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Hepatitis B virus (HBV) reactivation typically occurs in patients
with B-cell malignancies and concomitant HBV infection after
exposure to immunosuppressive or cytotoxic agents.1-4 These
agents, commonly used in the treatment of B-cell malignan-
cies, such as B-cell–depleting antibodies, anthracycline
derivatives, high-dose corticosteroids, immune checkpoint
inhibitors, tyrosine-kinase inhibitors, and antimetabolites, are
associated with varied risks of HBV reactivation.2,4-10 When ad-
ministering these agents, routine HBV screening, HBV-DNA
monitoring, and prophylactic or preemptive nucleotide ana-
logue treatment are recommended to prevent this potentially
fatal complication.4,11-13

Chimeric antigen receptor–engineered (CAR) T-cell therapy
represents one of themost promising fields in cancer research and
has yielded unprecedented responses in B-cell malignancies.14-19

However, when the durable B-cell depletion induced by func-
tional CAR T cells is considered, patients with HBV infection are at
high or even very high risk for HBV reactivation after CAR T-cell
infusion, particularly functional CAR T cells, which cannot be
withdrawn in case of HBV reactivation. To circumvent HBV
reactivation–related hepatitis and mortality, almost all the
clinical trials of CAR T-cell therapy exclude patients with HBV
infection. Thus, the safety of CAR T-cell therapy and the pre-
vention of HBV reactivation should be evaluated in this
specific patient population. Moreover, HBV infection may
negatively affect the clinical outcome and therapeutic re-
sponse to standard treatment in B-cell malignancies.20,21 The
impact of HBV infection on the efficacy of CAR T-cell therapy
should also be elucidated, especially in hyperendemic Asia-
Pacific regions.22,23

In the first issue of Blood in 2020, we reported the safety and
efficacy of anti-CD19 and anti-CD22 CAR (CAR19/22) in a T-cell
combination-treatment trial (Chinese Clinical Trial Registry,
#ChiCTR-OPN-16008526) in 89 eligible patients who had re-
fractory/relapsed B-cell acute lymphoblastic leukemia (B-ALL) or
B-cell non-Hodgkin lymphoma (B-NHL).24 Among the 89 pa-
tients enrolled from March 2016 through January 2018,
19 (21.3%) had chronic HBV infection (defined as serologically
positive for hepatitis B surface antigen [HBsAg]) and 37 patients
(41.6%) had resolved HBV infection (defined as HBsAg2, but
positive for antibodies against hepatitis B core antigen [HBcAb])

(Figure 1; supplemental Table 1, available on the Blood Web
site). Baseline features of these patients were balanced across
different HBV serological subgroups (supplemental Table 2).
Among patients with resolved HBV infection, 32 (86.5%) were
seropositive for antibodies against hepatitis B surface antigen
(HBsAb). We retrospectively reviewed HBV reactivation in these
patients and preliminarily explored the impact of HBV infection
on CAR T-cell therapy. HBV reactivation was defined as a
$100-fold increase in HBV DNA when compared with baseline
level or HBV DNA $103 IU/mL in a patient with a previously
undetectable level or reverse seroconversion from HBsAg2 to
HBsAg1.13 The cutoff date for data collection was 31 March
2019.24

A total of 21 patients received entecavir (ETV) prophylaxis, in-
cluding all 19 HBsAg1 patients and 2 (5.4%) who were HBsAg2/
HBcAb1 (Figure 1; supplemental Table 1). Those 2 patients were
also seropositive for HBsAb, which is associated with a reduced,
but not eliminated, risk of reactivation.25 Prophylactic ETV was
initiated before CAR T-cell infusion with a median interval of
14 (interquartile range [IQR], 8-23) days and was maintained for a
median duration of 15.6 (IQR, 6.3-22.2) months until the last
follow-up. B-cell recovery was detected in 17 patients. The
median time of ETV prophylaxis was sustained for 7.9 (IQR,
2.8-13.3) months after B-cell recovery.

Within the first month after CAR T-cell infusion, no statistically
significant increases in serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and total bilirubin (T-Bil)
were found in both disease cohorts, regardless of HBV in-
fection status (Figure 2). The reported incidence of HBV
reactivation in patients undergoing immunochemotherapy
ranged from 26% to 53% in patients with chronic HBV in-
fection and varied from 3% to 41.5% in patients with resolved
HBV infection.1-4,7,13 In the present study, HBV reactivation
was detected in 1 (5.3%) patient with chronic HBV infection,
4 months after CAR T-cell infusion (Figure 1; supplemental
Table 1). Except for this patient, no patient in either subgroup
experienced HBV reactivation or severe hepatitis (more than
five times the upper limit of normal of aminotransferase or
more than three times the upper limit of normal of bilirubin),
or died of HBV.
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The patient who experiencedHBV reactivation was a 70-year-old
woman who had received a diagnosis of diffuse large B-cell
lymphoma 22 months before enrollment. She had a known
history of chronic hepatitis B and was seropositive for HBsAg,
HBcAb, and antibody against the hepatitis B e-antigen (HBeAb),
but with unquantifiable HBV-DNA copy number (,100 IU/mL)
and normal ALT and AST levels at enrollment. ETV prophylaxis
started (0.5 mg/d orally) 28 days before CAR T-cell infusion and
was maintained thereafter. The patient had sustained B-cell
aplasia after CAR T-cell infusion and achieved durable com-
plete remission at month 3. Unfortunately, she died of septic
shock 4 months after CAR T-cell infusion. At that time, HBV DNA
copies had increased to 3.62 3 104 IU/mL, and severe hepatitis
had manifested (ALT, 161 U/L; AST, 749 U/L; and T-Bil, 74.6
mmol/L). HBV reactivation was reported in 2 patients at 1.5 and 3
months, after self-discontinuation of ETV.6,8 For the first time, we
describe a patient with chronic HBV infection in whom HBV
reactivation occurred 4 months after CAR T-cell infusion, even
with continuous ETV prophylaxis. Therefore, HBV DNA should
still be closely monitored in patients who are receiving antiviral
prophylaxis after CAR T-cell infusion, especially in those who
have a history of lamivudine resistance. When virologic break-
through (10-fold increase in serum HBV DNA from nadir) during
ETV or adefovir treatment is suspected or confirmed, a test
for antiviral-resistant mutants and a switch to tenofovir is
recommended.4,13

Furthermore, when compared with HBV-uninfected patients
(defined as seronegative for both HBsAg and HBcAb), patients
with chronic or resolved HBV infection had similar peak con-
centrations of serum interleukin-6 (sIL-6) and C-reactive protein
(supplemental Figure 1A-D) and comparable severities of

cytokine release syndrome and CAR T-cell–related encepha-
lopathy syndrome (supplemental Figure 1E-H) in both disease
cohorts. Although higher sIL-6 was observed in 3 patients with
chronic HBV or hepatitis C infection,8 our data suggest that
chronic or resolved HBV infection did not affect the production
of sIL-6 or serum C-reactive protein and showed no impact on
the risk of cytokine release syndrome or CAR T-cell–related
encephalopathy syndrome during CAR T-cell therapy. Mean-
while, no statistically significant difference was demonstrated in
either progression-free or overall survival in patients with B-ALL
or B-NHL, regardless of HBV serologic status (supplemental
Figure 2A-D).

Taken together, these results indicate that ETV prophylaxis is
essential and effective for the prevention of HBV reactivation in
patients with chronic HBV infection who are undergoing CAR
T-cell therapy, and chronic or resolved HBV infection may not
affect the safety and efficacy of CAR T-cell therapy. Given the
retrospective nature of this study, validation in multicenter
prospective trials is warranted. The proper duration of antiviral
prophylaxis and the prevention strategy in patients with resolved
HBV infection in CAR T-cell therapy are still unclear and should
be further investigated. With reference to the reported data and
the recommendations for managing HBV reactivation,4,6-8,13 we
suggest that antiviral prophylaxis be administered in patients
with chronic HBV infection before lymphodepletion chemo-
therapy and then be maintained for at least 12 months after
B-cell recovery. Levels of HBV DNA should be further monitored
by real-time polymerase chain reaction assay for at least 6
months, even after the withdrawal of antiviral prophylaxis. HBV
DNA-monitoring–guided preemptive antiviral therapy could be
conducted in patients with resolved HBV infection.4,7
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Figure 1. Retrospective analysis of HBV reactivation in patients with different HBV serologic statuses. Among the 89 patients who had received a diagnosis of B-ALL or
B-NHL, 21 received ETV prophylaxis, including all of the HBsAg1 patients and 2 of the HBsAg2/HBcAb1 patients. These 2 patients were also seropositive for HBsAb. HBV
reactivation was detected in 1 patient with chronic HBV infection. Except for this patient, no patient in each subgroup had HBV reactivation, severe hepatitis, or HBV-related
mortality. *Includes 1 patient seropositive for anti-HCV IgG, in whom HCV-RNA was undetectable. †Includes 1 patient seropositive for anti-HEV IgG, but negative for anti-HEV
IgM. HCV, hepatitis C virus; HEV, hepatitis E virus.
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Figure 2. Comparable concentration changes in serum ALT, AST, and T-Bil after CAR T-cell infusion in patients with various HBV serologic statuses. The variations from
the baseline levels to the peak concentrations of ALT (A,D), AST (B,E), and T-Bil (C,F) within the first month were similar in the disease cohorts, regardless of HBV infection status.
ns, not significant; Before, before CAR T-cell infusion; After, after CAR T-cell infusion.
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