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Background/Aims: Rituximab is known to be associated with high hepatitis B virus (HBV) reac-
tivation rate in patients with resolved HBV infection and hematologic malignancy. However, data
regarding HBV reactivation (HBVr) in rheumatic patients receiving rituximab is limited. To assess
the HBVr rate in hepatitis B surface antigen (HBsAg)-negative patients receiving rituximab for
autoimmune diseases in a large real-world cohort.

Methods: From March 2006 to December 2019, 900 patients with negative HBsAg receiving at
least one cycle of rituximab for autoimmune diseases in a tertiary medical center in Taiwan were
retrospectively reviewed. Clinical outcome and factors associated with HBVr were analyzed.

Results: After a median follow-up period of 3.3 years, 21 patients developed HBVr, among whom
17 patients were positive for hepatitis B core antibody (anti-HBc) and four were negative. Thir-
teen patients had clinical hepatitis flare, while eight patients had HBsAg seroreversion without
hepatitis. Old age, anti-HBc positivity, undetectable serum hepatitis B surface antibody level at
rituximab initiation and a higher average rituximab dose were associated with a higher HBVr
rate. There was no significant difference in the HBVr risk between rheumatoid arthritis and other
autoimmune diseases. Among anti-HBc-negative patients, subjects without HBV vaccination at
birth had an increased risk of HBVr (4/368, 1.1%) compared with those who received vaccination
(0/126, 0%).

Conclusions: In HBV endemic areas where occult HBV is prevalent, anti-HBc-negative patients,
may still be at risk for HBVr after rituximab exposure. HBVr may still be considered in HBsAg-
negative patients developing abnormal liver function after rituximab exposure, even in patients
with negative anti-HBc. (Gut Liver 2023;17:288-298)
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INTRODUCTION

Hepatitis B virus (HBV) infection is a major health is-
sue in endemic areas such as Asian countries, and HBV re-
activation (HBVr) is a life-threatening complication.' The
risk of reactivation not only exists for patients with positive
hepatitis B surface antigen (HBsAg); patients with resolved
HBV were also reported to have HBVr after chemotherapy

or immunosuppressants, especially rituximab. A pooled
analysis of studies revealed a 16.9% reactivation rate in pa-
tients with resolved HBV receiving rituximab-containing
chemotherapy.’

Rituximab is one of the most important immunomodu-
lators in rheumatic diseases for its ability to deplete auto-
reactive B cells and subsequently decrease autoantibody
production. It has been approved to be used in rheumatoid
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arthritis (RA) and anti-neutrophil cytoplasmic antibody-
associated vasculitis by Food and Drug Administration and
European Regulatory Agency. It is also widely used and
investigated in severe autoimmune diseases, for example,
systemic lupus erythematosus (SLE), inflammatory myosi-
tis, Sjogren syndrome, systemic sclerosis, and antiphospho-
lipid syndrome.™ Patients with autoimmune diseases may
require long-term rituximab administration to maintain re-
mission and prevent relapses, although the optimal dosing
timing and interval remain controversial due to the com-
plex nature of autoimmune diseases.”® For HBsAg-positive
rheumatic patients receiving rituximab, the risk was as high

9,10
How-

as 30% to 60%, necessitating antiviral prophylaxis.
ever, for patients with resolved HBV, evidence was available
only in RA patients and the reported reactivation rates
were inconsistent, ranging from 0% to 10%." " In patients
receiving rituximab for other autoimmune diseases, the risk
of HBVr remains unclear.

Therefore, this study aims to assess clinical outcomes
and risk factors for HBVr in HBsAg-negative patients re-
ceiving rituximab for various autoimmune diseases in a

large real-world cohort.

MATERIALS AND METHODS

1. Study population

From March 2006 to December 2019, HBsAg-negative
patients receiving at least one cycle of rituximab for auto-
immune diseases at National Taiwan University Hospital
were retrospectively analyzed (Fig. 1). All patients under-
went hepatic function surveillance every 1 to 3 months
from rituximab initiation, and HBsAg and hepatitis B sur-
face antibody (anti-HBs) were measured when clinically

indicated.

The details of rheumatic diagnosis, age, comorbidity,
liver biochemical parameters, viral hepatitis B markers
(HBsAg, anti-HBs, and hepatitis B core antibody [anti-
HBc]), and immunoglobulin G (IgG) were recorded. The
autoimmune diseases of individual patients were defined
based on the updated classification criteria. The study was
approved by the Ethics Committee of National Taiwan
University Hospital (reference number: 202010014RINB)
in harmony with the Declaration of Helsinki. The in-
formed consent was waived because this design is a retro-
spective study.

The universal HBV vaccination program for all new-
borns started in Taiwan in 1986." All individuals born
after 1986 had received a 3-dose course of HBV vaccina-
tion at birth. Stratified by their birth date, patients born
before 1986 were classified as “unvaccinated cohort,” while
patients born after 1986 were classified as “vaccinated co-
hort” for analysis.

2. Rituximab treatment

All patients received the first cycle of rituximab, with
375 mg/m’ body surface area weekly for 4 consecutive
weeks for anti-neutrophil cytoplasmic antibody vasculi-
tis, or 500 to 1,000 mg rituximab twice within 14 days for
other autoimmune diseases. Further cycles for treatment
consisting of the same regimen were repeated with a 6- to
12-month interval for maintenance as clinically indicated.

3. Definition of HBVr and HBV hepatitis flare

An HBVr was defined as detectable HBV DNA or reap-
pearance of HBsAg in the serum (HBsAg seroreversion).
An HBYV hepatitis flare was defined as an alanine amino-
transferase increase for more than three times of baseline
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level and >100 U/L and concurrent HBVr," excluding
other possible causes.

4. Viral hepatitis B markers testing

The cutoff value for HBsAg positivity was 0.05 IU/mL
or 1.0 signal-to-cutoff ratio. The cutoff value for positive
anti-HBs and anti-HBc were 10 mIU/mL and 1.0 signal-

to-cutoft ratio, respectively. HBV viral load quantification
was based on Cobas TagMan HBV DNA assay (detection
limit at 20 IU/mL; Roche, Basel, Switzerland).

5. Statistical analysis
The results are presented as mean with standard devia-
tion or median with interquartile range for continuous

Table 1. Demographics, Baseline Characteristics and Medication in HBsAg-Negative Patients with and without HBV Reactivation

HBV reactivation

Characteristics Total (n=900) p-value
Positive (n=21) Negative (n=879)
Demographics, HBV serology and liver function at rituximab initiation
Age, yr 46.7£14.5 55.5+10.9 46.5£14.5 0.005*
Female sex 733 (81) 18(86) 715 (81) 0.82
Anti-HBc positivity" 406 (45) 17 (81) 389 (44) <0.001*
Baseline anti-HBs positivity 247 (75) 3(14) 244,(27) 0.008*
Baseline anti-HBs titers, mIU/mL 40.2 (10.1-297.7) 6.5(3.2-26.7) 48.6(12.1-260.5) 0.06
HBV vaccination at birth 137 (15) 0 137 (15) 0.06
Serum IgG, mg/dL 1,341.9+492.5 1,241.1+413.3 1,344.5+494.3 0.087
ALT, U/L 17.0 (12.0-23.0) 23.0(19.0-32.0) 17.0 (12.0-23.0) 0.044*
AST, U/L 21.0(17.0-27.0) 21.0(15.5-29.0) 21.0(17.0-26.0) 0.23
Fibrosis-4 score 1.01(0.65-1.58) 1.22(0.71-1.71) 1.01(0.66-1.59) 0.12
Underlying autoimmune diseases 0.83
Rheumatoid arthritis 129 (14) 2(10) 127 (14) -
Vasculitis* 50 (6) 1(5) 49 (6) =
Systemic lupus erythematosus 233 (26) 6(29) 227 (26) -
Systemic sclerosis 28(3) 1(5) 27 (3) -
Inflammatory myositis 38(4) 3(14) 35 (4) -
Mixed connective tissue disease 15(2) 0 15(2) =
Sjogren syndrome 130 (14) 3(14) 127 (14) -
IgG4-related disease 20(2) 0 20(2) -
Antiphospholipid syndrome 115(13) 2(10) 113(13) -
Unclassified connective tissue disease 69 (8) 1(5) 68(8) -
Other autoimmune disease® 73 (8) 2(10) 71(8) -
Other immunosuppressant exposure during rituximab treatment
Glucocorticoid 697 (77) 20(95) 677(77) 0.06
Hydroxychloroquine 704 (78) 15 (71) 689 (78) 0.40
Azathioprine 297(33) 9 (43) 288(33) 0.33
Sulfasalazine 137 (15) 2(9.5) 135(15) 0.82
Methotrexate 197 (22) 8(38) 189 (22) 0.13
Mycophenolate mofetil 21(2) 0 21(3) 0.94
Cyclophosphamide 93 (10) 4(19) 89(10) 0.32
Cyclosporine 23 (3) 0 23(3) 0.92
Leflunomide 122 (14) 3(14) 119 (14) 0.70
Average RTX dose, mg/day" 4.5(2.4-5.8) 4.5(2.4-5.8) 5.0 (4.3-8.1) 0.01*

Data are presented as meanSD, number (%), or median (interquartile range).

HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; anti-HBc, hepatitis B core antibody; anti-HBs, hepatitis B surface antibody; IgG, immu-
noglobulin G; ALT, alanine aminotransferase; AST, aspartate aminotransferase; RTX, rituximab.

*The p-value for between-group comparisons was calculated with the chi-square test or Fisher exact test for categorical variables and Mann-
Whitney U test or Student t-test for continuous variables. Statistically significant, p<0.05; "All patients had anti-HBc data, with 53% (n=473) ob-
tained at baseline; *Includes anti-neutrophil cytoplasmic antibody vasculitis, cryoglobulinemic vasculitis and unclassified vasculitis; SIncludes
autoimmune hemolytic anemia, immune thrombocytopenia, autoimmune encephalitis, autoimmune peripheral neuropathy, myasthenia gravis,
multiple sclerosis and neuromyelitis optica spectrum disorders, autoimmune optic neuropathy, autoimmune pancreatitis, autoimmune hepatitis,
primary biliary cirrhosis, interstitial pneumonitis with autoimmune features, autoimmune thyroid disease, and rapid progressive glomerulone-
phritis; "Calculated as the accumulated rituximab dose divided by the total rituximab exposure duration.
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variables. The chi-square test or Fisher exact test for cate-
gorical variables was used for between-group comparisons.
For continuous variables, the Mann-Whitney U test or
Student t-test was used. The cumulative incidence strati-
tied by different variables was calculated by the Kaplan-
Meier analysis and the significance was determined by the
log-rank test. Variables with p-value <0.2 in the univariable
Cox regression analysis are selected for multivariable re-
gression analysis. A p-value less than 0.05 was considered
statistically significant. All data were analyzed by R version
4.0.3 (R Foundation for Statistical Computing, Vienna,
Austria).

RESULTS

1. Study population

Nine hundred patients with a negative HBsAg were
enrolled. Four hundred and six patients had positive anti-
HBc and 494 patients had negative anti-HBc. The mean
age at rituximab initiation was 46.7 years, and 81% were fe-
male. The diagnoses of autoimmune diseases included RA
(n=129) and other autoimmune inflammatory rheumatic
diseases (n=771) (Table 1).

2. Incidence of HBVr
After a median follow-up period of 3.3 years (range, 0.5
to 13.9 years) and median cycles of rituximab of 5 (range,

1 to 32), 21 patients developed HBVr. Among them, 17
patients were positive for anti-HBc and four were negative.
Thirteen patients encountered clinical hepatitis flare, while
eight patients had HBsAg seroreversion without hepatitis
(Fig. 1). The incidence of HBV hepatitis flare was 3.4 per
1,000 person-years (total follow-up 3,797 person-years).

3. Factors associated with HBVr in HBsAg-negative
patients.

Patients with HBVr had an older age (55.5 years vs 46.5
years, p=0.005), a higher proportion of anti-HBc positiv-
ity (81% vs 44%, p<0.001), a lower proportion of anti-HBs
positivity (14% vs 27%, p=0.008) at rituximab initiation
and a higher average rituximab dose exposure (5.0 mg/
day vs 4.5 mg/day, p=0.01). There were no significant dif-
ferences in baseline IgG level, concomitant use of gluco-
corticoids or other immunosuppressants during rituximab
therapy (Table 1).

The multivariable Cox regression analysis demonstrated
that old age (adjusted hazard ratio [HR], 1.05; p=0.005),
presence of anti-HBc antibody (adjusted HR, 3.34;
p=0.035) and a higher average rituximab dose exposure
(adjusted HR, 1.22; p=0.007) were associated with higher
risk of HBVT, while anti-HBs positivity was associated with
lower risk (adjusted HR, 0.16; p=0.011) (Table 2).

Compared to RA patients, the diagnosis of other au-
toimmune inflammatory rheumatic diseases was not as-
sociated with a higher risk of HBVr (p=0.29) (Fig. 2A).

Table 2. Univariable and Multivariable Cox Regression Analysis for Risk Factors for HBV Reactivation in HBsAg-Negative Patients Receiving RTX

for Autoimmune Diseases

Univariable analysis

Multivariable analysis

Factor
HR (95% Cl) p-value HR (95% Cl) p-value

Age 1.06 (1.03-1.10) <0.001* 1.05 (1.02-1.09) 0.005*
Sex (male vs female) 0.79 (0.23-2.69) 0.73 - -
Anti-HBc positivity 5.54 (1.86-16.5) 0.002* 3.34(1.09-10.3) 0.035*
Baseline anti-HBs positivity 0.17 (0.04-0.68) 0.012* 0.16 (0.04-0.65) 0.011*
Baseline serum IgG level 1.00 (1.00-1.00) 0.34 - -
Baseline ALT level 1.00 (0.09-1.01) 0.60 - -
Other autoimmune diseases versus RA 2.16(0.50-9.31) 0.34 - -
Average RTX dose 1.28 (1.11-1.47) <0.001* 1.22(1.06-1.41) 0.007*
Concomitant glucocorticoid use during RTX 5.18 (0.69-38.7) 0.1 6.23(0.83-46.5) 0.075
Concomitant immunosuppressant during RTX

Hydroxychloroquine 0.49 (0.19-1.28) 0.14 - -

Azathioprine 1.16 (0.49-2.78) 0.72 - -

Sulfasalazine 0.42(0.10-1.81) 0.23 - -

Methotrexate 1.66 (0.68-4.04) 0.32 - -

Cyclophosphamide 1.69 (0.55-5.14) 0.42 - -

Leflunomide 0.82(0.24-2.81) 0.83 - -

HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; RTX, rituximab; HR, hazard ratio; Cl, confidence interval; anti-HBc, hepatitis B core
antibody; anti-HBs, hepatitis B surface antibody; IgG, immunoglobulin G; ALT, alanine aminotransferase; RA, rheumatoid arthritis.

*Statistically significant, p<0.05.
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Additionally, major autoimmune inflammatory rheumatic
diseases (with over 50 patients per disease in the study, in-
cluding systemic lupus erythematosus, Sjogren syndrome,
antiphospholipid syndrome, vasculitis, and unclassified
connective tissue disease) were not associated with higher
HBVr risks when compared with RA (Fig. 2B, Supplemen-
tary Table 1).

In patients with positive anti-HBc, a positive anti-HBs
antibody was associated with a lower risk of HBVr (HR,
0.13; 95% confidence interval, 0.03 to 0.56). No significant
associations were observed regarding age, baseline IgG lev-
el, different autoimmune diseases, and concomitant steroid
use in the Cox proportional hazard model (Supplementary
Table 2).

4. Clinical outcome of patients with HBVr

Tables 3 and 4 summarized the patient characteristics
of 21 individuals with HBVr. The time to HBVr from the
first rituximab ranged from 7 to 144 months (median, 58.5

292 www.gutnliver.org

months), and the median number of accumulated ritux-
imab cycles was 5 (Table 3).

Ten out of 13 patients with hepatitis received nucleo-
side/nucleotide analogues, either entecavir or tenofovir
alafenamide. Among these patients, eight had resolved
hepatitis within 3 to 9 months, one had persistent hepatitis,
and one died from hepatic failure. The other three patients
with hepatitis did not receive nucleoside/nucleotide ana-
logues, but their hepatitis resolved spontaneously within 2
to 3 months after discontinuation of rituximab. In patients
who developed HBsAg seroreversion without hepatitis,
six did not receive nucleoside/nucleotide analogues and
did not develop hepatitis after a median follow-up of 9.2
months from seroreversion (range, 4.3 to 19.2 months)
(Table 4).

5. HBVr in patients with negative anti-HBc antibody
Four patients developed hepatitis flare among 494 anti-
HBc-negative individuals (patient no. 1-4 in Tables 3 and
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Fig. 3. The clinical course of four hepatitis B core antibody (anti-HBc)-negative patients experiencing hepatitis B virus (HBV) hepatitis flare (patient
nos. 1-4 in Table 1). (A] A 57-year-old woman diagnosed with autoimmune optic neuropathy had HBV-associated hepatitis flare after five cycles of
rituximab (RTX). (B) A 46-year-old woman with inflammatory myositis; prior to HBV reactivation, there was an episode of alanine aminotransferase
(ALT) elevation with spontaneous resolution attributed to her myositis disease flare at that time. (C) A 69-year-old woman with Sjogren syndrome
and interstitial lung disease had hepatitis flare and died from hepatic decompensation. (D) A 59-year-old woman with inflammatory myositis also
had an episode of ALT elevation attributed to her myositis diseases flare prior to HBV reactivation.

T-bilirubin, total bilirubin; HBsAg, hepatitis B surface antigen; anti-HBs, hepatitis B surface antibody; S/CO, signal-to-cutoff ratio; ETV, entecavir;

TAF, tenofovir alafenamide; NA, not available.

4). In addition to a negative IgM-anti-HBc and high viral
loads at reactivation, all patients did not have a recent
blood transfusion or unprotected sexual behaviors, which
suggested that they had HBVr rather than acute HBV in-
fection. The detailed clinical courses of these patients were
summarized in Fig. 3.

No predominant clinical features were observed in these
four patients, except that they did not receive prior HBV
vaccination. Stratified by the vaccination status based on
their birth date, anti-HBc-negative patients without HBV
vaccination had a higher HBV hepatitis flare rate (4/368,
1.1%) than those with prior vaccination (0/126, 0%).

DISCUSSION

In this study, 21 out of 900 HBsAg-negative patients
developed HBVr after rituximab treatment for their au-
toimmune diseases after a median follow-up of 3.3 years.
There were 13 (1.4%) hepatitis flares and eight HBsAg se-
roreversion without hepatitis. While most of the reactiva-
tion developed in patients with positive anti-HBc antibody
(n=17), four reactivation events were observed in anti-
HBc-negative individuals. Stratified by vaccination status
(whether receiving HBV vaccination at birth), anti-HBc-
negative patients without vaccination were more likely to
have reactivation (4/368) than patients with vaccination
(0/126).

Current consensus recommended HBV status assess-
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ment before initiation of immunosuppressive therapy
to stratify the patients’ risk of HBVr. In cases of positive
HBsAg or anti-HBc, either initiating antiviral prophylaxis
or close monitoring should be provided.'*'*"
our study revealed that patients in HBV endemic areas
with negative anti-HBc, who should presumably be naive
to HBV infection, were also at risk of HBVr. This finding
is consistent with a prospective study from Japan, which
reported three RA patients with negative anti-HBc having
HBVr after receiving immunosuppressants.” In HBsAg-
negative patients, one possible mechanism of HBVr after
rituximab treatment is the presence of replication-compe-
tent HBV DNA in liver or blood, which is known as the
definition of occult HBV infection (OBI). Considering the
liver sample is not available in most patients and the fluc-
tuation of serum HBV DNA level, anti-HBc is the com-
monly used surrogate marker for diagnosing OBI. Howev-
er, the absence of anti-HBc does not exclude OBI in HBV
endemic area.” This is supported by epidemiologic studies

However,

in Taiwan and Iran, where the OBI is observed in 4.8% to
16% of patients with negative anti-HBc.”*
also reported that 1% to 20% OBI patients are “seronega-
tive” (negative anti-HBc and negative anti-HBs), which
is possibly caused by a progressive loss of HBc and HBs

. . . 21,24,25
antibodies over time.

Recent studies

In addition, a study in Taiwan
showed that universal HBV vaccination at birth decreased
OBI prevalence; in anti-HBc-negative patients without
vaccination, the OBI prevalence is as high as 4.8%, in con-
trast to 0% with HBV vaccination.” Our data also showed
that, the “unvaccinated group” had higher HBVr rate
(4/368, 1.1%) compared to that in the vaccinated group
(0/126). Therefore, we believe that a certain proportion of
anti-HBc-negative patients, especially those without prior
vaccination in HBV-endemic area, may have OB, like the
four anti-HBc-negative patients with HBVr in our study.
While the definite diagnosis of OBI is sometimes chal-
lenging at HBV-endemic area, the risk of HBVr in patients
with seronegative OBI should not be overlooked. Regular
follow-up of HBV serology should be considered in these
patients, when they are going to receive high-risk agents
such as rituximab.

Previous studies regrading rituximab-associated HBVr
primarily focused on patients with hematologic malignan-
cies and RA, and the data of other autoimmune diseases
are scarce.”'"" Tt was reported that systemic autoimmune
diseases, such as SLE, had higher rates of opportunistic
infections than RA.*® A retrospective study also revealed
3/157 (1.9%) anti-HBc-positive patients with SLE experi-
encing HBsAg seroreversion after receiving immunosup-
pressants.” Our study shows that the HBVr rate is numeri-
cally higher in patients with some autoimmune diseases
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(including SLE, Sjogren syndrome, antiphospholipid syn-
drome, and vasculitis) compared to RA, but the difference
was statistically insignificant (Fig. 2B, Supplementary Table
1).

We found the absence of serum anti-HBs antibody at
rituximab initiation was associated with HBVr, consistent
with previous reports.”* While hypogammaglobulinemia
was reported as a predictor for severe infection in rheu-
matic patients receiving rituximab, we did not find signifi-
cant correlations between the baseline IgG and the HBVr.”
Taking the above findings, it is postulated that the vitality
of anti-HBs-secreting plasma cell clones and the serum
level of anti-HBV immunoglobulin, as reflected by anti-
HBs, might serve as a better indicator of anti-HBV immu-
nity than the overall status of humoral immunity (judged
by baseline IgG). Rituximab induces peripheral B cell de-
pletion, which leads to the loss of anti-HBs, might explain
the higher HBVr rates in individuals receiving rituximab.
However, further translational studies are required to ex-
plore this concept.

Although the concurrent steroid use with other biolog-
ics increases the risk of HBVr in RA patients with chronic
HBYV, the impact of steroid in HBsAg-negative patients
1% In our study, all patients with
HBVr received mean daily steroid dose less than 10 mg,

remains controversia

and the concomitant steroid use with rituximab was not
associated with HBVr in the Cox regression analysis.
Nonetheless, given the variable course and dose change of
steroid treatment in rheumatic patients during long follow-
up period, the exact effect of concomitant steroid usage
was difficult to clarify and was also difficult to analyze with
Cox regression model.

There are a few limitations in this study. First, we used
the semi-quantitative kit for anti-HBc measurement and
the impact of quantitative anti-HBc level on HBVr risk
could not be evaluated. In addition, not all of the anti-
HBc data were measured at baseline. Nevertheless, there
were 196 patients in our study with repeated measurement
of their anti-HBc data. Only a small number of patients
(9/196, 3.6%) had different anti-HBc status after rituximab
treatment, suggesting the qualitative anti-HBc is a stable
marker even after rituximab exposure. Secondly, there were
some missing data regarding the HBV serology, due to the
retrospective study design and the lack of universal moni-
toring strategy for HBV during study period (from 2006 to
2019). The incidence of HBVr without hepatitis might be
underestimated, especially for anti-HBc-negative patients,
whose HBV serology was rarely regularly checked. None-
theless, because the liver function tests were monitored at
a 1- to 3-month interval for every patient, events of HBV-
associated hepatitis were not likely to be missed. Thirdly,
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the HBV viral load at rituximab initiation was not avail-
able for most of the patients. Although single HBV DNA
measurement is not sufficient to exclude OBI in HBV
endemic areas, combining HBV viral load and prior HBV
vaccination status may stratify patients’ risk better for anti-
HBc-negative individuals. Further studies are required to
explore this hypothesis. Fourthly, we divided the patient to
vaccinated or unvaccinated cohorts by using the national
vaccination campaign starting time as the index date. The
limitation of this definition is that patient belonging to
“unvaccinated cohort” may have HBV vaccination and
patients belonging to vaccination cohort might not have
received HBV vaccination. Finally, the patients with some
rheumatic diagnoses were limited, making detailed analy-
sis and comparison in these patients difficult.

In conclusion, anti-HBc-negative patients, especially
those without vaccination at birth, were still at risk of
HBVr after receiving rituximab for their autoimmune dis-
eases. Risk stratification based on HBsAg and anti-HBc at
rituximab initiation is insufficient to identify all patients at
risk in HBV endemic areas, where occult HBV is prevalent.
HBVr may still be considered in HBsAg-negative patients
developing abnormal liver function during rituximab ex-
posure, even for patients with negative anti-HBc.
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