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Hepatitis B virus reactivation associated 
with CAR T-cell therapy
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Abstract 

Patients with hematological malignancies who also have a hepatitis B virus (HBV) infection need to be aware 
of the potential risk of HBV reactivation when undergoing anti-cancer treatments. Among these treatments, CAR 
T-cell therapy has gained significant attention as a promising option, but it also raises concerns regarding HBV reac-
tivation. This review aims to provide an overview of published reports on HBV reactivation during CAR T-cell therapy, 
along with an assessment of the effectiveness of prophylactic antiviral therapy. Additionally, we propose a systematic 
approach for monitoring and managing HBV reactivation during CAR T-cell therapy to enhance the safety of this treat-
ment for patients with HBV infection.
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1  Background
In recent times, a body of research has emerged indicat-
ing the potential occurrence of hepatitis B virus (HBV) 
reactivation during chimeric antigen receptor (CAR) 
T-cell therapy, which, fortunately, can be effectively miti-
gated through the administration of nucleotide analogs 
(NAs). It is noteworthy that China is situated within 
regions of high HBV endemicity, and individuals afflicted 
with HBV infection are at an increased risk of developing 
non-Hodgkin lymphoma (NHL) and diffuse large B-cell 
lymphoma (DLBCL).

Drawing upon insights from prior clinical investiga-
tions and expert consensus, our objective is to provide an 
actionable framework for healthcare professionals, ena-
bling them to judiciously administer CAR T-cell therapy 
to patients grappling with hematological malignancies 
concurrent with HBV infection [1]. Our ultimate aim is 

to proactively address the potential challenge of HBV 
reactivation and its associated, potentially life-threaten-
ing complications. This endeavor is grounded in the lat-
est advancements in research and clinical experience in 
this domain.

1.1  HBV infection and B‑cell malignancies
Hepatitis B virus (HBV) is a global health concern, with 
a pervasive presence across the world. Approximately 
257 million individuals are currently affected by HBV on 
a global scale, with a staggering 68% of these cases con-
centrated in the regions of Africa and the West Pacific 
[2]. In China, HBV presents a significant public health 
challenge, contributing to approximately one-third of 
the total global burden of HBV infections. Despite wide-
spread vaccination efforts, the national prevalence of 
hepatitis B surface antigen (HBsAg) has declined to 5.2%. 
However, HBV continues to impact a substantial popu-
lation, affecting roughly 70 million individuals annually, 
with 20–30 million cases evolving into chronic infections 
and tragically resulting in more than 880,000 deaths each 
year [3, 4]. Studies have shown that chronic HBV infec-
tion significantly increases the risk of NHL and DLBCL 
[5]. DLBCL patients with concomitant HBV infec-
tion have distinct clinical, genomic, and transcriptomic 
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characteristics, indicating that HBV infection plays a 
contributory role in the development of B-cell malignan-
cies [6]. In China, 9%-30.2% of NHL patients and approx-
imately 25% of DLBCL patients harbor chronic HBV 
infections, and about 20%-44% of DLBCL patients have 
resolved HBV infections [7, 8]. Given the prevalence of 
HBV infection among patients with NHL or DLBCL, it 
is essential to recognize that the risk of HBV reactivation 
significantly escalates following exposure to immunosup-
pressive or cytotoxic agents [9].

The risk of HBV reactivation varies for each patient, 
depending on their HBV serological status as well as the 
specific anti-tumor treatment they receive. Because of 
the persistent B-cell aplasia induced by chemoimmuno-
therapy, the incidence of HBV reactivation ranges from 
21 to 60% in patients with chronic HBV infection and 
varies from 2 to 25% in patients with resolved HBV infec-
tions [10, 11]. The risk of reactivation can be considered 
as high risk if the incidence of HBV reactivation reaches 
or exceeds 10%. Therefore, patients with either chronic or 
resolved HBV infection are at high risk of HBV reactiva-
tion when receiving hematopoietic stem cell transplan-
tation or immunochemotherapy (including rituximab 
and glucocorticoid chemotherapy) [12, 13]. However, 
randomized controlled clinical studies have shown that 
the prophylactic use of NAs can reduce the risk of HBV 
reactivation in this patient cohort. Similarly, since CAR 
T cells targeting B cells or plasma cells can lead to long-
lasting B-cell depletion and humoral immunodeficiency, 
patients with contaminant HBV infection might also face 
a high risk of HBV reactivation when undergoing CAR 
T-cell therapy.

1.2  HBV reactivation in the setting of CAR T‑cell therapy
Recently, HBV reactivation has been described in 
patients with chronic HBV infection or resolved HBV 
infection after anti-CD19, CD20, CD22, or B-cell matu-
ration antigen (BCMA) CAR T-cell therapy (Table 1). In 
a study including 19 patients with B-cell malignancies 
and concomitant chronic HBV infection, HBV reactiva-
tion and HBV-related severe hepatitis were detected in 
1 (5.3%) patient at 4 months after anti-CD19 CAR T-cell 
infusion, although they had received entecavir (ETV) 
[14]. Similarly, in another 2 studies which included 15 
and 12 patients with B-cell or plasma-cell malignancies 
and concomitant chronic HBV infection, respectively, 3 
(20%) and 2 (16.7%) patients experienced HBV reactiva-
tion [15, 16]. Even with the continuous administration of 
NAs, HBV reactivation in these patients occurred mainly 
within 6  months after CAR T-cell infusion and mani-
fested asymptomatically as an increase in HBV DNA 
copy number while without hepatitis flare. Because of 
the high incidence of HBV reactivation in these studies, 

patients with chronic HBV infection are at high risk of 
HBV reactivation when they receive CAR T-cell therapy 
targeting B cells or plasma cells.

While in the patients who had resolved HBV infec-
tion, no cases of HBV reactivation were reported during 
NAs administration, even in case of HBV DNA-positive. 
However, 2 independent studies each reported 1 patient 
(3.4–12.5%), who were HBV DNA-negative and did not 
receive prophylactic NAs, experienced asymptomatic 
HBV reactivation at 2  months and 6  months after CAR 
T-cell infusion, respectively [16, 21]. HBV reactivation in 
these 2 patients presented as an increase in HBV DNA 
copy number or a reverse seroconversion from HBsAg 
negativity to positivity and was promptly controlled by 
the preemptive use of NAs. These data demonstrate that 
patients with resolved HBV infection might be also at 
high risk of HBV reactivation after CAR T-cell infusion, 
and the administration of NAs can prevent HBV reac-
tivation in these patients, regardless of the HBV DNA 
status.

Furthermore, HBV can be activated in these high-risk 
patients after improper withdrawal of prophylactic NAs. 
Four patients, involving 2 with chronic HBV infection 
and 2 with resolved HBV infection, experienced HBV 
reactivation after self-discontinuation of ETV [15, 17, 19, 
26]. At the time of HBV reactivation, B-cell depletion or 
complete remission of disease was still sustained. One 
patient with chronic HBV infection self-discontinued 
the use of ETV only 1 month after CAR T-cell infusion, 
leading to a tragic outcome as the patient succumbed to 
fulminant hepatic failure just two months later [26]. This 
mournful incident underscores the critical importance 
prophylactic NAs are essential for high-risk patients. 
Similarly, another patient with resolved HBV infection 
ceased antiviral treatment five months after the CAR 
T-cell infusion, resulting in HBV reactivation just one 
month later. Despite prompt intervention with entecavir 
and tenofovir, the patient eventually succumbed to com-
plications of hepatitis and cerebral hemorrhage [19]. The 
remaining two patients had been on ETV prophylaxis for 
more than 1 year before the discontinuation of ETV. They 
presented asymptomatic elevation of HBV DNA titer or 
hepatitis flare. After prompt recognition of these signs 
and the subsequent resumption of ETV treatments, HBV 
reactivation was successfully resolved in both patients 
[15, 17]. These outcomes provide compelling evidence 
that prophylactic NAs therapy may serve as a protective 
measure against HBV reactivation in patients undergo-
ing CAR T-cell therapy, whether they have chronic HBV 
infection or resolved HBV infection.

It remains uncharted territory to fully understand the 
impact of CAR T-cell therapy on HBV reactivation in 
T-cell malignancies. A noteworthy case involves a patient 
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Table 1 Summary of HBV reactivation cases in CAR T-cell therapy

R/R Relapsed/refractory, HBV Hepatitis B virus, CAR T Chimeric antigen receptor T-cell, DLBCL Diffuse large B-cell lymphoma, B-ALL B-cell acute lymphoblastic leukemia, 
MM Multiple myeloma, BCMA B cell maturation antigen

Study Disease Targets of CAR T‑cell 
therapy

HBV characteristic 
at baseline

Numbers of 
reactivation/
total

Prophylactic 
antiviral therapy

Clinical 
manifestations and 
outcomes

Strati P 2019 [17] R/R-DLBCL CD19 Resolved HBV infec-
tion

1/3 All received entecavir Successfully treated 
with entecavir

Yang C 2020 [15] R/R-DLBCL CD19 Chronic HBV infection 3/15 All received entecavir 
or Lamivudine

Asymptomatic HBV 
reactivation

Lai P 2020 [18] R/R B-ALL CD19 Chronic HBV infection 0/3 All received entecavir
or tenofovir

No HBV reactivation

Cui R 2020 [19] 7 R/R B-ALL and 13 
R/R DLBCL

CD19 Chronic HBV infection 0/5 All received pro-
phylactic entecavir 
or tenofovir

No HBV reactivation

Liu W 2020 [20] R/R B-cell lymphoma CD19 Chronic HBV infection 0/6 All 6 patients were 
on prophylactic 
entecavir

No HBV reactivation

Resolved HBV infec-
tion

0/11 Only 2 of the 11 were 
on prophylactic ente-
cavir or lamivudine

No HBV reactivation

Han L 2020 [21] R/R MM BCMA Chronic HBV infection 0/1 All received entecavir 
or
lamivudine

No HBV reactivation

Resolved HBV infec-
tion

1/8 Only 2 of the 8 were 
on prophylactic ente-
cavir or lamivudine

One asymptomatic HBV 
reactivation in no pro-
phylactic group

Wang Y 2020 [16] advanced B-cell 
cancers

CD19, CD20 or BCMA Chronic HBV infection 2/12 All received entecavir,
tenofovir disoproxil, 
or lamivudine

Asymptomatic HBV 
reactivation

Resolved HBV infec-
tion

1/29 No Asymptomatic HBV 
reactivation

Cao W 2020 [14] R/R B-ALL or DLBCL CD19 and CD22 CAR T 
cocktail

Chronic HBV infection 1/19 All received prophy-
lactic entecavir

Severe hepatitis 
and died of septic 
shock

Resolved HBV infec-
tion

0/37 Only 2 of the 37 
received prophylactic 
entecavir

No HBV reactivation

Ma Y 2021 [22] One stomach lymph-
oblastic lymphoma 
and one R/R DLBCL

CD19 and CD22 CAR T 
cocktail

Chronic HBV infection 2/2 All received prophy-
lactic entecavir

Both successfully 
treated with entecavir 
and tenofovir

Li P 2021 [23] R/R B-cell malignan-
cies

CD19 Resolved HBV infec-
tion

2/30 No antiviral prophy-
laxis

One asymptomatic 
HBV reactivation 
and one severe hepa-
titis, both successfully 
treated with entecavir

Kong D 2023 [24] R/R DLBCL CD19, CD19 com-
bined with CD20 
or CD22, tandem 
CD19/CD22

Chronic HBV infection 1/6 All received pro-
phylactic entecavir 
or adefovir combined 
with entecavir

Hepatic malignant 
tumor

Resolved HBV infec-
tion

1/25 19 received prophy-
lactic entecavir

One asymptomatic HBV 
reactivation in no pro-
phylactic group

Fu S 2023 [25] R/R MM BCMA Chronic HBV infection 1/7 6 patients received 
entecavir and 1
received tenofovir

One developed to liver 
failure. then died,

Resolved HBV infec-
tion

3/43 No One hepatitis flare 
and successfully treated 
with entecavir, and two 
asymptomatic HBV 
reactivation
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with T-cell acute lymphoblastic leukemia (T-ALL) who 
exhibited high HBV DNA levels. This patient underwent 
treatment with donor-derived anti-CD7 CAR T-cells, fol-
lowed by allogeneic hematopoietic stem cell transplanta-
tion while receiving continuous antiviral therapy. There 
was a transient surge in HBV DNA levels observed two 
weeks following CAR T-cell infusion. However, these 
levels quickly diminished to a safe range. Impressively, 
by the 10-month mark following CAR T-cell reinfusion 
(which was 8  months after transplantation), the patient 
achieved complete remission with undetectable HBV 
DNA levels [27]. This case underscores the significance of 
not overlooking the possibility of HBV reactivation in the 
context of CAR T-cell therapy for different malignancies 
beyond B-cells or plasma cells.

In addition, although higher serum interleukin-6 had 
been observed in patients with chronic HBV infection 
when receiving CAR T-cell therapy, there is no clear evi-
dence that HBV infection affects the safety or efficacy of 
CAR T-cell therapy [17]. Both animal studies and clinical 
studies have shown that HBV infection did not increase 
the incidence or severity of hepatotoxicity, cytokine 
release syndrome (CRS), or neurotoxicity during CAR 
T-cell therapy and did not compromised the activity and 
clinical efficacy of CAR T-cells [14, 18, 24, 25].

Taken together, these findings collectively underscore 
the indispensable and efficacious role of NAs prophylaxis 
in averting HBV reactivation among patients with con-
comitant chronic HBV infection or resolved HBV infec-
tion when undergoing CAR T-cell therapy. Importantly, 
it appears that the presence of chronic or resolved HBV 
infection does not impair the safety or efficacy of CAR 
T-cell therapy. Given the retrospective nature and limited 
scale of these studies, validation in multicenter prospec-
tive trials is warranted.

2  Prevention and Treatments of HBV reactivation 
during CAR T‑cell therapy

2.1  Identification of high‑risk populations
HBV serological markers including HBsAg, anti-hep-
atitis B surface antigen (HBsAb) and anti-hepatitis B 
core antigen (HBcAb), HBV DNA, and liver function 
indexes (alanine aminotransferase, aspartate aminotrans-
ferase, bilirubin, albumin) should be routinely assessed 
in patients with hematologic malignancies who receive 
CAR T-cell therapy. To effectively mitigate the risk of 
HBV reactivation in these patients, a comprehensive 
evaluation of risk factors is crucial, guiding the adop-
tion of appropriate prevention and treatment strategies 
(Fig.  1). Notably, both HBsAg positivity and HBV DNA 
positivity represent virological risk factors for HBV reac-
tivation. Patients with either chronic HBV infection or 

resolved HBV infection who test positive for HBV DNA 
should receive prophylactic NAs therapy before initiat-
ing CAR T-cell therapy. It’s essential to recognize that 
even HBV DNA-negative patients with resolved HBV 
infection must adopt a preemptive treatment approach, 
as lethal HBV reactivation can still occur following 
CAR T-cell infusion [19]. In patients with resolved HBV 
infection, baseline HBsAb seronegativity may serve as a 
potential risk factor for HBV reactivation, particularly 
in the absence of antiviral prophylaxis [23]. Addition-
ally, an HBsAb titer of 56.48  IU/ml has been identified 
as a critical threshold for predicting HBV reactivation, a 
finding validated in both rituximab-containing chemo-
therapy and CAR T-cell therapy [20, 28]. HBcAb repre-
sents another important biomarker, with a cutoff value 
of 6.41 IU/ml serving as a cautionary indicator of poten-
tial HBV recurrence [29]. Furthermore, the presence of 
HBeAg positivity is considered a risk factor for reactiva-
tion and is associated with elevated viral loads and infec-
tivity levels [15].

2.2  Prophylactic NA therapy
The aforementioned populations with a high risk of HBV 
reactivation should receive highly potent and low-resist-
ance prophylactic NAs before undergoing CAR T-cell 
therapy. These NAs include entecavir (ETV), tenofovir 
disoproxil fumarate (TDF), and tenofovir alafenamide 
fumarate tablets (TAF). Commencement of NA treat-
ment typically initiates one week before, or at the latest, 
concurrently with prechemotherapy procedures. Cur-
rently, most guidelines recommend that patients with 
hematologic malignancies should receive prophylactic 
NAs for 12–18  months after immunochemotherapy. 
Because the sustained duration of B lymphocyte deple-
tion is not consistent between different individuals after 
receiving a CAR T-cell infusion, the course of prophy-
lactic NAs should be determined by the duration of B 
lymphocyte depletion in patients [30]. We recommend 
monitoring the levels of peripheral blood lymphocyte 
subpopulations and serum immunoglobulins (IgG, IgM, 
and IgA) in patients with prophylactic NAs. Prophylactic 
NAs should be given at least 12–18 months after the lev-
els of peripheral blood B lymphocytes and serum immu-
noglobulins are restored.

2.3  Monitoring and treatment of HBV reactivation
While undergoing NAs treatment, it is crucial to main-
tain regular monitoring of HBV DNA levels, HBV sero-
logical markers, and liver function. Monitoring intervals 
should occur at least every one to three months, ensur-
ing early intervention when necessary. HBV reactivation 
often occurs within 6 months after CAR T-cell infusion, 
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during which the above indicators should be monitored 
monthly and once every three months thereafter. Because 
HBV reactivation can still recur after discontinuation of 
NAs, the above indicators should continue to be moni-
tored for 12 months after NA withdrawal, at a frequency 
of once every one to three months, especially within 
six months. For patients with resolved HBV infection 
who receive preemptive treatment, a similar monitor-
ing regimen is advised [18, 31]. This vigilant monitoring 
approach is essential for maintaining patient safety and 
addressing any potential HBV reactivation promptly.

If HBV reactivation is suspected, prompt assessment 
and treatment protocols should be initiated to prevent 
the occurrence of fatal acute liver failure. For patients 
who have not received prophylactic NAs, immediate 
initiation of NAs therapy, even before confirmation of 
HBV reactivation, is essential to prevent further increase 
in HBV DNA copies. In cases where HBV reactivation 
occurs despite prophylactic NAs use, the possibility of 

viral resistance mutations should be considered, particu-
larly in patients with lamivudine resistance who are more 
susceptible to entecavir resistance mutations [32, 33]. 
Alongside drug-resistance gene testing, adjustments to 
antiviral treatment regimens should be made, including 
switching to or adding NAs drugs with no cross-resist-
ance, such as ETV, TDF and TAF. However, potential 
adverse reactions associated with NAs should be moni-
tored. Multidisciplinary therapy may be initiated if nec-
essary. Additionally, based on the patient’s liver function, 
hepatoprotective drugs and supportive treatments should 
be administered accordingly.

3  Conclusion
CAR T-cell therapy represents a groundbreaking 
advancement in the treatment of hematological malig-
nancies and is gaining increasing traction. However, it is 
essential to conduct meticulous evaluations of the safety 
and efficacy of CAR T-cell therapy, especially in specific 

Fig. 1 Prevention and management strategies of HBV reactivation in CAR T-cell therapy. The necessity for prophylactic Nucleotide Analogue (NAs) 
treatment hinges upon the baseline HBV status of patients prior to CAR T-cell reinfusion. Patients with chronic HBV infection (HBsAg +) or resolved 
HBV infection (HBsAg- HBcAb +) who exhibit high-risk characteristics (such as a low HBsAb titer or the presence of positive HBeAg) should continue 
prophylactic NAs until 12–18 months after the restoration of peripheral blood B lymphocytes and serum immunoglobulin levels. HBV status should 
be monitored regularly until more than one year after NAs withdrawal, with monthly HBV monitoring in the first 6 months and once every 3 months 
thereafter. In the event of HBV recurrence, immediate initiation of antiviral therapy with NAs that do not share cross-resistance is paramount. CAR 
T-cell: chimeric antigen receptor T-cell; NAs: nucleotide analogs. HBsAg: hepatitis B surface antigen; HBsAb: anti-hepatitis B surface antigen; HBcAb: 
anti-hepatitis B core antigen; HBeAg: hepatitis B e antigen; HBV: hepatitis B virus
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patient subgroups. A substantial portion of patients 
with hematologic malignancies presents concurrent 
chronic or resolved HBV infection. Consequently, when 
administering CAR T-cell therapy to such individu-
als, a heightened awareness of the risk of HBV reactiva-
tion is paramount. The continuous prophylactic use of 
NAs has demonstrated its effectiveness in curbing HBV 
recurrence. Equally important is the early identifica-
tion of high-risk populations and the implementation 
of long-term, regular monitoring of HBV DNA levels. 
In addition, based on several independent clinical stud-
ies, we concluded that the infection status of HBV does 
not compromise the safety and efficacy of CAR T-cell 
therapy. Therefore, CAR T-cell therapy for patients with 
hematological malignancies and concomitant HBV infec-
tion holds significant promise.
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