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Abstract

Rituximab (RTX) has been classified as a drug associated with a high risk for hepatitis B virus (HBV) reactivation in
HbsAg-negative/anti-HBc-positive patients. However, data on frequency of HBV reactivation are limited especially for
RTX monotherapy. Several new recommendations for screening, monitoring and prophylactic antiviral treatment have been
published recently. Here, we report the real-life experience in the management and reactivation rate of HbsAg-negative/
anti-HBc-positive patients treated with RTX with or without chemotherapy from a large cohort and discuss our results in

the light of updated recommendations.
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Monotherapy

Introduction

HBV-exposed patients receiving immunosuppressive ther-
apy are at risk of HBV reactivation. Strikingly, HBV does
not only flair in a chronic disease state but also after the loss
of HBsAg. Despite elimination of the virus from the blood,
viral DNA persists in the nucleus of infected hepatocytes
and HBV reactivation can occur under immunosuppression.
This can lead to symptomatic hepatitis, liver failure or even
death [1].
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Therefore, clinicians should be aware of the risk of
hepatitis B reactivation and consider screening and initi-
ate preventive measures [2, 3]. In HBsAg-positive patients,
initiation of antiviral therapy before immunosuppression
is uniformly recommended. In contrast, the management
of HBsAg-negative/anti-HBc-positive patients is not well
defined.

A broad range of immunosuppressive and targeted
immunotherapeutic agents are available for hematologic,
autoimmune and infectious diseases. Specific drug classes
have different potential to cause hepatitis B reactivation.
Recently, the American Gastroenterological Association
(AGA) estimated the potential risk of HBV reactivation by
drugs based on a comprehensive review of the literature.
Based on this analysis, the authors proposed a classifica-
tion of low- (< 1%), moderate- (1-10%) or high (> 10%)-risk
drugs (Table 1) [4, 5].

Rituximab (RTX), a B-cell-depleting agent broadly
used in hematological and autoimmune diseases, has been
assigned to the high-risk group drugs of HBV reactivation
(Table 1) [5]. Reports of severe liver failure after hepatitis B
reactivation following RTX treatment have led the FDA to
release an alert in 2013, recommending hepatitis B screen-
ing before starting rituximab and consulting experts in case
of positive HBV serology [6]. Nevertheless, management
of HBsAg-negative/anti-HBc-positive patients treated with
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Table 1 Risk estimation of different drug groups for hepatitis B reactivation

Risk group HBYV reactivation risk estimates HBsAg positive/ HBsAg negative/
anti-HBc positive  anti-HBc positive
(%) (%)
High-risk group B-cell-depleting agents (e.g. rituximab, ofatumumab) 30-60 >10
(>10%)
Anthracyline derivatives (e.g. doxorubicin, epirubicin) 15-30
Corticosteroid therapy for >4 weeks (moderate/high dose) >10
Moderate-risk group TNF-a inhibitor (e.g. etanercept, adalimumab) 1-10 1
(1-10%)
Other cytokine inhibitors and integrin inhibitors (e.g. abatecept, usteki- 1-10 1
numab)
Tyrosine kinase inhibitors (e.g. imatinib, nilotinib) 1-10 1
Corticosteroid therapy for >4 weeks (low dose) 1-10
Corticosteroid therapy for >4 weeks (moderate/high dose) 1-10
Anthracyline derivatives (e.g. doxorubicin, epirubicin) 1-10
Low-risk group Traditional immunosuppressive agents (e.g. azathioprine, methotrex- <1 <<1
(<1%) ate, 6-mercaptopurine)
Corticosteroid therapy for >4 weeks (low dose) <1
Corticosteroid therapy for <1 week <1 <<1
Corticosteroid therapy intraarticular <<1 <<1

Table modified from Perrillo et al. [5]

rituximab is not precisely defined as there is a lack of knowl-
edge with regard to rituximab monotherapy.

Therefore, we aimed to retrospectively analyze the real-
life management of patients treated with RTX with or
without chemotherapy in a cohort of patients with differ-
ent underlying diseases. Reactivation rate of hepatitis B of
HBsAg-negative/anti-HBc-positive patients was analyzed.
Furthermore, we will give an overview of published recom-
mendations related to HBV screening and preventive meas-
ures with particular attention to RTX in HBsAg-negative/
anti-HBc-positive patients as guidelines have been updated
recently.

Materials and methods
Patients

This retrospective study was performed in the Department
I of Internal Medicine (rheumatology, hematooncology,
infectious diseases) of the University Hospital of Cologne,
Germany. Outpatients and inpatients receiving RTX between
January 2009 and December 2013 were identified by records
of the hospital pharmacy and reviewed for available hepatitis
B serology (HBsAg, anti-HBc, anti-HBs) and HBV-DNA
load. Patients with negative HBsAg and positive anti-HBc
were included in the analysis. We documented chemothera-
peutical and immunosuppressive co-treatment and antiviral
HBYV prophylaxis.
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HBsAg, HBV-DNA, alanine-aminotransferase (ALT),
aspartate-aminotransferase (AST) and serum bilirubin
level were checked at baseline and up to 12 months after
the end of therapy with RTX. Reactivation of hepatitis B
was defined as de novo appearance of HBV-DNA or HBsAg
seroreversion.

Molecular and serological HBV testing

HBYV testing was performed with commercially available
assays according to the manufacturer’s instructions (Abbott,
Wiesbaden, Germany). HBV serology was performed on the
Architect system (Abbott) with the following chemilumi-
nescence microparticle immunoassays: Architect HBsAg
Qualitative II, Anti-HBc II, and (if one of the former assays
was reactive) Architect Anti-HBs, HBeAg and Anti-HBe.
For HBV-DNA quantification, the Abbott RealTime HBV
assay was used (lower and upper limits of quantification: 10
and 10° TU/ml).

Ethical considerations and statistics

All patients were treated on the wards or the outpatient
department of the clinic I of Internal Medicine of the Uni-
versity Hospital of Cologne. No identifying data were used
for the patient’s characterization in this strictly retrospective
study. According to § 15 subparagraph 1 (code of medical
ethics for physicians in the state of North Rhine-Westphalia)
and § 6 subparagraph 2 (health privacy law for the state of
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North Rhine-Westphalia), no ethics committee approval and
informed consent were necessary for this study.

Data analysis was performed using GraphPad5 soft-
ware (GraphPad, San Diego, CA). The statistical signifi-
cance of differences between two groups was evaluated by
Mann—Whitney test. p <0.05 was considered to be statisti-
cally significant.

Selection of updated guidelines

We reviewed the leading American, Asian and European
gastroenterology associations—namely the American Asso-
ciation for the Study of Liver Diseases (AASLD), the Amer-
ican Gastroenterological Association (AGA), the Asian
Pacific Association for the Study of the Liver (APASL) and
the European Association for the Study of the Liver (EASL)
for an update of the existing or for new guidelines since
2014, after the FDA alert related to hepatitis B reactivation
in HBsAg-negative/anti-HBc-positive patients receiving
immunosuppressive therapy with particular regard to rituxi-
mab was published [6]. Furthermore, we checked for recent
recommendations from an Infectious Diseases Perspective
including the European Society of Clinical Microbiology
and Infectious Diseases (ESCMID).

Results
Cohort

In our study, 87% (861/986) of the patients treated with RTX
with different underlying diseases were screened for hepa-
titis B virus. 11% (94/861) of the patients were anti-HBc
positive. We found 9% (79/861) to be HBsAg negative/anti-
HBc positive and this subgroup was followed for reactivation
(Fig. 1).

Table 2 shows the baseline characteristics of the HBsAg-
negative/anti-HBc-positive patients. Most patients (73%)
were male, 60% had a high anti-HBs titer> 100 IU/l and
nearly half (45%; n=36) received antiviral prophylaxis.
Lamivudine was the most frequently applied antiviral drug
(68%; 21/36), followed by tenofovir (n=11) and entecavir
(n=4). Sixty-two patients (79%) received RTX with chemo-
therapy and 17 (21%) without chemotherapy. All patients
except for one (EBV reactivation) received steroids in addi-
tion to RTX. RTX was administered with a dose of 375 mg/
m? except for patients with rheumatoid arthritis and Felty
syndrome. They received a higher dose of 500 mg/m?.

Patients with antiviral prophylaxis showed no significant
differences compared to patients without prophylaxis related
to the sex, age, underlying disease, rituximab given in com-
bination with chemotherapy and anti-HBs-titer > 100 IE/ml
(Table 2).

Patients receiving Rituximab from 01/09- 12/13
n =986
rheumatic diseases: n= 105
hematologic-malignant diseases n = 811
hematologic non-malignant diseases n = 71

Incomplete or no hepatitis
> serology available
n=125

A 4

Patients with complete hepatitis serology
(HBsAg + anti-HBc)
n=861

HBsAg positive/ anti-HBc
positive
n=12
HBsAg negative/anti-HBc
negative

n=767
HBsAg negative/anti-HBc positive patients HbsAg negative with
n=79 detectable HBV- DNA
n=3

A 4

Hepatitis B reactivation
n=2

Fig. 1 Flow diagram

In our cohort, in 2 out of 79 patients hepatitis B reac-
tivation was observed (Fig. 1). Both patients had a high-
grade non-Hodgkin lymphoma and received RTX with
polychemotherapy. Patient no. 1 had no HBV chemopro-
phylaxis. His HBV was reactivated 10 months after the end
of RTX with severe hepatitis and HBsAg seroreversion,
and distinct increase of HBV-DNA (viral load 5x 10° cop-
ies/ml). He recovered completely under antiviral therapy
with entecavir (0.5 mg/day) and lost HBsAg and detectable
HBV-DNA after 5 months. HBV of patient no. 2 was reacti-
vated despite antiviral prophylaxis with tenofovir (245 mg/
day) 4 months after the start of RTX therapy. HBV-DNA
increased slightly (viral load 180 copies/ml), but neither
elevated liver enzymes nor HBsAg were detected. HBV-
DNA disappeared spontaneously without change of antiviral
therapy after 1 month.

Guidelines

Since 2014, American, Asian and European gastroenterol-
ogy associations have published new guidelines related to
the management of hepatitis B; while the American Gas-
troenterological Association (AGA) drafted a new specific
guideline for the “Prevention and Treatment of Hepatitis B
Virus Reactivation During Immunosuppressive Drug Ther-
apy” [4], the European Association for the Study of the Liver
(EASL) [7] and the Asian Pacific Association for the Study
of the Liver (APASL) [8] included some new details in their
general guidelines, and the American Association for the
Study of Liver Diseases (AASLD) [9] did not change their
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Table 2 HBsAg-negative/anti-HBc-positive patients with and without HBV chemoprophylaxis

Baseline characteristics All (n=79) With HBV chemoprophy- ~ Without HBV chemopro-  p
laxis (n=236) phylaxis (n=43)
Age [median (IQR)] 61 (48-70) 62 (46-70) 61 (50-71) 0.85
Gender
Male 58 (73%) 27 (75%) 31 (72%) 0.78
Anti-HBs (IU/1) (n=70) (median (IQR)) 186 (23-663), n=70 157 (51-866), n=31 203 (19-543),n=39 0.65
> 100 (TUN) 42 (60%) 20 (65%) 22 (56%) 0.50
Underlying disease (indication for RTX)
Hematologic—malignant® 59 (74%) 26 (72%) 33 (77%) 0.65
Hematologic—non-malignant® 9 (11%) 3 (8%) 6 (14%) 0.44
Rheumatologic® 4 (5%) 3 (8%) 1 2%) 0.23
Others? 7 (9%) 4 (11%) 3 (7%) 0.53
Therapy regimen®
RTX with chemotherapyf 62 (79%) 29 (81%) 33 (77%) 0.67
RTX without chemotherapy* 17 21%) 7 (19%) 10 (23%) 0.69

Data are presented as numbers (percentages), unless indicated otherwise. The statistical significance of differences between the groups with and
without HBV chemoprophylaxis was evaluated by Mann—Whitney test. p <0.05 was considered to be statistically significant

RTX rituximab, HBV hepatitis B virus

“Leukemias (n=14); lymphoma (n=44); lymphoproliferative disease (n=1)

® Autoimmune hemolytic anemia (n=2), idiopathic immune thrombocytopenia (n="7)

‘Rheumatoid arthritis (n=3); Felty syndrome (n=1)
9EBV-viremia (n=3); graft versus host disease (n=4)

¢Chemotherapy or immunosuppressive therapy <1 year before or after RTX administration was included

fIncluding 14 patients with hematopoetic stem cell transplantation (HSCT) [autologous (n=7), allogenic (n=6), autologous and allogenic

(n=1)]

¢Including four patients with immunosuppressives [azathioprine (50 mg/day), leflunomide (10 mg/day), cyclophosphamide (50 mg/day), metho-

trexate (15 mg/week); each n=1]

recommendations related to the management of HBsAg-
negative/anti-HBc-positive patients treated with immuno-
suppressive drugs or chemotherapy (Table 3).

HBsAg and anti-HBc screening is recommended by all
associations before immunosuppressive therapy or chemo-
therapy, whereat AGA and APASL advise additional HBV-
DNA testing in case of anti-HBc positivity.

Specific references to RTX are only included by AGA
and EASL [AGA: RTX is classified in the “high-risk”
group (Table 1); EASL: “new biological response modifi-
ers risk of reactivation can be high, particularly for rituxi-
mab (alone or with steroids)’’].

Recommendations related to monitoring are rather
unspecific, with most details proposed by EASL (param-
eter: ALT, HBV-DNA; interval: 1-3 months; duration: at
least 12 months after withdrawal of immunosuppression).
Specific recommendations related to RTX are not listed.

Prophylaxis is not recommended by AASLD and
APASL but by EASL and AGA. Both stratify the indica-
tion on the basis of the risk classification of AGA [5] in
which RTX is classified in the “high-risk™ group (Table 1),
but EASL adds a further specification [“including those
treated with rituximab in the onco-hematological setting

@ Springer

(or those undergoing stem cell transplantation”)]. AGA
recommends only antiviral drugs with a high barrier of
resistance formation but EASL lists lamivudine as first
choice. Both associations advice a prolonged duration of
prophylaxis with EASL in general for 18 months after
withdrawal of immunosuppressive therapy and AGA for
at least 12 months with the use of RTX.

The ESCMID Study Group for Infections in Compro-
mised Hosts (ESGICH) released a consensus document
analyzing the safety of specific targeted and biological
therapies, and suggesting preventive recommendations
[10] (Table 3). Here, strategies to prevent HBV reactivation
when initiating treatment with CD20 monoclonal antibodies,
including RTX, are established. They recommend screening
for chronic or resolved HBV infection before starting treat-
ment. In HBsAg-negative/anti-HBc-positive patients, they
recommend to offer a prophylaxis usually with lamivudine.
Further information related to the duration of prophylaxis
and monitoring in HBsAg negative/anti-HBc positive is
not given. They further refer to the increased risk of other
infections.

In our department, we recommend to measure HBsAg
and anti-HBc before initiation of RTX and—in case of
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positivity—additionally HBV-DNA. HBsAg positive, but
also HBsAg-negative/anti-HBc-positive patients receive
prophylaxis with highly potent nucleoside/nucleotide ana-
logs during treatment with RTX and for further 18 months
after end of RTX treatment. Subsequently, we continue
our monitoring for another 12 months to exclude late
reactivation.

Discussion

Between 2009 and 2013, 986 patients with hematologic and
rheumatologic diseases were treated RTX at the University
Hospital of Cologne. The HBV screening rate was 85%
(861/986); 11% (94/861) of the screened patients were anti-
HBc positive and 9% (79/861) were HBsAg negative/anti-
HBc positive. 62 of these patients received RTX in com-
bination with and 17 without chemotherapy. 45% (n=36)
received antiviral prophylaxis and two patients reactivated—
one with and one without prophylaxis.

In our cohort, the overall screening rate for hepatitis B
was high (85%), considering that the black box warning
for RTX was published after our study period. A relevant
proportion (11%) of patients had been infected with hepa-
titis B in the past, although the study was performed in a
low-incidence western country [6]. Consistently, all cited
guidelines now recommend screening before immunosup-
pressive or chemotherapy independent of the risk of expo-
sure to hepatitis B.

Our study reflects the broad spectrum of indications for
RTX either as a monotherapeutic drug or in combination
with chemotherapy. RTX has been assigned by Perrillo et al.
to the high-risk group drugs for HBV reactivation but the
authors differentiated between HBsAg positive and negative
patients (Table 1, [5]). In patients who are HBsAg negative/
anti-HBc positive, the risk of HBV reactivation by RTX is
rated > 10% which is just at the threshold for moderate risk
(up to 10%). As RTX is given frequently in combination
with chemotherapy in the hemato-oncologic setting, most
available data are for combination therapy. For RTX mono-
therapy or RTX given with low-risk immunosuppressives,
only case reports exist. It could, therefore, be hypothesized
that the risk for reactivation might be lower in this setting.

Two different strategies exist to prevent hepatitis B
reactivation—either prophylactic or pre-emptive antiviral
therapy [3]. Prophylactic therapy is initiated before immu-
nosuppressive therapy and pre-emptive therapy later when
monitoring shows an increase of liver enzymes and/or HBV-
DNA levels without clinical signs of liver failure. For RTX,
routine prophylactic antiviral therapy is recommended by
AGA and EASL, and pre-emptive therapy by APASL and
AASLD. When choosing pre-emptive therapy, monitor-
ing is important to detect reactivation before liver failure

occurs; nevertheless, recommendations are quite unspecific
related to the precise time interval and duration of monitor-
ing. Only the EASL includes details about the intervals and
duration but only a range of 1-3 months is listed concerning
the monitoring interval. It is important to note that reactiva-
tion can occur late after application of RTX; one of our two
patients reactivated with severe liver disease 10 months after
discontinuation of RTX.

For antiviral prophylaxis lamivudine, entecavir and teno-
fovir are available. The use of lamivudine has been mostly
superseded by entecavir and tenofovir as rates of HBV-
resistance are lower for the latter and they have been shown
to be safe and effective [11].

Definition of hepatitis B reactivation is not standardized;
mostly it is defined as HBsAg seroreversion and/or de novo
HBV-DNA appearance. Additionally, a rise in HBV-DNA
of at least 1 log (tenfold) IU/ml or above an arbitrary cutoff
with biochemical worsening is applied as definition [11]. In
our study, one patient showed HBsAg seroreversion with
liver failure and one patient only detection of HBV-DNA
without liver failure.

Conclusion

RTX can induce hepatitis B reactivation with severe liver
failure also in HBsAg-negative/anti-HBc-positive patients.
Recommendations related to screening, monitoring and
prophylaxis of this patient group have been updated recently.
Nevertheless, data for RTX applied without chemother-
apy are rare and preventive measures are less clear. There-
fore, studies for this field of RTX application are needed.
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