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Abstract
Hepatitis B virus (HBV) reactivation (HBV-R) and hepatitis related to HBV-R are well-recognized complications that occur in 
patients who have undergone cytotoxic chemotherapy or immunosuppressive therapy. The degree of HBV-R in this population 
varies from self-limited or asymptomatic hepatitis to acute liver failure, which may lead to life-threatening events. However, 
no established treatment or standard surveillance method exists for monitoring patients to predict the development of HBV-R 
during or after chemotherapy or immunosuppressive therapy, particularly regarding resolved HBV infection. Prophylactic 
antiviral agents and regular monitoring of HBV-DNA levels are known to be useful methods for preventing HBV-R; however, 
these methods require considerable financial resources, and such resources are limited in the endemic areas of HBV infec-
tion. Most patients with resolved HBV infection do not develop a hepatitis flare or self-limited HBV-R with only an increase 
in HBV DNA. However, some patients may develop HBV-R even 1 year or more after the last chemotherapy treatment. 
Therefore, predicting the development of HBV-R and its timing is difficult, and exploring markers that could help predict 
whether or when HBV reactivation occurs is necessary. In this review, we address the predictive risk factors for HBV-R in 
patients with resolved HBV infection, focusing on the ability of anti-HBs and anti-HBc to predict HBV-R. We conclude that 
the combination of anti-HBc and anti-HBs titers may be a reliable and useful predictor for managing HBV-R.
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Introduction

Hepatitis B virus (HBV) reactivation (HBV-R) is a well-
recognized complication that occurs in patients who have 
undergone cytotoxic chemotherapy or immunosuppressive 
therapy [1]. In 1975, Wands et al. first reported that patients 
with HBsAg developed hepatitis with an increase in HBsAg 
titer during chemotherapy [2]. In 1994, Chazouilleres et al. 
reported that de novo hepatitis arising from a resolved HBV 
infection or “occult” HBV was commonly found in patients 
who had undergone liver transplantation [3]. Moreover, in 

1999, Crespo et al. first reported the case of a patient with 
a resolved HBV infection who had acute liver failure after 
orthotopic liver transplantation [4]. However, currently, 
universal screening for HBV infection is not always per-
formed in patients diagnosed with cancer [1]. The degree of 
HBV-R in this population varies from self-limited or asymp-
tomatic hepatitis to acute liver failure, which may lead to 
life-threatening events [2, 5, 6]. The risk of HBV-R can be 
divided into 3 categories based on previous evidence: high 
(> 10%), moderate (1–10%), or low (< 1%) [7–9]. Gener-
ally, hepatitis B surface antigen (HBsAg)-negative, hepatitis 
B core antibody (anti-HBc)-positive patients with hepatitis 
that is considered resolved have a lower risk of HBV-R than 
do HBsAg-positive patients, especially if HBV-DNA lev-
els are elevated [10–13]. However, patients with resolved 
HBV infection who were treated with rituximab, which 
most B cell lymphoma patients use, are included in the high-
risk group. Retrospective studies conducted in lymphoma 
patients with resolved HBV infection who did not receive 
prophylaxis showed that HBV-R occurrence ranges from 2.7 
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to 24% [14–19]. A prospective study by Seto et al. reported 
that the cumulative rates of HBV-R at 6 months, 1 year, and 
2 years were 23%, 29%, and 45%, respectively [20]. The 
rates of HBV-R in the prospective study seem higher than 
those in a retrospective study, but the difference may depend 
on regular monitoring, the feasibility of regular monitoring 
or the clinical situation in the study, in addition to a differ-
ence in the definition of HBV-R.

In this review, we address the predictive risk factors for 
HBV-R in patients with resolved HBV infection, focusing 
on anti-HBs and anti-HBc. According to latest update of 
the American Association for the Study of Liver Diseases 
(AASLD) Guidelines in 2018, resolved HBV infection is 
defined by the sustained loss of HBsAg in a person who was 
previously HBsAg positive, with undetectable HBV-DNA 
levels and the absence of clinical or histological evidence of 
active viral infection [13]; in contrast, the previous AASLD 
Guidelines in 2016 defined a resolved HBV infection as the 
clearance of HBs and the acquisition of anti-HBsAg, with 
no mention of the HBV-DNA status [21]. Therefore, the 
definitions of resolved HBV infection used in the papers 
cited in this review differ subtly from this definition, e.g., 
HBsAg-negative and anti-HBc-positive without the mention 
of anti-HBs or HBsAg-negative and anti-HBs-positive and/
or anti-HBc-positive with or without HBV-DNA-negative 
as a component.

Guidelines on screening, monitoring 
and antiviral prophylaxis for HBV‑R

Several guidelines on the management of HBV infection 
have been published and updated for patients undergo-
ing chemotherapy or immunosuppressive therapy [7, 9, 
13, 21–26]. The 2007 AASLD guidelines recommend that 
patients with a high risk of HBV infection should undergo 
HBsAg screening, but no recommendation was made for 
HBsAg-negative, anti-HBc-positive patients [26]. Fur-
thermore, the updated 2009 and 2016 AASLD guidelines 
did not provide an updated description of immunosup-
pressive or chemotherapy-induced HBV-R [21–27]. The 
updated 2018 AASLD guidelines recommend that both 
HBsAg and anti-HBc should be used for HBV screening 
but not anti-HBs. If a patient is HBsAg-negative but anti-
HBc-positive, he or she should be carefully monitored; 
however, antiviral prophylaxis treatment is recommended 
for patients using drugs targeting B lymphocytes, such as 
rituximab, as well as those undergoing stem cell trans-
plantation [13]. The 2012 European Association for the 
Study of the Liver (EASL) guidelines recommend testing 
for HBsAg and anti-HBc in all patients who are candi-
dates for chemotherapy or immunosuppressive therapy 

[7, 27]. Recently, EASL guidelines updated in 2017 rec-
ommended starting oral antiviral prophylaxis when a 
patient was taking drugs targeting B lymphocytes such 
as rituximab and in high-risk HBV-R cases in addition to 
monitoring. [25]. The 2012 Asian Pacific Association for 
the Study of the Liver (APASL) guidelines recommend 
screening only for HBsAg and additional testing for anti-
HBc in cases in which a patient uses biologics such as 
rituximab or anti-tumor necrosis factor-α [22]. Further-
more, the updated 2015 APASL guidelines recommended 
that HBsAg-negative, anti-HBc-positive patients with or 
without anti-HBs positivity should be closely monitored 
by the detection of HBV DNA during treatment and for 
at least 12 months after cessation. In particular, regard-
ing patients using rituximab, monitoring should be more 
frequent, and antiviral prophylaxis should be started upon 
confirmation of HBV DNA presence [24]. The 2014 Japan 
Society of Hepatology (JSH) guidelines recommend test-
ing for anti-HBs in addition to HBsAg and anti-HBc [23], 
although the role of anti-HBs screening prior to treatment 
has not yet been established [13]. If a patient is positive for 
HBsAg, prophylactic antiviral therapy is recommended; if 
a patient is HBsAg-negative but anti-HBc- or anti-HBs-
positive, the JSH guidelines recommend testing for HBV 
DNA and providing antiviral prophylaxis if HBV DNA is 
detectable. If HBV DNA is not detected, close monitor-
ing is recommended. Universal screening, monitoring and 
antiviral prophylaxis for HBV-R have not yet been estab-
lished, particularly for patients with resolved HBV infec-
tion, because of the difference in the prevalence of occult 
HBV infection and the high costs associated with testing 
for HBV and the administration of prophylactic treatment. 
Antiviral prophylaxis has been shown to decrease the risk 
of HBV reactivation [28], and the recent updated guide-
lines also recommend starting antiviral prophylaxis when 
using rituximab, which targets B lymphocytes, rather than 
monitoring if the patient is at high risk of HBV-R, [13, 25], 
although HBsAg-negative, anti-HBc-positive patients with 
rheumatological disease [29, 30] or inflammatory bowel 
disease [31] receiving biological agents have been success-
fully monitored without prophylaxis. However, prophylac-
tic antiviral agents or regular monitoring of HBV-DNA 
levels involves considerable financial resources; health 
care resources are limited because more than one-third 
of the world’s population (an estimated 257 million carri-
ers worldwide [32]) is exposed to HBV, and 75% of these 
individuals live in endemic areas, such as Japan, Southeast 
Asia and the Western Pacific regions [33, 34]. In such 
regions, universal HBV testing prior to immunosuppres-
sive treatment or chemotherapy is recommended [23, 24]. 
Therefore, an exploration of predictive factors for HBV 
reactivation and stratification of the risk of HBV-R among 
patients with resolved HBV infection are needed.
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Prediction of HBV‑R by anti‑HBs titers 
in patients with resolved HBV infection

Although only the JSH guidelines recommend testing for 
anti-HBs antibody prior to treatment, anti-HBs titers at 
baseline were known to predict the risk for developing 
HBV-R. Hsu et al. reported that in a group of lymphoma 
patients with resolved hepatitis B infection, patients with 
HBV-R were less likely to be positive for anti-HBs at base-
line, but no other clinical predictive factors for HBV-R 
exist [35]. Seto et  al. reported that negative anti-HBs 
(< 10 mIU/ml) at baseline was the only significant predic-
tive factor for HBV-R in patients with resolved hepatitis 
B infection [20]. By using multivariate analysis, Kusu-
moto et  al. also found that negative anti-HBs at base-
line (adjusted hazard ratio [HR], 20.6; 95% confidential 
interval [CI] 3.9–106) and anti-HBs at 10–100 mIU/ml 
(adjusted HR, 5.2; 95% CI 1.0–26) were independent risk 
factors for HBV reactivation compared with higher titers 
of ≥ 100 mIU/ml [36]. Cho et al. reported that patients 
with resolved HBV infection and high baseline anti-HBs 
(100 mIU/ml) experienced a significantly lower risk of 
HBV reactivation than patients with low baseline anti-HBs 
(< 100 mIU/ml) among patients without antiviral prophy-
laxis [37]. The authors suggested that patients with higher 
anti-HBs (≥ 100 mIU/ml) at baseline could be carefully 
monitored for alanine aminotransferase (ALT) and HBV-
DNA levels without antiviral prophylaxis [37].

A recent meta-analysis of 20 studies that included 
1672 patients with resolved HBV who received chemo-
therapy for hematological malignancies also revealed 
that anti-HBs positivity was associated with a decreased 
risk of HBV-R and concluded that future studies should 
examine the effects of anti-HB titers [38]. We previ-
ously reported that anti-HB titer cutoff values of 28 mIU/
ml using receiver operating characteristic (ROC) curve 
analysis can be used for predicting HBV-R (area under 
the curve (AUC), 0.725). Patients with lower anti-HBs 
titers (< 28 mIU/ml) experienced a significantly higher 
rate of HBV-R than patients with higher anti-HBs titers 
(p = 0.031) [19]. Based on these results, use of an opti-
mal cutoff value of anti-HB titers to predict HBV-R may 
be useful. However, whether anti-HBs positivity protects 
against reactivation remains uncertain; Seto et al. did not 
identify the cutoff levels of anti-HBs to address this ques-
tion [20]. Some studies showed a low risk of HBV-R in 
anti-HBc-positive, anti-HBs-negative patients [39, 40]. 
Moreover, some studies revealed that the anti-HBs titer 
decreased after chemotherapy or the administration of 
biologic agents [41–44]. We speculate that this variation 
in anti-HBs titers caused by treatment is the reason for 
the conflicting results. Therefore, anti-HBs-positive at the 

baseline may not be enough to suggest that the risk of 
HBV-R in patients in resolved HBV infection is relatively 
low (Table 1). Anti-HBs titers may actually indicate the 
underlying viral activity rather than acting as a protective 
factor. Individuals with inactive viral replication will have 
lower HBsAg levels and subsequently lower capacity to 
bind to anti-HBs to form complexes, leading to a higher 
detectable anti-HBs titer. Conversely, lower anti-HBs titers 
may reflect higher viral activity, with more HBsAg binding 
to anti-HBs, leading to a lower detectable anti-HBs titer.

Tables 1, 2, and 3 show the articles identified via a Med-
line search using the following terms: (HBV reactivation 
[ALL] AND lymphoma [ALL]) AND resolved hepatitis 
B [ALL]. Additional studies were located through manual 
searches of references. We excluded non-English publica-
tions, reviews, meta-analyses and publications not focusing 
on anti-HBs or anti-HBc titers.

Prediction of HBV‑R using a combination 
of anti‑HBc and anti‑HBs titers in patients 
with resolved hepatitis B infection

Recently, we published a paper reporting that the combina-
tion of anti-HBc and anti-HBs levels is useful for predict-
ing the development of HBV-R in lymphoma patients with 
resolved HBV infection [19]. Our results demonstrated that 
HBV-R occurred more often in lymphoma patients with 
higher anti-HBc titers at baseline than in patients with lower 
anti-HBc titers and suggested that anti-HBc was a significant 
predictive marker for HBV-R by univariate and multivariate 
analysis. Therefore, we set anti-HBc titer cutoff values that 
revealed 10 samples per cutoff (S/CO) using ROC curve 
analysis (AUC: 0.616). However, using a titer cutoff of 10 
S/CO for anti-HBc did not have sufficient predictive value 
because of low accuracy [19]. Therefore, we grouped the 
patients by a combination of a high (Chigh) or low anti-HBc 
titer (Clow) and high (Shigh) or low (Slow) anti-HBs titer. The 
ChighShigh and ChighSlow groups were collectively analyzed 
as Chigh because they had similarly high rates of HBV-R. 
Finally, we divided the patients into 3 groups according 
to HBV-R risk: Chigh, ClowSlow and ClowShigh. The HBV-R 
rates of the Chigh, ClowSlow and ClowShigh groups were 35.7% 
(5/14), 21.7% (5/23) and 0% (0/40), respectively. This study 
was, however, a single-center, retrospective study and had 
several limitations due to the nature of the study. Recently, 
Yang et al. conducted a prospective study of HBV-R in 
lymphoma patients with resolved HBV infection, and the 
authors also reported that the combination of anti-HBs and 
anti-HBc levels may predict HBV-R [45]. According to the 
ROC analysis, the anti-HBs and anti-HBc titer cutoff val-
ues for predicting HBV-R were 56.48 mIU/ml and 6.41 IU/
ml, respectively (Tables 2, 3), which suggests that anti-HBs 
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may be a better predictive marker than anti-HBc as a single 
marker. Further evaluation of the optimal cutoff titers may 
be needed, although they may depend on the region or the 
results of anti-HBc measurement assays.

Quantification and measurement of anti‑HBc

HBV has an inner nucleocapsid component of HBc antigen 
(HBc-Ag), which can usually be detected in the nucleus 
or cytoplasm of hepatocytes in the liver. HBV infection 
induces an immune response to HBc-Ag, producing an 
anti-HBc antibody [46] that may be the only serological 

marker for detecting chronic HBV infections and could 
potentially be a better marker than HBV DNA for HBV 
infection. HBV DNA is not detectable in most patients 
who are only anti-HBc positive [47], but low levels of 
HBV DNA cannot be excluded by a negative HBV DNA 
result. However, the standard of quantification of anti-
HBc may not yet have been established. Recent immuno-
assays for anti-HBc are remarkably specific, but instru-
ment failures and washing errors can occur, or serum 
sampling could be contaminated. Radioimmunoassay has 
been shown to be more specific than enzyme immunoas-
say for anti-HBc detection; however, radioimmunoassay 
is not currently available in clinical practice, and thus, 

Table 1   HBV reactivation 
in lymphoma patients with 
resolved hepatitis B according 
to anti-HBs titers

Anti-HBs levels with a lower limit of detection of 10 mIU/ml are defined as anti-HBs negative
*Chi-square test

HBV reactivation (+) HBV reactivation (−) p value*

Hsu et al. 2014 [35] Anti-HBs positive, N = 116 0.0107
N = 150 9, 7.8% 107, 92%

Anti-HBs negative, N = 34
8, 24% 26, 76%

Seto et al. 2014 [20] Anti-HBs positive, N = 49 0.0354
N = 63 11, 22% 38, 78%

Anti-HBs negative, N = 14
8, 57% 8, 57%

Kusumoto et al. 2015 [36] Anti-HBs positive, N = 220 0.0004
N = 220 12, 4.4% 208, 96%

Anti-HBs negative, N = 48
10, 21% 38, 79%

Lu et al. 2015 [64] Anti-HBs positive, N = 104 0.008
N = 150 0, 0% 104,100%

Anti-HBs negative, N = 46
4, 8.7% 42, 91%

Cho et al. 2016 [37] Anti-HBs titers ≥ 100 mIU/ml, N = 51 0.0050
N = 108 0, 0% 51, 100%

Anti-HBs titers < 100 mIU/ml, N = 57
8, 14% 48, 86%

Matsubara et al. 2017 [19] Anti-HBs titers ≥ 28 mIU/ml, N = 49 0.0178
N = 73 3, 6.1% 46, 94%

Anti-HBs titers < 28 mIU/ml, N = 28
7, 25% 21, 75%

Yang et al. 2018 [45] Anti-HBs titers ≥ 56.8 mIU/ml, N = 105 0.0001
N = 192 3, 2.9% 102, 97%

Anti-HBs titers < 28 mIU/ml, N = 87
18, 21% 69, 79%

Guo et al. 2018 [65] Anti-HBs titers ≥ 100 mIU/ml, N = 21
N = 166 0, 0% 0, 0%

Anti-HBs titers 10–100 mIU/ml, N = 97
8, 8.3% 89, 92%
Anti-HBs negative, N = 48
9, 19% 9, 19%
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enzyme immunoassays are mainly used. Interestingly, 
however, 26% of patients who were positive only for anti-
HBc by enzyme immunoassay were found to be negative 

for anti-HBc after retesting by radioimmunoassay [48]. 
Although WHO has a standard for anti-HBc to quantify 
concentrations of antibodies, no FDA-approved confirma-
tory assay for anti-HBc is available. The Architect chemi-
luminescent microparticle immunoassay (CMIA) and 
double-antigen sandwich enzyme-linked immunosorb-
ent assay (ELISA) are available for measuring anti-HBc 
titers. Compared with those assays, sandwich ELISA has a 
two- to fourfold higher analytical sensitivity and a higher 
sensitivity and specificity than Abbott Architect CMIA 
(97.1% and 99.7% vs. 99.7% and 100%, respectively) [49]. 
The Japanese Red Cross blood centers have reported that 
blood donors with low anti-HBc titers between 1.0 and 
11.9 S/CO could have low amounts of HBV DNA, sug-
gesting occult HBV infection, and a higher anti-HBc titer 
above 12.0 S/CO is more likely to suggest past or present 
infection [50]. Recently, Caviglia et al. demonstrated that 
an anti-HBc titer above 4.4 on the CO index was indepen-
dently associated with the detection of intrahepatic HBV 
cccDNA using an in-house droplet digital PCR assay [51]. 
Recently hepatitis B core-related antigen (HBcrAg) has 
also been identified as a significant risk factor for HBV 
reactivation in a prospective study [52]. However, based 
on the above evidence, a lower titer of anti-HBc may have 
a possibility of false-positive or false-negative results. 
Therefore, predicting HBV-R among patients with a lower 
anti-HBc titer may not be enough. Our proposed cutoff 
titer of approximately 10 S/CO for predicting HBV-R is a 
relatively high titer and seems to be within the error toler-
ance level. In addition, the combination of anti-HBc and 
anti-HBs titers may be a more reliable and useful predictor 
for managing HBV-R.

Table 2   HBV reactivation 
in lymphoma patients with 
resolved hepatitis B according 
to anti-HBc titers

*Chi-square test

HBV reactivation (+) HBV reactivation (−) p value*

Chen et al. 2015 [66] Anti-HBc positive, N = 55 0.001
N = 165 6, 11% 49, 89%

Anti-HBc negative, N = 110
0, 0% 110, 100%

Matsubara et al. 2017 [19] Anti-HBc titers > 10 mIU/ml, N = 14 0.0052
N = 77 5, 36% 9, 64%

Anti-HBs titers < 10 mIU/ml, N = 63
5, 7.9% 58, 92%

Yang et al. 2018 [45] Anti-HBc titers ≥ 6.41 mIU/ml, N = 69 0.0003
N = 197 15, 22% 54, 78%

Anti-HBc titers < 6.41 mIU/ml, N = 123
6, 5% 117, 95%

Guo et al. 2018 [65] Anti-HBc positive, N = 118 0.021
N = 166 8, 6.8% 110, 93%

Anti-HBc negative, N = 48
9, 19% 39, 81%

Table 3   HBV reactivation in lymphoma patients with resolved hepa-
titis B according to combination anti-HBs and anti-HBc titers

In Matsubara et  al. [19], the authors collectively analyzed the 
ChighShigh and ChighSlow groups as one Chigh group because they had 
similarly high rates of HBV-R. The HBV-R rates of the Chigh, ClowSlow 
and ClowShigh groups were 35.7% (5/14), 21.7% (5/23) and 0% (0/40), 
respectively. The Chigh and ClowSlow groups experienced significantly 
higher rates of HBV-R than did the ClowShigh group (p ≤ 0.0001 and 
p = 0.002, according to the Kruskal–Wallis non-parametric test)
Yang et  al. [45] showed that either Chigh or Slow was significantly 
associated with a higher risk of HBV reactivation (HR: 4.52 and 8.48, 
p = 0.0018, p = 0.00006, respectively) using the Cox proportional haz-
ards model

No. of patients No. of HBV 
reactivation

Matsubara et al. 2017 [19]
 Cutoff titers: anti-HBc 10 S/CO, anti-HBs 28 mIU/ml
  ChighSlow 9 2, 22%
  ChighShigh 5 3, 60%
  ClowSlow 23 5, 22%
  ClowShigh 40 0, 0%

Yang et al. 2018 [45]
 Cutoff titers: anti-HBc 6.41 IU/ml, anti-HBs 56.48 mIU/ml
  ChighSlow 36 14, 39%
  ChighShigh 33 1, 3.0%
  ClowSlow 51 4, 7.8%
  ClowShigh 72 2, 2.8%
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How often and for how long should we 
continue HBV DNA monitoring?

The timing of onset of HBV reactivation can vary greatly 
depending on the host status. Onset may occur at any time 
from within the first 2 weeks of initiation of chemother-
apy to a year or more after the cessation of chemotherapy. 
Therefore, predicting the timing of HBV-R prior to therapy 
is difficult. Determining the duration of HBV DNA moni-
toring is a considerable problem with high medical costs. 
Recently, updated EASL guidelines indicated that high-
risk HBV-R patients should receive antiviral prophylaxis 
for at least 12 months (18 months for rituximab use) after 
cessation of treatment and discontinue it if the disease is 
under remission [25]. Monitoring should also continue for 
at least 12 months after antiviral prophylaxis. Similarly, a 
recent AASLD guideline says that high-risk patients using 
rituximab should receive antiviral prophylaxis for at least 
12 months after cessation of treatment, but the duration of 
monitoring was not addressed; however, patients without 
prophylaxis should be monitored for up to 12 months after 
the cessation of treatment [13]. For patients on immuno-
suppressive therapy, the JSH guidelines recommend that 
HBV-DNA levels should be monitored on a monthly basis 
for at least 6 months after commencement or alteration 
(including cessation) of treatment. After 6 months, the 
interval and duration should be tailored to the individual 
therapy regimen, but the guidelines do not describe the 
length of the monitoring period [23].

Generally, after chemotherapy or immunosuppressive 
therapy, most patients have been followed for approxi-
mately 1 year because most cases of HBV reactivation 
occurred within 1 year [53]. In clinical practice, the dura-
tion of HBV DNA monitoring depends on the individual 
physician in cases where patients achieve remission. Hui 
et al. reported that the median time to HBV-R in lymphoma 
patients with resolved HBV infection was 18.5 weeks after 
starting chemotherapy (range 12–28 weeks) [6]. Earlier 
reports tended to show that HBV-R occurred within 1 year 
after the completion of chemotherapy or immunosuppres-
sive therapy. Cases of HBV-R occurring beyond 1 year 
after the completion of treatment are described as late 
onset. In particular, patients using rituximab should be 
monitored [54, 55]. A recent Japanese multicenter study 
revealed that 36% of patients with HBV-R were late-onset 
[56]. In a case report, Yamada et al. reported a late-onset 
flare hepatitis case in which a lymphoma patient with 
resolved HBV infection developed HBV-R 33 months after 
the completion of chemotherapy with rituximab. There-
fore, late-onset HBV-R is not uncommon with increased 
awareness of HBV-R. This patient showed an anti-HBs 
titer of 52.9 mIU/ml and an anti-HBc titer of 9.9 (unit not 

described) at baseline. According to our criteria, he was 
classified into the ClowShigh group with a very low risk of 
HBV-R, even though his anti-HBc titers were borderline 
for our cutoff of 10 S/CO [57]. Interestingly, in our cohort, 
the Chigh group experienced a significantly shorter time to 
HBV-R than the ClowShigh group (p < 0.0001), which did 
not completely reactivate.

The frequency of HBV DNA monitoring is important as 
is the monitoring duration. The updated 2018 ASLD guide-
lines and the JSH guidelines recommend monitoring HBV-
DNA levels every 1-3 months [13, 23]. In addition, the JSH 
guidelines indicate that the interval of monitoring should be 
tailored to the individual therapy regimen [23].

In cases of liver transplantation, the maintenance of an 
anti-HBs titer > 100 IU/L by the administration of hepatitis 
B immunoglobulin (HBIG) is important for preventing HBV 
recurrence in HBV-DNA-negative patients before transplan-
tation, as confirmed by multicenter studies in Europe and the 
United States [58–62]; however, maintaining anti-HBs titers 
of more than 100 mIU/ml/ml by passive HBIG is expensive 
and inconvenient, and it is probably more feasible to admin-
ister antiviral prophylaxis [63]. Similarly, anti-HBs titers of 
more than 100 mIU/ml at the baseline can confer a low risk 
of HBV-R, but the anti-HBs titer decreases due to chemo-
therapy or immunosuppressive therapy [41–44]. Therefore, 
a higher titer of anti-HBs when stopping close monitoring 
or tailored monitoring may be a predictive marker because 
anti-HBs is considered a neutralizing antibody.

Conclusions and implications

Predictive risk factors for HBV-R in patients with resolved 
HBV infection undergoing high-risk immunosuppressive 
therapy are not still established and pose a challenge to 
researchers. The combination of anti-HBc and anti-HBs 
titers may be a reliable and useful predictor for managing 
HBV-R because anti-HBs is considered a neutralizing anti-
body for HBV infection, and anti-HBc titers may reflect the 
residual HBV replication in HBV-DNA-negative patients 
with resolved HBV infection. However, it is known that 
antibody titers change significantly during chemotherapy, 
and the decrease in anti-HBs titers may be more important 
for predicting HBV-R. To clarify the importance of anti-HBs 
and anti-HBc antibody titers to the prediction of HBV-R, 
we need to assess the changes in titers over time and their 
associations with the outcomes in the future; furthermore, it 
is necessary to identify patients who will most benefit from 
prophylactic nucleoside analog treatment.
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