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Abstract

Hepatitis B virus (HBV) reactivation represents an emerg-
ing cause of liver disease in patients undergoing treat-
ment with biologic agents. In particular, the risk of
HBV reactivation is heightened by the use monoclonal
antibodies, such as rituximab (anti-CD20) and alem-
tuzumab (anti-CD52) that cause profound and long-
lasting immunosuppression. Emerging data indicate
that HBV reactivation could also develop following the
use of other biologic agents, such as tumor necrosis
factor (TNF)-o. inhibitors. When HBV reactivation is di-
agnosed, it is mandatory to suspend biologic treatment
and start antiviral agents immediately. However, pre-
emptive antiviral therapy prior to monoclonal antibody
administration is crucial in preventing HBV reactivation
and its clinical consequences. Several lines of evidence
have shown that risk of HBV reactivation is greatly
reduced by the identification of high-risk patients and

(49

Boiehidengs  WIG | www.wjgnet.com

the use of prophylactic antiviral therapy. In this article,
we discuss current trends in the management of HBV
reactivation in immunosuppressed patients receiving
biologic therapy, such as rituximab, alemtuzumab and
TNF-a antagonists.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Hepatitis B virus (HBV) infection remains a major public
health issue, and represents an important cause of liver-
related morbidity and mortality. It is estimated that one
third of the world’s population has been infected with
HBYV and 350 million people worldwide are affected by
chronic HBV infection. HBV reactivation is a well-known
phenomenon in chronic HBV carriers and it represents
a life-threatening complication following cytotoxic or
other immunosuppressive anticancer therapy“ﬂ. The liver
damage due to HBV reactivation is characterized by two
pathogenetic phases. Initially, during the stage of intense
immunosuppressive therapy, there is markedly enhanced
viral replication, as reflected by increases in serum levels
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of HBV DNA, which results in widespread infection
of hepatocytes. Following completion of immunosup-
pressive therapy and subsequent restoration of immune
function, there is a rapid cytotoxic-T-cell-mediated de-
struction of HBV-infected hepatocytes, which is clinically
characterized by development of hepatitis, hepatic failure,
and even death.

The risk of clinical manifestations is mainly seen in
overt carriers of HBYV, but hepatitis might be observed
also in subjects with occult HBV infection, who are posi-
tive for markers of previous exposure to the virus. The
most commonly reported types of chemotherapy related
to HBV reactivation are those used for the treatment of
hematological malignancy, especially malignant lympho-
ma'*?. Recently, the risk of HBV reactivation has been
heightened by the use of biologic therapy, such as ritux-
imab (anti-CD20) and alemtuzumab (anti-CD52) that
cause profound and long-lasting immunosuppressionm.
Emerging data indicate that HBV reactivation could also
develop following the use of other monoclonal therapies,
such as tumor necrosis factor (INF)-g, inhibitors™,

In the present article, we discuss the current trends
for the management of HBV reactivation in immunosup-
pressed patients receiving biologic therapy, such as ritux-
imab, alemtuzumab and TNF-o blockers.

HBV REACTIVATION: DEFINITION AND
CLINICAL IMPLICATIONS

HBYV reactivation is usually defined as an increase in HBV
viral replication in patients with chronic or past HBV in-
fection. The chance of HBV reactivation is closely linked
to the serological profile of the infected patientm. The risk
is highest in patients who are positive for HBV surface
antigen (HbsAg) (the so-called overt carriers of HBW)™",
Nevertheless, HBV reactivation can occur also in HBsAg-

negative patients who have only markers of previous
exposure to HBV [hepatitis B core antibody (HBcAb)-
positive with or without hepatitis B surface antibody
(HBsAD)] (the so-called occult carriers of HBV)!'™'?. In
such patients, a low level of HBV replication persists in
the liver and in peripheral blood mononuclear cells for
several years. The timing of HBV reactivation in patients
undergoing monoclonal antibody therapy is not uniform.
In overt carriers with high HBV viral load, hepatitis may
occur during immunosuppressive treatment. However, in
most cases, reactivation occurs following the cessation of
biological treatment' . At present, the most reliable and
easy test used in clinical practice to diagnose HBV reacti-
vation is the demonstration of an increase in serum HBV
DNA levels. Serological tests, such as serum IgM HBcAb,
are not sufficiently specific to discriminate between acute
HBYV infection and reactivation in patients with chronic
HBYV infection.

HBYV reactivation may be symptomatic or asymptom-
atic. Hepatitis should be ascribed to HBV reactivation if
it is preceded or accompanied by enhanced HBV viral
replication (demonstrable increase in HBV DNA by at
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least 10-fold, or an absolute increase to > 10° TU/mL).
The time interval between the peak of HBV DNA viral
load and hepatitis onset is variable. Classical features of
hepatitis, including fatigue, jaundice, ascites, hepatic en-
cephalopathy and coagulopathy, may be present. Patients
with pre-existing cirrhosis are more likely to develop liver
failure. Although some subjects can recover spontane-
ously, the mortality of HBV reactivation is reported as

5%-40%",

IMMUNOSUPPRESSION AND RISK
OF HBV REACTIVATION FOLLOWING
MONOCLONAL ANTIBODY THERAPY

In recent years, the effective management of various he-
matological malignancies and immune-mediated inflam-
matory diseases has included the use of monoclonal
antibody therapy. Rituximab (anti-CD20), alemtuzumab
(anti-CD52) and TNF-a inhibitors represents a modern
therapeutic approach that has greatly improved the prog-
nosis and outcome of several malignant and non-malig-
nant conditions. However, these biologic agents induce
a profound immunosuppression and their use has been

reported to be associated with development of severe
[13,14]

infections, including HBV reactivation

Rituximab (anti-CD20 monoclonal antibody)

Rituximab therapy represents one of the most important
advances in the treatment of lymphoprolipherative dis-
orders in the past 30 years. Rituximab is the archetype of
this new class of compounds that is being currently used
for the treatment of CD20-positive B-cell lymphoma,
chronic lymphocytic leukemia (CLL) and autoimmune
conditions, such as immune thrombocytopenia and col-
lagenopathy. It is a chimeric murine-derived monoclonal
antibody that is engineered by grafting the variable re-
glons that target the CD20 antigen from a murine anti-
CD20 antibody into human constant regions“s]. Binding
of rituximab to B cells activates complement and pro-
motes C3b deposition in close proximity to cell-bound
rituximab. In addition to antibody dependent cellular cy-
totoxicity (ADCC) and complement-dependent cytotox-
icity, rituximab also induces apoptosis through activation
of caspase-3 and sensitizes cells to pro-apoptotic stimuli,
which appears to be crucial in rituximab-induced cell kill-
ing. Treatment with rituximab is not commonly associat-
ed with severe opportunistic infections, while the risk of
HBYV reactivation is significantly higher if compated to
conventional chemotherapy. There are increasing reports
of HBV reactivation after rituximab therapy, either when
used alone or in combination with chemotherapyp’m’m.
HBYV infection has been reported to be the most com-
mon viral infection in patients affected by lymphoma
and treated with rituximab. Aksoy ¢ a/'” have shown that
rituximab-related HBV infections are associated with
a mortality rate of 50% compared to 33% observed in
patients with other infections. In a recent retrospective
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Figure 1 Pathogenetic hypothesis of hepatitis B virus reactivation following monoclonal antibody treatment. IFN: Interferon; TNF: Tumor necrosis factor;
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study, 80% of HBV carriers without lamivudine prophy-
laxis experienced HBV-related hepatitis, including one
fatal hepatic failure. Moreover, about 4% of HBsAg-neg-
ative patients developed de now HBYV hepatitis and two
died of fulminant hepatitis"”. The profound and durable
depletion of circulating population of B cells induced by
the drug lead to dysregulation in host immunity to HBV
and represents the main pathogenetic factor involved in
viral replication and teactivation!”. The control of HBV
infection is mediated mainly by HBV-specific cytotoxic
T lymphocytes; nevertheless, B lymphocytes are still es-
sential for antigen presentation. The failure in antigen
presentation related to the prolonged depletion of B cells
by rituximab may allow the HBV to escape the cytotoxic
T lymphocyte control, hence leading to development of
viral hepatitis reactivation (Figure 1).

Alemtuzumab (anti-CD52 monoclonal antibody)

Alemtuzumab is a humanized chimeric lymphocytotoxic
monoclonal antibody that recognizes the antigen CD52,
a 21- to 28-kDa heavily glycosylated membrane-anchored
glycoprotein that is abundantly expressed on B and T
cells, as well as on natural killer cells and macrophages).
Typically, granulocytes, platelets, erythrocytes, and hema-
topoietic stem cells (HSCs) lack CD52 expression. CD52
is expressed on all CLL cells and indolent lymphomas.
CD52 is not shed, internalized, or modulated and is
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therefore an ideal antigen for targeted immunotherapy.
However, the ubiquitous expression of CD52 on lym-
phocytes and monocytes is predictive of the increased
neutropenia, lymphopenia and infectious complications
observed with alemtuzumab therapy. Alemtuzumab was
first used in the allogeneic HSC transplantation as ex vvo
treatment of donor HSC or 7z vivo as part of combina-
tion chemotherapy or for the conditioning regimen of
patients undergoing HSC transplantation™”, with the aim
to prevent graft-ss-host disease. More recently, alem-
tuzumab was approved for the treatment of high-risk
patients with CLL. Most treated patients manifest pro-
found peripheral-blood lymphopenia by 2-4 wk, which
may persist for > 1 year. The effector mechanisms of
alemtuzumab are not fully understood but may include
ADCC, complement-mediated cell lysis, and induction
of apoptosis (Figure 1). Alemtuzumab therapy is known
to be associated with a high risk of serious bacterial, viral
and fungal infections and should be used with great cau-
tion”". The risk of severe infection, e.g., Pnenmocystis jirove-
¢y pneumonia, adenovirus infection and parvovirus B19
infection have also been reported. Although the risk of
HBV reactivation after anti-CD52 monoclonal-antibody-
mediated immunosuppression is not well defined, there
have been multiple reports on the development of HBV
reactivation after alemtuzumab therapy. In particular,
alemtuzumab-containing chemotherapy regimens are as-
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sociated with a high risk (29%) of reactivation of occult
HBYV infection and severe HBV-related hepatitism’m’zzl.
Considering the degree and duration of immunosup-
pression induced by alemtuzumab, chronic HBV-infected
patients should be treated with pre-emptive anti-HBV
therapy before commencement of an alemtuzumab-

containing chemotherapy regimen.

TNF-o. antagonists

Emerging data suggest a potential risk of HBV reactiva-
tion in patients treated with anti-TNF-g, agents'. Cur-
rently, five TNF-q antagonists are approved in the United
States for treatment of various immune-mediated inflam-
matory diseases, such as rheumatoid arthritis, psoriasis,
psoriatic arthritis, ankylosing spondylitis, and Crohn’s
disease. Four are antibodies directed against TNF-q.: inf-
liximab, a chimeric mouse/human monoclonal antibody;
adalimumab and golimumab, humanized monoclonal
antibodies; and certolizumab, a pegylated Fab fragment of
humanized monoclonal antibody. The fifth drug, etaner-
cept is a protein that blocks the TNF-q, receptor on hu-
man cells. The critical role of TNF-q in mediating inflam-
mation, particularly granulomatous inflammation, has led
to an increased susceptibility to infections by intracellular
pathogens, such as Mycobacterium tuberculosis, Mycobacterinm
avium complex, Histoplasma capsulatum, Cryptococcus neofor-
mans, Coccidioides species, and possibly Preumocystis, Listeria,
and Aspergillus™™. 'To date, no consensus exists about
the safety of anti-TNF-q in patients with chronic HBV
infection. The 2008 American College of Rheumatology
recommendations contraindicate the use of anti-TNF-q
in patients with hepatitism. A recent consensus statement
on biologic agents for treatment of rheumatic diseases
recommends that patients should be screened for HBV
before anti-TNF-g, initiation™. Specific warnings about
HBYV reactivation have been added to the Ametrican label
by the FDA, recommending that antiviral therapy should
be used in patients in whom HBV infection is diagnosed
during anti-TNF-o therapy. Various case reports have
suggested that TNF-a inhibition facilitates HBV reactiva-
tion and replication, with fulminant hepatic failure or fatal
outcomes". HBV reactivation resulting in acute or subful-
minant hepatitis is more likely in active HBV carriers. The
risk of viral reactivation in occult HBV cartiers seems to
be significantly lower, and it is seen especially in patients
with intense immunosuppression. In a large study of 88
patients with potential occult HBV infections exposed to
TNF-q blockers, a2 small number of cases of HBV reacti-
vation was observed””. Tt is currently unknown if the risk
of HBV reactivation is homogeneous within the family of
TNF-q, inhibitors. Among different anti-TNF-o agents,
infliximab seems to be more frequently associated with
viral reactivation, although the reasons for this are still un-
clear™. In chronic HBV infection, TNF-o has a dual role:
it protects the hepatocytes by decreasing transcriptional
activity of the HBV core promoter gene; and the cytokine
can augment hepatocyte apoptosis and eventual liver fi-
brosis through different mechanisms. Thus, paradoxically,
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TNF-o blockade may be potentially beneficial, because
long-term inhibition of this cytokine could have a protec-
tive effect on the hepatocytes; sparing them from injury
and the liver from progressive fibrosis. However, failure to
secrete appropriate amounts of TNF-o and impairment
in the circulating CD8" T-cell responses is associated with
decreased clearance of HBV (Figure 1). This phenome-
non raises concern regarding the safety of TNF-q inhibi-

tors in patients with undetlying liver disease!”.

ANTIVIRAL STRATEGIES FOR
MANAGEMENT OF HBV REACTIVATION

When HBV reactivation is diagnosed, it is mandatory to
suspend all chemotherapy and start treatment with anti-

viral agents immediately. However, pre-emptive antiviral
therapy prior to monoclonal antibody administration is
crucial in preventing HBV reactivation and its clinical
consequences. Several lines of evidence have shown that
risk of HBV reactivation is greatly reduced by the identi-
fication of high-risk patients and the use of prophylactic
antiviral therapy”. The early identification of patients
at risk of HBV reactivation before they receive mono-
clonal antibody therapy is crucial for avoiding the setious
morbidity associated with disease reactivation. Virological
screening is recommended in all patients at risk of HBV
reactivation, who are planned to receive monoclonal
antibody therapy (Figure 2). Testing for HbsAg, HBcAb
and HBsAb could allow identification of patients with
chronic, occult or resolved infection™. HBsAg-positive
patients, including both the active carriers (detectable
HBV DNA with the presence of liver damage) and the
inactive carriers (undetectable HBV DNA with no liver
damage), should be treated immediately, in order to block
viral replication and disease progression before monoclo-
nal antibody therapy is given.

Recommendations for standard management are less
clear in patients with occult HBV infection (HBsAg-neg-
ative/ HBcAb-positive with or without HBsAb and unde-
tectable HBV DNA). Indeed, in these patients, the risk of
disease reactivation is significantly lower if compared with
HBsAg-positive individuals. Therefore, it has been pro-
posed that HBsAg-negative patients with positive HBcAb
and undetectable HBV DNA should be strictly monitored
by measurement of alanine aminotransferase (ALT) and
serum HBV DNA; in case of HBV reactivation, as as-
sessed by significant increase in HBV-DNA levels, they
should be promptly treated with antiviral drugs, possibly
before ALT elevation. Nevertheless, this approach is not
universally accepted because a delay in the administration
of antiviral treatment might expose the patient to the risk
of severe hepatic failure during occult HBV infection™.
In our opinion, considering the relative safety of newer
oral antiviral agents, prophylactic treatment represents a
reasonable strategy; especially in high-risk patients receiv-
ing a rituximab-based regimen (Figure 2).

The optimal timing and duration of antiviral prophy-
laxis should be individualized, taking into consideration
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Figure 2 Proposed algorithm for the management of hepatitis B virus-infected patients requiring biologic therapy. HBV: Hepatitis B virus; TNF-o.: Tumor
necrosis factor o; HbsAg: HBV surface antigen; HBcAb: Hepatitis B core antibody; HBsAb: Hepatitis B surface antibody; ALT: Alanine transaminase; AST: Aspartate

transaminase.

viral and host factors. Starting antiviral treatment before
immunosuppressive regimen and proceeding until the
immune system has fully restored might be the most rea-
sonable approach. In general, antiviral drugs should be
initiated 1-2 wk before monoclonal antibody therapy and
should be provided for at least 6 mo after the biologic
treatment is stopped (Figure 2). Nevertheless, close mon-
itoring of HBV DNA and ALT is strongly recommended
after stopping prophylaxis to prevent severe HBV flare.

SELECTION OF ANTIVIRAL REGIMEN

Drugs used for treatment of HBV infection include intet-
feron therapy and nucleos(t)ide analogs. Standard interfer-
on (IFN)-a or peglFN-q, is contraindicated for treatment
of HBV reactivation following biologic therapy.
Currently, five oral nucleos(t)ide antiviral drugs are
approved for the treatment of chronic HBV infection: la-
mivudine, adefovir, entecavir, tenofovir, and telbivudine.
The most commonly used antiviral drug in HBV reacti-
vation is lamivudine”””. However, prognosis of patients
undergoing a chemotherapeutic regimen including rituxi-
mab remains severe despite lamivudine therapy. Further-
more, lamivudine efficiency is hampered by the high rate
of drug resistance mutations within HBV polymerase,
which are associated with treatment failure!™. Lamivudine
monotherapy can also select HBV strains associated with
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tesistance to entecavir” " and adefovit™. To date, current
treatment guidelines no longer recommend lamivudine
monotherapy as primary treatment for chronic hepatitis
B™. This drug may have still a role in the prevention of
HBYV reactivation in patients with occult HBV infection
(Figure 2). Nevertheless, considering the high rate of
mortality associated with HBV reactivation during mono-
clonal antibody therapy, the use of more potent and ef-
fective antiviral drugs needs to be evaluated. Adefovir has
been used in patients with established HBV reactivation
and individuals treated with lamivudine prophylaxis who
have developed drug resistance. However, primary treat-
ment failure occurs in = 10% of patients treated with
adefovir, and viral resistance occurs in nearly 30% of
patients with hepatitis B e antigen-negative disease after
5 years of therapy”™. Entecavir and tenofovir are more
potent and effective antiviral drugs that now represent
the current preferred options for the management of
treatment-naive patients with chronic HBV infection”.
These new-generation HBV polymerase inhibitors exhib-
it very low rates of resistance in nucleoside-naive patients
when given as monotherapy. To date, there is no or very
limited experience on the use of these drugs in the man-
agement of HBV reactivation in immunosuppressed pa-
tients undergoing monoclonal antibody therapy””. There
are a few case reports on telbivudine safety in HBV reac-
tivation but there are no reports on tenofovir efficacy in
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HBYV reactivation.

The best evidence for antiviral prophylaxis of HBV
reactivation is still for lamivudine (Figure 2), but there are
few data on the use of entecavir. In two recent case re-
ports, entecavir was successfully used as a first-line treat-
ment for HBV reactivation following chemotherapy con-
taining rituximab®””. However, in another study, it has
been shown that entecavir increases mortality of patients
with HBV reactivation, by increasing lactic acidosis and
encephalopathyw. Recently, we described a case of HBV
reactivation in a patient with non-Hodgkin’s lymphoma
following a rituximab-based regimen: he was successfully
treated with a combination antiviral treatment includ-
ing entecavir and tenofovir!. Antiviral treatment with
entecavir was immediately initiated when the patient had
HBYV reactivation, and a rapid reduction of viral replica-
tion with normalization of transaminases was obtained.
However, after a few months, the patient again presented
with virological and biochemical breakthrough; probably
related to the persistent and severe immune impairment
of T- and B-cell function. We obtained full viral suppres-
sion and stable normalization of liver enzymes only after
starting a combination strategy that included entecavir
and tenofovir. Anti-HBV combination therapy has been
considered in HBV-infected patients with decompensated
cirrhosis and following liver transplantationm. In our
opinion, the combined use of antiviral drugs should be
further evaluated for the management of HBV reactiva-
tion; especially in patients with severe impairment of the
immune system (Figure 2), although safety data in differ-
ent groups of patients are needed.

CONCLUSION

HBYV reactivation represents an important medical issue
in HBV-infected patients receiving biological treatment
with monoclonal antibodies, such as rituximab, alem-
tuzumab or TNF-qo antagonists. The identification of
high-risk patients with active, inactive and occult HBV
infection and the use of prophylactic antiviral treatment

is crucial in avoiding the serious morbidity associated
with HBV disease reactivation. Finally, studies examining
the safety and efficacy of the latest generation anti-HBV
drugs in sequential monotherapy, or in combination, for
the management of HBV reactivation should be strongly
encouraged.

REFERENCES

1  Yeo W, Johnson PJ. Diagnosis, prevention and management
of hepatitis B virus reactivation during anticancer therapy.
Hepatology 2006; 43: 209-220

2 Lau GK. Hepatitis B reactivation after chemotherapy: two
decades of clinical research. Hepatol Int 2008; 2: 152-162

3 Lubel JS, Angus PW. Hepatitis B reactivation in patients
receiving cytotoxic chemotherapy: diagnosis and manage-
ment. | Gastroenterol Hepatol 2010; 25: 864-871

4 Lalazar G, Rund D, Shouval D. Screening, prevention
and treatment of viral hepatitis B reactivation in patients
with haematological malignancies. Br | Haematol 2007; 136:

(49

Boishidengs WIG | www.wjgnet.com

10

11

12

13

14

15

16

17

18

19

20

21

699-712

Kusumoto S, Tanaka Y, Mizokami M, Ueda R. Reactivation
of hepatitis B virus following systemic chemotherapy for
malignant lymphoma. Int | Hematol 2009; 90: 13-23

Liang R. How I treat and monitor viral hepatitis B infection
in patients receiving intensive immunosuppressive therapies
or undergoing hematopoietic stem cell transplantation. Blood
2009; 113: 3147-3153

Carroll MB, Forgione MA. Use of tumor necrosis factor
alpha inhibitors in hepatitis B surface antigen-positive pa-
tients: a literature review and potential mechanisms of ac-
tion. Clin Rheumatol 2010; 29: 1021-1029

Ferri C, Govoni M, Calabrese L. The A, B, Cs of viral hepati-
tis in the biologic era. Curr Opin Rheumatol 2010; 22: 443-450
Marzano A, Angelucci E, Andreone P, Brunetto M, Bruno R,
Burra P, Caraceni P, Daniele B, Di Marco V, Fabrizi F, Fagi-
uoli S, Grossi P, Lampertico P, Meliconi R, Mangia A, Puoti
M, Raimondo G, Smedile A. Prophylaxis and treatment of
hepatitis B in immunocompromised patients. Dig Liver Dis
2007; 39: 397-408

Pei SN, Chen CH, Lee CM, Wang MC, Ma MC, Hu TH, Kuo
CY. Reactivation of hepatitis B virus following rituximab-
based regimens: a serious complication in both HBsAg-
positive and HBsAg-negative patients. Ann Hematol 2010; 89:
255-262

Sera T, Hiasa Y, Michitaka K, Konishi I, Matsuura K, Toku-
moto Y, Matsuura B, Kajiwara T, Masumoto T, Horiike N,
Onji M. Anti-HBs-positive liver failure due to hepatitis B
virus reactivation induced by rituximab. Intern Med 2006; 45:
721-724

Hui CK, Cheung WW, Zhang HY, Au WY, Yueng YH,
Leung AY, Leung N, Luk JM, Lie AK, Kwong YL, Liang R,
Lau GK. Kinetics and risk of de novo hepatitis B infection in
HBsAg-negative patients undergoing cytotoxic chemothera-
py. Gastroenterology 2006; 131: 59-68

Tsutsumi Y, Kanamori H, Mori A, Tanaka J, Asaka M,
Imamura M, Masauzi N. Reactivation of hepatitis B virus
with rituximab. Expert Opin Drug Saf 2005; 4: 599-608
Iannitto E, Minardi V, Calvaruso G, Mule A, Ammatuna E,
Di Trapani R, Ferraro D, Abbadessa V, Craxi A, Di Stefano
R. Hepatitis B virus reactivation and alemtuzumab therapy.
Eur ]| Haematol 2005; 74: 254-258

McLaughlin P, Grillo-Lépez AJ, Link BK, Levy R, Czuczman
MS, Williams ME, Heyman MR, Bence-Bruckler I, White
CA, Cabanillas F, Jain V, Ho AD, Lister ], Wey K, Shen D,
Dallaire BK. Rituximab chimeric anti-CD20 monoclonal an-
tibody therapy for relapsed indolent lymphoma: half of pa-
tients respond to a four-dose treatment program. | Clin Oncol
1998; 16: 2825-2833

Dervite I, Hober D, Morel P. Acute hepatitis B in a patient
with antibodies to hepatitis B surface antigen who was re-
ceiving rituximab. N Engl ] Med 2001; 344: 68-69
Garcia-Rodriguez M]J, Canales MA, Hernandez-Maraver D,
Hernandez-Navarro F. Late reactivation of resolved hepatitis
B virus infection: an increasing complication post rituximab-
based regimens treatment? Am | Hematol 2008; 83: 673-675
Aksoy S, Dizdar O, Hayran M, Harputluoglu H. Infectious
complications of rituximab in patients with lymphoma dur-
ing maintenance therapy: a systematic review and meta-
analysis. Leuk Lymphoma 2009; 50: 357-365

Chang JJ, Lewin SR. Immunopathogenesis of hepatitis B vi-
rus infection. Immunol Cell Biol 2007; 85: 16-23

Elter T, Vehreschild JJ, Gribben ], Cornely OA, Engert A,
Hallek M. Management of infections in patients with chronic
lymphocytic leukemia treated with alemtuzumab. Ann He-
matol 2009; 88: 121-132

Cheung WW, Tse E, Leung AY, Yuen KY, Kwong YL. Regu-
lar virologic surveillance showed very frequent cytomegalo-
virus reactivation in patients treated with alemtuzumab. Am
] Hematol 2007; 82: 108-111

September 14, 2011 | Volume 17 | Issue 34 |



22

23

24

25

26

27

28

29

30

31

Mastroianni CM et a/. HBV reactivation during biologic therapy

Moses SE, Lim ZY, Sudhanva M, Devereux S, Ho AY, Pa-
gliuca A, Zuckerman M, Mufti GJ. Lamivudine prophylaxis
and treatment of hepatitis B Virus-exposed recipients re-
ceiving reduced intensity conditioning hematopoietic stem
cell transplants with alemtuzumab. | Med Virol 2006; 78:
1560-1563

Moiton MP, Richez C, Dumoulin C, Mehsen N, Dehais J,
Schaeverbeke T. Role of anti-tumour necrosis factor-alpha
therapeutic agents in the emergence of infections. Clin Micro-
biol Infect 2006; 12: 1151-1153

Wallis RS. Infectious complications of tumor necrosis factor
blockade. Curr Opin Infect Dis 2009; 22: 403-409

Saag KG, Teng GG, Patkar NM, Anuntiyo ], Finney C, Cur-
tis JR, Paulus HE, Mudano A, Pisu M, Elkins-Melton M, Out-
man R, Allison JJ, Suarez Almazor M, Bridges SL, Chatham
WW, Hochberg M, MacLean C, Mikuls T, Moreland LW, O’
Dell J, Turkiewicz AM, Furst DE. American College of Rheu-
matology 2008 recommendations for the use of nonbiologic
and biologic disease-modifying antirheumatic drugs in rheu-
matoid arthritis. Arthritis Rheum 2008; 59: 762-784

Furst DE, Keystone EC, Fleischmann R, Mease P, Breedveld
FC, Smolen JS, Kalden JR, Braun J, Bresnihan B, Burmester
GR, De Benedetti F, Dérner T, Emery P, Gibofsky A, Ka-
vanaugh A, Kirkham B, Schiff MH, Sieper ], Singer N, Van
Riel PL, Weinblatt ME, Weisman MH, Winthrop K. Updated
consensus statement on biological agents for the treatment
of rheumatic diseases, 2009. Ann Rheum Dis 2010; 69 Suppl 1:
i2-129

Kim Y], Bae SC, Sung YK, Kim TH, Jun ]JB, Yoo DH, Kim TY,
Sohn JH, Lee HS. Possible reactivation of potential hepatitis
B virus occult infection by tumor necrosis factor-alpha block-
er in the treatment of rheumatic diseases. | Rheumatol 2010;
37: 346-350

Carroll MB, Bond MI. Use of tumor necrosis factor-alpha in-
hibitors in patients with chronic hepatitis B infection. Semin
Arthritis Rheum 2008; 38: 208-217

Francisci D, Falcinelli F, Schiaroli E, Capponi M, Belfiori B,
Flenghi L, Baldelli F. Management of hepatitis B virus reac-
tivation in patients with hematological malignancies treated
with chemotherapy. Infection 2010; 38: 58-61

European Association For The Study Of The Liver. EASL
Clinical Practice Guidelines: management of chronic hepati-
tis B. ] Hepatol 2009; 50: 227-242

Lok AS, Lai CL, Leung N, Yao GB, Cui ZY, Schiff ER, Dien-
stag JL, Heathcote EJ, Little NR, Griffiths DA, Gardner SD,
Castiglia M. Long-term safety of lamivudine treatment in

(49

TR
JRaishideng®

WIJG | www.wjgnet.com

3887

32

33

34

35

36

37

38

39

40

41

patients with chronic hepatitis B. Gastroenterology 2003; 125:
1714-1722

Loomba R, Rowley A, Wesley R, Liang TJ, Hoofnagle JH,
Pucino F, Csako G. Systematic review: the effect of preven-
tive lamivudine on hepatitis B reactivation during chemo-
therapy. Ann Intern Med 2008; 148: 519-528

Law JK, Ali JA, Harrigan PR, Sherlock CH, Savage K], Yo-
shida EM. Fatal postlymphoma chemotherapy hepatitis B
reactivation secondary to the emergence of a YMDD mutant
strain with lamivudine resistance in a noncirrhotic patient.
Am | Hematol 2006; 81: 969-972

Jardi R, Rodriguez-Frias F, Schaper M, Ruiz G, Elefsiniotis
I, Esteban R, Buti M. Hepatitis B virus polymerase variants
associated with entecavir drug resistance in treatment-naive
patients. ] Viral Hepat 2007; 14: 835-840

Gerolami R, Bourliere M, Colson P, Halfon P, Borentain P,
Henry M, Botta D, Thibault V, Khiri H, Tamalet C. Unusual
selection of rtA181V HBV mutants cross-resistant to adefovir
following prolonged lamivudine monotherapy: report of
two cases. Antivir Ther 2006; 11: 1103-1106

Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, Chang TT,
Kitis G, Rizzetto M, Marcellin P, Lim SG, Goodman Z, Ma J,
Brosgart CL, Borroto-Esoda K, Arterburn S, Chuck SL. Long-
term therapy with adefovir dipivoxil for HBeAg-negative
chronic hepatitis B for up to 5 years. Gastroenterology 2006;
131: 1743-1751

Carey I, Harrison PM. Monotherapy versus combination
therapy for the treatment of chronic hepatitis B. Expert Opin
Investig Drugs 2009; 18: 1655-1666

Colson P, Borentain P, Coso D, Chabannon C, Tamalet C,
Gérolami R. Entecavir as a first-line treatment for HBV re-
activation following polychemotherapy for lymphoma. Br |
Haematol 2008; 143: 148-150

Sanchez MJ, Buti M, Homs M, Palacios A, Rodriguez-Frias
F, Esteban R. Successful use of entecavir for a severe case of
reactivation of hepatitis B virus following polychemotherapy
containing rituximab. | Hepatol 2009; 51: 1091-1096

Wong VW, Wong GL, Yiu KK, Chim AM, Chu SH, Chan
HY, Sung JJ, Chan HL. Entecavir treatment in patients with
severe acute exacerbation of chronic hepatitis B. | Hepatol
2011; 54: 236-242

Rago A, Lichtner M, Mecarocci S, Marocco R, Cenfra N,
Belvisi V, Del Borgo C, Cimino G, Mastroianni CM. Antivi-
ral treatment including entecavir plus tenofovir disoproxil
fumarate for HBV reactivation following a rituximab-based
regimen. Antivir Ther 2010; 15: 929-932

S- Editor Tian L L- Editor Kerr C E- Editor Zheng XM

September 14, 2011 | Volume 17 | Issue 34 |



