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Background: Chimeric antigen receptor (CAR) T-cell therapy has emerged as a novel
treatment modality for hematologic malignancies and is predicted to experience
widespread use in the near future. However, not all risks associated with this novel
approach are well defined. There are few data in the risk of HBV reactivation and limited
experience in management in patients with resolved HBV infection who undergo CAR-T
cell therapy.

Methods: We performed a post-hoc analysis of a prospective clinical trial of anti-CD19
CAR-T (CART19) cell therapy in patients with relapsed or refractory (r/r) B-cell
malignancies, and aimed at exploring the actual risk of HBV reactivation in a cohort of
patients with resolved HBV infection receiving CART19 cell therapy in the absence of
antiviral prophylaxis.

Results: In this study, we investigated the risk of HBV reactivation after CART19 cell
therapy in 30 consecutive patients with B-cell malignancies and resolved HBV infection
without antiviral prophylaxis, in the Tongji Hospital of Tongji University. In this cohort, two
patients developed HBV reactivation 2 months and 14 months after CAR-T cell infusion,
respectively, the latter of whom developed severe hepatitis. These findings showed that
the incidence of HBV reactivation was 6.67% (95% CI, 0.8–22.1). Specifically, none of the
21 patients who were HBsAb positive (0.0%) versus two of nine patients who were HBsAb
negative (22.2%) experienced HBV reactivation (p = 0.03), suggesting HbsAb
seronegativity at baseline is a possible risk factor in this population. Although use of
tocilizumab or corticosteroids has been associated with increased risk of HBV
reactivation, none of the patients who received these agents had HBV reactivation in
this study.

Conclusion: This is the first and largest study to assess the true incidence of HBV
reactivation in patients with resolved HBV infection receiving CART19 cell therapy without
org July 2021 | Volume 12 | Article 6386781
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antiviral prophylaxis. This study highlights that this population are at risk of developing HBV
reactivation and indicates that close monitoring of HBV DNA is required in the absence of
antiviral prophylaxis. In addition, antiviral prophylaxis is recommended in the HBsAb-
negative subpopulation.
Keywords: CAR-T cells, B-cell malignancies, resolved HBV infection, HBV reactivation, immunotherapy
INTRODUCTION

Hepatitis B virus (HBV) reactivation following chemotherapy
or immunosuppressive therapy is a well-known and potentially
fa ta l compl icat ion in pat ients wi th hematologica l
malignancies, not only in HBsAg-positive patients, but also
in patients with resolved HBV infection who are defined as
seronegative for HBsAg but seropositive for HBcAb and/or
HBsAb (1–3). HBV reactivation is best characterized in
patients who are treated with B cell-depleting agents, such as
rituximab. The rate of HBV reactivation during rituximab-
containing therapy ranges from 16 to 80% in HBsAg+ patients
and from 3 to 41.5% in HBsAg−/HBcAb+ patients without
antiviral prophylaxis (2–5).

Adoptive cellular immunotherapy with chimeric antigen
receptor (CAR) T cells has emerged as a novel treatment
modality for hematologic malignancies (6–8). Three CD19-
directed CAR-T (CART19) cell products, tisagenlecleucel,
axicabtagene ciloleucel, and brexucabtagene autoleucel have
been approved by the U.S. FDA for the treatment of children
with acute lymphoblastic leukemia (ALL) and adults with
advanced large B-cell lymphoma (LBL) and mantle cell
lymphoma (MCL), respectively. With more approvals of CAR-
T cell products and clinical indications evolving in the field of B-
cell malignancies, CAR-T cells are anticipated to be used in an
increasing number of patients. However, CAR-T cell-related
toxic i t ies are not fu l ly e lucidated and remain an
important concern.

Given the similar mechanism of direct action on B-cells as
rituximab, CAR-T cells may predispose HBV immune patients
to HBV reactivation. China is a hyperendemic country for HBV
infection, and many B-cell malignancies have a significant
association with HBV infection (9). Not surprisingly, a high
incidence and a fatal case of HBV reactivation in Chinese HBsAg
carriers has been reported recently, which stimulates full
vigilance about this potential risk (10, 11). However, currently,
the risk and severity of HBV reactivation in patients with
resolved HBV infection who undergo CART19 cell therapy
is unknown.

In this study, we performed a post-hoc analysis of a
prospective clinical trial of CART19 cell therapy in patients
with relapsed or refractory (r/r) B-cell malignancies, and aimed
at exploring the actual risk of HBV reactivation in a cohort of
HBsAg, hepatitis B surface antigen;
eAg, hepatitis B e antigen; HBeAb,
tis B core antibody; ALT, alanine
nsferase; TB, total bilirubin.
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patients with resolved HBV infection receiving CART19 cell
therapy in the absence of antiviral prophylaxis.
PATIENTS AND METHODS

Study Population
Consecutive patients treated with autologous CART19 cells in
a phase I/II clinical trial (NCT02537977) at the Tongji Hospital
of Tongji University between January 1, 2017 and December
31, 2019 who fulfilled the following criteria were included:
patients ware seronegative for HBsAg but seropositive for
HBcAb at baseline; patients had undetectable serum HBV
DNA (<100 IU/ml) and normal liver enzyme at baseline;
patients had not received prophylactic antiviral therapy;
patients had been followed-up for more than 1 month after
CART19 cell infusion.

CART19 Cell Therapy
The CART19 cells in this study were manufactured according to
the Good Manufacturing Practice in the Stem Cell Translational
Research Center, Tongji Hospital of Tongji University. The
structure of the CAR contains a murine anti-CD19 single-
chain variable fragment, a 4-1BB costimulatory domain and a
CD3z T-cell activation domain. Eligible patients for this therapy
had relapsed or were refractory to their previous treatments,
including autologous or allogenic hematopoietic stem cell
transplantation (HSCT). They were diagnosed according to the
World Health Organization classification for tumors of the
hematopoietic and lymphoid tissues. Expression of CD19 on
malignant B cells was confirmed by flow cytometry or
immunohistochemistry. An Eastern Cooperative Oncology
Group (ECOG) Performance Score of ≤2, normal organ
function, measurable disease, and a life expectancy of 12 weeks
or more were necessary for eligibility, whereas patients with
uncontrollable infection, active graft-versus-host disease, or
clinically evident neurological lesions were excluded. All
patients except one older than 75 years underwent
lymphodepleting chemotherapy with FC regimen (25 mg/m2

fludarabine and 300 mg/m2 cyclophosphamide daily for 3 days)
on days -5, -4 and -3, followed by intravenous infusion of
CART19 cells. Dosing of CAR-T cells was 1–3 × 106 CAR-
positive T cells per kilogram of body weight. Study protocols
were approved by the Ethics Committee of Tongji Hospital of
Tongji University and conducted in accordance with the
principles of the Declaration of Helsinki. All enrolled patients
provided written informed consent for the treatment and
follow-up.
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Monitoring of HBV Reactivation
HBV serologic test including HBsAg, HBsAb, HBeAg, HBeAb
and HBcAb, HBV DNA levels and liver function (ALT, AST, and
TB levels) were screened at the time of evaluation for CAR-T cell
therapy, and routinely performed at 1, 2, 3, 6 months after
CART19 infusion, and every 6 months thereafter until additional
therapy for disease progression or HSCT or death. Serum
HBV DNA was measured by real-time viral polymerase chain
reaction (PCR) in our center using an ABI 7300 real-time
thermo-cycler (ABI 7300; Applied Biosystems, Foster City, CA,
USA) with a lower limit of 100 IU/ml. HBV reactivation was
defined as elevation of HBV DNA ≥100 IU/ml for two
consecutive measurements. Hepatitis flare was defined as
serum ALT level >3×upper limit of normal (ULN) or an ALT
increase >100 U/L, and severe hepatitis was defined as an ALT
increase >10 × ULN or TB >1.5 × ULN.

Analysis
The baseline characteristics of patients collected included
HBsAb, HBV DNA, age, gender, histological subtype and
treatment modality (the use of anti-CD20 antibody, HSCT,
etcetera). Response of subjects with ALL and non-Hodgkin
lymphoma (NHL) after CAR-T cell therapy was evaluated
using the National Comprehensive Cancer Network (NCCN)
guidelines, version 1.2016. Progression-free survival (PFS) and
overall survival (OS) were estimated as the time from first
infusion to first relapse or death, respectively. The probabilities
of OS and PFS were estimated by means of the Kaplan–Meier
method and compared using the log-rank test.

Cytokine release syndrome (CRS) and neurologic toxicity
(NT) were evaluated in accordance with criteria from the
American Society for Transplantation and Cellular Therapy
consensus (12). CRS and NT were considered to be severe if it
was of grade 3 or higher. Other adverse events were graded
according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI CTCAE
V.5.0). Statistical analysis was performed using Stata version
15 SE. P value <0.05 was considered to be statistically
significant. The cut-off date for data collection was May
31, 2020.
RESULTS

Patient Characteristics and Outcomes of
CAR-T Cell Therapy
A total of 30 consecutive patients with resolved HBV infection
receiving CART19 cell therapy were included in this study.
Baseline characteristics of this cohort and outcomes of
CART19 cell therapy are described in Table 1 and
Supplementary Table 1. The median age was 59 years
(range: 14–81). 17 (57%) patients were male. There were
nine (30%) patients with acute lymphoblastic leukemia
(ALL), 13 (43%) with diffuse large B cell lymphoma
(DLBCL), five (17%) with mantle cell lymphoma (MCL), and
Frontiers in Immunology | www.frontiersin.org 3
three (10%) with other lymphoma subtypes. Among them,
nine (30%) patients were seronegative for HBsAb. No patients
had any other liver disease at baseline. During their prior
therapy, all lymphoma patients received rituximab and four
patients underwent HSCT.

Previously, our group had reported the use of CART19 cells
in patients with r/r B-NHL demonstrating activity (13, 14). In
this population with HBV resolved infection, comparable
response and survival rates were achieved (Figure 1). The
overall response rate was 80%, with 70% of patients achieving
complete remission (CR) (nine of nine with ALL, and 12 of 21
with NHL) and 10% (three of 21 with NHL) achieving partial
remission. Among the 21 patients with NHL, the median OS
was not reached and the median PFS was 8.5 months (95%
confidence interval (CI), 3.8–13.2) with a median follow-up of
19.5 months (range: 3.5–38); the estimated probabilities of OS
and PFS at 12-months was 59.7% (95% CI, 33.1–78.6) and
38.2% (95% CI, 16.5–59.8), respectively. Among the nine
patients with ALL, the median OS was not reached and the
median PFS was 12 months (95% CI, 1–26.6) with a median
follow-up of 23.5 months (range: 7–40.5); the estimated
probabilities of OS and PFS at 12-months was 63.5% (95%
CI, 23.6–86.6) and 41.7% (95% CI, 10.9–70.8), respectively.
There were three (10%) ALL patients who experienced severe
CRS and no patients developed severe NT. Eight (27%)
patients were treated with tocilizumab and 6 (20%) patients
with corticosteroids for CRS or NT.

HBV Reactivation and Hepatitis
In this study cohort, two patients developed HBV reactivation 2
months and 14 months after CAR-T cell infusion, respectively,
TABLE 1 | Baseline characteristics and responses to CAR T-cell therapy in the
included patients.

Characteristic at baseline (n = 30)

Median age, years (range) 59 (14–81)
Male 17 (57)
Hematologic diagnosis
ALL 9 (30)
DLBCL 13 (43)
MCL 5 (17)
Others# 3 (10)
Previous HSCT* 4 (13)
Previous Use of anti-CD20 antibody 21 (70)
HBsAb-negative 9 (30)
Outcomes
Objective remission rates 24 (80)
Grades 3–4 CRS 3 (10)
Grades 3–4 NT 0 (0)
Tocilizumab use 8 (27)
Corticosteroid use 6 (20)
July 2021 | Volume 12 | Arti
Data are presented as n (%) of patients unless indicated otherwise.
ALL, acute lymphoblastic leukemia; DLBCL, diffuse large B-cell lymphoma; MCL, mantle
cell lymphoma; HSCT, hematopoietic stem cell transplantation; CRS, cytokine release
syndrome; NT, neurologic toxicity.
#Includes two high-grade lymphoma, and one chronic lymphocytic leukemia with Richter’s
transformation.
*Three patients and one patient underwent auto-HSCT and allo-HSCT, respectively.
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the latter of whom developed severe hepatitis. Neither of the two
patients had received HBV vaccination and a history of active
HBV infection. Both of them had antiviral prophylaxis during
prior rituximab-containing chemotherapy. Details of the two
patients with HBV reactivation are described in Table 2 and
Figure 2. With a median follow-up of 12 months (range: 2–37),
the rate of HBV reactivation in this cohort was 6.7% (95% CI,
0.8–22.1). Specifically, none of 21 patients (0.0%) who were
HBsAb positive experienced HBV reactivation versus two of
nine patients (22.2%) who were HBsAb negative (p = 0.03).
Although use of tocilizumab or corticosteroids has been
associated with increased risk of HBV reactivation (15, 16),
none of the patients who received these agents had
HBV reactivation.

The first patient was a 50-year-old female who was
diagnosed with DLBCL 3 years before enrollment and
relapsed after two lines of therapy and auto-HSCT. At
baseline, the HBV serology showed HBcAb-positive and
HBsAb-negative. She achieved CR by 3 months, which lasted
9 months after CAR-T cell infusion. She did not experience
CRS or NT. Quantitative PCR showed that anti-CD19 CAR
transgene was detected in peripheral blood mononuclear cells
from 4 days to 12 weeks after CAR-T cell infusion. Blood CD19
+ B cells became undetectable after lymphodepleting
chemotherapy and remained absent until 6 months after
CAR-T cell infusion. The levels of serum immunoglobulins
(Ig’s), including IgG, IgA, and IgM were below normal levels at
baseline, and decreased even further after CAR-T cell infusion.
At the 2-month follow-up evaluation, she was found to have
HBV reactivation (HBV DNA 2.18 × 103 IU/ml) without ALT/
TB elevation or HBsAg seroconversion, and was successfully
treated with entecavir.

The second patient was a 59-year-old male who was
diagnosed with DLBCL 6 years before enrollment and had
relapsed after three lines of chemotherapy and radiotherapy.
The patient was also HBcAb+/HBsAb− at baseline. Grade 1
CRS occurred after CAR-T cell therapy and did not require
interventions with tocilizumab or corticosteroids. He achieved
CR by 3 months after CAR-T cell infusion, which is ongoing
Frontiers in Immunology | www.frontiersin.org 4
after 24 months of follow-up. qPCR detected anti-CD19 CAR
transgene from 7 days after CAR-T cell infusion, which was
sustained in the blood for more than 1 years. Consistently,
blood CD19+ B cells were absent from 7 days after CAR-T cell
infusion. The levels of serum IgG, IgA, and IgM, decreased
sharply by 41, 46 and 48%, respectively, during the first 3
months after CAR-T cell infusions, and have stayed at these low
levels ever since. At 2 months after the patient finished the 12-
month follow-up, that is, 14 months after CAR-T cell infusion,
he was admitted to hospital with fatigue, vomiting and
abdominal distension. He was found to have developed HBV
reactivation (HBV DNA 8.53 × 105 IU/ml with HBsAg
seroconversion and severe hepatitis with a significant
elevation of serum ALT level of 592.1 U/L (ULN 40 U/L) and
TB level of 35.4 umol/L (ULN 21 umol/L). He was treated with
entecavir which resulted in a gradual reduction of HBV DNA
and ALT/TB. At the last evaluation for the 24-month follow-up,
HBV DNA level was 1.11 × 103 IU/ml, and ALT/TB levels were
normal. He remains on entecavir afterwards.
DISCUSSION

There are few reports of HBV reactivation in patients with
resolved HBV infection receiving CAR-T cell therapy in the
literature. Strati P. reported a case of HBV reactivation after
discontinuing antiviral prophylaxis in a DLBCL patient with
HBsAg−/HBcAb+ at baseline receiving axicabtagene ciloleucel
(17). Han et al. reported a case of HBV reactivation in eight
patients with multiple myeloma and resolved HBV infection
receiving CAR-T cells targeting BCMA (18). In contrast, three
case series reported no reactivation among HBsAg−/HBcAb+
patients treated with single CART19 cell therapy (19–21). In
two of the series, the proportion of patients with positive
HBsAb was particularly high (90.9 and 85%, respectively)
and some of them received prophylactic nucleotide therapy.
Thus, the actual risk and severity of HBV reactivation in
patients with resolved HBV infection receiving CAR-T cells
remain unclear.
A B

FIGURE 1 | Overall survival (OS) (A) and progression free survival (PFS) (B) in the patients with resolved HBV infection after CAR-T cell therapy. ALL, acute
lymphoblastic leukemia; NHL, non-Hodgkinlymphoma.
July 2021 | Volume 12 | Article 638678
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In this study, we investigated the occurrence of HBV
reactivation after CART19 cell therapy in 30 consecutive
patients with resolved HBV infection without antiviral
prophylaxis. With a median follow-up of 12 months, the rate
of HBV reactivation in this cohort was 6.67%. Given that the
interval of HBV monitoring was not intense and our median
follow up was relatively short in this study, the true reactivation
rate in this population might be higher.

Although the use of entecavir in the two patients was effective
in controlling HBV reactivation in this study, high HBV DNA
level and severe hepatitis were observed at HBV reactivation in
patient 2. In this study, HBV DNA was monitored every month
in the first 3 months after CAR-T cell infusion and ≥3 months
thereafter. This follow-up schedule may have contributed to the
late detection of HBV reactivation and delayed instigation of
antiviral treatment in these patients. Thus, monthly monitoring
of HBV DNA could be important to identify patients in the
initial stages of HBV reactivation and prevent HBV reactivation-
related hepatitis and associated morbidity.

The time to HBV reactivation often occurs up to 12 months
after the last dose of anti-CD20-containing therapy, however,
delayed HBV reactivation (>12 months) still remains a concern
(1, 22). Regarding CAR-T therapy specifically, so far, most of the
published cases of HBV reactivation occurred within 6 months
post CAR-T cell therapy. In this study, we observed a case of late
reactivation occurring more than 1 year after CAR-T cell
therapy. The rationale is that CAR-T cells as “a living drug”
can persist in the blood for a prolonged period, which may cause
long-lasting B-cell aplasia and a corresponding persistent
reduction in immunoglobulin production (Supplementary
Figure 1), thus prompting this late reactivation event (23).
At HBV reactivation, the two patients had persistent blood
CAR-T cells, absence of blood CD19+ B cells and hypo
immunoglobulinemia (Figures 2B–D), which further support
the viewpoint. These observations also imply that monitoring
the persistence status of CAR-T cells in the blood in addition
to blood CD19+ B cells and serum immunoglobulin levels may
assist to determine the optimum interval and duration of HBV
DNA monitoring.

HBsAb seronegativity and prior treatment of rituximab
have been identified as a risk factor for HBV reactivation in
patients with HBV resolved infection (2, 24). In this study, as
only two patients experienced HBV reactivation, it was not
possible to determine clinical factors that could predict for
HBV reactivation. Nevertheless, it is interesting to note that
both patients were seronegative for HBsAb at baseline, which
suggests this factor may also be associated with an increased
risk of HBV reactivation in this population undergoing
CART19 cell therapy. In view of the higher incidence of
reactivation in HBsAb− patients compared to HBsAb+
patients in this cohort, prophylactic antiviral therapy may be
advisable in such patients. It has been known that rituximab
could induce B-cell depletion and also impact T-cell functions,
which may facilitate HBV replication (25). However, the
interval between the last use of rituximab and onset of HBV
reactivation in the two patients was longer than 12 months,
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suggesting that rituximab is a less likely sole contributor to
reactivation in our study. Yang et al.’s study further showed
that the duration of prior rituximab treatment or the interval
between rituximab-based chemotherapy and CAR-T cell
therapy in a group of patients has not been associated with
the risk of HBV reactivation (10).
CONCLUSIONS

This is the first and largest study to assess the true incidence of
HBV reactivation in patients with resolved HBV infection
receiving CART19 cell therapy without antiviral prophylaxis.
This study highlights that this population are at risk of
developing HBV reactivation and indicates that close
monitoring of HBV DNA is required in the absence of
antiviral prophylaxis and monitoring the persistence status of
blood CAR-T cells may help to determine the monitoring
duration of HBV DNA. In addition, antiviral prophylaxis is
recommended in the HBsAb-negative subpopulation. In order to
Frontiers in Immunology | www.frontiersin.org 6
design individual strategies to prevent HBV-related hepatitis
following CART19 cell therapy, further large-scale studies are
needed to identify risk factors and define the optimal duration
and intervals of HBV monitoring in this population.
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after CAR-Tcell infusion in the two patients with HBV reactivation. Arrows indicate the time at HBV reactivation in the two patients. m, month; pt, patient; PBMC,
peripheral blood mononuclear cells; Ig, immunoglobulin.
July 2021 | Volume 12 | Article 638678

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Li et al. CAR-T Cells and HBV Reactivation
AUTHOR CONTRIBUTIONS

PL, LZ, SY, WQ, and AL were responsible for study design,
data interpretation, and data analysis. PL wrote the manuscript.
All authors recruited patients and contributed to data collection.
All authors contributed to the article and approved the
submitted version.
FUNDING

This work was supported by funds from the National Natural
Science Foundation of China (Nos. 81830004, 81830006 and
82070168) and Science Technology Department of Zhejiang
Province (No. 2018C03016-1).
Frontiers in Immunology | www.frontiersin.org 7
ACKNOWLEDGMENTS

We would like to thank all people who gave kind advice
regarding the study design, experiments and language editing.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2021.638678/
full#supplementary-material

Supplementary Figure 1 | Dynamic changes of CAR copies/ug DNA,
percentage of CD19+ B cells in PBMC and serum levels of IgG, IgA and IgM after
CAR-T cell infusion in the patients without HBV reactivation. D, day; m, month;
PBMC, peripheral blood mononuclear cells; Ig, immunoglobulin.
REFERENCES
1. Huang YH, Hsiao LT, Hong YC, Chiou TJ, Yu YB, Gau JP, et al. Randomized

Controlled Trial of Entecavir Prophylaxis for Rituximab-Associated Hepatitis
B Virus Reactivation in Patients With Lymphoma and Resolved Hepatitis B.
J Clin Oncol (2013) 31(22):2765–72. doi: 10.1200/JCO.2012.48.5938

2. Seto WK, Chan TS, Hwang YY, Wong DK, Fung J, Liu KS, et al. Hepatitis B
Reactivation in Patients With Previous Hepatitis B Virus Exposure
Undergoing Rituximab-Containing Chemotherapy for Lymphoma: A
Prospective Study. J Clin Oncol (2014) 32(33):3736–43. doi: 10.1200/
JCO.2014.56.7081

3. Kusumoto S, Tanaka Y, Suzuki R, Watanabe T, Nakata M, Takasaki H, et al.
Monitoring of Hepatitis B Virus (Hbv) DNA and Risk of HBV Reactivation in
B-Cell Lymphoma: A Prospective Observational Study. Clin Infect Dis (2015)
61(5):719–29. doi: 10.1093/cid/civ344

4. Evens AM, Jovanovic BD, Su YC, Raisch DW, Ganger D, Belknap SM, et al.
Rituximab-Associated Hepatitis B Virus (HBV) Reactivation in
Lymphoproliferative Diseases: Meta-Analysis and Examination of FDA
Safety Reports. Ann Oncol (2011) 22(5):1170–80. doi: 10.1093/annonc/
mdq583

5. Perrillo RP, Gish R, Falck-Ytter YT. American Gastroenterological
Association Institute Technical Review on Prevention and Treatment of
Hepatitis B Virus Reactivation During Immunosuppressive Drug Therapy.
Gastroenterology (2015) 148(1):221–44.e3. doi: 10.1053/j.gastro.2014.10.038

6. Locke FL, Ghobadi A, Jacobson CA, Miklos DB, Lekakis LJ, Oluwole OO,
et al. Long-Term Safety and Activity of Axicabtagene Ciloleucel in Refractory
Large B-Cell Lymphoma (ZUMA-1): A Single-Arm, Multicentre, Phase 1-2
Trial. Lancet Oncol (2018) 20(1):31-42. doi: 10.1016/S1470-2045(18)30864-7

7. Park JH, Riviere I, Gonen M, Wang X, Senechal B, Curran KJ, et al. Long-
Term Follow-Up of CD19 Car Therapy in Acute Lymphoblastic Leukemia.
N Engl J Med (2018) 378(5):449–59. doi: 10.1056/NEJMoa1709919

8. Raje N, Berdeja J, Lin Y, Siegel D, Jagannath S, Madduri D, et al. Anti-BCMA
CAR T-Cell Therapy bb2121 in Relapsed or Refractory Multiple Myeloma.
N Engl J Med (2019) 380(18):1726–37. doi: 10.1056/NEJMoa1817226

9. Li M, Gan Y, Fan C, Yuan H, Zhang X, Shen Y, et al. Hepatitis B Virus and
Risk of non-Hodgkin Lymphoma: An Updated Meta-Analysis of 58 Studies.
J Viral Hepat (2018) 25(8):894–903. doi: 10.1111/jvh.12892

10. Yang C, Xie M, Zhang K, Liu H, Liang A, Young KH, et al. Risk of HBV
Reactivation Post CD19-CAR-T Cell Therapy in DLBCL Patients With
Concomitant Chronic HBV Infection. Leukemia (2020) 34(11):3055–9.
doi: 10.1038/s41375-020-0913-y

11. Wei J, Zhu X, Mao X, Huang L, Meng F, Zhou J. Severe Early Hepatitis B
Reactivation in a Patient Receiving anti-CD19 and Anti-CD22 Car T Cells for
the Treatment of Diffuse Large B-Cell Lymphoma. J Immunother Cancer
(2019) 7(1):315. doi: 10.1186/s40425-019-0790-y

12. Lee DW, Santomasso BD, Locke FL, Ghobadi A, Turtle CJ, Brudno JN, et al.
Astct Consensus Grading for Cytokine Release Syndrome and Neurologic
Toxicity Associated With Immune Effector Cells. Biol Blood Marrow
Transplant (2019) 25(4):625–38. doi: 10.1016/j.bbmt.2018.12.758

13. Li P, Dong N, Zeng Y, Liu J, Tang X, Wang J, et al. Chimeric Antigen Receptor
T-Cell Therapy: A Promising Treatment Modality for Relapsed/Refractory
Mantle Cell Lymphoma. Front Med (2020) 14(6):811–5. doi: 10.1007/s11684-
020-0740-6

14. Zhou L, Li P, Ye S, Tang X, Wang J, Liu J, et al. Different Sites of Extranodal
Involvement may Affect the Survival of Patients With Relapsed or Refractory
non-Hodgkin Lymphoma After Chimeric Antigen Receptor T Cell Therapy.
Front Med (2020) 14(6):786–91. doi: 10.1007/s11684-020-0751-3

15. Cheng AL, Hsiung CA, Su IJ, Chen PJ, Chang MC, Tsao CJ, et al. Steroid-Free
Chemotherapy Decreases Risk of Hepatitis B Virus (HBV) Reactivation in
HBV-carriers With Lymphoma. Hepatology (2003) 37(6):1320–8.
doi: 10.1053/jhep.2003.50220

16. Sonneveld MJ, Murad SD, van der Eijk AA, de Man RA. Fulminant Liver
Failure Due to Hepatitis B Reactivation During Treatment With Tocilizumab.
ACG Case Rep J (2019) 6(12):e00243. doi: 10.14309/crj.0000000000000243

17. Strati P, Nastoupil LJ, Fayad LE, Samaniego F, Adkins S, Neelapu SS. Safety of
CAR T-Cell Therapy in Patients With B-Cell Lymphoma and Chronic
Hepatitis B or C Virus Infection. Blood (2019) 133(26):2800–2.
doi: 10.1182/blood.2019000888

18. Han L, Zhou J, Zhou K, Zhu X, Zhao L, Fang B, et al. Safety and Efficacy of
CAR-T Cell Targeting BCMA in Patients With Multiple Myeloma Coinfected
With Chronic Hepatitis B Virus. J Immunother Cancer (2020) 8(2):1–10.
doi: 10.1136/jitc-2020-000927

19. Liu W, Huang W, Wang M, Lv R, Li J, Wang Y, et al. Risk of Hepatitis B
Reactivation is Controllable in Patients With B-Cell Lymphoma Receiving
anti-CD19 Car T Cell Therapy. Br J Haematol (2020) 191(1):126–9.
doi: 10.1111/bjh.16951

20. Cui R, Lyu C, Li Q, Jiang Y, Mou N, Yang Z, et al. Humanized Anti-CD19
Chimeric Antigen Receptor-T Cell Therapy Is Safe and Effective in
Lymphoma and Leukemia Patients With Chronic and Resolved Hepatitis B
Virus Infection. Hematol Oncol (2020) 39(1):75–86. doi: 10.1002/hon.2807

21. Wang J, Mou N, Yang Z, Li Q, Jiang Y, Meng J, et al. Efficacy and Safety of
Humanized anti-CD19-CAR-T Therapy Following Intensive Lymphodepleting
Chemotherapy for Refractory/Relapsed B Acute Lymphoblastic Leukaemia. Br J
Haematol (2020) 191(2):212–22. doi: 10.1111/bjh.16623

22. Pattullo V. Prevention of Hepatitis B Reactivation in the Setting of
Immunosuppression. Clin Mol Hepatol (2016) 22(2):219–37. doi: 10.3350/
cmh.2016.0024

23. Tsutsumi Y, Yamamoto Y, Ito S, Ohigashi H, Shiratori S, Naruse H, et al.
Hepatitis B Virus ReactivationWith a Rituximab-Containing Regimen.World
J Hepatol (2015) 7(21):2344–51. doi: 10.4254/wjh.v7.i21.2344

24. Kuo MH, Tseng CW, Lee CH, Tung CH, Tseng KC, Lai NS. Moderate Risk of
Hepatitis B Virus Reactivation in HBsAg(-)/HBcAb(+) Carriers Receiving
Rituximab for Rheumatoid Arthritis. Sci Rep (2020) 10(1):2456. doi: 10.1038/
s41598-020-59406-4
July 2021 | Volume 12 | Article 638678

https://www.frontiersin.org/articles/10.3389/fimmu.2021.638678/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.638678/full#supplementary-material
https://doi.org/10.1200/JCO.2012.48.5938
https://doi.org/10.1200/JCO.2014.56.7081
https://doi.org/10.1200/JCO.2014.56.7081
https://doi.org/10.1093/cid/civ344
https://doi.org/10.1093/annonc/mdq583
https://doi.org/10.1093/annonc/mdq583
https://doi.org/10.1053/j.gastro.2014.10.038
https://doi.org/10.1016/S1470-2045(18)30864-7
https://doi.org/10.1056/NEJMoa1709919
https://doi.org/10.1056/NEJMoa1817226
https://doi.org/10.1111/jvh.12892
https://doi.org/10.1038/s41375-020-0913-y
https://doi.org/10.1186/s40425-019-0790-y
https://doi.org/10.1016/j.bbmt.2018.12.758
https://doi.org/10.1007/s11684-020-0740-6
https://doi.org/10.1007/s11684-020-0740-6
https://doi.org/10.1007/s11684-020-0751-3
https://doi.org/10.1053/jhep.2003.50220
https://doi.org/10.14309/crj.0000000000000243
https://doi.org/10.1182/blood.2019000888
https://doi.org/10.1136/jitc-2020-000927
https://doi.org/10.1111/bjh.16951
https://doi.org/10.1002/hon.2807
https://doi.org/10.1111/bjh.16623
https://doi.org/10.3350/cmh.2016.0024
https://doi.org/10.3350/cmh.2016.0024
https://doi.org/10.4254/wjh.v7.i21.2344
https://doi.org/10.1038/s41598-020-59406-4
https://doi.org/10.1038/s41598-020-59406-4
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Li et al. CAR-T Cells and HBV Reactivation
25. Tsutsumi Y, Yamamoto Y, Shimono J, Ohhigashi H, Teshima T. Hepatitis B
Virus Reactivation With Rituximab-Containing Regimen. World J Hepatol
(2013) 5(11):612–20. doi: 10.4254/wjh.v5.i11.612

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Frontiers in Immunology | www.frontiersin.org 8
Copyright © 2021 Li, Zhou, Ye, Zhang, Wang, Tang, Liu, Xu, Qian and Liang. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
July 2021 | Volume 12 | Article 638678

https://doi.org/10.4254/wjh.v5.i11.612
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Risk of HBV Reactivation in Patients With Resolved HBV Infection Receiving Anti-CD19 Chimeric Antigen Receptor T Cell Therapy Without Antiviral Prophylaxis
	Introduction
	Patients And Methods
	Study Population
	CART19 Cell Therapy
	Monitoring of HBV Reactivation
	Analysis

	Results
	Patient Characteristics and Outcomes of CAR-T Cell Therapy
	HBV Reactivation and Hepatitis

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


