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Abstract
Background and Aims: Patients with overt or occult hepatitis B virus (HBV) infec-
tion receiving immunosuppressive treatments have a wide risk of HBV reactivation 
(HBVr). We performed meta- analysis with decision curve analyses (DCA) to estimate 
the risk of HBVr in HBsAg- negative anti- HBc- positive patients naïve to nucleos(t)ide 
analogues (NAs) receiving immunosuppressive treatments.
Approach and Results: Studies were identified through literature search until October 
2022. Pooled estimates were obtained using random- effects model. Subgroup analy-
ses were performed according to underlying disease and immunosuppressive treat-
ments. DCA was used to identify the threshold probability associated with the net 
benefit of antiviral prophylaxis in HBsAg- negative anti- HBc- positive patients. We se-
lected 68 studies (40 retrospective and 28 prospective), including 8034 patients with 
HBsAg negative anti- HBc positive. HBVr was 4% (95% CI 3%–6%) in HBsAg- negative 
anti- HBc- positive patients, with a significantly high heterogeneity (I2 69%; p < .01). 
The number- needed- to- treat (NNT) by DCA ranged from 8 to 24 for chemotherapy 
plus rituximab, from 12 to 24 for targeted therapies in cancer patients and from 13 to 
39 for immune- mediated diseases. Net benefit was small for monoclonal antibodies.
Conclusions: Our DCA in HBsAg- negative anti- HBc- positive patients provided 
evidence that NA prophylaxis is strongly recommended in patients treated with 
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1  |  INTRODUC TION

Patients with overt or occult hepatitis B virus (HBV) infection re-
ceiving immunosuppressive treatments for cancer and immune- 
mediated diseases have a wide range risk for HBV reactivation 
(HBVr).1–4 HBVr represents a potentially life- threatening event, 
especially when virology screening is not appropriately interpreted 
before starting immunosuppressive treatment.5–9 In the last years, 
there has been a large development of therapies targeting the im-
mune system that could increase the risk for HBVr10 and these 
drugs could interact with the host immune system involved in the 
regulation of HBV replication leading to the loss of the immune 
control.11

It is well known that the risk of HBVr is highly variable depend-
ing on patients and underlying disease characteristics and the class 
of immunosuppressive treatment,4,12 making it difficult to assess 
the net benefit of antiviral prophylaxis. Previous meta- analyses13–16 
have not established what are the risk thresholds and the cost- 
benefit ratio for indicating prophylaxis with nucleos(t)ide analogues 
(NAs) in patients with different diseases and virological status. 
Moreover, concerns remain about the quantitative assessment of 
the pooled risk of HBVr,17 given the issues related to quality of 
data and methodology used. Finally, the clinical and methodolog-
ical complexity in this setting is increased because a worldwide 
accepted, robust and conclusive estimate of the risk stratification 
of HBVr at individual patient level is lacking, being guideline rec-
ommendations mainly based on expert opinion.15 In the era of per-
sonalized medicine, the identification of risk thresholds for HBVr to 
guide physician decisions to administering NA prophylaxis or moni-
tor in clinical practice represents an unmet medical need, especially 
in the setting of HBsAg- negative anti- HBc- positive patients. In 
order to overcome all these limitations, we performed aggregate 
data meta- analysis followed by decision curve analysis (DCA) of 
studies evaluating the risk for HBVr in HBsAg- negative anti- HBc- 
positive patients without cirrhosis receiving immunosuppressive 
treatments to identify the HBVr thresholds associated with the 
best net benefit, when comparing the strategy of administer or not 
administer NA prophylaxis.

2  |  METHODS

2.1  |  Data source and searches

We performed this meta- analysis according to the Preferred 
Reporting Items for Systematic Reviews and Meta- Analyses state-
ment.18 Studies were identified through literature search, using 
PubMed, MEDLINE, Embase and Cochrane library. A string includ-
ing “HBV reactivation” or “hepatitis B reactivation” and the name 
of different immunosuppressive drugs potentially increasing the 
risk for HBVr was employed. The full search string is reported in 
Supplementary Materials. The search involved 12 physicians of 
different specialties, including Gastroenterology, Dermatology, 
Rheumatology, Neurology, Haematology and Oncology who ana-
lysed studies published until October 2022. The systematic search 
included reviews, meta- analyses, clinical trials and observational 
studies. To identify additional studies, the computer search was 
supplemented with manual searches of the reference lists of re-
views and studies retrieved. When the results of the same cohort 
were analysed in more than one publication, only the most recent 
and complete data were included in the meta- analysis. Finally, hand 
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chemotherapy combined with rituximab and could be appropriate in patients with 
cancer treated with targeted therapies and in patients with immune- mediated dis-
eases. Finally, in patients with cancer treated with monoclonal antibodies or with 
chemotherapy without rituximab, the net benefit is even lower.

K E Y W O R D S
chemotherapy, hepatology, meta- analysis, reactivation, systematic review

Key points

We analysed the risk of hepatitis B virus (HBV) reactivation 
in patients with prior HBV infection (HBsAg negative, anti- 
HBc positive) who are undergoing immunosuppressive 
treatments. For the first time, to the best of our knowl-
edge, we estimated the benefit of antiviral prophylaxis in 
terms of how many patients should receive antiviral proph-
ylaxis in order to effectively prevent HBV reactivation. We 
found that while the overall risk of reactivation is relatively 
low, certain treatments, especially chemotherapy com-
bined with rituximab, significantly increase this risk, while 
the risk is too low to recommend universal prophylaxis in 
patients with cancer treated with monoclonal antibodies 
or with chemotherapy alone.
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cross- reference check from the retrieved studies was performed 
to identify duplicated reports. Two authors (G.E.M.R. and Ci.C.) as-
sessed the eligibility of the studies, and the discordances in eligibility 
assessment of individual studies were solved by discussion.

2.2  |  Data study selection

Studies were included in the meta- analysis if they met the following 
criteria: (1) they included patients with negative HBsAg and posi-
tive anti- HBc treated with immunosuppressive drugs for oncologic 
or immune- mediated diseases; (2) they reported data on HBVr in pa-
tients who did not receive antiviral prophylaxis during immunosup-
pressive treatment; (3) they reported data on the number of patients 
developing HBVr during follow- up; and (4) they were available as 
full- text publication in English language. Studies were excluded if (1) 
they included only patients with cirrhosis, because this group of pa-
tients have a high risk of decompensation in case of HBVr and there-
fore the indication for prophylaxis depends mainly on the underlying 
liver disease (for studies including both patients with and without 
cirrhosis, only data on patients without cirrhosis were extracted, 
when available); (2) they included patients affected by other immu-
nosuppressive states (i.e. coinfection with human immunodeficiency 
virus); (3) they included patients with solid organ transplantation or 
haematopoietic stem cell transplantation; and (4) they were case re-
ports or case series (these latter defined as studies including and 
describing only patients with HBVr in the absence of a subgroup of 
patients without HBVr).

Study-  and patient- level variables were extracted from all eligible 
studies and entered into a structured database. Study- level variables 
included the name of the first author, publication year, region where 
the study was conducted, study design, number of centres (single 
vs multicentre) and the definition of HBVr. We classified the stud-
ies according to their definition of HBVr into three categories: (1) 
increasing in HBV- DNA from baseline (independently from X- log in-
crease from baseline levels), (2) appearance of HBV- DNA or HBsAg 
seroreversion and (3) other indirect definitions (as when defined as 
newly prescribed NA during follow- up or not specified). Patient- level 
variables included underlying disease needing immunosuppressive 
treatment (solid or haematological cancer vs. immune- mediated dis-
eases) and the type of treatment. In patients with cancer, treatments 
were classified as: conventional systemic chemotherapy (with and 
without rituximab), targeted therapies and monoclonal antibodies. 
In patients with immune- mediated diseases, treatments were classi-
fied as anti- tumour necrosis factor- alfa (anti- TNF- α), other monoclo-
nal antibodies and immunosuppressive therapies (Table S1).

2.3  |  Data extraction and quality assessment

All studies were assessed for study quality according to a checklist 
based on a modified version of the Newcastle- Ottawa quality as-
sessment scale,19 with discrepancies resolved by consensus among 

researchers. Studies were graded using the following parameters: (1) 
representativeness of the cohort, (2) ascertainment of exposure, (3) 
HBV status, (4) assessment of outcome and (5) adequacy of follow-
 up evaluation. Each parameter was given a numeric score from 0 to 2 
(Table S2). Studies with scores of 8 or greater were classified as high 
quality, with scores between 7 and 5 were classified as moderate 
quality and with scores lower than 5 were classified as low quality.

2.4  |  Data synthesis and analysis

The number of patients with HBVr was extracted as an outcome 
measure. Pooled estimates were obtained using a random- effects 
model with the generic inverse variance method. The method 
of moments estimator, proposed by DerSimonian and Laird, was 
used to assess between study variance.20,21 Heterogeneity was as-
sessed with the I2 statistic. We considered a priori subgroups based 
on study- level (geographic area, study design, number of centres, 
definition of HBVr and study quality) and patient- level variables 
(underlying disease needing immunosuppressive treatment and 
the type of treatment). Univariate and multivariate logistic meta- 
regression analysis was used to examine associations between pa-
tient-  or study- level covariates and the risk for HBVr. Variables with 
a p- value < .1 in univariate meta- regression analysis were included 
in multivariate meta- regression analysis. For all other analyses, a p 
value < .05 was considered statistically significant. Funnel plot was 
performed to evaluate asymmetry for potential publication bias.

2.5  |  Decision curve analysis

We performed a DCA for identifying threshold probabilities at which 
use of different strategies of NA prophylaxis will translate into maxi-
mum net benefit of preventing HBVr.22,23

DCA evaluated different NA prophylaxis strategies according 
to the risk of HBVr observed in the meta- analysis in comparison 
with default strategies of performing NA prophylaxis in all patients 
or none, allowing an assessment of overall benefit of NA prophy-
laxis. Particularly, two different NA prophylaxis strategies were pre- 
defined: (1) NA prophylaxis in patients with HBVr ≥5% and (2) NA 
prophylaxis in patients with HBVr ≥10%. Subsequently, DCA was 
performed for each treatment class.

In this setting, the unit of net benefit (y- axis) is true positive, that 
is HBVr successfully prevented by NA prophylaxis. Threshold prob-
ability (x- axis) represents the unit of preference of administering 
(or not) NA prophylaxis, and the relationship between preference 
and threshold probability can be explained by using odds. For ex-
ample, the risk of 10% is an odds of 1:9, meaning that we are will-
ing to administer 9 unnecessary NA prophylaxis (i.e. overtreatment) 
to successfully prevent 1 HBVr. This can be also interpreted as the 
“number- needed- to- treat” (NNT), where 10% is a NNT of 10.

The approach proposed by Hozo et al.24 was modified and ex-
tended to obtain DCA on meta- analytical data, as explained in 
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Supplementary Materials. R (The R foundation) was used to obtain 
all analyses and graphics.

3  |  RESULTS

3.1  |  Literature search results

Our primary search identified 818 articles. We excluded 353 stud-
ies because they were not consistent with our aim, including review, 
editorials and letters to the editor. In addition, duplicate articles 
were also removed. After identification and screening process, 116 
of initial studies were reviewed for inclusion and exclusion criteria 
(Figure S1). Finally, 68 studies were selected for meta- analysis.

3.2  |  Study characteristics

Table S3 shows the characteristics of 68 studies included in the 
meta- analysis.25–92 Overall, 8034 patients treated with immunosup-
pressive drugs were included in the meta- analysis. The number of 
patients included varied greatly among studies, ranging from 6 to 
1127. Fifty studies were performed in Asian countries, and 46 were 
single- centre studies. In 38 studies, HBVr was defined as increasing 
in HBV- DNA from baseline, whereas in 23 studies, it was defined as 
appearance of HBV- DNA or HBsAg seroreversion. Moreover, HBVr 
had other indirect definitions in 7 studies.

According to the underlying disease, 2075 (25.8%) patients were 
affected by hematologic cancer, 2034 (25.3%) were affected by 
solid cancer, and 3925 (48.8%) were affected by immune- mediated 
diseases.

According to treatment, 58 studies assessed treatments belong-
ing to the same drug class, while 10 studies assessed treatments be-
longing to different drug classes. In two out of these 10 studies,69,80 
data on patients treated with different drug class were extracted 
and analysed separately, as follows: the study from Tokmak et al.80 
included 246 patients undergoing chemotherapy and 266 undergo-
ing immunosuppressive treatments; the study from Papalopoulos 
et al.69 included 64 patients undergoing immunosuppressive treat-
ments and 84 patients undergoing anti- TNF. Among the remaining 
eight studies, seven assessed combination of anti- TNF plus immu-
nosuppressive drugs and were attributed to anti- TNF subgroup, 
while the other study assessed combination of chemotherapy and 
immune checkpoint inhibitors and it was attributed to chemother-
apy subgroup.

Finally, 2791 patients (34.7%) were treated with anti- TNF- α, 
1309 (16.3%) were treated with monoclonal antibodies for cancer, 
1184 (14.7%) were treated with chemotherapy alone, 837 (10.4%) 
were treated with targeted therapies for cancer, 779 (9.7%) were 
treated with chemotherapy plus rituximab, and 659 (8.2%) and 475 
(5.9%) were treated with immunosuppressive therapy and monoclo-
nal antibodies, respectively, for immune- mediated diseases.

3.3  |  Rate of HBVr

Overall, the pooled estimate of HBVr rate was 4% (95% CI, 3%–6%) 
(Figure 1). Heterogeneity was high (I2 = 69%) and statistically signifi-
cant (p < .01).

Subgroup analyses were performed to identify potential source 
of heterogeneity among studies (Table 1). HBVr rate was signifi-
cantly higher in studies conducted in Eastern countries (5.3%, 95% 
CI 3.8%–7.3%), compared with studies conducted in Western (2.3%, 
95% CI 1.3%–4.1%) (p- value for subgroup comparison .013). HBVr 
rate was similar between retrospective (4.1%, 95% CI 2.9%–5.8%) 
and prospective studies (4.9%, 95% CI 3.0%–8.1%) (p- value for sub-
group comparison .524) and between single- centre (4.5%, 95% CI 
3.1%–6.7%) and multicentre studies (4.6%, 95% CI 3.1%–6.9%) (p- 
value for subgroup comparison .949). HBVr rate was 6.2% (95% CI 
3.8%–9.8%) when HBVr was defined as appearance of HBV- DNA or 
HBsAg, 3.8% (95% CI 2.5%–5.6%) in studies that defined HBVr as 
increase in HBV- DNA from baseline and 2.7% (95% CI 1.0%–6.3%) 
in studies with indirect definitions of reactivation (p- value for sub-
group comparison .145).

The HBVr rate was 3.2% (95% CI 1.7%–6.1%) in studies classified 
as high quality, 5.6% (95% CI 3.6%–8.4%) in studies classified as low 
quality and 3.7% (95% CI 2.5%–5.6%) in studies with very low quality 
(p- value for subgroup comparison .265).

Heterogeneity maintained significantly high in all the subgroup 
analyses according to study- level variables, except in the subgroup 
of Western studies (I2 = 0%, p = .560), indirect definition of reacti-
vation (I2 = 0%, p = .750) and high- quality studies (I2 = 0%, p = .470).

HBVr rate was significantly higher in studies including hemato-
logic tumours (10.3%, 95% CI 7.7%–13.7%), compared with studies 
including immune- mediated diseases (3.1%, 95% CI 2.1–4.5%) and 
with studies including solid tumours (1.6%, 95% CI .5%–5.5%) (p- 
value for subgroup comparison <.001). Patients with cancer had a 
risk for HBVr of 11% (95% CI 7%–17%) when treated with chemo-
therapy plus rituximab, 1% (95% CI 0%–23%) when treated with che-
motherapy without rituximab, 7% (95% CI 2%–24%) when treated 
with targeted therapies and 4% (95% CI 2%–9%) when treated with 
monoclonal antibodies. Patients with immune- mediated diseases 
had HBVr rate of 4% (95% CI 2%–8%) when treated with other 
monoclonal antibodies, 3% (95% CI 2%–4%) with anti- TNF- α and 3% 
(95% CI 1%–9%) with immunosuppressive therapy (p- value for sub-
group comparison .182) (Figure 2).

3.4  |  Meta- regression

Univariate and multivariate logistic meta- regression analyses are 
shown in Table 2. Studies conducted in Eastern countries, haemato-
logical tumours, chemotherapy plus rituximab and targeted therapies 
were significantly associated with higher risk of HBVr by univariate 
analysis. Multivariate analysis showed that only chemotherapy plus 
rituximab was independently associated with higher risk of HBVr.
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    |  5CELSA et al.

F I G U R E  1  HBVr rate in the 68 studies included in the meta- analysis. HBVr, hepatitis B virus reactivation.
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6  |    CELSA et al.

3.5  |  Publication bias

The results of the funnel plot for publication bias of overall HBVr 
rate are shown in Figure S2.

3.6  |  Quality assessment

Methodologic quality scores (scale, 0–9) ranged from 4 to 9, and it is 
provided in Table S4. All of the studies had cohorts that were appro-
priately representative. Exposure ascertainment varied among the 
studies. Overall, eight studies showed high quality, while 22 were 
considered of very low quality and the remaining 38 showed a low 
quality.

3.7  |  Decision curve analysis

DCA is shown in Figure 3. At threshold probabilities lower than 2% 
(meaning that we are willing to administer a number of unnecessary 

NA prophylaxis higher than 49), the net benefit of prophylaxis strat-
egies based on risk of HBVr was not better than that of strategy 
to administer NA prophylaxis in all patients. At threshold probabili-
ties between 2% and 7% (meaning that we are willing to prevent 
one HBVr at the cost of a number of unnecessary NA prophylaxis 
between 49 and 13, respectively), the strategy of administering NA 
prophylaxis only in patients with HBVr ≥5% showed the best net 
benefit. At threshold probabilities between 7% and 14% (meaning 
that we are willing to prevent one HBVr at the cost of a number of 
unnecessary NA prophylaxis between 13 and 6, respectively), the 
strategy of administering NA prophylaxis only in patients with HBVr 
≥10% showed the best net benefit.

When evaluating the net benefit of NA prophylaxis according 
to treatment in patients with cancer, patients treated with chemo-
therapy plus rituximab showed the best net benefit at the cost of 
unnecessary treatments ranging from 8 to 24 (Figure 4B). In patients 
treated with chemotherapy without rituximab, only a small benefit 
was observed (Figure 4A). In patients treated with targeted thera-
pies, benefit was associated with a number of unnecessary treat-
ments ranging from 12 to 24 (Figure 4C), while in patients treated 

TA B L E  1  Rates of HBV reactivation according to study-  and patient- level variables.

Subgroups
Number of 
studies

Number of 
anti- HBc 
patients

Number of 
patients with 
rHBV

Pooled of rate of rHBV 
(95% CI) I2 (p- value)

p- value for 
subgroup 
comparison

Study- level variables

Geographical area

Western 18 979 9 .0233 [.0131; .0410] 0% (.56) .013

Eastern 50 7055 337 .0532 [.0385; .0732] 73.5% (<.01)

Study design

Retrospective 40 4209 198 .0409 [.0286; .0582] 53.6% (<.01) .524

Prospective 28 3825 215 .0499 [.0303; .0811] 77.5% (<.01)

Number of centres

Single centre 46 4408 148 .0454 [.0307; .0668] 73.2% (<.01) .949

Multicentre 22 3626 198 .0463 [.0306; .0694] 58.1% (<.01)

rHBV definition

Definition 1* 38 3050 77 .0378 [.0255; .0558] 58.2% (<.01) .145

Definition 2** 23 4713 267 .0616 [.0383; .0976] 81.0% (<.01)

Definition 3*** 7 271 2 .0257 [.0102; .0632] 0% (.75)

Quality

High 8 431 7 .0322 [.0168; .0609] 0% (.47) .265

Low 38 2795 131 .0556 [.0364; .0839] 67.0% (<.01)

Very Low 22 4808 208 .0373 [.0245; .0564] 62.4% (<.01)

Patient- level variables

Underlying disease

Immune- mediated 
diseases

37 3925 111 .0313 [.0215; .0454] 47.8% (<.01) <.001

Hematologic tumours 22 2075 191 .1030 [.0767; .1371] 63.9% (<.01)

Solid tumours 9 2034 44 .0164 [.0048; .0551] 62.6% (<.01)

*increasing in HBV-DNA from baseline (independently from X-log increase from baseline levels); **appearance of HBV-DNA or HBsAg 
(seroreversion); ***other indirect definitions (newly prescribed NA during follow up, or not specified).
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    |  7CELSA et al.

F I G U R E  2  HBVr rates according to the 
underlying disease and treatment. HBVr, 
hepatitis B virus reactivation.
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8  |    CELSA et al.

with monoclonal antibodies, only a small benefit was observed 
(Figure 4D). Finally, in patients with immune- mediated diseases, the 
benefit of NA prophylaxis was associated with a number of unnec-
essary treatments ranging from 13 to 39 (Figure 5).

4  |  DISCUSSION

This meta- analysis including more than 8000 HBsAg- negative 
anti- HBc- positive patients without cirrhosis with cancer or 
immune- mediated disease naïve to antiviral prophylaxis receiving 
immunosuppressive treatment showed a pooled HBVr rate of 4%. 
The highest net benefit associated to NA prophylaxis was observed 

in patients with cancer treated with chemotherapy with rituximab 
and targeted therapies, an intermediate net benefit was observed in 
patients with immune- mediated diseases, while the lowest net ben-
efit was observed in patients with cancer treated with monoclonal 
antibodies or with chemotherapy without rituximab.

All the previously published meta- analyses, as well as ours, 
showed a wide range of HBVr risk,14,93 with a high heterogeneity, 
depending on the underlying disease needing immunosuppressive 
treatment, the class of administered drug and finally the host HBV 
status. Moreover, this clinical heterogeneity combined with the lack 
of worldwide accepted consensus on the definition, methods and 
reporting of HBVr and biases in the selection of patients with differ-
ent characteristics led to the provisional recommendations mainly 

TA B L E  2  Univariate and multivariate meta- regression analysis of predictors of HBV reactivation.

Covariate

Univariate analysis Multivariate analysis

Beta
95% confidence 
interval p- value Beta

95% confidence 
interval p- value

Geographical area

Eastern .946 .193; 1.699 .056 1.165 −.222; 1.298 .166

Western REF - - REF

Study design

Retrospective −.344 −.960; .271 .272

Prospective REF - 

Number of centres

Multicentre −.163 −.820; .494 .494

Single centre REF - 

Definition of HBVr

Definition 1 .165 −.334; .663 .517

Definition 2 + 3 REF - 

Study quality

High −.260 −1.341; .820 .637

Low .563 −.075; 1.202 .118

Very low REF - 

Underlying disease

Haematological tumours 1.183 .643; 1.724 <.001*

Solid tumours −.450 −1.398; .497 .351

Immune- mediated diseases REF

Drug class

Chemotherapy plus rituximab (cancer) 1.479 .681; 2.278 <.001 1.286 .462; 2.109 .002

Targeted therapies (cancer) 1.213 −.0004; 2.426 .050 1.083 −.0113; 2.280 .076

Monoclonal antibodies (cancer) .762 −.080; 1.604 .076 .663 −.177; 1.502 .121

Other monoclonal antibodies (immune- 
mediated diseases)

.389 −.561; 1.340 .422 .317 −.621; 1.256 .507

Immunosuppressive therapies 
(immune- mediated diseases)

.206 −.889; 1.302 .711 .126 −.952; 1.205 .818

Chemotherapy without rituximab 
(cancer)

−.405 −1.581; 1.500 .959 −.213 −1.733; 1.306 .783

Anti- TNF- alfa REF - REF - 

*Underlying disease was not entered into the multivariate model together with drug class to avoid collinearity.
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based on expert opinion in the last published meta- analysis.15,17 
Similarly to all the six previously published meta- analyses,13,14,94–97 
also our study is affected by the low quality of included studies, 

the significantly higher heterogeneity and the lack of a worldwide 
accepted definition of HBVr. Indeed, it is not surprising that het-
erogeneity remained high even in the subgroup analysis according 

F I G U R E  3  Decision curve analysis comparing the net benefit of strategies of administering NA prophylaxis when HBVr is >5% or 10% 
with the strategies of treating all or none at different threshold probabilities in HBsAg- negative anti- HBc- positive patients. anti- HBc, anti- 
hepatitis B core antigen; HBsAg, hepatitis B surface antigen; HBVr, hepatitis B virus reactivation; NAs, nucleos(t)ide analogues.

F I G U R E  4  Decision curve analysis evaluating the net benefit of NA prophylaxis in HBsAg- negative anti- HBc- positive patients with cancer 
receiving: (A) chemotherapy without rituximab; (B) chemotherapy plus rituximab; (C) targeted therapies; and (D) monoclonal antibodies. anti- 
HBc, anti- hepatitis B core antigen; HBsAg, hepatitis B surface antigen; NAs, nucleos(t)ide analogues.
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to different definitions of HBVr. Therefore, aggregate data meta- 
analyses are not suitable tools to generate practical clinical rec-
ommendations in this setting. Waiting for individual patient- data 
meta- analysis, randomized controlled trials or carefully designed 
prospective studies, DCA could be a useful quantitative method-
ological tool to support clinical decision making.

Taking into account all the previously published evidence, although 
universal NA prophylaxis should be recommended in HBsAg- positive 
patients, in HBsAg- negative anti- HBc- positive patients the compari-
son between the strategies of treating all patients versus monitoring is 
challenging. In order to support physician decision making in anti- HBc- 
positive patients, we evaluated the net benefit of NA prophylaxis for 
preventing HBVr in clinically meaningful subgroups with an alternative 
methodology, represented by DCA. This tool allows the physician to 
balance between over-  and under- treatment, where overtreatment 
means that all patients will receive NA prophylaxis, while undertreat-
ment means not to treat a patient who will develop HBVr. We assessed 
the net benefit, defined as a measure of true positive (i.e. to effec-
tively administer NA prophylaxis in patients who will develop HBVr), 
by comparing two different strategies, according to HBVr probability. 
The first one consists in treating patients when HBVr is >5%, while 
the second one consists in treating only patients with HBVr >10%. 
We found that treating patients with HBVr >5% was associated with 
a higher net benefit when physicians are willing to successfully pre-
vent one HBVr at the cost of 49 to 13 unnecessary treatments (so- 
called the number- needed- to- treat [NNT]). Otherwise, the strategy of 
treating only patients with HBVr higher than 10% was favoured when 
physicians are willing to successfully prevent one HBVr at the cost of 
unnecessary treatments ranging from 13 to 6.

Since the estimate of the risk of HBVr remains highly variable, 
we calculated DCA in four different clinical scenarios, according 
to class of drug and underlying disease. In patients with cancer 
treated with chemotherapy plus rituximab, the NNT by DCA ranged 
from 8 to 24, suggesting that an aggressive strategy of treating all 
these patients with NA prophylaxis could be optimal, similarly to 
HBsAg- positive patients. In patients with cancer treated with tar-
geted therapies, the NNT ranged from 12 to 24, suggesting that 
either NA prophylaxis or close monitoring and on- demand NAs 
can be considered. In patients with immune- mediated diseases, 
NNT ranged from 13 to 39, suggesting that in these patients a con-
servative strategy of monitoring and on- demand NA prophylaxis 
could be the best strategy. Finally, in patients with cancer treated 
with monoclonal antibodies (including immune checkpoint inhibi-
tors [ICIs]), DCA showed only a small benefit, suggesting that only 
monitoring could be useful. Despite this evidence from DCA, most 
of studies evaluating the risk of HBVr during ICI treatment were 
conducted in patients receiving antiviral prophylaxis,90,98 due to 
the physicians' perception that the risk of HBVr is high in these 
patients. Although even in the DCA, a considerable overlap was 
observed between the different treatment classes in the ranges 
of NNT, it should be noted that when interpreting DCA results, 
the strategy with the highest expected utility should be chosen, 
irrespective of the size or statistical significance of the benefit and, 
theoretically, any improvement in net benefit is therefore worth 
having.23

This study suffers from several limitations. First, due to the lack 
of individual patient data, we were not able to perform meaningful 
subgroup analyses on treatment characteristics that could have a 

F I G U R E  5  Decision curve analysis evaluating the net benefit of NA prophylaxis in HBsAg- negative anti- HBc- positive patients with 
immune- mediated diseases. anti- HBc, anti- hepatitis B core antigen; HBsAg, hepatitis B surface antigen; NAs, nucleos(t)ide analogues.
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relevant impact on the risk of HBVr, such as the use of single versus 
combination treatments.

Second, our results cannot be applied to patients with cirrhosis, 
because studies including only cirrhotic patients have been excluded 
from our analysis. However, the threshold to start antiviral prophy-
laxis in these patients should be lower, given the high risk of death, 
hepatic decompensation and liver failure associated with HBVr.99

In conclusion, this DCA in HBsAg- negative anti- HBc- positive 
patients without cirrhosis with cancer or immune- mediated disease 
naïve to antiviral prophylaxis receiving immunosuppressive treat-
ment provided evidence that:

 (i) NA prophylaxis is clearly recommended in patients with cancer 
undergoing chemotherapy combined with rituximab.

 (ii) Either monitoring or NA prophylaxis could be appropriate in 
patients with cancer treated with targeted therapies and in pa-
tients with immune- mediated diseases.

 (iii) Monitoring and on- demand NAs could be recommended in pa-
tients with cancer treated with monoclonal antibodies or with 
chemotherapy without rituximab.
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