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Summary
Patients with HCV-related bridging fibrosis or cirrhosis remain at risk of developing life-
threatening complications even after achieving a sustained virological response. Although it is
reduced, the risk of liver-related events in these patients justifies their inclusion in surveillance
programmes dedicated to the early detection of hepatocellular carcinoma and the screening for
portal hypertension. Biochemical parameters or non-invasive tests might indicate the potential
progression of liver injury despite viral clearance. Specific attention must be focused on the
management of comorbidities, while dedicated educational programmes must be encouraged to
increase compliance and commitment to surveillance. Better knowledge of the long-term evolu-
tion of these patients, who now live longer, is essential to improve risk stratification and refine
screening strategies in this growing population.
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Introduction
Antiviral treatments with direct-acting antivirals
(DAAs) are associated with a sustained virological
response (SVR) in the vast majority of patients
infected with HCV, including those with bridging
fibrosis or cirrhosis.1 In addition to curing HCV,
the treatment shows benefit in terms of the
regression of liver fibrosis, the risk of hepatocel-
lular carcinoma (HCC), and the improvement of
portal hypertension (PHT) and liver failure.
Furthermore, beyond the hepatic outcomes,
several extrahepatic benefits may result from
sustained HCV eradication.2 The impact of SVR on
chronic hepatitis caused by HCV differs widely
according to the patient’s baseline characteristics,
including the presence of pre-therapeutic liver
fibrosis and comorbidities. Despite HCV clearance,
patients with bridging fibrosis or cirrhosis are still
at risk of developing life-threatening conditions
due to the persisting risk of liver-related compli-
cations and the high rates of comorbidities. Thus it
is recommended to include these patients in
dedicated surveillance programmes,3 and hep-
atologists must learn how to manage these in-
dividuals, who now survive longer than they did
in the past, over the long term.4

This review focuses on the clinical benefits of
SVR in patients with advanced pre-therapeutic F3
or F4 stage liver fibrosis according to the METAVIR
scoring system (Figs. 1 and 2) and will explore
proposed strategies for the surveillance of these
patients following viral eradication (Fig. 3). The
complex interplay between competing events,
which is further influenced by host and environ-
mental factors as well as treatment, highlights the
need for the referral of large cohorts of patients
with long-term prospective follow-up. Indeed,
cirrhosis is a complex chronic disease that may
lead to various events over the disease course. In
this context, the following considerations will
mostly be based on prospective large-scale studies
that have examined cirrhosis according to a multi-
state disease model5 that utilises accurate
competing risk analyses to ensure both the quality
and strength of the conclusions drawn.
Clinical benefits of SVR in patients with
advanced liver fibrosis
Hepatocellular carcinoma
Following SVR, the risk of HCC is highest in pa-
tients with cirrhosis and is considered negligible
in patients with mild or no fibrosis, for whom HCC
surveillance is not recommended.6 However, HCC
may occur in patients with bridging fibrosis
(METAVIR F3)7 due to sampling variation in liver
specimens, inaccurate evaluation by non-invasive
tests, or the transition to cirrhosis after the F3
stage.8 Whether based on studies conducted in
the interferon or DAA treatment eras, the absolute
reduction in HCC risk is now well documented,
but the probability of primary liver cancer still
persists over the long term. In this scenario, all
international guidelines endorse indefinite HCC
surveillance following SVR in patients with
cirrhosis diagnosed before the implementation of
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Key points

Following SVR, patients with HCV-related bridging fibrosis or cirrhosis
must be maintained in surveillance programmes.

This surveillance is similar to that of other patients with extensive fibrosis
and is dedicated to the early detection of HCC and the screening for portal
hypertension.

The management of comorbidities is also pivotal and must involve dedi-
cated physicians or general practitioners.

There is no recommendation to discontinue surveillance even if non-
invasive tests suggest improvement.
antiviral treatment and the development of SVR.6,9,10 The ne-
cessity for periodic surveillance of patients with pre-therapeutic
bridging fibrosis (METAVIR F3) is more controversial; European
guidelines recommend it6,10 while AASLD recommendations
remain elusive.9 In addition, recent dedicated analyses suggest
that this strategy may not be cost-effective in F3 patients due to
the lower HCC incidence observed following SVR than in pa-
tients with pre-therapeutic documented cirrhosis.11

HCC incidence in patients with bridging fibrosis or cirrhosis and
SVR
After treatment with interferon-based regimens. During the
interferon treatment era, numerous studies provided convincing
evidence that the risk of HCC decreased after SVR but remained
high enough to justify periodic screening. Initially, based on
retrospective monocentric studies, a meta-analysis of 6 studies,
including 2,649 patients with advanced hepatic fibrosis or
cirrhosis, initially reported a 4-fold decrease in the risk of HCC
following SVR with a hazard ratio (HR) of 0.23 (95% CI
0.16–0.35).12 Following this report, data obtained from pooled
retrospective European cohorts, during prospective follow-up
over a median of 8 years, confirmed this benefit: in these 530
patients, the 10-year cumulative HCC incidence rate was 5.1% in
patients who achieved an SVR comparedwith 21.8% in thosewho
failed to clear the HCV infection.13 When restricted to patients
unambiguously diagnosed with compensated cirrhosis via bi-
opsy (n = 1,323, median follow-up 58 months), a prospective
multicentre study reported a 5-year cumulative incidence of 6.7%
(Fig. 2A),14 although the latter comprised a subset of patients
treated with protease inhibitors.

After treatment with DAA-based regimens. Despite a lack of long-
term follow-up, early studies conducted in the DAA treatment
era reported “unexpectedly high” HCC incidence rates during
and after treatment with DAA regimens in cirrhotic patients
included in HCC surveillance programmes.15–17 Indeed, HCC
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Fig. 1. Impact of SVR on life-threatening events and overall/specific mor-
tality in patients with HCV-related cirrhosis or bridging fibrosis. Positive
impact: multiple and adequately powered longitudinal observational studies
of cirrhotic patients with appropriate adjustment for confounders. Suspected
improvement: findings supported by some observational studies but may be
limited by insufficient follow-up time, incomplete adjustment for con-
founders, small sample size or the existence of contradictory reports. SVR,
sustained virological response.
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annual incidence ranged from 3% to 5% during or following DAA
therapy in the initial retrospective single-centre studies, which
included relatively short follow-up periods following DAA
treatment. However, major methodological flaws resulted in
these alarming studies, which were mostly based on small un-
controlled samples of patients usually presenting with a more
severe phenotype (older age or more advanced cirrhosis)
compared to that reported in the interferon era. Indeed, most of
the first patients to receive these new drugs in the setting of
early-access programmes had previously failed to achieve an
SVR on interferon-based therapy, and some of them had already
experienced liver failure progression or complications; in other
words, they were more prone to develop HCC. However, it has
been hypothesised that a rapid reduction in HCV viral load
under DAAs may promote an imbalance between pro-tumour
and antitumour immune functions,18 and DAA therapy has
been associated with increased inflammation19 and angiogen-
esis.20 Nevertheless, these preliminary reports have not been
confirmed. Furthermore, it has been shown that for some of the
candidates initially selected, prior HCC surveillance had prob-
ably been suboptimal and failed to ensure the adequate detec-
tion of an ongoing oncologic process that was perhaps already
developing when DAA treatment was started.21,22

The subsequent analyses of numerous large longitudinal
cohorts with longer follow-up have demonstrated that DAA-
induced SVR is associated with a reduced HCC risk. Initially,
the first available multicentre reports were restricted to the
retrospective analyses of registries from the Veterans Affairs
system, which estimated HCC occurrence in 21,984 patients (all
fibrosis stages) treated with DAA-based regimens over a 2-year
follow-up period according to the achievement of SVR and re-
ported a 71% lower risk of HCC in patients with viral clear-
ance.23–25 This finding has since been prospectively confirmed
by an analysis of 9,895 French patients included in the ANRS
CO22 Hepather cohort,26 among whom 7,344 were treated with
DAAs and followed-up for 33.4 months. After adjustment for
various confounders, DAA treatment was associated with
decreased HCC risk (adjusted HR 0.66; 95% CI 0.46–0.93). Based
on longitudinal cohorts recruited in hepatology units, a recent
study performed in Europe reported the annual incidence of
HCC as a function of liver function impairment in 2,249 cirrhotic
patients following DAA implementation. These analyses
confirmed a higher annual incidence of HCC in patients with
Child-Pugh Class B than Class A cirrhosis (6.6% vs. 2.1%,
respectively).27

Comparisons between therapeutic eras. Several longitudinal co-
horts of patients included in HCC surveillance programmes dur-
ing the interferon or DAA treatment eraswere compared in terms
of HCC incidence following SVR. For example, meta-regression
481vol. 1 j 480–489
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Fig. 2. Incidences of liver-related and extrahepatic events as a function of SVR status in patients with compensated biopsy-proven cirrhosis included in the
ANRS CO12 CirVir cohort. (A) Risks of hepatocellular carcinoma, liver decompensation, major adverse cardiovascular events and bacterial infection are decreased
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was performed for a meta-analysis of 9 observational studies of
DAA- or interferon-treated patients.28 Although adjustment was
restricted to age and the length of follow-up, these analyses re-
ported similar incidences in the 2 groups. Subsequent large-scale
studies confirmed this finding. In the Veterans Affairs system,
after adjustment for 21 potential confounders among 21,984 pa-
tients treated with DAAs and 35,871 patients treated with IFN-
based regimens, similar HCC incidences were reported as a
function of treatment allocation,23–25 leading to a comparable
decrease in HCC risk regardless of regimen.29 Finally, robust data
were reported by large prospective cohorts of patients followed-
up in multiple tertiary hepatology centres and included in HCC
surveillance programmes such as the ANRS CO12 CirVir cohort.4

In addition to the rigorous selection of patients with biopsy-
proven compensated cirrhosis, the methodical and exhaustive
recordingof all complicationsandclinical eventsoccurringduring
follow-up, liver-related or not, allowed for analyses that accoun-
ted for the differing characteristics of patients according to
treatment allocation, using the inverse probability of treatment
weights method.22

As a whole, the magnitude of the decrease in HCC risk was
similar regardless of the antiviral regimen used. However, due
to the relatively short follow-up of patients who received DAAs
after this treatment was made available, the interpretation of
findings based on medium- and long-term follow-up should be
undertaken cautiously.

Fibrosis regression and long-term HCC risk
The available data suggest that HCC risk does not decrease with
time. Ageing usually triggers the development of various
comorbidities known to impact liver-related outcomes,
including liver cancer.30 Studies conducted in Japan during the
interferon treatment era have reported cumulative incidences
of HCC as high as 3.1%, 10.1%, and 15.9% after 5, 10, and 15 years,
respectively.31 Similar observations were made in patients with
cirrhosis in the West, for whom longitudinal follow-up
revealed a 1.39% yearly HCC incidence following SVR in the
long term, particularly when SVR was achieved after 55 years
of age.32

On the other hand, it is tempting to speculate that HCV
eradicationmight favourfibrosis regression over time and lead to
a subsequent decrease in HCC risk.33 Interferon-induced SVR has
been shown to decrease the incidence of liver-related outcomes
over the long term, which may in part be explained by partial
fibrosis regression.8,13,14,34,35 However, studies utilising sequen-
tial liver histological examinationperformedbefore and after SVR
are scarce36 and are usually limited by their retrospective mon-
ocentric nature and small sample sizes.37 Fibrosis development
following SVR is usually evaluated by non-invasivemethods such
as transient elastography or the detection of circulating bio-
markers.34 Nevertheless, several pitfalls plague the interpreta-
tion of these sequential measurements, including i) the need to
wait for at least 2–3 years following SVR to avoid misinterpre-
tation,38 ii) the difficulty in correctly interpreting the changes in
following SVR resulting from treatment with interferon- and DAA-based regime
dyslipidaemia) at the time of SVR is a major contributor to residual HCC risk in c
SVR and metabolic syndrome; non-SVR1: no SVR and no metabolic syndrome; n
HCV-related cirrhosis patients with SVR compared with age-matched and sex-ma
of death in the CirVir cohort in patients who achieved SVR. Reproduced from Na
infection; DAA, direct-acting antiviral; EHCs, extrahepatic cancers; SVR, sustaine
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non-invasive markers.39,40 Most studies published so far have
failed to document a decrease in HCC occurrence in patients with
“improving” non-invasive “fibrosis” post-SVR.39,41

Recently, the longitudinal assessment of fibrosis-4 score (FIB-
4)/aspartate aminotransferase-to-platelet ratio index (APRI)
following SVR was performed in more than 6,000 patients from
the Veterans Affairs system with pre-therapeutic advanced
fibrosis or cirrhosis treated by DAAs.42 Cirrhotic patients who
had persistently high FIB-4/APRI during follow-up had the
highest HCC incidence (between 3.3 and 6.5 per 100 person-
years [PY]), while the risk of HCC decreased in those who
experienced a decline in FIB-4/APRI over time (0.6 to 2.8 per 100
PY) but remained above 1.5 per 100 PY for most quarters, thus
justifying periodical screening in the latter.

Until further notice, lifelong surveillance for HCC is recom-
mended in patients with documented advanced fibrosis and
cirrhosis before SVR, as it seems unlikely that the risk of liver
cancer would eventually decline over time to a point at which
surveillance becomes unnecessary.

Identification of cirrhotic patients with a higher residual HCC risk
following SVR
The goal of HCC surveillance programmes is to detect liver tu-
mours at an early stage when they are eligible for curative
therapy, which is known to provide a survival benefit.43

Although abdominal ultrasound is recommended as a stan-
dard procedure for HCC surveillance, its sensitivity for the
detection of small-size HCC tumours is low.44 Given these
concerns, alternative imaging modalities (such as CT or MRI45)
and new serum biomarkers46 have been tested, with the aim of
improving early HCC detection. However, implementing such
costly surveillance programmes may not be cost-effective for all
patients eligible for screening, in particular F3/F4 patients who
have achieved SVR.11

However, all patients with bridging fibrosis or cirrhosis
following SVR do not have the same risk of developing HCC, and
it remains difficult to assess the specific risk at an individual
level.47 In this scenario, personalised assessment of the indi-
vidual risk of HCC and reinforcement of screening policies might
be utilised for subgroups of patients with a persistent high
incidence of liver cancer despite HCV eradication. Until now,
various HCC scoring systems have been designed, based on the
combination of routine clinical features, to stratify patients into
various HCC risk classes, which in most cases do not consider
SVR status.48 This field of research highlighted a specific
phenotype of patients who are at a higher risk of liver cancer
development based on various covariates, including higher rates
of comorbidities (in particular metabolic syndrome, Fig. 2B),
persistent circulating necroinflammatory markers or impaired
liver function despite SVR.14,30,49 It is tempting to speculate that
adapting screening strategies to the stratification of patients in
groups at a low or high risk of HCC following SVR might opti-
mise both cost-effectiveness and the allocation of limited
medical resources.50
ns. (B) Presence of metabolic syndrome (diabetes and/or overweight and/or
irrhotic patients following SVR. SVR1: SVR and no metabolic syndrome; SVR2:
on-SVR2: no SVR and metabolic syndrome. (C) Increased incidence of EHCs in
tched controls from the general French population. EHC was the leading cause
hon et al.,14,57 Allaire et al.80 and Cacoub et al.75 with permission. BI, bacterial
d virological response.
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Portal hypertension
Evidence from the interferon and DAA treatment eras has
revealed that there have been significant decreases in PHT51,52

and life-threatening related events following SVR.14 In this
context, the probability of developing de novo endoscopic PHT
is low, even over the long term.53 Furthermore, the risk of
variceal bleeding appears to be particularly low in these pa-
tients, even in those who have pre-existing endoscopic signs of
PHT.54 As a whole, compensated cirrhotic patients without a
past history of varices and without co-existing causes of liver
injury following SVR (in particular metabolic syndrome or
excessive alcohol consumption) may not require regular
endoscopic follow-up.

In recent years, the guidelines of the Baveno VI Consensus
Workshop55 have endorsed risk stratification based on a tran-
sient elastography cut-off of <20 kPa and a platelet count
>150,000/ml to identify patients for whom screening for varices
might be unnecessary because of the low risk of clinically sig-
nificant endoscopic PHT. However, the extent to which such a
recommendation holds true once the aetiological agent has
been cured had not been adequately assessed at the time of this
workshop. Recently, a dedicated analysis conducted in the
ANRS CO12 CirVir cohort established the validity of these non-
invasive indices in patients with compensated viral cirrhosis
who achieved SVR.56 Based on the sequential evaluation of the
Baveno VI criteria, endoscopic surveillance no longer appears to
be necessary in this subgroup of low-risk patients, in whom
PHT progression is a rare event and 1-year overall survival is
higher than 90%. These are important messages for both pa-
tients and physicians in clinical practice, as reducing unnec-
essary endoscopies in selected patients will enable the
JHEP Reports 2019
restriction of efficient screening to those who require close
surveillance.

Liver failure
SVR is a major milestone in the management of cirrhosis, but
the magnitude of the benefit widely differs according to base-
line liver function impairment.

Patients with baseline compensated cirrhosis
The clearance of HCV clearly improves outcomes in patients with
compensated cirrhosis, as extensively demonstrated by the ANRS
CO12 CirVir prospective cohort (Fig. 2A).14 Among 1,323 patients
with biopsy-proven uncomplicated HCV-related Child-Pugh
Class A cirrhosis who were followed-up for almost 5 years, a
dramatic decrease in hepatic decompensation was observed
alongwith a significantly reduced 5-year cumulative incidence in
patients who achieved SVR (HR 0.26; 95% CI 0.17–0.39).14 A dra-
matic reduction in bacterial infection, which is known to trigger
hepatic decompensation, was also reported in this population
over the long term in patients who achieved SVR (Fig. 2A).57

These observations were, however, obtained from patients
treated with either interferon-based therapies or DAAs, and the
specific evaluation of the effect of the latter regimen on the risk of
decompensation, which tends to occur over the long term, was
hampered by the short-term follow-up of patients. In this
context, although a study of the ANRS CO22 Hepather cohort
reported a decrease in liver-related mortality in more than 3,000
patients with extensive fibrosis, this large-scale study failed to
demonstrate lower rates of decompensation in patients exposed
to DAAs (HR 0.95; 95% CI, 0.48–1.89) after adjustment for
numerous variables including various comorbidities (alcohol
consumption, diabetes, and arterial hypertension).26

Patients with baseline decompensated cirrhosis
In patients with baseline decompensated cirrhosis, unlike
interferon-based regimens, non-protease inhibitor containing
DAAs were shown to be safe and effective therapies that
resulted in an SVR rate of at least 78% in those with the most
pronounced liver failure.58–60 However, despite SVR, the out-
comes of patients with decompensated cirrhosis due to HCV
remain problematic, as clinical deterioration and the need for
liver transplantation may still arise.

The benefits of the achievement of SVR due to DAA treat-
ment in patients with Child-Pugh Class B cirrhosis were
demonstrated in at least 3 longitudinal studies showing short-
term improvements in liver function. In a retrospective UK
study of 409 patients, among whom 381 achieved SVR, treat-
ment with DAAs led to a significant decrease in model for end-
stage liver disease (MELD) scores (mean change −0.85) within 6
months compared to untreated patients, for whom the MELD
scores increased (mean +0.75, p <0.0001);61 patients with a
baseline serum albumin level <35 g/L, a low serum sodium
level (<135 mmol/L) and aged >65 years were the least likely to
benefit from DAAs.62 In a prospective Italian multicentre HCV
cohort (LINA cohort), 89 patients who received treatment with
DAAs showed a significant increase in the rate of re-
compensation (62% switched to Child-Pugh Class A) between
baseline and 12 weeks after the end of treatment.63 At 24
weeks post-SVR, the MELD score decreased from baseline by at
least 1 point in 61% of patients. Finally, in the ASTRAL-4
randomised controlled trial, among 250 patients treated with
484vol. 1 j 480–489



sofosbuvir/velpatasvir, 47% and 51% of them showed
improvement compared to baseline at post-treatment week 12
according to the Child-Pugh score and the MELD score,
respectively. The MELD score improved in 81% of patients with
a baseline MELD score of 15 or more.58 In more advanced
cirrhosis (Child-Pugh Class C, MELD >−20), a “point-of-no-re-
turn” for recovery in hepatic function could be reached.64 In
the absence of validated predictors of liver failure recovery or
transplant avoidance, decompensated patients require close
monitoring after achieving SVR. Those with a decreased MELD
score below 15 may be removed from the liver transplant list
but will be warned about their risk of liver-related
complications.

Mortality, competing risks of death and extrahepatic events
Given the positive impact of viral clearance on hepatic events, it
is not surprising to observe a decrease in liver-related mortality
and, as a consequence, overall mortality. The extent to which
SVR also decreases extrahepatic mortality will necessitate a
longer follow-up and dedicated analysis, as liver-related and
non-liver-related events influence survival in a competing risk
framework.5 Nevertheless, it is tempting to speculate that un-
like cirrhotic patients with active HCV replication, who pre-
dominantly die from liver-related complications or the
progression of disease, patients with extrahepatic conditions
and an accumulation of comorbidities following SVR will
constitute a growing burden over time.

SVR has been associated with improved survival in patients
with bridging fibrosis/cirrhosis who achieved SVR after treat-
ment with both interferon regimens13,65 and DAAs.14,26,66 The
Veterans Affairs system recently reported a 74% reduction in the
risk of death in patients who achieved SVR compared to those
who did not achieve SVR after multiple adjustments.66 In addi-
tion, large prospective studies have confirmed a reduction in
mortality in patients with HCV-related cirrhosis. In both the
FrenchANRS CO12 CirVir andANRS CO22Hepather cohorts,14,26 a
decrease in all-cause mortality (HR 0.27; 95% CI 0.18–0.42 in the
CirVir cohort; adjustedHR 0.48; 95% CI 0.33–0.70 in theHepather
cohort)was confirmedafter adjustment formultiple confounders
(age, gender, body mass index, geographical origin, infection
route, fibrosis score, HCV treatment-naïve status, HCV genotype,
alcohol consumption, diabetes, arterial hypertension, biological
variables, andMELD score in patientswith cirrhosis). Exposure to
DAAs also impacted on non-liver-related mortality in the ANRS
C022 Hepather cohort (HR 0.40; 95% CI 0.19–0.83).26

Diabetes
Several studies conducted in the interferon treatment era
revealed an improvement in insulin resistance following HCV
eradication.67,68 As a consequence, a reduction in the risk of type
2 diabetes was also reported.67 Similarly, exposure to DAAs
seems to improve glycaemic control in patients with diabetes.69

Diabetes is one of the main clinical predictors of HCC in cirrhotic
patients following SVR (Fig. 2C).14 Dedicated studies are needed
to accurately assess the effects of SVR on the incidence of dia-
betes in patients and in particular to determine if better control
of this condition is able to reduce the residual risk of HCC.

Cardiovascular events
HCV infection has been linked to numerous cardiovascular
diseases.70,71 Even though the underlying mechanisms are not
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completely understood, the positive impact of viral eradica-
tion on cardiovascular diseases has been reported in various
clinical settings.72–74 More recently, in dedicated analyses
performed in cirrhotic patients with a long prospective follow-
up, SVR significantly and independently reduced the occur-
rence of major adverse cardiovascular events (MACEs) (HR
0.42; 95% CI 0.25–0.69).75 This effect was reported in patients
treated with both interferon and DAA and was associated with
improved outcomes, as cirrhotic patients who had experi-
enced MACEs during follow-up had decreased survival
(Fig. 2C).

Extrahepatic cancers
Extrahepatic cancers (EHCs) are frequent in cirrhotic patients
with HCV infection. EHCs can be linked to the virus (lym-
phomas) or to high rates of comorbidities (excessive alcohol or
tobacco consumption, metabolic syndrome) usually observed
in these populations.76 Numerous studies have shown a
decrease in the incidence of lymphomas following HCV eradi-
cation.77,78 In a recent study focusing on patients who achieved
SVR and who were mostly free of cirrhosis, EHC was the second
most frequent cause of death after complications associated
with injected drugs.79 Recently, an increased age-adjusted
incidence of EHC was reported in French patients with HCV
cirrhosis compared with that in the general population
(standardised mortality ratio [SMR] 1.31; 95% CI 1.04–1.64).80

This increase was even greater in those who had previously
achieved SVR (SMR 1.57; 95% CI 1.08–2.22) (Fig. 2D). A diag-
nosis was made in younger patients, and EHC was the leading
cause of mortality in cirrhotic patients who achieved an SVR, as
a consequence of the competing risks of death highlighted by
the benefits of SVR on liver-related complications. In these
patients, past excessive alcohol intake and ongoing tobacco
consumption were associated with oral cancer, while diabetes
mellitus was associated with the occurrence of all EHCs
following HCV clearance.
Surveillance of patients with pre-therapeutic
advanced liver fibrosis or cirrhosis
The available guidelines do not provide specific recommenda-
tions for the management of cirrhotic patients who achieve SVR.
The adaptation of surveillance modalities will be enhanced by
the growth of this population and will require a longer follow-
up or complete knowledge of the course of disease in the long
term. Until then, we propose a pragmatic approach based on the
available data and knowledge (Fig. 3), although limited, which
may guide physicians in ensuring a safe and reasonable follow-
up of their patients, based on the most frequent experiences
they may face in routine practice. More importantly, improving
patient education through intervention by trained personnel in
a dedicated setting is pivotal. The use of modern tools, including
websites, educational videos, and smartphone applications,
must be encouraged. The involvement of patients in the
decision-making process is the cornerstone of the improvement
of compliance and surveillance, both of which have been shown
to increase survival.81,82 Finally, the implication of primary care
providers could also strengthen compliance to surveillance
programmes when simple and succinct guidelines become
available.
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HCC surveillance
Is HCC surveillance recommended for all patients with chronic
advanced liver disease who achieve SVR?
All guidelines endorse the surveillance of patients with cirrhosis,
regardless of the cause or its eventual treatment.6,9,10 The situa-
tion for patients with F3 fibrosis is more complex, as recom-
mendations differ according to the guidelines. The AASLD HCV
guidance statement recommends HCC surveillance in F3 stage
patients and those who have achieved SVR,83 while the AASLD
HCC guidance statement does not specifically and clearly address
the issue of F3 patients.9 The EASL and ESMO HCC guidelines
recommend the surveillance of all patients with F3 fibrosis,6,10

irrespective of the cause, and do not specifically address the
issue of patients who have achieved HCV clearance. This issue is
difficult to address because the evaluation of extensive fibrosis
may not be reliable in numerous cases, leading to a high risk of
misclassification or the underreporting of cirrhosis. Furthermore,
despite viral clearance, patients with comorbidities are predis-
posed to ultimately develop cirrhosis following SVR, a fact which
is highlighted by the longitudinal assessment of non-invasive
tests in these patients.42 Overall, the difference between
advanced fibrosis and cirrhosis is very small, and failing to
recognise the transition between these 2 stages leads to the
exclusion of some patients from surveillance programmes. For
these reasons, a pragmatic suggestion is to maintain all F3 pa-
tients in HCC surveillance programmes until further scientific
evidence is able to accurately definewhich subgroups of patients
are unlikely to progress towards cirrhosis and/or HCC.

Should surveillance modalities differ from other causes of liver
diseases?
While there is no reason to change surveillance by means of the
recommended biannual ultrasound screening following SVR,
the case for biological surveillance might be considered, as
alpha-fetoprotein (AFP) assessment is not endorsed by non-
Asian guidelines.6,9 Biochemical parameters (in particular the
levels of aminotransferases and AFP in serum) are expected to
rapidly decline and normalise in the majority of cirrhotic pa-
tients following SVR. However, these parameters must be
monitored, as their increase might not only reflect the devel-
opment of liver injury related to a comorbidity but also the
emergence of an HCC.84 Indeed, it was shown via the assess-
ment of these parameters that post-treatment alanine amino-
transferase and AFP levels were fairly well correlated with the
risk of developing HCC in patients who achieved SVR. Given the
aforementioned poor sensitivity of ultrasound for the detection
of small-sized focal lesions, the monitoring of biochemical pa-
rameters and AFP levels might be informative in cirrhotic pa-
tients who have achieved SVR, for whom the virally induced
necrotic-inflammatory process in the liver is expected to be
suppressed; an increase in these parameters could indeed
rapidly trigger evaluation using contrast-enhanced imaging
techniques to improve early HCC diagnosis outside of ultra-
sound examination.

Are non-invasive tests useful to decide who no longer requires
surveillance?
Although the regression of cirrhosis is possible, the proportion
of patients who will experience such improvement is not
known. In fact, it is tempting to speculate that most will not
experience fibrosis regression at all, particularly those who are
affected by comorbidities. Nevertheless, as has already been
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shown, large-scale longitudinal studies of non-invasive evalua-
tions are currently increasing in number and suggest that even
in cases of the regression of these parameters, the risk of HCC
remains high enough to justify surveillance.42 In this case, un-
less contradictory reports emerge, the inclusion of patients with
advanced fibrosis or cirrhosis in HCC surveillance programmes
is expected to involve a lifelong commitment between the pa-
tient and the practitioner.

Assessment of portal hypertension
Are non-invasive tests useful to decide who no longer requires
surveillance following SVR?
The Baveno VI criteria have been shown to be applicable to
cirrhotic patients who have achieved SVR.56 The measurement
of liver stiffness and platelet count should thus be performed
once a year to avoid unnecessary endoscopic surveillance in
these patients. The use of expanded Baveno VI criteria (platelet
count >110,000/ml and liver stiffness measurement <25 kPa) is
still under evaluation and has not yet been validated in patients
who have achieved SVR.85

Which interval of surveillance should be used in the case of positive
Baveno VI criteria?
The interval depends on the risk of the progression of PHT. In
patients who have achieved SVR, the probability will strongly
depend upon i) the baseline level of PHT and ii) the existence
of comorbidities, particularly excessive alcohol consumption
and metabolic syndrome. Because of this, patients with small
varices, a prior history of liver decompensation or who present
with the potential persistence of liver injury despite
achieving SVR should be included in 1- to 2-year surveillance
programmes. In all other cases, a 3-year follow-up is
recommended.86

Management of comorbidities
Despite SVR achievement, some patients will have persistent
liver inflammation and fibrosis progression, leading to an
increased risk of critical hepatic events. The main environ-
mental factors associated with deleterious outcomes after SVR
include alcohol intake, diabetes, obesity, and viral coinfection
with hepatitis B and/or hepatitis D and/or HIV due to shared
routes of contamination. These comorbidities also impact on the
occurrence of extrahepatic life-threatening events, such as car-
diovascular disease and EHCs, in these patients, who are ex-
pected to live longer in the era of global HCV eradication. In this
setting, the management of patients with SVR requires the
careful evaluation of comorbidities and extensive counselling
regarding alcohol minimisation, the optimisation of weight and
the features of metabolic syndrome. Dedicated surveillance of
cardiovascular and/or EHC risks should also be implemented as
recommended and in cooperation with specialised physicians
and/or general practitioners.

The impact of ongoing alcohol consumption on “all-stages of
fibrosis” in HCV-related chronic hepatitis, as defined before the
DAA era, is controversial.87,88 In patients with advanced liver
fibrosis, alcohol increases the risk of liver events. In a prospective
study conducted in 74 patientswithHCV-related cirrhosis, light to
moderate alcohol intake and a lack of viral eradication were
associatedwith the risk ofHCC (HR foralcohol consumption: 3.43;
95% CI 1.49–7.92; p = 0.004). The lowest risk of HCC was observed
for patientswithout alcohol intake andwith viral eradication (0%),
followed by patients with alcohol intake and viral eradication
486vol. 1 j 480–489



(6.2%; 95% CI 0–18.4), patients without alcohol intake and no viral
eradication (15.9%; 95% CI 7.1–24.7), and patients with alcohol
intake and no viral eradication (29.2%; 95% CI 16.5–41.9).89 In
contrast, the impactof ongoing alcohol consumption seemed tobe
minimal in the ANRS CO12 CirVir cohort because most patients
with previous high alcohol intake stopped drinking or drank only
a limited amount of alcohol during follow-up evaluation. How-
ever, past excessive alcohol intakewas an independent predictive
factor of HCC occurrence in patients with HCV-related cirrhosis
enrolled in this cohort.90 A “safe” threshold for alcohol intake has
not been determined in patients with advanced liver fibrosis, and
minimal consumption should be advised.

Non-alcoholic steatohepatitis may be present before SVR or
develop de novo after SVR, leading to a worsening of liver dis-
ease. Metabolic disease has been shown to be the main co-
morbidity influencing the natural history of liver disease after
SVR in patients with HCV-related cirrhosis, conferring a
JHEP Reports 2019
significantly higher risk of HCC in affected patients.14 Cirrhotic
patients should be advised to maintain weight as close to a
normal value as possible91 and regularly engage in physical
exercise as recommended.92
Conclusion
The management of patients with SVR and pre-therapeutic
advanced chronic liver disease is a new challenge for hep-
atologists. As this population will continue to increase in size
over time, our knowledge of long-term outcomes will also in-
crease, and new challenges will emerge for our community as
these patients will live longer. Future areas for research are
extensive and include risk stratification and the refinement of
surveillance strategies to optimise the allocation of medical
resources.
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