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Risk of hepatitis B virus (HBV) reactivation was assessed in B-cell non-Hodgkin lymphoma (NHL)
patients with resolved HBV infection (hepatitis B surface antigen negative, hepatitis B core
l HBV DNA
antibody positive) who received obinutuzumab- or rituximab-containing immunochemotherapy
monitoring–guided
in the phase 3 GOYA and GALLIUM studies. HBV DNA monitoring was undertaken monthly
preemptive nucleos(t)
ide therapy can
to 1 year after the last dose of study drug. In case of HBV reactivation (conﬁrmed, HBV DNA
prevent HBV hepatitis
‡29 IU/mL), immunochemotherapy was withheld and nucleos(t)ide analog treatment (preduring anti-CD20
emptive NAT) started. Immunochemotherapy was restarted if HBV DNA became undetectable
immunochemotherapy
in B-cell NHL.
or reactivation was not conﬁrmed, and discontinued if HBV DNA exceeded 100 IU/mL on NAT.
Prophylactic NAT was allowed by investigator discretion. Among 326 patients with rel Prophylactic nucleos(t)
solved HBV infection, 27 (8.2%) had HBV reactivation, occurring a median of 125 days
ide therapy can
prevent HBV
(interquartile range, 85-331 days) after the ﬁrst dose. In 232 patients without prophylactic
reactivation and may
NAT, 25 (10.8%) had HBV reactivation; all received preemptive NAT. Ninety-four patients
be appropriate for
received prophylactic NAT; 2 (2.1%) had HBV reactivation. No patients developed HBVhigh-risk patients.
related hepatitis. On multivariate Cox analysis, detectable HBV DNA at baseline was
strongly associated with an increased risk of reactivation (adjusted hazard ratio [HR], 18.22;
95% conﬁdence interval [CI], 6.04-54.93; P < .0001). Prophylactic NAT was strongly associated with a reduced risk (adjusted
HR, 0.09; 95% CI, 0.02-0.41; P 5 .0018). HBV DNA monitoring–guided preemptive NAT was effective in preventing HBVrelated hepatitis during anti–CD20-containing immunochemotherapy in B-cell NHL patients with resolved HBV infection.
Antiviral prophylaxis was also effective and may be appropriate for high-risk patients. These trials were registered at www.
clinicaltrials.gov as NCT01287741 (GOYA) and NCT01332968 (GALLIUM). (Blood. 2019;133(2):137-146)
KEY POINTS

Introduction
Hepatitis B virus (HBV) reactivation is an identiﬁed risk associated
with treatment of non-Hodgkin lymphoma (NHL) in patients with
resolved/occult HBV infection, particularly for immunocompromised patients and patients with preexisting liver disease,
who are at increased risk of developing hepatitis-related liver
failure.1-3 While HBV reactivation has been reported with some
cytotoxic chemotherapies (eg, anthracyclines) and high-dose
corticosteroids,4-10 the highest rates of reactivation are typically observed during immunochemotherapy with the anti-CD20
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monoclonal antibody rituximab, especially when it is combined with cyclophosphamide, doxorubicin, vincristine, and
prednisone (CHOP) chemotherapy.11-19 Reports of reactivation
are lacking for other common chemotherapy partners, such as
bendamustine, with only a few cases described.20,21 Among
patients with resolved HBV infection, the rate of HBV reactivation during rituximab-based immunochemotherapy (by
various deﬁnitions, without antiviral prophylaxis) varies from
3% to 41.5%.6,18,22 A recent pooled risk estimate from a metaanalysis of a randomized trial and several well-designed observational
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studies suggests a reactivation rate of 16.9% during rituximabbased treatment.6
Prophylactic anti-HBV nucleos(t)ide therapy (NAT), started before any HBV reactivation, can be an effective strategy to prevent
HBV reactivation and HBV-related hepatitis.23-29 However, such
an approach may result in overexposure to antiviral medication,
possibly leading to an increase in antiviral-related side effects
and drug resistance.30-32 Delayed HBV reactivation may also
occur after stopping prophylactic NAT.29 Additionally, it may not
be economically viable to provide long-term prophylactic NAT
for all patients.30 An alternative effective approach to prevent
HBV reactivation-related hepatitis is the use of HBV DNA
monitoring-guided preemptive NAT.18,22,33 With this strategy,
regular HBV DNA monitoring is used to identify patients in the
initial stages of HBV reactivation who are then treated preemptively with NAT. Such an approach reduces exposure to
antiviral treatment but requires access to specialized monitoring
and testing facilities.
Despite the risk of HBV reactivation, rituximab remains a key
component of immunochemotherapy regimens used to treat
newly diagnosed and relapsed/refractory B-cell NHLs, such as
diffuse large B-cell lymphoma (DLBCL) and follicular lymphoma
(FL).34-37 However, a glycoengineered type II anti-CD20 monoclonal antibody, obinutuzumab, is being developed as a treatment
for B-cell malignancies.38,39 This novel antibody demonstrates
greater direct cell-death induction and antibody-dependent
cellular cytotoxicity and phagocytosis than rituximab.40,41 To
date, 2 phase 3 trials have compared the efﬁcacy and safety of
obinutuzumab with rituximab, when given in combination with
chemotherapy, in previously untreated patients with DLBCL
(GOYA) or indolent B-cell NHL (predominantly FL; GALLIUM).42,43
In GALLIUM, obinutuzumab-based immunochemotherapy and
maintenance signiﬁcantly improved progression-free survival
compared with rituximab-based therapy and maintenance in FL
patients; however, no differences in outcomes were observed
between obinutuzumab- and rituximab-containing immunochemotherapy in DLBCL patients in GOYA. Across both
studies, obinutuzumab had a safety proﬁle comparable to that
of rituximab. While there were numerically more treatmentrelated adverse events with obinutuzumab, the safety proﬁle
was generally acceptable and manageable. Given the association between anti-CD20 antibody treatment and HBV reactivation, HBV DNA levels were monitored prospectively in both
trials.
The aims of the current post hoc analysis were to quantify the
risk of HBV reactivation and HBV-related hepatitis, which were
prospectively deﬁned adverse events of particular interest in the
GOYA and GALLIUM studies, and explore risk factors for HBV
reactivation in B-cell NHL (DLBCL or FL) patients with resolved/
occult HBV infection who received obinutuzumab- or rituximabbased immunochemotherapy.

Patients and methods
Clinical studies
The design and conduct of the open-label, multicenter, randomized,
phase 3 GOYA (NCT01287741) and GALLIUM (NCT01332968)
trials have been described previously.42,43 Brief details of their
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study designs are provided in the supplemental Methods (available
on the Blood Web site). The trials were conducted in accordance
with the International Conference on Harmonization guidelines
for Good Clinical Practice. Study protocols were approved by the
ethics committees of participating centers. All patients provided
written informed consent.

Eligibility criteria related to HBV infection
A positive test result for chronic HBV infection (deﬁned as
positive hepatitis B surface antigen [HBsAg] serology) was an
exclusion criterion in both trials. Patients with resolved HBV
infection (deﬁned as HBsAg negative but positive for antibody
against hepatitis B core antigen [anti-HBc]) were included if HBV
DNA was undetectable. However, patients with detectable HBV
DNA that could not be quantiﬁed were also eligible for enrollment and were not excluded from this analysis. Patients were
required to undergo regular HBV DNA monitoring.

HBV assessments and monitoring to prevent
HBV-related hepatitis
Baseline screening was carried out locally for HBsAg, anti-HBc,
and hepatitis B surface antibody (anti-HBs). To prevent HBV
reactivation-related hepatitis in patients with resolved HBV infection, HBV DNA monitoring was performed prospectively in
both trials every 3 to 4 weeks (ie, with each cycle of immunochemotherapy) until the end of induction. During maintenance
and follow-up in GALLIUM and during follow-up in GOYA, HBV
DNA monitoring was undertaken approximately every 4 weeks
(monthly) until at least 1 year after the last dose of any study drug
(anti-CD20 antibody or chemotherapy, as induction or maintenance). HBV DNA was measured in serum using a quantitative,
real-time polymerase chain reaction (PCR) assay (COBAS TaqMan
HBV PCR assay; Roche Molecular Systems Inc.) with a lower limit
of quantitation of 29 IU/mL. Blood samples collected for assessment of HBV DNA were analyzed at a central laboratory.
HBV reactivation was deﬁned as conﬁrmed, quantiﬁable HBV
DNA $29 IU/mL (reﬂecting the lower limit of quantitation) as
follows: 1 result of HBV DNA $100 IU/mL, 2 consecutive
assessments of $29 to ,100 IU/mL, or a single assessment
between 29 and 100 IU/mL with initiation of NAT prior to
conﬁrmation. HBV DNA levels of ,29 IU/mL were classiﬁed as
either HBV DNA detectable, but not quantiﬁable, or HBV DNA
not detectable.
The approaches used for monitoring and managing HBV reactivation are shown in supplemental Table 1. Despite minor
differences between the trials, conﬁrmed HBV DNA levels of
$29 IU/mL were managed by withholding immunochemotherapy and administering preemptive NAT (entecavir, lamivudine,
tenofovir, or adefovir). NAT was initiated immediately if HBV
DNA levels were $29 IU/mL in GALLIUM; if reactivation was not
conﬁrmed on retest, NAT was stopped and retesting was undertaken every 3 to 4 weeks. In GOYA, NAT was initiated following conﬁrmation of HBV reactivation, which was within
2 weeks of ﬁrst detection. Immunochemotherapy was resumed
once HBV DNA returned to undetectable levels or if reactivation
was not conﬁrmed by HBV DNA retesting. If a patient’s HBV
DNA level exceeded 100 IU/mL while receiving NAT, immunochemotherapy was discontinued permanently. The study
protocols recommended that NAT was to be continued for at
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GOYA
(DLBCL)

GALLIUM
(indolent B-cell NHL)

Treated
(n = 1407)

Treated
(n = 1390)

Anti-HBc positive
(n = 326)
Before immunochemotherapy
(study day 1) (n = 56)
During immunochemotherapy
(study day 1) (n = 38)
Lymphoma type
DLBCL (n = 2)

Regimen
R-CHOP (n = 1)
G-CHOP (n = 1)

HBV reactivation
(n = 2)*

Prophylactic NAT
(n = 94)

No HBV reactivation
(n = 92)

Anti-HBs
Positive (n = 207)
Negative (n = 109)
Missing (n = 10)

Lymphoma type
DLBCL (n = 235)
FL (n = 82)
MZL (n = 9)

No prophylactic NAT
(n = 232)

No HBV reactivation
(n = 207)

HBV reactivation
(n = 25)

Preemptive NAT
(n = 25)†

Lymphoma type
DLBCL (n = 21)
FL (n = 4)

Regimen
R-CHOP (n = 7)
R-benda (n =1)
R-CVP (n = 1)
G-CHOP (n = 16)

Preemptive NAT
Entecavir (n = 19)
Lamivudine (n = 3)
Entecavir + lamivudine (n = 1)
Tenofovir (n = 1)
Adefovir (n = 1)

Figure 1. Analysis population and patient ﬂow. benda, bendamustine; CVP, cyclophosphamide, vincristine, prednisone; G, obinutuzumab; MZL, marginal zone lymphoma; R,
rituximab. *The 2 patients with HBV reactivation who had received prophylactic NAT had their study treatment withheld until their HBV DNA returned to undetectable levels;
neither patient developed HBV-related hepatitis. †None of 25 patients with HBV reactivation who were treated with preemptive NAT developed HBV-related hepatitis.

least 1 year after the last dose of obinutuzumab or rituximab,
which reﬂects the period in which most cases of delayed HBV
reactivation were observed.13,18 While use of NAT was mandated
in GOYA and GALLIUM, the exact choice of drug was not
prespeciﬁed in either study protocol. Prophylactic NAT, started
before any HBV reactivation, was also allowed (but not mandated) to prevent HBV-related hepatitis in both studies based
on the discretion of the participating investigator.

Analyses
The primary objectives of the analysis were to evaluate the incidence of conﬁrmed, quantiﬁable HBV reactivation (as deﬁned
in “Patients and methods”) and HBV-related hepatitis (deﬁned as
an exacerbation/development of clinical hepatitis with increased
HBV DNA) in anti–HBc-positive B-cell lymphoma patients who
had received obinutuzumab- or rituximab-based immunochemotherapy in GOYA and GALLIUM. Additional objectives were
to assess time to HBV reactivation and factors related to the risk
of HBV reactivation. The analysis population included all patients
who were seronegative for HBsAg but seropositive for anti-HBc
at baseline. The clinical cutoff date for the analyses was
29 April, 2016 for the GOYA data and 31 January, 2016 for the
GALLIUM data.
Time to HBV reactivation was deﬁned as the time from ﬁrst dose
of immunochemotherapy to the ﬁrst occurrence of HBV reactivation. Patients without HBV reactivation were censored at the
time of their last HBV DNA assessment. Survival parameters for time
to HBV reactivation were estimated using Kaplan-Meier methodology and analyzed according to the use of prophylactic NAT.
Cox proportional hazard models (univariate and multivariate)
were used to identify independent factors (covariates) related to
the risk of HBV reactivation. For each analysis, treatment effects
were calculated and adjusted for both the covariate and interaction. Statistical signiﬁcance was determined using the Wald
test. Factors with a signiﬁcance of ,.2 by univariate analysis
were included in the multivariate analyses, along with baseline
age and sex. A signiﬁcance level of ,.05 was used for the
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multivariate analysis. All analyses were performed using SAS
version 9.2.
Qualiﬁed researchers may request access to individual patient
level data through the clinical study data request platform
(www.clinicalstudydatarequest.com). Further details on Roche’s
criteria for eligible studies (https://clinicalstudydatarequest.
com/Study-Sponsors/Study-Sponsors-Roche.aspx), as well as
Roche’s Global Policy on the Sharing of Clinical Information and
how to request access to related clinical study documents (https://
www.roche.com/research_and_development/who_we_are_how_
we_work/clinical_trials/our_commitment_to_data_sharing.htm), are
available online.

Results
Analysis population
Of the 2797 patients evaluable for safety across the 2 trials
(GALLIUM, n 5 1390; GOYA, n 5 1407), 326 (11.7%; DLBCL,
n 5 235 [72.1%]; FL, n 5 82 [25.2%]; other indolent B-cell NHL,
n 5 9 [2.8%]) were seronegative for HBsAg but seropositive
for anti-HBc at baseline (analysis population; Figure 1). Among
these patients, the anti-HBs result was positive in 207 patients
and negative in 109 patients; 10 patients had missing values.
Eleven patients had detectable but nonquantiﬁable HBV DNA
(,29 IU/mL) at baseline.
Baseline demographic and disease characteristics for the analysis population are shown by treatment arm (ie, obinutuzumabbased chemotherapy [G-Chemo; n 5 155] vs rituximab-based
chemotherapy [R-Chemo; n 5 171]) in Table 1. Some imbalances
that could potentially inﬂuence HBV reactivation were observed
between the 2 arms for sex, HBV serology, detectable HBV
DNA levels, and use of prophylactic NAT. The median interval
between HBV DNA measurements among the 326 patients who
were seropositive for anti-HBc was 28.0 (interquartile range
[IQR], 21.0-32.0) days.
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Table 1. Patient demographics and disease characteristics at baseline by treatment arm in patients with positive antiHBc serology (analysis population, n 5 326)
Characteristic

G-Chemo (n 5 155)

R-Chemo (n 5 171)

Median age, y (range)

61 (25-81)

59 (19-83)

Female, n (%)

60 (38.7)

81 (47.4)

49 (31.6)
3 (1.9)
103 (66.5)
0

64 (37.4)
0
105 (61.4)
2 (1.2)

86 (55.5)
48 (31.0)
21 (13.5)

89 (52.0)
57 (33.3)
25 (14.6)

Lymphoma type, n (%)
DLBCL (GOYA)
FL (GALLIUM)
MZL (GALLIUM)

121 (78.1)
29 (18.7)
5 (3.2)

114 (66.7)
53 (31.0)
4 (2.3)

HBV serology, n (%)
Anti-HBc1, anti-HBs1
Anti-HBc1, anti-HBsMissing anti-HBs

94 (60.6)
57 (36.8)
4 (2.6)

113 (66.1)
52 (30.4)
6 (3.5)

143 (92.3)
7 (4.5)
5 (3.2)

157 (91.8)
4 (2.3)
10 (5.8)

ECOG performance status, n (%)
0
1
2

76 (49.0)
68 (43.9)
11 (7.1)

81 (47.4)
69 (40.4)
21 (12.3)

IPI risk category (GOYA), n (%)
High
High-intermediate
Low-intermediate
Low

n 5 121
20 (16.5)
41 (33.9)
38 (31.4)
22 (18.2)

n 5 114
18 (15.8)
31 (27.2)
42 (36.8)
23 (20.2)

FLIPI-1 risk category (GALLIUM, FL), n (%)
High
Intermediate
Low

n 5 29
11 (37.9)
10 (34.5)
8 (27.6)

n 5 53
21 (39.6)
19 (35.8)
13 (24.5)

IPI risk category (GALLIUM, non-FL), n (%)
High
High-intermediate
Low-intermediate
Low

n55
1 (20.0)
2 (40.0)
1 (20.0)
1 (20.0)

n54
0
2 (50.0)
1 (25.0)
1 (25.0)

Race, n (%)
White
Black
Asian
Other
Region, n (%)
East Asia*
Europe†
Other‡

HBV DNA <29 IU/mL at baseline, n (%)
Not detectable
Detectable, but not quantiﬁable
Missing

Benda, bendamustine; Chemo, chemotherapy; CVP, cyclophosphamide, vincristine, and prednisone; ECOG, Eastern Cooperative Oncology Group; FLIPI, Follicular Lymphoma International
Prognostic Index; G, obinutuzumab; IPI, International Prognostic Index; MZL, marginal zone lymphoma; R, rituximab.
*East Asia includes China, Japan, South Korea, and Taiwan.
†Europe includes Belgium, Czech Republic, Germany, Hungary, Italy, Russia, Spain, Switzerland, and the United Kingdom.
‡Other includes Australia, Canada, and Thailand.
§G-CHOP: GOYA, n 5 121; GALLIUM, n 5 20.
‖R-CHOP: GOYA, n 5 114; GALLIUM, n 5 34.
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Table 1. (continued)
Characteristic
Prophylactic NAT, n (%)
Lamivudine
Entecavir
Treatment, n (%)
CHOP
Benda
CVP

G-Chemo (n 5 155)

R-Chemo (n 5 171)

40 (25.8)
33 (21.3)
7 (4.5)

54 (31.6)
46 (26.9)
8 (4.7)

141 (91.0)§
13 (8.4)
1 (0.6)

148 (86.5)‖
19 (11.1)
4 (2.3)

Benda, bendamustine; Chemo, chemotherapy; CVP, cyclophosphamide, vincristine, and prednisone; ECOG, Eastern Cooperative Oncology Group; FLIPI, Follicular Lymphoma International
Prognostic Index; G, obinutuzumab; IPI, International Prognostic Index; MZL, marginal zone lymphoma; R, rituximab.
*East Asia includes China, Japan, South Korea, and Taiwan.
†Europe includes Belgium, Czech Republic, Germany, Hungary, Italy, Russia, Spain, Switzerland, and the United Kingdom.
‡Other includes Australia, Canada, and Thailand.
§G-CHOP: GOYA, n 5 121; GALLIUM, n 5 20.
‖R-CHOP: GOYA, n 5 114; GALLIUM, n 5 34.

HBV reactivation and antiviral treatment
(prophylactic or preemptive therapy)

still on NAT (11 months of lamivudine) (Figure 1; supplemental
Table 3; patients 26 and 27).

Of the 326 patients with resolved HBV infection, 119 (36.5%)
received NAT, including entecavir, lamivudine, adefovir, and
tenofovir (Figure 1). Of these patients, 94 (79.0%) received
prophylactic NAT (at the discretion of the investigator) for
a median duration of 482.5 days (IQR, 173-625); 56 patients
(59.6%) started prophylactic NAT before immunochemotherapy
commenced (study day #1), and 38 patients (40.4%) started
prophylactic NAT afterward (study day .1, in the absence of
HBV reactivation; median time to start of NAT, 8 days [IQR,
3-65]). Baseline characteristics are shown by use of prophylactic
NAT in supplemental Table 2. Use of prophylactic NAT was
most common in white European patients who were seronegative for anti-HBs. Median time from last dose of immunochemotherapy to the end of prophylactic NAT was 243 days
(IQR, 15-390).

The distribution of the 27 patients with HBV reactivation by study
treatment was 16 out of 121 (13.2%) and 7 out of 114 (6.1%)
patients treated with G-CHOP and R-CHOP, respectively, in
GOYA (all DLBCL patients by enrollment); 1 out of 34 (2.9%)
and 3 out of 57 (5.3%) patients treated with obinutuzumab(1 G-CHOP) and rituximab-based chemotherapy (1 R-CHOP,
1 R-CVP, and 1 R-bendamustine) in GALLIUM (all FL patients)
(supplemental Figure 1). Among 16 patients with HBV reactivation during immunochemotherapy, 12 withheld study
treatment of a median of 22 days. No patients discontinued
immunochemotherapy due to HBV reactivation. HBV-related
hepatitis was not observed in any of 27 patients with HBV
reactivation.

Twenty-seven patients in total (8.2%; DLBCL, n 5 23 [85.2%]; FL,
n 5 4 [14.8%]) had HBV reactivation (supplemental Figure 1),
occurring at a median time of 125 days (IQR, 85-331) after the
ﬁrst dose of immunochemotherapy; 21 of these patients had
HBV DNA levels $100 IU/mL. Nine of the 27 patients were
seropositive for anti-HBs, 17 were seronegative for anti-HBs, and
information was missing for 1 patient. The characteristics and
clinical course of the 27 patients with HBV reactivation are
summarized in supplemental Table 3.
Among the 232 patients who did not receive prophylactic NAT,
25 (10.8%; including 7 of 8 patients with detectable, but not
quantiﬁable, HBV DNA at baseline) had HBV reactivation with
a median HBV DNA peak of 342 IU/mL (IQR, 101-1230) (Figure 1;
supplemental Table 3; patients 1-25). Nine of these patients
(36.0%) had HBV reactivation after completion of immunochemotherapy, occurring at a median of 196 days (IQR, 153-310)
after the last dose of immunochemotherapy. All 25 patients
received preemptive NAT following HBV reactivation; 19 received entecavir, 3 lamivudine, 1 entecavir and lamivudine,
1 tenofovir, and 1 adefovir. Among the 94 patients who received
prophylactic NAT, 2 (2.1%) had HBV reactivation, 1 at 18 months
after stopping NAT (18 months of lamivudine) and 1 who was
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Kaplan-Meier analysis revealed a longer time to HBV reactivation
in patients who received prophylactic NAT compared with those
who did not (Figure 2). Estimated HBV reactivation rates (95%
conﬁdence intervals [CIs]) were 1.5% (0% to 4.3%) vs 10.6%
(6.4% to 14.9%) at 1 year and 1.5% (0% to 4.3%) vs 11.9% (7.4%
to 16.5%) at 2 years.

Cox regression analysis of risk factors
for reactivation
Univariate Cox regression analysis indicated an association
(P , .2) between HBV reactivation risk and patients who were
seronegative for anti-HBs at baseline, patients with a diagnosis of DLBCL, and patients with detectable baseline HBV
DNA levels (Table 2). The analysis also supported a reduction
in the risk of HBV reactivation in patients who received
prophylactic NAT.
On multivariate analysis, the following independent factors
were associated with the risk of HBV reactivation: older age
(by decade), type of lymphoma (DLBCL), seronegativity for antiHBs, detectable HBV DNA at baseline, and prophylactic NAT
(Table 2). Detectable HBV DNA at baseline was strongly associated with an increased risk of reactivation (adjusted hazard
ratio [HR]; [95% CI], 18.22 [6.04-54.93]). Conversely, prophylactic
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HBV reactivation (%)

100

No prophylactic NAT (n = 232)
Prophylactic NAT (n = 94)

80

Figure 2. Time to HBV reactivation in anti–HBc-positive patients by
receipt of prophylactic NAT (analysis population, n 5 326).
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40
20
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18

24

30

36

73
33

35
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94
77

166
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118
45

NAT was strongly associated with a reduced risk of HBV reactivation (adjusted HR [95% CI], 0.09 [0.02-0.41]).
Multivariate analysis using the DLBCL (GOYA) cohort also
showed the following independent risk factors for HBV reactivation: seronegativity for anti-HBs (HR [95% CI], 4.21 [1.6011.07]); detectable baseline HBV DNA levels (HR [95% CI],
36.36 [10.44-126.71]); and prophylactic NAT (HR [95% CI],
0.08 [0.02-0.37]) (supplemental Table 4).

Discussion
The association between rituximab use and HBV reactivation in
patients receiving immunochemotherapy for lymphoma is well

established.6,11,19,22 However, little is known about the risk of
HBV reactivation with the type II anti-CD20 antibody obinutuzumab. This analysis of data collected during the phase 3 GOYA
and GALLIUM studies42,43 provides valuable information on the
incidence and risk management of HBV reactivation and HBVrelated clinical hepatitis in B-cell NHL (DLBCL or FL) patients with
resolved HBV infection receiving frontline obinutuzumab- or
rituximab-based immunochemotherapy.
The overall incidence of HBV reactivation in this analysis was
8.2%. In the 232 patients who did not receive prophylactic NAT,
the incidence of HBV reactivation was 10.8%, which equated to
25 patients. Importantly, HBV-related hepatitis was not observed
among these 25 patients, although relatively high-peak HBV

Table 2. Cox regression analysis for time to HBV reactivation (analysis population, n 5 326)
Time to HBV reactivation
(univariate)†
Effect/covariate*

Crude HR

95% CI

Age at baseline (continuous, by 10 y)

1.24

0.90-1.79

Sex (male vs female)

1.51

ECOG performance status at baseline (2 vs 0 or 1)

Adjusted HR

95% CI

P

.2260

1.63

1.00-2.37

.0351

0.68-3.37

.3110

1.19

0.50-2.86

.6923

1.04

0.25-4.42

.9531

NA

NA

NA

Lymphoma type‡ (DLBCL [GOYA] vs non-DLBCL [GALLIUM])

3.06

1.04-9.04

.0430

3.76

1.09-12.96

.0356

IPI, FLIPI score (high-intermediate/high vs low/intermediate/
low-intermediate)

1.51

0.71-3.21

.2877

NA

NA

NA

Anti-HBs at baseline (negative vs positive)

4.35

1.93-9.78

.0004

4.00

1.71-9.37

.0014

12.42

4.96-31.07

,.0001

18.22

6.04-54.93

,.0001

Prophylactic NAT (yes vs no)

0.19

0.04-0.79

.0226

0.09

0.02-0.41

.0018

Antibody treatment group (G-Chemo vs R-Chemo)

1.94

0.89-4.24

.0963

1.79

0.78-4.16

.1748

Chemotherapy group§ (CHOP vs non-CHOP)

1.86

0.44-7.94

.3990

NA

NA

NA

HBV DNA level at baseline, IU/mL (detectable vs not
detectable)

P

Time to HBV reactivation
(multivariate)

NA, not applicable.
*Reference groups for each factor are shown in bold. Race/ethnicity was not included in the model.
†Factors with P , .2 by univariate analysis, baseline age, and sex were included in the multivariate analysis; 95% Wald conﬁdence interval and P value for Wald test.
‡Includes DLBCL patients from GOYA and non-DLBCL patients from GALLIUM.
§Includes patients from both GOYA and GALLIUM.
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DNA levels exceeding 20 000 IU/mL were seen in 3 patients.
Two large-scale prospective studies have demonstrated that
monthly monitoring of HBV DNA can help identify patients in the
initial stages of HBV reactivation who may beneﬁt from prompt
antiviral treatment.18,22 In 2 of the 3 patients with high-peak HBV
DNA levels, the interval between HBV DNA measurements was
$3 months, which incurred protocol violations and meant that
instigation of preemptive NAT was delayed. In the third patient,
preemptive NAT was not started immediately after the conﬁrmed HBV reactivation.
In accordance with the study protocols, 12 of the 25 patients who
had HBV reactivation without prophylactic NAT had their immunochemotherapy delayed (for a median of approximately 3 weeks)
because of HBV reactivation; this action has the potential to
negatively impact clinical outcomes. In GOYA and GALLIUM,
nonprophylaxis patients with HBV reactivation were managed not
only by administrating preemptive NAT but also by withholding
immunochemotherapy, based on the scarce evidence available
regarding HBV reactivation at the start of the trials. Current evidence now shows that if HBV reactivation is identiﬁed at an early
stage by HBV DNA monitoring, it is possible to start preemptive
NAT immediately without withholding immunochemotherapy.18,22
Delayed HBV reactivation (ie, 6-12 months after completion of
lymphoma treatment) is an important concern in patients receiving anti-CD20 immunochemotherapy.4,6,44-48 In the present
study, of the 25 patients with HBV reactivation who did not
receive prophylactic NAT, 9 (36%) had HBV reactivation after
completion of immunochemotherapy, occurring at a median of
196 days (IQR, 153-310) after the last dose. The observation of
HBV reactivation after cessation of immunochemotherapy suggests that HBV DNA monitoring is necessary for at least 1 year
after completion of lymphoma treatment.
Among the 94 patients who received prophylactic NAT, 2 (2.1%)
had HBV reactivation. Reactivation occurred during NAT (lamivudine) in 1 patient and after stopping NAT (lamivudine) in the
other. Although HBV genotypic data were not collected in GOYA
and GALLIUM, long-term use of prophylactic lamivudine has been
associated with drug resistance in other studies of patients with
resolved HBV infection receiving immunochemotherapy.31,32 Prior
studies suggest that entecavir, the most widely used preemptive
NAT in GOYA and GALLIUM (used in 80% of patients who received preemptive NAT), is more effective than lamivudine in
preventing HBV reactivation-related hepatitis; this is believed to
be due to its higher barrier to resistance.2,3,6,12,23,49 For patients
with lamivudine-resistance–associated HBV reactivation, entecavir
could therefore be a salvage option. However, there is emerging
evidence to suggest that the risk of entecavir resistance may be
increased in patients with lamivudine resistance or prior exposure
to lamivudine.50,51 Irrespective of which drug is used, HBV DNA
monitoring (if available) is always recommended to evaluate the
efﬁcacy of prophylactic NAT because of the potential for suboptimal adherence and/or drug resistance. In addition to the
potential for the development of resistance, there are concerns
about the economic burden of prolonged antiviral treatment and
the risk of delayed HBV reactivation after stopping NAT. As
prophylactic NAT cannot be continued indeﬁnitely in patients with
resolved HBV infection, HBV DNA monitoring is necessary after
stopping prophylactic NAT to diagnose delayed HBV reactivation. Furthermore, HBV DNA monitoring can be used to identify
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patients with previously unknown host and viral risk factors
for HBV reactivation. Considering all these points, preemptive
NAT guided by HBV DNA monitoring appears to be a reasonable strategy for most patients with resolved HBV infection.
Prophylactic NAT, on the other hand, may be most appropriate
for patients with clearly deﬁned risk factors for HBV reactivation, such as anti-HBs seronegativity or detectable HBV
DNA. In this regard, some institutions have already introduced
computerized alert systems to notify health care providers of
patients with known risk factors for HBV reactivation when
prescribing immunochemotherapy. 52,53
On multivariate regression analysis, both seronegativity for antiHBs and detectable HBV DNA levels at baseline appeared to
be associated with an increased risk of HBV reactivation, as were
older age and lymphoma subtype (DLBCL). The ﬁnding that
seronegativity for anti-HBs was a risk factor for HBV reactivation
was consistent with the results of a recent large meta-analysis
demonstrating a signiﬁcant association between anti-HBs seropositivity and a decreased risk of reactivation in patients with
resolved HBV receiving chemotherapy for hematologic malignancies without antiviral prophylaxis.54 Lymphoma and detectable thresholds of HBV DNA have both been identiﬁed
previously as risk factors for HBV reactivation.2,4,8,15,17,18,55,56 With
respect to lymphoma type as a risk factor, a prospective observational study of regular HBV DNA monitoring in 269 B-cell
lymphoma patients treated with rituximab plus corticosteroidcontaining chemotherapy showed that DLBCL was associated
with HBV reactivation in a univariate analysis, but it was not found
to be an independent risk factor in a subsequent multivariate
analysis.18 In contrast, using data collected in 2 large-scale
prospective trials, the present analysis demonstrated that
DLBCL was one of several independent risk factors for HBV
reactivation. However, as all DLBCL patients in our analysis
received CHOP chemotherapy, a known risk factor for HBV
reactivation,11-19 we cannot conclusively determine whether
the association was with lymphoma type or the chemotherapy
regimen. Further basic research and clinical trials are now
warranted to improve our understanding of the pathogenesis
of HBV reactivation in DLBCL patients who receive anti-CD20
antibodies with chemotherapy and to determine if DLBCL truly
increases the risk of reactivation compared with other
lymphoma types. Use of prophylactic NAT, which was not
mandated in either study protocol but was allowed at the
discretion of the investigator, was associated with a reduced
risk of HBV reactivation, as demonstrated in other studies of
NAT in lymphoma patients with resolved HBV infection treated
with R-Chemo.12,23,29
There was no signiﬁcant difference in the risk of HBV reactivation
between obinutuzumab- and rituximab-based immunochemotherapy on multivariate analysis (Table 2; supplemental Table 4).
However, confounding factors prevent conclusions on whether
there is a higher risk of HBV reactivation with obinutuzumab- vs
rituximab-based regimens, due to the imbalance of baseline risk
factors between the 2 treatment groups. The higher rate of HBV
reactivation in GOYA compared with GALLIUM probably results
from the higher number of patients enrolled from regions
with a high endemic prevalence of HBV infection (data not
shown). It is not clear whether there are any differences in
background HBV prevalence among B-cell lymphoma subtypes due to conﬂicting reports.57,58
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Our ﬁndings indicate that HBV DNA monitoring–guided preemptive NAT may be effective for preventing HBV-related hepatitis in patients treated with obinutuzumab- and rituximab-based
immunochemotherapy (including maintenance) for B-cell lymphomas. Thus, while preemptive NAT is associated with a higher
risk of HBV reactivation compared with prophylaxis, this approach does not appear to increase the risk of clinical hepatitis.
Currently, most guidelines recommend that anti–HBc-positive
patients should undergo regular HBV DNA monitoring unless
they are receiving prophylactic NAT, although the optimal
frequency of assessment has not been determined.2,26-28,59-62
Although further investigations are required, our ﬁndings
suggest that monthly HBV DNA monitoring may be adequate.
Preemptive NAT avoids unnecessary antiviral treatment,
thereby reducing drug costs. 29,30 However, for patients with
resolved HBV infection who are at elevated risk for HBV reactivation (eg, those with reduced liver function, anti-HBs seronegativity, or detectable HBV DNA), prophylactic NAT appears
to be an appropriate strategy, and this is reﬂected in guideline
recommendations.2,26-28,59-62 Among patients not receiving prophylactic NAT in this analysis, 7 of 8 patients with detectable, but
not quantiﬁable, HBV DNA at baseline had HBV reactivation,
suggesting that these “high-risk” patients could be candidates for
prophylactic NAT. Prophylactic NAT (preferably using an antiviral
drug with a high barrier to resistance) may also be beneﬁcial
in situations where regular HBV DNA monitoring with an appropriately sensitive test is not feasible for logistical reasons or if
a physician suspects that the patient will not adhere to the
monitoring schedule. However, as discussed above, such
a blanket approach to antiviral treatment has the potential to
increase the risk of drug resistance, especially if an antiviral
with a low barrier to resistance (eg, lamivudine) is used.8 In
regions or countries where only NATs with a low barrier to
resistance are available, preemptive treatment may be preferable, but only if adequate HBV DNA monitoring tests are
available. In near future, a new ultra-high-sensitivity HBsAg
assay is likely to become available as an alternative method to
monitor HBV reactivation.63 This assay is likely to be cheaper
and more accessible and provide more rapid results than
conventional HBV DNA monitoring and is therefore likely to be
favored in regions or countries with limited resources.
Health economic analyses comparing prophylactic NAT with
HBV DNA monitoring–guided preemptive NAT are lacking. This
may be related to the complexity of conducting an economic
analysis and providing a meaningful comparison due to vast
differences in NAT and HBV DNA monitoring availability,
practices, and costs between countries or centers .
It is difﬁcult to compare the rate of HBV reactivation observed in
the current analysis with other analyses due to the heterogeneous deﬁnitions of reactivation and various assay methodologies used in previous studies.6,8,9 The deﬁnition selected for
this analysis was based on the HBV reactivation management
protocols and sensitivity of the PCR assays used in GOYA and
GALLIUM and may be regarded as more conservative than
many of the deﬁnitions used in the literature. If historic deﬁnitions used in retrospective studies were to be applied to our
data (eg, an HBV DNA cutoff $100 IU/mL with increasing serum
aminotransferase levels, at least a 10-fold rise in HBV DNA,
or reverse seroconversion to HBsAg-positive status),3,6,9 the
reported rate of HBV reactivation would likely be lower. This
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discrepancy highlights the need for a standardized approach
for both measuring and deﬁning HBV reactivation. However,
extension of preemptive NAT to clinical practice based on this
trial would necessitate use of the same deﬁnition of HBV
reactivation and a similarly sensitive HBV DNA assay used at
monthly intervals.
This analysis was limited by imbalances in relevant baseline
characteristics between the 2 treatment arms, which was unsurprising given that HBV reactivation was not a major end
point in either trial. In particular, a selection bias was noted,
whereby white Europeans were more likely to receive prophylactic NAT than patients of other races and regions. This
bias was likely due to fact that the decision to use prophylactic
NAT was made by physicians, based presumably on their assessment of risk, national or local guidelines, personal preference,
availability of resources, reimbursement considerations, and
availability of data regarding HBV DNA monitoring–guided preemptive NAT. The studies were also limited by the fact that
slightly different approaches were used in GOYA and GALLIUM
to manage HBV reactivation, including minor differences in the
criteria for initiating preemptive NAT.
In conclusion, HBV DNA monitoring–guided preemptive NAT
appeared to be effective in preventing HBV-related hepatitis
during treatment with obinutuzumab- or rituximab-containing
immunochemotherapy in patients with B-cell NHL and resolved
HBV infection. Prophylactic NAT was also effective in preventing
HBV reactivation (91% risk reduction) and may be an appropriate
option for high-risk patients with anti-HBs seronegativity or
detectable HBV DNA at baseline.
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