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Abstract
Objective: To describe and quantify the incidence and morbidity of hepatitis B reactivation (HBVr) secondary to
pharmaceutical agents (eg, rituximab, tumor necrosis factor inhibitors, direct-acting antivirals [DAAs] for hepatitis C)
among patients with previously resolved hepatitis B infection. Data Sources: The MEDLINE database was searched from
inception through July 2018 using the terms hepatitis B + (reactivation OR [drug or drug class linked to HBVr]). Study
Selection and Data Extraction: Relevant English-language cohort studies or randomized trials quantifying the incidence
of HBVr secondary to pharmacotherapy among patients negative for hepatitis B surface antigen and DNA and positive
for hepatitis B core antibody were included. Data Synthesis: Among 2045 articles, 102 met inclusion criteria. Receipt
of rituximab was associated with the highest risk of HBVr (for oncological indication: 6.2% rate [225/3601 patients]) and
subsequent hepatitis (up to 52.4% of all HBVr cases). Biologic agents for autoimmune disease were uncommonly associated
with HBVr (2.4%, 56/2338), with only 4 cases of hepatitis, all attributable to rituximab. Reactivation caused by DAAs was
rare (0.3%, 28/8398), with no cases of hepatitis. Relevance to Patient Care/Clinical Practice: This review compares
and contrasts the incidence and clinical relevance of HBVr for various pharmacotherapies among patients with functionally
cured hepatitis B, with discussion of appropriate risk mitigation strategies. Conclusions: Among patients with prior
functional cure of hepatitis B, prophylactic antiviral therapy is recommended with rituximab administration irrespective
of indication because of a high risk for HBVr-associated morbidity. Enhanced monitoring alone is reasonable for patients
receiving nonrituximab biologics or DAAs.
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Introduction
Hepatitis B virus (HBV) is recognized as a global health
concern, with an estimated 257 million people currently living with hepatitis B.1 Failure to resolve the infection (persistence of hepatitis B surface antigen [HBsAg]) may result in
severe liver disease, including progression to cirrhosis and
the development of hepatocellular carcinoma, with an estimated 887 000 global deaths in 2015 caused by complications of chronic hepatitis B.1 Within the United States, HBV
is less prevalent than in other global regions; however, up to
2.2 million people are chronically infected.2 Additionally,
incident infection rates have increased since 2014, which
has been linked to escalating rates of injection drug use.3
Chronic hepatitis B is defined by the failure to clear
HBsAg, with at least 2 positive tests spaced at least 6
months apart.4 Sustained loss of HBsAg in conjunction

with undetectable HBV DNA within the serum is considered the hallmark of recovery from HBV infection,
described as “resolved” infection or “functional cure.”
Almost all these patients will have detectable antibodies
against hepatitis B core antigen (anti-HBc), and 80% will
also develop antibodies against HBsAg (anti-HBs), which
has been associated with enhanced viral suppression and
improved prognosis.5 Although patients with resolved
HBV infection were once thought to have lifelong
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Figure 1. Hepatitis B reactivation. Patients with functional cure are at risk for reactivation because within the hepatitis B virus (HBV)
life cycle, viral DNA is converted to covalently closed circular DNA (cccDNA), a stable template for viral transcription and replication
within the hepatocyte nucleus. This cccDNA is not eradicated by the host immune system or antiviral therapy and serves as a
lifelong reservoir of HBV. The addition of immunomodulating agents can result in a loss of immune control of HBV and resumed viral
replication within the hepatocyte. Following reconstitution of the immune system, these cells may be targeted by cytotoxic T cells,
resulting in clinical hepatitis.

immunity, within the past decade it has been recognized
that even among patients with anti-HBs, individuals with
preexisting HBV infection may be at risk for reactivation
of hepatitis B following the receipt of immunosuppressing
pharmacotherapies (Figure 1).
Hepatitis B reactivation (HBVr) among patients with
previously resolved HBV infection is defined by the
American Association for the Study of Liver Diseases
(AASLD) as the presence of detectable HBV DNA or
reappearance of HBsAg.4 Pharmacotherapies associated
with HBVr include B-cell depleting agents (eg, rituximab) utilized in oncology and transplant centers, other
immunosuppressants (eg, tumor necrosis factor [TNFα]
inhibitors for autoimmune disease), and most recently in
2016, the direct-acting antivirals (DAAs) for treatment of
hepatitis C infection.6,7 Strategies to mitigate HBVr risk,
from most to least aggressive, include the administration
of prophylactic antiviral therapy (eg, lamivudine, entecavir), increased monitoring for HBVr (eg, regular testing
for HBV DNA reappearance), or monitoring for clinical
disease only (eg, testing for alanine aminotransferase
[ALT] elevation).4
However, few studies have attempted to compare the
incidence of HBVr across the different pharmacological
classes to aid providers in assessing the true HBVr risk for
their particular patient’s planned drug regimen, which is
necessary to devise the most appropriate risk management
strategy. To further cloud the clinical picture for providers,
reported rates of HBVr among patients with prior functional

cure vary widely in the published literature, even for the
same drug, from <1% to 30% or higher.8,9
Additionally, although classically HBVr occurs in 3
phases—increased viral replication caused by immunosuppression, clinical disease (eg, hepatitis flare) upon immune
system reconstitution with hepatocyte necrosis, and
recovery10—some patients with evidence of increased viral
replication never develop clinical disease, and although
most reactivation cases resolve spontaneously, mortality
resulting from acute hepatic failure is possible. Thus, systemic evaluation of HBVr severity by drug class is warranted
in order for providers to perform an accurate risk assessment; however, this is also lacking in the literature. Although
several clinical practice guidelines are available that address
HBVr risk mitigation in functionally cured patients (Table
1),4,11-16 these recommendations are often discordant. For
example, the AASLD considers HBVr monitoring alone
adequate with initiation of TNFα therapy4; conversely, the
American Gastroenterological Association advocates for
prophylaxis with biologic therapy.16
Given these clinical uncertainties, the objective of the
article is to systematically review HBVr secondary to
pharmacotherapy among individuals with resolved HBV
infection (HBsAg-negative, HBV DNA-negative, and
anti-HBc-positive with or without anti-HBs), evaluate
reactivation incidence and severity across the implicated
pharmacologic classes, and differentiate management
strategies among the patient populations at risk for this
complication.
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HBsAg (−); anti-HBc (+)

HBsAg (−); anti-HBc (+)

HBsAg (−); Anti-HBc (+)

2008

2015

2018

National Comprehensive
Cancer Network13

Centers for Disease Control
and Prevention11
Oncology guidelines
American Society of Clinical
Oncology12

HBsAg (−); anti-HBc (+)

2018

General guidelines
American Association for the
Study of Liver Diseases4

HBV Serology

Year

Organization

Prophylaxis
Prophylaxis or
preemptive

Rituximab and other antiCD20 therapies
Immunosuppression for
nonliver SOT

Prophylaxis

Preemptive

Other immunosuppressive
cancer therapy
Rituximab and other antiCD20 therapies

Prophylaxis or
preemptive

Rituximab and other antiCD20 therapies

N/A

Preemptive

Biologics for rheumatologic
conditions, inflammatory
bowel disease, or psoriasis

Immunosuppressive therapy

Preemptive

Strategy

HCV DAA therapy

Drug(s)

Recommendations

(continued)

•• Give prophylaxis (ETV, TDF, TAF) prior to
cytotoxic therapy and for 12 months after drug
discontinuation or
•• Monitor ALT and HBV DNA every 3 months
during therapy
•• Initiate antiviral therapy (ETV, TDF, TAF) if
evidence of HBVr
•• Monitor ALT and HBV DNA every 3 months
during therapy
•• Initiate antiviral therapy (ETV, TDF, TAF) if
evidence of HBVr
•• Give prophylaxis (ETV) prior to cytotoxic
therapy and for 12 months after drug
discontinuation
•• Monitor HBV DNA monthly during treatment
and every 3 months after

•• Monitor ALT at baseline, end of DAA therapy,
and during follow-up
•• Test for HBsAg and HBV DNA only if ALT
increases or fails to normalize with resolution
of HCV infection
•• Initiate antiviral therapy (ETV, TDF, TAF) if
evidence of HBVr
•• Monitor ALT, HBV DNA, and HBsAg status
every 1-3 months
•• Initiate antiviral therapy (ETV, TDF, TAF) if
evidence of HBVr
•• Give prophylaxis (ETV, TDF, TAF) prior to
cytotoxic therapy and for 12 months after drug
discontinuation
•• May consider prophylaxis (ETV, TDF, TAF) for
6-12 months post-SOT and during periods of
intensified immunosuppression
•• Monitor ALT every 3 months off prophylaxis
•• Test for HBV DNA if ALT rises
•• Monitor for signs of liver disease

Table 1. Selected Guideline Documents Addressing Risk Mitigation of Hepatitis B Reactivation Among Patients With Resolved Hepatitis B.
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HBsAg (−); anti-HBc (+);
anti-HBs (+)
HBsAg (−); anti-HBc (+)

HBsAg (−); anti-HBc (+)

HBsAg (−); Anti-HBc (+);
Anti-HBs (+) [“high”
level]

HBV Serology

Prophylaxis

Prophylaxis

N/A

Anthracycline derivatives
(eg, doxorubicin)

Traditional DMARD or lowdose prednisone

Prophylaxis

Preemptive

Prophylaxis

Prophylaxis or
preemptive

Strategy

Biologic agent

Immunosuppression for
rheumatoid arthritis
⩾10 mg prednisone daily or
equivalent for ⩾4 weeks

“Intensified”
immunosuppression
post–kidney transplant

Rituximab and other antiCD20 therapies

Drug(s)

•• Give prophylaxis (ETV, TDF, TAF) prior
to therapy and for 6 months after drug
discontinuation
•• Withholding prophylaxis is a reasonable
alternative
•• Give prophylaxis (ETV, TDF, TAF) prior
to therapy and for 6 months after drug
discontinuation
•• Withholding prophylaxis is a reasonable
alternative
•• Give prophylaxis (ETV, TDF, TAF) prior
to therapy and for 6 months after drug
discontinuation
•• Withholding prophylaxis is a reasonable
alternative
•• Prophylaxis not recommended
•• No recommendation for preemptive therapy

•• Monitor HBV DNA every 6-12 months

•• Give prophylaxis (3TC)
•• HBV vaccination for all patients with anti-HBs
titer <100 mIU/mL

•• As above or
•• Serial HBV DNA monitoring alone
•• Initiate antiviral therapy (ETV) if evidence of
HBVr

Recommendations

Abbreviations: 3TC, lamivudine; ALT, alanine aminotransferase; Anti-HBc, hepatitis B core antibody; Anti-HBs, hepatitis B surface antibody; DAA, direct-acting antiviral; DMARD, disease-modifying
anti-rheumatic drug; ETV, entecavir; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HBVr, hepatitis B reactivation; HCV, hepatitis C virus; N/A, not applicable; SOT, solid organ transplant;
TAF, tenofovir alafenamide; TDF, tenofovir disoproxil fumarate.

2015

2015

2009

Transplant guidelines
Kidney Disease: Improving
Global Outcomes14

Autoimmune disease guidelines
American College of
Rheumatology15
American
Gastroenterological
Association16

Year

Organization

Table 1. (continued)
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Methods
Potential studies for inclusion were identified using the
PubMed/MEDLINE database from inception through July
2018, incorporating the Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guidelines.17 The terms used to search MEDLINE included hepatitis B + reactivation as well as MeSH terms hepatitis B +
(drug or drug class of interest based on prior reports of
HBVr risk, eg [rituximab or ofatumumab or veltuzumab or
etanercept or infliximab or adalimumab or certolizumab or
golimumab or tocilizumab or abatacept or sofosbuvir or
ledipasvir, sofosbuvir drug combination or sofosbuvir-velpatasvir drug combination or daclatasvir or ombitasvir or
velpatasvir or elbasvir or pibrentasvir or simeprevir or paritaprevir or grazoprevir or glecaprevir or voxilaprevir or
dasabuvir or immunosuppressive agents]). Articles were
limited to original research studies published in the English
language of a cohort or randomized controlled trial (RCT)
design. Included studies quantified the incidence of HBVr
among functionally cured patients with HBV infection as a
result of pharmacotherapy. Studies describing mixed populations (eg, also included patients with active HBV infection) were included only if the relevant population could be
separated numerically from the overall cohort. Exclusions
included pediatric-only studies or HBVr attributed to hematopoietic stem cell transplant (HSCT), liver transplantation
(because reappearance of HBV DNA or HBsAg in this circumstance is reflective of reinfection of the transplanted
liver rather than HBVr10), or chemotherapy administered
via transcatheter arterial chemoembolization.
Identification of potential studies was performed by 2
independent reviewers using the outlined search strategy,
and any study that met inclusion criteria was retrieved in
full. Relevant information was extracted manually using a
data collection form. Any discrepancies were resolved by a
third, independent reviewer. No quantitative assessment of
bias was performed for the individual studies; however,
potential sources of bias affecting the cumulative evidence
are discussed in the limitations section of the article.
Because of variability in patient population, inciting drug
regimen, implemented intervention, and reporting of outcome measures, results are summarized descriptively with
the exception of select dichotomous variables analyzed via
the χ2 or Fisher exact test.
HBVr, hepatitis flare, and liver failure were defined per
AASLD definitions4; thus, the reported rates may differ in
some instances from those reported by the article’s authors
(eg, if the authors set a minimum HBV DNA threshold for
HBVr). For studies where some, but not all, patients
received rituximab for an oncological indication (and the
rituximab subcohort could not be numerically separated), a
10% threshold was established for grouping the study with
rituximab versus nonrituximab therapy, given its high
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known propensity to cause HBVr. Similarly, for studies
where some, but not all, patients received biologic therapies
for autoimmune diseases, a 20% threshold (higher because
of the lower anticipated HBVr risk of biologics such as the
TNFα inhibitors vs rituximab) was used for study classification purposes.

Results
A total of 2045 studies were screened, excluding duplicates.
After applying inclusion and exclusion criteria, 102 studies
were included in the systematic review. The most common
reasons for exclusion were noncohort/RCT study (42.7%),
no quantification of HBVr incidence (22.9%), and missing
or alternate HBV serology (14.7%). Of the included studies,
the most common study design was a retrospective cohort
(65.7%), followed by prospective cohort (31.4%), with 2
RCTs and 1 study with both prospective and retrospective
cohort arms. Details of the included studies are summarized
in Tables 2 to 4. Studies examining multiple pharmacotherapies may be represented in more than 1 table.
A total of 37 studies including 3601 patients with
resolved HBV infection evaluated the use of rituximab for
hematological malignancies or solid tumors, generally in
addition to other cytotoxic chemotherapeutic agents (Table
2).8,9,18-52 In most of the studies, patients did not receive prophylaxis. The incidence of HBVr ranged from 0% to 30.2%,
with an overall rate of 6.2% (225/3601). The majority
(52.4%, 118/225) of HBVr patients experienced hepatitis
flare, and 13.8% (31/225) had reported liver failure. Of
note, no studies highlighting the effects of other anti-CD20
agents (eg, ofatumumab, veltuzumab) were identified.
Fewer studies (16) evaluated HBVr secondary to chemotherapeutic agents without rituximab for hematological
malignancy or solid tumor (Table 3).48,49,53-66 Only 2 studies
reported the receipt of prophylaxis. Among the 2041
patients evaluated, 54 (2.6%) experienced HBVr. Hepatitis
flare was reported among 20.4% (11/54) of the HBVr cases,
with a 3.7% rate of liver failure (2/54). Among all patients
with oncological disorders, HBVr was more common
among patients who received rituximab-containing regimens (6.2% vs 2.6%, P < 0.001). Comparing the HBVr
cases, rituximab therapy was additionally associated with
an increased likelihood of both hepatitis flare and liver failure (P < 0.001 and P = 0.04, respectively, versus non–
rituximab-containing chemotherapy).
A total of 32 studies were identified evaluating immunosuppressing biologics and other disease-modifying antirheumatic drugs (DMARDs) for autoimmune diseases,
which included rheumatoid arthritis, psoriasis, systemic
lupus erythematosus, and aplastic anemia (Table 4).67-98
TNFα inhibitors were the most common agents evaluated,
and 6 studies included rituximab. Use of prophylaxis was
rare. For the studies where ⩾20% of the cohort received
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NR

43 (76.8%)

58 (77.3%)

58/80 (72.5%)

65 (73.9%)

130 (73.0%)

58 (70.0%)
68% cohort

194 (79.8%)

NR

25

55
108

56

75

424

150

50

88

32
675

178

83
48

62

243

17

59

Chen et al (2015)22
Cho et al (2016)23

Francisci et al
(2010)24
Francisci et al
(2012)25
Guarino et al
(2017)26
Hsiao et al (2015)27

Hsu et al (2014)28

Huang et al
(2013)29
Ji et al (2010)30

Junus et al (2017)31
Kim et al (2014)32

Kim et al (2013)33

Koo et al (2010)34

Koo et al (2011)35

Kusumoto et al
(2015)36
Liu et al (2013)37

Liu et al (2016)8

47

39 (63.9%)
78% cohort

61
82
3 Years

Chemotherapy +/− RTX
(~24%)
RTX-chemotherapy
RTX-chemotherapy

NR

33 (71.7%)

NR
537 (80.1%)

116 (77.3%)

RTX-chemotherapy
Chemotherapy +/− RTX
(68.7%)
RTX-chemotherapy (77.4%
R-CHOP)
RTX-chemotherapy (87.8%
R-CHOP)
RTX +/− chemotherapy
(94.1%)
Chemotherapy +/− RTX
(90.2%)

RTX-chemotherapy

RTX +/− chemotherapy
Chemotherapy +/− RTX

R-CHOP (48.9%)/CHOP

R-CHOP

R-CHOP

24.8 Months (range
2.6-62.8)

NR

32 Months (range 4.747.2)
562 Days

NR
NR

NR
14.7 Months (range
0.5-43)
NR

NR

27.4 Months (range
1.1-45.7)
18.5 Months

NR

NR

Chemotherapy +/− RTX
(14.9%)
297/381 (78%) RTX +/− chemotherapy

13 (27.7%)

NR

Chemotherapy +/− RTX

18 Months
NR

RTX +/− chemotherapy
RTX-chemotherapy

NR
33.5 Months (range
4.2-130.5)
⩾6 Months

NR

Mean/Median Follow-up

RTX-chemotherapy

Primary Drug(s)

RTX-chemotherapy (71%)

52 (94.5%)
51 (47.2%)

NR

41

Al-Mansour et al
(2018)18
Buti et al (2017)19
Castelli et al
(2016)20
Chen et al (2013)21

Anti-HBs (+)

n

Citation

Table 2. Rituximab (>10% Cohort) for Hematological Malignancy or Solid Tumor.

No

No

No

No

NR
10.4% Cohort

NR

7 (21.9%)
No

No

41/80 (51.3%), ETV

No

No

6 (12.8%)

No

25 (100%), 22 ETV,
3 3TC
No
39 (36.1%),
Telbivudine 56.4%
No

28 (68.3%), 17
ETV, 11 3TC
33 (54.1%), TDF
82 (100%), 3TC

PPX

0

0

21/243 (8.6%)

2 (3.2%)

2 (2.4%)
1 (2.1%)

17 (9.6%)

1 (1.1%)
[2.3% R-CHOP]
2 (6.3%)
13 (1.9%)

6 (12.0%)

17 (11.3%)

2 (4.3%)
[28.8% RTX]
23 (5.4%)

5 (6.7%)

3 (5.4%)

6 (10.9%)
8 (7.4%)

1 (4%)

3 (4.9%); No PPX
9 (11.0%)

0

HBVr

N/A

112.5 Days (range
32-754)
N/A

NR

8.9 Months (range
0.9-29.5)
NR
2 Months

6, 8 Cycles
NR

2 Cycles

39.9 Weeks (range
15-168)
21 Weeks (range
3-57)
NR

1.5 Months

NR

Range 2-7 cycles
7.1 Months (range
4.2-44.9)
2-4 Cycles

2 Years

4 Months
Range 2-6 cycles

N/A

Median time to
HBVr

N/A

N/A

0

2 (100%)

2 (100%)
1 (100%)

14 (82.4%)

2 (100%)
10 (76.9%)

1 (100%)

1 (16.7%)

10 (58.8%)

19 (82.6%)

2 (100%)

0

0

6 (100%)
6 (75.0%)

0

1 (33.3%)
9 (100%)

0

(continued)

N/A

N/A

0

2 (100%)

1 (50%)
1 (100%)

3 (17.6%)

0
2 (15.4%)

0

0

0

4 (17.4%)

0

0

0

3 (50%)
1 (12.5%)

0

0
3 (33.3%)

0

Hepatitis Flarea Liver Failurea
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NR

52 (73.2%)

37 (66.1%)

39 (66.1%)
0

NR

29 (52.7%)

10 (90.9%)

49 (77.8%)

11 (55.0%)

NR

96

71

56

59

25

66

55

11

63

78

20

28

75
21

Su et al (2018)48

Watanabe et al
(2011)49
Yang et al (2014)50

Yeo et al (2018)51
Yeo et al (2009)52

2 Years
6 Months
postchemotherapy

⩾1 Year

Chemotherapy +/− RTX
(~32.1%)
RTX-chemotherapy
R-CHOP

RTX-chemotherapy

RTX-chemotherapy

RTX +/− chemotherapy

35 Months (range
18-45)
70 Weeks (range
6-104)
14.8 Months (IQR 6.925.5)
13 Months (range 6-31)

8 Months (1-36)

20.5 Months (range
1.0-58.6)
6 Months
postchemotherapy
NR

987 Days (range
7-2759)
24 Months

28 Months (range
2-100)
63 Months (range
10-102)
NR

Mean/Median Follow-up

RTX-chemotherapy (81.8%)

RTX-chemotherapy (70.9%)

RTX +/− chemotherapy

Chemotherapy +/− RTX
(75%)
RTX-chemotherapy

RTX-chemotherapy

Chemotherapy +/− RTX
(~50%)
RTX-chemotherapy (88.3%)

RTX-chemotherapy (67.4%)

RTX-chemotherapy

Primary Drug(s)

38 (50.7%)
No

No

NR

2.6% Cohort

No

No

31 (56.4%)

No

No

No

No

No

No

68 (100%), 3TC

4 (2.7%)

PPX

3 (4.0%)
5 (23.8%)

0

5 (25.0%)

4 (5.1%)

19 (30.2%)

0

9/39 (23.1%)

2 (3.0%)

0

4 (6.8%)

5 (8.9%)

10 (14.1%)

10 (10.4%)

4 (2.7%)
[8.7% sAb (-)]
3/47 (6.4%)

HBVr

NR
Range 5-8 cycles

23 Weeks (range
4-100)
6.6 Months (range
3.57-7.3)
5 Months (range
4-13)
N/A

6.5 Months (range
3-24 Months)
N/A

47 Weeks +/− 19.3

N/A

Range 42-398 days

28 Months (range
3-37)
24 Weeks (range
12-44)
158 Days (range
9-673)
NR

5.5 Cycles

Median time to
HBVr

1 (33.3%)
5 (100%)

N/A

0

4 (100%)

0

N/A

NR

2 (100%)

N/A

0

4 (80%)

2 (20%)

9 (90%)

2 (66.7%)

3 (75.0%)

1 (33.3%)
1 (20%)

N/A

0

2 (50.0%)

0

N/A

2 (5.1%)

2 (100%)

N/A

0

0

0

0

0

3 (75.0%)

Hepatitis Flarea Liver Failurea

Abbreviations: 3TC, lamivudine; Anti-HBs, hepatitis B surface antibody; ETV, entecavir; HBVr, hepatitis B virus reactivation; IQR, interquartile range; N/A, not applicable; NR, not reported; PPX,
prophylaxis; R-CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, prednisone; RTX, rituximab; TDF, tenofovir disoproxil fumarate.
a
For these percentages, denominator equals the total number of HBVr cases.

54/65 (83.1%)
30/46 (65.2%)

77% Cohort

44 (64.7%)

68

Marrone et al
(2018)39
Masarone et al
(2014)40
Matsubara et al
(2017)41
Matsue et al
(2010)42
Matsui et al
(2013)43
Méndez-Navarro
et al (2011)44
Oh and Lee et al
(2013)45
Papadopoulos et al
(2017)46
Pompili et al
(2015)47
Seto et al (2014)9

104 (69.3%)

Anti-HBs (+)

150

n

Lu et al (2015)38

Citation

Table 2. (continued)

301

18

51

Watanabe et al (2011)49

Yilmaz et al (2016)66

51 (100%)

15 (83.3%)

21 (87.5%)
76% Cohort

9 (90.0%)
NR
77% Cohort

6 (75.0%)

NR

23 (85.2%)
71% Cohort
27 (60.0%)
NR

NR
11 (73.3%)

NR

Anti-HBs (+)

Miscellaneous chemotherapy
Miscellaneous chemotherapy
(>80% bortezomib)
Miscellaneous chemotherapy,
~60% + CS
Miscellaneous chemotherapy

Miscellaneous chemotherapy
Ruxolitinib (Janus kinase
inhibitor)
Cisplatin (73.9%)
Miscellaneous chemotherapy
Miscellaneous chemotherapy
Miscellaneous chemotherapy
+/− CS
Miscellaneous chemotherapy or
other IS
Fludarabine-based
chemotherapy
TKIs
Miscellaneous chemotherapy
Miscellaneous chemotherapy

Steroid-based chemotherapy

Primary Drug(s)

295 Days (range 38-1715)

13 Months (range 6-31)

238 Days (range 57-1420)
101 Weeks (range 1-541)

45.8 Months
NR
14.8 Months (IQR 6.9-25.5)

NR

2 Years

12 Months
NR
4 Years
NR

24 Months (range 2-36)
19.2 Months (range 2.2-24)

NR

Mean/Median Follow-up

NR

NR

No
No

No
No
2.6% Cohort

No

NR

No
9 (47.4%)
No
No

No
No

No

PPX

3 (5.9%)

0

3 (12.4%)
20 (3.4%)

0
5 (16.7%)
3 (0.3%)

1 (16.7%)

4 (2.0%)

2 (7.4%)
2 (10.5%)
2 (4.4%)
1 (3.0%)

0
4 (26.7%)

4 (23.5%)

HBVr

1 (100%)

1 (25.0%)

0
0
2 (100%)
NR

N/A
1 (25.0%)

1 (25.0%)

0

0

0
0
0
NR

N/A
0

0

Hepatitis Flarea Liver Failurea

NR

N/A

NR

N/A

1 (33.0%)

N/A

N/A
N/A
N/A
NR
NR
0
12.7 Months (range
2 (66.7%)
1 (33.3%)
2.4-15.5)
Range 71-541 days
0
0
NR
17.2% Cohort 1.7% Cohort

15 Weeks

Range 2-12 months

4.5 Months (range
4-6)
N/A
10.5 Months (range
6.9-12.8)
30 Days
4-8 Weeks
NR
NR

Median time to
HBVr

Abbreviations: Anti-HBs, hepatitis B surface antibody; CS, corticosteroids; HBVr, hepatitis B virus reactivation; IQR, interquartile range; IS, immune suppressant; N/A, not applicable; NR, not reported; PPX, prophylaxis; TKI,
tyrosine kinase inhibitor.
a
For these percentages, denominator equals the total number of HBVr cases.

24
580

Totani et al (2015)64
Tsukune et al (2017)65

197

Matsuzaki et al (2015)60

10
30
938

27
19
45
30

Hagiwara et al (2012)56
Laurenti et al (2015)57
Lok et al (1991)58
Markovic et al (1999)59

Sorà et al (2017)62
Stebbing et al (2004)63
Su et al (2018)48

32
15

Federico et al (2017)54
Gill et al (2018)55

8

17

Elkady et al (2013)53

Picardi et al (2003)61

n
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n

Anti-HBs (+)

7
66
12
60
59
49

13
21
71
85
178
20
25
20

45

44

44
123
33

19
65

Giardina et al (2013)74
Lan et al (2011)75
Mitroulis et al (2013)76
Mori (2011)77
Morisco et al (2014)78
Nakamura et al (2016)79

Navarro et al (2014)80
Padovan et al (2016)81
Papalopoulos et al (2018)82

Tamori et al (2011)87

Tien et al (2017)88

89

Ting et al (2018)
Urata et al (2011)90
Varisco et al (2016)91

Vassilopoulos et al (2010)92
Zhao et al (2017)93
10 (52.6%)
NR

38 (86.4%)
85 (69.1%)
28 (84.8%)

NR

36 (80.0%)

8 (61.5%)
NR
52 (73.2%)
61 (71.8%)
109 (61.2%)
13 (65.0%)
17 (68.0%)
19 (95.0%)

4 (57.1%)
58 (87.8%)
9 (75.0%)
NR
36 (61.0%)
38 (77.6%)

14 (70.0%)
28 (41.8%)
50 (80.6%)
21 (100%)
725 (79.2%)

Ming-Xu et al (2015)
Tan et al (2012)98

97

Laohapand et al (2015)96

Kato et al (2011)

95

36
184

64

35
38.7% overall
cohort
NR
NR

NR

Nonbiologic DMARDs for autoimmune disease
Fang et al (2017)94
745
544 (73.0%)

Pauly et al (2018)83
Sanz-Bueno et al (2015)84
Snast et al (2017)85
Spinicci et al (2018)86

20
67
62
21
915

Biondo et al (2014)69
Caporali et al (2010)70
Cassano et al (2011)71
Charpin et al (2009)72
Fukuda et al (2017)73

Biologics (>20% cohort) for autoimmune disease
Ahn et al (2018)67
15
12 (80.0%)
Barone et al (2015)68
179
145 (81.0%)

Citation

Leflunomide
Miscellaneous IS (35.3% CS)

Miscellaneous IS (CS,
cyclophosphamide (37.1%))
MTX

Miscellaneous IS (91.4% CS)

Anti-TNFα
Antithymocyte or antilymphocyte
globulin (~24%)

Ustekinumab
Miscellaneous biologics (38.5%)
RTX-DMARDs

RTX

Miscellaneous biologics (93.3%)

Anti-TNFα
Anti-TNFα
RTX-DMARDs
Anti-TNFα (51.7%)
Miscellaneous biologics (67.8%)
Miscellaneous biologics, ⩾80% antiTNFα
Anti-TNFα
Abatacept (CTLA-4 Ig), 85.7%
RTX, abatacept, and/or tocilizumab
Anti-TNFα
Anti-TNFα (28.7% ⩾2)
Miscellaneous biologics
Miscellaneous biologics (60.0% ⩾2)
RTX

Tocilizumab (anti-IL-6)
Miscellaneous biologics, 81.6% antiTNFα, 7.8% RTX
Anti-TNFα
Anti-TNFα
Anti-TNFα
Anti-TNFα
Miscellaneous biologics (26.3%)

Primary Drug(s)

35 Months (range 1-86)
4.5 Years (range 1-10.3)

>52 Weeks

24 Weeks (range 8-124)

NR

24 Months +/− 12
12 Months
18 Months post-RTX (range
0-70)
2 years
47.5 Months (range 1-94)

25.4 Months +/− 4.6

23 Months (range 12-32)

NR
24 Months
NR
NR
NR
40 Months (range 9-84)
4.45 Years (range 1-10.3)
19 Months (range 2-36)

2 years
NR
18.9 Months +/− 13.5
NR
54 Months
18 Months (range 2-27)

45 Months +/− 22
42.5 +/− 21.3
55 Months
27.2 Months (range 7-56)
2 years

NR
45.5 Months (IQR 20-72)

Mean/Median Follow-up

Table 4. Other Pharmacotherapies for Autoimmune Disease, Transplant, and Hepatitis C.

No
2 (8.0%)

No

No

No

No
No

No
No
No

NR

No

No
4 (19.0%), 3TC
7 (9.9%)
1 (1.2%)
No
No
2 (8.0%)
No

No
No
No
No
No
No

No
No
No
No
No

No
No

PPX

0
0

0

6 (17.1%)

27 (5.0%)

0
1 (1.5%)

1 (2.3%)
7 (5.7%)
1 (3.0%)

1 (2.2%); MTX
only
4 (9.1%)

0
0
2 (2.8%)
0
0
0
0
1 (5.0%)

0
0
0
2 (3.3%)
0
3 (6.1%)

0
0
1 (1.6%)
0
32 (4.4%)

0
0

HBVr

N/A
N/A

N/A

24 Months
(range 14-34)
Range 4-8 weeks

Range 24-32
Months
12 Months
NR
6 Months (1
cycle)
N/A
11 Months

N/A
N/A
10, 32 Months
N/A
N/A
N/A
N/A
8 Months (2
cycles)
10 Months

N/A
N/A
10 Months
N/A
66 Months
(range 3-182)
N/A
N/A
N/A
NR
N/A
NR

N/A
N/A

Median time to
HBVr

N/A
N/A

N/A

1 (16.7%)

NR

N/A
0

0
0
0

3 (75%)

0

N/A
N/A
1 (50%)
N/A
N/A
N/A
N/A
0

N/A
N/A
N/A
0
N/A
0

N/A
N/A
0
N/A
0

N/A
N/A

Hepatitis Flarea

(continued)

N/A
N/A

N/A

0

1 (3.7%)

N/A
0

0
0
0

1 (25%)

0

N/A
N/A
1 (50%)
N/A
N/A
N/A
N/A
0

N/A
N/A
N/A
0
N/A
0

N/A
N/A
0
N/A
0

N/A
N/A

Liver Failurea
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53
81

40

64
260

63

Lee et al (2018)109
Liu et al (2017)110

Loggi et al (2017)111

Londoño et al (2017)112
Mücke et al (2017)113

Ogawa et al (2018)114
NR
NR
NR

33 (52.4%)

NR
NR

23 (54.8%)

NR
35 (43.2%)

47 (57.3%)

7 Days post-DAA

NR
93 Months (IQR 58-146)

NR

58 Months (range 4-95)
1038 Days (range 393-1997)

1 Year
58 Months (range 4-95)

73 Months (range 44-114)

Mean/Median Follow-up

36 Weeks (24 post-DAA)

24 Weeks (12 post-DAA)
24 Weeks (12 post-DAA)

36 Weeks (24 post-DAA)

24 Weeks (12 post-DAA)
24 Weeks (12 post-DAA)

Ledipasvir-sofosbuvir
24 Weeks (12 post-DAA)
Ledipasvir-sofosbuvir
24 Weeks (12 post-DAA)
Miscellaneous DAAs (63.2% sofosbuvir 24 Weeks (12 post-DAA)
based)

Miscellaneous DAAs
Miscellaneous DAAs, 86.4% sofosbuvir
based
Miscellaneous DAAs (75.0% sofosbuvir
based)
Miscellaneous DAAs, 50% ProD
Miscellaneous DAAs, 40% ledipasvirsofosbuvir
Sofosbuvir-based DAAs

Miscellaneous DAAs, 68.3% sofosbuvir 24 Weeks (12 post-DAA)
based
Ledipasvir-sofosbuvir or sofosbuvir24 Weeks (12 post-DAA)
ribavirin
Miscellaneous DAAs
24 Weeks (12 post-DAA)

Miscellaneous DAAs

RTX + BAX + TAC + MMF + CS
RTX desensitization, BAX + TAC +
CS +/− MMF
BAX (92.7%), TAC + CS +/− MMF
BAX + TAC + MMF + CS +/− RTX
(42.9%)
RTX + BAX + TAC/CsA + MMF
+ CS
BAX + TAC/CsA + MMF + CS
TAC/CsA + MMF/AZA + CS; 31.6%
BAX, 17.9% ATGc

TAC/CsA + MMF/AZA + CS

Primary Drug(s)

No
NR
No

No

No
No

No

No
No

No

No

299/7295 (4.1%),
Most TDF
No

No
No

2 (4.2%)

No
2 (28.8%)

No
No

No

PPX

0
0
0

4 (6.3%)

1 (1.6%)
8 (3.1%)

1 (2.5%)

0
0

5 (6.1%)

3 (1.9%)

3 (8.1%)

3 (0.04%)

1 (3.6%)
2 (2.1%)

1 (2.2%)

2 (1.6%)
0

3 (7.9%)
5 (10.2%)

6 (6.5%)

HBVr

Range 4-12
weeks
N/A
N/A
N/A

12 Weeks
NR

NR

Range 4-24
weeks
Range 4-12
weeks
Range 8-12
weeks
N/A
N/A

NR

5.5 Years
5, 8 Yearsb

b

6 Weeksb

39 Months
(range 24-49)b
NR
11 Months
(range 5-22)
24, 48 Monthsb
N/A

Median time to
HBVr

N/A
N/A
N/A

0

0
0

0

N/A
N/A

0

0

0

0

0
2 (100%)

0

1 (50.0%)
N/A

NR
4 (80.0%)

1 (16.7%)

Hepatitis Flarea

N/A
N/A
N/A

0

0
0

0

N/A
N/A

0

0

0

0

0
1 (50.0%)

0

0
N/A

1 (33.3%)
2 (40.0%)

0

Liver Failurea

Abbreviations: 3TC, lamivudine; Anti-HBs, hepatitis B surface antibody; ATG, anti-thymocyte globulin; AZA, azathioprine; BAX, basiliximab; CS, corticosteroids; CsA, cyclosporine; CTLA4, cytotoxic T-lymphocyte-associated
protein 4; DAA, direct-acting antiviral; DMARD, disease-modifying anti-rheumatic drug; HBVr, hepatitis B virus reactivation; Ig, immunoglobulin; IL, interleukin; IQR, interquartile range; IS, immune suppressant; MMF, mofetil
mycophenolate; MTX, methotrexate; N/A, not applicable; NR, not reported; PPX, prophylaxis; ProD, paritaprevir/ritonavir, ombitasvir, dasabuvir; RTX, rituximab; TAC, tacrolimus; TDF, tenofovir; TNFα, tumor
necrosis factor α.
a
For these percentages, denominator equals the total number of HBVr cases.
b
Time from transplant.
c
As induction therapy or as part of acute rejection treatment.

Sulkowski et al (2016)
Yanny et al (2018)116
Yeh et al (2017)117

103
127
57

82

Kawagishi et al (2017)108

115

155

Doi et al (2017)107
75 (48.4%)

12 (32.4%)

37

23 (82.1%)
86 (90.5%)

28
95

Meng et al (2018)104

Calvaruso et al (2018)106

45 (97.8%)

48

Masutani et al (2018)103

0 (Exclusion)

104 (84.6%)
5 (71.4%)

123
7

Maekawa et al (2016)102

Direct-acting antivirals for hepatitis C
Belperio et al (2017)105
7276

NR
43 (87.8%)

38
49

Lee et al (2016)100
Lee et al (2017)101

Anti-HBs (+)
74 (79.6%)

n

Immune suppression for kidney transplant
Kanaan et al (2012)99
93

Citation
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one or more biologic agents, 56 of 2338 patients (2.4%)
experienced HBVr; however, only 4 cases of hepatitis or
liver failure were reported. All 4 of these patients had
received rituximab. Among the 5 studies evaluating nonbiologic DMARDs, 33/1064 patients (3.1%) experienced
HBVr, with 2 patients experiencing hepatitis flare and/or
liver failure.
Six studies evaluated HBVr risk post–kidney transplant
(Table 4).99-104 A total of 4/481 patients (<1%) received
prophylaxis. The rate of HBVr among patients receiving
rituximab desensitization ranged from 0% to 10.2%, with
an overall percentage of 6.5% (9/138). Hepatitis flare was
reported with 4 of the 9 HBVr cases (44.4%) and liver failure for 3 of the 9 cases (33.3%). Among those patients who
received immunosuppressive regimens without rituximab,
the HBVr rate ranged from 0% to 6.5% (overall rate 3.2%,
11/343), with 4 reported cases of hepatitis flare among the
11 HBVr cases (36.4%) and 1 of liver failure (9.1%). A
higher percentage of patients receiving rituximab experienced HBVr versus those with no rituximab therapy (6.5%
vs 3.2%), though this difference was not statistically significant. Similarly, a nonsignificant trend was again observed
associating rituximab with more HBVr cases resulting in
hepatitis or liver failure (44.4% vs 36.4%).
Finally, 13 articles evaluating HBVr resulting from DAA
therapy for the treatment of hepatitis C were identified
(Table 4).105-117 Among 8398 patients, 28 cases of HBVr
were described (0.3% incidence), all of which were the
result of detectable HBV DNA only, often below the level
of quantification, with no reported cases of hepatitis or liver
failure.

Relevance to Patient Care and Clinical
Practice
HBV infection history has been increasingly recognized as
an important consideration in the management of patients
with comorbidities requiring the receipt of immunosuppressive pharmacotherapies. Although at lower risk for HBVr
than patients with active chronic infection (presence of
HBsAg),4 patients with functionally cured hepatitis B are
still vulnerable to reactivation and associated hepatic complications. Thus, multiple guidelines advocate for enhanced
pharmacovigilance when agents known to increase the risk
for HBVr are administered, with recommendations ranging
from heightened monitoring for signs of HBVr (eg, detectable HBV DNA) to the administration of a prophylactic
antiviral agent during the period of greatest immunosuppression and extending through immune reconstitution
(Table 1).4,11-16 However, this study emphasizes that not all
drugs associated with HBVr confer an equal risk for reactivation, nor do they lead to equivalent clinical outcomes.
Therefore, the optimal strategy for managing HBVr should
be tailored based on patient characteristics and the specific
drug of concern.
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In 2013, the Food and Drug Administration (FDA)
revised the product labels of rituximab and ofatumumab
(anti-CD20 antibodies) to include HBVr-induced “fulminant hepatitis, hepatic failure and death” in the boxed warning.6 Of the 109 cases cited by the FDA, 32 cases met the
criteria for HBVr based on the availability of sufficient and
validated serological and clinical information, and notably,
19 (56.4%) represented patients with previously resolved
infection. Consistent with the FDA’s findings, we found
rituximab to be associated with the highest HBVr rates.
Among patients with oncological disorders, HBVr was
more than twice as common among patients who received
rituximab-containing regimens in this study (6.2% vs 2.6%)
and, notably, tended to be more severe, with >10% of all
reactivation cases resulting in hepatic failure. It should be
acknowledged that these numbers may be influenced by the
fact that a greater proportion of lymphoma patients are represented among the rituximab group, with lymphoma associated with a significantly increased risk for HBVr versus
solid tumor independent of rituximab.32 However, multiple
studies identified rituximab as an independent risk factor
for HBVr,26,48,52 with the risk increasing with multiple (>6)
cycles.27 Given the high risk for HBVr and associated morbidity observed with rituximab-based chemotherapy regimens, we support universal prophylaxis for these patients,
which is consistent with AASLD, American Society of
Clinical Oncology, and National Comprehensive Cancer
Network (NCCN) guidelines.4,12,13
Although the use of prophylactic antiviral therapy is
most emphasized with the use of rituximab in conjunction
with cytotoxic chemotherapy, where the data are most
robust, we believe that our findings also support enhanced
consideration of antiviral prophylaxis even when rituximab
is given for nononcological indications. Rituximab has
increasingly been utilized in the management of several
immune-mediated diseases, including rheumatoid arthritis.
A typical cycle consists of 1000 mg for 2 doses spaced 2
weeks apart, with cycles able to be repeated after 6 months.
Although only 6 studies using rituximab for immune disease were identified,68,76,82,86,88,91 the approximate 6% HBVr
rate for rituximab was more than twice that of the 2.4% rate
observed for other biologic agents, and reactivation was
observed even after just 1 cycle.91 Additionally, among the
patients receiving biologic agents for autoimmune disease,
all 4 noted cases of hepatitis flare were observed with rituximab, whereas no cases were observed among patients
receiving other biologic agents. Of note, methylprednisolone 100 mg intravenous is administered concurrently with
each cycle of rituximab, which may augment the resulting
immunosuppression. Rituximab is also used off-label for
desensitization in ABO-incompatible transplant recipients
or with the presence of preformed donor-specific antibodies. Of concern, despite the lower rituximab doses used for
this indication (375 mg/m2 or 200 mg in 1 or 2 divided
doses within 8 days prior to transplant) among kidney
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transplant patients, rituximab was again associated with
increased HBVr rates when compared with those with no
rituximab therapy (6.5% vs 3.2%), with a high associated
incidence of hepatitis or liver failure. Therefore, we would
recommend prophylaxis over preemptive therapy for any
patient receiving rituximab, particularly when given in
addition to other immunosuppressing pharmacotherapies
and continuing prophylaxis for at least 6 months following
rituximab discontinuation.
In contrast, despite the recent FDA black box warning
for HBVr on all DAAs,7 among the 8398 patients with
resolved HBV infection included in this study, HBVr was
rare (0.3% incidence), transient, or quickly resolved following administration of antiviral therapy and clinically insignificant, with no reported cases of hepatitis. Although it
should be noted that a case of fulminant HBVr has been
reported in the literature,118 these results suggest that
patients with resolved HBV infection are at low risk of
HBVr with DAA therapy, and withholding universal prophylaxis in favor of clinical monitoring for liver dysfunction (ie, ALT elevation) alone appears appropriate. Similarly,
HBVr following the receipt of non–rituximab-based
DMARD therapy was uncommon despite prolonged therapeutic courses and rarely resulted in hepatitis, supporting
successful management without prophylactic therapy.
Although anti-HBs serology is rarely addressed by
guidelines in the assessment of the need for prophylactic
antiviral therapy (Table 1), lack of anti-HBs was noted to be
a profound predictor of HBVr in numerous studies across
varying patient populations (oncologic, autoimmune, and
transplant).* In one study,95 it was noted that anti-HBs titers
were significantly lower in patients with HBVr (median
2.83 vs 99.94 mIU/mL; P = 0.036), and similarly in another
study of rituximab-containing chemotherapy with an overall 7.4% HBVr rate, it was noted that no patient with an
anti-HBs titer of ⩾100 mIU/mL experienced reactivation.23
Of note, the NCCN considers serial HBV DNA monitoring
and preemptive therapy to be a reasonable alternative to
prophylaxis for patients receiving rituximab-based chemotherapy with high anti-HBs titers.13 We believe that evaluation of whether select anti-HBs positive patients with
resolved HBV infection may be able to forgo prophylactic
therapy in lieu of enhanced monitoring should be a subject
of future research, though it should be cautioned that antiHBs titers may decrease with the introduction of immunosuppressive therapies† and even become negative.21,91,104,114
Thus, periodic monitoring of anti-HBs is likely needed, particularly for patients with borderline (>10-100 mIU/mL)
levels, if prophylaxis is decided against on the basis of high
anti-HBs titers. Alternatively, the KDIGO (Kidney Disease:

*References 9, 23, 28, 32, 33, 36, 38, 41, 42, 48, 52, 73, 94, 99, 101
†
References 21, 66, 72, 73, 82, 91, 92, 104, 114

Improving Global Outcomes) clinical practice guidelines
advocate for vaccination of patients with resolved HBV
infection to achieve anti-HBs titers >100 mIU/mL14; this
also deserves consideration as a possible strategy to reduce
HBVr risk. Given the evidence for a protective role of antiHBs among patients with resolved HBV infection, we
advocate for the routine monitoring and reporting of antiHBs serology in future studies.
Limitations of the current study should be recognized.
First, the majority of the included studies were conducted in
HBV-endemic areas (eg, Asian populations), where acquisition of HBV occurs most commonly during the perinatal
period or childhood and is more likely to lead to immune
tolerance and chronic HBV infection than HBV acquisition
in adulthood. Whether or not this may affect the likelihood
of HBVr is not currently known. Second, we did not exclude
studies where HBVr prophylaxis was utilized in order to
capture more studies and to reflect “real world” practice;
however, it should be acknowledged that this may result in
a falsely low impression of an agent’s baseline risk when
evaluating HBVr rates. Third, to address the issue of studies
where <100% of the cohort received a drug of interest, a
study was included with the rituximab for chemotherapy
group if at least 10% of the cohort received rituximab and a
study was included with the biologics for autoimmune disease group if at least 20% of the cohort received a biologic.
Therefore, potential “dilution” of the specific drug’s true
HBVr risk is possible, without affecting our ultimate recommendations for management. Conversely, the potential
for publication bias resulting in an inflated impression of
HBVr risk must be acknowledged, though we were still able
to identify several published studies reporting no HBVr.
Finally, the potential for drug-induced hepatotoxicity independent of HBVr risk should also be recognized. The majority of liver function test (LFT) elevations among HBV
infected patients is not a result of HBVr,58,119 and HBV
infected individuals may be at increased risk for hepatotoxicity than uninfected individuals.22 Therefore, more frequent LFT monitoring may be indicated for patients with
resolved HBV infection receiving hepatotoxic immunosuppressants even if the associated risk for HBVr is low.

Conclusion
Among patients with resolved HBV infection, rituximab
was associated with an elevated risk of clinically significant
HBVr and hepatitis, and thus, the use of prophylactic therapy is justified, even for nononcological indications.
Conversely, HBVr was rare among patients receiving biologic/DMARD therapy or DAA treatment of hepatitis C and
was associated with a low risk of hepatic complications.
HBV DNA or LFT monitoring, but not universal prophylaxis, is a reasonable management strategy. Screening for
anti-HBs is advised to better assess HBVr risk.

306

Annals of Pharmacotherapy 53(3)

Declaration of Conflicting Interests
The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article. However,
for full disclosure purposes, the authors disclose the following declarations of interest in the past 12 months: Michael D. Nailor has
received grant support from Merck and honorarium from Astellas.
Kellie J. Goodlet has received grant support from Merck.

Funding
The authors disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
study was conducted at Midwestern University with no internal or
external sources of funding.

ORCID iD
Kellie J. Goodlet

https://orcid.org/0000-0002-9736-0891

References
1. World Health Organization. Hepatitis B. http://www.who.
int/en/news-room/fact-sheets/detail/hepatitis-b. Accessed
April 20, 2018.
2. Centers for Disease Control and Prevention. Viral hepatitis. Hepatitis B information. https://www.cdc.gov/hepatitis/
hbv/hbvfaq.htm. Accessed May 3, 2018.
3. Harris AM, Iqbal K, Schillie S, et al. Increases in acute
hepatitis B virus infections—Kentucky, Tennessee, and
West Virginia, 2006-2013. MMWR Morb Mortal Wkly Rep.
2016;65:47-50.
4. Terrault NA, Lok ASF, McMahon BJ, et al. Update on
prevention, diagnosis, and treatment of chronic hepatitis B: AASLD 2018 hepatitis B guidance. Hepatology.
2018;67:1560-1599. doi:10.1002/hep.29800
5. Chu CM, Liaw YF. Hepatitis B surface antigen seroclearance
during chronic HBV infection. Antivir Ther. 2010;15:133143.
6. US Food and Drug Administration. FDA Drug Safety
Communication: boxed warning and new recommendations
to decrease risk of hepatitis B reactivation with the immunesuppressing and anti-cancer drugs Arzerra (ofatumumab)
and Rituxan (rituximab). https://www.fda.gov/Drugs/
DrugSafety/ucm366406.htm. Accessed August 27, 2018.
7. US Food and Drug Administration. FDA Drug Safety
Communication: FDA warns about the risk of hepatitis
B reactivating in some patients treated with direct-acting
antivirals for hepatitis C. https://www.fda.gov/drugs/drugsafety/ucm522932.htm. Accessed July 2, 2018.
8. Liu WP, Wang XP, Zheng W, et al. Hepatitis B virus reactivation after withdrawal of prophylactic antiviral therapy in patients with diffuse large B cell lymphoma. Leuk
Lymphoma. 2016;57:1355-1362. doi:10.3109/10428194.20
15.1116121
9. Seto WK, Chan TS, Hwang YY, et al. Hepatitis B reactivation
in patients with previous hepatitis B virus exposure undergoing rituximab-containing chemotherapy for lymphoma: a prospective study. J Clin Oncol. 2014;32:3736-3743. doi:10.1200/
JCO.2014.56.7081
10. Hoofnagle JH. Reactivation of hepatitis B. Hepatology.
2009;49(5, suppl):S156-S165.

11. Weinbaum CM, Williams I, Mast EE, et al.
Recommendations for identification and public health management of persons with chronic hepatitis B virus infection.
MMWR Recomm Rep. 2008;57:1-20.
12. Hwang JP, Somerfield MR, Alston-Johnson DE, et al.
Hepatitis B virus screening for patients with cancer before
therapy: American Society of Clinical Oncology provisional clinical opinion update. J Clin Oncol. 2015;33:22122220. doi:10.1200/JCO.2015.61.3745
13. National Comprehensive Cancer Network. B-cell lymphomas (version 4.2018). http://www.nccn.org/professionals/
physician_gls/pdf/bone.pdf. Accessed July 3, 2018.
14. Kidney Disease: Improving Global Outcomes (KDIGO)
Transplant Work Group. KDIGO clinical practice guideline for the care of kidney transplant recipients. Am J
Transplant. 2009;9(suppl 3):S1-S155. doi:10.1111/j.16006143.2009.02834.x
15. Singh JA, Saag KG, Bridges SL Jr, et al. 2015 American
College of Rheumatology guideline for the treatment
of rheumatoid arthritis. Arthritis Care Res (Hoboken).
2016;68:1-25. doi:10.1002/acr.22783
16. Reddy KR, Beavers KL, Hammond SP, Lim JK, Falck-Ytter YT;
American Gastroenterological Association Institute. American
Gastroenterological Association Institute guideline on the
prevention and treatment of hepatitis B virus reactivation
during immunosuppressive drug therapy. Gastroenterology.
2015;148:215-219. doi:10.1053/j.gastro.2014.10.039
17. Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA
Group. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. Ann Intern
Med. 2009;151:264-269. doi:10.7326/0003-4819-51-4200908180-00135
18. Al-Mansour MM, Alghamdi SA, Alsubaie MA, Alesa
AA, Khan MA. Negative effect of hepatitis in overall
and progression-free survival among patients with diffuse
large B-cell lymphoma. Infect Agent Cancer. 2018;13:18.
doi:10.1186/s13027-018-0190-9
19. Buti M, Manzano ML, Morillas RM, et al. Randomized
prospective study evaluating tenofovir disoproxil fumarate prophylaxis against hepatitis B virus reactivation in
anti-HBc-positive patients with rituximab-based regimens to treat hematologic malignancies: the Preblin
study. PLoS One. 2017;12:e0184550. doi:10.1371/journal.
pone.0184550
20. Castelli R, Ferraris L, Pantaleo G, Deliliers GL, Cicardi
M. High rate of hepatitis B viral breakthrough in elderly
non-Hodgkin lymphomas patients treated with rituximab
based chemotherapy. Dig Liver Dis. 2016;48:1394-1397.
doi:10.1016/j.dld.2016.08.113
21. Chen FW, Coyle L, Jones BE, Pattullo V. Entecavir versus lamivudine for hepatitis B prophylaxis in patients with
haematological disease. Liver Int. 2013;33:1203-1210.
doi:10.1111/liv.12154
22. Chen KL, Chen J, Rao HL, et al. Hepatitis B virus reactivation and hepatitis in diffuse large B-cell lymphoma patients
with resolved hepatitis B receiving rituximab-containing
chemotherapy: risk factors and survival. Chin J Cancer.
2015;34:225-234. doi:10.1186/s40880-015-0015-9
23. Cho Y, Yu SJ, Cho EJ, et al. High titers of anti-HBs prevent rituximab-related viral reactivation in resolved hepatitis B patient

307

Bath et al

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

with non-Hodgkin’s lymphoma. J Med Virol. 2016;88:10101017. doi:10.1002/jmv.24423
Francisci D, Falcinelli F, Schiaroli E, et al. Management
of hepatitis B virus reactivation in patients with hematological malignancies treated with chemotherapy. Infection.
2010;38:58-61. doi:10.1007/s15010-009-9019-1
Francisci D, Falcinelli F, Schiaroli E, et al. Reactivation
of hepatitis B virus replication due to cytotoxic therapy:
a five-year prospective study. Tumori. 2012;98:220-224.
doi:10.1700/1088.11933
Guarino M, Picardi M, Vitello A, et al. Viral outcome in
patients with occult HBV infection or HCV-Ab positivity treated for lymphoma. Ann Hepatol. 2017;16:198-206.
doi:10.5604/16652681.1231567
Hsiao LT, Chiou TJ, Gau JP, et al. Risk of reverse seroconversion of hepatitis B virus surface antigen in rituximabtreated non-Hodgkin lymphoma patients: a large cohort
retrospective study. Medicine (Baltimore). 2015;94:e1321.
doi:10.1097/MD.0000000000001321
Hsu C, Tsou HH, Lin SJ, et al. Chemotherapy-induced
hepatitis B reactivation in lymphoma patients with
resolved HBV infection: a prospective study. Hepatology.
2014;59:2092-2100. doi:10.1002/hep.26718
Huang YH, Hsiao LT, Hong YC, et al. Randomized controlled trial of entecavir prophylaxis for rituximab-associated hepatitis B virus reactivation in patients with lymphoma
and resolved hepatitis B. J Clin Oncol. 2013;31:2765-2772.
doi:10.1200/JCO.2012.48.5938
Ji D, Cao J, Hong X, et al. Low incidence of hepatitis B
virus reactivation during chemotherapy among diffuse
large B-cell lymphoma patients who are HBsAg-negative/
HBcAb-positive: a multicenter retrospective study. Eur J
Haematol. 2010;85:243-250.
Junus K, Aguilar M, Patel P, et al. Improvements in hepatitis B virus screening before rituximab therapy: a community-based, safety-net hospital experience. Cancer.
2017;123:650-656. doi:10.1002/cncr.30381
Kim E, Yune S, Ha JM, et al. Hepatitis B virus reactivation during anti-cancer chemotherapy in patients with
past hepatitis B virus infection. Hepatogastroenterology.
2014;61:1704-1711.
Kim SJ, Hsu C, Song YQ, et al. Hepatitis B virus reactivation
in B-cell lymphoma patients treated with rituximab: analysis from the Asia Lymphoma Study Group. Eur J Cancer.
2013;49:3486-3496. doi:10.1016/j.ejca.2013.07.006
Koo YX, Tan DS, Tan IB, Tao M, Chow WC, Lim ST.
Hepatitis B virus reactivation and role of antiviral prophylaxis in lymphoma patients with past hepatitis B virus
infection who are receiving chemoimmunotherapy. Cancer.
2010;116:115-121. doi:10.1002/cncr.24742
Koo YX, Tay M, Teh YE, et al. Risk of hepatitis B virus
(HBV) reactivation in hepatitis B surface antigen negative/hepatitis B core antibody positive patients receiving
rituximab-containing combination chemotherapy without
routine antiviral prophylaxis. Ann Hematol. 2011;90:12191223. doi:10.1007/s00277-011-1241-0
Kusumoto S, Tanaka Y, Suzuki R, et al. Monitoring of hepatitis B virus (HBV) DNA and risk of HBV reactivation in

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

B-cell lymphoma: a prospective observational study. Clin
Infect Dis. 2015;61:719-729. doi:10.1093/cid/civ344
Liu CY, Chandrasekar PH, Masood A, Schiffer CA.
Adherence to hepatitis B screening and prophylactic lamivudine for prevention of rituximab-associated hepatitis
B reactivation. J Oncol Pharm Pract. 2013;19:18-23.
doi:10.1177/1078155212447975
Lu S, Xu Y, Mu Q, et al. The risk of hepatitis B virus reactivation and the role of antiviral prophylaxis in hepatitis B
surface antigen negative/hepatitis B core antibody positive patients with diffuse large B-cell lymphoma receiving rituximab-based chemotherapy. Leuk Lymphoma.
2015;56:1027-1032. doi:10.3109/10428194.2014.947606
Marrone A, Capoluongo N, D’Amore C, et al. Eighteenmonth lamivudine prophylaxis on preventing occult
hepatitis B virus infection reactivation in patients with
haematological malignancies receiving immunosuppression therapy. J Viral Hepat. 2018;25:198-204. doi:10.1111/
jvh.12802
Masarone M, De Renzo A, La Mura V, et al. Management
of the HBV reactivation in isolated HBcAb positive
patients affected with non-Hodgkin lymphoma. BMC
Gastroenterol. 2014;14:31. doi:10.1186/1471-230X-14-31
Matsubara T, Nishida T, Shimoda A, et al. The combination of anti-HBc and anti-HBs levels is a useful predictor
of the development of chemotherapy-induced reactivation
in lymphoma patients with resolved HBV infection. Oncol
Lett. 2017;14:6543-6552. doi:10.3892/ol.2017.7012
Matsue K, Kimura S, Takanashi Y, et al. Reactivation of
hepatitis B virus after rituximab-containing treatment in
patients with CD20-positive B-cell lymphoma. Cancer.
2010;116:4769-4776. doi:10.1002/cncr.25253
Matsui T, Kang JH, Nojima M, et al. Reactivation of hepatitis B virus in patients with undetectable HBsAg undergoing chemotherapy for malignant lymphoma or multiple
myeloma. J Med Virol. 2013;85:1900-1906. doi:10.1002/
jmv.23694
Méndez-Navarro J, Corey KE, Zheng H, et al. Hepatitis B
screening, prophylaxis and re-activation in the era of rituximab-based chemotherapy. Liver Int. 2011;31:330-339.
doi:10.1111/j.1478-3231.2010.02332.x
Oh MJ, Lee HJ. A study of hepatitis B virus reactivation
associated with rituximab therapy in real-world clinical
practice: a single-center experience. Clin Mol Hepatol.
2013;19:51-59. doi:10.3350/cmh.2013.19.1.51
Papadopoulos N, Deutsch M, Manolakopoulos S, et al.
Efficacy of prophylactic antiviral therapy and outcomes
in HBsAg-negative, anti-HBc-positive patients receiving
chemotherapy: a real-life experience. Eur J Gastroenterol
Hepatol. 2017;29:56-60.
Pompili M, Basso M, Hohaus S, et al. Prospective study of
hepatitis B virus reactivation in patients with hematological
malignancies. Ann Hepatol. 2015;14:168-174.
Su YC, Lin PC, Yu HC, Wu CC. Hepatitis B virus reactivation in patients with resolved hepatitis B virus infection receiving chemotherapy or immunosuppressive
therapy. Eur J Gastroenterol Hepatol. 2018;30:925-929.
doi:10.1097/MEG.0000000000001130

308
49. Watanabe M, Shibuya A, Tsunoda Y, et al. Re-appearance
of hepatitis B virus following therapy with rituximab for
lymphoma is not rare in Japanese patients with past hepatitis
B virus infection. Liver Int. 2011;31:340-347. doi:10.1111/
j.1478-3231.2010.02417.x
50. Yang F, Zhu HL, He C, et al. Effect of antiviral prophylaxis
strategy for chemotherapy-associated hepatitis B reactivation
in non-Hodgkin’s lymphoma patients with hepatitis B virus
infection: a retrospective cohort study. Indian J Hematol
Blood Transfus. 2014;30:97-104. doi:10.1007/s12288-0120195-2
51. Yeo D, Hossain I, Lim ST, et al. Management of hepatitis B reactivation in lymphoma patients on rituximab with
past hepatitis B exposure: an observational study [published online January 1, 2018]. J Oncol Pharm Pract.
doi:10.1177/1078155218763039
52. Yeo W, Chan TC, Leung NW, et al. Hepatitis B virus
reactivation in lymphoma patients with prior resolved
hepatitis B undergoing anticancer therapy with or without
rituximab. J Clin Oncol. 2009;27:605-611. doi:10.1200/
JCO.2008.18.0182
53. Elkady A, Aboulfotuh S, Ali EM, et al. Incidence and
characteristics of HBV reactivation in hematological
malignant patients in south Egypt. World J Gastroenterol.
2013;19:6214-6220. doi:10.3748/wjg.v19.i37.6214
54. Federico A, Brancaccio G, Dallio M, et al. Reactivation of
hepatitis B virus in cancer patients treated with chemotherapy for solid tumors: is the prophylaxis really required? Dig
Liver Dis. 2017;49:197-201. doi:10.1016/j.dld.2016.11.004
55. Gill H, Leung GMK, Seto WK, Kwong YL. Risk of viral
reactivation in patients with occult hepatitis B virus infection during ruxolitinib treatment. Ann Hematol. 2019;
98(1);215-218. doi:10.1007/s00277-018-3405-7
56. Hagiwara S, Sakurai T, Nishina S, et al. Characteristic
pattern of reactivation of hepatitis B virus during chemotherapy for solid cancers. Dig Dis. 2012;30:541-546.
doi:10.1159/000343056
57. Laurenti L, Autore F, Innocenti I, et al. Prevalence, characteristics and management of occult hepatitis B virus infection in patients with chronic lymphocytic leukemia: a single
center experience. Leuk Lymphoma. 2015;56:2841-2846.
doi:10.3109/10428194.2015.1017822
58. Lok AS, Liang RH, Chiu EK, Wong KL, Chan TK, Todd
D. Reactivation of hepatitis B virus replication in patients
receiving cytotoxic therapy: report of a prospective study.
Gastroenterology. 1991;100:182-188.
59. Markovic S, Drozina G, Vovk M, Fidler-Jenko M.
Reactivation of hepatitis B but not hepatitis C in patients with
malignant lymphoma and immunosuppressive therapy: a
prospective study in 305 patients. Hepatogastroenterology.
1999;46:2925-2930.
60. Matsuzaki T, Ohkubo K, Yuki M, Kawashima H,
Matsunaga A. A hospital-based analysis in the department
of clinical chemistry for the patients with HBV reactivation
after anti-cancer or immunosuppressive therapy. Rinsho
Byori. 2015;63:297-304.
61. Picardi M, Pane F, Quintarelli C, et al. Hepatitis B virus
reactivation after fludarabine-based regimens for indolent

Annals of Pharmacotherapy 53(3)

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

non-Hodgkin’s lymphomas: high prevalence of acquired
viral genomic mutations. Haematologica. 2003;88:12961303.
Sorà F, Ponziani FR, Laurenti L, et al. Low risk of hepatitis B virus reactivation in patients with resolved infection
and chronic myeloid leukemia treated with tyrosine kinase
inhibitors. Leuk Lymphoma. 2017;58:993-995. doi:10.1080
/10428194.2016.1219906
Stebbing J, Atkins M, Nelson M, et al. Hepatitis B reactivation during combination chemotherapy for AIDS-related
lymphoma is uncommon and does not adversely affect
outcome. Blood. 2004;103:2431-2432. doi:10.1182/blood2003-12-4222
Totani H, Kusumoto S, Ishida T, et al. Reactivation of
hepatitis B virus (HBV) infection in adult T-cell leukemialymphoma patients with resolved HBV infection following
systemic chemotherapy. Int J Hematol. 2015;101:398-404.
doi:10.1007/s12185-015-1750-z
Tsukune Y, Sasaki M, Odajima T, et al. Incidence and risk
factors of hepatitis B virus reactivation in patients with
multiple myeloma in an era with novel agents: a nationwide
retrospective study in Japan. Blood Cancer J. 2017;7:631.
doi:10.1038/s41408-017-0002-2
Yilmaz B, Erdem D, Teker F, et al. The effect of anticancer
therapy on anti-hepatitis B antibody titres in patients with
haematological malignancies and solid tumours. J Int Med
Res. 2016;44:627-638. doi:10.1177/0300060516638992
Ahn SS, Jung SM, Song JJ, Park YB, Park JY, Lee SW.
Safety of tocilizumab in rheumatoid arthritis patients with
resolved hepatitis B virus infection: data from real-world
experience. Yonsei Med J. 2018;59:452-456. doi:10.3349/
ymj.2018.59.3.452
Barone M, Notarnicola A, Lopalco G, et al. Safety of longterm biologic therapy in rheumatologic patients with a previously resolved hepatitis B viral infection. Hepatology.
2015;62:40-46. doi:10.1002/hep.27716
Biondo MI, Germano V, Pietrosanti M, et al. Lack of hepatitis B virus reactivation after anti-tumour necrosis factor
treatment in potential occult carriers with chronic inflammatory arthropathies. Eur J Intern Med. 2014;25:482-484.
doi:10.1016/j.ejim.2013.11.014
Caporali R, Bobbio-Pallavicini F, Atzeni F, et al. Safety
of tumor necrosis factor alpha blockers in hepatitis B
virus occult carriers (hepatitis B surface antigen negative/
anti-hepatitis B core antigen positive) with rheumatic diseases. Arthritis Care Res (Hoboken). 2010;62:749-754.
doi:10.1002/acr.20130
Cassano N, Mastrandrea V, Principi M, et al. Anti-tumor
necrosis factor treatment in occult hepatitis B virus infection: a retrospective analysis of 62 patients with psoriatic
disease. J Biol Regul Homeost Agents. 2011;25:285-289.
Charpin C, Guis S, Colson P, et al. Safety of TNF-blocking
agents in rheumatic patients with serology suggesting
past hepatitis B state: results from a cohort of 21 patients.
Arthritis Res Ther. 2009;11:R179. doi:10.1186/ar2868
Fukuda W, Hanyu T, Katayama M, et al. Incidence of hepatitis B virus reactivation in patients with resolved infection
on immunosuppressive therapy for rheumatic disease: a

309

Bath et al

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

multicentre, prospective, observational study in Japan. Ann
Rheum Dis. 2017;76:1051-1056. doi:10.1136/annrheumdis-2016-209973
Giardina AR, Ferraro D, Ciccia F, et al. No detection of
occult HBV-DNA in patients with various rheumatic diseases treated with anti-TNF agents: a two-year prospective
study. Clin Exp Rheumatol. 2013;31:25-30.
Lan JL, Chen YM, Hsieh TY, et al. Kinetics of viral loads
and risk of hepatitis B virus reactivation in hepatitis B core
antibody-positive rheumatoid arthritis patients undergoing
anti-tumour necrosis factor alpha therapy. Ann Rheum Dis.
2011;70:1719-1725. doi:10.1136/ard.2010.148783
Mitroulis I, Hatzara C, Kandili A, Hadziyannis E,
Vassilopoulos D. Long-term safety of rituximab in patients
with rheumatic diseases and chronic or resolved hepatitis B virus infection. Ann Rheum Dis. 2013;72:308-310.
doi:10.1136/annrheumdis-2012-202088
Mori S. Past hepatitis B virus infection in rheumatoid
arthritis patients receiving biological and/or nonbiological
disease-modifying antirheumatic drugs. Mod Rheumatol.
2011;21:621-627. doi:10.1007/s10165-011-0458-z
Morisco F, Guarino M, La Bella S, et al. Lack of evidence of
viral reactivation in HBsAg-negative HBcAb-positive and
HCV patients undergoing immunosuppressive therapy for
psoriasis. BMC Gastroenterol. 2014;14:214. doi:10.1186/
s12876-014-0214-x
Nakamura J, Nagashima T, Nagatani K, Yoshio T, Iwamoto
M, Minota S. Reactivation of hepatitis B virus in rheumatoid
arthritis patients treated with biological disease-modifying
antirheumatic drugs. Int J Rheum Dis. 2016;19:470-475.
doi:10.1111/1756-185X.12359
Navarro R, Concha-Garzón MJ, Castaño C, Casal C, Guiu
A, Daudén E. Outcome of patients with serology suggestive
of past hepatitis B virus infection during antitumor necrosis
factor therapy for psoriasis. Int J Dermatol. 2014;53:909911. doi:10.1111/ijd.12313
Padovan M, Filippini M, Tincani A, et al. Safety of abatacept in rheumatoid arthritis with serologic evidence of past
or present hepatitis B virus infection. Arthritis Care Res
(Hoboken). 2016;68:738-743. doi:10.1002/acr.22786
Papalopoulos I, Fanouriakis A, Kougkas N, et al. Liver
safety of non-tumour necrosis factor inhibitors in rheumatic
patients with past hepatitis B virus infection: an observational, controlled, long-term study. Clin Exp Rheumatol.
2018;36:102-109.
Pauly MP, Tucker LY, Szpakowski JL, et al. Incidence of
hepatitis B virus reactivation and hepatotoxicity in patients
receiving long-term treatment with tumor necrosis factor antagonists. Clin Gastroenterol Hepatol. 2018;16:
1964-1973.
Sanz-Bueno J, Vanaclocha F, García-Doval I, et al. Risk of
reactivation of hepatitis B virus infection in psoriasis patients
treated with biologics: a retrospective analysis of 20 cases
from the BIOBADADERM database. Actas Dermosifiliogr.
2015;106:477-482. doi:10.1016/j.ad.2015.01.010
Snast I, Atzmony L, Braun M, Hodak E, Pavlovsky L. Risk
for hepatitis B and C virus reactivation in patients with

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

psoriasis on biologic therapies: a retrospective cohort study
and systematic review of the literature. J Am Acad Dermatol.
2017;77:88-97.e5. doi:10.1016/j.jaad.2017.01.037
Spinicci M, Emmi G, Dies L, et al. Short article: safety
of targeted prophylaxis strategy in patients with resolved
hepatitis B virus infection receiving rituximab for
immune-mediated diseases. Eur J Gastroenterol Hepatol.
2018;30:756-760. doi:10.1097/MEG.0000000000001132
Tamori A, Koike T, Goto H, et al. Prospective study of
reactivation of hepatitis B virus in patients with rheumatoid
arthritis who received immunosuppressive therapy: evaluation of both HBsAg-positive and HBsAg-negative cohorts.
J Gastroenterol. 2011;46:556-564. doi:10.1007/s00535010-0367-5
Tien YC, Yen HH, Chiu YM. Incidence and clinical characteristics of hepatitis B virus reactivation in HBsAgnegative/HBcAb-positive patients receiving rituximab for
rheumatoid arthritis. Clin Exp Rheumatol. 2017;35:831836.
Ting SW, Chen YC, Huang YH. Risk of hepatitis B reactivation in patients with psoriasis on ustekinumab. Clin Drug
Investig. 2018;38:873-880.
Urata Y, Uesato R, Tanaka D, et al. Prevalence of reactivation of hepatitis B virus replication in rheumatoid arthritis patients. Mod Rheumatol. 2011;21:16-23. doi:10.1007/
s10165-010-0337-z
Varisco V, Viganò M, Batticciotto A, et al. Low risk of
hepatitis B virus reactivation in HBsAg-negative/anti-HBcpositive carriers receiving rituximab for rheumatoid arthritis: a retrospective multicenter Italian study. J Rheumatol.
2016;43:869-874. doi:10.3899/jrheum.151105
Vassilopoulos D, Apostolopoulou A, Hadziyannis E,
et al. Long-term safety of anti-TNF treatment in patients
with rheumatic diseases and chronic or resolved hepatitis
B virus infection. Ann Rheum Dis. 2010;69:1352-1355.
doi:10.1136/ard.2009.127233
Zhao P, Gao Q, He Q, Tan J. Prevalence and clinical outcomes of hepatitis B virus infection in patients with aplastic anemia. Int J Hematol. 2017;106:484-489. doi:10.1007/
s12185-017-2276-3
Fang J, Li W, Peng X, et al. Hepatitis B reactivation
in HBsAg-negative/HBcAb-positive patients receiving
immunosuppressive therapy for glomerulonephritis: a retrospective analysis. Int Urol Nephrol. 2017;49:475-482.
doi:10.1007/s11255-016-1487-5
Kato M, Atsumi T, Kurita T, et al. Hepatitis B virus reactivation by immunosuppressive therapy in patients with
autoimmune diseases: risk analysis in hepatitis B surface
antigen-negative cases. J Rheumatol. 2011;38:2209-2214.
doi:10.3899/jrheum.110289
Laohapand C, Arromdee E, Tanwandee T. Long-term use
of methotrexate does not result in hepatitis B reactivation
in rheumatologic patients. Hepatol Int. 2015;9:202-208.
doi:10.1007/s12072-014-9597-6
Ming-Xu H, Chen M, Cai Y, Yan-Jia H. Clinical outcomes of low-dose leflunomide for rheumatoid arthritis complicated with hepatitis B virus carriage and

310

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Annals of Pharmacotherapy 53(3)
safety observation. Pak J Med Sci. 2015;31:320-324.
doi:10.12669/pjms.312.6673
Tan J, Zhou J, Zhao P, Wei J. Prospective study of HBV reactivation risk in rheumatoid arthritis patients who received
conventional disease-modifying antirheumatic drugs. Clin
Rheumatol. 2012;31:1169-1175. doi:10.1007/s10067-0121988-2
Kanaan N, Kabamba B, Maréchal C, et al. Significant rate of
hepatitis B reactivation following kidney transplantation in
patients with resolved infection. J Clin Virol. 2012;55:233238. doi:10.1016/j.jcv.2012.07.015
Lee J, Lee JG, Kim S, et al. The effect of rituximab dose
on infectious complications in ABO-incompatible kidney
transplantation. Nephrol Dial Transplant. 2016;31:10131021. doi:10.1093/ndt/gfw017
Lee J, Park JY, Huh KH, et al. Rituximab and hepatitis B reactivation in HBsAg-negative/anti-HBc-positive
kidney transplant recipients. Nephrol Dial Transplant.
2017;32:722-729. doi:10.1093/ndt/gfw455
Maekawa H, Yazawa M, Koitabashi K, et al. Safety of
monitoring viral and liver function markers in patients with
prior resolved hepatitis B infection after kidney transplantation. Transplant Proc. 2016;48:2046-2049. doi:10.1016/j.
transproceed.2016.03.049
Masutani K, Omoto K, Okumi M, et al. Incidence of
hepatitis B viral reactivation after kidney transplantation
with low-dose rituximab administration. Transplantation.
2018;102:140-145. doi:10.1097/TP.0000000000001870
Meng C, Belino C, Pereira L, et al. Reactivation of hepatitis B
virus in kidney transplant recipients with previous clinically
resolved infection: a single-center experience. Nefrologia.
2018;38:545-550.
Belperio PS, Shahoumian TA, Mole LA, Backus LI.
Evaluation of hepatitis B reactivation among 62,920 veterans treated with oral hepatitis C antivirals. Hepatology.
2017;66:27-36. doi:10.1002/hep.29135
Calvaruso V, Ferraro D, Licata A, et al. HBV reactivation in
patients with HCV/HBV cirrhosis on treatment with directacting antivirals. J Viral Hepat. 2018;25:72-79. doi:10.1111/
jvh.12754
Doi A, Sakamori R, Tahata Y, et al. Frequency of, and factors associated with, hepatitis B virus reactivation in hepatitis C patients treated with all-oral direct-acting antivirals:
analysis of a Japanese prospective cohort. Hepatol Res.
2017;47:1438-1444. doi:10.1111/hepr.12919
Kawagishi N, Suda G, Onozawa M, et al. Comparing the
risk of hepatitis B virus reactivation between direct-acting
antiviral therapies and interferon-based therapies for hepatitis C. J Viral Hepat. 2017;24:1098-1106. doi:10.1111/
jvh.12737

109. Lee SW, Lee TY, Yang SS, Peng YC, Yeh HZ, Chang CS.
Prevalence of hepatitis B reactivation among Chinese individuals with chronic hepatitis C treated with pan-oral directacting antivirals. Gastroenterology Res. 2018;11:124-129.
doi:10.14740/gr971w
110. Liu CH, Liu CJ, Su TH, et al. Hepatitis B virus reactivation
in patients receiving interferon-free direct-acting antiviral
agents for chronic hepatitis C virus infection. Open Forum
Infect Dis. 2017;4:ofx028. doi:10.1093/ofid/ofx028
111. Loggi E, Gitto S, Galli S, et al. Hepatitis B virus reactivation among hepatitis C patients treated with direct-acting
antiviral therapies in routine clinical practice. J Clin Virol.
2017;93:66-70. doi:10.1016/j.jcv.2017.05.021
112. Londoño MC, Lens S, Mariño Z, et al. Hepatitis B reactivation in patients with chronic hepatitis C undergoing anti-viral
therapy with an interferon-free regimen. Aliment Pharmacol
Ther. 2017;45:1156-1161. doi:10.1111/apt.13985
113. Mücke VT, Mücke MM, Peiffer KH, et al. No evidence
of hepatitis B virus reactivation in patients with resolved
infection treated with direct-acting antivirals for hepatitis
C in a large real-world cohort. Aliment Pharmacol Ther.
2017;46:432-439. doi:10.1111/apt.14177
114. Ogawa E, Furusyo N, Murata M, Toyoda K, Hayashi T,
Ura K. Potential risk of HBV reactivation in patients with
resolved HBV infection undergoing direct-acting antiviral
treatment for HCV. Liver Int. 2018;38:76-83. doi:10.1111/
liv.13496
115. Sulkowski MS, Chuang WL, Kao JH, et al. No evidence
of reactivation of hepatitis B virus among patients treated
with ledipasvir-sofosbuvir for hepatitis C virus infection.
Clin Infect Dis. 2016;63:1202-1204.
116. Yanny BT, Latt NL, Saab S, et al. Risk of hepatitis B virus
reactivation among patients treated with ledipasvir-sofosbuvir for hepatitis C virus infection. J Clin Gastroenterol.
2018;52:908-912.
117. Yeh ML, Huang CF, Hsieh MH, et al. Reactivation of
hepatitis B in patients of chronic hepatitis C with hepatitis B virus infection treated with direct acting antivirals. J
Gastroenterol Hepatol. 2017;32:1754-1762. doi:10.1111/
jgh.13771
118. Ende AR, Kim NH, Yeh MM, Harper J, Landis CS.
Fulminant hepatitis B reactivation leading to liver transplantation in a patient with chronic hepatitis C treated with
simeprevir and sofosbuvir: a case report. J Med Case Rep.
2015;9:164. doi:10.1186/s13256-015-0630-8
119. Serper M, Forde KA, Kaplan DE. Rare clinically significant
hepatic events and hepatitis B reactivation occur more frequently following rather than during direct-acting antiviral
therapy for chronic hepatitis C: data from a national US cohort.
J Viral Hepat. 2018;25:187-197. doi:10.1111/jvh.12784

