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Abstract
We conducted a nationwide retrospective analysis of 116 hepatitis B virus (HBV) sur-
face antigen (HBsAg)- positive patients with diffuse large B- cell lymphoma (DLBCL) 
and 278 HBsAg- negative patients with DLBCL, as a control cohort, who received 
rituximab- containing regimens as an induction chemotherapy at 30 Japanese medi-
cal centers between January 2004 and December 2014. Hepatitis was defined as an 
absolute serum alanine aminotransferase (ALT) level of ≥100 U/L. HBV reactivation- 
related hepatitis was defined as hepatitis with an absolute serum HBV DNA level 
of ≥3.3 log IU/mL or an absolute increase of ≥2 log compared with the baseline 
value. HBsAg- positive patients were divided into three groups based on anti– HBV 
prophylactic therapy: no nucleos(t)ide analogue (non– NA, n = 9), lamivudine (LAM, 
n = 20), and entecavir (ETV, n = 87). The 4- year cumulative incidence (CI) of hepatitis 
in HBsAg- positive and HBsAg- negative patients was 21.1% and 14.6% (P = .081), re-
spectively. The 4- year CI of HBV reactivation- related hepatitis was higher in HBsAg- 
positive patients than in HBsAg- negative patients (8.0% vs 0.4%; P < .001). Among 
HBsAg- positive patients, the 4- year CI of HBV reactivation- related hepatitis was the 
highest in the non– NA group (33.3%), followed by the LAM (15.0%) and ETV (3.8%) 
groups (P < .001). Of note, 3 non– NA patients (33%) and 1 LAM patient (5%) (but no 
ETV patients) died due to HBV hepatitis. Based on Cox multivariate analysis, HBsAg 
positivity was not associated with poor overall survival. Prophylactic use of ETV 
would reduce the occurrence of HBV reactivation- related hepatitis and mortality in 
HBsAg- positive DLBCL patients receiving rituximab- containing chemotherapy.

K E Y W O R D S

antiviral prophylaxis, B- cell lymphoma, HBsAg- positive, HBV reactivation, rituximab

1  | INTRODUC TION

Hepatitis B virus (HBV) reactivation is a well- known but poten-
tially fatal complication in patients with seropositive for hepatitis B 
virus surface antigen (HBsAg) receiving systemic chemotherapy.1,2 
The highest rates of HBV reactivation are usually seen in HBsAg- 
positive patients with lymphoma who receive cyclophosphamide, 
doxorubicin, vincristine, and prednisone (CHOP), especially in com-
bination with the anti– CD20 monoclonal antibody rituximab.3,4 
Diffuse large B- cell lymphoma (DLBCL) is the most common type 
of B- cell lymphoma and a combination regimen with rituximab 
(R) plus CHOP (R- CHOP) is considered standard first- line immu-
nochemotherapy.5,6 Among HBsAg- positive patients with B- cell 
lymphoma, the incidence of HBV reactivation after R- CHOP is 
reported as being from 59% to 80% if the anti– HBV nucleos(t)ide 

analogue (NA) therapy is not given before initiation of R- CHOP- like 
chemotherapy (without antiviral prophylaxis), which often leads to 
HBV reactivation- related hepatitis.4,7 Moreover, HBV reactivation- 
related hepatitis typically results in delayed or premature discon-
tinuation of chemotherapy and may be fatal itself. It has a negative 
impact on survival, especially in patients with high HBV DNA viral 
loads at baseline.8

Some studies have shown that prophylactic anti– HBV NA 
therapy for HBsAg- positive patients decreases the risk of HBV 
reactivation and subsequent hepatic events. Most of these stud-
ies address the effectiveness of prophylactic use of lamivudine, 
a first- generation anti– HBV NA, in HBsAg- positive patients re-
ceiving (R- )CHOP,9,10 although long- term use of prophylactic lami-
vudine is associated with drug resistance mutations, which limit 
its long- term efficacy.11 Entecavir (ETV), a second- generation 
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anti- HBV NA has stronger activity and better resistance than 
first- generation anti– HBV NA, is currently most widely used as 
prophylaxis for HBV reactivation in HBsAg- positive patients.4 
As such, several guidelines recommend the prophylactic use of 
anti– HBV NA. A second- generation NA (ETV or tenofovir) should 
be started before the initiation of chemotherapies and continued 
until at least 6 or 12 months after completion of chemotherapies 
for HBsAg- positive patients.12,13 However, these recommen-
dations are not supported by concrete evidence because only 
limited data are available regarding the effectiveness of ETV in 
preventing HBV reactivation in HBsAg- positive patients receiv-
ing systemic chemotherapy.14 In particular, the clinical impact of 
second- generation NA against HBV reactivation and subsequent 
hepatitis and also on long- term outcomes has not been fully eluci-
dated in HBsAg- positive patients with lymphoma having high HBV 
DNA viral loads at baseline who have been treated with R- CHOP- 
like chemotherapy.

For the present study, we conducted a nationwide multicenter 
retrospective analysis to evaluate the incidence of hepatitis and 
HBV reactivation- related hepatitis and the clinical outcomes of 
HBsAg- positive patients with DLBCL who have been uniformly 
treated with R- CHOP- like chemotherapy compared to HBsAg- 
negative patients.

2  | METHODS

2.1 | Study population and design

A total of 394 patients with DLBCL who received R- CHOP- like 
chemotherapy were enrolled in this retrospective study. The study 
included 116 HBsAg- positive patients with DLBCL as well as 278 
HBsAg- negative patients with DLBCL (as a control) who were 
diagnosed within 2 months (1 month before or after) of the di-
agnosis date of each patient who was included among those HBsAg- 
positive patients, across 30 Japanese medical centers (Figure S1). 
Adult patients (aged ≥20 years) with untreated DLBCL (including 
transformed DLBCL from low- grade B- cell lymphoma) who had 
a baseline HBV serostatus at diagnosis of DLBCL, then received 
at least one cycle of R- CHOP or R plus pirarubicin, cyclophos-
phamide, vincristine, and prednisone (R- THP- COP) regimen as an 
initial chemotherapy between January 2004 and December 2014 
were included. Diagnosis of DLBCL was based on local hemato-
pathologists in accordance with the World Health Organization 
(WHO) classification. HBsAg- negative patients who were sero-
positive for antibodies against hepatitis B core antigen (anti– HBc) 
and/or antibodies against HBsAg (anti– HBs) were also included. 
Patients who met any of the following criteria were excluded from 
the study: seropositive for hepatitis C virus or human immunode-
ficiency virus, alanine transaminase (ALT) level ≥100 U/L before 
R- CHOP- like chemotherapy, DLBCL with central nervous system 
involvement, primary testicular lymphoma, intravascular large- cell 

lymphoma, a previous history of chemotherapy, and a previous his-
tory of decompensated cirrhosis or hepatocellular carcinoma. The 
decision to provide NA was based on the individual preferences 
of the treating physicians and/or patients. Medical records were 
reviewed for baseline characteristics, details of chemotherapy regi-
mens, liver function tests, HBV DNA levels, HBV- related events, 
and survival. All data were collected with local institutional review 
board approval and complied with all provisions of the Declaration 
of Helsinki.

2.2 | Lymphoma staging and response assessment

The Ann Arbor classification and the 1999 Cotswold modifica-
tions were used to evaluate disease stage. Response was assessed 
after completing initial R- CHOP- like chemotherapy according to 
the International Workshop Response Criteria (1999).15 Among the 
patients who received computed tomography (CT) and/or positron 
emission tomography (PET)/CT with [18F]- fluorodeoxyglucose im-
aging, the response was assessed according to the revised response 
criteria for malignant lymphoma 2007.16

2.3 | Liver function tests and hepatitis B 
virus markers

Each patient underwent a series of liver function tests, including ALT 
and prothrombin time (PT). HBV- related markers, including HBV se-
rostatus and HBV DNA levels, from the diagnosis of DLBCL to the 
last follow up were queried. HBsAg positivity was determined based 
on the serological results of HBsAg that were measured at each in-
stitution before the initiation of systemic chemotherapy for DLBCL 
(detection methods of HBsAg were not defined). Similarly, detec-
tion methods for anti– HBs and anti– HBc were not defined. Each 
serum HBV DNA level was recalculated using log IU/mL. Hepatitis 
was defined as an absolute serum ALT level of ≥100 U/L. Severity of 
hepatitis was determined based on the highest ALT value during the 
observed period using Common Terminology Criteria for Adverse 
Events version 4.0. HBV reactivation- related hepatitis was defined 
as the presence of hepatitis together with an absolute serum HBV 
DNA level of ≥3.3 log IU/mL or an absolute increase of ≥2 log com-
pared with baseline value. Serum HBV DNA levels were measured 
using a quantitative PCR assay, available at each medical center. HBV 
reactivation- related fulminant hepatitis was defined as the presence 
of HBV reactivation- related hepatitis accompanied by mild to severe 
encephalitis and prolonged PT (>40%). Patients were diagnosed as 
having cirrhosis if they had at least one of the representative CT 
findings (ie, hypertrophy of the left lobe with concomitant atrophy 
of the right lobe, surface nodularity, and portosystemic collaterals). 
Severity of cirrhosis was determined according to the Child- Pugh 
classification, where decompensated cirrhosis was defined as having 
Child- Pugh B (7- 9 points) or C (10- 15 points).
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2.4 | End points

The primary endpoint of the present study was the cumula-
tive incidence of hepatitis (defined as an absolute serum ALT 
level of ≥100 U/L) in HBsAg- positive and HBsAg- negative pa-
tients. Secondary endpoints were the cumulative incidence of he-
patic events, which comprised the cumulative incidence of HBV 
reactivation- related hepatitis, the cumulative incidence of HBV 
reactivation- related fulminant hepatitis, the cumulative incidence 
of decompensated cirrhosis and hepatocellular carcinoma, and re-
sponse to R- CHOP- like chemotherapy. Response to R- CHOP- like 
chemotherapy included the overall response rate (ORR), complete 
response (CR) rate, and survival (ie, the cumulative incidence of 
death due to HBV reactivation- related hepatitis, progression free 
survival [PFS], and overall survival [OS]).

2.5 | Statistical analysis

Categorial variables were assessed using the χ2- test, the Fisher exact 
test, and the Kruskal- Wallis test as indicated. Time to hepatitis was 
defined as the time from diagnosis of DLBCL to the first develop-
ment of hepatitis. Patients without hepatitis were censored at the 
time of their last ALT assessment. Time to hepatitis was estimated 
using cumulative incidence methods and compared between HBsAg- 
positive patients and HBsAg- negative patients using the Gray’s test. 
A competing event was defined as death before the occurrence of 
hepatitis. PFS was defined as the time from diagnosis of DLBCL to 
the date of documented disease progression, relapse, or death from 
any cause. OS was defined as the time from diagnosis of DLBCL to 
death from any cause or the last follow up. OS and PFS were esti-
mated using the Kaplan- Meier method and compared with the log- 
rank test. Univariate and multivariate prognostic factors for OS were 
assessed using Cox proportional hazards analysis. All statistical tests 
were two- sided, and P < .05 was considered statistically significant. 
Statistical analysis was performed using the Stata software version 
13.1 (StataCorp LLC) and EZR 1.3517 at the Japanese Data Center for 
Hematopoietic Cell Transplantation.

3  | RESULTS

3.1 | Patient characteristics

All baseline characteristics, except for HBV status, were similar 
between HBsAg- positive and HBsAg- negative patients (Table 1). 
R- CHOP was the most commonly used regimen (n = 337, 85.5%), fol-
lowed by R- THP- COP (n = 57, 14.5%). HBsAg- positive patients with 
detectable and quantifiable HBV DNA (n = 65, 56.0%) had a median 
baseline HBV DNA level of 2.9 l

og IU/mL (interquartile range [IQR]; 2.0- 3.7). Among HBsAg- 
positive patients, 5 (4.3%) had compensated cirrhosis (patients with 
decompensated cirrhosis were excluded from the present study). 

HBsAg- positive patients were allocated into three groups based on 
prophylactic NA therapy: no prophylactic therapy (non– NA, n = 9), pro-
phylactic therapy with lamivudine (LAM, n = 20), and prophylactic ther-
apy with ETV (n = 87). Among HBsAg- negative patients, 64 (23.0%) 
patients were seropositive for anti– HBc or anti– HBs. Both R- CHOP 
and R- THP- COP were performed for a median of six cycles (IQR, 5- 8). 
Median follow- up times were 4.3 and 4.5 years in HBsAg- positive and 
HBsAg- negative patients, respectively. The median duration of pro-
phylactic NAT was 2.5 years (IQR, 1.1- 4.8 years) in LAM and 3.4 years 
(IQR, 1.3- 5.1) in ETV patients. Among 9 patients in the non– NA group, 
2 patients started prophylactic ETV immediately after the initiation of 
systemic chemotherapy and another 5 patients started NA upon the 
occurrence of hepatitis (3 patients received lamivudine and 2 patients 
received ETV). The remaining 2 patients had not received any NA ther-
apy during the observation period and did not develop hepatitis.

3.2 | Hepatitis

The 4- year cumulative incidence of hepatitis was 21.1% (95% confi-
dence interval [CI]: 14.1%- 28.9%) and 14.6% (95% CI: 10.7%- 19.2%) 
in HBsAg- positive and HBsAg- negative patients, respectively 
(P = .081) (the number of patients who developed hepatitis was 28 
and 42 in HBsAg- positive and HBs- negative groups, respectively) 
(Figure 1A). HBsAg- positive patients had a higher frequency of 
grade 3- 4 hepatitis compared with HBsAg- negative patients (16.3% 
vs 7.2%) (P = .027). Among HBsAg- positive patients, the 4- year cu-
mulative incidence of hepatitis was the highest for non– NA (77.8%, 
95% CI: 36.5%- 93.9%), followed by LAM (20.0%, 95% CI: 6.2%- 
39.3%) and ETV patients (15.4%, 95% CI: 8.7%- 23.9%) (the number 
of patients who developed hepatitis was 7, 6, and 15 in non– NA, 
LAM, and ETV groups, respectively) (Figure 1B). The incidence of 
grade 3- 4 hepatitis was the highest in non– NA (55.5%), followed by 
LAM (25.0%) and ETV patients (10.4%) (P < .001).

3.3 | Hepatitis B virus reactivation- related 
hepatic events

Hepatitis B virus surface antigen- positive patients had a higher 4- 
year cumulative incidence of HBV reactivation- related hepatitis 
compared with HBsAg- negative patients (8.0%, 95% CI: 3.9%- 14.0% 
vs 0.4%, 95% CI: 0.0%- 2.0%, P < .001, Figure 2A) (the number of 
patients who developed HBV reactivation- related hepatitis was 10 
and 1 in HBsAg- positive and HBsAg- negative groups, respectively). 
Importantly, the 4- year cumulative incidence of HBV reactivation- 
related hepatitis among HBsAg- positive patients was the highest 
in non– NA (33.3%, 95% CI: 7.8%- 62.3%), followed by LAM (15.0%, 
95% CI: 3.7%- 33.5%), and ETV patients (3.8%, 95% CI: 1.0%- 9.8%) 
(P < .001) (Figure 2B).

Details of 10 HBsAg- positive patients with HBV reactivation- 
related hepatitis are shown in Table 2. Notably, HBV reactivation- 
related hepatitis occurred early after initiation of R- CHOP- like 
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TA B L E  1   Baseline characteristics, 
HBV status, and lymphoma treatment 
of HBsAg- positive and HBsAg- negative 
patients

Characteristic
HBsAg- positive 
patients (n = 116)

HBsAg- negative 
patients (n = 278) P- value

Median age, y (IQR) 64 (59- 70.5) 66 (58- 74) .323

Gender, n (%)

Male/Female 66/50 (56.9/43.1) 140/138 
(50.4/49.6)

.269

ECOG performance status, n (%)

0 45 (38.8) 143 (51.4) .051

1 48 (41.4) 86 (30.9)

2 14 (12.1) 31 (11.2)

3 8 (6.9) 14 (5.0)

4 1 (0.9) 4 (1.4)

Clinical stage, n (%)

I 31 (26.7) 62 (22.3) .753

II 31 (26.7) 95 (34.2)

III 28 (24.1) 52 (18.7)

IV 26 (22.4) 69 (24.8)

Hepatic involvement, n (%) 4 (3.5) 9 (3.2) .796

Prognostic factor (IPI), n (%)

0- 1 40 (34.5) 112 (40.3) .389

2 32 (27.6) 70 (25.2)

3 23 (19.8) 46 (16.6)

4- 5 21 (18.1) 50 (18.0)

HBV serostatus, n (%)

HBeAg +/−/ND 7/84/25 (6.0/72.4/21.6) — — 

Anti– HBc+ and/or anti– HBs+ — 64 (23.0)

HBV DNA levels

Undetectable, n (%) 26 (22.4) — — 

Detectable but not quantifiable, 
n (%)

6 (5.2) — 

Quantifiable,a  n (%) 65 (56.0) — 

Median HBV DNA level (IQR) 2.9 IU/mL (2.0- 3.7)

Not determined, n (%) 19 (16.4) — 

Cirrhosis, n (%) 5 (4.3) — — 

Prophylactic nucleoside analogue herapy

No prophylactic therapy, n (%) 9 (7.8) — — 

Lamivudine, n (%) 20 (17.2) — 

Median dose (IQR) 100 mg/d (100- 100)

Entecavir, n (%) 87 (75.0) — 

Median dose (IQR) 0.5 mg/d (0.5- 0.5)

Initial treatment

R- CHOP, n (%) 99 (85.3) 238 (85.7) — 

Median cycles (IQR) 6 (6- 8) 6 (6- 8)

R- THP- COP, n (%) 17 (14.7) 40 (14.4)

Median cycles (IQR) 6 (5- 8) 6 (6- 8)

Anti– HBc, antibodies against hepatitis B core antigen; anti– HBs, antibodies against hepatitis B surface 
antigen; ECOG, Eastern Cooperative Oncology Group; HBeAg, hepatitis B e- antigen; HBsAg, hepatitis 
B surface antigen; HBV, hepatitis B virus; IPI, international prognostic index; IQR, interquartile range; 
ND, not determined; R- CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone; 
THP- COP, rituximab, pirarubicin, cyclophosphamide, vincristine and prednisone.
aData missing n = 2. 
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chemotherapy: within less than 6 months in patients without an-
tiviral prophylaxis or with lamivudine prophylaxis (Patients 1- 4 in 
Table 2). Two patients with lamivudine prophylaxis experienced 
breakthrough reactivation; HBV reactivation- related hepatitis de-
veloped during antiviral prophylaxis (Patients 4 and 5; Patient 4 had 
YMDD mutation in Table 2). Furthermore, the remaining 2 patients 
with lamivudine prophylaxis and 3 patients with ETV prophylaxis ex-
perienced HBV reactivation- related hepatitis after the withdrawal 
of NA therapy (Patients 6- 10; including delayed HBV reactivation, 
Patients 7- 10 in Table 2).

The 4- year cumulative incidence of HBV reactivation- related 
fulminant hepatitis was 11.1% (95% CI: 0.6%- 38.8%) in non– NA pa-
tients, which was higher compared with LAM (5.0%, 95% CI: 0.3%- 
20.5%) and in ETV patients (0.0%) (P = .025) (Figure S2A) (the number 
of patients who developed HBV reactivation- related fulminant hep-
atitis was 1 each in the non– NA and LAM groups, respectively), al-
though none of the HBsAg- negative patients were diagnosed with 
HBV reactivation- related fulminant hepatitis.

The 4- year cumulative incidence of decompensated cirrhosis 
was 11.1% (95% CI: 0.6%- 38.8%) in non– NA, which was higher than 
in LAM (0.0%) and in ETV (1.2%, 95% CI: 0.1%- 5.6%) (P = .167) (the 
number of patients who developed decompensated cirrhosis was 
1 each in non– NA and ETV groups, respectively) (Figure S2B). The 
4- year cumulative incidence of hepatocellular carcinoma was 0.0%, 
5.3% (95% CI: 0.4%- 21.5%), and 0.0% in non– NA, LAM and ETV 
patients, respectively (Figure S2C) (the number of patients who de-
veloped hepatocellular carcinoma was 1 in the LAM group).

The 4- year cumulative incidence of death due to HBV 
reactivation- related hepatitis was 3.5% (95% CI: 1.1%- 8.0%) and 
0.4% (95% CI: 0%- 2.0%) in HBsAg- positive and HBsAg- negative pa-
tients (P = .014) (Figure 2C) (the number of patients who died from 
HBV reactivation- related hepatitis was 4 and 2 in HBsAg- positive 
and HBsAg- negative groups, respectively). Importantly, among 
HBsAg- positive patients, the 4- year cumulative incidence of death 
due to HBV reactivation- related hepatitis was highest in non– NA 

(33.3%, 95% CI: 7.8%- 62.3%), followed by LAM (5.0%, 95% CI: 0.3%- 
20.5%) and ETV patients (0%) (the number of patients who died 
from HBV reactivation- related hepatitis was 3 and 1 in non– NA and 
LAM groups, respectively). Of note, no patients in the ETV group 
died of HBV reactivation- related hepatitis (Patients 8- 10 in Table 2; 
Figure 2D).

3.4 | Response to rituximab, cyclophosphamide, 
doxorubicin, vincristine, and prednisone- like 
chemotherapy

The ORR and CR rates were similar between HBsAg- positive and 
- negative patients (ORR: 97.4% in HBsAg- positive patients vs 92.5% 
in HBsAg- negative patients, P = .066, CR rate: 89.7% in HBsAg- 
positive patients vs 83.8% in HBsAg- negative patients, P = .158).

3.5 | Survival analysis

The 4- year unadjusted OS rate was 77.5% (95% CI: 68.5%- 84.2%) in 
HBsAg- positive patients and was similar in HBsAg- negative patients 
(82.2%, 95% CI: 77.0%- 86.4%) (P = .330) (Figure 3A). Among HBsAg- 
positive patients, the 4- year unadjusted OS was poor in non– NA 
(55.6%, 95% CI: 20.4%- 80.5%), compared with LAM (84.7%, 95% 
CI: 59.7%- 94.8%) and ETV (78.0%, 95% CI: 67.3%- 85.5%) (P = .049) 
(Figure 3B). Based on multivariate analysis, when including older age, 
advanced stage, performance status, elevated lactate dehydroge-
nase (LDH), number of extranodal sites, female (vs male), and HBsAg- 
positive (vs HBsAg- negative) as covariates, HBsAg- positive status 
was not significantly associated with poor OS (Table 3). Overall, 
33 patients among the HBsAg- positive patients and 62 among the 
HBsAg- negative patients died during follow up. Lymphoma was the 
most common cause of death in both HBsAg- positive (n = 13) and 
HBsAg- negative patients (n = 38).

F I G U R E  1   Cumulative incidence of hepatitis. A, Cumulative incidence of hepatitis in hepatitis B virus (HBV) surface antigen (HBsAg)- positive and 
HBsAg- negative patients with diffuse large B- cell lymphoma (DLBCL) who were treated with rituximab, cyclophosphamide, doxorubicin, vincristine, 
and prednisone (R- CHOP)- like chemotherapy. B, Cumulative incidence of hepatitis among HBsAg- positive patients; comparison of those patients 
who received entecavir (ETV) or lamivudine (LAM) as anti– HBV prophylaxis, and who did not receive anti– HBV nucleos(t)ide analogue (non– NA)
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The 4- year PFS was 66.8% (95% CI: 57.1%- 74.7%) in HBsAg- 
positive patients and was comparable with that in HBsAg- negative 
patients (73.7%, 95% CI: 67.8%- 78.6%) (P = .321) (Figure 3C). Among 
HBsAg- positive patients, the 4- year PFS was poor in non– NA 
(44.4%, 95% CI: 13.6%- 71.9%), compared with LAM (79.7%, 95% 
CI: 54.5%- 91.9%) and ETV patients (66.0%, 95% CI: 54.6%- 75.2%) 
(P = .047) (Figure 3D).

3.6 | Patients with high hepatitis B virus DNA viral 
loads at baseline

Among HBsAg- positive patients, 49 had higher baseline serum HBV 
DNA (3.0 log copies/mL or more, approximately 2.2 log IU/mL or 
more) at baseline. Among those patients, 2, 7, and 40 underwent 
non– NA, lamivudine prophylaxis, and ETV prophylaxis, respectively. 

Two patients who had non– NA or lamivudine prophylaxis developed 
fulminant hepatitis, which finally resulted in decompensated cirrho-
sis. No patients with ETV prophylaxis developed fulminant hepatitis 
or cirrhosis during the study period. These patients had similar OS 
when compared with the remaining patients (P = .992) (Figure S3A). 
In addition, steroid use as a part of R- CHOP- like chemotherapy was 
not associated with worse overall survival (P = .468) in patients with 
higher baseline serum HBV DNA (Figure S3B). Of note, no patients 
with ETV prophylaxis died of HBV reactivation- related complica-
tions during the study period.

4  | DISCUSSION

Our multicenter retrospective study had the following two im-
portant findings. First, prophylactic use of ETV in HBsAg- positive 

F I G U R E  2   Cumulative incidence of hepatitis B virus (HBV) surface antigen (HBsAg) reactivation- related hepatitis or death. A, Cumulative 
incidence of HBV reactivation- related hepatitis in HBsAg- positive and HBsAg- negative patients with diffuse large B- cell lymphoma (DLBCL) 
who were treated with rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone (R- CHOP)- like chemotherapy. B, Cumulative 
incidence of HBV reactivation- related hepatitis among HBsAg- positive patients; comparison of those patients who received entecavir (ETV) 
and lamivudine (LAM) as anti– HBV prophylaxis, and who did not receive anti– HBV nucleos(t)ide analogue (non– NA). C, Cumulative incidence 
of death due to HBV reactivation- related hepatitis in HBsAg- positive and HBsAg- negative patients. D, Cumulative incidence of death due to 
HBV reactivation- related hepatitis among HBsAg- positive patients; comparison of ETV, LAM, and non– NA
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patients who were treated with R- CHOP- like chemotherapy sig-
nificantly reduced the incidence of hepatitis (4- year cumulative in-
cidence rate: 77.8% in non– NA, 20.0% in LAM, 15.4% in ETV) as 
well as that of HBV reactivation- related hepatitis (4- year cumulative 
incidence rate: 33.3% in non– NA, 15.0% in LAM, and 3.8% in ETV 
patients) and subsequent hepatic events, including fulminant hepa-
titis and decompensated cirrhosis. Second, prophylactic use of ETV 
could completely prevent death associated with HBV reactivation- 
related hepatitis in HBsAg- positive patients with DLBCL who were 
treated with R- CHOP- like chemotherapy (4- year cumulative inci-
dence rate: 33.3% in non– NA, 5.0% in LAM, and 0% in ETV patients), 
even in those with high HBV DNA viral loads. Although there was 
some selection bias, in the present study, HBsAg- positivity had no 
negative impact on OS in DLBCL patients treated with R- CHOP- like 
chemotherapy if they had received prophylactic ETV.

A meta- analysis comparing the incidence of hepatitis between 
patients receiving lamivudine prophylaxis and patients not receiv-
ing antiviral prophylaxis revealed that lamivudine prophylaxis sig-
nificantly decreased the incidence of hepatitis (RR = 0.40, 95% CI: 
0.26- 0.63, P < .001).18 In the present study, prophylactic use of ETV 
as well as lamivudine significantly decreased the incidence of hepa-
titis, which was comparable to that of HBsAg- negative patients. In 
non– NA, 7 patients out of 9 patients (77.8%) developed hepatitis 
within 6 months of initiation of R- CHOP- like chemotherapy. Among 
these 7 patients, 3 patients developed HBV reactivation- related 
hepatitis and the remaining 4 were diagnosed as having drug- 
related hepatitis. It was difficult to identify the risk factors for HBV 
reactivation- related hepatitis in the non– NA group because of the 
limited number of patients.

In the pre– rituximab era, HBsAg- positive lymphoma patients 
receiving chemotherapy had already been considered to be at 
high risk of HBV reactivation and 24%- 53% of these patients 

experienced HBV reactivation after chemotherapy without pro-
phylactic NA therapy.3 In the rituximab era, some studies reported 
that HBsAg- positive lymphoma patients receiving R- CHOP- like 
chemotherapy had the highest risk of developing HBV reactivation, 
with the incidence rate being as high as 59%- 80%, if prophylactic 
NA therapy was not initiated.4,7 After the introduction of lamivu-
dine, several studies, including two randomized controlled trials, 
revealed that prophylactic use of lamivudine significantly reduced 
the incidence of HBV reactivation in patients with lymphoma re-
ceiving R- CHOP- like chemotherapy (4.6%- 55.4% in patients with 
lamivudine prophylaxis and 24.4%- 85.4% in patients not receiving 
prophylactic NA therapy).9,19 However, HBV reactivation occurs 
in a fraction of patients receiving prophylactic lamivudine be-
cause long- term use of prophylactic lamivudine is associated with 
drug resistance.20 Conversely, ETV, a second- generation NA with 
a higher barrier to resistance (compared with lamivudine), is cur-
rently the most commonly used NA for prophylaxis and preemptive 
therapy for HBV reactivation. However, apart from one randomized 
study, the evidence is scarce regarding the advantages of ETV over 
lamivudine as prophylaxis for HBV reactivation in HBsAg- positive 
lymphoma patients treated with R- CHOP- like chemotherapy.21 
In that study, HBsAg- positive patients (n = 121) with DLBCL re-
ceiving R- CHOP were randomized to ETV or lamivudine for the 
prophylaxis against HBV reactivation. Patients with abnormal 
liver function tests or serum HBV DNA levels of >3.0 log copies/
mL (approximately 2.2 log IU/mL) were excluded. The incidence of 
HBV reactivation- related hepatitis was significantly lower in the 
ETV group than in the lamivudine group (0% vs 13.3%; P = .003). 
Importantly, patients with high HBV DNA viral loads at baseline 
in the present study who had ETV prophylaxis had significantly 
lower risk of HBV reactivation- related hepatitis than patients who 
had lamivudine prophylaxis and patients who had no prophylaxis. 

TA B L E  2   Baseline characteristics and clinical course for the 10 HBsAg- positive patients with HBV reactivation- related hepatitis

Pt Age, y Gender
Chemotherapy 
regimen

Antiviral 
prophylaxis

ALT, IU/L HBV DNA, log IU/mL
Time from initiation of chemotherapy 
to HBV- related hepatitis, mo

Time from NA therapy withdrawal to 
HBV- related hepatitis, mo Survival outcome

Overall survival 
time, mo Cause of deathBaseline Peak level Baseline Peak level

1 61 M R- CHOP no 34 134 4.2 6.4 2 — Death 130 Gastric cancer

2 70 M R- THP- COP no 11 1770 ND 6.8 3 — Death 6 HBV reactivation

3 72 F R- THP- COP no 13 826 ND 6.9 3 — Death 4 HBV reactivation

4 82 M R- THP- COP LAM 2 170 3.4 6.3 5 During LAM therapy Death 64 Unknown

5 78 M R- THP- COP LAM 16 337 UD 7.3 18 During LAM therapy Death 38 Pneumonia

6 40 M R- CHOP LAM 20 1544 4.1 6.9 8 2 Death 10 HBV reactivation

7 65 M R- CHOP LAM 58 301 ND 5.7 57 1 Alive 160+a  — 

8 47 M R- CHOP ETV 22 331 >9.1 3.6 33 1b  Death 35 Colorectal cancer

9 63 M R- CHOP ETV 18 184 3.2 4.9 33 20 Alive 63+a  — 

10 61 F R- CHOP ETV 24 2687 2.5 4.6 25 7 Alive 61+a  — 

ALT, alanine transaminase; ETV, entecavir; F, female; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; LAM, lamivudine; M, male; NA,  
nucleos(t)ide analogue; ND, not determined; Pt, patient; R- CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone; R- THP- COP,  
rituximab, pirarubicin, cyclophosphamide, vincristine and prednisone; UD, undetectable.
aStill alive at the data- cutoff date. 
bETV was discontinued because of intestinal pneumonia. 
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Overall, 10 patients developed HBV reactivation- related hepatitis 
(3 in non– NA, 4 in LAM, and 3 in ETV) during the study period. 
Breakthrough HBV reactivation occurred in 2 of 4 patients with 
lamivudine prophylaxis but in none of 3 patients with ETV prophy-
laxis. Interestingly, HBV reactivation- related hepatitis occurred in 
2 out of 5 patients who received prolonged NA therapy (>2 years) 
after completing R- CHOP- like chemotherapy. Similar findings were 
reported in the abovementioned randomized study, in which 5 pa-
tients among patients (8.3%) who had received lamivudine for pro-
phylaxis experienced HBV reactivation after stopping lamivudine. 
Based on these findings, the optimal duration of prophylactic NA 
therapy may differ for virological or serological status, and peri-
odic HBV DNA should be monitored to prevent HBV reactivation- 
related hepatitis at least 1 year after antiviral prophylaxis if antiviral 
prophylaxis is withdrawn.

In a large cohort study, baseline HBV DNA levels were shown 
to be associated with long- term risk of progression to liver cirrho-
sis and hepatocellular carcinoma in patients with chronic hepati-
tis B, regardless of whether they are receiving chemotherapy.22 
Chemotherapy- induced HBV reactivation may increase the risk of 
these hepatic complications in HBsAg- positive patients. However, to 
date, there is scarce evidence regarding the efficacy of prophylactic 
NA therapy in this situation as long- term follow up is necessary to re-
veal whether prophylactic NA therapy reduces the risk of these he-
patic complications in HBsAg- positive patients, especially in patients 
with high HBV DNA viral loads such as ≥2.2 log IU/mL at baseline. In 
the present study with median HBV DNA levels of 2.9 log IU/mL in 
the patients with baseline HBV DNA measurements (n = 97, 84%), 
no patients with ETV prophylaxis developed fulminant hepatitis or 
cirrhosis during the study period irrespective of steroid use being 
a part of R- CHOP- like chemotherapy; in contrast, 2 patients who 
had no prophylaxis or lamivudine prophylaxis developed fulminant 

hepatitis, which resulted in decompensated cirrhosis, although these 
findings could not be used to reach a definitive conclusion, partly be-
cause of the small sample size and the limitation of the retrospective 
study design.

Previous studies have reported that patients receiving lamivu-
dine prophylaxis had a significantly reduced rate of overall mortal-
ity and mortality due to HBV reactivation compared with patients 
without NA therapy.9,10 However, there is also limited evidence of 
whether ETV prophylaxis may further reduce the rate of overall 
mortality and mortality due to HBV reactivation. In line with the pre-
vious studies, our patients who received lamivudine or ETV prophy-
laxis had better OS compared with those not receiving NA therapy, 
which was similar to the results for HBsAg- negative patients. We 
could not assess the difference in OS between ETV and LAM groups 
due to the small sample sizes of these subgroups.

Several immunochemotherapy regimens other than R- CHOP 
have also been widely used for treatment of lymphoma patients. 
Among them, obinutuzumab, a newer generation of anti– CD20 
monoclonal antibody, is used for treatment of follicular lymphoma, 
in combination with CHOP or bendamustine; however, HBsAg- 
positive patients were excluded from a pivotal study.23 Furthermore, 
HBsAg- positive patients treated with mogamulizumab24 (a monoclo-
nal antibody targeting the C- C chemokine receptor 4) or nivolumab 
or pembrolizumab25 (monoclonal antibodies targeting programmed 
death- 1) have been considered to be at potentially high risk of HBV 
reactivation; however, to date, no studies have addressed this topic. 
Further studies are needed to estimate the risk and incidence of 
HBV reactivation for HBs- positive patients treated with these novel 
agents that can enhance immune response for solid or hematological 
malignancies.

While our data provide novel findings regarding the effec-
tiveness of ETV in HBsAg- positive DLBCL patients treated with 

TA B L E  2   Baseline characteristics and clinical course for the 10 HBsAg- positive patients with HBV reactivation- related hepatitis

Pt Age, y Gender
Chemotherapy 
regimen

Antiviral 
prophylaxis

ALT, IU/L HBV DNA, log IU/mL
Time from initiation of chemotherapy 
to HBV- related hepatitis, mo

Time from NA therapy withdrawal to 
HBV- related hepatitis, mo Survival outcome

Overall survival 
time, mo Cause of deathBaseline Peak level Baseline Peak level

1 61 M R- CHOP no 34 134 4.2 6.4 2 — Death 130 Gastric cancer

2 70 M R- THP- COP no 11 1770 ND 6.8 3 — Death 6 HBV reactivation

3 72 F R- THP- COP no 13 826 ND 6.9 3 — Death 4 HBV reactivation

4 82 M R- THP- COP LAM 2 170 3.4 6.3 5 During LAM therapy Death 64 Unknown

5 78 M R- THP- COP LAM 16 337 UD 7.3 18 During LAM therapy Death 38 Pneumonia

6 40 M R- CHOP LAM 20 1544 4.1 6.9 8 2 Death 10 HBV reactivation

7 65 M R- CHOP LAM 58 301 ND 5.7 57 1 Alive 160+a  — 

8 47 M R- CHOP ETV 22 331 >9.1 3.6 33 1b  Death 35 Colorectal cancer

9 63 M R- CHOP ETV 18 184 3.2 4.9 33 20 Alive 63+a  — 

10 61 F R- CHOP ETV 24 2687 2.5 4.6 25 7 Alive 61+a  — 

ALT, alanine transaminase; ETV, entecavir; F, female; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; LAM, lamivudine; M, male; NA,  
nucleos(t)ide analogue; ND, not determined; Pt, patient; R- CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone; R- THP- COP,  
rituximab, pirarubicin, cyclophosphamide, vincristine and prednisone; UD, undetectable.
aStill alive at the data- cutoff date. 
bETV was discontinued because of intestinal pneumonia. 
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F I G U R E  3   Kaplan- Meier estimate of overall survival (OS) and progression free survival (PFS). A, Kaplan- Meier estimate of OS in hepatitis 
B virus (HBV) surface antigen (HBsAg)- positive and HBsAg- negative patients with diffuse large B- cell lymphoma (DLBCL) who were treated 
with rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone (R- CHOP)- like chemotherapy. B, Kaplan- Meier estimate of OS 
among HBsAg- positive patients; comparison of those patients who received entecavir (ETV) or lamivudine (LAM), and who did not receive 
anti– HBV nucleos(t)ide analogue (non– NA). C, Kaplan- Meier estimate of PFS in HBsAg- positive and HBsAg- negative patients. D, Kaplan- 
Meier estimate of PFS among HBsAg- positive patients; comparison of ETV, LAM, and non– NA

TA B L E  3   Prognostic factors for overall survival in 394 patients with DLBCL who received R- CHOP- like regimens

Variablesa 

Univariate Multivariate

Crude HR 95% CI P- value Adjusted HR 95%CI P- value

Ageb  (>60 vs ≤60) 2.64 1.56- 4.47 <.001 2.47 1.45- 4.19 .001

Stageb  (advanced stage vs limited stage) 1.99 1.32- 2.99 .001 1.23 0.76- 1.99 .393

ECOG PSb  (>1 vs 0- 1) 3.03 1.99- 4.62 <.001 1.88 1.18- 3.00 .008

LDHb  (>upper normal limit vs ≤upper normal limit) 2.94 1.84- 4.70 <.001 2.05 1.23- 3.40 .006

Number of extranodal sitesb  (>1 vs 0- 1) 2.13 1.36- 3.32 .001 1.51 0.92- 2.48 .105

Gender (male vs female) 1.17 0.78- 1.75 .447 1.23 0.82- 1.85 .324

HBsAgb  (positive vs negative) 1.22 0.80- 1.86 .350 1.20 0.79- 1.84 .397

CI, confidence interval; DLBCL, diffuse large B- cell lymphoma; ECOG, Eastern Cooperative Oncology Group; HBsAg, hepatitis B virus surface 
antigen. HR, hazard ratio; LDH, lactate dehydrogenase; PS, performance status; R- CHOP, rituximab, cyclophosphamide, doxorubicin, vincristine, and 
prednisone.
aReference groups for each factor are shown in bold. 
bVariable obtained at baseline. 
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R- CHOP- like chemotherapy, some limitations of our study should 
be addressed. First, unrecognized selection biases might have been 
introduced because this is a retrospective study including patients 
from many institutions and also because we only included those 
HBsAg- negative patients who were diagnosed within 2 months of 
the diagnosis date of each HBsAg- positive patient. Second, in the 
present study, HBV- reactivation related hepatitis was defined as 
having hepatitis accompanied by serum HBV DNA elevation, be-
cause not all HBsAg- positive patients underwent routine serum 
HBV DNA monitoring. This definition might have led to an under-
estimation of the incidence of HBV reactivation- related hepatitis, 
although the incidence of HBV reactivation- related hepatitis was 
similar to that in previous studies.

In conclusion, prophylactic use of ETV reduced the occurrence 
of HBV reactivation- related hepatitis and reduced deaths associated 
with HBV reactivation- related hepatitis in HBsAg- positive patients 
with DLBCL treated with R- CHOP- like chemotherapy. These find-
ings strongly support the prophylactic use of ETV in HBsAg- positive 
patients, including in patients with high HBV DNA viral loads at 
baseline. Further studies are required to determine the efficacy of 
other novel NA (tenofovir) therapies and to determine the optimal 
duration of prophylactic NA therapy in HBsAg- positive patients re-
ceiving not only anti– CD20 antibody- containing chemotherapy but 
also other immunochemotherapy.
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