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Abstract 

Background Immunotherapy shows promise as a treatment option for various cancers. However, there is growing 
concern over potential complications from hepatitis B virus (HBV) reactivation after checkpoint blockade immu-
notherapy. Although most of the previous clinical trials on immune checkpoint inhibitors (ICIs) excluded patients 
with HBV, a few case reports and retrospective studies of HBV reactivation have been published. The aim of this study 
is to assess the risk of hepatitis B virus reactivation (HBVr) in patients receiving ICIs for advanced cancer.

Methods English and Chinese language literature published prior to April 30, 2023, was searched in PubMed, 
EMBASE, Web of Science, Cochrane, SinoMed, CNKI and Wanfang Data for studies reporting HBVr rates in cancer 
patients treated with ICIs. A pooled risk estimate was calculated for HBVr rates with 95% confidence intervals (CI).

Results Data from 34 studies including 7126 patients were retrieved and analyzed. The pooled HBVr rate in cancer 
patients treated with ICIs was 1.3% (I2 = 90.44%, 95% CI: 0.2–2.9%, P < 0.001). Subgroup analysis revealed that patients 
diagnosed with hepatocellular carcinoma (HCC), HBV carriers, and patients from Asian regions or in developing coun-
tries have a higher rate of HBVr.

Conclusions Our meta-analysis demonstrated a low risk of HBVr in patients treated with ICIs for advanced cancer. ICI 
treatment may be safely used in patients with existing HBV infection or chronic hepatitis B, accompanied by regular 
monitoring and appropriate antiviral prophylaxis if necessary.
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Background
Immunotherapy has emerged as a popular therapeu-
tic approach for cancer patients in recent years. How-
ever, the issue of hepatitis B virus reactivation (HBVr) 
has become a matter of increasing concern among some 
patients. Chronic hepatitis B represents a significant pub-
lic health problem worldwide, with a high prevalence in 
East Asia. There are approximately 316 million hepatitis 
B surface antigen (HBsAg)-seropositive patients, and an 
estimated 1.5 million new infections annually, particu-
larly in developing and impoverished countries [1]. Given 
the large number of HBV carriers, many cancer patients 
also have concurrent hepatitis virus infection, which pre-
sents a considerable challenge.

Immune checkpoint inhibitors (ICIs), which target 
programmed cell death protein 1 (PD-1), programmed 
cell death ligand 1 (PD-L1) and cytotoxic T lymphocyte 
antigen 4 (CTLA-4), have revolutionized cancer ther-
apy. As an increasing number of patients are exposed to 
these agents, the population eligible for ICI treatment 
continues to expand. However, patients with special clin-
icopathological characteristics, such as those with viral 
hepatitis, have often been excluded from clinical trials 
in the past, leading to a lack of efficacy and safety data 
[1–3].

Recent studies have shown that HBVr may occur in 
chronic hepatitis B (HBsAg-positive) patients or even in 
patients with resolved HBV (HBsAg-negative/HBcAb-
positive) infection during immunotherapy [4–6], which 
might cause a potentially fatal complication for cancer 
patients. Furthermore, HBVr could also cause interrup-
tion of antineoplastic therapy and impact overall survival. 
As the rate of HBVr and potential risk factors for HBVr 
in patients treated with ICI-based therapy remain unde-
fined, there is a lack of consensus among various organi-
zations regarding the optimal management strategies for 
this patient population [7, 8].

Evaluating the potential risk of viral reactivation dur-
ing ICI-based therapy could assist medical professionals 
in assessing the suitability of immunotherapy and may be 
useful for budget and cost-effectiveness analysis in phar-
macoeconomics studies. Herein, we performed a meta-
analysis to estimate the rate of HBVr in chronic carriers 
of HBsAg and patients with resolved hepatitis B who 
received ICI-based therapy for advanced cancer.

Methods
This systematic review and meta-analysis was performed 
in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment [9]. This study was registered in PROSPERO with 
registration number CRD42022330949.

Retrieval of studies
To retrieve relevant studies, we conducted a compre-
hensive search of multiple databases, including Pub-
Med, EMBASE, Web of Science and the Cochrane 
databases, covering literature prior to April 30, 2023, 
limited to the English language. Additionally, we 
searched the SinoMed (http:// www. sinom ed. ac. cn/ 
index. jsp), CNKI (https:// www. cnki. net/) and Wanfang 
database (https:// wanfa ngdata. com. cn/) prior to April 
30, 2023, limited to the Chinese language. Our search 
terms included cancer, tumor, ICIs (anti-PD-1, anti-
PD-L1, anti-CTLA-4), specific ICI names (nivolumab, 
pembrolizumab, atezolizumab, durvalumab, avelumab, 
ipilimumab, sintilimab, etc.), and relevant terms related 
to HBV flare or reactivation. The detailed search strat-
egy is provided in Additional file 1: Table S1.

The studies that were included in this meta-analysis 
had to meet the following criteria: (1) the study was 
conducted on human subjects and was either interven-
tional or observational; (2) the patients were diagnosed 
with a solid tumor and had received at least one cycle 
of ICI therapy; and (3) the study reported complete 
outcomes that measured the incidence of HBVr.

Studies published as case reports or series, editorials, 
comments, letters and review articles were excluded. 
Given the potential influence of other types of hepati-
tis, patients co-infected with hepatitis C virus (HCV), 
hepatitis A virus (HAV), hepatitis D virus (HDV), or 
hepatitis E virus (HEV) were excluded. Additionally, 
as the presence of active HBV replication may further 
exacerbate HIV-induced immune deficiency, patients 
co-infected with HBV and HIV were also excluded 
from the literature review. Overlapping patient data 
were comprehensively reviewed, prioritizing the study 
with the most useful and detailed information [10–16].

The initial screening of citations was based on the 
evaluation of their titles and abstracts. Subsequently, 
the full texts of relevant citations were further assessed 
to determine their eligibility for inclusion in the sys-
tematic review. Any conflicts among the researchers 
regarding study selection were resolved through discus-
sion, and by referring back to the original article until a 
consensus was reached between all authors.

Quality evaluation
We used the Newcastle‒Ottawa Scale (NOS) to assess 
the quality of each study based on patient selection, 
comparability of groups, and assessment of outcome 
[17]. Studies with less than six stars were considered 
relatively low quality and were excluded. Two inde-
pendent investigators evaluated the risk of bias, and 

http://www.sinomed.ac.cn/index.jsp
http://www.sinomed.ac.cn/index.jsp
https://www.cnki.net/
https://wanfangdata.com.cn/
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disagreements were resolved through discussion until a 
consensus was reached.

Data extraction
Two independent investigators screened the titles and 
abstracts for eligible studies according to the inclusion 
criteria, and any discrepancies were resolved through 
discussion among all authors. We extracted the follow-
ing information from the eligible articles: country/region, 
author, publication year, study type, number of patients, 
median age, HBV infection, tumor type, ICIs type, HBVr 
status, and use of antiviral drugs. For missing data, we 
contacted the authors of the studies for unreported data 
or additional details.

Outcome measures
The primary outcome for this review was the rate of 
HBVr in patients with preexisting HBV infection or 
chronic hepatitis B who received ICI treatment for malig-
nancies. HBVr was defined based on the American Asso-
ciation for the Study of Liver Diseases (AASLD) 2018 
hepatitis B guideline [18], the American Society of Clini-
cal Oncology (ASCO) 2020 HBV guidance [8] and other 
references [19], which was a relatively loose definition 
to include those patients with mild HBV increase and/
or HBsAg reappearance. It could be interpreted as fol-
lows: for HBsAg-positive patients, (1) a tenfold increase 
in HBV DNA from baseline levels; (2) a 2-log (100-fold) 
increase in HBV DNA compared with baseline levels; (3) 
HBV DNA ≥ 3 log (1000) IU/ml in a patient with previ-
ously undetectable levels (given that HBV-DNA lev-
els fluctuate); or (4) HBV DNA ≥ 4 log (10,000) IU/ml if 
the baseline level was not available; for HBsAg-negative 
patients, (1) detectable HBV DNA; or (2) HBsAg seror-
eversion (reappearance of HBsAg).

Statistical analysis
The probabilities of HBVr were estimated using a ran-
dom-effects model [20]. Cochran chi-square hetero-
geneity was adopted to determine whether there was 
statistically significant heterogeneity in the pooled esti-
mates. The I2 statistic was calculated as a measure of the 
degree of heterogeneity among selected studies, where I2 
values of 25%, 50% and 75% were considered low, mod-
erate and high degrees of heterogeneity, respectively. 
Significant heterogeneity was investigated by subgroup 
analysis. Publication bias assessment was not performed 
because the outcome measure was the single-group 
rate. All statistical analyses were conducted using Stata 

software (Version 16.0, Stata Corporation, College Sta-
tion, TX, USA).

Results
Characteristics of the included studies
As illustrated in the flowchart of the literature search strat-
egy (Fig. 1), a total of 12,384 articles were retrieved from the 
PubMed, EMBASE, Web of Science, Cochrane, SinoMed, 
CNKI and Wanfang databases. After removing duplicates 
and scrutinizing abstracts, 471 potentially eligible studies 
were identified, of which 34 studies with a total number of 
7126 patients were ultimately included in this meta-analysis 
(Table 1). HBVr events were reported in 16 of the included 
studies; but not in the remaining 18 studies. These selected 
studies were published between 2018 and 2023. In terms 
of geographical origin, 25 studies were conducted in Asia 
(17 from China, 3 from Singapore, 3 from the Republic of 
Korea, and 2 from Japan), 5 studies were from North Amer-
ica (United States), 3 were from Oceania (2 from Australia 
and 1 from New Zealand) and 1 was from Europe (Italy).

Pooled HBVr rate among cancer patients receiving ICIs
A total of 34 studies with a combined cohort of 7126 
patients were analyzed to assess the incidence of HBVr in 
patients receiving ICI-based therapy for advanced cancer. 
As shown in Fig. 2, the pooled HBVr rate was 1.3% (123 
reactivation cases out of 7126 patients). The risk esti-
mates for HBVr varied from 0 to 30.0%, indicating con-
siderable heterogeneity among the included studies (95% 
CI: 0.2–2.9%; I2 = 90.44%, P < 0.001). 

Subgroup analysis
In addition to the primary meta-analysis, various sub-
group analyses were performed to investigate the sources 
of heterogeneity and the impact of multiple factors on 
the risk of HBVr in cancer patients receiving ICIs.

In the subgroup analysis comparing HBVr rates 
between HCC and non-HCC patients (Fig.  3), the reac-
tivation rates in HCC and non-HCC patients were 1.9% 
(95% CI: 0–5.7%; I2 = 92.52%, P < 0.001) and 0.5% (95% CI: 
0–2.2%;  I2 = 72.37%, P < 0.001), respectively. There was a 
difference in the reported reactivation rate between HCC 
and non-HCC patients with significant heterogeneity.

In the subgroup analysis comparing HBVr rates between 
HBsAg-positive and HBsAg-negative patients (Fig. 4), the 
reactivation rates in HBsAg-positive and HBsAg-negative 
patients were 1.3% (95% CI: 0–4.5%; I2 = 87.44%, P < 0.001) 
and 0 (95% CI: 0–0; I2 = 0, P = 0.796), respectively. Patients 
with positive HBsAg status had a higher risk of HBVr than 
those with negative HBsAg status.
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Our analysis included 34 studies, of which 21 stud-
ies reported cases of HBVr in HBsAg-positive cancer 
patients, as presented in Additional file 2: Table S2. Con-
sidering the potential risk of HBVr in HBsAg-positive 
individuals, we performed a subgroup analysis of antivi-
ral therapy in this population. As shown in Fig. 5, in the 
comparison of HBVr rates between antiviral and no anti-
viral patients in HBsAg-positive patients, the reactivation 
rates in HBsAg-positive patients with or without antivi-
ral prophylaxis were 0.1% (95% CI: 0–1.4%;  I2 = 60.00%, 
P < 0.001) and 0.7% (95% CI: 0–7.2%;  I2 = 0, P = 0.894), 
respectively. Patients on antiviral prophylaxis were found 
to have a lower risk of HBVr than those without antiviral 
prophylaxis.

Given the regional variation in HBV patients distribu-
tion, we performed an analysis to determine whether 
the geographic origin of the included studies affected 
the reported rate of HBVr. (Fig. 6). Meta-analysis of the 
23 Asian studies showed a pooled HBVr rate of 1.8% 
(95% CI: 0.3–3.9%;  I2 = 92.77%, P < 0.001), whereas the 

reactivation rate in the 7 non-Asian studies was 0 (95% 
CI: 0–0; I2 = 0, P = 0.933). Our findings comparing HBVr 
rates between Asian and non-Asian patients indicate 
that the reported reactivation rate varied significantly 
between regions, with differences noted between Asian 
and non-Asian regions.

To investigate the influence of socioeconomic factors 
on the variable HBVr rates reported in different stud-
ies, we further analyzed the included studies based on 
their level of regional economic development as classi-
fied by the International Monetary Fund (IMF) (https:// 
data. imf. org/ docum ents/ WEOGr oups. pdf, accessed 
on 10 May 2023) (Fig.  7) comparison of HBVr rates 
between developing and developed countries/regions. 
The meta-analysis of the 14 studies in developing 
countries/regions showed a pooled HBVr rate of 2.9% 
(95% CI: 0.2–7.5%;  I2 = 91.85%, P < 0.001), whereas the 
reactivation rate in the 20 studies in developed coun-
tries/regions was 0.2% (95% CI: 0–1.0%;  I2 = 72.91%, 
P < 0.001). 
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Discussion
Our findings indicate that cancer patients exposed to 
ICIs have a measurable risk of HBV reactivation, which 
was estimated at 1.3%. ICI therapy can be considered 
close to a low risk factor, according to the threshold rec-
ommended by the AGA guideline for the prevention and 
management of HBVr, which defines an expected inci-
dence of < 1% of cases as low risk. It is also lower than the 
reported spontaneous reactivation rate of HBV [21–25].

HBV can evade attack by HBV-specific immune cells 
and persist in the host through the presence of latent 
covalently closed circular DNA (cccDNA) or low-level 

replicating HBV following infection. This immune bal-
ance disruption can lead to HBVr. As ICIs target the 
immune evasion mechanisms of cancer cells, there is 
concern about the potential for ICIs to induce HBVr [26]. 
However, some reports indicate that ICIs may reduce the 
HBV viral load and maintain undetectable serum levels 
of HBV-DNA [26, 27]. Basic research in HBV carriers has 
shown that PD-1 is highly expressed on HBV-specific T 
cells and that PD-1 inhibitors may restore T-cell function. 
Additionally, studies have suggested that CTLA-4 mono-
clonal antibodies can block regulatory T-cell activity and 
restore the ability of follicular helper T cells to clear HBV. 

Fig. 2 Pooled risk of HBVr among cancer patients with ICIs treatment. HBVr hepatitis B virus reactivation, ICIs immune checkpoint inhibitors, ES 
effect size, CI confidence interval
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In a phase I clinical study, PD-1 blockade was found to 
restore HBV-specific immune responses in patients with 
chronic HBV infection [28]. However, the underlying 
mechanisms of the effect of ICIs on HBV require further 
exploration.

It is worth noting that among all HBsAg-positive 
patients, the pooled reactivation rate was 0.7% in the 
subgroup without antiviral drug intervention, while it 
was 0.1% in the subgroup with concomitant antiviral 

prophylaxis. These findings suggest that HBsAg-pos-
itive patients should not be excluded from eligibility to 
receive ICIs, as long as standardized antiviral prophy-
laxis is ensured throughout the entire course of therapy. 
Further research is necessary to determine the optimal 
antiviral prophylactic strategies for different patient 
populations.

Subgroup analysis revealed that patients from Asian 
regions or developing countries/regions had a higher 

Fig. 3 Risk of HBVr between HCC patients and non-HCC patients. HBVr hepatitis B virus reactivation, HCC hepatocellular carcinoma, ES effect size, CI 
confidence interval
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rate of HBVr, which may be due to a higher preva-
lence of HBV carriers and lower socioeconomic sta-
tus [29]. These findings are consistent with the results 
from the subgroup analysis, which confirmed that 
patients who were HBV carriers had a higher rate of 
HBVr than those who were HBsAg-negative. Due to 

the prolonged and resource-intensive nature of can-
cer and HBV treatment, particularly when expensive 
ICIs are involved in the antitumor regimen, patients 
in these countries may not be able to afford long-term 
monitoring and antiviral prophylaxis for HBV, even if 
recommended by health care professionals. However, 

Fig. 4 Risk of HBVr between HBsAg positive patients and HBsAg negative patients. HBVr hepatitis B virus reactivation, HBsAg hepatitis B surface 
antigen, ES effect size, CI: confidence interval
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studies are warranted with confounding factors 
controlled.

Subgroup analysis confirmed that patients with HCC 
have a higher risk of HBVr than those without HCC. 
However, due to insufficient data, subgroup analysis for 
solid tumors other than HCC was not performed. Fur-
ther studies are needed to investigate whether patients 
with other types of solid tumors have different rates of 
HBVr when treated with ICIs.

This meta-analysis has several limitations that should 
be considered when interpreting the results. First, the 
study did not cover all types of ICIs and cancer types. 
Therefore, the findings may not be generalizable to all 
populations. Second, the majority of the included stud-
ies were retrospective, which may have led to high levels 
of selection bias. Third, significant heterogeneity among 
the existing studies made it difficult to accurately esti-
mate the risk of HBVr in HBV carriers or patients with 

Fig. 5 Risk of HBVr among HBsAg positive patients with or without antiviral prophylaxis. HBVr hepatitis B virus reactivation, HBsAg hepatitis B 
surface antigen, ES effect size, CI confidence interval
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resolved hepatitis B who received ICI-based therapy 
for advanced cancer. Additionally, it is crucial to care-
fully consider individual patient characteristics and 
treatment regimens when evaluating the risk of HBVr 
in this population. Despite these limitations, given the 
severe situation surrounding hepatitis B prevention and 

control and the urgent need for evidence-based infor-
mation, meta-analyses such as this are necessary. Fur-
ther research is needed to expand upon these findings 
and better understand the risks associated with ICI-
based therapy for advanced cancer in patients with hep-
atitis B.

Fig. 6 Risk of HBVr between Asian patients and non-Asian patients. HBVr hepatitis B virus reactivation, ES effect size, CI confidence interval
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Conclusions
This study shows a measurable and potentially low risk of 
HBVr in patients with ICI treatment for advanced can-
cer. For those who are HBsAg-positive, prophylactic use 
of anti-HBV agents should be seriously considered before 
immunotherapy starts. Further large-scale prospective 
studies are warranted to confirm the findings.
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