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Abstract

Diffuse large B cell lymphoma (DLBCL) is the most common type of lymphoma in adults with high heterogeneity.
Recent studies have manifested that the occurrence and development of DLBCL is related to hepatitis B virus (HBV)
infection. As a medium-to-high prevalence area of HBV infection in China, the importance and exact mechanism

of HBV infection in the occurrence of DLBCL have attracted considerable attention. HBV-associated DLBCL has unique
clinical characteristics, poor treatment effect and inferior prognosis. HBV reactivation caused by DLBCL treatment

also needs for constant vigilance. In this review we summarize the current research progress in the epidemiology,
pathogenesis, clinical characteristics, HBV reactivation and antiviral therapies of HBV-associated DLBCL, in order

to provide reference for clinical diagnosis and treatment.
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1 Introduction

Non-Hodgkin lymphoma (NHL) is a main type of hema-
tological lymphatic malignancy, which accounts for about
3% of newly diagnosed cancer cases worldwide. DLBCL,
as the most frequent subtype of NHL in adults, account-
ing for approximately 30% of NHL, and its incidence is
increasing annually [1]. HBV is a spherical deoxyribo-
nucleic acid virus with hepatocellular and lymphotropic
characteristics, which has been a threaten to global pub-
lic health security with 316 million people around the
world experienced chronic HBV infection (CHB) [2]. Suf-
ficient evidences have demonstrated an increased risk of
DLBCL in patients with CHB. Meanwhile, patients with
lymphoma have a higher incidence of HBV infection than
in the general population and patients with solid tumors
other than primary hepatocarcinoma. HBV-associated
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DLBCL has unique clinical features and poor prognosis.
In addition, although currently effective immunochemo-
therapy significantly improves the prognosis of DLBCL,
treatment with DLBCL can lead to adverse clinical out-
comes due to HBV reactivation. Prophylactic application
of antiviral agents can effectively reduce the incidence
and mortality of HBV reactivation. On account of above
considerations, here we review the progression on HBV-
associated DLBCL from aspect of epidemiology, patho-
genesis, clinical features, HBV reactivation and antiviral
therapies, so as to deepen the understanding of HBV-
associated DLBCL and provide reference for clinical
practice.

1.1 Characteristics and epidemiology of HBV infection
and NHL

1.1.1 HBV

HBYV belongs to the hepatotropic DNA virus family and is
composed of incomplete circular double-stranded DNA.
The HBV genome contains four partially overlapping
open reading frames, which are S, C, P and X regions
respectively [3]. The S region is further divided into three
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coding regions: pre-S1, pre-S2 and S, which encode pre-
S1 protein, pre-S2 protein and HBsAg on the envelope
respectively. C region is divided into preC and C regions,
encoding HBeAg and HBcAg separately. The P region
encodes HBV DNA polymerase which is involved in
viral replication [4]. The transactivating HBxAg encoded
in the X region can activate various regulatory genes of
HBYV itself to promote HBV replication. After suffering
from chronic infection, HBV sustains a steady covalently
closed circular DNA (cccDNA) pool by intracellular HBV
genomic cycling and secondary infection, makes it diffi-
cult to completely eliminate HBV [5, 6].

HBsAg is a marker of present HBV infection and
chronic HBV infection can be diagnosed if serum HBsAg
is continuously positive for 6 months. Chronic hepatitis
B virus remains a global health challenge affecting more
than 2 billion people with high liver-related morbidity
and mortality worldwide [7]. World Health Organization
reported that 80% of the 292 million HBsAg carriers are
concentrated in 21 countries, among which China, India,
Nigeria, Indonesia and the Philippines account for 57% of
the total number of infected people [8]. A meta-analysis
of data from the HBV epidemiological survey in China
estimated that the prevalence rate of HBV infection of
the general population in China from 2013 to 2017 was
6.89% (95%CI :5.84—7.95%). As of 2018, there were about
84 million HBsAg carriers in China [9]. Although the
overall prevalence of HBV in China has declined over
the past two decades due to the popularity of hepatitis B
vaccines, the absolute number of people infected is quite
huge. Previously HBV was deemed to be the main patho-
genic factor leading to liver cirrhosis and hepatocellular
carcinoma (HCC). For the past few years, increasing epi-
demiological evidences have indicated a significant asso-
ciation between HBV infection and DLBCL.

1.1.2 DLBCL

DLBCL is an aggressive lymphoproliferative malignancy
derived from mature B cells with highly heterogeneous.
As the leading type of adult NHL, DLBCL accounting
for about 30-40% of all NHL cases, with over 150,000
DLBCL newly diagnosed annually around the world [1,
10]. The pathogenic factors of DLBCL are still unclear.
At present, the identified factors mainly include genetic
characteristics, immune disorders, viral infections, envi-
ronmental and occupational exposures. According to the
gene expression profile, DLBCL can be further divided
into activated B cell-like (ABC) subtypes and germinal
center B-cell (GCB) subtypes with different chromo-
somal alterations and clinical outcomes [11]. About 70%
of DLBCL patients are in the advanced stage of the dis-
ease at first diagnosis and typical clinical performances of
DLBCL contain fever, night sweats, weight loss, painless
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lymphadenopathy, accompanied with corresponding
symptoms related to specific tumor sites. With the appli-
cation of the targeted drug rituximab, the treatment of
DLBCL has achieved breakthrough progress and the
10-year overall survival rate has increased to 44%. Nowa-
days, R-CHOP regimen (rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone) is the stand-
ard first-line treatment for newly diagnosed DLBCL, but
there is still an unmet need for treatment [12]. Approxi-
mately 50-60% of patients are cured by R-CHOP regi-
men, while the remaining 40% have poor response to
treatment. Treatment of patient with high risk (age > 60,
high IPI score, non-GCB, MYC/BCL-2 double expression
or gene rearrangement) is intractable, while R-CHOP
regimen is insufficient to cure, thus personalized treat-
ment is required. For young patients with high risk,
intensive immunochemotherapy can improve the efficacy
and first-line autologous hematopoietic stem cell trans-
plantation (ASCT) may further improve disease-free sur-
vival. Reduced immunochemotherapy may be considered
for elderly and frail patients. For relapsed and refractory
patients, CD20/CD3 bi-specific antibodies mosunetu-
zumab, odronextamab and CD19 CAR-T therapy are
expected to bring more benefits in recent years [13—15].

1.2 Association between HBV infection and DLBCL

1.2.1 Increased incidence of DLBCL in HBV-effected patients
Although the exact etiology of DLBCL has not been elu-
cidated, considerable evidences have accumulated on the
association between HBV infection and DLBCL. Cur-
rent studies have shown that the pathogenesis of DLBCL
is closely related to viral infections, such as Epstein-Barr
virus, human immunodeficiency virus, hepatitis B virus
etc. [16]. As early as 1994, Galun [17]et al. proposed that
HBYV infection may play a role in hematopoietic cytogen-
esis and lymphatic malignancy. HBV-infected individu-
als had a significantly increased risk of NHL (sOR: 2.52;
95% confidence intervals [CI]: 2.22-2.86). while B-cell
NHL is more strongly associated with HBV infection
than T-cell NHL [18, 19]. HBV can infect and replicate
in lymphocytes which has been shown to contribute to
DLBCL progression. A study in Taiwan included 203,031
lymphoma patients with the median follow-up of 7-9
years. and found that the incidence of lymphoma in the
cohort with chronic hepatitis B was significantly higher
than in HBV negative group (29.4/100,000 person-years
vs. 15.9/100,000 person-years, P<0.0001). HBV infec-
tion was an independent risk factor in NHL, especially
in DLBCL (HR: 2.69%,95%CI:2.05-3.52, P<0.0001)
[20]. The Korean Cancer Prevention Study conducted
a 14-year follow-up found that HBsAg positivity was
associated with increased risk of diffuse large B-cell
lymphoma (#=325, incidence 6.86 vs. 3.79 per 100,000
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person-years; adjusted HR 2-01, 1.48-2.75) but not asso-
ciated with neither follicular lymphoma, T-cell NHL, nor
Hodgkin’s lymphoma [21]. A study based on the SEER
database to assess the association between HBV infec-
tion and various tumors in American elderly population
over 66 years of age found that HBV infection was posi-
tively associated with the prevalence of DLBCL(adjusted
odds ratio [aOR]=1.24; 95% CI =1.06-1.46) [22]. Taken
together, it has been well documented that HBV infection
act as a causative role in DLBCL.

1.2.2 High HBV infectious rate of DLBCL lymphoma
Additionally, the prevalence of hepatitis B infection was
higher in lymphoma patients. The positive rate of HBsAg
in DLBCL population was 25-61%, significantly higher
than the general population(7%) [23]. HBV infection was
detected nearly 2.5 times more frequently in lymphoma
patients than in controls, indicating that NHL patients
were 72% more likely to encounter HBV infection ver-
sus controls [24]. The prevalence of HBV infection was
higher in patients with B-cell subtype NHL (30.2%) than
in patients with other cancers (14.8%; OR:2.6; 95% CI :
2.0-3.4), however, no significant difference was observed
in T-NHL. In B-cell NHL, the onset of disease was sig-
nificantly earlier in patients infected with HBV than in
those not (9.5 years) [25]. Chen [23] et al. found that the
prevalence of HBV infection was higher in patients with
B-cell NHL (23.5%) than in patients with solid tumors
(15.6%, P=0.001), especially in patients with DLBCL. In
recent years, attention has been paid to the relationship
between DLBCL and occult HBV infection. Occult hepa-
titis B infection (OBI) refers to the presence of replica-
tive HBV DNA in the liver and the presence or absence of
HBV DNA in the blood while serum HBsAg is negative.
Among HBsAg negative patients, the prevalence of OBI
in B-cell NHL patients (6%) was higher than that in solid
tumor patients and healthy volunteers (P=0.005), further
supporting the etiological role of HBV in B-cell NHL.
Taken the correlation between HBV and DLBCL into
account, it is necessary to gain insight into the mecha-
nism of HBV-DLBCL interaction and the unique charac-
teristics of HBV-associated DLBCL.

1.2.3 Interaction mechanism between HBV and DLBCL

The interaction mechanism between HBV and DLBCL
has not been fully elucidated. Currently, HBV is consid-
ered to affect the development of lymphoma through
chronic antigenic stimulation or HBV direct infection of
B lymphocytes resulting in immune disorders.

1.2.4 Chronic antigenic stimulation
In the study of the mechanism of hepatitis virus-induced
lymphomagenesis, researchers first made a breakthrough
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in the hepatitis C virus (HCV). HCV envelope protein 2
(E2) is the main anti-HCV target of human B cells. HCV-
E2 stimulates polyclonal activation of B cells through
antigen stimulation or CD81 binding on the surface of
B cells, leading to lymphomagenesis [26, 27]. In analogy
to classical antigen-driven HCV-associated lymphoma,
the chronic antigen stimulation hypothesis suggests that
sustained HBV antigen stimulation induces B cell recep-
tor (BCR) activation, which affects B-cell signaling and
promotes abnormal lymphocyte proliferation, leading to
lymphoma formation. HBV-associated DLBCL is more
likely to be characterized by frequent involvement of
the spleen and retroperitoneal lymph nodes [28], which
seems to support the notion of chronic antigenic stimu-
lation. DLBCL expresses the immunoglobulin variable
heavy chain region (IGVH) gene in the form of BCR,
which not only serves as a clonal marker but also provides
a source of clues for malignant B cells. Deng [28] et al.
found that almost all (45/47, 96%) amino acid sequences
of the heavy and light chain complementary determining
regions 3 in HBsAg-positive DLBCL patients were highly
homologous to HBsAg-specific antibodies. It was pro-
posed that HBV-associated DLBCL may originate from B
cells selected by HBV antigen through chronic antigenic
stimulation. The analysis of immunoglobulin gene hyper-
mutation has enhanced the understanding of various
B cells and their tumorigenesis and development. The
BCR component of HBV-positive DLBCL appeared to be
highly restricted to viral antigens and displayed somatic
hypermutation (SHM) burden, suggesting that HBV-
associated DLBCL was transformed from HBV anti-
gen selected B cells. It is proposed that HBV-associated
DLBCL may originate from B cells selected by chronic
antigen stimulation. Moreover, there was no correlation
between HBV and DLBCL observed in sporadic infec-
tions or vaccinations, implicating a demand for sustained
antigen exposure during transformation procedure
[29, 30]. Chronic HBV antigen stimulation generated
CD217CD27 ~ atypical memory B cells (atMBCs) with
impaired function. AtMBCs entering the germinal center
were repeatedly exposed to activation-induced cytosine
deaminase (AID)-mediated aberrant SHM, and the accu-
mulation of missense mutations led to B cell clonal pro-
liferation and phenotypic changes of B cells, ultimately
resulting in a malignant phenotype and immune escape
of memory B cells [31, 32]. Sustained viral antigen stimu-
lation drives immune cell failure and affects the tumor
immune microenvironment (TIME). HBV infection led
to enrichment of regulatory T cells (Treg) and CD8 + res-
ident memory T cells in TIME, which not only induces
epigenetic reprogramming of CD8+T cell gene regula-
tion and reduced expression of cytokines and effector
molecules, but also enhance the expression of suppressor
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receptors, such as programmed cell death protein (PD1)
[33]. HBV infection caused HBsAg-specific B cells and
global B cells to accumulate atMBCs and exhibit abnor-
mal signaling, homing, product antiviral as well as pro-
inflammatory cytokines (CD1llc and CXCR3), and
express high level of inhibitory receptors, which on the
one hand affect the body’s ability to fight viruses and on
the other hand can cause abnormal B cells to develop an
immune escape phenotype. These aberrant biological
behaviors can be partially rescued by PD-1 blockade, but
the role of atMBCs in HBV-associated DLBCL needs to
be further investigated [34, 35].

However, Ren [36] et al. did not find any significant
sequence homology between the CDR3 region and
HBsAg or HBsAg-binding proteins in HBsAg+DLBCL
patients by immunoglobulin heavy chain gene sequence
analysis and there was no biased usage of the IGVH gene.
The pathogenic mechanism of HBV-associated lym-
phoma is an antigen-independent mechanism, which
challenges the chronic antigen-stimulation hypothesis.
Combined with current research advances and the clini-
cal reality that HBV-associated DLBCL is unrespon-
sive to antiviral therapy, the chronic antigen stimulation
model does not appear to fully reveal the potential mech-
anisms of HBV action in DLBCL.

1.2.5 HBV directly infects Blymphocytes

HBV is a lymphocytic virus, in vitro experiment con-
firmed that HBV antigen and nucleic acid can be detected
in B lymphocytes after HBV infection. In vivo, post-
infected B cells internalize the virus into the lymphatic
system and store HBV in the lymph nodes as reservoir
for a long time. Possible mechanisms of HBV infection
of B cells leading to lymphomagenesis include (i) human
apolipoprotein B mRNA-editing enzyme catalytic pol-
ypeptide-like (APOBEC) family mediating abnormal
somatic high frequency mutations (ii) HBV genome inte-
gration into host genes driving oncogenic mutations [37,
38].

APOBEC promotes SHM The APOBEC family is a cata-
lytic class of peptides that specifically catalyze cytosine
to uracil (C> U) in the genome and are involved in the
intrinsic immunity and antiviral responses. Eleven mem-
bers of the APOBECs family have been identified, includ-
ing APOBECI1 (A1), APOBEC2 (A2), APOBEC3A-H (3A,
3B, 3C, 3D, 3E, 3F, 3H), APOBEC4 (A4), and AID. Among
them, APOBEC3 and AID are the main immunologically
active members of the family. APOBEC3 can efficiently
inhibit the replication process of many retroviruses and
has significant antiviral intrinsic immune activity. Under
chronic inflammatory conditions, abnormal expression of
the APOBEC family drives genomic mutations. Clustered
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somatic mutation analysis identified 76.1% of “kataegic”
(longer strand-coordinated events in clustered single base
substitutions) mutational events in cancer genome were
related to AID and APOBEC3 family. AID, an impor-
tant member of APOBEC family, mediates enhanced
gene mutations when B cells are highly activated due
to chronic infection, which in turn induces recurrent
somatic mutations or structural variants affecting apop-
tosis, BCR and NF-kB signaling, epigenetic modifica-
tions, build a bridge to inflammation-cancer transition
[39-41]. In DLBCL, APOBEC can induce TP53 muta-
tion, promote cell proliferation and doxorubicin resist-
ance [42]. In HBsAg+ DLBCLs, the total mutation bur-
den of the whole genome was higher and showed more
non-silent mutations. Genomic and proteomic analy-
sis of Chinese DLBCL patients revealed 14 preferential
mutations in HBsAg+DLBCL genome, including KLF2,
TMSB4X, CD70, BCL6, FAS, TNFRSF14, UBE2A, CD58,
SGK1, ZFP36L1, CXCR4, FOXO1, CSK and MSL2, of
which 11 genes are potential off-target genes for AID. It
was hypothesized that AID-mediated aberrant SHM may
lead to a unique mutational profile in HBsAg+DLBCLs.
Multiple alternations of BCL6 such as splice mutations
and chromosomal translocations after HBV infection
deregulated the transcriptional repression of the proto-
oncogene BCL6 thus promote DLBCL development.
Among the above mutated genes, the changes of BCL6,
CXCR4, KLF2 and SGK1 genes were closely related to
FOXO signaling pathway, which regulated the formation
of germinal dark region and affected immune activation
and BCR signaling pathway [36, 43].

Genomic integration driving oncogenic mutations The
integration of HBV DNA into the host genome is thought
to be an important factor in the development of HBV-
associated DLBCL, however, the exact mechanism is not
fully understood. HBV DNA sequences integrate into
the host induces genomic instability and disrupts onco-
genes, thereby promoting tumorigenesis. Identification
of HBV DNA integration sites in NHL and comparison
of HBV DNA integration patterns between NHL and
HCC revealed that HBV DNA in NHL repeatedly targets
seven protein-coding genes, including ANKS1B, CAPZB,
CTNNA3, EGFLAM, FHOD3, HDAC4, and OPCML,
that may have potential functions in the development of
NHL. Six non-coding RNA moieties, namely LINC00499,
LINCO00603, LINC01360, LINCO00486, MIR7976 and
PWRN1, were also targeted and integrated by HBV
DNA repeatedly. Among them, LINC00486 intron 4
was repeatedly targeted twice by HBV DNA in NHL
and 10 times in HCC, suggesting a common insertional
mutagenesis mechanism in HCC and NHL. Gene Ontol-
ogy analysis revealed that the 406 HBV-targeted genes in
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NHL were significantly enriched in NHL developmental
processes and pathways related to cell differentiation,
signal transduction, cell junctions and transcriptional
regulation. (P<0.05), suggesting a potential role of HBV
genomic integration in the development of DLBCL [44].

As aforementioned, HBx has a broad range of tran-
scriptional activation functions and non-specific trans-
activation effects [3]. The integrated viral sequences
promote tumorigenesis by producing truncated and
mutated HBx proteins, disrupting cellular control pro-
grams or activating oncogenic signaling to promote
tumor development [45, 46]. The HBx antigen positivity
rate in HBsAg*® DLBCL patients was 48.9%. HBx expres-
sion was significantly correlated with high levels of c-Myc
expression and poor response to treatment [47]. Besides,
HBx protein upregulates IncNBAT1 expression and
induces resistance of DLBCL cells to chemotherapeutic
agents (methotrexate or cytarabine) that induce S-phase
block by inhibiting APOBEC3A expression through
interaction with STAT1 [48]. The HBV + DLBCL micro-
environment was significantly enriched with a set of
memory B cells highly expressing the HBx-targeted genes
EGR2 and EGR3, which were presumably associated with
poor prognosis in HBV-associated DLBCL patients [49].
Furthermore, HBx can be directly involved in the regula-
tion of p53 and NF-«kB signaling pathways, as well as the
regulation of transcriptional networks [36].

1.2.6 Immune disorder

HBV infection activates cytoimmunity and humoral
immunity, followed by the production of various inflam-
matory factors that remodel the TIME causing immune
dysfunction, leading to immune tolerance and immune
surveillance deficiency, resulting in clonal prolifera-
tion of lymphocytes and lymphomagenesis. Single-cell
level analysis of HBV-associated DLBCL tumor cells
and tumor immune microenvironment cells revealed
that the expression of major histocompatibility complex
II (MHC-II) molecules in GCB subtype HBV-associated
DLBCL was absent and promoted the immune escape of
tumor cells. Tumor cells of ABC subtype HBV +DLBCL,
although highly expressing MHC-II molecules, received
more antiproliferative signals from CD4 + T cells through
the CD40LG-CD40 axis to stimulate tumor cell growth.
There was also a large enrichment of Tregs in the ABC
subtype, providing the possibility of immune escape.
HBYV infection causes significant negative effects on both
tumor cells and microenvironmental cells, leading to
poor prognosis in DLBCL [36, 49]. Antigen-presenting
dendritic cells (DCs) play an important role in trigger-
ing primary antiviral responses and sustained immune
responses. Impaired immune responses to HBV-encoded
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antigens in CHB are associated with defective DC func-
tion [50]. HBV infects hematopoietic stem cells, inhibits
their proliferation and differentiation into DCs, down-
regulates their effector immune phenotype leading to
immune tolerance [51]. In addition, the immune system
inevitably kills and destroys lymphocytes during HBV
clearance. Lymphocytes can proliferate malignantly dur-
ing the repair process eventually leading to lymphoma.

To sum up, the occurrence and development of HBV-
associated DLBCL is a multi-molecular, multi-signaling
pathway interweaving and multi-step process. The spe-
cific mechanism needs to be further explored.

1.2.7 Clinical features and prognosis of HBV-associated
DLBCL
Accumulated evidence has indicated that HBV-associ-
ated DLBCL patients have unique clinical features, unsat-
isfactory response to treatment and poor prognosis. Deng
[28]et al. reported that HBsAg-positive DLBCL patients
had younger median age of onset, higher international
prognostic index (IPI), later disease stage, more com-
mon retroperitoneal lymph node and spleen involve-
ment than counterpart. Ren [36]et al. analyzed the
clinical data of 275 Chinese DLBCL patient, and found
that HBsAg+DLBCL were younger, more advanced
at diagnosis, and had worse outcome. In DLBCL, espe-
cially in relapsed and refractory patients, the objective
response rate was lower in HBsAg positive group [52].
Numerous studies have shown that HBsAg positiv-
ity is an indicator of inferior prognosis in DLBCL. The
progression free survival (PFS) and overall survival (OS)
of HBsAg-positive patients were worse than those of
HBsAg-negative group, with 2y PES of 36% vs. 61% and
2y OS of 47% vs. 70%, respectively [28]. Another study
demonstrated the 3-year PFS and OS rates of HBsAg-
positive and/or HBcAb positive DLBCL were 52%
and 77%, severally, while the 3-year PFS and OS rates
of HBsAg-negative combined with HBcAb negative
DLBCL patients were 76% and 93%, respectively. Chen
[53] and Liu [54] et al. identified HBsAg as an independ-
ent prognosis of DLBCL. However, several studies have
discovered that HBsAg status did not show significant
correlation with DLBCL prognosis [55, 56]. To resolve
this controversy, further verification in large prospective
studies is required.

1.3 HBV-associated DLBCL and HBV reactivation

1.3.1 Definition and clinical manifestations of HBV
reactivation

The natural course of HBV infection is determined by

the interaction between viral replication and the host

immune response. The natural history of HBV can be

divided into four phases: immune tolerance phase,



Jiayu and Zhang Holistic Integrative Oncology (2023) 2:38

immune clearance phase, inactive or low (non) replica-
tion phase and reactivity phase. HBV DNA is still pre-
sent in hepatic tissue of inactive or low (non) replication
stage patients therefore HBV can reactivate. “Reactiva-
tion” means that HBV moves from a “latent infection”
state to an active replication state due to immune status
changes. At present, there is no uniform international
standard for the definition of HBV reactivation. Japa-
nese experts suggested that HBV reactivation be defined
as: HBV DNA exceeding 10 times the baseline level in
HBsAg-positive patients; serum HBeAg conversion to
positive for HBeAg-negative patients; serum HBsAg
conversion to positive for HBsAg-negative patients; and
serum HBV DNA measurable for patients with unde-
tectable baseline HBV DNA [57]. American Association
for the Study of Liver Diseases (AASLD) in 2018 defined
HBV reactivation as:HBsAg positive and anti-HBC posi-
tive patients who meet one of the following criteria can
be considered as HBV reactivation. (i) Compared with
baseline, HBV DNA level >2log (100-fold) increased;
(ii) For patients with low to undetectable baseline HBV
DNA, the HBV DNA level increased by >3log (1000) IU/
ml; (iii) For those with baseline HBV DNA deficiency,
HBV DNA >4log (10,000) IU/ml. As for HBsAg negative
and anti-HBC positive patients, HBV reactivation is con-
sidered when the following conditions are met: detect-
able HBV DNA or reverse serologic conversion of HBsAg
(negative to positive). HBV reactivation-associated hepa-
titis exacerbation is defined as an ALT elevation >3 times
the baseline level and an absolute value > 100 U/L [58].
The risk of HBV reactivation is 5-8 times higher
in HBsAg-positive patients than in HBsAg-negative
patients. The high-frequency of HBsAg positivity rate in
lymphoma patients determines the high stake of HBV
reactivation. Studies have shown that 38-73% of patients
with HBsAg-positive NHL developed to HBV reactiva-
tion condition after chemotherapy [59]. Mild HBV reac-
tivation may be characterized by asymptomatic ALT
elevation and spontaneous remission in some patients.
Whereas severe reactivation may present with signs
of liver failure such as jaundice, ascites, coagulation
abnormalities and hepatic encephalopathy, which is
characterized by rapid onset, uncontrollable, extremely
high mortality and terrible prognosis. HBV reactivation
increases the morbidity and mortality associated with
hepatitis, leading to interruption of effective lymphoma
treatment measures, and therefore requires special atten-
tion in clinical practice for patients with HBV-related
DLBCL. HBV reactivation increases hepatitis relevant
morbidity and mortality in DLBCL patients and leads to
interruption of effective lymphoma treatment measures.
Therefore, great attention should be paid to patients with
HBV-associated DLBCL in clinical practice.
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1.3.2 Mechanism of HBV reactivation

The risk of HBV reactivation in lymphoma patients
depends on a variety of factors, including virological
factors, influence of tumor treatment regimen, host fac-
tors and so on. Researchers found that high viral load
at baseline was the most important risk factor for HBV
reactivation, and HBV DNA level >2000IU/ml was an
independent risk factor for hepatitis caused by HBV
reactivation (OR=4.22, P=0.0046) [60]. HBSAg positive
patients had a higher reactivation rate than HBsAg nega-
tive /HBcAD positive patients [61]. The incidence of reac-
tivation in HBsAg-positive patients was approximately
24-53%. In contrast, the reactivation rate of HBsAg nega-
tive, anti-HBC positive and/or anti-HBs positive patients
after chemotherapy was only 1-2.7%. Because of the exist-
ence of cccDNA, HBV remains hardly to be completely
eliminated even after achieving a clinical functional
cure. Immunochemotherapy in lymphoma patients may
affect the host immune response to the virus inducing
HBV activation Steroids and anthracyclines are known
risk factors for HBV reactivation. Steroids can directly
stimulate viral replication and increase HBsAg content
through glucocorticoid response elements in the HBV
genome, affect T cell activity, block the cytotoxicity of
HBV-specific cytotoxic T lymphocytes, thereby increas-
ing the probability of HBV reactivation [59, 62]. Anthra-
cyclines inhibit lymphocyte function, reduce tumor
necrosis factor production, and enhance viral replica-
tion [63]. Breakthroughs in the treatment of lymphoma
have been achieved with the widespread application of
the targeted drug rituximab (RTX). Unfortunately, rituxi-
mab increased the risk of HBV reactivation by more than
5-fold, mainly due to depletion of B cells by RTX, which
interferes with HBsAb production and its neutralizing
effect on HBsAg. RTX attenuates HBV infection-related
B cell antigen presentation and suppresses CD4+T
lymphocyte immune activity [64—66]. In addition, HBV
reactivation and serologic conversion are more common
in groups receiving hematopoietic stem cell transplanta-
tion and may be associated with pre-transplant immune
clearance and post-transplant immunosuppressive ther-
apy [67]. CD19-CAR-T is a promising new approach for
the treatment of refractory relapsed B-cell lymphoma,
which may be a curative therapy. Yang [68] et al. showed
a high incidence of HBV reactivation (20%) with CD19-
CAR-T cell therapy and HBeAg positivity might be a high
risk factor for viral reactivation. Regrettably, the study
was deficient in terms of small sample size for this reason
the relationship between CAR-T and HBV reactivation
needs to be confirmed by further in-depth verification.
Moreover, the influence of host factors on HBV reactiva-
tion should not be ignored. Host factors include gender,
age, having cirrhosis and underlying disease requiring
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transplantation, with gender as male being the factor
most strongly associated with increased risk of HBV
reactivation [69]. DLBCL itself make inroads on lym-
phatic system and interferes with the body’s immunity
leading to HBV reactivation. In conclusion, the risk of
HBYV reactivation should be fully considered in the deci-
sion-making of HBC-associated DLBCL, regular sero-
logical and virological monitoring should be performed
and necessary measures should be taken to prevent the
occurrence of HBV reactivation.

1.3.3 Therapeutic strategies to prevent HBV reactivation

Principle and timing HBV-associated DLBCL receiv-
ing moderate or higher doses of glucocorticoids for more
than 4 weeks or using B-cell monoclonal antibodies,
anthracycline derivatives are high risk factors for HBV
reactivation (>10%) [69].Wu [70] et al. identified HBV-
associated DLBCL with > 8 cycles of RTX based chemo-
therapy regimen plus low LMR(lymphocyte/monocyte
ratio) at initial diagnosis as an “ultra-high risk” for HBV
reactivation. Therefore, patients with DLBCL should
be routinely screened for serologic markers including
HBsAg, HBcAb and HBV DNA viral load before treat-
ment to identify high-risk population early and preven-
tion should be carried out before reactivation. Aiming
to avoid HBV reactivity in an immunosuppressive state
to the greatest extent, so as to reduce hepatocyte injury
and ensure ideal liver function. Phase III GOYA and
GALLIUM studies proved that prophylactic nucleos(t)
ide analog therapy (NAT) in high-risk HBsAg"HBcAb™"
B-NHL patients receiving anti-CD20 gents obinutu-
zumab or rituximab in first line was effective in pre-
venting HBV reactivation [71]. A retrospective analysis
in Japan showed that in DLBCL patients receiving the
R-CHOP regimen, although HBsAg status had no sig-
nificant effect on OS, among HBsAg-positive patients,
4-year OS was better in the group receiving lamivudine
(LMV) (84.7%, 95% CI: 59.7-94.8%) and entecavir (ETV)
(78.0%, 95% CI: 67.3-85.5%) prophylaxis than in the no
nucleos(t)ide analogue (non—-NA) group (55.6%, 95% CI:
20.4-80.5%) (P=0.049). Prophylactic use of ETV (3.8%)
reduced the 4-year incidence of HBV reactivation-asso-
ciated hepatitis compared with the LMV group (15.0%)
and no prophylaxis group (33.3%). 4y cumulative mortal-
ity was significantly lower in the ETV group (non-NA:
33.3%, LAM: 5.0%, ETV: 0%), even in patients with high
HBV-DNA load [72]. Nevertheless, in view of the side
effects and drug resistance of NAT, prophylactic treat-
ment is not recommended for all patients. It is impor-
tant for HBV-associated DLBCL to grasp accurate NAT
time. The Asia Pacific Association for the Study of the
Liver recommends antiviral therapy for HBsAg-positive
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patients prior to immunosuppressive therapy or chemo-
therapy. Patients who are HBsAg-negative and anti-
HBc-positive can be monitored closely if they have good
monitoring compliance. When long-term or high-dose
immunosuppressive or cytotoxic drugs (especially mono-
clonal antibodies against B or T lymphocytes) are given,
antiviral therapy should be added promptly if there is
a positive shift. In addition, antiviral therapy may be
administered first in cases when the risk of using new
chemotherapeutic and immunotherapeutic agents can-
not be predicted [73]. The European Society of Hepa-
tology recommended that all HBsAg positive patients
receiving immunosuppression or chemotherapy should
receive antinucleoside drugs as treatment or prophylaxis;
HBsAg-negative, anti-HBc-positive individuals should
receive anti-HBV prophylaxis if they are at high risk of
HBYV reactivation [74].

Drug selection Currently, there are two major classes of
drugs used for the antiviral treatment of chronic hepati-
tis B: alpha-interferon and nucleoside (acid) analogues.
Alpha-interferon has a low viral response rate and is
associated with significant myelosuppressive adverse
effects, and is therefore not suitable for antiviral treat-
ment of lymphoma patients. Nucleoside (acid) analogs
competitively bind viral reverse transcriptase or RNA
polymerase and thereby inhibit viral replication. These
drugs include lamivudine (LMV), adefovir (TDEF), telbi-
vudine, entecavir (ETV), and tenofovir (TAF) [75]. Lami-
vudine was the most commonly used drug to prevent
HBYV reactivation in early studies, whose safety and effi-
cacy have been confirmed. Loomba [76]et al. concluded
that prophylactic treatment with lamivudine reduced
the risk of HBV reactivation in HBsAg-positive patients
on chemotherapy. NHL patients receiving CHOP regi-
men chemotherapy were less likely to experience HBV
reactivation (11.5% vs. 56%, P=0.001), HBV-related
hepatitis (7.7% vs. 48%, P=0.001), or severe hepatitis (0
vs. 36%, P<0.001) with prophylactic but not therapeutic
application of LVM [77]. Loglio’s [78] study included 85
HBsAg-negative/anti-HBc-positive NHL patients receiv-
ing RTX-based immunochemotherapy prophylactically
treated with LVM was effective in preventing HBV reac-
tivation, with a 50% decrease in anti-HBs titers in 35%
of patients, twelve of whom were seronegative for anti-
HBs. However, the drug resistance rate of LVM is high,
and in recent years highly effective, low resistance antivi-
ral drugs entecavir and tenofovir disoprox have received
increasing attention. A retrospective analysis found that
entecavir was more effective than lamivudine in pre-
venting HBV reactivation in lymphoma patients treated
with chemotherapy (0 vs. 12.4%, P=0.024). Entecavir is
recommended as a primary prophylactic agent in III-IV
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stage NHL. Lin [79]et al. recruited 121 HBsAg-positive
DLBCL patients were treated with antiviral drugs from
1 week before R-CHOP to 6 months after chemother-
apy. The incidence of HBV-related hepatitis in entecavir
group was 13.3% lower than that in lamivudine group
(0% vs. 13.3%, P=0.003). The HBV reactivation rate was
decreased by 23.4% (6.6% vs. 30%, P=0.001), and the
chemotherapy interruption rate was decreased by 16.7%
(1.6% vs. 18.3%, P=0.002). Tenofovir prophylactic anti-
viral strategy is effective in controlling HBV reactivation
during immunosuppressive therapy [80]. A prospective
study evaluated the efficacy and safety of R-CHOP chem-
otherapy with TDF or LVM for prevention of HBV reac-
tivation in patients with serum HBsAg-positive advanced
DLBCL. The results showed that 15 of 38 patients in
LAM cohort had urgent HBV DNA or aggravate HBV
replication but none of 39 patients in the TDF cohort
(95% CI: 0.229-0.553; P<0.0001). The incidence of HBV-
related acute hepatitis (P=0.054) and early HBV reacti-
vation (P=0.012) were lower in the TDF cohort than in
LAM cohort. The incidence of adverse effects, includ-
ing nephrotoxicity and osteoporosis, was similar in both
cohorts [81]. It is important to optimize antiviral strategy
for HBV-associated DLBCL. The guidelines recommend
that for patients with baseline HBV DNA>2000 IU/
ml and/or an expected duration of therapy>12 months,
highly potent and low-resistance antiviral drugs such
as entecavir and tenofovir are preferred when available.
For patients with baseline HBV DNA <2000 IU/ml and
expected duration of treatment <12 months, nucleoside
antivirals such as lamivudine, telbivudine, entecavir and
tenofovir can be selected [82].

Monitoring and discontinuation time During the treat-
ment of HBV-associated DLBCL, hepatitis B serum
immunological markers, liver function, and HBV DNA
quantification are continuously monitored. Close follow-
up is also required after the end of treatment. After the
completion of treatment, the above indicators should be
monitored once every 3 months for at least 12 months.

There is still no conclusion on the timing of discon-
tinuing of HBV-associated DLBCL. Currently, it is sug-
gested that patients with baseline HBV DNA >2000 [U/
ml should consult with hepatologists or infectious dis-
ease physicians to decide the time of withdrawal. For
patients with baseline HBV DNA <2000 IU/ml, antiviral
therapy should be continued for at least 6 to 12 months
after completion of chemotherapy or immunosuppres-
sive therapy. For high-risk groups, such as those receiving
immunochemotherapy, hematopoietic stem cell trans-
plantation or patients with cirrhosis, antiviral therapy
should be continued for at least 12 months. For patients
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receiving rituximab maintenance therapy, antiviral ther-
apy should be maintained [58, 73, 83, 84].

2 Conclusion and perspectives

Continuous exploration and research on the epidemi-
ology of HBV-associated DLBCL, the pathogenesis of
HBV-driven NHL, and biological heterogeneity have
been conducive to a deeper understanding of HBV-asso-
ciated DLBCL, which is crucial for guiding treatment
decisions. The advent of DLBCL treatment provides
more alternative options for disease control, but the con-
sequent HBV reactivation problem cannot be ignored.
For patients with HBV-associated DLBCL, the control
of HBV infection and the prevention of HBV reactiva-
tion rely on the full cooperation between oncologists and
infectious physicians. Timely identification of high-risk
groups, HBV surveillance and prevention based on anti-
viral drugs are required while safeguarding the efficacy of
DLBCL treatment and providing more clinical benefits to
patients.
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