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Abstract

Hepatitis E virus is increasingly being reported to cause chronic infection in immunocompromised patients. However, less
is known about patients with an underlying hematologic disease. In particular, the impact of hepatitis E infection on
oncological therapy has been poorly described. In this retrospective single-center study, we analyzed 35 hematologic
patients with hepatitis E, including 20 patients under active oncological treatment and 15 patients who were in the post-
treatment follow-up or under active surveillance. The primary aim was to describe the clinical courses with particular
focus on any hepatitis E-related therapy modifications of cancer-directed therapy. In the majority (60%) of patients who
were under active oncological treatment, hepatitis E-related therapy modifications were made, and 25% of deaths were
due to progression of the hematologic disease. In patients receiving concomitant oncological treatment, no hepatitis E-
related deaths occurred. In contrast, two patients in the follow-up group died from hepatitis E-associated acute-on-
chronic liver failure. Chronic hepatitis E was observed in 34% of all cases and 43% received ribavirin therapy; of those,
27% achieved a sustained virological response. CD20-directed therapy was the only independent risk factor for developing
chronic hepatitis E. We conclude that CD20-directed treatment at any time point is a risk factor for developing chronic
hepatitis E. Nevertheless, since mortality from the progression of hematologic disease was higher than hepatitis E-related
mortality, we suggest careful case-by-case decisions on modifications of cancer treatment. Patients in the post-
treatment follow-up phase may also suffer from severe courses and hepatitis E chronicity occurs as frequently as in
patients undergoing active therapy.

course in immunocompetent patients, HEV infections in
strongly immunosuppressed patients, such as solid organ

Introduction

Hepatitis E virus (HEV) is one of the most common causes
of acute hepatitis worldwide, with more than 20 million
estimated new infections per year, about 3.3 million cases
of symptomatic infections, and approximately 44,000 HEV-
related deaths each year.! In immunocompetent patients,
HEV causes a self-limiting acute hepatitis which is usually
asymptomatic or runs a mild course and acute fulminant
hepatitis with acute liver failure or acute-on-chronic liver
failure (ACLF) is rare, whereas more severe courses with
ACLF are observed in patients with other pre-existing liver
diseases and during pregnancy.?® In contrast to their

and hematopoietic stem cell transplant recipients, prog-
ress into chronic hepatitis E in about 50% of cases.>™
Overall, there are limited data from Europe on the preva-
lence of HEV in hematologic patients. However, in a Chi-
nese population, the seroprevalence of HEV was
significantly higher in cancer patients (26%) than in healthy
controls (13%), with the highest prevalence of 32.2% being
found in patients with leukemia.

Most of the available data on HEV infections in patients
with hematologic disorders are derived from single case
reports and small case series.”™3* Even in the current ver-
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sion of the European Conference on Infection in Leukemia
(ECIL) and the European Association for Study of the Liver
(EASL) guidelines,***¢ questions such as whether HEV in-
fection makes changes of systemic cancer therapy
necessary in patients with hematologic disorders, how
often hepatitis E-related therapy modifications are per-
formed in patients with hematologic disorders, what kind
of therapy modifications are made and what their impact
on the overall treatment schedule is remain unanswered.
Additionally, it is not known yet whether hematologic pa-
tients during follow-up potentially have a higher hepatitis
E-associated mortality rate or are at higher risk of devel-
oping chronic hepatitis E. Another unresolved issue is the
feasibility of off-label treatment of chronic hepatitis E with
ribavirin, a nucleoside analog used as a virostatic agent for
the treatment of chronic hepatitis C, in patients with
hematologic disorders who usually suffer from pre-exist-
ing, prolonged and profound cytopenia.

One of the few larger analyses that reported on a popu-
lation of hematologic patients is a European multicenter,
retrospective, cohort study that investigated the burden
of HEV infections in 50 patients with hematologic malig-
nancies: in 2019, von Felden and colleagues documented
a hepatitis E-related overall mortality, defined as death
with ongoing hepatitis E, of 16% (8/50), an overall acute
liver failure rate of 8% (4/50) and an overall progression
rate into chronic hepatitis E of 37% (17/50).”

Here, we evaluated the impact of HEV infections on onco-
logical treatment in patients with hematologic disorders
by investigating the frequency, the dose modifications and
delays of therapy courses as well as the overall mortality
in a large, retrospective, single-center cohort. Additionally,
we report on the clinical course of hepatitis E as well as
response to virological treatment in hematologic patients
during the follow-up period after chemotherapy and the
special features of virological assessments in patients with
hematologic disorders.

Methods

Study design and population

This single-center retrospective study included patients
who met all the following criteria: (i) aged 218 years; (ii)
laboratory-confirmed diagnosis of hepatitis E made by
polymerase chain reaction; and (iii) a co-existing or pre-
viously existing underlying hematologic disorder. For further
analysis, patients were divided into two groups: group A
consisted of HEV-infected patients with hematologic dis-
orders under active oncological treatment, defined as
treatment in the last 6 months prior to hepatitis E infection
or during hepatitis E infection, while group B consisted of
HEV-infected patients with hematologic disorders during
active surveillance or post-treatment follow-up. Thirty-five
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patients met the study inclusion criteria, 20 were assigned
to group A, and 15 group B (Figure 1).

Clinical data collection

All patients were identified by having been tested positive
for HEV-RNA in blood samples at the University Medical
Center Hamburg-Eppendorf, Germany between January
2012 and December 2021. Clinical data regarding treatment
and disease characterization were collected from the pa-
tients’ electronic medical records. The data cut-off was Ja-
nuary 2022.

The Common Terminology Criteria for Adverse Events, ver-
sion 5, was used to assess toxicity.*” Remission status was
defined according to international remission criteria.®®*2
Chronic hepatitis E was defined as the persistence of HEV
viremia for more than 3 months.?® Hepatitis E mortality was
defined as death due to HEV-associated acute liver failure
or ACLF. Acute liver failure and ACLF were defined as the
development of hepatic encephalopathy and impaired syn-
thetic liver function (International Normalized Ratio >1.4) in
patients without or with pre-existing liver disease, respect-
ively. The dosage and duration of off-label ribavirin treat-
ment were not standardized. A sustained virological
response (SVR) was defined as the absence of detectable
HEV-RNA in blood samples and/or, if available, in stool or
urine samples 24 weeks after the completion of antiviral
therapy.

Data were collected in compliance with local legislation
requirements and the collection procedure was reviewed
and approved by the ethics committee of the Medical
Council of Hamburg (WF-138/20). Informed consent was
waived by the ethics committee since only anonymous data
were analyzed and published. Some patients included in
this study have already been investigated and the findings
were published by von Felden et al. and Mikulska et al.”"

Virological assessments

An in-house test was used for the detection of HEV-RNA,
as described earlier.**** Since 2017 the fully automated
Cobas® HEV test has been used on a Roche Cobas 6800
platform according to the manufacturer’s instructions
(Roche Diagnostics, Mannheim, Germany) for the detection
of HEV in blood, stool, and urine samples.

Statistical analysis

All statistical analyses were performed, and figures were
designed using the Statistical Package for Social Sciences
statistical software, version 27.0 (IBM Corp., Armonk, NY,
USA) and GraphPad Prism, version 9 (GraphPad Software,
La Jolla, CA, USA). Continuous values are presented as
medians with interquartile ranges (IQR). Nominal variables
are expressed as numbers with percentages and compared
by Cramér’s V. For evaluation of associations between nom-
inal and metric variables of interest, the Eta () correlation
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Total of HEV-RNA positive patients at University Medical Center Hamburg-Eppendorf
between January 2012 and December 2021
(n = 359)

l

Co-existing or previously existing underlying hematologic disorder
(n=37)

Exclusion due to missing

data (n = 2)

v

Group A:

Hepatitis E infection in patients
under active oncological
treatment
(n=20)

v

Group B:

Hepatitis E infection in patients
during active surveillance or
post-treatment follow-up
(n=15)

Figure 1. Flow chart of the study design and population. HEV: hepatitis E virus.

coefficient was calculated, and statistical significance was
tested with analysis of variance. A multivariant linear re-
gression analysis was carried out. The association of metric
variables of interest was compared using the Pearson cor-
relation coefficient. Significant differences in means be-
tween two groups were calculated by using a t-test. A
two-sided P value <0.05 was considered statistically sig-
nificant.

Endpoints

The primary aim was to evaluate the impact of HEV infec-
tions on oncological treatment in patients with hematologic
disorders. Secondary aims were to investigate the clinical
courses and virological features of HEV-infected patients
with hematologic disorders.

Results

Characteristics of groups A and B

A total of 35 patients were included in this retrospective
analysis. At the time of laboratory-confirmed hepatitis E in-
fection, 20 patients (57%) were receiving systemic oncologi-
cal treatment (group A). Of the remaining 15 patients (group
B), 11 were diagnosed with hepatitis E during post-treatment
follow-up and four were under active surveillance. Detailed
information about the patients’ demographics and char-
acteristics are presented in Table 1.

Transmission of hepatitis E virus
In four patients, blood products were identified as the

source of HEV infection. Three patients had been infected
by red blood cell concentrates and one by a peripheral
blood allogeneic stem cell concentrate containing HEV. In
one patient, contaminated food was identified as the
source of HEV infection, whereas in 30 patients, the trans-
mission route remains unknown.

Virological findings

At the time of the first laboratory-confirmed diagnosis of
HEV infection, the median viral load in EDTA blood
samples from patients in group A was 87,675 IU/mL (IQR:
1,415-575,367) or 1,000,000 copies/mL (IQR: 740-
13,000,000). In patients of group B, the median viral load
in EDTA blood samples at first laboratory-confirmed diag-
nosis was 730,000 IU/mL (IQR: 7,421-9,882,778) or 176,500
copies/mL (IQR: 2,105-541,250). In group A, stool samples
were available for 17 patients and urine samples for ten
patients at variable time points during the entire duration
of the HEV infection. HEV was detectable in the stool or
urine samples in 15 (88%) and five (50%) of these patients,
respectively. In group B, stool samples were available for
nine patients and urine samples for two patients at vari-
able time points. HEV was detectable in stool and urine
samples in four (44%) and one (50%) of these patients, re-
spectively.

The median time to viral clearance in EDTA blood samples
and/or other tested samples was 55 days (IQR: 41-190) in
group A patients and 45 days (IQR: 16.5-327) in group B
patients. In three patients in group A (18%), HEV-RNA was
still detectable in stool or urine samples, although no
HEV-RNA could be detected in repeated tests of blood
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Table 1. Patients‘ characteristics.

Total cohort (N=35)

Group A: under active treatment Group B: under active surveillance
(N=20) and post-treatment follow-up (N=15)
Age in years, median 56 (47-67)
(IQR) 55 (46.3-64.5) 58 (49-69)
Male, N (%) 23 (64.7)
12 (60) 11 (73.3)
CCl 2.5 3
Pre-existing liver
. N 5 5
diseases”, N

Myeloid neoplasm (n=6)
Lymphoid neoplasm (n=22)
Plasmacell-related dyscrasia (n=6)

Other (n=1)
N N
AML 3 AML 1
CML 1 ET-related MF 1
ALL 1 Hodgkin lymphoma 3
Hematologic disorders Indolent B-NHL 6 Indolent B-NHL 6
Aggressive B-NHL 1 Aggressive B-NHL 2
Indolent B-NHL with Indolent B-NHL with
transformation into 2 transformation into 1
aggressive B-NHL aggressive B-NHL
MM 5 MGUS 1
Hypocellular refractory 1 Other NA
cytopenia
Remission status Newly diagnosed 12 Under active surveillance 4
Relapsed/refractory 8 Post-treatment follow-up 11
Lines of therapy 1 9 1 7
2 4 2 3
3 4 3 1
>3 3 =3 0
NA 0 NA 4
Treatment regimen Monoclonal antibody 10
under active HEV therapies
infection™* Chemoth_erapy-based 13
regimens
Autologous PBSCT 1
Allogeneic PBSCT 6
CAR T-cell therapy 1
Checkpoint inhibitor- ] NA
based treatment
Oral signal transduction 3
inhibitors treatments
Proteasome inhibitor- 6
based treatments
Immunomodulatory 3

drug-based

Continued on following page.
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Group A: under active treatment

(N=20)
CD20-directed treatments

Chemotherapy-based
treatments

Autologous PBSCT
Allogeneic PBSCT
Oral signal transduction
inhibitors
Proteasome inhibitor

Without systemic
oncological treatment

Previous systemic
therapies™*

8
11

- A

(o< NN \C RN e)]
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Total cohort (N=35)

Group B: under active surveillance
and post-treatment follow-up (N=15)
CD20-directed treatments 5

Chemotherapy based 0
treatments

Autologous PBSCT
Allogeneic PBSCT
Oral signal transduction
inhibitors
Proteasome inhibitor

Without systemic
oncological treatment

1

A~ O N W N

*Including steatosis, drug-related hepatotoxicity, infiltration by underlying disease, liver transplantation, hepatitis B or C infection, liver
cirrhosis. **Defined as active oncological treatment in the last 6 months prior to hepatitis E infection or during hepatitis E infection.
***Defined as active surveillance or post-treatment follow-up. IQR: interquartile range; CCl: Charlson Comorbidity Index;*® AML: acute
myeloid leukemia; CML: chronic myeloid leukemia; ET: essential thrombocythemia; MF: myelofibrosis; ALL: acute lymphoblastic leukemia; B-
NHL: B-cell non-Hodgkin lymphoma; MGUS: monoclonal gammopathy of unknown significance; MM: multiple myeloma; PBSCT: peripheral
blood stem cell transplantation; CAR: chimeric antigen receptor; HEV: hepatitis E virus.

samples. In one patient in group B (11%), HEV-RNA was de-
tected in stool samples despite viral clearance in blood
samples.

Clinical course

In group A, 12 of the 20 patients (60%) developed acute
hepatitis; further virological assessment was lacking for
one case. Chronic hepatitis E occurred in seven of the 20
patients (35%) and two patients (10%) developed ACLF.
HEV relapse after temporary clearance of the virus was ob-
served in two of 20 patients (10%). In all 20 patients (100%),
an elevation of liver enzymes, particularly alanine-amino-
transferase (ALT) and gamma-glutamyl-transferase (GGT),
was observed during hepatitis E infection with a median
peak ALT of 326.5 U/L (IQR: 125.3-943.3) and a median peak
GGT of 285 U/L (IQR: 181-570). In group A, neutrophil and
lymphocyte counts at the time of the first laboratory-con-
firmed hepatitis E infection were available for 15 patients.
Of these, two patients (13%) had grade 3 or 4 decreased
neutrophil and lymphocyte counts. Seven out of the 20 pa-
tients in group A died, leading to an overall mortality of
35%, with five deaths due to cancer progression and one
due to intracerebral bleeding and secondary malignancy.
No hepatitis-related death occurred in group A (Table 2).
In group B, the median time from the first diagnosis of the
hematologic disorder until the first diagnosis of HEV infec-
tion was 4 years (range, 1-33 years). Ten patients (67%) de-
veloped acute hepatitis. Chronic hepatitis E occurred in
five of the 15 patients (33%) in group B, including two pa-
tients who died of ACLF. One patient in complete remission
after high-dose chemotherapy with autologous stem cell
transplantation, performed to treat aggressive lymphoma,
died of HEV-associated ACLF and, together with hepatore-
nal syndrome, developed spontaneous bacterial peritonitis.

The second patient in complete remission after treatment
with six cycles of rituximab and bendamustine, again given
to treat an aggressive lymphoma, died due to a combina-
tion of ACLF and septic shock. Neither of the two patients
had. any other relevant comorbidities. HEV relapse after
transient viral clearance was observed in two of the 15 pa-
tients (13%) in group B. In 14 of 15 patients (93%), elevation
of liver enzymes, particularly ALT and GGT, was observed
during the hepatitis E infection with a median peak ALT of
403 U/L (IQR: 136-1,039) and a median peak GGT of 203.5
U/L (IQR: 98.3-381.3). Data on neutrophil and lymphocyte
counts were not routinely assessed in patients in group B.
Two of the 15 patients died, leading to an overall mortality
of 13%. Both patients died due to hepatitis E-related ACLF.
No cancer-related death occurred in group B (Table 2).

Impact of hepatitis E infection on oncological treatment in
patients with hematologic disorders

We analyzed hepatitis E-related therapy modifications
which occurred in 12 of the 20 patients (60%) in group A
(Table 3). In six patients, there was a delay of 6 to 8 weeks
in the administration of high-dose therapy and autologous
PBSCT, because of HEV-contaminated autologous grafts or
pending HEV clearance, which led to the need for bridging
therapies in three cases. Moreover, two patients were dia-
gnosed with hepatitis E infection immediately prior to al-
logeneic PBSCT, leading to a delay of the allogeneic
transplant until HEV clearance. In one patient, the first re-
lapse of multiple myeloma was diagnosed simultaneously
with the hepatitis E infection, leading to a 6-week delay of
second-line therapy until HEV clearance was achieved.
Furthermore, in one case of aggressive B-cell non-Hodgkin
lymphoma, immunochemotherapy was terminated pre-
maturely due to HEV positivity, as was CD20-directed
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Table 2. Treatment and hepatitis E-related parameters.

Group A: under active treatment

S. Ghandili et al.

Total cohort (N=35)

Group B: under active surveillance

(N=20) and post-treatment follow-up (N=15)
Form of hepatitis E, N (%)
Acute 12 (60) 10 (67)
Chronic 7 (35) 5 (33)
HEV relapse 2(10) 2 (13)
ACLF 2(10) 2 (13)
Unknown 1 (5) NA

Viral load* in copies/mL, median (IQR)

1,000,000 (740-13,000,000)

Viral load* IU/mL, median (IQR)

87,675 (1,415-575,367)

Days to virus clearance, median (IQR)

55 (41-190)

Peak GGT in U/L, median (IQR)

285 (181-570)

Peak ALT in U/L, median (IQR)

326.5 (125.3-943.3)
9 (45)

Ribavirin therapy, N (%)

Days of treatment with ribavirin, median
(1QR)

Time to treatment start with ribavirin in
days, median (IQR)

162 (50.3-309.5)

30 (11.5-73.3)

310,000 (1,720-2,700,000)
176,500 (2,105-541,250)
297,060 (3,723-764,672)
730,000 (7,421-9,882,778)
52.5 (35.7-160)
45 (16.5-327)
254 (159-445)
203.5 (98.3-381.3)
391 (137-973)
403 (136-1039)
6 (40)
154 (49-210.5)
121 (9.8-181.3)
40 (13-81)
49.5 (28.5-121.3)

Sustained virological response, N (%) 3 (33) 1(17)
Overall mortality, N (%) 7 (35) 2 (13)
HEV-related deaths, N (%) 0 (0) 2 (13)
Cancer-related deaths, N (%) 5 (25) 0 (0)
Death from other causes, N (%) 2(10) 0 (0)

*Defined as viral load at first laboratory-confirmed detection of hepatitis E infection. HEV: hepatitis E virus; ACLF: acute-on-chronic liver
failure; IQR: interquartile range; GGT: gamma-glutamyl transferase; ALT: alanine aminotransferase.

maintenance therapy in two other patients for the same
reason. Dose modifications did not occur. No hepatitis E-
related deaths occurred in these 12 patients. However, four
of those whose treatment schedules were modified sub-
sequently became refractory to treatment or relapsed and
three cancer-related deaths occurred (Table 3, Figure 2).
Next, we compared the clinical courses between the two
groups of patients. We did not observe significant differ-
ences regarding the rate of acute and chronic hepatitis, the
viral load, the duration of HEV clearance, and the increase
of liver enzymes. However, the only two HEV-related
deaths both occurred in group B (Table 2).

Hepatitis E infection in patients undergoing allogeneic
stem cell transplantation

Ten patients underwent allogeneic PBSCT. The median
duration between the allogeneic transplant and labora-

tory-confirmed HEV infection was 3.5 months (IQR: O-
13.8). Chronic hepatitis was observed in five of ten pa-
tients (50%) and one patient had a HEV relapse. No acute
liver failure or ACLF occurred and there were no hepatitis
E-related deaths in this subgroup. The median time to
HEV clearance was 110 days (IQR: 53.5-613). In all eight
tested patients, HEV-RNA was detectable in stool
samples and in three of six (50%) in urine samples. Im-
portantly, in one case HEV was transmitted by allogeneic
PBSCT in a patient who then developed chronic hepatitis
E with spontaneous HEV clearance without requiring
modification of immunosuppressive therapy. In one pa-
tient, immunosuppressive therapy was interrupted until
HEV clearance. Likewise, in eight other patients, no
change in graft-versus-host disease (GvHD) prophylaxis
was required. No patient developed signs of acute or
chronic liver GvHD.
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Analysis of factors influencing hepatitis E infection

As CD20-directed therapy is known to have an impact on
immune responses, we assessed a possible relation be-
tween CD20-directed treatment and the time to HEV
clearance. CD20-directed treatment during the period of
HEV-RNA positivity and/or during the last 12 months prior
to the first laboratory confirmation of hepatitis E infection
(group A) correlated significantly with the development of
chronic hepatitis (P=0.035) (Figures 3 and 4). Furthermore,
we observed a significant correlation between CD20-di-
rected therapy alone or in combination with chemotherapy
and a prolonged time to HEV clearance in uni- and multi-
variate analyses (P=0.01 and P=0.009, respectively) (Figure
3). In contrast, in patients treated with chemotherapy-
based approaches, no significant correlation with slow HEV
clearance was observed (P=0.149).

Next, we assessed other possible reasons and risk fac-
tors for the development of chronic hepatitis E. However,

S. Ghandili et al.

no other risk factors could be identified, including pre-
existing liver disease, allogeneic stem cell transplanta-
tion, underlying hematologic disorder, and remission
status (Table 4).

As in group A patients, chronic hepatitis E correlated sig-
nificantly with previous CD20-directed therapy (P=0.007)
with a significant correlation between CD20-directed ther-
apy alone or in combination with chemotherapy and pro-
longed time to HEV clearance in uni- and multivariate
analyses (P=0.049 each) in group B patients (Figures 3 and
4). Since rituximab can be detected for up to 12 months in
the plasma, only patients with CD20-directed therapy 12
months before first confirmation of HEV were assigned to
group B. Again, in chemotherapy-based treatment ap-
proaches, no significant correlation regarding a prolonged
time to HEV clearance was observed (P=0.434).

As in group A patients, no other risk factors for developing
chronic hepatitis E could be found (pre-existing liver dis-

Hepatitis E-related modifications of cancer-directed treatments

(Group A)

15%
5%

40%

None
m Delay of autologous PBSCT
Delay of allogeneic PBSCT

Delay of other systemic the-
rapies

Premature termination of
systemic treatment

Figure 2. Overview of hepatitis E virus-related modifications of cancer treatment in group A. PBSCT: peripheral blood stem cell

transplantation.

*k

[P=0.011 [P=0.049

HEV clearance (days)

Group A

Group B

e CD20-directed treatment
° e no CD20-directed treatment

Figure 3. Comparison of the time to achieve hepatitis E virus clearance
depending on whether the patient had
treatment. In both groups A and B, the time to achieve hepatitis E virus
clearance (in days) was significantly longer in patients who had received
CD20-directed treatments than in those who had not (P=0.01 and
P=0.049, respectively).

received CD20-directed

Haematologica | 107 December 2022
2878



ARTICLE - Hepatitis E infections in hematology patients

S. Ghandili et al.

Table 4. Analysis of disease- and treatment-specific factors and their impact on the risk of progression into chronic hepatitis

E infection.
Patients without progression Patients with progression to P value®
to chronic hepatitis E (N=22) chronic hepatitis E (N=12)
Male, N 15 7 0.56
Age in years, median 55 67 0.14
Underlying hematologic disease,” N
Myeloid neoplasm 5 0.34
Lymphatic disease 12 9 0.24
Plasma-cell dyscrasia 5 0.34
In remission,2 N 6** 7 0.45
CD20-directed treatment,® N 0.001
CD20-directed induction treatment,® N NA
CD20-directed maintenance 1 1 NA

treatment,P N

3Defined as complete remission and very good partial remission (in the case of multiple myeloma). PAs part of the following treatment
regimens: R-CHOP: Rituximab, cyclophosphamide, doxorubicin, vincristine, prednisolone; Rituximab and venetoclax; R-DHAP: Rituximab,
dexamethasone, cytarabine, cisplatin; R-BEAM: Rituximab, carmustine, etoposide, cytarabine, melphalan; R-ICE: Rituximab, ifosfamide,
carboplatin, etoposide; Ofatumumab, R%: Rituximab-Lenalidomide, rituximab and bendamustine, rituximab maintenance; VR-CAP: Rituximab,
cyclophosphamide, doxorubicin, prednisolone, bortezomib; R-DHAOx: Rituximab, dexamethasone, cytarabine, oxaliplatin; Obinutuzumab. °P
value for assessing the risk factor for progression to chronic hepatitis E. *One patient not assessable and one other hematologic disease.
**0One patient not assessable. PBSCT: peripheral blood stem cell transplantation, NA: not assessable.

eases, allogeneic stem cell transplantation, or underlying
hematologic disorder) in group B patients (Table 4).

Treatment of hepatitis E virus infection

Nine patients (45%) in group A received off-label treatment
with ribavirin: three of them (33%) achieved a SVR, two have
not undergone assessment for SVR and two others con-
tinue to be treated with ribavirin at data cutoff. It should
be noted that one patient was treated with sofosbuvir, be-
cause of refractoriness to ribavirin and ribavirin-associated
cytopenia with the need for a PBSCT boost. The median
duration of ribavirin treatment was 162 days (IQR: 50.3-
309.5) with a median maximal dose of ribavirin of 800
mg/day (Table 2).

Six of 15 patients (40%) in group B received off-label treat-
ment with ribavirin. One of these six patients achieved a
SVR (17%) and two have not yet reached the time for SVR
assessment; three patients did not have a response to ri-
bavirin treatment (defined as a SVR). The median duration
of ribavirin treatment was 121 days (IQR: 9.8-181.3) with a
median maximal dose of ribavirin of 600 mg/day. Pre-exist-
ing liver disease was less frequently observed in patients
responding to ribavirin than in patients who did not achieve
SVR (0/4 vs. 4/5). Other possible influencing factors pre-
dicting response to ribavirin could not be identified.

Discussion

Although hepatitis E is known to be one of the most com-

mon causes of self-limiting acute hepatitis, the risk of de-
veloping chronic hepatitis E is increased in immunocom-
promised patients.®™ Little is known about the impact of
hepatitis E infection in patients with hematologic dis-
orders under active oncological treatment and in patients
under active surveillance or during post-treatment follow-
up.

By investigating the clinical course of 20 patients with
hematologic disorders undergoing systemic oncological
treatment with concomitant hepatitis E infection, we ob-
served hepatitis E-related therapy modifications, particu-
larly delays, in more than half of the patients (60%).
Interestingly, we did not observe any hepatitis E-related
deaths in this group, whereas 25% died of cancer-related
causes, and included nearly two-thirds of patients whose
therapy had been modified. One of the few publications
reporting the burden of HEV infections in 50 patients with
hematologic malignancies is a European multicenter
retrospective analysis by von Felden et al.” With an overall
rate of hepatitis E-related therapy modifications of 12%,
the authors reported a significantly lower proportion of
modified cancer therapies compared to ours, which may
be explained by a lack of subdivision into patients under
active systemic oncological treatment and those under
active surveillance or post-treatment follow-up.’

Overall, the hepatitis E-related mortality rate was 6% in
our cohort, which is in line with liver-associated death
rates of 8% and 9% previously reported for European pa-
tients.”® It is worth noting that in our study population,
while two deaths happened in the post-treatment follow-
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up patients, no hepatitis E-related deaths occurred in the
group of patients undergoing active treatment. Both pa-
tients who died from ACLF had been previously treated
with rituximab. Furthermore, no patient who underwent
allogeneic stem cell transplantation died from hepatitis E.
In this cohort, hepatitis E infection did not lead to acute
or chronic GvHD of the liver. Adjustment of immunosup-
pressive therapy after allogeneic stem cell transplantation
was required in only one patient. In contrast to the study
by von Felden et al, in which reduction of immunosup-
pressive therapy was associated with fulminant GvHD, the
patient in our cohort did not develop GvHD.’

Chronic hepatitis E occurred in 34% of all the patients,
while corresponding percentages in group A, group B, and
the group of allogeneic stem cell recipients were 35%,
33%, and 50%, respectively. Our results are in line with
previously reported results showing high rates of chronic
hepatitis E (41-62%) in allogeneic stem cell recipients.”®"
The rate of chronic hepatitis E in our cohort is higher than
that reported by Tavitian et al. who observed chronic
hepatitis in 23% of a cohort of 26 patients with hemato-
logic disorders.® To the best of our knowledge, we were
able to show for the first time that the proportion of pa-
tients with chronic hepatitis among patients with hema-
tologic disorders is just as high among those undergoing
post-treatment follow-up/active surveillance as among
those receiving active systemic therapy. Based on the high
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rate of chronicity in both subgroups, consideration should
be given to performing regular liver assessments in pre-
viously infected patients, due to the residual risk of de-
veloping chronic hepatitis E-related liver cirrhosis and to
screen for HEV relapse.

Interestingly, we were able to show that in about 15% of
all cases HEV-RNA was detectable longer in stool or urine
samples, remaining present after clearance from blood
samples. We, therefore, propose intensified monitoring in-
cluding stool and urine samples on a regular basis.

Given the absence of established guidelines, the indication
for ribavirin in hematologic patients is still based on a
case-by-case decision.®*?%* |n our cohort, 43% of patients
received antiviral treatment with ribavirin after a median
time to start this treatment of 40 days. Of these patients,
27% achieved a SVR which is in contrast to previously re-
ported SVR rates of up to 90%.5""*¢ Interestingly, the ma-
jority of ribavirin non-responders had pre-existing liver
disease (including one patient with drug-related hepato-
toxicity, one patient with chronic hepatitis B infection, one
patient with liver cirrhosis of unknown origin and one pa-
tient with previous hepatitis C infection), which might ex-
plain the comparably large differences in SVR between our
cohort and previously described SVR rates. However, due
to the small number of available SVR assessments in our
patients, reliable statistical analysis of factors predicting
response are not possible. Cytopenia is a frequently ob-

Group A

( CD20-directed W

L treatment (n=13)z J

Group B

Under active
CD20-directed
treatment (n=8)°

Progression into chronic
hepatitis E (n=5)

Without ribavirin
(n=1)

Receiving ribavirin
(n=4)

Achieving SVR

Achieving virus
(n=2)

clearence (n=0)

\ 4

Previously on CD20-
directed treatmente
(n=5)

A4

Progression into chronic
hepatitis E (n=4)

Without ribavirin

Receiving ribavirin
(n=0)

(n=4)

y

Achieving SVR
(n=0)

Figure 4. Overview of the clinical courses of hepatitis E in patients under active CD20-directed treatment (group A) and in
patients previously treated with CD20-directed monoclonal antibodies. SVR: sustained virological response. *All patients
receiving CD20-directed treatment at any timepoint; PPatients who received CD20-directed treatment during the last 12 months
prior to hepatitis E infection; °Patients who received CD20-directed treatment more than 12 months before hepatitis E infection.
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served ribavirin-related adverse reaction.*” We observed
only one case of ribavirin-associated cytopenia, which may
indicate the feasibility of ribavirin treatment in hemato-
logic patients.

Remarkably, we found a significant correlation between
CD20-directed treatment and a prolonged time to HEV
clearance not only in patients under current treatment but
also in patients previously treated with CD20-directed
monoclonal antibodies, leading to the conclusion that
CD20-directed therapy at any time seems to be a risk fac-
tor for chronic hepatitis E and underlining the importance
of B-lymphocytes in the cellular immune response. This
finding seems similar to the already known significantly
increased rate of hepatitis B virus reactivation after expo-
sure to rituximab.*® Consistently, the longest duration of
HEV positivity, 1,051 days, was observed in a patient who
underwent long-term CD20-directed therapy. Overall, this
analysis of hepatitis E in patients with hematologic dis-
orders highlights the impact of CD20-directed treatment
as a risk factor for chronic hepatitis E (P=0.001 overall).
Based on our results for HEV-infected patients, we sug-
gest that, in particular in patients with a pronounced need
for systemic oncological therapy, the initiation of chemo-
therapy should not be delayed, but that the efficacy and
risks of CD20-directed therapy should be discussed ex-
haustively. Since cancer-related mortality outweighed
hepatitis E-related mortality in our cohort of patients re-
ceiving systemic oncological treatment, we suggest a
careful case-by-case decision of cancer-treatment modi-
fication and/or delays. We also suggest, especially in pa-
tients with HEV-contaminated autologous stem cells,
that ribavirin treatment should be considered at an early
stage for rapid HEV clearance in order to avoid long ther-
apy delays and to enable further stem cell harvest. Fur-
thermore, based on our results concerning HEV
monitoring, we suggest intensifying HEV-RNA monitoring
by including stool and urine samples to identify the time
point of definite virological clearance more precisely in
patients, even when HEV-RNA is no longer detectable in
blood samples. Moreover, we conclude that hematologic
patients during post-treatment follow-up or those under
active surveillance are at risk of developing chronic hepa-
titis E or ACLF even if the oncological treatment has been
completed several years previously.

Due to the relatively small cohort of this study, its retro-
spective design, the heterogeneous timing of HEV-RNA
testing and non-systematic screening, there is a risk of
potential selection biases and residual confoundings in
our analysis. Furthermore, due to missing reliable data on
the dosage and duration of ribavirin treatment, no con-
clusions about the efficacy and safety of this drug can be
made in patients with hematologic disorders. Fur-
thermore, flow cytometric analyses of lymphocytes at de-
fined timepoints were not part of clinical routine. For this
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reason, no further information on any relationship be-
tween lymphopenia and the development of chronic
hepatitis E can be gained from this study. Overall, several
questions remain unaddressed: is antiviral prophylaxis for
HEV recommended and if so, for how long should it be
administered, particularly in patients with CD20-directed
treatments? Should ribavirin-induced cytopenia not be
considered a dose-limiting toxicity in these patients? Na-
tional and international registers are urgently needed to
collect reliable data and provide evidence-based recom-
mendations on the treatment of HEV infection in hema-
tologic patients.

To our knowledge, we report here on the largest single-
center cohort of patients with hematologic disorders and
concomitant HEV infections. We observed that hepatitis
E-related therapy modifications were made in the major-
ity of patients who were under active oncological treat-
ment. Interestingly, the mortality from progression of the
hematologic disease significantly outweighed HEV-related
mortality. Chronicity of HEV was seen in one-third of pa-
tients and we were the first to identify CD20-directed
treatment as the only independent risk factor for devel-
oping chronic HEV. With our data, we hope to contribute
to the development of recommendations for the manage-
ment of hepatitis E infection in hematologic patients, an
important combination for hemato-oncologists world-
wide.
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