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Abstract

Background—Bruton tyrosine kinase (BTK) inhibitors are used to treat B-cell hematologic 

malignancies. Ibrutinib has been associated with hepatitis B virus (HBV) reactivation. We 

sought to identify patients with hematologic malignancies who developed HBV reactivation after 

receiving first-generation (ibrutinib) or second-generation (acalabrutinib and zanubrutinib) BTK 

inhibitors.

Methods—We retrospectively studied all consecutive patients with hematologic malignancies 

with past HBV infection (HBV surface antigen [HBsAg] negative and hepatitis B core antibody 
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[anti-HBc] positive) or chronic HBV infection (HBsAg positive and anti-HBc positive) treated 

with BTK inhibitors at our institution from November 1, 2015, through November 1, 2022.

Results—Of 82 patients initially identified, 53 were excluded (11 because of false-positive 

anti-HBc results, and 42 because they were receiving anti-HBV prophylaxis owing to recent 

receipt of anti-CD20 monoclonal antibodies). The 29 remaining patients were further analyzed 

and 3 (10%; 2 of 28 with past and 1 of 1 with chronic HBV infection) were found to have HBV 

reactivation. One patient received ibrutinib, and 2 received acalabrutinib. All developed HBV-

associated hepatitis requiring anti-HBV therapy and survived. One patient continued receiving 

acalarutinib. Among the patients with past HBV infection, 13 received ibrutinib and 1 (8%) had 

HBV reactivation; 14 received acalabrutinib and 1 (7%) had HBV reactivation (P = 1.0).

Conclusions—HBV reactivation risk is intermediate in patients with past HBV infection who 

receive BTK inhibitors. For patients with past HBV infection who received BTK inhibitors, 

data are insufficient to recommend universal anti-HBV prophylaxis, but monitoring for HBV 

reactivation is warranted.

Microabstract

Bruton tyrosine kinase (BTK) inhibitors are used to treat B-cell hematologic malignancies and 

may cause hepatitis B virus (HBV) reactivation. We retrospectively analyzed the case of HBV 

reactivation in infected patients receiving BTK inhibitors. Reactivation occurred in 3 of 29 

patients, including 2 of 28 with past HBV infection, suggesting that monitoring for reactivation is 

warranted in this scenario.
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Introduction

Ibrutinib, acalabrutinib, and zanubrutinib are small molecular inhibitors of Bruton tyrosine 

kinase (BTK) indicated for the treatment of chronic lymphocytic leukemia (CLL), 

mantle cell lymphoma (MCL), marginal zone lymphoma (MZL) and Waldenstrom 

macroglobulinemia (WM).

Hepatitis B virus (HBV) reactivation has been reported sporadically among patients treated 

with ibrutinib, acalabrutinib, and zanubrutinib.1-3 Previous retrospective studies focused 

on the risk of HBV reactivation in patients with CLL or other hematologic malignancies 

receiving ibrutinib4,5. However, the frequency and risk of HBV reactivation in patients 

with hematologic malignancies treated with different types of BTK inhibitors remain 

unclear. In this study, we sought to identify patients with hematologic malignancies who 

developed HBV reactivation after receiving first-generation (ibrutinib) or second-generation 

(acalabrutinib, and zanubrutinib) BTK inhibitors.
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Methods

Study patients

In this retrospective study, we search electronic medical records to identify patients with 

past or chronic HBV infection and hematologic malignancies (CLL, MCL, MZL, and WM) 

treated with BTK inhibitors at The University of Texas MD Anderson Cancer Center during 

the period from November 1, 2015, through November 1, 2022. At our institution, patients 

with hematologic malignancies are routinely screened for HBV with tests for hepatitis 

B surface antigen (HBsAg) and hepatitis B core antibody (anti-HBc). Serum samples 

were tested for HBV DNA using the COBAS HBV assay (Roche Molecular Systems, 

Branchburg, NJ), which has a quantification range of 10 to 1,000,000,000 IU/mL (1.00 to 

9.00 log IU/mL). The study was approved by the Institutional Review Board.

Patients were excluded if (i) they had false-positive anti-HBc results or (ii) they were 

receiving anti-HBV therapy because they had received anti-CD20 monoclonal antibodies 

(MoAbs) within the previous 12 months. Patients with remote use of anti-HBV therapy or 

anti-CD20 MoAbs were included in this study.

For patients included in the study, data were assessed regarding demographics, cancer 

stage, cancer therapy, HBV characteristics, HBV treatment, and HBV-associated adverse 

outcomes (HBV-related hepatitis flare, liver failure, or death). HBV reactivation rates 

by BTK inhibitors were calculated in patients with past HBV infection; the rates were 

calculated in patients with past HBV infection because patients with chronic HBV infection 

are expected to be on antiviral therapy per US guidelines.6

Definitions

Past HBV infection was defined as negative HBsAg and positive anti-HBc test results. 

Chronic HBV infection was defined as positive HBsAg and positive anti-HBc test 

results.6,7 Liver biochemical tests (alanine transaminase, aspartate transaminase, alkaline 

phosphatase, and bilirubin), HBV serology, and HBV DNA were checked every 3 months as 

recommended by US guidelines.6,7

Positive anti-HBc test results were considered false positive if (i) the patient tested negative 

for anti-HBc and HBsAg before intravenous immune globin infusion and (ii) positive for 

anti-HBc after intravenous immune globulin infusion, and/or (iii) the patient tested negative 

for anti-HBc at repeat testing.5

In patients with past HBV infection, HBV reactivation was defined as one of the 

following: (i) HBV DNA became detectable or (ii) reverse HBsAg seroconversion occurred 

(reappearance of HBsAg). In patients with chronic HBV infection, HBV reactivation was 

defined as one of the following: (i) ≥2 log (100-fold) increase in HBV DNA compared 

to the baseline level, (ii) HBV DNA ≥3 log (1,000) IU/mL in a patient with previously 

undetectable HBV DNA, or (iii) HBV DNA ≥4 log (10,000) IU/mL if the baseline level was 

not available.6,7
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A hepatitis flare was defined as an increase in the alanine transaminase level to ≥3 times 

the baseline level and >100 U/L. HBV-associated hepatitis was defined as the presence 

of HBV reactivation with hepatitis flare. HBV-associated liver failure was defined as 

one of the following: (i) impaired synthetic function (total bilirubin level >3 mg/dL or 

international normalized ratio >1.5), (ii) ascites, (iii) encephalopathy, or (iv) death following 

HBV-associated liver failure due to HBV reactivation.6,7

Our follow-up period was defined as the time from initiation of BTK inhibitors until January 

31, 2023 (end of data collection), even for patients no longer on BTK inhibitors at that time.

Statistical analysis

Categorical variables were compared using Fisher’s exact test. The test was 2-sided, and P 

<0.05 was considered statistically significant. Statistical analyses were conducted using the 

software MedCalc (version 20.027; Ostend, Belgium).

Results

We identified 82 patients with hematologic malignancies who had past or chronic HBV 

infection and received BTK inhibitors during the study period. Fifty-three patients were 

excluded because of false-positive anti-HBc results after intravenous immune globulin 

infusion (11 patients), or concomitant anti-HBV prophylaxis (42 patients). Twenty-nine 

patients met our study criteria and were further analyzed (Figure 1).

Among the 29 patients studied, 28 (97%) had past HBV infection, and 1 (3%) had chronic 

HBV infection. Thirteen patients (45%) received ibrutinib, 15 (52%) received acalabrutinib, 

and 1 (3%) received zanubrutinib. Among the 29 patients, 21 (72%) had CLL and 20 (69%) 

received the BTK inhibitor as second-line or subsequent therapy (interquartile range [IQR], 

2 – 4 lines) (Table 1). The median duration of BTK inhibitor use was 25 months (IQR, 8 – 

47 months), and the median follow-up from BTK inhibitor therapy initiation was 25 months 

(IQR, 8 – 43 months). Fourteen patients received anti-CD20 MoAbs before BTK inhibitors. 

The median duration from the last anti-CD20 MoAb use to the initiation of BTK inhibitor 

therapy was 50 months (IQR, 35 – 60 months).

HBV reactivation rate and characteristics

Of the 29 patients treated with BTK inhibitors, 3 (10%) developed HBV reactivation (Figure 

1, Table 2). Of the 3 patients with HBV reactivation, 2 were male, 2 had past HBV 

infection, and all had received a BTK inhibitor as the second or subsequent line of therapy. 

All 3 patients developed HBV-associated hepatitis, and 2 also had HBV-associated liver 

failure. All received anti-HBV treatment and survived. One continued BTK inhibitor therapy 

(acalabrutinib) (Table 2). Among the 3 patients with HBV reactivation, the median duration 

of BTK inhibitor before reactivation use was 6 months, and the median follow-up from BTK 

inhibitor therapy initiation was 25 months.
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Case presentations

Details of the patient who developed HBV reactivation after ibrutinib were previously 

published by our group in this journal8 Details of the other 2 patients with HBV reactivation 

are as follows.

Patient 1 was a 92-year-old woman with chronic HBV infection and CLL diagnosed in 1998. 

She had been treated with an obinutuzumab (anti-CD20 MoAb)-based regimen at another 

institution. The last dose of obinutuzumab was administrated in June 2017. Entecavir was 

stopped in June 2018, which was 12 months after the last obinutuzumab dose. The patient 

received no cancer treatment from June 2018 through September 2020. In October 2020, 

acalabrutinib monotherapy was initiated because of relapsed CLL. The patient was not 

receiving anti-HBV prophylaxis. In December 2020, two months after starting acalabrutinib, 

the patient has an alanine transaminase level of 135 IU/L and a total bilirubin level of 

0.5 mg/dL. Further testing revealed an HBV DNA level of 13,000,000 IU/mL (7.11 log10 

IU/mL). Other infectious and noninfectious causes of liver failure were excluded, and HBV 

reactivation was diagnosed. Entecavir 0.5 mg orally daily was initiated, resulting in the 

normalization of liver function tests within 60 days after the start of therapy. The patient’s 

HBV DNA viral load decreased to low-grade HBV viremia (<10 IU/mL) in 14 months 

(Figure 2A). Acalabrutinib was continued.

Patient 2 was a 66-year-old man with past HBV infection and MCL diagnosed in 2017. 

He had been treated with a rituximab (anti-CD20 MoAb)-based regimen. The last dose 

of rituximab was administrated in October 2017. Entecavir was stopped in October 2018, 

which was 12 months after the last rituximab dose. The patient received no cancer treatment 

from October 2017 through August 2020. HBV DNA was undetectable during that period. 

In September 2020, acalabrutinib and venetoclax were initiated because of relapsed MCL. 

The patient was not receiving anti-HBV prophylaxis, and HBV DNA remained undetectable. 

In July 2022, 21 months after starting acalabrutinib, the patient was hospitalized for fatigue, 

anorexia, and jaundice. Laboratory values included an alanine transaminase 1,160 IU/mL 

and a total bilirubin level of 10.6 mg/dL. Further testing revealed the reappearance of 

HBsAg and an HBV DNA level 421,000,000 IU/mL (8.62 log10 IU/mL). Other infectious 

and noninfectious causes of liver failure were excluded, and the patient was diagnosed with 

HBV reactivation presenting as reverse seroconversion (reappearance of HBsAg; HBV DNA 

became detectable), and HBV-associated liver failure (total bilirubin level 10.6 mg/dL). 

Entecavir 0.5 mg daily orally was initiated, resulting in improvement of the liver function 

tests in 5 days and normalization of liver function tests within 30 days after the start of 

therapy. The patient’s HBV viral load decreased to low-grade HBV viremia (<10 IU/mL) in 

5 months (Figure 2B). Acalabrutinib and venetoclax were permanently discontinued.

HBV reactivation rates by BTK inhibitors in patients with past HBV infection

Of the 28 patients with past HBV infection who received BTK inhibitors, 13 received 

ibrutinib, of whom 1 (8%) developed HBV reactivation, and 14 received acalabrutinib, of 

whom 1 (7%) developed HBV. The rate of HBV reactivation was similar between ibrutinib 

(first-generation BTK inhibitor) and acalabrutinib (second-generation BTK inhibitor) (P 
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= 1.0). Only one patient received zanubrutinib, and that patient did not develop HBV 

reactivation.

Discussion

To our knowledge, this is the first study describing HBV reactivation in patients with 

different types of hematologic malignancies receiving first-generation or second-generation 

BTK inhibitors. All of the patients with HBV reactivation developed HBV-associated 

hepatitis and required antiviral therapy, and all experienced resolution of the HBV 

reactivation and survived.

The risk of HBV reactivation can be categorized as low (<1%), intermediate (1% - 10%), or 

high (>10%).9 In our study, 8% of the patients with past HBV infection receiving ibrutinib 

developed HBV reactivation. This finding is consistent with previous studies,1,4,10 which 

showed an intermediate risk (1% - 10%) of HBV reactivation in patients receiving ibrutinib 

(first-generation BTK inhibitor). Our study is the first to report the risk of HBV reactivation 

in patients receiving acalabrutinib (second-generation BTK inhibitor), which was 7%.

The HBV reactivation rate associated with BTK inhibitor therapy is impacted by 

previous or concomitant treatments for hematologic malignancies, including anti-CD20 

MoAbs, hematopoietic stem cell transplant, and intravenous immune globulin.6,11 

Hypogammaglobulinemia is the predominant inherent immune defect in patients with 

hematologic malignancies.12 Although BTK inhibitors result in partial reconstitution of 

humoral immunity, serum immunoglobulin G levels still decrease over time,13 which may 

cause the loss of protective immunity against HBV, leading to viral reactivation.

Several questions remain about the impact of BTK inhibitors on HBV replication. First, 

is there a dose-dependent risk of HBV reactivation? Second, can HBV reactivation occur 

months after completion of BTK inhibitor therapy, as reported after treatment with anti-

CD20 MoAbs?6 Given the unanswered questions, the appropriate duration of follow-up for 

HBV reactivation in patients treated with BTK inhibitors remains unknown.

This study has several limitations. First, this is a single-institution retrospective study with a 

small sample size. Second, only 1 patient received a zanubrutinib-containing regimen, so we 

could not ascertain the impact of zanubrutinib on HBV viremia. Third, venetoclax (a BCL-2 

inhibitor) could have played a role in the HBV reactivation in patient 2, but the contribution 

of venetoclax to HBV reactivation is unknown.

Conclusion

BTK inhibitor therapy appears to be associated with an intermediate risk of HBV 

reactivation in patients with hematologic malignancies. These cases of HBV reactivation can 

be severe, but they respond well to anti-HBV therapy. Our findings support that in patients 

with past HBV infection receiving BTK inhibitors, close monitoring with on-demand 

anti-HBV treatment at the first sign of significant reactivation is warranted. Prospective 

studies, including studies with a larger sample size of HBV-infected patients receiving BTK 

inhibitors, are needed to validate our results.
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Clinical Practice Points

• Bruton tyrosine kinase (BTK) inhibitors are used to treat B-cell hematologic 

malignancies.

• Hepatitis B virus (HBV) reactivation has been reported among patients treated 

with a first-generation BTK inhibitor (ibrutinib) and second-generation BTK 

inhibitors (acalabrutinib and zanubrutinib).

• We found an intermediate risk of HBV reactivation in patients with past HBV 

infection treated with ibrutinib (8%) or acalabrutinib (7%).

• At this time, data are insufficient to recommend universal anti-HBV 

prophylaxis for patients with past HBV infection who receive BTK inhibitors, 

but monitoring such patients for HBV reactivation is warranted.
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Figure 1. 
Patient selection and cases of HBV reactivation among the study patients.

Abbreviations: anti-HBc, hepatitis B core antibody; HBV, hepatitis B virus.

a. Patient with chronic HBV without antiviral prophylaxis.
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Figure 2. 
HBV reactivation in patients who received acalabrutinib.

A. Patient with chronic HBV infection.

B. Patient with past HBV infection.

Abbreviations: ALT, alanine transaminase; HBV, hepatitis B virus.
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Table 1.

Characteristic of patients with hematologic malignancies and past or chronic HBV infection receiving Bruton 

tyrosine kinase inhibitor therapy without antiviral prophylaxis (N=29)

Characteristic Total
(N=29)

Ibrutinib
(N=13)

Acalabrutinib
(N=15)

Zanubrutinib
(N=1)

Age, median (IQR), years 72 (67 - 79) 76 (71 - 82) 71 (66 - 76) 66

Sex

 Male 19 8 10 1

 Female 10 5 5 0

Race and ethnicity

 White 21 10 10 1

 Black or African American 4 3 1 0

 Hispanic or Latino 4 0 4 0

 Hematologic malignancy

 Chronic lymphocytic leukemia 22 12 9 1

 Mantle cell lymphoma 6 0 6 0

 Marginal zone lymphoma 1 1 0 0

 Waldenstrom macroglobulinemia 0 0 0 0

Type of HBV infection

 Past 28 13 14 1

 Chronic 1 0 1 0

HBsAg, median (IQR), IU/L 101 (6 - 231) 137 (13 - 231) 0 (0 - 214) 204

HBV reactivation 3 1 2 0

BTK inhibitors as first line of therapy 9 7 2 0

Duration of BTK inhibitors therapy, median (IQR), 
months

25 (8 - 47) 30 (3 - 50) 14 (11 - 37) 51

Cumulative BTK inhibitors dose, median (IQR), mg N/A 218,400 (42,000 - 
420,000)

84,000 (66,000 -222,000) 244,800

Follow-up period, median (IQR), months 25 (8 - 43) 48 (5-67) 21 (15 - 45) 81

Abbreviations: BTK, Bruton tyrosine kinase; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; IQR, interquartile range; N/A, not 
applicable.
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Table 2.

HBV reactivation in patients who received BTK inhibitors

Patient 1
(current
study)

Patient 2
(current
study)

Patient 3
(previous
report)8

Baseline characteristics

Age, years 92 66 68

Sex Female Male Male

Cancer CLL MCL MZL

History of anti-CD20 MoAb therapy Yes Yes Yes

HBsAg / Anti-HBs results + / − − / − − / −

HBV DNA, log IU/mL NA Undetectable Undetectable

BTK inhibitor administration before HBV reactivation

BTK inhibitor Acalabrutinib Acalabrutinib Ibrutinib

Concomitant cancer treatment No Venetoclax No

Treatment duration, months 2 21 6

Cumulative dose, mg 12,000 126,000 100,800

Laboratory data at time of HBV reactivation

Lymphocyte count, cells/mL 38,270 800 1,670

Bilirubin, mg/dL 0.5 10.6 5.3

AST / ALT, U/L 103/135 1,057/1,160 872/1293

INR 1.06 1.01 1.09

HBsAg + − +

HBV DNA, IU/mL 7.11 8.62 5.83

HBV-associated adverse outcomes

HBV-associated hepatitisa Yes Yes Yes

HBV-associated liver failurea No Yes Yes

Antiviral therapy and outcome

Antiviral therapy Entecavir Entecavir Entecavir

Survival at last follow-up Alive Alive Alive

BTK inhibitor continued Yes No No

Follow-up time, months 25 4 47

Abbreviations: +, positive; −, negative; ALT, alanine transaminase; anti-HBc: hepatitis B core antibody; AST, aspartate transaminase; BTK, Bruton 
tyrosine kinase; CLL, chronic lymphocytic leukemia; HBsAb, hepatitis B surface antibody; HBsAg, hepatitis B surface antigen; INR, international 
normalized ratio; MCL, mantle cell lymphoma; MoAb, monoclonal antibody; MZL, marginal zone lymphoma; NA, not available.

a.
Defined in the Methods section.
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