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1. Introduction

In the last 15 years many immune-modulating therapies have
been introduced. Even if most lack direct hepatic toxicity, patients
with serological signs of current virus C- or either overt oranamnes-
tic B-related infection (HCV and HBV respectively) are at a potential
risk for reactivation. Concerning HCV, the liver disease is usu-
ally exacerbated and more rapidly evolutive in immunosuppressed
patients and reactivation can affect the treatment plan [1]. This
report summarizes the indications developed in a consensus con-
ference held in Italy in 2017 and aimed to define the clinical
features and management of viral hepatitis among specific groups
of immunocompromised patients and special populations.

2. Methodology

A meeting promoted by the Italian Association for the Study
of the Liver (AISF) was planned to identify items to be discussed
and answered with consensus statements; for each area a working
group was formed, composed by at least four experts guided by a
chairman.

The scientific committee selected four clinical questions, deal-
ing with both clinical and controversial issues (Table 1). Emerging
recommendations were rated according to GRADE system (Table 2)
[2,3].

The statements, together with a literature review presenta-
tion, were discussed before the Consensus Conference. The process
ended with a formal meeting held in Turin on December 15-16th,
2017. A jury of clinical specialists including, epidemiologists,

T Authors (Appendix A).
2 Jury (Appendix B).

https://doi.org/10.1016/j.d1d.2018.09.022

Table 1
Clinical questions.

Question number

Q1 Which patients should be screened?

Q2 Who should be treated and how?

Q3 Who should be monitored and how?

Q4 How long should be treated and/or monitored?

methodologists, patient representatives, nurses and ethicists was
selected. As stated in the jury regulation, member of the working
group voted only the statements of the other groups guaranteeing
the principle of jury’s independence. The area of interest of each
working group was clearly defined without any overlap and thus
all those who had the right to vote were by no means involved in
the selection, preparation, and discussion of topics and statements.

During general sessions, topics and statements proposed to
answer each question were presented. A general discussion was
held to refine statements and identify possible improvements.
At the end of the general session, the revised statements were
presented and voted electronically by the jury and all mem-
bers not involved in their preparation (two levels of agreement:
agree/disagree).

All promoters, members of the scientific board, working groups,
and jury invited to participate to the Consensus Conference were
asked to declare conflict of interests.

3. Immunopathogenesis and general assessment
3.1. Immunopathogenesis

Immunopathogenesis is summarized in Appendix C [4-12].
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Table 2
Grading of recommendations, assessment, development and evaluation.
Grading of evidence Notes Symbol
High quality Further research is very unlikely to change our confidence in the estimate of effect A
Moderate quality Further research is likely to have an important impact on our confidence in the estimate of effect and may B
change the estimate
Low or very low Further research is very likely to have an important impact on our confidence in the estimate of effect and is C
likely to change the estimate. Any estimate of effect is uncertain
Grading recommendation Notes Symbol
Strong recommendation warranted Factors influencing the strength of the recommendation included the quality of evidence, presumed 1
patient-important outcomes, and cost
Weaker recommendation Variability in preferences and values, or more uncertainty: more likely a weak recommendation is warranted 2

Recommendation is made with less certainty: higher cost or resource consumption

For grading evidence the symbol is a letter: A or B or C.
For grading recommendations the symbol is a number: 1 or 2.

3.2. Epidemiology

In the last 25-30 years, HCV epidemiology in Italy has shown
a progressive decline in new infections, mainly due to the change
of major drivers (i.e. iatrogenic transmission, drug abusers) with a
shift of the hazard from general to special populations with risky
behaviours [13,14]. At present the prevalence of HCV infection in
Italy is not known: a recent study conducted on 4907 subjects
enrolled in 5 metropolitan area showed a 2.3% anti-HCV prevalence
with HCV-RNA positivity in 74.1% of cases [14]. Interestingly, the
anti-HCV prevalence in individuals born after 1954 ranges between
0.2 to 1.2, confirming a higher prevalence in older population
[14-16].

3.3. Virology

The HCV genome consists of approximately 9600 nucleotides
codifying a polyprotein of about 3000 amino acids, cleaved by host
and viral proteases into three structural proteins (Core and Enve-
lope glycoproteins E1 and E2) and seven non-structural proteins
(p7,NS2, NS3, NS4A, NS4B, NS5A, and NS5B), required for viral pro-
cessing, replication and particle assembly. HCV enters the cell after
interaction with high affinity receptors (hCD81, SR-B1, LDLR, DC-
SIGN and L-SIGN) not exclusive of hepatocytes. The positive-sense
single-stranded RNA genome in the cytoplasm serves as messen-
ger RNA and template for replication, microRNA-122 dependent
(responsible for the almost hepatocyte-exclusive HCV replication)
[17,18]. Virion morphogenesis implies a major interaction with
apolipoproteins (Apo A, C, E and B) and VLDL [6-8] and HCV cir-
culates as lipo-viro-particles. At present, there are no evidences for
the production of an intrahepatic viral reservoir [19].

Once viral infection has been cleared, either spontaneously or
by antiviral therapy, HCV reactivation (HCVr) does not recur. This
event has been reported only anecdotally among patients with pre-
viously undetectable HCV-RNA, though as measured by assays with
low sensitivity (600 IU/ml) [20]. On the contrary, reinfection with
another genotype may occur because of lack of completely steriliz-
ing immunity, in spite of a specific T cell response, which protects
against reinfection from the same HCV strain [21].

3.4. Pathogenesis and extrahepatic manifestations

HCV infection is often associated with extrahepatic manifesta-
tions, which can be classified according to the principal underlying
pathogenetic process as autoimmune, inflammatory, metabolic or
neoplastic. HCV can alter the cellular functions just by receptorial
interaction, as it occurs when HCV coated by C3d engages CD81
on the surface of B lymphocytes, leading to their activation with
autoantibodies and cryoglobulins production [22]. Cryoglobuline-

mic vasculitis is the most relevant extrahepatic disease related to
chronic HCV infection and represents a model for the development
of neoplastic haematologic processes caused by this virus [23]. In
the liver, HCV causes a dysregulation of lipid homeostasis favouring
tryglicerides accumulation [24]. In addition HCV infection favours
both hepatic and peripheral insulin resistance, which can drive fur-
ther steatosis [25]. Hepatic steatosis, affecting approximately half
of HCV-infected individuals, can contribute to liver disease pro-
gression and, in presence of other co-factors (i.e. drugs), acting
synergistically thus amplifying liver injury [26].

3.5. Clinico-virologic assessment

Serum HCV-RNA must be tested (by assays of adequate sensitiv-
ity: limitof detection <15 IU/ml)inall anti-HCV positive individuals
to prove ongoing HCV infection (about 25% anti-HCV positive indi-
viduals show undetectable viremia, suggesting clearance of the
infection) [27]. HCV genotyping (GT) identifies different disease
patterns (risk for hepatitis flares in long lasting indolent GT 2 infec-
tions; severe steatosis in GT 3 infected patients), and might warrant
(with subtyping for GT1) individualized antiviral treatment.

The causal relationship between HCV infection and liver dis-
ease should be established in each patient, excluding other causes
of liver damage. Assessment of liver disease stage is needed, inde-
pendently of ALT levels, since it affects prognosis. Non invasive
techniques, such as liver stiffness and biomarkers determinations,
perform well in the identification of cirrhosis or absence of fibrosis,
but are less accurate in defining the intermediate stages of fibrosis
[28].

3.6. Risk of reactivation

HCVris defined as a 1 log increase in HCV-RNA levels over base-
line. Acute exacerbation of HCV hepatitis is defined as a 3-fold or
greater increase over basal in serum ALT level in the absence of
other causes as infiltration of the liver by cancer, use of hepatotoxic
drugs, HBV reactivation or other systemic viral infections.

HCVr during immunosuppressive therapy has been reported
in about 30% of patients, particularly those with haematologic
malignancies and/or treated with Rituximab [29-32]. At present,
consistent evidences of reactivation of latent HCV infection in
extrahepatic organs are missing, and HCV biology makes this
hypothesis unlikely [18,23].

HCVr can be associated with ALT flares occurring during treat-
ment or within 3 months from treatment discontinuation: the
outcome of these flares is less severe than that of HBV-related reac-
tivations [31-34]. Occurrence of hepatic decompensation appears
to berare, but a significant proportion of patients has to discontinue
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chemotherapy [31,32,35]. Moreover, the natural course of chronic
hepatitis C can be worsened by anti-cancer treatment [36-38].

3.7. Management and strategies

The goal of antiviral therapy is to cure HCV infection and to pre-
vent hepatic cirrhosis, its complications and severe extrahepatic
manifestations. The endpoint of antiviral therapy is undetectable
serum HCV RNA by a sensitive assay (<151U/ml) 12 or 24 weeks
(SVR12 or 24) after the end of treatment [27]. In patients with
advanced fibrosis and cirrhosis, HCV eradication reduces, but does
not abolish the occurrence of decompensation and HCC risk.

Direct Acting Antiviral drugs (DAAs) inhibiting HCV replication
acting on viral proteins revolutionized HCV treatment. At present
3 classes of DAAs are authorized: (1)anti-NS3-4A inhibitors
(simeprevir, ritonavir boosted paritaprevir, grazoprevir, glecapre-
vir, voxilaprevir); (2)anti-NS5A inhibitors (daclatasvir, ledipasvir,
ombitasvir, velpatasvir, elbasvir, pibrentasvir); (3) anti-NS5B
inhibitors (dasabuvir, a non-nucleoside inhibitor and sofosbuvir,
a nucleotide inhibitor). DAAs should never be administered as
monotherapy, but always in combination to warrant a potent and
multivalent antiviral activity, minimizing the emergence of resis-
tant variants. HCV infection can be cleared by DAAs regimens in
>95% of treated patients, with slightly lower rates in decompen-
sated liver disease [27].

Drug-drug interaction (DDIs) has to be carefully evaluated in
each patient: for example, there are absolute contraindications for
the combined use of any DAAs with carbamazepine and for sofosbu-
vir with amiodarone. Sofosbuvir should also be used with caution in
patients with severe renal impairment (eGFR <30 ml/min/1.73 m?2).
NS3-4A protease inhibitors should not be used in patients with
Child-Pugh B decompensated cirrhosis or in compensated cirrhosis
but with previous episodes of decompensation, and are contraindi-
cated in Child-Pugh C patients [30].

DAAs are currently recommended in all HCV carriers with the
only exclusion of patients with limited life expectancy due to non-
liver-related comorbidities [27].

Data on the treatment of HCV infection in patients with can-
cer are limited, but show SVR rates comparable to those observed
among non-neoplastic patients [38-40]. Therefore, considering
that concomitant HCV infection increases morbidity which may
interfere with cancer treatment and that its eradication could be
helpful in the treatment of lymphoma [41-43], antiviral treatment
should be considered in this subgroup of patients.

4. Oncology
4.1. Epidemiology

Prevalence of HCV infection in patients with solid cancer is sim-
ilar to that observed in the general population (0.6-2.9%) and there
is no association between HCV infection and risk to develop cancer,
except for hepatocellular carcinoma [31].

Scientific associations (EASL, AASLD, ASCO, AISF) do not recom-
mend testing patients who undergo chemotherapy. Recent studies
reported that only 14% of oncologic patients undergo HCV infection
testing in the United States, and a low sensitivity of the selective
testing using a questionnaire on HCV risk factors in France [44,45].
Testing should be defined according to local HCV infection epidemi-
ology, ideally within the framework of national plans, particularly
among subjects with behaviours, exposures or conditions associ-
ated with an increased risk of infection [46].

4.2. Clinical impact

Risk of HCVr in patients with cancer on chemotherapy ranges
between 5-10% and reactivation can rarely be symptomatic or fatal.
It can occur after administration of specific chemotherapy regi-
mens (bendamustine or purine analogs). Long term administration
of high dose systemic corticosteroids may also increase the risk of
reactivation and acute exacerbation [47].

Data on DAAs treatment are becoming available in this set-
ting and SVR rates seem to be similar to those observed in
HCV-infected patients without cancer. Antiviral therapy should be
offered to cancer patients, except those with uncontrolled cancer
and comorbidities associated with a life expectancy <12 months.
Simultaneous antiviral and oncologic therapy may prevent delays
in the administration of chemotherapy [38]. Management and
strategies are the same applied in non-cancer patients. In patients
who achieved SVR after DAAs, the continuation of chemotherapy
or new chemotherapy cycles do not induce reactivation of HCV
infection [48].

Questions

Q1. All patients with solid cancer and candidates to chemother-
apy should be screened (2C). Vote in favour: 98,1%.

Q2. Patients with solid cancer and HCV infection should be
treated with DAAs (2C). Vote in favour: 90,9%.

Q3. Patients treated with DAAs should be monitored by testing
ALT and serum HCV-RNA level before the start of therapy, at the end
of therapy and 12-week after the end of therapy for the evaluation
of SVR. (1B). Vote in favour: 88%.

Q4. All patients should be treated with DAAs for the times indi-
cated according to viral genotypes and the stage of disease. After
confirmation of the SVR, no further HCV-RNA controls are required
(1B). Vote in favour: 98,1%.

4.3. Future perspectives

Epidemiology data show that over 50% of all new cancers in the
United States and Europe are diagnosed among people aged 50-75
years, the prevalence of HCV infection in this age group is esti-
mated to be over 2% and many of these subjects have a chronic liver
disease. Thus, screening for HCV infection in patients with solid can-
cers should be recommended, facilitated and therapy with DAAs
considered as capable of eliminating the risk of HCV reactivation,
hepatitis flare and to complete chemotherapy.

5. Hematology and hemopoietic cells transplant (HCT)
5.1. Epidemiology

In endemic areas as Italy, a 17.9% (16.6-19.2, 95%CI) preva-
lence of HCV infection in the lymphoma population has been
described and a causative association between this infection and
B cell non-Hodgkin lymphomas (nHL) has been reported [49]. As
a further evidence of a causative role in lymphomagenesis, HCV-
positive B cell indolent nHL can in some instances be successfully
treated with antiviral therapy only [40-43,50,51] and successful
HCV eradication seems to reduce the risk of subsequent lymphoma
development [52]. HCV screening rate before lymphoma treatment
is high (97.8%/86%) [53,54].

5.2. Clinical impact

Active HCV infection has often been considered as an exclu-
sion criteria from trials testing anti-lymphoma treatments.
However, in real world practice, its presence in diffuse large B
cell lymphomas (DLBCL) is associated with higher incidence of
treatment-related toxicities (grade 3-4), dose reductions and
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(immune)-chemotherapy interruptions [47,48,53,54]. On the
other hand, available data show that overall and progression free
survival do not seem to be affected by HCV infection in DLBCL
patients [49]. A faster progression to cirrhosis has been reported
among HCV-positive patients undergoing HCT [31], particularly
in presence of comorbidities such as hepatic iron overload [55].
Nonetheless, data from special subpopulations (i.e. HCV-positive
patients undergoing HCT for HIV-related lymphomas) do not seem
to confirm such trend [56].

HCVrincidence during lymphoproliferative diseases/HCT is cur-
rently poorly defined. Various medications have been associated
with HCVTr, in particular following rituximab and high dose steroids
treatments [57-59]. HCVr is rarely fatal, in fact most cases show
an indolent course [31], but fatal cholestatic hepatitis do occur
[60]. In the only available prospective observational study, HCVr
developed in 36% (18/50) [95% CI: 22-50] of patients treated for
lymphoproliferative diseases, with flares in 44% of the cases (8/18;
47).

5.3. Treatment

Timing of HCV treatment (concomitant, sequential, on case by
case criteria) in lymphoproliferative diseases patients (B cell nHL
in particular) remains controversial because available data are still
limited by sample size, mostly based on case series [61], and even
expert opinions [23]. Some general indications however emerged:
(1) a different approach between indolent and aggressive lympho-
proliferative diseases (WHO 2016 criteria) should be considered;
(2)HCV treatment should be offered to indolent B cell nHL patients
not fulfilling the criteria for immediate immunochemotherapy
beginning (marginal zone lymphoma in particular) [27,62-65];
(3) upfront chemo-free combination of DAAs and rituximab to
treat HCV-associated indolent nHL with high tumor burden are
attractive, but need prospective studies [66]; (4) HCV-RNA positive
patients with DLBCL/rapidly progressive/symptomatic indolent
lymphomas (progressive leukemic phase, bulky nodal or extra-
nodal masses or splenomegaly, systemic symptoms), should be
managed according to current hematological guidelines; DAAs
treatment could either be concomitant [36] or delayed [66]. More
data are needed to refine strategies, considering the disturbing,
even if anecdotal, observations of early progression to aggressive
lymphoma after DAAs [61].

DAAs-obtained HCV eradication not only prevents progres-
sion to cirrhosis and liver-disease related events, but also might
hinder lymphoma relapse. Clearance of a postulated antigen-
dependent low-grade clone may in fact eradicate the relapse
trigger, especially in those B cell nHL showing histological evi-
dence of evolution from lower grades [57]. Viral eradication may
protect against immunochemotherapy-related side effects devel-
opment [31], allowing to complete scheduled treatments without
interruptions [57]. In patients with a limited life expectancy HCV
treatment can reasonably be excluded [23].

As far as HCT (autologous and allogeneic) is concerned, consid-
ering that active HCV infection is not currently held as an absolute
contraindication [67], and since this treatment is not considered
a first line strategy in lymphoproliferative diseases, HCV man-
agement should be considered in the initial steps of evaluation
according to the present guidelines. In case of HCV-positive donors,
currently not excluded from donation if necessary, it seems rea-
sonable to suggest that, if time allows, they should start antiviral
therapy as soon as possible, with the aim to eliminate the infec-
tious potential, ideally attaining undetectable HCV-RNA before
hemopoietic cell harvest [67]. HCVr as the result of chemotherapy
after successful SVR is to be considered highly unlikely [48].

Regular monitoring is suggested for HCV-infected patients
undergoing chemotherapy, HCT, depleting antibodies and newly

introduced drugs (i.e. lenalidomide, BCL2 and BK inhibitors). HCVr
and flares can develop during the course of treatment, but usu-
ally occur weeks or months after immunosuppression withdrawal;
accordingly further successive follow up surveillance is also sug-
gested [31,68].

Questions

Q1. All candidates to HCT, chemo or immune-chemotherapy for
lymphoproliferative diseases should be tested for HCV (1B). Vote
in favour: 100%.

Q2. HCV RNA positive patients with lymphoproliferative dis-
eases should be treated for HCV infection with currently approved
DAAs regiments. Antiviral therapy:

1) should be offered as first line treatment to patients with indo-
lent B cell NHL not fulfilling the criteria for immediate start of
immuno-chemotherapy (1B). Vote in favour: 97,9%.

2) can be either concomitant (if feasible) or delayed in patients with
rapidly progressive and symptomatic indolent lymphomas and
those affected by others form of lymphoproliferative diseases
including DLBCL who can undergo immuno-chemotherapy
according to current guidelines for lymphoma (1C). Vote in
favour: 97,9%.

Q3. HCV-RNA positive patients should be regularly monitored
during treatment with chemo- or immune-chemotherapy, before
the initiation of chemotherapy, at 12-week intervals after initiation
of cancer treatment and at the time of hepatitis flare. Further follow
up surveillance after the end of the immunosuppressive treatment
is also suggested (1B). Vote in favour: 100%.

Q4. Monitoring should be continued up to demonstration of HCV
eradication (2C). Vote in favour: 100%.

5.4. Future perspectives

More data are needed to define the appropriate timing
of HCV treatment among patients with DLBCL, rapidly pro-
gressive/symptomatic indolent lymphomas and other aggressive
lymphoproliferative diseases. The rare but reported case of progres-
sion to aggressive lymphoma should be addressed. In patients with
lymphoproliferative diseases HCV treatment should be acknowl-
edged as a relevant management opportunity.

6. Coinfections

The strategy of treatment in HCV/HBV coinfection has been
described in a specific document aimed to HBV.

7. Liver transplantation
7.1. Epidemiology

HCV infection represents the leading cause of death due to liver
disease and the common indication to liver transplantation (LT) in
the United States and Europe [69].

7.2. Clinical impact and background

In recipients who undergo LT with active HCV replication, hep-
atitis HCV recurrence in the graft is universal [70]. Liver fibrosis
progression due to HCV recurrence in liver transplanted patients
is faster as compared to immune-competent patients [71]. This
implies that about 30% of HCV positive recipients developed graft
cirrhosis five years after LT [72]. Severe HCV recurrence is respon-
sible for the worse outcome in HCV-positive recipients than in
patients undergoing LT for other indications [73]. The recent intro-
duction of new potent and safe DAAs has dramatically changed the
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scenario of HCV therapy in the context of LT. The vast majority of
HCV positive patients with severe liver disease can now be treated
successfully either pre- or post-LT [70,74]. Given their favorable
profile, two different approaches can now be pursued:

treating HCV infection before LT, while the patient is on the wait-
ing list with the aim to prevent HCV recurrence in the graft,
improve liver function to explore the possibility of patient delist-
ing and facilitate post-LT management;

e treating HCV infection after LT, either soon afterwards to take
advantage of the removal of the infected native liver and the con-
sequently very low viral burden, or at the time of HCV recurrence,
to prevent fibrosis progression.

7.3. Antiviral treatment before LT (strategy 1)

Besides the prevention of HCV recurrence, achievement of
sustained viral response (SVR) with antivirals in HCV positive
patients with decompensated cirrhosis has led, in some cases, to
the improvement of liver synthetic function and/or to the reduction
of portal hypertensive complications [75-78]. These goals should
improve patient survival on the waiting list and in some cases, may
also allow avoidance of LT [79]. However, it should be pointed out
that the achievement of SVR could not prevent disease progres-
sion or liver-related mortality in the sickest patients, particularly
those who present severe hepatic insufficiency and portal hyper-
tension [80-82]. To date it is not completely clear which can be
considered the “point of no return” dividing patients with decom-
pensated cirrhosis who will really benefit from the achievement
of SVR. It is currently accepted and recommended that patients
waiting for liver transplant with MELD score >18-20 will benefit
from liver transplantation first and antiviral treatment started as
soon as possible after liver transplantation [83]. A very challeng-
ing issue concerns patients with SVR and partial improvement of
MELD who could, paradoxically, have a reduced priority access to
LT (“purgatory MELD”) [83]. Moreover, the failure to achieve SVR,
observed more frequently in patients with decompensated liver
cirrhosis, could determine the selection of HCV resistant variants
making retreatment strategies difficult, particularly in HCV geno-
type 3 infected patients [84].

Question for strategy 1 (* subsections were voted overall).

Q1. Who should or should be not treated before LT?

Q1.1a Patients with hepatocellular carcinoma (HCC) and com-
pensated cirrhosis should receive antiviral therapy if the waiting
time for LT is expected to be over 3 months (1C).

Q1.1b. Patients with or without HCC with decompensated liver
cirrhosis should be considered for antiviral therapy if they have
MELD score <20 and are without refractory portal hypertensive
symptoms or other conditions requiring more immediate LT (2C).

Ql.1c. Antiviral therapy before LT should be considered on
individual bases in wait-listed patients with or without HCC and
decompensated cirrhosis with intermediate MELD scores (21-29)
and/or low MELD scores but having refractory portal hypertensive
complications (i.e. MELD exceptions) (2B).

Q1.1. Patients with decompensated liver cirrhosis with or with-
out HCC and MELD >30 or those who are expected to receive the
highest priority for LT should receive antiviral therapy after LT (2C).

Vote in favour: 95,7%*.

Q2. How should be treated patients in the waiting list?

Q2.1a The combination of HCV polymerase and NS5A or the
combination of NS5A and NS3 protease inhibitors can be used (1A).

Q2.1b NS5A plus NS3 protease inhibitors combination should
be avoided in Child-Pugh class B and C (1A).

Q2.1c In patients with creatinine clearance <30 ml/min/1.73 m?
sofosbuvir cannot be used. Antiviral strategies combining HCV NS3

and NS5A protease inhibitors should be considered with the excep-
tion of those in Child Pugh class B and C (1A).

Q2.1d. The effective prevention of post LT HCV recurrence
requires a period of DAAs induced virological suppression of at least
30days prior LT (1B).

Q2.1e If the waiting time for liver transplantation is expected to
be not long enough to reach this goal, the option to start antiviral
therapy after liver transplant should be preferred (2B).

Q2.1f. In patients who are on antiviral treatment with DAAs
but have not reached a virological suppression for at least 30 days,
liver transplantation should not be denied and antiviral treatment
should be re-started after liver transplant (2B).

Vote in favour: 96,4%*.

7.4. Antiviral treatment after LT (strategy 2)

Antiviral treatment with new DAAs in recurrent HCV related
hepatitis after LT allows to obtain SVR in more than 95% recipients
[75]. This result was independent from the degree of graft fibrosis
until a stage of compensated cirrhosis and from the presence of
fibrosing cholestatic hepatitis [85]. Recent reports clearly indicate
that the achievement of SVR is associated with an improvement
of patients and graft survival after LT [86]. It should be anticipated
that the progression to decompensated cirrhosis will be a rare
event in the DAAs era, however, some recipients under care
currently present this condition. This raises the question whether
it could be sufficient to use antiviral therapy with DAA as a single
strategy, expecting a significant clinical improvement in all treated
patients, or if could be better to evaluate the candidacy of these
patients for re-transplantation. It should be pointed out that SVR at
week 12 after therapy (SVR 12) is still suboptimal in DAA-treated
patients with decompensated HCV related liver cirrhosis and that
the clinical benefit of antiviral treatment is significantly reduced
by the presence at baseline of ascites, hepatic encephalopathy and
low albumin levels [87]. Since the baseline negative predictive
factors of clinical improvement after antiviral therapy are often
present in patients with decompensated cirrhosis due to HCV
recurrence, the potential candidacy to re-transplantation should
be considered firstly.

Question for strategy 2

Q1. Who should be treated after LT?

Q1.2a AllHCV-RNA positive recipients should be treated as early
as possible after LT. Patients who experienced fibrosing cholestatic
variant of HCV recurrence should take higher priority (1B).

Q1.2 b. In patients with decompensated graft cirrhosis due to
HCV recurrence, the first option to consider is re-transplantation.
Antiviral therapy should only be offered as a first option to patients
with contraindications for re-transplantation whose advanced liver
disease represents their main risk of death (1B).

Vote in favour: 96,2%".

Q2. How patients should be treated?

Q2.2a The choice of drug combination and treatment duration
should be decided on the bases of stage of liver disease, HCV geno-
type, renal function and DDIs (1A).

Q2.2b. Longer (24 weeks) duration of treatment should be con-
sidered in patients intolerant or who have contraindications for
ribavirin use (1B).

Vote in favour: 98%*.

Q3. Who should be monitored and how?

Q3.1. The efficacy of antiviral treatment must be done by
serum HCV-RNA measurement using high-sensitivity real-time
PCR. Patients should be tested for HCV RNA at least 12 and 24 weeks
after the completion of treatment to determine the achievement of
SVR (1A).
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Q3.2. In patients who fail to achieve SVR, resistance testing in
HCV NS3, NS5A and NS5B regions is mandatory before to decide
the retreatment scheme to adopt (1A).

Q3.3. Serum levels of immune-suppressive drugs should be
checked frequently during and at the end of antiviral treatment
while serum levels of hemoglobin and creatinine clearance should
be assessed to evaluate the impact of ribavirin (1B).

Vote in favour: 100%".

7.5. Future perspectives

Despite the high efficacy and safety of new DAAs combinations,
there are still several issues that should be clarified: (1) the mini-
mum duration of pre-LT HCV RNA negativity necessary to prevent
HCV recurrence; (2) in patients with HCC, the possible influence of
antiviral therapy on the rate of HCC recurrence after LT, particu-
larly in patients transplanted outside Milan criteria after effective
tumor down staging; (3) the clear identification of the “point of
no return”, beyond which the achievement of SVR does not yield
substantial clinical improvement to allow patient delisting; (4)
how to consider patients who achieved SVR and “purgatory MELD”
condition. It is still unclear if these patients should receive any pri-
ority to LT as compared to HCV negatives with the same MELD
score.

A further area of great interest is to evaluate the feasibility and
safety of using anti-HCV-positive or HCV RNA positive donors in
anti-HCV-negative recipients [88]. Theoretically, new DAAs will
allow to cure HCV infection easily in all these recipients, but besides
clinical issues, this scenario will imply legal and ethical considera-
tions [89].

In the post-LT setting, avoidance of ribavirin is desirable given
the reduction in renal perfusion due to the use of calcineurin
inhibitors and reduced hemoglobin levels. Studies aimed to eval-
uate the efficacy of ribavirin-free combinations to treat relapsers
or HCV genotype 3 infected recipients are needed. While effi-
cacy data are expected to be similar to non-LT populations, the
combinations of grazoprevir/elbasvir and glecaprevir/pibrentasvir
should be studied more extensively in patients with renal
impairment after LT and, including the combination of sofosbu-
vir/velpatasvir/voxilaprevir, in those who failed a previous DAA
regimen.

8. Solid organ tranplants (SOTs)
8.1. Epidemiology

Today prevalence of HCV infection in non-renal SOT candidates
appears to approximate that of the background population. In older
studies, HCV infection in cardiac transplant recipients was initially
reported to be as high as 11-18% and dropped from 28% to 4.2% in
transplant recipients transplanted before and after 1990 [89-95]
(Table 3).

8.2. C(linical impact

The impact of HCV infection on the outcome of non-hepatic SOT
has been studied most extensively in renal transplant recipients.

Table 4

Prevalence of HCV infection and chronic liver disease in heart transplant recipients.

Table 3
HCV prevalence in pre and post transplant heart-transplant (HTx) recipients (*anti-
HCV+, 6% HCV-RNA*).

HCV prevalence

Pre-HTx Post-HTx

Cadranel, [127] - 18.0%
Zein, 1994 - 7.0%
Lunel, 1995 - 10.4%
Preiksaitis, [97] 2.3% 10.2%
Fagiuoli, [94] 0.6% 8.0%
Cotler, [91] 1.9% -

Lunel, [92] 1.7% 10.6%
Fagiuoli, [98] 2.7% 9.4%
Gasink, [90] 12.5%* -

Indeed, just a few long-term studies have explored the outcome of
heart, lung, small bowel or pancreas recipients.

8.3. Heart

Contradictory evidences are available likely due to short term
follow up and relatively small number of patients in the stud-
ied cohorts [92,96,97]. In two small series, HCV infection did
not impact patients and graft survival on the short term [98,99].
However, a recent retrospective analysis of the UNOS database
(1991-2014) demonstrated that HCV positive recipients presented
a worse outcome (4 years follow up) as compared to HCV nega-
tive recipients, since late renal and liver dysfunction occured more
frequently in positive recipients [ 100]. Different mechanisms have
been proposed to explain reduced survival and increase morbidity
in HCV-infected cardiac recipients, such as earlier onset of cirrhosis
and its complication, and accelerated coronary heart disease [101]
(Table 4).

8.4. Lung

In two small cohorts from single centre experiences and in a ret-
rospective analysis of the UNOS database, the 5-year survival was
similar in HCV positive and negative recipients [102-104]. How-
ever, the results of these studies were limited by the lack of data on
HCV-RNA status. By contrast, a recent retrospective analysis from
scientific registry of transplant recipient (1995-2011) have shown
a moderate mortality increase in HCV positive recipients [105].
Despite the limited data, HCV infection is still a relative contraindi-
cation to lung transplantation for the International Society for Heart
and Lung Transplantation (2015). It is suggested that transplant can
be considered in patients “without evidence of cirrhosis” and on
“appropriate therapy” and that such patients should be managed
in centres with expertise in viral hepatitis.

8.5. Pancreas

Available data on pancreas and pancreas-kidney are poor, but
these patients appear to be at higher risk of graft dysfunction and
morbidity (sepsis, higher risk of renal dysfunction with proteinuria

HCV prevalence CLD Cirrhosis Liver failure Mean follow-up years
Cadranel, [127] 18% 63% - 5
Zein, 1994 7% - - -
Lunel, 1995 10.4% 62% 0% 0 5
Fagiuoli, [94] 8% 66% 15% 15% 5
Lunel, [92] 10.6% 100% - 0 8
Fagiuoli, [98] 12% 58% 28% 7% 8
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and poor glycemic control) [106]. No data exists regarding survival
in small bowel transplant recipients with HCV infection.

In the pre-DAA era, IFN-based therapy was contraindicated in
patients with end-stage heart failure, due to the increased risk of
arrhythmia and cardiotoxicity. Furthermore, the risk of ribavirin-
related anaemia was bound to worsen any underlying cardiac
ischemia. Additionally, the results of IFN-based regimens in small
series of patients were contradictory [107,108].

The advent of DAAs has dramatically changed the clinical sce-
nario. However, limited experience on their use in patients with
SOT s available. DAAs have demonstrated to be extremely effective
and safe in few case reports in the pre- and post-heart transplant
setting, but safety in patients with congestive heart failure remains
very inadequate [109,110]. No evidence is reported on the use of
DAAs in lung or pancreas transplant recipients. However, the expe-
rience from kidney transplant studies recommends early therapy
for HCV infection. Patients should be referred to expert centres and
DDIs carefully evaluated.

Finally, nowadays the shortage of organs for transplantation is
a major impediment and the use of HCV-positive donors may rep-
resent a potential approach to safely expand the donor pool in the
DAA era.

Questions

Q1. All SOT recipients should be tested for anti-HCV markers,
including HCV RNA, genotype and full assessment of liver dys-
function. Liver biopsy or non-invasive evaluation of liver fibrosis
(elastometry or serum markers diagnosis) is recommended to con-
firm or to rule out the presence of cirrhosis (1A). Vote in favour:
100%.

Q2 (Recipients). The decision to perform anti-HCV therapy pre-
or post-transplantation should be discussed at the individual level
(2C).

Q2a. If adopting a pre-transplant antiviral treatment strategy all
patients should be treated regardless of fibrosis stage (1B).

After-transplant all new and “long-term” SOT recipients should
be treated after with DAAs regardless of the fibrosis stage (DDIs
with immunosuppressive drug must be taken into account) (1B).
Vote in favour: 93,2%".

Q2. (Donors). HCV positive grafts should be utilized in HCV-
positive (“viremic”) recipients. Grafting of HCV-viremic organs into
non-viremic recipients should only be conducted under approved
study protocols (1C). Vote in favour 93.6%.

8.6. Future perspectives

The use of HCV-positive organ donors in negative recipients is an
intriguing possibility. Indeed, with the availability of DAAs between
2015 and 2016, the allocation of HCV-positive organs into HCV-
negative recipients tripled in liver transplant and doubled in kidney
transplants. This trend has also been observed in thoracic trans-
plants [107]. Although it still occurs in small numbers, this option
is an emerging trend due to different reasons: (1) the widespread
use of DAAs has increased the number of non-viremic candidates;
(2) the increasing confidence in the success of curing HCV after
transplant; (3) the recent experience in renal transplant, confirm-
ing the excellent results of a pre-emptive treatment with DAA in
case of use of positive HCV donors in negative recipients [108,109].

9. Nephrology
9.1. Epidemiology
Prevalence of HCV infection among dialysis patients and renal

transplant recipients has historically been high as a consequence
of nosocomial HCV transmission by repeated haemodialysis, blood

transfusions and HCV-infected kidney grafts transplantation. Due
to improvements of medical standards, prevalence of HCV infection
in the dialysis population decreased from 10 to 13% in the early 90s,
to approximately 7-8% in the early 2000s in developed countries,
with an estimated 0.2% per year transmission. Conversely, in devel-
oping countries, up to 80% prevalence and 15% yearly transmission
rate have been reported in single centre studies [110,111].

9.2. Clinical impact

HCV infection is associated with increased morbidity and mor-
tality both in the dialysis and the post-transplant settings, where
HCV is an established risk factor for graft loss [111-113]. Moreover,
HCV infection adds further non-kidney related mortality, being
associated with increased liver-related complications, diabetes and
cardiovascular events, as well as cancer-related deaths [114-117].

Chronic HCV infection in dialysis patients is often character-
ized by persistently normal aminotransferase (ALT) values, since
repeated haemodialysis reduce ALT levels. Consequently, ALT are
not reliable markers of liver disease activity and progressive liver
disease has been demonstrated in patients with persistently normal
ALT. In renal transplant recipients, HCV infection is associated with
accelerated liver disease progression and kidney graft impairment
[112].

All dialysis patients and renal transplantation candidates should
be screened for this infection by anti-HCV testing. Although
currently available assays provide optimal sensitivity, reduced
antibody response to HCV antigens has been reported in dialysis
patients[116]. HCV RNA assessment should thus be performed in all
patients candidates to transplantation, so as the poorer prognosis of
kidney transplant recipients with hepatitis C. Due to the persistent
risk of HCV transmission, HCV screening in haemodialysis patients
should be regularly repeated overtime.

Availability of DAAs has changed HCV treatment in dialysis and
renal transplant recipients, providing increased SVR rates and safer
treatment options among those with prior contraindications to
IFN-based regimens. All viremic HCV dialysis patients and renal
transplant recipients should be considered for antiviral therapy:
in dialysis patients, treatment options are currently available for
all HCV genotypes. As stated above, sofosbuvir-based regimens are
currently not recommended if eGFR is <30 ml/min, although they
have been used in real-life settings [27].

In renal transplant recipients, antiviral treatment should be
performed after renal function stabilization. A randomized trial
demonstrated optimal efficacy and safety of sofosbuvir/ledipasvir
in HCV genotype 1 and 4 patients, and sofosbuvir/velpatasvir
or sofosbuvir+daclatasvir combinations are approved in the
post-transplant, although data are still limited [117]. DDIs with
patient’s concomitant medications should be carefully assessed.
The decision to treat before or after transplant should be dis-
cussed at an individual level, according to local drug availability,
patient comorbidities and access to waitlist for renal trans-
plant.

HCV dialysis patients should be referred for specialist care to
stage liver disease and antiviral treatment evaluation. Eligibility
to antiviral therapy should be regularly reassessed in patients
without current treatment options. Monitoring of ALT values and
liver function tests should be regularly performed in HCV dialy-
sis patients and renal transplant recipients not receiving antiviral
treatment.

Questions

Q1. All dialysis and renal transplant recipients should be
screened for HCV infection (1A). Vote in favour: 100%.

Q2. All HCV dialysis and and kidney transplant recipients should
be evaluated for antiviral treatment (1B).
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Q2a. The decision to perform anti-HCV therapy pre- or post-
renal transplantation should be discussed at the individual level;
patients should be referred to expert centers to manage access to
antiviral treatment and/or renal transplant (2C).

Q2b. All HCV renal transplant recipients should receive antiviral
treatment (1B). Vote in favour: 100%".

Q3. Monitoring of liver function tests should be regularly per-
formed in HCV dialysis patients and renal transplant recipients not
receiving antiviral treatment (1C). Vote in favour: 100%.

9.3. Future directions and research priorities

Large scale treatment of HCV infection with DAA-based regi-
mens is expected to deeply affect HCV prevalence worldwide in the
next decades. The possibility to extensively treat dialysis patients
and renal transplant recipients will lead to new scenarios: access
to HCV-positive kidney graft pool in order to reduce time on the
waiting list could be systematically pursed considering the avail-
ability of antiviral treatments in the post-transplant phase. This
strategy has already been applied to HCV-positive recipients, and
future developments could also extend it to HCV-negative renal
transplant candidates [118].

10. Rheumatology
10.1. Epidemiology

Prevalence of HCV infection among patients with rheumatic
diseases is poorly known. Although epidemiological studies are
limited to specific population or geographic areas, prevalence
seems to be slight higher than, or at least comparable to, that of
the general population [119,120]. These patients may need long
term and often multiple immunosuppressive therapies to obtain
clinical remission. Immunosuppressive treatments place them at
risk of viral reactivation.

10.2. Clinical impact

HCVr seems to be a rare event. Serum HCV RNA may increase
during immunosuppressive therapies, however without clinically
significant hepatitis [121]. Immunosuppressive therapies do not
seem to have a detrimental effect on the course of HCV infection.
Experiences on the concomitant treatment with both immunosup-
pressive drugs and DAA are limited [122].

Questions

Q1. All rheumatologic patients should be tested for anti-HCV
(plus HCV RNA if positive) before starting immunosuppressive
therapy (1C). Vote in favour: 97,7%.

Q2. The detection of a chronic hepatitis C should promptly lead
to treatment with DAAs. Careful check of DDIs between immuno-
suppressive regimens and HCV drugs is recommended (1C). Vote
in favour: 97,6%.

Q3. All untreated patients should be monitored with liver test
every 3-6 months. HCV RNA monitoring has no clinical utility (1C).
Vote in favour 85%.

Q4. No modifications of the standard hepatological follow up
is needed in HCV patients after the end of immunosuppressive
therapy (1A). Vote in favour: 97,8%.

10.3. Future perspectives

The therapeutic scenario for rheumatic disease is rapidly evolv-
ing and new drugs with potential great efficacy will be available
in the next future. The effects of these new drugs on the course of
chronic viral hepatitis are unknown.

11. Gastroenterology
11.1. Epidemiology

Ulcerative colitis and Crohn’s disease (IBD) mainly affect young
subjects, reaching their peaks in the third decade of life [123]. As
a consequence, the burden of concurrent chronic viral hepatitis in
Italian IBD patients is limited by the low prevalence of HCV infection
among young subjects.

11.2. Clinical impact

There is general consensus about the fact that immunosuppres-
sants or biologics used in IBD do not seem to have a significant
effect on the course of HCV infection, because the risk of HCVr
during these immunosuppressive therapies appears to be very low
and they do not influence the progression of chronic liver disease
[124,125]. However, although these drugs do not seem to have a
detrimental effect on the course of HCV infection, the awareness of
a concomitant chronic hepatitis C is important due to the poten-
tial risk of worsening liver function and to better discriminate the
alterations of liver function tests as due to the use of drugs with
potential hepatotoxicity (azathioprine, methotrexate, biologics) or
HCV infection [126].

Questions

Q1. All IBD patients to be treated with immunosuppressants or
biologics should be tested for anti-HCV (HCV RNA if positive). The
ideal time to screen is at the diagnosis of the disease, regardless of
its severity at onset (1B). Vote in favour: 95,1%.

Q2. The detection of a chronic hepatitis C should lead to
treatment with the new DAAs. Careful check of DDIs with immuno-
suppressive regimens is recommended (1A). Vote in favour: 100%.

11.3. Future perspectives

The therapeutic scenario for IBD is rapidly evolving. Over the
past 20 years, drug research has focused on the development of
large-molecule biologics, including anti-TNF-a monoclonal anti-
bodies and, more recently, antibodies with different targets (such as
vedolizumab, ustekinumab, and others). Furthermore, new orally
administered small molecule drugs with potential great efficacy
will be available in the next future. The effect of these new drugs on
the course of chronic viral hepatitis is unknown and this reinforces
the indication to screen and treat viral hepatitis in these patients.
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Appendix C.
Immunopathogenesis of HCV reactivation

Immune response to HCV infection can lead to self-limited infec-
tion with viral elimination and hepatocellular injury. The virus is
known to be a strong interferon activator but it is also responsible
for a series of mechanisms interfering with the intracellular inter-
feron pathways, contributing to viral persistence during the early
stage of infection [4-6].

In spite of effective activation of first line immune response,
HCV infection results in a high rate of persistence, and even if the
strength and breadth of HCV-specific T-cell response has been asso-
ciated with virus clearance [5-7], the exact role of different immune
mechanisms in viral control and immunopathogenesis have not
thoroughly understood. Several mechanisms of impaired T and
NK cell response have been described to explain viral persistence,
comprising T-cell exhaustion, Treg expansion within the liver, and
suboptimal activation of T-cells by liver antigen presenting cells in
the hepatic suppressive environment [4].

In patients undergoing interferon treatment for chronic HCV
infection, a higher level of CD8 cell response has been associated
with sustained viral response (SVR) [6]. However the exact role
of T-cell response in achieving viral clearance and SVR, either by
peg-interferon or directly acting antivirals (DAAs) is currently not
completely clear. Interestingly, DAAs have shown to be very effec-
tive also in transplant recipients with severe immunosuppression
[7], questioning the true role of immune response in viral clearance
in this setting.

Even if it has been clearly demonstrated that liver cell injury is
immune mediated, and that T-cell response can control and clear
HCV infection during the acute phase, the exact role of immune
response in controlling viral replication during chronic infection
has not been entirely clarified.

The immune pathogenesis of HCV reactivation seems to be sim-
ilar to that of HBV. However, differences exist in virus biology and
role of T- and B-cell mediated response in controlling the two infec-
tions. Indeed, even if immunosuppressive treatments in patients
with chronic HCV infection may induce enhanced viral replication,
transaminases increase develops in a limited number of cases, and
severe hepatitis is a rare event.

Even if neutralizing antibodies do not provide control of HCV
replication, and self-limited HCV infection does not lead to neutral-
izing protective antibodies, similarly to HBV immunosuppressive
treatments targeting B-cells can be followed by enhanced HCV
replication and severe hepatitis. However, in the great majority
of cases these phenomena do not seem to affect overall survival
[8]. In some studies the rate of hepatitis under pharmacological
immunosuppression did not differ between HCV-positive and -
negative patients [9]. Actually, in many reported cases it was not
entirely clear if the transaminases flares were due to either HCV,
drug-induced liver injury, or metastatic liver disease [10].

Recent reports have raised warning on the possible event of
HBV reactivation among HCV-coinfected patients undergoing DAAs
therapy [11], leading to transaminase flares and even fulminant
hepatic failure. Whether viral-viral interference or immune-
mediated mechanisms are responsible for this eventitis not known.
The combined effects of negative viral-viral interference loss, along
with an enhanced immune mediated liver injury could influence
reactivation. Moreover, HCV clearance could lead to the restoration
and enhancement of cell mediated immune response as the result
of a sudden drop of endogenous IFN-I levels, persistently elevated
in chronic HCV infection. It has been shown that IFN-I can play a
negative regulatory role on virus-specific T-cell response due to a
counter regulatory action on the immune response that would be
suddenly abolished [12]. However, these possible interpretations
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of immunopathogenetic mechanisms responsible for the severe
HBV reactivation described in this subgroup of patients deserve
dedicated studies aimed at dissecting viral replication kinetics and
antigen-specific cell mediated immune response.
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