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ABSTRACT

Reactivation of hepatitis B virus (HBV) replication in
patients receiving rituximab is well described. Current
international guidelines recommend HBV screening
prior to the commencement of immunosuppressive
therapy. However, adherence to such protocols has not
previously been studied. We therefore audited screen-
ing practices and clinical outcomes in patients pre-
scribed rituximab since its introduction in a large
metropolitan health service. All patients receiving
rituximab over an 88-month period were identified via
pharmacy records. Medical records and laboratory re-
sults were reviewed to determine the timing and type of
hepatitis screening. HBV flares were identified and corre-
lated with clinical outcomes and any screening or prophy-
laxis given. Rituximab was given to 355 patients over 88
months (average age, 61 years; 51% male, 48% born over-

seas); 83% received rituximab for treatment of a hemato-
logical malignancy. HBV screening occurred in 31% of
patients and, of these, 66% had pre-emptive screening.
Five patients given cyclophosphamide, doxorubicin, vin-
cristine, prednisone, and rituximab experienced HBV
flares. Four died from viral reactivation. None received
antiviral prophylaxis. Hepatitis screening rates in patients
receiving rituximab in this study were lower than recom-
mended in clinical guidelines. The identification of five pa-
tients with clinically important flares and four deaths in
this group highlight the critical need to identify at-risk pa-
tients and provide timely prophylactic antiviral therapy to
prevent serious morbidity and mortality. Even those with
evidence of HBV seroconversion are at risk for fatal flares
without active prophylactic antiviral therapy. The Oncolo-
gist 2011;16:579–584

INTRODUCTION

One third of the world’s population has evidence of previ-
ous exposure to the hepatitis B virus (HBV) and are hepa-

titis B core antibody (anti-HBc) positive [1, 2]. Chronic
hepatitis B infection—hepatitis B surface antigen (HBsAg)
positivity—now affects �400 million people worldwide
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[3]. Reactivation flares of hepatitis B [4] have been well de-
scribed in patients receiving chemotherapy or other immu-
nosuppressive therapy, including rituximab, a monoclonal
antibody directed at CD20� B cells. Currently, rituximab is
commonly used to treat indolent non-Hodgkin’s lympho-
ma; other indications include refractory rheumatoid arthri-
tis and lupus nephritis. With the recent approval for chronic
lymphocytic leukemia [5], the most common form of adult
leukemia, the number of patients receiving rituximab ther-
apy will likely increase. Current international guidelines
recommend screening patients for HBV infection prior to
chemotherapy or immunosuppression and commencing
prophylactic antiviral therapy in those with detectable
HBsAg [6, 7]. The aim of this study was to investigate ad-
herence to established clinical guidelines in regard to hep-
atitis B screening, the use of antiviral prophylaxis prior to
rituximab treatment, and clinical outcomes in patients re-
ceiving rituximab since its introduction in 2001 in a large
health care network.

MATERIALS AND METHODS

All patients receiving rituximab in a metropolitan health
service from January 1, 2001 to April 30, 2008 were iden-
tified from pharmacy dispensing records that included clin-
ical trial patients, ambulatory care patients, and hospital
inpatients. Medical records and pathology results were re-
viewed to determine whether hepatitis B screening had
been performed, and if so, the method and timing of screen-
ing was noted, particularly, whether patients had undergone
intentional pre-emptive screening. Compliance with the
American Association for the Study of Liver Disease
(AASLD) 2007 clinical practice guidelines on hepatitis B
[8] was noted and, in particular, the timing and type of an-
tiviral prophylaxis were recorded. As recommended by
these guidelines, hepatitis serology (HBsAg, anti-HBc) was
assessed as the trigger to institute antiviral prophylaxis
rather than abnormal liver function tests given that the latter
could result from other causes, such as drugs and lym-
phoma. Evidence of reactivation of hepatitis B replication
and clinical outcomes were identified. A hepatitis flare was
defined as an increase in serum alanine aminotransferase
(ALT) to �3� the upper limit of normal [9].

Hepatitis serology was measured by the hospital pathol-
ogy laboratory using a commercially available assay (Ar-
chitect� HBsAg; Abbott Diagnostics Abbott Park, IL).
Hepatitis B replication was determined by viral load mea-
surement using two different assays. Prior to 2007, the Di-
gene Hybrid Capture II HBV DNA assay (Digene
Diagnostic Corporation, Gaithersburg, MD) was used
(quantification range, 0.5– 6,000 pg/ml). From 2007, the
Abbott RealTime HBV assay (Abbott Laboratories, Abbott

Park, IL) was used (quantification range, 10–109 IU/ml).
Liver function tests were measured by standard autoana-
lyzer methodology.

RESULTS

Over the 88-month period, 355 patients were identified; the
mean age was 61 years (range, 12–92); 51% were male.
Most (52%) were born in Australia, with the remainder
from Greece (13%), the U.K. (12%), Italy (11%), India
(5%), and Scotland (5%). Thirty-eight other countries were
represented in small numbers. Rituximab was administered
mainly for treatment of lymphoma (83%), and all patients
with lymphoma received cyclophosphamide, doxorubicin,
vincristine, and prednisone with rituximab (R-CHOP).
Other indications included renal transplantation (7%), lu-
pus nephritis (5%), rheumatoid arthritis/scleroderma (3%),
thrombotic thrombocytopenic purpura (1%), and others
(1%). The number of patients receiving rituximab in each
year is shown in Figure 1.

Of the 355 patients, 110 (31%) underwent hepatitis screen-
ing. Of these, 55% had hepatitis screening performed prior to
rituximab therapy, 16% were tested during therapy, and 17%
were tested after therapy. The annual proportion of rituximab-
treated patients who underwent any form of hepatitis B screen-
ing and the percentage screened pre-emptively, consistent
with clinical guidelines, are shown in Figure 2. The screening
rate for hepatitis B in patients who received rituximab for non-
oncological reasons was higher than for the lymphoma group
(51%); however, none of the screened patients in that group
had evidence of prior hepatitis B exposure.

Of the 110 screened patients, 92% were tested for
HBsAg and 18% were tested for antibody to hepatitis B sur-
face antigen (anti-HBs). Of the latter, 75% were also tested
for HBsAg. Only 25% of those who had any hepatitis se-
rology performed were tested for anti-HBc. Of all patients
screened, six (5.4%) had serological evidence of hepatitis B
exposure (four with detectable HBsAg and two were anti-

Figure 1. Rituximab use by year (only the first 6 months of
2008 were surveyed).
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HBc� but with undetectable HBsAg). Of these, five pa-
tients experienced reactivation of HBV replication initially
detected by raised serum ALT activity and confirmed by
HBV DNA testing. One patient who was HBsAg� but anti-
HBC� and anti-HBs� did not have an ALT flare or evi-
dence of active HBV replication.

The characteristics of the five patients with HBV reac-

tivation are summarized in Table 1. Four were male, one
was female, and their ages were in the range of 43–61 years.
Ethnic backgrounds varied, with only one born in Australia.
All five had non-Hodgkin’s lymphoma of varying stages
with low Eastern Cooperative Oncology Group scores of
0–1 (all were still employed at the time of diagnosis). The
patients received four to seven cycles of R-CHOP chemo-

Figure 2. Hepatitis B screening rates over time.

Table 1. Characteristics and outcomes of the five patients with hepatitis B reactivation
Characteristic Case 1 Case 2 Case 3 Case 4 Case 5

Age, sex, ethnicity 64, female, Egyptian 46, male, Greek 61, male, Chinese 43, male, Australian 56, male, German

Hepatitis B risk factors Endemic area, exhusband
chronic HBV

Endemic area Endemic area Hemodialysis No risk factors

Diagnosis, stage Follicular lymphoma, IIIb Follicular lymphoma, IIIa Diffuse large B-cell
lymphoma, IV

Small cell non-Hodgkin’s
lymphoma

Small cell non-
Hodgkin’s lymphoma

ECOG score 0 0 1 1 1

Pre-existing liver disease,
comorbid conditions

No, type II diabetes No, none No, type II diabetes No, moderate alcohol use,
tubulointerstitial nephritis

No, none

Chemotherapy, cycles R-CHOP � 4 (2008) CHOP-R � 5 (2007) CHOP-R � 7 (2003) CHOP-R � 6 (2003) R-CHOP � 7 (2001)

Response Partial remission Remission Partial remission Remission Remission

Screening HBsAg�, anti-HBc�, anti-
HBs� (prior to therapy)

HBsAg�, anti-HBc� (during
therapy)

HBsAg� (prior to
therapy)

HBsAg�; anti-HBs, 7.4
IU/ml; anti-HBc�; HBV
DNA negative (prior to
therapy)

HBsAg�, HBeAg�

(prior to therapy)

Reactivation commenced After cycle 4 3 mos after 3 mos after 4 wks after 23 days after

HBeAg/HBeAb HBeAg� HBeAg� HBeAg� HBeAg�/HBeAb� HBeAg�

HBV DNA (during
reactivation)

�9 log IU/ml 7.24 log IU/ml �6,000 pg/ml �6,000 pg/ml �6,000 pg/ml

ALT (IU/ml)/bilirubin
(�mol/l)

1,400/213 2,297/145 678/232 1,400/53 1,948/20

Treatment Entecavir, no further
chemotherapy

Entecavir Lamivudine, no further
chemotherapy

None, self-discharged Lamivudine

Outcome Death from liver failure and
cytomegalovirus sepsis

Well, HBV DNA undetectable
by PCR; normal ALT

Death from liver failure Death from liver failure Death from liver failure

Abbreviations: ALT, alanine transaminase; anti-HBc, hepatitis B core antibody; anti-HBs, hepatitis B surface antibody;
CHOP-R, cyclophosphamide, doxorubicin, vincristine, prednisone, and rituximab; ECOG, Eastern Cooperative Oncology
Group; HBeAb, hepatitis B e antibody; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B
virus; PCR, polymerase chain reaction.
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therapy, with three patients attaining complete remission.
Of the patients with hepatitis flares, hepatitis B serology
testing occurred prior to rituximab therapy in four and dur-
ing therapy in one. Testing for HBsAg was performed in all
five cases; three were also tested for anti-HBc. This is rel-
evant given that patient 1 was HBsAg� and anti-HBs� on
screening (Table 1); thus, evidence of previous hepatitis B
exposure in this patient was detected only by testing for an-
ti-HBc. One patient was tested for HBV DNA prior to treat-
ment. None of the HBsAg� patients was given antiviral
prophylaxis prior to the commencement of therapy as rec-
ommended by clinical guidelines. All had high HBV DNA
levels and significant ALT flares that occurred mainly after
therapy (23 days to 3 months) with only one flare occurring
during therapy.

Antiviral therapy was offered to all five patients follow-
ing recognition of acute severe HBV reactivation. Patients
1 and 2 received entecavir therapy, one survived and one
died. Patients 3 and 5 received lamivudine and both died.
Patient 4 refused treatment and died. Of the four patients
who died, three deaths occurred despite institution of anti-
viral treatment. In regard to the cause of death, three were
directly attributable to fulminant hepatic failure with no as-
sociated neutropenia or sepsis. The fourth patient had both
fulminant hepatic failure and cytomegalovirus sepsis. Two
of the four patients who died were in remission from their
lymphoma and the other two were in partial remission.

DISCUSSION

Guidelines published by the AASLD in 2007 and revised in
2009 recommend hepatitis B screening in persons at high
risk prior to the initiation of chemotherapy or other immu-
nosuppressive therapy [8]. Recently published guidelines
from the European Association for the Study of the Liver
(EASL) recommend screening in all patients prior to che-
motherapy or immunosuppressive treatment because seri-
ous viral reactivations have been described with other
chemotherapy regimens, for example, chronic lymphocytic
leukemia patients treated with purine analogs alone or in
combination [7]. These guidelines are also echoed by the
National Comprehensive Cancer Network guidelines [10, 11].

The background prevalence of hepatitis B in our popu-
lation was difficult to ascertain given the low screening
rates. Previous work on the epidemiology of hepatitis B in-
fection in Australia by Tawk et al. [12] shows that patients
born in Asia or the Pacific Islands have an adjusted odds
ratio of 12.4 for hepatitis B infection whereas those from
North Africa, the Middle East, and the Mediterranean have
an adjusted odds ratio of 6 compared with those born in
Australia. The patients who received rituximab in our study
were from 44 different countries. Patient 4, who was born in

Australia, illustrates that other risk factors should also be
considered, in this case, hemodialysis. Notably, this partic-
ular risk factor was not considered in the study by Tawk et
al. [12] and so the hepatitis B status of patient 4 would have
been missed if a purely risk factor– based protocol for
screening was used. Patient 5, from Germany, also had no
identifiable risk factors. Although evidence from formal
cost-efficacy studies is not currently available, we suggest
that, given the low cost of hepatitis B serology ($AU47.25)
[13], compared with the potential risks of delayed chemo-
therapy and mortality, universal screening should be
strongly considered prior to rituximab therapy.

The type of serology ordered in screening is important
[14]. Comprehensive hepatitis screening should include
anti-HBc testing [15] in addition to the usual measurements
of HBsAg and anti-HBs. The death of patient 1, who was
HBsAg� and anti-HBs�, highlights the utility of anti-HBc
testing and the dangers in labeling patients as “resolved”
hepatitis B or assuming that anti-HBs is present because of
prior immunization. In fact, flares [16, 17] and deaths [18]
associated with prior HBsAg negativity and anti-HBc and
anti-HBs positivity have been well described [14]. Of con-
cern, only 7.6% (27 of 355) of the patients in our series were
tested for anti-HBc.

Although both AASLD and EASL guidelines recom-
mend empiric antiviral therapy with oncologic treatment
for any patient with detectable HBsAg, debate continues re-
garding antiviral prophylaxis in patients who are HBsAg�

and anti-HBc� [15], with recommendations for monitoring
of HBV DNA rather than instituting antiviral prophylaxis.
The structure, compliance, and outcome of a monitoring
strategy for HBV DNA during rituximab therapy in such
patients have not been evaluated. A recent prospective anal-
ysis of HBV reactivation in patients with diffuse large B-
cell lymphoma after rituximab combination chemotherapy
suggests that entecavir prophylaxis could be started when
serum HBV DNA is detected during monitoring rather than
at the start of therapy [19]. In that study, patients who were
anti-HBs� and anti-HBc� underwent monitoring for HBV
DNA every month for 2 years. For anti-HBc� patients with
detectable anti-HBs, weekly monitoring of anti-HBs titers
occurred, and if levels decreased below a predetermined
level then HBV DNA was monitored monthly. Whether
such an intensive monitoring program is feasible in terms of
availability of laboratory testing, cost, and compliance by
patients and clinicians has not been confirmed. If rituximab
is given as maintenance therapy, then monitoring may be
even longer term. We identified a significant mortality risk,
even in patients who were thought to have resolved hepati-
tis B, and others have shown that the presence of anti-HBs
may not be protective [16, 17], although this could be ad-
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dressed in the future by measuring anti-HBs titers. Thus,
there is accumulating evidence that a strategy of active pro-
phylaxis rather than monitoring should be considered for
patients with any serological evidence of hepatitis B infec-
tion for whom rituximab therapy is indicated.

The low rate of pre-emptive screening that we encoun-
tered likely reflects insufficient awareness of the potential
mortality associated with hepatitis B reactivation, espe-
cially before international guidelines were widely promul-
gated [20], although over time pre-emptive screening rates
have not increased significantly (Fig. 2). Pre-emptive
screening can be effective only if the outcomes are recog-
nized and acted upon appropriately. In some patients, the
screening outcome will lead to the institution of prophylac-
tic antiviral therapy [21]. A recent randomized, controlled
trial demonstrated that prophylactic lamivudine use is su-
perior to therapeutic use, with a lower rate of severe hepa-
titis (serum ALT �10� the upper limit of normal), 0%
versus 36% (p � .001), in that study [9]. More importantly,
a recent meta-analysis showed that lamivudine therapy re-
duces HBV reactivation–related mortality [22].

The prophylactic agent of choice is unclear. Most of the
published evidence has involved lamivudine [23], although
antiviral resistance is a likely outcome in patients requiring
long-term therapy to reach standard treatment endpoints. In
the case of the oncological use of rituximab, resistance is
less likely with 6–12 months of antiviral therapy. Entecavir
has been used with clinical reactivation [24]. A recent ret-
rospective study showed that patients given prophylactic
entecavir during chemotherapy and for 6 months after the
completion of chemotherapy had significantly lower rates
of HBV reactivation and chemotherapy disruption than pa-
tients given lamivudine [25]. In our study, only one of the
two patients given entecavir survived, which reflects the se-
verity of acute hepatitis in this patient group. Interestingly,
the patient who survived recommenced prednisolone,
which may have inhibited the immunological mechanisms
that lead to hepatocyte death [26, 27], but we do not recom-
mend this as routine practice. Adefovir prophylaxis has
been unsuccessful previously [28] and would not be fa-
vored because of a relatively slow onset of its antiviral ef-
fect. EASL guidelines recommend using entecavir or
tenofovir for prophylaxis [7], given their high potency and
low resistance rates.

CONCLUSIONS

In conclusion, we have shown that failure to adhere to cur-
rent guidelines can have serious implications for patient
outcomes. Timely and appropriate screening for hepatitis B
infection and development of a management plan based on
those results is essential for optimal patient care. Institution
of prophylactic therapy can decrease HBV reactivation
rates and the severity of reactivation episodes, and has the
potential to decrease mortality [22]. The mortality rate
found in our study suggests that active antiviral prophylaxis
rather than monitoring should be considered for patients
with any serological evidence of hepatitis B infection for
whom rituximab therapy is indicated, including patients
who are HBsAg� but anti-HBc� and anti-HBs�. Although
our study is limited by its retrospective nature, we have re-
ported a “real world” experience in a large number of pa-
tients that provides important information to guide future
clinical practice. Ultimately, cooperation among oncolo-
gists, haematologists, hepatologists, and infectious disease
physicians should drive institutional protocols to ensure
that prophylactic screening and treatment is implemented
universally. Given that rituximab is used across a broad
range of specialties, pharmacy dispensing records could be
used as a method of triggering adherence. Regular auditing
to ensure adherence to such protocols would be essential in
preventing potential mortality.
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