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In a recent expert meeting, Swedish recommendations for the treatment of HCV infection were Received 2 October 2015
updated. An interferon-free combination of direct-acting antiviral agents was recommended as Revised 13 October 2015
the first line standard-of-care treatment for chronic HCV infection. Interferon-based therapy Accepted 18 October 2015
should be considered as a second line option after an individual benefit-risk assessment. Published online
Treatment is strongly recommended for HCV infected patients with bridging fibrosis or cirrhosis 30 November 2015
(Metavir stages F3-4), before and after liver transplantation, and in the presence of extra-hepatic KEYWORDS
manifestations. Additionally, patients with moderate liver fibrosis (stage F2) as well as women in Hepatitis C virus; HCV:
need of in vitro fertilisation should be prioritised for therapeutic intervention. Treatment guidelines; direct-acting
indications for people who inject drugs, children, chronic kidney disease and HIV co-infection are antiviral agents; DAA, people
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co-infection
Introduction underlying cause of approximately a quarter of the liver

t lant f d in Sweden.
The World Health Organisation (WHO) estimates that globally ransplants performed in sweden

there are ~170 million infected with hepatitis C virus (HCV).

In Sweden, the estimated prevalence is <0.5%, correspond-  pcute HCV infection

ing to 45 000 individuals. Approximately 2000 new cases are

reported annually in accordance with the Swedish Infectious Previously, selected patients with acute HCV infection were
Diseases Act. Currently, intravenous drug use is the predom- recommended treatment with pegylated interferon-a (peg-
inant route of infection in the western world. An estimated IFN) for 24 weeks.[5] This is no longer advocated, as the
75% of those infected with HCV develop a chronic infection, —treatment of chronic infection has become highly efficacious
which generally has a slow progression rate to advanced liver ~and, therefore, anti-viral therapy can be deferred to a later
disease.[1,2] However, an estimated 20% of those with time-point if spontaneous resolution does not occur during the
chronic HCV infection progress to cirrhosis within 20 years acute phase (recommendation grade Al; recommendation
from onset of infection [3] and this proportion tends to 9rading scale adapted from the GRADE system used by EASL)
increase over time. HCV-induced cirrhosis entails a substantial ~ 1able 3.[6]

risk of serious complications such as liver decompensation,
including portal hypertension with oesophageal varices,
ascites and hepatic encephalopathy. Furthermore, HCV cir-
rhosis entails an annual 1-4% risk of developing hepatocel- The ultimate goal of the HCV treatment is to prevent cirrhosis,
lular carcinoma (HCC) [4] and chronic HCV infection is the as this entails an increased risk of HCC and/or decompensated

Chronic HCV infection
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liver disease. The immediate virologic therapeutic objective is
defined as sustained virologic response (SVR), i.e. undetectable
plasma HCV RNA 12-24 weeks after discontinuation of
treatment, which likely corresponds to a cured infection.

Among HCV infected cirrhotic patients, the annual risk of
developing HCC can be reduced from ~4% to 1% if SVR is
achieved. Fibrosis stage F3 (bridging fibrosis) also entails an
increased risk of HCC and the transition from fibrosis stage F3
to F4 (cirrhosis), as well as the progression from F2 (moderate
fibrosis) to F3, often is difficult to accurately diagnose.
Therefore, treatment should not be delayed for patients with
fibrosis stages F3-4 and, if possible, should be initiated before
stage F3 is reached. Consequently, it is recommended that
treatment not be deferred for patients with fibrosis stage F2 or
higher.

For patients with extrahepatic manifestations, e.g. cryo-
globulin induced vasculitis, porphyria cutanea tarda or glom-
erulonephritis, antiviral therapy also is warranted, as it
generally improves these immune mediated diseases.

In addition to reducing or abolishing the risk of HCV-
induced serious liver disease and/or extrahepatic manifest-
ations, successful treatment also eliminates the risk of
transmission, for example from mother to child during preg-
nancy or delivery (1-5% risk), through sex or secondary to
sharing injection paraphernalia among people who inject
drugs (PWIDs).

In each individual case it is important to evaluate whether
the patient is in immediate need of treatment or if therapy can
be deferred. Aside from the degree of liver damage, other
factors also should be considered, such as the patient’s age,
general health, overall life expectancy, own wishes and the
ability to adhere to the treatment. In patients with ongoing
substance abuse, where compliance problems may be
anticipated, supportive care is particularly important before
initiation of anti-viral treatment.

Assessment of fibrosis stage

Evaluation of the fibrosis stage should be performed in all
patients with chronic HCV infection (recommendation grade
A1). Formerly this was accomplished by means of a liver
biopsy. Presently non-invasive methods such as a combination
of validated blood biomarkers and liver elasticity measurement
(e.g. FibroScan®) are considered to provide a sufficient
estimate.[7,8] With these methods, in particular with liver
elasticity measurement, the absence of fibrosis as well as the
presence of cirrhosis can be diagnosed with reasonably high
accuracy. Non-invasive fibrosis evaluations utilise the same
stages as a liver biopsy, e.g. the protocols suggested by Batts
and Ludwig [9] and the Metavir,[10] from FO (normal liver
without fibrosis) to F4 (liver cirrhosis). However, these methods
are less accurate than a liver biopsy, particularly when
differentiating fibrosis stages F2 and F3. By including patients
with stage F2 (moderate fibrosis) among those recommended
for treatment, the risk is reduced of delaying therapy for those
whose fibrosis stage has been under-estimated.

It should be noted that a liver biopsy may provide more
information than simply an estimation of fibrosis stage and can

be useful if non-invasive methods render questionable results
or fail and when other causes of liver disease are suspected. An
experienced liver pathologist, who can judge whether or not
the material is sufficient, should perform the evaluation of the
liver biopsy and the risk of sampling error must always be
considered.

Regular, biannual liver ultrasound for the surveillance of
possible HCC development is recommended for cirrhotic
patients, both before and after treatment (recommendation
grade B2) and an endoscopy should be performed to evaluate
the presence of varices. For patients with HCV-induced
cirrhosis lacking varices, it is probably not necessary to perform
additional gastroscopies if SVR is achieved. If and when
additional gastroscopies are needed should be evaluated on
an individual basis, taking into account other risk factors for
progression of cirrhosis (recommendation grade C2).

Treatment prioritisation

All patients with chronic HCV infection are eligible for
treatment and recently the Icelandic government announced
that all HCV infected there will be provided free medication in
addition to education and follow-up, thereby initiating the first
national HCV elimination programme.[11]

If prioritisation is necessary, disease severity and the risk of
disease progression should be considered. Patients who meet
one or more of the following four criteria should be prioritised
for treatment:

e Patients with fibrosis stage 2-4 (F2-4). If bridging fibrosis
(stage F3) or cirrhosis (F4) is present, the patient should be
treated at the earliest appropriate opportunity. To avoid
progression to fibrosis stage F3, patients with moderate
fibrosis (F2) also should be prioritised (recommendation
grade A1).

e Liver-transplant recipients should be treated as soon as
possible (recommendation grade A1). Other solid organ
and stem cell transplant recipients should be treated
similarly, because of an increased fibrosis progression rate
induced by immunosuppressive therapy (recommenda-
tion grade A1).

e If extra-hepatic manifestations are present, e.g. cryoglobu-
lin induced vasculitis, porphyria cutanea tarda or glomer-
ulonephritis, treatment is recommended irrespective of
fibrosis stage (recommendation grade A1).

e Women waiting for in vitro fertilisation (IVF).

Other specific factors to be considered are:

e Women who wish to become pregnant should be treated
before pregnancy to avoid the risk of transmission during
delivery, if this is not inappropriate for some reason
(recommendation grade A1). If possible, ribavirin should
be avoided in these cases (recommendation grade A1).
Due to limited experience, treatment during pregnancy is
not recommended.

e In selected patients whose HCV infection has a strong
negative impact on their quality-of-life or psychosocial
situation, treatment may be considered regardless of
fibrosis stage (recommendation grade B2).

Fibrosis stages FO-1 indicate the absence of or non-
significant fibrosis and for these patients treatment may be



deferred with continued monitoring for disease progression
(recommendation grade B2). If a patient is not treated due to
mild liver fibrosis stage, re-assessment of fibrosis should be
performed within 1-2 years (recommendation grade A2).
When prioritising treatment, it is also reasonable to consider
the continued risk of transmission caused by ongoing sub-
stance abuse, as this is not a contraindication for HCV therapy.

Assessment of factors influencing treatment options
and the likelihood of achieving SVR

With currently available treatment options, the probability of
SVR is high, regardless of baseline demographic, clinical and
virological characteristics, provided that an appropriate regi-
men and duration is given.
Viral genotype and the presence or absence of cirrhosis are
the principal factors governing treatment recommendations:
e HCV genotype should be determined before initiating
therapy because it affects the choice and duration of
treatment as well as the likelihood of achieving SVR.
Additionally, HCV genotype should be re-evaluated before
re-treatment after a prior relapse to rule out (i) an initial
undetected co-infection with multiple HCV genotypes, of
which not all were eradicated, and (ii) a re-infection with a
different genotype.

e Fibrosis stage impacts on treatment duration and for some
regimens, whether or not ribavirin should be added.

Other factors that may impact the likelihood of achieving
SVR following therapy with direct-acting antiviral agents
(DAAs), especially if treatment duration is sub-optimal, include
male gender (lower chance for SVR), baseline plasma viral load
(greater likelihood of SVR at lower levels), indicators of more
advanced cirrhosis (e.g. low platelets and low albumin) and
host genetic factors,[12-14] e.g. IL28B genotype (higher
likelihood of SVR among patients with /L28B CC than CT/TT).
However, the currently available treatments are so effective
that these baseline characteristics are diminishing in clinical
importance.

Naturally occurring virus variants that entail reduced sensi-
tivity to NS5A inhibitors or NS3/4A protease inhibitors may also
impact the likelihood of achieving SVR.[15] However, routine
susceptibility testing currently is not recommended.

Prior to treatment of chronic HCV infection

Before initiating therapy, it is important that patients are well
informed and fully understand the importance of compliance as
well as the necessity of close monitoring. A careful review
of concomitant medications is essential to avoid potential drug-
drug interactions. Ribavirin is a potential teratogen and, if pres-
cribed, the need for contraception is vital, regardless of gender.
Pregnancy should be avoided with all HCV treatment regimens,
as experience of treatment during pregnancy is limited.

Sampling

A basic evaluation, including assessment of other causes of
transaminase elevations, must be performed in accordance
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with local practices before initiating treatment. Prior to starting
HCV therapy, the following sampling is recommended: plasma
HCV RNA quantification, HCV genotyping, haemoglobin,
platelet count, serum albumin, serum bilirubin, PK-INR, AST,
ALT, serum creatinine to calculate creatinine-clearance, preg-
nancy test and evaluation of fibrosis stage.

Treatment of chronic HCV infection

Because of the relatively high cost of DAA regimens and
limited therapeutic experience outside tertiary care centres,
treatment should presently be administered by specialised
clinics. The following recommendations apply to patients with
compensated liver disease and Table 1 provides an overview of
registered DAAs active against HCV infection.

Combination therapy including interferon is not recom-
mended as first line therapy due to an inferior safety profile as
compared to DAA-based treatment (recommendation grade
A1). However, interferon-« is still approved as a second line
therapy for the treatment of HCV infection and selected HCV
genotype 2 or 3 infected patients have a high likelihood of
achieving SVR with as little as 12 weeks of interferon-based
therapy, e.g. if age is below 40 years or HCV RNA below 1000 U/
mL is achieved by day 7.[16-19] Thus, interferon-based therapy
should only be given after an individual benefit risk assessment.

Genotype 1

The following recommendations apply for patients not previ-
ously treated with DAA.

Non-cirrhosis—fibrosis stage < F3

One of the following treatment options is recommended
(recommendation grade A1):

e  Ombitasvir/paritaprevir/ritonavir (fixed combin-
ation) + dasabuvir 12 weeks. Ribavirin should be added
for genotype 1a, but not for genotype 1b.[20-22]
Sofosbuvir + daclatasvir 12 weeks.[23]
Sofosbuvir/ledipasvir  (fixed combination) for 12
weeks.[24-28] Treatment for 8 weeks may be considered
in patients with favourable prognostic factors for achiev-
ing SVR, e.g. fibrosis stage <F3, lower HCV RNA levels,
etc.[28] In the ION-3 study, 8 weeks of treatment with
sofosbuvir/ledipasvir resulted in a slightly higher relapse
rate as compared to 12 weeks.

e Sofosbuvir + simeprevir 12 weeks.[29]

Compensated cirrhosis—fibrosis stage F4

e Ombitasvir/paritaprevir/ritonavir  (fixed combination)+
dasabuvir + ribavirin for 12 weeks for genotype 1b.[30]
For genotype 1a this treatment should be given for 24
weeks (recommendation grade B1).[31,32] In treatment-
naive patients with normal platelet count and normal
serum albumin, 12 weeks of therapy should be considered
also for genotype 1a (recommendation grade B1).
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Table 1. Direct-acting antiviral pharmaceuticals against HCV infection approved for use in interferon-free therapy within the EU.

Generic Barrier to
Substance class substance Brand name Genotype specificity resistence
NS5B polymerase inhibitor Sofosbuvir Sovaldi High activity against genotype 1-6 Very high
(nucleotide analogue)
Harvoni
NS5B polymerase inhibitor Dasabuvir Exviera Relevant activity only for genotype 1 Low
(non-nucleotide analogue)
NS3/4A protease inhibitor Simeprevir Olysio High activity against genotype 1 and 4 Low
No activity against genotype 3
NS3/4A protease inhibitor Paritaprevir Viekirax High activity against genotype 1 and 4 Low
NS5A inhibitor Daclatasvir Daklinza High activity against genotype 1 and 4 Low
Clinical relevant activity also against other genotypes
NS5A inhibitor Ledipasvir Harvoni High activity against genotype 1 and 4 Low
Clinical relevant activity also against genotypes 3-6
NS5A inhibitor Ombitasvir Viekirax High activity against genotype 1 and 4 Low

e Sofosbuvir + daclatasvir 12 weeks (+ribavirin) or 24 weeks
(without ribavirin) (recommendation grade B1).

e Sofosbuvir/ledipasvir (fixed combination) for 12 weeks
(+ ribavirin) or 24 weeks (without ribavirin) (recommenda-
tion grade A1).[33,34]

e Sofosbuvir+simeprevir for 12 weeks (+ribavirin) or 24
weeks (without ribavirin) (recommendation grade B1).[35]
For the three latter treatment options, the following
applies:

e For patients lacking negative predictive factors for SVR
(low platelets, low albumin and/or previous non-response
to interferon-based treatment), 12 weeks of treatment
without the addition of ribavirin is recommended.

e For patients with negative predictive factors regarding the
likelihood of achieving SVR, 12 weeks of treatment with
the addition of ribavirin or 24 weeks of treatment without
ribavirin is recommended.

Additionally it should be noted that grazoprevir (NS3/4A
protease inhibitor) and elbasvir (NS5A inhibitor) recently have
completed several registration trials for HCV genotypes 1, 4
and 6 infection [36-38] and likely will be licensed in the near
future. Similarly, sofosbuvir/velpatasvir (GS-5816) (fixed com-
bination) for 12 weeks has demonstrated promising results in
phase 3 trials for HCV genotypes 1-6.[39]

Genotype 2
Non-cirrhosis—fibrosis stage < F3

e Sofosbuvir + ribavirin administered for 12 weeks (recom-
mendation grade A1).[40]

e If the patient is ribavirin-intolerant, sofosbuvir + daclatasvir
may be given for 12 weeks (recommendation grade
B2).[41]

Compensated cirrhosis—fibrosis stage F4
e Increased relapse-rate has been reported in patients with

cirrhosis and, hence, sofosbuvir + ribavirin for 16 weeks is
recommended (recommendation grade C2).[40]

e If the patient is ribavirin-intolerant, contact with an expert
is advised.

Genotype 3

The present options regarding re-treatment are more limited
for HCV genotype 3 as compared to other genotypes.
Therefore, the risk of relapse must be minimised by means of
adequate treatment duration and by the addition of ribavirin in
patients with more advanced fibrosis.

Non-cirrhosis—fibrosis stage < F3

e sofosbuvir + daclatasvir for 12 weeks is primarily recom-
mended (recommendation grade A1).[41] Addition of
ribavirin should be considered for patients with fibrosis
stage F3 (recommendation grade B1).

e An alternative interferon-free therapy is sofosbuvir+
ribavirin for 24 weeks (recommendation grade A1).[40]
However, this regime recently has been reported to result
in a lower likelihood of achieving SVR as compared to
sofosbuvir + peg-IFN + ribavirin given for 12 weeks in the
BOSON study.[42]

Compensated cirrhosis—fibrosis stage F4

sofosbuvir + daclatasvir + ribavirin for 24 weeks is primarily
recommended (recommendation grade B1).

Genotype 4
Non-cirrhosis—fibrosis stage < F3

One of the following treatments is recommended:

e  Ombitasvir/paritaprevir/ritonavir (fixed combination)+
ribavirin for 12 weeks (recommendation grade A1).[43]

e Sofosbuvir+daclatasvir 12 weeks (recommendation
grade B1).

e Sofosbuvir/ledipasvir (fixed combination) for 12 weeks
(recommendation grade A1).[44,45]

e Sofosbuvir+simeprevir for 12 weeks (recommendation
grade B1).



Compensated cirrhosis—fibrosis stage F4

One of the following treatments is recommended (recommen-
dation grade B1):

e  Ombitasvir/paritaprevir/ritonavir  (fixed combination)+
ribavirin for 24 weeks. For genotype 4 infections, this
regime has only been studied in non-cirrhotic patients,
where 12 weeks of treatment yielded a high likelihood of
achieving SVR. The recommended 24-week duration
hinges on a conservative extrapolation based on results
among cirrhotic genotype 1a infected patients.

e Sofosbuvir + daclatasvir 12 weeks (+ribavirin) or 24 weeks
(without ribavirin).

e Sofosbuvir/ledipasvir (fixed combination) for 12 weeks
(£ ribavirin) or 24 weeks (without ribavirin).

e Sofosbuvir + simeprevir for 12 weeks (£ribavirin) or 24
weeks (without ribavirin).

For the three latter above treatment options, the following
applies:

e For patients lacking negative predictive factors for
achieving SVR (low platelets, low albumin and/or previous
non-response to interferon-based treatment) 12 weeks of
treatment without the addition of ribavirin s
recommended.

e For patients with negative predictive factors for achieving
SVR, 12 weeks of treatment with the addition of ribavirin
or 24 weeks of treatment without ribavirin s
recommended.

Genotypes 5 and 6

sofosbuvir/ledipasvir (fixed combination) for 12 weeks is recom-
mended (recommendation grade B1).[46,47] In patients with
cirrhosis, the addition of ribavirin and/or prolonged duration of
treatment should be considered (recommendation grade B1).

Pharmacokinetic drug-drug interactions during
treatment with direct-acting antivirals

The risk of interactions differs considerably between DAAs. This
applies to their impact on the exposure to other drugs, as well
as the effect on their own pharmacokinetic profile. Thus, prior
to therapy, careful review of the patient’s current medication
should be undertaken, including assessment of non-prescrip-
tion medicines, dietary supplements, as well as healthcare
products.

Contraindications and side-effects

Contraindications regarding direct-acting antivirals

Contraindications are few and vary slightly between DAAs.

Contraindications to ribavirin

Pregnancy, breastfeeding or a history of or on-going heart
disease.
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Side-effects of direct-acting antivirals

Side-effect profiles vary between DAAs, but those reported
thus far are few and mostly mild. In general, the proportion of
pre-mature termination of therapy secondary to adverse
events has been very low in clinical trials (<1%), often
compatible with placebo.

Side-effects of ribavirin

The major side-effect of ribavirin is haemolytic anaemia, with a
mean decrease in haemoglobin of ~20 g/L during treatment.
Additionally, ribavirin can cause itching and rash. Cough and
neuropsychiatric side-effects, such as insomnia, are more
common in patients treated with ribavirin when compared to
ribavirin-free treatment.

Monitoring during treatment
The following should be monitored during therapy:

e HCV RNA quantification (the limit of detection should be
< 10-15 IU/ml): At the start of therapy, week 4, at the end-
of-treatment, and at two occasions > 12 weeks after the
end-of-treatment. If HCV RNA is detectable at week 4, a
new sample should be analysed after 2 weeks. If clinically
motivated, closer monitoring of HCV RNA should be
performed.

e Complete blood count (CBC), serum bilirubin, ALT, serum
albumin, serum creatinine: weeks 2 and 4, and thereafter
every 4th week.

Adherence is crucial in order to achieve a favourable
therapeutic outcome and, therefore, should be discussed at
each visit.

Management of ribavirin-induced anaemia

The dose of ribavirin should be reduced at haemoglobin concen-
trations below 100 g/L and should be temporarily discontinued at
levels below 85 g/L. Reduction of ribavirin has not been associated
with reduced efficacy of DAA-based treatment.

Follow-up after treatment

HCV RNA in plasma should be analysed when discontinuing
treatment and > 12 weeks after termination of treatment, as
well as at one additional later time-point. The positive predictive
value of SVR12 for SVR24 is >99% and, therefore, undetectable
HCV RNA at a sampling at least 3 months after termination of
treatment may be considered as equivalent to cure.

In spite of achieving SVR, patients will continue to have
antibodies directed against HCV and, thus, may not donate
blood or organs. However, organs from HCV-positive donors
may be accepted if the recipient is HCV infected. Patients
achieving SVR should be advised that they are not immune to
the re-infection with HCV.

The annual risk of developing HCC is reduced from ~4% to
1% after achieving SVR in patients with compensated cirrho-
sis.[4] Until more data are generated, continued surveillance
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with a bi-annual liver ultrasound investigation is recommended
in patients with cirrhosis because of the residual risk of HCC
(recommendation grade B2).

Re-treatment of patients who have failed direct
acting antiviral treatment

During failure of DAA-based therapy, selection of resistance-
associated variants (RAVs) with reduced susceptibility to one or
more drugs occurs commonly. Sofosbuvir, however, appears to
be an exception as NS5B RAVs only transiently have been
observed in isolated cases. Sofosbuvir is, thus, the only DAA
documented to retain full effect upon re-treatment.

Selected NS3/4A RAVs tend to revert back to fully sensitive
wild-type virus over a period of 1-3 years. Although still not
formally studied, NS3/4A protease inhibitors likely may be re-
used in subsequent re-treatment regimens, provided sufficient
time has passed to allow for reversion to wild-type virus.

In contrast, reversion appears less likely if selection of NS5A
RAVs occurs, as these variants seem more persistent. However,
NS5A inhibitors might retain partial activity, even in the
presence of resistant variants and may, thus, possibly contrib-
ute to re-treatment.

Patients having failed DAA-based therapy comprise a
heterogeneous group and data concerning re-treatment is
limited. Therefore, such patients should be handled individu-
ally in consultation with an expert, with the following factors
being considered:

e A new genotyping should be performed prior to re-
treatment, as discussed previously.

e Patients failing DAA-containing regimen, regardless of the
presence or absence of RAVs, are by definition difficult-to-
cure. This must be considered when re-treatment is
planned, by prolonging duration and/or increasing the
overall anti-viral activity of the new regimen, e.g. by
adding ribavirin.

e At present, all re-treatment regimens should include
sofosbuvir, regardless of whether the patient previously
has been treated with sofosbuvir or not (recommendation
grade B1).

e If possible, the re-treatment regimen should consist of a
combination of sofosbuvir with a new DAA class to which
the patient has not been exposed, e.g. a NS3/4A protease
inhibitor if the patient previously received the NS5A
inhibitor and vice versa (recommendation grade A1).

e If switching DAA class is not possible or if RAVs against
multiple classes of DAAs may be suspected, resistance
testing may be of value prior to re-treatment.

e Peg-IFN should be considered as part of a re-treatment
regimen if multiple class RAVs are expected, e.g. after
failure of ombitasvir/paritaprevir/ritonavir combination
therapy. This also applies for relapse after combination
sofosbuvir and daclatasvir for genotype 3 infections,
where NS5A resistance was observed in most patients
with relapse in the ALLY-3 study. Treatment with
sofosbuvir, peg-IFN and ribavirin for 12 weeks for geno-
type 3 infections resulted in a high likelihood of achieving
SVR in the BOSON study (recommendation grade A1).[42]

Treatment of patients with decompensated liver
cirrhosis

These patients should be treated in the same manner, whether
or not they are on the transplant waiting list. The choice of
treatment selection should be based on HCV genotype.

Genotype 1 or 4

One of the following treatment

recommended:

options is primarily

e Sofosbuvir/ledipasvir (fixed combination) + ribavirin for 12
weeks (recommendation grade A1).
e Sofosbuvir + daclatasvir + ribavirin for 12 weeks (recom-
mendation grade B1).
For ribavirin-intolerant patients, 24 weeks of treatment with
either of the above DAA combinations is an alternative
(recommendation grade C2).

Genotype 2

e Sofosbuvir +ribavirin for 16-24 weeks (recommendation
grade B1).For ribavirin intolerant patients, sofosbuvir+
daclatasvir for 16-24 weeks may be considered (recom-
mendation grade B2).

Genotype 3

e Sofosbuvir + daclatasvir + ribavirin for 24 weeks (recom-
mendation grade B1).For ribavirin-intolerant patients,
sofosbuvir + daclatasvir for 24 weeks may be considered
(recommendation grade C2).

Dosing of ribavirin in decompensated cirrhosis

As stated above, the addition of ribavirin is recommended in all
regimens for patients with decompensated cirrhosis, in spite of
poorer tolerance of ribavirin. If anaemia is present at baseline, a
starting daily dose of 600 mg should be considered, which, if
tolerated, may be increased to the normal weight-based
dosing (1000 or 1200 mgq). If standard dosing of ribavirin is used
at the initiation of therapy, rapid dose reductions should be
performed in the event of anaemia.

Treatment of patients with compensated or
decompensated cirrhosis accepted for liver
transplant

These patients should be managed in collaboration with a liver
specialist affiliated with a transplant centre and there is an
immediate indication for therapy. If possible, all patients with
HCV infection who are on the waiting list for liver transplant-
ation should receive antiviral treatment.

These patients can be divided into two groups: (i) patients
with compensated cirrhosis and HCC, where the tumour is the
main indication for liver transplantation; and (ii) patients with



decompensated cirrhosis, where severe hepatic impairment
motivates transplantation. If HCV treatment needs to be
continued after the transplant, paritaprevir/ritonavir-based
treatment should be avoided due to the risk of drug
interactions with immunosuppressive drugs. This also may
apply for simeprevir-containing regimens if cyclosporine use is
planned.

Recommendation for sampling while on the
waiting list

During HCV therapy

e HCV RNA quantification at the start of therapy and,
thereafter, once weekly until the week after the first
sample with undetectable HCV RNA.

e Thereafter, HCV RNA quantification should be performed
every 4th week until the transplantation.

After completion of HCV treatment

e HCV RNA quantification at 1, 2, 3 and 4 weeks post-
treatment.

e Thereafter, HCV RNA quantification every 4th week until
the transplant has been performed.In the event of relapse
after treatment while on the waiting list, possible re-
treatment before liver transplantation should be discussed
with a specialist at the transplant centre. An alternative
approach is to postpone re-treatment until the first
appropriate time-point after transplantation.

Information regarding HCV RNA levels must be continuously
reported to the transplant clinic, as this impacts on whether
the HCV treatment should continue to be administered in the
peri- and post-operative phase.

Considerations at the time of transplantation

If the patient has been virus-free for >4 weeks before
transplantation

Discontinue treatment when the transplantation is performed,
even if the full intended treatment duration has not been given.

If the patient has been virus-free <4 weeks before
transplantation

Continue treatment, without interruption, for 12 weeks after
transplantation. Consider discontinuing or reducing ribavirin
dosing if renal impairment occurs post-transplant.

Treatment after liver transplantation

All patients who are viremic at the time of transplantation will
relapse upon reperfusion of the transplanted liver.
Furthermore, HCV-associated liver disease progresses more
rapidly in liver transplant recipients than non-transplanted
patients. Thus, HCV infected liver transplant recipients should
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be offered treatment, regardless of fibrosis stage at the earliest
appropriate time-point after transplantation.

The choice of therapy follows the same principles as in non-
transplanted patients, taking into account HCV genotype and
fibrosis stage. Because of potential drug interactions, regimens
including paritaprevir/ritonavir should not be prescribed as a
first line therapy. If cyclosporine is included in the immuno-
suppressive regimen, simeprevir concentrations likely will
increase and, thus, may require monitoring. If, prior to
transplantation, the patient has relapsed despite a full DAA-
based treatment course, this should be considered before
initiation of re-treatment.

Dose adjustments of tacrolimus, cyclosporine or ever-
olimus/sirolimus are not needed before the start of concomi-
tant sofosbuvir in combination with ledipasvir, daclatasvir
or simeprevir. Secondary to potential drug interactions
and expected improvements in liver function, including
increased metabolism, close monitoring of immunosuppres-
sive drug concentrations during antiviral therapy is
recommended.

On the basis of clinical experience at the transplantation
units at the Karolinska and Sahlgrenska University
Hospitals,[48] the dose of ribavirin given twice daily can be
calculated using the following formula:

Ribavirin dose (mg)=0.244 x target concentration x T X
(0.122 x Creatinine clearance + 0.0414 x body weight)

Creatinine clearance is calculated as Cockroft-Gault formula
based on serum creatinine, body weight, sex and age and the
target through concentration of ribavirin is 10 umol/L. The
dosage interval (T) is 12 h, so that the calculated ribavirin dose
is given twice daily.

Monitoring of laboratory parameters during treatment is
similar to that recommended for non-transplanted patients.

Treatment before or after other solid organ or stem
cell transplantation

Patients undergoing evaluation for transplantation of organs
other than the liver should be treated in the same manner as
all other patients with treatment choice based on HCV
genotype and liver fibrosis stage.

Potential drug interaction with immunosuppressive medi-
cation used in recipients of organ transplantations other than
the liver should be handled as described above.

Treatment of patients with renal insufficiency
DAA use in patients with renal impairment

For patients with mild-to-moderate renal impairment, the same
treatment options apply as for patients with normal renal
function.

e Exposure to the virologic inactive major metabolite of
sofosbuvir (GS331007) increases with decreasing renal
function. Despite this, sofosbuvir dosing does not need
adjustment in the presence of mild-to-moderate renal
impairment.
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e Currently there is limited experience of sofosbuvir in
patients with severe renal impairment (creatinine clear-
ance <30 mL/min) or haemodialysis, although it recently
has been reported that among six patients with severe
renal insufficiency receiving a full dose of sofosbuvir for
12-24 weeks, only one patient experienced worsening of
renal function, possibly secondary to lupus.[49]
Depending on the infecting genotype and severity of
liver disease, a suitable sofosbuvir-free regimen, thus, is
recommended if possible, e.g. treatment with ombitasvir/
paritaprevir/ritonavir with or without ribavirin may be
given if glomerular filtration rate (GFR) is below 30 mL/
min.[50] Grazoprevir/elbasvir (fixed combination) without
the addition of ribavirin reportedly resulted in high SVR
rates among genotype 1 infected patients with chronic
kidney disease.[51]

e If an appropriate sofosbuvir-free regimen currently does
not exist, treatment should only be given if urgently
needed. Sofosbuvir treatment of patients with renal
impairment should only be given with careful monitoring
and in close consultation with a nephrologist.

Ribavirin use in renal impairment

Previously ribavirin was contraindicated in patients with renal
impairment (creatinine clearance <50 mL/min) secondary to
the risk of accumulation and, thus, toxic side-effects, in
particular severe anaemia. These patients should be treated
in collaboration with a physician with extensive experience
with such therapy.

Treatment of patients with renal failure and/or ongoing
haemodialysis with interferon and ribavirin has been
reported.[52] A pre-requisite for the use of ribavirin in this
setting is the initiation of therapy with a reduced dose,
dependent upon the degree of kidney impairment and that
monitoring of plasma ribavirin concentrations is performed.
Additionally, haemoglobin should be closely monitored and
erythropoietin and iron substitution should be given if needed.

The optimal target trough concentration of ribavirin remains
unclear, but the toxicity increases dramatically at concentra-
tions exceeding 15 umol/L. In this context it should be noted
that reduced ribavirin dosing has not been associated with a
decreased likelihood of achieving SVR with the new interferon-
free treatments.

At steady state, which occurs after more than 4 weeks in
patients with normal renal function treated with normal
weight-based ribavirin dosing, i.e. 1000 or 1200mg daily,
trough ribavirin concentrations of ~8-12 pmol/L (2000-3000
ng/mL) generally are achieved. In subjects with renal impair-
ment the half-life of ribavirin is prolonged and, thus, also the
time before achieving steady state. In severe renal impairment,
this may take several months, which must be considered when
interpreting the plasma concentrations. In addition, monitoring
of ribavirin concentration may be useful in the event of a
serious decline in haemoglobin.

In patients with severe renal impairment, creatinine clear-
ance is a better predictor of ribavirin clearance and, thus, also
of ribavirin concentration than body weight. Ribavirin, there-
fore, should primarily be dosed according to renal function

Table 2. Suggested starting dose of ribavirin for patients weighing 70 kg with
renal insufficiency adjusted according to creatinine clearance.

Creatinine clearance

(ml/min) Starting dose of ribavirin (mg/dag)
80 800

60 600

40 400

20 400 three-times per week

rather than solely based on body weight, see Table 2
(recommendation grade A1).

Treatment of patients co-infected with HCV and HIV

Complications of chronic HCV infection are a major cause of
morbidity and mortality in HIV infected patients. In Sweden,
~15% of HIV infected patients have antibodies against HCV.

The same recommendations regarding the indications for
and contraindications to HCV treatment apply as for HCV
mono-infected patients (recommendation grade A1). However,
data supporting the use of shortened treatment duration, e.g.
8 weeks with sofosbuvir and NS5A inhibitors, currently is
lacking and, therefore, is not recommended.

Studies among co-infected patients are still limited regard-
ing number and sample size for many regimens. The SVR rates
observed with the modern regimens studied, however,
are similar to those achieved in HCV mono-infected
patients.[53-55]

The most important factor to consider when treating co-
infected patients is the potential risk of drug-drug interactions
between HIV and HCV treatment regimens. For patients
receiving a complex HIV treatment, it may be difficult to
evaluate possible interactions, and in such cases contact with a
specialist in the field is recommended. If the on-going HIV
treatment needs modification, this should be performed prior
to the initiation of the HCV treatment.

Patients with on-going HIV treatment should have
stable virological control of their HIV infection prior
to initiating HCV treatment. CD4 counts are not considered
a significant predictor of the likelihood of achieving
SVR.[53-55]

In the event of a newly-diagnosed HIV infection, treatment
of the HIV infection should be prioritised before HCV therapy.

The same recommendations regarding sampling apply as
for patients with HCV mono-infection and HIV monitoring may
follow normal clinical routines.

Patients with ongoing or recently concluded
substance abuse

Patients with current alcohol abuse or PWIDs should be offered
contact with an addiction treatment centre, regardless of
whether HCV treatment is indicated or not. Ongoing or
recently concluded substance abuse is not an absolute or
relative contraindication for HCV therapy if a treatment
indication is present. Instead, focus should be placed on
individually assessing adherence to HCV treatment and
providing psychiatric and/or dependency support.



INFECTIOUS DISEASES 259

Table 3. Grading of recommendations regarding the strength and underlying evidence; adapted from the GRADE system used by EASL.

Evidence quality Definition

High Further research is very unlikely to change the confidence in the estimate of effect A

Moderate Further research is likely to have an important impact on the confidence in the estimate of effect and may change the B
estimate

Low Further research is very likely to have an important impact on the confidence in the estimate of effect and is likely to  C

change the estimate
Any change of estimate is uncertain

Recommendation

Strong Factors influencing the strength of the recommendation included the quality of the evidence, presumed patient-important 1
outcomes and cost

Weak Variability in preferences and values or more uncertainty. Recommendation is made with less certainty, higher cost or 2

resource consumption

Advanced alcohol abuse may negatively impact adherence
to HCV treatment and, in addition to host genetic factors
[56-59], also is a risk factor for deterioration of liver disease.
Therefore, in order to reduce disease progression, the patient
should be offered help to reduce or abolish alcohol intake. If a
patient cannot abstain from alcohol, the initiation of HCV
therapy should be based on the likelihood of adhering to
treatment.

Patients who use illicit drugs may have an indication for
HCV treatment. Also in this setting compliance problems
can be present. In order to create optimal conditions for
adherence to HCV therapy, a multidisciplinary approach is
required. Thus, close contact with addiction, mental health and
social services may be needed prior to initiating anti-viral
therapy.

Studies have reported comparable therapeutic outcome
among patients on opiate substitution therapy with metha-
done or buprenorphine [60,61]. Also in this setting, focus
should be placed on a multidisciplinary approach in order to
optimise adherence.

PWIDs achieving SVR should be offered appropriate sup-
portive measures, including participation in needle exchange
programmes, to prevent re-infection.

Children and adolescents (<18 years) with chronic
HCV infection

The prevalence of chronic HCV infection is less than 0.5%
among European children.[62] During the past decade, ~50
such cases have been reported annually to the Swedish Public
Health Agency, with half being below 16 years of age. In light
of the expected annual number of infections secondary to
mother—child transmission,[63] as well as the number of
children immigrating to Sweden from countries with higher
HCV prevalence, this number is probably an under-estimate of
the true incidence.

The risk of the development of chronicity in children
appears to be equivalent (55-80%) to that seen in adults.
Spontaneous resolution of infection after vertical transmission
may occasionally occur until the age of 5 years and is
reportedly related to the host IL28B genotype.[64] Among
those developing a chronic HCV infection, progression of liver
fibrosis may occur, and ~2-3% of teenagers infected early in
life develop cirrhosis.

Evaluation and treatment decisions during childhood

In children with chronic HCV infection, the same sampling
and monitoring as for adults should be performed. The
interpretation of serological analyses in children born to
infected mothers is complicated by the presence of residual
maternal antibodies for up to 15 months of age. Serological
screening at 18 months of age is recommended for
babies born to HCV infected mothers and, if reactivity is
noted in the screening antibody test, infection must be
confirmed by HCV RNA analysis. Children with confirmed
chronic HCV infection should be monitored annually by HCV
RNA quantification and liver function tests. The need for
antiviral therapy should be evaluated in collaboration with a
specialist experienced with HCV treatment in paediatric
patients.

Fibrosis stage in children can be measured by liver biopsy or
elastography using an appropriate child probe. The relation-
ship between histological fibrosis stage and elastography is
less well documented in children. However, similar cut-off
levels as for adults may probably be used.

Choice of treatment for children with chronic HCV

Currently there are no data on the efficacy and side-effects of
DAA treatment in children. Thus, if possible, children should be
primarily enrolled in clinical trials using interferon-free treat-
ment. For patients older than 12 years, use of DAA-based
regimens may be considered, with the same indications and
doses as recommended for adults.
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