis following hepatitis C virus eradication. J Hepatol 2017; 66:485—

493.

Merchante N, Merino E, Rodriguez-Arrondo F, et al. HIV/hepatitis C virus-coinfected
patients who achieved sustained virological response are still at risk of developing

hepatocellular carcinoma. AIDS 2014; 28:41-47.

Corma-Gomez A, Morano L, Francisco Téllez F, et al. HIV infection does not increase the
risk of liver complications in hepatitis C virus-infected patient with advanced fibrosis, after

sustained virological response with direct-acting antivirals. AIDS 2019; 33:1167-1174.

Salmon-Ceron D, Nahon P, Layese R, et al. Human Immunodeficiency Virus/Hepatitis C
Virus (HCV) Co-infected Patients With Cirrhosis Are No Longer at Higher Risk for
Hepatocellular Carcinoma or End-Stage Liver Disease as Compared to HCV Mono-

infected Patients. Hepatology 2019; 70 (3): 939-954.

Marrero JA, Kulik LM, Sirlin CB, et al. Diagnosis, Staging, and Management of

6102 18qWBAON £Z UO Jasn AJIsiaAlun 400D sawepr Aq £2G6/£9G/0% 1 LZI9/PI9/S60 L 0 | /I0P/A0BIISHR-8|011B-80UBAPE/PIO/WO02 dNO olWapee//:sdjjy Wol) papeojumo(]

19



10.

11.

12.

13.

14.

15.

16.

17.

Hepatocellular Carcinoma: 2018 Practice Guidance by the American Association for the

Study of Liver Diseases. Hepatology 2018; 68:723-750.

Terrault NA, Hassanein TI. Management of the patient with SVR. J Hepatol 2016;

65:5120-S129.

Pawlotsky JM, Negro F, Aghemo A, et al. EASL Recommendations on Treatment of

Hepatitis C 2018. J Hepatol 2018; 69:461-511.

Merchante N, Rivero-Juarez A, Téllez F, et al. Liver stiffness predicts clinical outcome in
human immunodeficiency virus/hepatitis C virus-coinfected patients with compensated

liver cirrhosis. Hepatology 2012; 56:228-238.

Macias J, Marquez M, Téllez F, et al. Risk of liver decompensation among HIV/Hepatitis
C virus-coinfected individuals with advanced fibrosis: Implications for the timing of

therapy. Clin Infect Dis 2013; 57:1401-1408.

Roccarina D, Rosselli M, Genesca J, Tsochatzis EA. Elastography methods for the non-
invasive assessment of portal hypertension. Expert Rev Gastroenterol Hepatol 2018;

12:155-164.

Ripoll C, Groszmann R, Garcia—Tsao G, et al. Hepatic Venous Pressure Gradient Predicts
Clinical Decompensation in Patients With Compensated Cirrhosis. Gastroenterology 2007;

133:481-488.

Ripoll C, Groszmann RJ, Garcia-Tsao G, et al. Hepatic venous pressure gradient predicts
development of hepatocellular carcinoma independently of severity of cirrhosis. J Hepatol

2009; 50:923-928.

Mandorfer M, Kozbial K, Schwabl P, et al. Sustained virologic response to interferon-free

therapies ameliorates HCV-induced portal hypertension. J Hepatol 2016; 65:692-699.

Shili-Masmoudi S, Sogni P, de Ledinghen V, et al. Increased liver stiffness is associated
with mortality in HIV/HCV coinfected subjects: The French nationwide ANRS CO13

HEPAVIH cohort study. PL0oS One 2019; 14:e0211286.

6102 18qWBAON £Z UO Jasn AJIsiaAlun 400D sawepr Aq £2G6/£9G/0% 1 LZI9/PI9/S60 L 0 | /I0P/A0BIISHR-8|011B-80UBAPE/PIO/WO02 dNO olWapee//:sdjjy Wol) papeojumo(]

20



18.

19.

20.

21.

22.

23.

24.

25.

26.

Macias J, Recio E, Vispo E, et al. Application of transient elastometry to differentiate mild
from moderate to severe liver fibrosis in HIV/HCV co-infected patients. J Hepatol 2008;

49:916-922.

Tsochatzis EA, Gurusamy KS, Ntaoula S, Cholongitas E, Davidson BR, Burroughs AK.
Elastography for the diagnosis of severity of fibrosis in chronic liver disease: A meta-

analysis of diagnostic accuracy. J Hepatol 2011; 54:650—659.

Poynard T, Vergniol J, Ngo Y, et al. Staging chronic hepatitis C in seven categories using
fibrosis biomarker (FibroTestTM) and transient elastography (FibroScan®). J Hepatol

2014, 60:706—714.

Perez-Latorre L, Sanchez-Conde M, Rincon D, et al. Prediction of Liver Complications in
Patients With Hepatitis C Virus-Related Cirrhosis With and Without HIV Coinfection:
Comparison of Hepatic Venous Pressure Gradient and Transient Elastography. Clin Infect

Dis 2014; 58:713-718.

Pineda JA, Garcia-Garcia JA, Aguilar-Guisado M, et al. Clinical progression of hepatitis C
virus-related chronic liver disease in human immunodeficiency virus-infected patients

undergoing highly active antiretroviral therapy. Hepatology 2007; 46:622-630.

Aguero F, Forner A, Manzardo C, et al. Human immunodeficiency virus infection does not
worsen prognosis of liver transplantation for hepatocellular carcinoma. Hepatology 2016;

63:488-498.

Goossens N, Singal AG, King LY, et al. Cost-Effectiveness of Risk Score—Stratified
Hepatocellular Carcinoma Screening in Patients with Cirrhosis. Clin Transl Gastroenterol

2017; 8:e101.

Hamada K, Saitoh S, Nishino N, et al. Shear wave elastography predicts hepatocellular
carcinoma risk in hepatitis C patients after sustained virological response. PLoS One 2018;

13:e0195173.

Lens S, Alvarado-Tapias E, Marifio Z, et al. Effects of All-Oral Anti-Viral Therapy on

6102 18qWBAON £Z UO Jasn AJIsiaAlun 400D sawepr Aq £2G6/£9G/0% 1 LZI9/PI9/S60 L 0 | /I0P/A0BIISHR-8|011B-80UBAPE/PIO/WO02 dNO olWapee//:sdjjy Wol) papeojumo(]

21



27.

28.

29.

30.

31.

32.

33.

34.

35.

HVPG and Systemic Hemodynamics in Patients With Hepatitis C Virus-Associated

Cirrhosis. Gastroenterology 2017; 153:1273-1283.e1.

Pan JJ, Bao F, Du E, et al. Morphometry Confirms Fibrosis Regression From Sustained
Virologic Response to Direct-Acting Antivirals for Hepatitis C. Hepatol Commun 2018;

2:1320-1330.

D’Ambrosio R, Aghemo A, Rumi MG, et al. Persistence of hepatocellular carcinoma risk
in hepatitis C patients with a response to IFN and cirrhosis regression. Liver Int 2018;

38:1459-1467.

Hagan M, Asrani SK, Talwalkar J. Non-invasive assessment of liver fibrosis and

prognosis. Expert Rev Gastroenterol Hepatol 2015; 9:1251-1260.

Innes H, Barclay ST, Hayes PC, et al. The risk of hepatocellular carcinoma in cirrhotic
patients with hepatitis C and sustained viral response: Role of the treatment regimen. J

Hepatol 2018; 68:646-654.

Kozbial K, Moser S, Al-Zoairy R, et al. Follow-up of sustained virological responders with
hepatitis C and advanced liver disease after interferon/ribavirin-free treatment. Liver Int

2018; 38:1028-1035.

loannou GN, Green PK, Beste LA, Mun EJ, Kerr KF, Berry K. Development of models
estimating the risk of hepatocellular carcinoma after antiviral treatment for hepatitis C. J

Hepatol 2018; 69:1088-1098.

loannou GN, Beste LA, Green PK, et al. Increased Risk for Hepatocellular Carcinoma
Persists Up to 10 Years After HCV Eradication in Patients with Baseline Cirrhosis or High
FIB-4 Scores. Gastroenterology 2019 Jul 26. pii: S0016-5085(19)41130-X. doi:

10.1053/j.gastro.2019.07.033. [Epub ahead of print]

McGovern BH, Golan Y, Lopez M, et al. The Impact of Cirrhosis on CD4+ T Cell Counts

in HIV-Seronegative Patients. Clin Infect Dis 2007; 44:431-437.

Tong MJ, Theodoro CF, Salvo RT. Late development of hepatocellular carcinoma after

6102 18qWBAON £Z UO Jasn AJIsiaAlun 400D sawepr Aq £2G6/£9G/0% 1 LZI9/PI9/S60 L 0 | /I0P/A0BIISHR-8|011B-80UBAPE/PIO/WO02 dNO olWapee//:sdjjy Wol) papeojumo(]

22



36.

37.

38.

viral clearance in patients with chronic hepatitis C: A need for continual surveillance. J Dig

Dis 2018; 19:411-420.

Yoshida Y, Yonezawa M, Okamoto T, et al. Occurrence of hepatocellular carcinoma
24 years after successful interferon therapy in a patient with chronic hepatitis C: a case

report. Clin J Gastroenterol 2019; 12:120-127.

Kanwal F, Kramer J, Asch SM, Chayanupatkul M, Cao Y, El-Serag HB. Risk of
Hepatocellular Cancer in HCV Patients Treated With Direct-Acting Antiviral Agents.

Gastroenterology 2017; 153:996-1005.

Sanchez-Azofra M, Vazquez IF, Garcia ML, et al. Risk of hepatocellular carcinoma in
patients with chronic hepatitis C and stage-3 liver fibrosis after sustained virological

response with direct acting antivirals. J Hepatol 2019; 70:e731.

6102 18qWBAON £Z UO Jasn AJIsiaAlun 400D sawepr Aq £2G6/£9G/0% 1 LZI9/PI9/S60 L 0 | /I0P/A0BIISHR-8|011B-80UBAPE/PIO/WO02 dNO olWapee//:sdjjy Wol) papeojumo(]

23



Table 1. Characteristics of the study population at starting DAA therapy (n=640)

Parameter Value
Age, years* 52 (49-55)
Male sex, no (%) 559 (87.3)
HCV infection way, no (%)

- PWID 533 (83.3)
- Blood transfusion 6 (0.9)

- Sexual 72 (11.3)
- Unknown 29 (4.5)
Liver Stiffness (kPa)* 17 (11.8-27)
Pre-treatment cirrhosis, no (%) 393 (61.4)
CPTS class before treatment, no (%)

-A 584 (94.3)
-B 35 (5.7)
-C 0
Pre-treatment MELD score** 6 (6-8)
Decompensation before SVR, no (%) 42 (6.6)
HCV genotype, no (%)

- la 283 (44.2)
-1b 113 (17.7)
-2 5(0.8)
-3 107 (16.7)
-4 122 (19.1)
- Other 10 (1.5)
SVR with interferon-free treatment, no (%) 604 (94.4)

Data are number (%) of participants. Continuous variables (indicated with*) are
reported as median (quartile 1-quartile 3). SAvailable in 619 patients. *Available in 589
patients.

Abbreviations: HCV: hepatitis C virus; PWID: People who injected drugs; CPT: Child-
Pugh-Turcotte; MELD: Model for End-Stage Liver Disease; SVR: Sustained virological
response; HIV: human immunodeficiency virus.

6102 18qWBAON £Z UO Jasn AJIsiaAlun 400D sawepr Aq £2G6/£9G/0% 1 LZI9/PI9/S60 L 0 | /I0P/A0BIISHR-8|011B-80UBAPE/PIO/WO02 dNO olWapee//:sdjjy Wol) papeojumo(]

24



Table 2. Characteristics of the study population at the SVR (baseline time-point) (n=640)

Parameter Value
Liver stiffness (kPa), no (%)

-<14 374 (58.5)
- 14-21 121 (18.9)
-21.1-40 107 (16.7)
>40 38 (5.9)
Fasting plasma glucose (mg/dl)* 94 (85-105)
Diabetes Mellitus, no (%) 58 (9.5)
CPT' class, no (%)

-A 588 (97.2)
-B 18 (2.8)
MELD¥ score* 6 (6-6)
Platelets x 10%/uL* 143 (102-195)
APRI 0.5(0.3-0.8)
FIB-4 score* 1.9 (1.3-2.9)
Decline in liver stiffness from DAA 4.6 (1.5-9.3)
onset (kPa)*

Alcohol consumption >50 g/day, no 23 (3.6)
(%)

Plasma HIV-RNA < 50 copies/ml, no 554 (86.6)
(%)

CD4 cell counts >200/uL 576 (90)

Data are number (%) of participants. Continuous variables (indicated with*) are
reported as median (quartile 1-quartile 3). TAvailable in 605 patients. *Available in 604

patients. *Available in 552 patients.

Abbreviations: HCV: hepatitis C virus; PWID: People who injected drugs; CPT: Child-
Pugh-Turcotte; MELD: Model for End-Stage Liver Disease; SVR: Sustained virological
response; APRI: Aspartate aminotransferase to Platelet Ratio Index; FIB-4

score: Fibrosis-4 score. DAA: Direct-acting antivirals.
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Table 3. Direct-acting antiviral regimens with which patients achieved sustained

virological response (n=640)

DAA regimen Treatment duration Value, no (%)
12 weeks 14 (2.2)
IFN-based 24 weeks 4 (0.6)
48 weeks 18 (2.8)
8 weeks 23 (3.6)
LDV/ SOF +/- RBV 12 weeks 204 (31.9)
24 weeks 42 (6.6)
12 weeks 68 (10.6)
SOF /DCV +/-RBV
24 weeks 35 (5.5)
12 weeks 57 (8.9)
SOF/SMP +/-RBV
24 weeks 5(0.8)
12 weeks 68 (10.6)
3D/2D +/- RBV
24 weeks 19 (3.0)
SOF/VEL 12 weeks 59 (9.2)
8 weeks 1(0.1)
GLE/PIB
12 weeks 9(1.4)
12 weeks 7(1.1)
EBR/GZR
>12 weeks 2(0.3)
SOF +/- RBV 24 weeks 5(0.8)

Data are number (%) of participants.

Abbreviations: DAA: direct-acting antiviral; IFN: interferon; LDV: ledipasvir; SOF:
sofosbuvir; RBV: ribavirin; DCV: daclatasvir; SMV: simeprevir; 2D/3D: ombitasvir
+/- paritaprevir +/- dasabuvir; VEL: velpatasvir; GLE: glecaprevir; PIB: pibrentasvir;
GZR: grazoprevir; EBR: elbasvir.
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Table 4. Clinical events during the follow-up

Event n (%)
First hepatic complication after SVR 18 (2.8)
- Ascites 8 (1.3)
- Hepatocellular carcinoma 5 (0.8)
- Hepatic encephalopathy 2 (0.3)
- Portal hypertensive gastrointestinal bleeding 3(0.5)
Liver transplant 2(0.3)
Death 18 (2.8)
- Due to liver failure 6 (0.9)
- AIDS related 1(0.2)
- Other cause 11 (1.7)
- Cancer other than hepatocellular carcinoma 4 (0.6)
- Cardiovascular disease 2(0.3)
- Sepsis 2 (0.3)
- Other 3(0.5)
Data are number (%) of participants.
Abbreviations:  SVR:  Sustained  virological acquired

immunodeficiency syndrome.
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Table 5. Predictors of the emergence of liver complications or requiring transplant

Parameter Categories No. (%) p Sub-hazard ratio
with events Bivariate  Multivariate (95% CI)
Age, years <52 8 (2.5)
>52 11 (3.4) 0.358 0.251 1.06 (0.96-1.18)"
Sex Female 2 (2.5)
Male 17 (3.0) 0.702 0.369 2.33 (0.37-14.83)
HCV infection way PWID 18 (3.4) -
Other 1(0.9) 0.167 -
Diabetes mellitus Yes 1(1.7%)
Not 18 (3.3%) 0.537 - -
Pre-treatment liver <14 1(0.4)
stiffness (kPa) > 14 18 (4.6) 0.003 NA NA
Pre-treatment MELD 6-10 8 (1.5)
score* >10 8 (26.7) <0.001 0.031 1.37 (1.03-1.82)"
Pre-treatment CPT' A 15 (2.6)
score B 3(8.6) 0.035 0.007 62.5 (3.08-
1246.42)
HCV genotype 3 5(4.7) 0.200 - -
Other 14 (2.6)
Treatment leading to Interferon-based 2 (5.6) 0.953 - -
SVR All oral 17 (2.8)
Decompensation No 10 (1.7)
before SVR Yes 9 (21.4) <0.001 0.014 3.42 (1.28-9.12)
MELD score at SVR* 6-10 9 (1.6)
>10 8 (21.1) <0.001 0.335 0.85 (0.62-1.18)"
CPT score at SVR! A 12 (2.0)
B 6 (33.3) <0.001 0.027 10.71 (1.32-87.08)
FIB-4* <3.25 5 (1.1%) <0.001 0.002 1.39 (1.13-1.70)"
>3.25 14 (12.2%)
Liver stiffness at SVR <14 0
(kPa) 14.1-21 2 (1.5)
21.1-40 5 (3.3) <0.001 0.002 1.05 (1.02-1.08)"
>40 11 (13.3)
Liver stiffness decline <4.6 10 (3.1) 0.768 -
(kPa) from DAA onset >4.6 9(2.8)

to SVR (kPa)
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Platelets at SVR x <100 13 (8.8) <0.001 0.478

10%/uL >100 6 (1.3) 1.00 (0.99-1.00)*
CD4 counts at SVR <200 6 (11.1) <0.001 0.002

cells/uL >200 12 (2.4) 0.22 (0.076-0.67)
Plasma HIV-RNA at <50 18 (3.2) 0.713 i )

SVR >50 1(3.8) '

Table shows patient’s characteristics associated with a greater risk of developing liver
events. For the bivariate analysis, continuous variables were categorized according to
the median value or using clinical significant cutoffs. Estimated survival functions were
calculated using the Kaplan-Meier method, and survival curves were compared by log-
rank test. Variables associated with the main end-point in the bivariate analysis with a p
value <0.05, along with age and sex, were entered in a multivariate analysis and a Fine-
Gray regression model was conducted to adjust for competing risk of death. The
parameter pre-treatment liver stiffness was not entered in the model because of
colinearity with liver stiffness at SVR. A regression model including pre-treatment,
instead at SVR, LS is shown in supplementary table 1.

*Available in 589 patients. TAvailable in 619 patients. *Available in 604 patients.
IAvailable in 605 patients. *Available in 552 patients "For one unit increase and *for
1000 units increase (included as continuous variables in the multivariate model).

Abbreviations: HCV: hepatitis C virus; PWID: People who injected drugs; CPT: Child-
Pugh-Turcotte; MELD: Model for End-Stage Liver Disease; SVR: Sustained virological
response; NA: Not applicable; FIB-4 score: Fibrosis-4 score; DAA: Direct-acting
antivirals; HIV: human immunodeficiency virus.
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Table 6. Predictors of all-cause mortality

Parameter Categories No. (%) p Hazard ratio (95%
with events Bivariate ~ Multivariate Cl)
Age, years <52 7(2.2)
>52 11 (3.4) 0.293 0.549 1.03 (0.94-1.12)"
Sex Female 0
Male 18 (3.2) 0.100 0.980 7.5x10° (0->10°%)
HCV infection way PWID 18 (3.4) -
Other 0 0.059 -
Diabetes mellitus Yes 1(1.7%)
Not 17 (2.9%) 0.677 - -
Pre-treatment liver <14 3(1.2)
stiffness (kPa) > 14 15 (3.8) 0.069 - -
Pre-treatment MELD 6-10 14 (2.6)
score* >10 4 (8.3) <0.001 0.961 1.01 (0.82-1.24)"
Pre-treatment CPT' A 16 (2.7) -
score BorC 2 (5.7) 0.336 -
HCV genotype 3 4 (3.7) -
Other 14 (2.6) 0.452 -
Nadir CD4 count <100 6 (3.5) -
>100 9 (2.6) 0.563 -
Treatment leadingto  Interferon-based 1(2.8) -
SVRS All oral 17 (2.8) 0.898 -
Decompensation No 14 (2.3)
before SVR Yes 4 (9.5) 0.010 0.562 1.48 (0.39-5.61)
MELD score at SVR* 6-10 13 (2.3)
>10 4 (10.8) 0.004 0.731 1.05 (0.80-1.39)"
CPT score at SVR! A 15 (2.6)
B 3(17.6) <0.001 0.565 1.62 (0.31-8.38)
Liver stiffness at SVR <14 3(0.8)
(kPa) 14.1-21 5 (4.1) 0.001 1.04 (1.02-1.07)"
21.1-40 4 (3.7) <0.001 '
>40 6 (15.8)
Liver stiffness decline <4.6 11 (3.6) 0.315 -
(kPa) from DAA >4.6 7(2.2)

onset to SVR (kPa)
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FIB-4¢ <3.25 11 (2.5) 0.068 - -

>3.25 7(6.1)
Platelets at SVR x <100 9(6.1)
103/ >100 9 (1.9) 0.009 03421 00 (1.00-1.00)"
CD4 counts at SVR <200 2(3.7) 0.614 i -
cells/uL >200 14 (2.8) '
HIV viral load at SVR <50 15 (2.7) 0.532 i -

>50 1(3.8) '

Table shows the parameters associated with a greater risk of death for any cause.
Continuous variables were categorized according to the median value or using clinical
significant cut-offs. Estimated survival functions were calculated using the Kaplan-
Meier method, and survival curves were compared by the log-rank test. Variables
associated with the endpoint in the bivariate analysis, along with sex and age, were
included in a Cox regression model.

*Available in 589 patients. "Child-Pugh-Turcotte; available in 619 patients. *Available
in 604 patients. |Available in 605 patients. "For one-unit increase and *for 1000 units
increase (included as continuous variables in the multivariate model).

Abbreviations: HCV: hepatitis C virus; PWID: People who injected drugs; CPT: Child-
Pugh-Turcotte; MELD: Model for End-Stage Liver Disease; SVR: Sustained virological
response; FIB-4 score: Fibrosis-4 score; DAA: Direct-acting antivirals; HIV: human
immunodeficiency virus.

31

6102 18qWBAON £Z UO Jasn AJIsiaAlun 400D sawepr Aq £2G6/£9G/0% 1 LZI9/PI9/S60 L 0 | /I0P/A0BIISHR-8|011B-80UBAPE/PIO/WO02 dNO olWapee//:sdjjy Wol) papeojumo(]



Figure 1. Probability of developing hepatic complications or requiring liver transplant,
according to the value of liver stiffness at the sustained virological response time-point

(p<0.001).

Abbreviations: LS: Liver stiffness
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Figure 1

Dow _omoﬁa from https://academic.oup.com/cid/advance-article-abstract/doi/10
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