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systematic review was to summarize the efficacy and safety of the various treatment

mary outcome measure was a sustained virological response (SVR). Secondary end

events. Forty-four articles were included with a total of 582 patients. Reduction of im-
munosuppressive medication induced viral clearance in 55/174 (32%) of the patients.
Meta-analysis of 395 patients showed a pooled SVR rate of 78% (95-Cl 72%-84%)
after ribavirin treatment. Twenty-five per cent of the patients obtained a RVR, whereas
arelapse occurred in 18% of the patients. Anaemia during treatment led to dose reduc-
tion, use of erythropoietin and/or blood transfusion in 37% of the patients. A second
treatment attempt with ribavirin led to a SVR in 39/51 (76%) of the patients. Pegylated
interferon-alpha was administered to 13 patients and SVR was obtained in 85%. Two
patients (15%) suffered from acute transplant rejection during treatment with inter-
feron. In conclusion, reduction of immunosuppressive medication and treatment with
ribavirin is safe, generally well tolerated and induced viral clearance in 32% and 78% of
patients, respectively. Therefore, ribavirin should be considered as first treatment step
for chronic hepatitis E. Treatment with pegylated interferon-alpha increases the risk of

transplant rejection and should therefore be administered with great caution.
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1 | INTRODUCTION The seroprevalence of HEV varies greatly across different regions

in the world, ranging from 1% to 52%. The highest prevalence is
Hepatitis E virus (HEV) is one of the major causes of acute hepatitis seen in developing countries.>® Currently, four of the eight identi-
worldwide. The virus is accountable for approximately 20 million fied genotypes of this single-stranded RNA virus show the ability
infected individuals and up to 70,000 deaths globally every year.! to infect humans.” Genotypes 1 and 2 are human pathogens that

Abbreviations: 95-Cl, 95% confidence interval; AML, acute myeloid leukaemia; DNA, deoxyribonucleic acid; HBV, hepatitis B virus; HEV, hepatitis E virus; HIV, human immunodeficiency
virus; MMF, mycophenolate mofetil; Peg-IFN, pegylated interferon-a; RBV, ribavirin; RNA, ribonucleic acid; RVR, rapid virological response; SE, standard error; SOT, solid organ
transplant; SVR, sustained virological response.
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are feco-orally transmitted and infection mainly occurs in develop-
ing countries.®? Genotypes 3 and 4 are both zoonotic pathogens
and endemic in developed countries.”*® These genotypes can be
transmitted by the consumption of undercooked meat (pork, swine)
or being in contact with such animals.? It is known that HEV infec-
tion can cause hepatic and extrahepatic symptoms, although in the
majority of cases it runs an asymptomatic and self-limiting course.!?

Hepatitis E virus infection can become chronic in patients
who are not able to eliminate the virus. Chronic HEV infection is
mainly seen in immunocompromised individuals receiving immu-
nosuppressive medication after solid organ transplantation (SOT).
However, chronic HEV infection has also been described in pa-
tients suffering from haematological diseases, human immunode-
ficiency virus (HIV) and even in immunocompetent patients.g'c”'lz'13
Chronic hepatitis E can lead to liver fibrosis and eventually cir-
rhosis after relatively short periods of time.}*!> Treatment that
induces viral clearance is essential to prevent liver damage and
related complications.

Treatment options for chronic HEV infection consist of reduc-
tion of immunosuppressive medication and antiviral agents such as
pegylated interferon-alpha (peg-IFN) and ribavirin (RBV). It has been
demonstrated that immunosuppressive medication enhances HEV
replication in vitro and in vivo.'® International guidelines recommend
reduction of immunosuppressive medication as first-line treatment
for chronic HEV infection resulting in viral clearance in about one
third of the patients.*>” Reduction of immunosuppressive medica-
tion has to be performed with frequent monitoring of the transplant
to avoid rejection of the transplanted organ.

Many articles that report on the efficacy of antiviral treatment
have been published over the last years, since chronic HEV infec-
tion is detected at an increasing rate. The aim of this systematic
review and meta-analysis was to summarize the evidence on the ef-
ficacy and safety of the various treatment options for chronic HEV

infection.

2 | METHODS

2.1 | Literature search

This review was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines.’® The research protocol was registered in the PROSPERO
database for systematic reviews (CRD42019120824). We per-
formed a systematic literature search in PubMed, Embase, Cochrane
Library and ClinicalTrials.gov from inception until November 2019.
Details of the search strategy including key words are provided in
Supporting Information (Table S1). The search was restricted to ar-
ticles published in English or Dutch. Furthermore, the search was
limited by source (Embase and Medline) and publication type (arti-
cles, reviews or articles in press) in Embase. We manually evaluated
the references of the articles for relevant studies that were missed
during the initial search.
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2.2 | Study selection

Screening of the articles was performed separately by two reviewers.
We included studies that contained original patient data, described
chronic HEV infection (defined as detectable HEV RNA by polymerase
chain reaction in serum and/or stool for at least 3 months 1”%%) and
treatment with reduction of immunosuppressive medication, ribavirin
or peg-IFN. Exclusion criteria consisted of patients with acute hepatitis
or other forms of hepatitis, case reports describing ribavirin treatment,
review articles, articles without description of original patient data
or efficacy of treatment, articles that were not written in English or
not available in full-text, in vitro or animal studies and conference ab-

stracts, letters to the editor, editorials, opinion papers or commentary.

2.3 | Extraction of data

Two independent reviewers performed data extraction using a
standardized data extraction form. We retrieved the following data:
Publication year, study design, baseline characteristics of the study
population, dosage and duration of treatment, side effects or ad-
verse events, adjustment of immunosuppressive drugs and the ef-
fect of the treatment given. SVR, sustained virological response, was
defined as serum HEV RNA remaining negative for at least 3 months
after cessation of therapy. Rapid virological response, RVR, was de-
fined as undetectable serum HEV RNA within 1 month after start
of treatment. Relapse was defined as detectable HEV RNA in serum
and/or stool within 3 months after cessation of therapy. Patients in
which serum HEV RNA remained positive despite start of antiviral
treatment were classified as non-responder.

We obtained additional information through contact with the
authors if the results after treatment were described indistinctively.
We excluded patients from the analysis in case no clarification was
obtained. We evaluated the quality of the included studies with
the use of a validated assessment tool for case series by Chambers

et al.?®

We solved any disagreement between the reviewers by dis-
cussion. In case of persisting discrepancies throughout the process
of study selection and data extraction, a third independent reviewer

was consulted.

2.4 | Aim of study

The aim of this systematic review was to compare the SVR rate of
various treatment options for chronic HEV infection. As secondary
end points we assessed the safety of treatment (side effects and
interventions), RVR and relapse rates.

2.5 | Statistical analysis

Descriptive statistics were provided to interpret the retrieved
data. Median and range were displayed in case of non-normally
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distributed data. Meta-analysis with random effects was per-
formed in OpenMetaAnalyst.?! Review Manager (Review Manager
(RevMan) [Computer program]. Version 5.4. Copenhagen: The
Nordic Cochrane Centre, The Cochrane Collaboration, 2014) was
used to create funnel plots and to conduct the quality assessment. A
p < 0.05 was considered statistically significant.

3 | RESULTS

The process of study selection is displayed in Figure 1.2 We screened
2277 titles and abstracts after removal of duplicates and subse-
quently assessed 203 full-text articles of which 44 were eligible
for inclusion. We included 13 prospective studies, 24 retrospective

studies, 3 case series and 4 case reports representing a total of 582

patients. The quality assessment showed that five studies (11.4%)
met the criteria for good methodological quality, whereas we rated
six studies (13.6%) as intermediate quality. We classified the majority
of the studies (n = 33, 75%) as poor methodological quality, mainly
due to their retrospective study design. The details of the quality as-
sessment are provided in Supporting Information (Figure S2). Most
studies (n = 39) described treatment of chronic HEV infection in a
total of 488 SOT patients. This group consisted of patients who re-
ceived a kidney transplant (n = 233, 47.7%), liver transplant (n = 106,
21.7%), heart transplant (n = 38, 7.8%), lung transplant (n = 13, 2.7%),
stem cell transplant (n = 9, 1.8%), islet cell transplant (n = 2, 0.4%)
or multiple organ transplant (n = 25, 5.1%). The transplanted organs
were not specified in 62 patients (12.7%). The remaining patients
suffered from haematological disorders (n = 26), rheumatoid arthritis

(n = 2), HIV infection (n = 1), granulomatosis (n = 1), retroperitoneal

)
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= No original patient data (n=9)
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(meta-analysis) Other forms of hepatitis (n= 2)
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—

FIGURE 1 Literature search and screening process
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fibrosis (n = 1), undefined CD4-disturbance (n = 1) and multilocular
fibrosis (n = 1). HEV genotype was reported in 69% of patients and
showed almost exclusively genotype 3 infections (n = 393, 97%).
Eight infections with genotype 4 and one infection with genotype
7 were described. The majority of patients (68%) were treated with
RBV. Thirteen patients (2%) received peg-IFN, whereas the remain-
ing 174 patients (30%) were treated by reduction of immunosup-

pressive medication.

3.1 | Reduction of immunosuppressive medication

Twenty-one studies described the effect of reduction of immuno-
suppressive medication, representing a total of 174 patients.zz'40
In most patients (67%), the reduced drug was not described.
In 34 patients (20%) reduction of tacrolimus was effectuated.
Mycophenolate mofetil (MMF) was reduced in 4% of the patients,
whereas prednisone and cyclosporine were both reduced in 2%
of the patients. Dose adjustment of azathioprine, everolimus and
abatacept were all described in one individual patient. A switch in
immunosuppressive medication was effectuated in two patients
(1%), and a combination of agents was either reduced or stopped
in nine patients (5%). The characteristics of these patients are
provided in Table S3. Treatment was started after a median of 11
(2-72) months after the likely time of infection. Overall, 55 pa-
tients (32 %) achieved viral clearance (Table 2). Treatment failure,
defined as serum HEV RNA remaining positive despite reduction
of immunosuppressive medication, was reported in the remaining
patients (n = 119, 68%). Two adverse events were observed after
reduction (Table 3). Acute rejection of a kidney transplant occurred
13 months after reduction in one patients, whereas the second pa-
tient deceased due to decompensated liver cirrhosis after reduction
of tacrolimus.

3.2 | Ribavirin

effect of RBV was described in 34 stud-
jes.2%28,25:27,32,34-36,38-62 T majority of the 395 patients treated

with RBV was male, and almost all patients were SOT recipients.

Treatment

Treatment with RBV was started after a median infection duration
of 8 months. In 114 patients (29%), immunosuppressive therapy was
reduced before or during antiviral treatment. The characteristics of
RBV therapy are provided in Table 1. Therapy was administered for
a median duration of 3 months (0.3-32) in doses varying from 29
to 1200 mg/day. SVR was achieved in 301 patients (76%), whereas
22 patients (6%) were non-responders and in 72 patients (18%) a
relapse occurred. We included all studies that reported on the out-
come of RBV treatment in a meta-analysis using a random-effects
model, which showed an estimated treatment effect after RBV
treatment of 78% (95-Cl 72%-84%). The results of the meta-anal-
ysis are shown in Figure 2. We evaluated the reported outcome of
RBV treatment for several underlying conditions. The results show
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that a SVR rate of 76% was achieved in kidney transplant recipi-
ents. Liver transplant recipients achieved a SVR rate of 91%. Lung
and heart transplant recipients achieved SVR in 67% and 63% of
the patients, respectively. RVR was reported in 99 patients (25%).
The subsequent outcome of treatment was described in 43 of those
patients: SVR was observed in 35 (81%) of these patients whereas
8 (17%) suffered from a relapse. RBV-induced side effects were re-
ported in 122 cases (31%). The details are provided in Table S4. The
majority of patients suffered from anaemia, leading to discontinu-
ation of treatment in 8 patients (2%). Dose reduction was effectu-
ated in 64 patients (52%), whereas treatment with erythropoietin or
blood transfusion was started in 49 patients (50%) and 4 patients
(3%), respectively. A combination of interventions was applied in 17
(14%) of the subjects. Psychiatric symptoms and reluctance to RBV
led to discontinuation in two patients. Four adverse events were re-
ported during RBV treatment. Two patients deceased due to graft-
vs.-host disease, one died from decompensated liver cirrhosis based
on chronic HEV infection, whereas the other was a non-liver related
death (Table 3).

In case of treatment failure, a second treatment attempt with
RBV was described in 13 studies, representing 51 patients who were
re-treated for a median duration of 6 (3-6.75) months (data not pro-
vided). Overall, SVR after re-treatment with RBV was achieved in
39 (76%) of patients, whereas two patients (4%) suffered a relapse
and HEV RNA remained detectable in 10 patients (20%). One patient
deceased during the second treatment attempt due to metastatic

cancer.

3.3 | Pegylated interferon-alpha

Thirteen patients were treated with Peg-IFN.242829323363-65
Underlying diseases varied from kidney transplant patients (n = 2)
and liver transplant patients (n = 5), to two patients suffering from
hairy cell leukaemia and HIV, respectively. The underlying disease
was not reported in three patients. Medication consisted of tacroli-
mus (n = 4), MMF (n = 4), steroids (n = 3), cyclosporine (n = 2) and
azathioprine (n = 1). Two patients did not receive immunosuppres-
sive medication, whereas in four patients the immunosuppressive
medication regimen was not reported. In 10 patients (77%) the dose
of immunosuppressive medication was reduced before or during
therapy. Treatment was initiated after a median infection duration of
50 (12-120) months. Doses ranged from 90 to 180 pg/week, given
for a median duration of 3 (3-8) months. The treatment character-
istics are provided in Table S5. RVR was observed in four patients
(31%), whereas 11 patients (84%) achieved SVR (Table 2). Side ef-
fects were reported in five patients (Table 3) for which dose reduc-
tion was required in two patients and eventually led to treatment
discontinuation in one patient. Acute transplant rejection occurred
in two patients during peg-1FN treatment which required transplan-
tectomy in one kidney transplant patient. The other liver transplant
patient was treated with steroid pulses, plasmapheresis, rituximab
and increased tacrolimus dose.
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TABLE 1 Ribavirin treatment characteristics and outcome in chronic hepatitis E patients

Duration of therapy,

Ribavirin dose, median (range) in RVR, n SVR,n Relapses, Non-responder,

Author (year) n range months (%) (%) n (%) n (%)

Choi (2018) 16 85.7-1000 mg/day 3.8(2.9)° NR 11 (69) 5(31)

Cordts (2018) 4 3.6-15.4 mg/kg/day 3(2-3) 4 (100) 3(75) 1(25)

Darstein (2018) 4 400-1000 mg/day 4(1-6) 2 (50) 4 (100)

Debing (2014) 14 600-1000 mg/day NR NR 13 (93) 1(7)

Galante (2015) 4 400-800 mg/day 3(3-6) 1(25) 3(75) 1(25)

Gallian (2019) 10 NR 5.5(1.5-5) NR 8 (80) 2 (20)

Hewitt (2014) 1 NR 3 1(100)

Junge (2013) 1 400 mg/day 6 1 (100)

Kamar (2010a) 6 400-800 mg/day 3 5(83) 4(67) 2(33)

Kamar (2012a) 9 NR 3 5(42)* 9 (100)

Kamar (2014) 59 29-1200 mg/day 3(1-18) 32(54) 46 (78) 10(17) 3(5)

Koning (2013) 4 200-600 mg/day 6(3-9) 2(50) 1(25) 1(25)

Lens (2015) 4 600-800 mg/day 3 3(75) 3(75) 1(25)

Lhomme (2016) 23 600-800 mg/day 3(3-18) NR 10 (43) 11 (48) 2(9)

Lhomme (2019) 41 200-1200 mg/day 3 NR 25(61) 13(32) 3(7)

Low (2019) 9 400-800 mg/day 3 3(33) 4 (44) 2(22)

Mallet (2018) 3 10 mg/kg/day 3 NR 3(100)

Marion (2018) 43 9.4 (0.5) mg/kg/day® 3 19 (44) 35(81) 8(19)

Marion (2019) 48 9.7 (3.1) mg/kg/day®  3(3-15) 17(35)  39(81) 9(19)

Nijskens (2016) 26 800 mg/day 3(0.3-18) 7(27) 25 (96) 1(4)

Owada (2020) 3 NR 3 3(100)

Pischke (2012) 4 200-800 mg/day 5 2 (50) 3(75) 1(25)

Pischke (2013) 7 600-1000 mg/day 5 2(29) 6(86) 1(14)

Pischke (2014) 1 200-600 mg/day 5 1(100)

Pischke (2019) 5 600 mg/day 5(3-6) 4(80) 1(20)

Reekie (2018) 1 NR NR 1(100)

Riezebos-Brilman (2013a) 5 800 mg/day 4(0.5-4) 5(100)

Riezebos-Brilman (2013b) 2 800 mg/day 4 2 (100)

Sridhar (2018a) 3 NR 8(3-22) 2 (66) 1(33)

Sridhar (2018b) 1 800 mg/day 8 1(100)

Sridhar (2019) 4 200-400 mg/day NR 3(75) 1(25)

Todt (2016) 9 600-1000 mg/day 5(4-10) 5(56) 4 (44)

von Felden (2019) 19 5.0-22.0 mg/kg/day 3(1-32) NR 16 (84) 3(16)

Xhaard (2019) 2 NR 4.5 (3-6) 2 (100)

Total 395 29-1200 mg/day 3(0.3-32) 99/395  301/395 72/395 22/395 (6)

3.6-22.0 mg/kg/day (25)  (76) (18)
Abbreviations: NR, not reported; RVR, rapid virological response; SVR, sustained virological response.
Mean (SD).
3.4 | Patients with HEV-HBV or HEV-HIV co- Kamar et al. described two liver transplant patients who were co-
infection infected with hepatitis B virus (HBV) for which they received lamivu-
dine prophylaxis. SVR was achieved after peg-IFN treatment in both

Four patients with chronic viral co-infections were described. Jagjit cases.?® Sridhar et al. reported one liver transplant patient receiving
Singh et al. described a HIV-infected patient who was treated with RBV alongside entecavir treatment for chronic hepatitis B.*” HEV

peg-IFN for six months and achieved RVR and subsequently SVR.%® clearance was achieved after a treatment duration of 8 months.
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Studies Estimate (95% C.I.) Ev/Trt E
Choi (2018) 0.688 (0.460, 0.915) 11/16 » E
Cordts (2018) 0.750 (0.326, 1.000) 3/4 .:
Darstein (2018) 0.900 (0.637, 1.000) 4/4 L -
Debing (2014) 0.929 (0.794, 1.000) 13/14 —
Galante (2015) 0.750 (0.326, 1.000)  3/4 -
Gallian (2019) 0.800 (0.552, 1.000) 8/10 E.
Hewitt (2014) 0.750 (0.150, 1.000) 1/1 -
Junge (2013) 0.750 (0.150, 1.000) 1/1 =
Kamar (2010a) 0.667 (0.289, 1.000) 4/6 - :
Kamar (2012a) 0.950 (0.815, 1.000) 9/9 ) ——
Kamar (2014) 0.780 (0.674, 0.885) 46/59 —
Koning (2013) 0.500 (0.010, 0.990) 2/4 & :
Lens (2015) 0.750 (0.326, 1.000) 3/4 o
Lhomme (2016) 0.435 (0.232, 0.637) 10/23 - E
Lhomme (2019) 0.610 (0.460, 0.759) 25/41 » !
Low (2019) 0.333 (0.025, 0.641) 3/9 & !
Mallet (2018) 0.875 (0.551, 1.000) 3/3 : »
Marion (2018) 0.814 (0.698, 0.930) 35/43 —
Marion (2019) 0.812 (0.702, 0.923) 39/48 — .
Nijskens (2016) 0.962 (0.888, 1.000) 25/26 E —E
Owada (2020) 0.875 (0.551, 1.000) 373 - =
Pischke (2012) 0.750 (0.326, 1.000) 3/4 - :
Pischke (2013) 0.857 (0.598, 1.000) 6/7 - -
Pischke (2014) 0.250 (0.000, 0.850) 0/1 = :
Pischke (2019) 0.800 (0.449, 1.000) 4/5 -
Reekie (2018) 0.750 (0.150, 1.000) 1/1 -
Riezebos—Brilman (2013a) 0.917 (0.696, 1.000) 5/5 : =
Riezebos—Brilman (2013b) 0.833 (0.412, 1.000) 2/2 —®
Sridhar (2018a) 0.667 (0.133, 1.000) 2/3 = -
Sridhar (2018b) 0.750 (0.150, 1.000)  1/1 -
Sridhar (2019) 0.750 (0.326, 1.000) 3/4 T —
Todt (2016) 0.556 (0.231, 0.880) 5/9 - :
von Felden (2019) 0.842 (0.678, 1.000) 16/19 —=
Xhaard (2019) 0.833 (0.412, 1.000) 2/2 : "
Overall (1"2=4837 % ,P< 0.001) 0.780 (0.722, 0.838) 301/395 <;:>
I T T T :l 1
0 0.2 04 086 08 1
Proportion

FIGURE 2 SVRratein 34 studies that report the outcome of ribavirin treatment in patients with chronic hepatitis E. 95% ClI,
95%-confidence interval; Ev/Trt, event/treatment; HEV, hepatitis E virus; SVR, sustained virological response

3.5 | Paediatric patients

In total, six paediatric transplant patients were treated with RBV.
Cordts et al. reported four paediatric renal transplant patients, of
which three achieved SVR after a treatment duration of 2-3 months.
One patient relapsed, though eventually achieved SVR after a sec-
ond treatment course of 3 months.%® Junge et al. described a pae-
diatric liver transplant recipient achieving SVR after a 6-month
treatment course.®’ Sridhar et al. described a 6-year-old kidney
transplant patient who was treated with RBV at a dose of 200 mg/
day. HEV RNA remained positive throughout the duration of treat-
ment.®° Four of these patients (67%) suffered from symptomatic
anaemia that required dose reduction, blood transfusion or adminis-

tration of erythropoietin.

4 | DISCUSSION

The primary aim of this systematic review was to evaluate the ef-
ficacy and safety for the treatment of chronic HEV infection. Our
main findings were that reduction of immunosuppressive medica-
tion, RBV treatment and peg-IFN treatment induces viral clearance
in 32%, 76% and 84% of the patients, respectively.

The efficacy of reduction of immunosuppressive medication
that we reported in this systematic literature review is comparable
to other studies and guidelines that reported on the efficacy of re-
duction.r”®7%. However, the efficacy of immunosuppressive dose
reduction might be overestimated since only a minority of the stud-
ies report on its efficacy. As it is common clinical practice to reduce

immunosuppressive medication as first-line treatment, the patients
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TABLE 2 Pooled results from the treatment efficacy

RVR
n (%)
Reduction of immunosuppressive medication (21 N/A
studies, 174 patients)
Ribavirin (34 studies, 395 patients) 99 (25)
Pegylated interferon-a (8 studies, 13 patients) 4 (31)

SVR Relapse Non-response
n (%) n (%) n (%)

55(32) N/A 119 (68)

301 (76) 73(18) 22 (6)

11 (84) 1(8) 1(8)

Abbreviations: RVR; rapid virological response (undetectable HEV RNA within one month after start of treatment); SVR, sustained virological
response (undetectable HEV RNA for at least 3 months after cessation of therapy); Relapse, relapse of HEV RNA in serum and/or stool within
3 months after cessation of therapy; Non-responder, serum HEV RNA remains positive during and after cessation of treatment.

TABLE 3 Pooled results from the treatment safety of included studies

Side effects
n (%)
Reduction of immunosuppressive medication 3(2)
(21 studies, 174 patients)
Ribavirin (34 studies, 395 patients) 122 (31)
Pegylated interferon-a (8 studies, 13 patients) 5(38)

who were treated with antiviral treatment failed to clear HEV infec-
tion after reduction of immunosuppressive medication. Therefore,
the outcomes of reduction of immunosuppressive medication might
be subjected to publication bias. Secondly, graft-vs.-host disease oc-
curred in two patients after reduction of immunosuppressive medi-
cation, underlining the need for close surveillance of these patients.

In our review, the SVR rate after RBV treatment is higher
than found in a previous systematic review by van Ton et al.”?
This difference could be explained by the increasing awareness
among clinicians, which leads to earlier diagnosis and treatment
of chronic HEV infection. As in chronic hepatitis C, early treat-
ment of chronic HEV infection is likely to increase the SVR rate
after antiviral treatment.%’ Secondly, the publication of consensus
guidelines and improved knowledge of treatment strategies (opti-
mal timing, dosing and duration of therapy) have likely contributed
to increasing SVR rates.)” We found that SVR rates in patients
treated with RBV were higher (81%) in patients who achieved
RVR. Interestingly, Marion et al. showed no significant differences
in SVR rates between patients who achieved RVR compared with
those who did not.”® If RVR gives a higher chance of achieving
SVR, one might argue that starting off with high doses of RBV
could be beneficial. Although the guidelines do not provide clear

recommendations on RBV dose,!”

in current clinical practice the
initial RBV dosage is based on body weight. Subsequently, adjust-
ment of the dosage should be performed based on serum ribavirin
levels and the presence of side effects.”? To elucidate the relation-
ship between RVR and SVR, prospective studies that focus on viral
kinetics during treatment are warranted. Although only a small
amount of patients were described distinctively, liver transplant
recipients show a tendency towards higher SVR rates (91%) when
compared to kidney transplant recipients (76%). Treatment of lung
and heart transplant recipients resulted in lower SVR rates of

67% and 63%, respectively. The difference in immunosuppressive

Adverse events

Intervention n (%) Discontinuation n (%) n (%)
3(2) NA 2(1)

142 (36) 8(2) 4(1)
5(38) 2(15) 2 (15)

medication regime might explain this difference, as lung and heart
transplant patients are likely to receive higher doses of immuno-
suppressive medication to minimalize their risk of transplant rejec-
tion. However, since most studies do not report individual patient
data, this review does not provide detailed information regarding
the relation between the type of immunosuppressant and the out-
comes of treatment. No other data have been published on this
subject yet, emphasizing the need for further research in these
patient groups.

In paediatric patients, treatment outcome is comparable to an
adult patient population with SVR rates of 67%. In spite of the
small number of paediatric patients, an important note is the high
rate of anaemia that required interventions (67%) during RBV
treatment.

Re-treatment with RBV after treatment failure due to non-re-
sponse or relapse resulted in HEV clearance in 76% of the patients.
The SVR rate of first and second treatment attempts were compa-
rable. This is an interesting finding, since several studies have pro-
posed that RBV treatment increases viral fitness.*07%

Peg-IFN is known to increase the risk for acute transplant
rejection in kidney transplant patients,”*”> but is thought to be
relatively safe when administered to liver transplant patients.'”
Interestingly, one episode of acute rejection did occur in a liver
transplant patient during treatment with peg-IFN. However, treat-
ment of hepatitis C virus with peg-IFN in liver transplant patients
was extensively studied and is reported to be safe with a low re-
jection risk.”®”” Therefore, it seems feasible to reserve peg-IFN as
second treatment option in liver transplant recipients who do not
respond to RBV treatment.

Sofosbuvir has been proposed as an alternative treatment
method for chronic hepatitis E. Although it seems to have some ef-
ficacy in vitro,”® only two out of seven patients described in case
reports achieved a SVR.”?®¢ Combination of peg-IFN and RBV has
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been described in three patients, resulting in SVR in one patient.®”-8?

Furthermore, a recently published prospective study confirmed the
lack of effectiveness of sofosbuvir in the treatment for chronic hep-
atitis E.7°

The major limitation of this review lies within the quality of
the included studies. The majority of the studies are retrospec-
tive patient cohorts with relatively small sample size and lack
a control group. To the best of our knowledge, this is the first
meta-analysis evaluating the treatment effect of RBV in patients
with chronic HEV infection. We used the random-effects model
to perform the meta-analysis since there was significant hetero-
geneity among the included studies (p < 0.001). The funnel plot
that we generated afterwards showed asymmetry. This result
could be explained by the fact that all included studies lack a con-
trol group and therefore pose a significant risk of publication bias.
This is reflected by the large number of studies that were rated as
being of poor methodological quality. This underlines the need for
further trials that compare several treatment options in the same
patient group.

In conclusion, these systematic review and meta-analysis show
that RBV is a safe treatment that induces SVR in 76% of chronic hep-
atitis E patients. RBV could be used as first-line treatment in patients
with high rejection risk due to reduction of immunosuppressive med-
ication. Supportive interventions are sufficient in most patients who
suffer from RBV related side effects such as anaemia. Re-treatment
with RBV after treatment failure due to non-response or relapse re-
sulted in SVR rates of 76%. Reduction of immunosuppressive medi-
cation should be considered the first choice of treatment in patients
with a low risk of transplant rejection and induces viral clearance in
32%. Peg-IFN should only be used as third-line treatment in liver
transplant recipients with careful monitoring of the transplant, given

the significant risk of transplant rejection.

DEFINITIONS

Non-responder, serum HEV RNA remains positive despite start of
antiviral treatment; Relapse, relapse of HEV RNA in serum and/or
stool within 3 months after cessation of therapy; RVR, undetectable
serum HEV RNA within one month after start of treatment; SVR,
serum HEV RNA remains negative for at least 3 months after ces-
sation of therapy; Treatment resistance, serum HEV RNA remains
positive despite reduction of immunosuppressive medication; Viral
clearance, serum HEV RNA becomes negative after reduction of im-

munosuppressive medication
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