
2457

doi: 10.2169/internalmedicine.4445-20

Intern Med 59: 2457-2464, 2020

http://internmed.jp

【 ORIGINAL ARTICLE 】

Efficient Prophylactic Management of HBV Reactivation by
an Information Technology Encoding System:
Results of a 6-year Prospective Cohort Study

Kazuo Notsumata, Yoshimoto Nomura, Akihiro Tanaka, Yoshikatsu Nomura, Teruyuki Ueda,

Taku Sanada, Hiroyuki Watanabe and Daisyu Toya

Abstract:
Objective We started an information technology (IT) system that encodes the medical treatment status of

hepatitis B virrus (HBV) with a 9-digit number, automatically checks for inappropriate situations occurring

due to immunosuppression and chemotherapy that do not comply with the flowchart of the hepatitis B coun-

termeasure guideline, and promotes correct HBV medical treatment in our hospital. We conducted a prospec-

tive study of HBV reactivation using this system.

Methods Among 21,607 cases that were managed using this system, 1,206 patients who were HBs antigen-

negative, HBc antibody- and/or HBs antibody-positive and in whom HBV DNA quantification was performed

two times or more were examined for the occurrence of HBV reactivation. The study population included:

malignant lymphoma patients using rituximab (n=40), patients with malignant tumors using anticancer agents

(n=546), patients treated with steroids (n=274), rheumatoid arthritis (RA) patients (n=144), patients using im-

munosuppressants/biologics (n=26), and patients undergoing hepatitis C direct acting antiviral (DAA) treat-

ment (n=176).

Results HBV reactivation was observed in 27 cases undergoing treatment with the following agents: rituxi-

mab (n=6), anticancer agents (n=8), steroids (n=10), anti-RA agents (n=1), and hepatitis C DAA (n=2).

Among the 40 patients who were using rituximab, 6 (18.2%) showed a high rate of reactivation. In 10 in

which HBV reactivation occurred at a median of 10 (range, 4-32) months after steroid administration, 6 oc-

curred after the 7th month, and 1 patient showed HBs antigen positivity and severe hepatitis.

Conclusion Continuing of the operation of an automatic check system using coded medical information to

check for the reactivation enabled this prospective study of HBV reactivation. Careful attention should be

paid to patients using steroids, as well as malignant lymphoma patients who are treated with rituximab. The

results of the present study suggest that the present IT encoding system would be useful for preventing HBV

reactivation.
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Introduction

Various drugs are associated with hepatitis B virus (HBV)

reactivation, including steroids, immunosuppressants (1, 2),

anticancer agents (3, 4) molecular biologic agents (5, 6)

anti-rheumatic agents (7), hepatitis C direct acting antivirals

(DAAs) (8), and their target diseases are diverse. Hepatitis

that develops due to HBV reactivation and progresses to ful-

minant hepatitis shows extremely high lethality. In Japan,

measures are taken according to guidelines for measures

against hepatitis B that develops due to immunosuppression/
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Figure　1.　Examples of medical record encoding. A 9-digit number is determined by encoding each 
of the following statuses with 0, 1, 2 and 3: test results and their measure timings for HBsAg, HBcAb, 
HBsAb, HBV-DNA, respectively, administration history of nucleotide analogue.

Table　1.　The Encoding of Patient Medical Records.

HBs Ag test HBc Ab test HBs Ab test Quantitative HBV DNA test
Nucleotide 

analog treatment

result timing result timing result timing result timing timing

None 0 None 0 None 0 None 0 None 0 None 0 None 0 None 0 None 0

Negative 1 More than 1 

year before 

completion 

of the 

treatment

1 Negative 1 More than 1 

year before 

completion 

of the 

treatment

1 Negative 1 More than 1 

year before 

completion 

of the 

treatment

1 Negative 1 More than 1 

year before 

completion 

of the 

treatment

1 Administered 

after an 

HBsAg or an 

HBV DNA 

test

1

Positive 2 More than 1 

year before 

and after 

completion 

of the 

treatment

2 Positive 2 Within 1 

year before 

and after 

completion 

of the 

treatment

2 Positive 2 Within 1 

year before 

and after 

completion 

of the 

treatment

2 Positive 2 Within 1 

year before 

and after 

completion 

of the 

treatment

2 Not 

Admistered 

after an 

HBsAg or an 

HBV DNA 

test

2

More than 1 

month after 

the previous 

test

3 Within 1 year 

after 

completion of 

the treatment

3

chemotherapy (9); however, the rate of compliance to the

guidelines is low, especially among non-hepatic specialists

who have very low awareness of HBV reactivation. We have

been operating a system that automatically checks for HBV

reactivation by encoding HBV-related medical informa-

tion (10). Both non-hepatologists and hepatologists can

automatically prevent HBV reactivation by using this sys-

tem. This system also facilitates a prospective study on

HBV reactivation in patients undergoing immunosuppressive

chemotherapy. We examined the HBV reactivation status in

our hospital over a 6-year period.

Materials and Methods

In our hospital, we encode the HBV treatment status of

patients undergoing immunosuppressive chemotherapy with

a 9-digit numerical value, and use a computer to automati-

cally check for inappropriate situations that do not comply

with the flowchart of hepatitis B countermeasure guidelines

(Table 1, Fig. 1). The contents of the system have been de-
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Figure　2.　Example of record encoding (speech balloon). Each of the statuses of the flow chart in the 
practical guidelines for hepatitis B is encoded in a 1 to 9 digit number with 0, 1, and 2.

scribed in a previous report (10). In target patients who re-

ceived immunosuppressive therapy/chemotherapy within the

past 1 year (including patients who completed treatment),

the following 9 digit clinical information codes were as-

signed based on the HBs antigen, HBc/HBs antibody, and

HBV-DNA quantitative test data from 1 year before and af-

ter the last day of administration of the therapeutic drug, test

results, and the last day of administration of nucleoside ana-

log preparations.

1st digit: HBs antigen test result 0=none, 1=present/nega-

tive, 2=present/positive

2nd digit: HBs antigen test report 0=no, 1=present, �1
year before the final day of treatment, 2=present within 1

year

3rd digit: HBc antibody test result 0=absent, 1=present/

negative, 2=present/positive

4th digit: HBc antibody test report 0=no, 1=present, �1
year before the last day of treatment, 2=present within 1

year

5th digit: HBs antibody test result 0=none, 1=present/

negative, 2=present/positive

Digits 6: HBs antibody test report 0=no, 1=present, �1
year before the final day of treatment, 2=present within 1

year

7th digit: HBVDNA test result 0=none, 1=present/nega-

tive, 2=present/positive

8th digit: HBVDNA test report 0=no, 1=present at least 1

year before the final day of treatment, 2=present at least 1

year, 3=present for more than 1 month since the last exami-

nation

9th digit: Administration of nucleic acid analog 0=no ad-

ministration, 1=Administration after positivity for HBs anti-

gen or HBV-DNA was detected, 2=no drug administration

after positivity was detected, 3=within 1 year after the end

of drug administration.

By encoding the status at each stage of the Hepatitis B

Management Guideline in the same way and contrasting it

with the patient’s medical information code (9) (Fig. 2) we

could determine whether the current status was not consis-

tent with the proper medical care described in the flow chart

of the Hepatitis B Management Guideline.

In addition, we identified the status of improper medical

practice based on each medical information code (Table 2).

The obtained list of measures against hepatitis B was con-

verted into instruction texts to promote the correction of im-

proper situations that were not in compliance with the

Guidelines for Measures against Hepatitis B, was prepared

as a list of measures against hepatitis B, and the list was

distributed to each physician. The physicians will be in-

formed of any corrections that are listed.

The list was distributed once a month, and if necessary

tests were not performed, the list was re-listed in the follow-

ing month. The list of patients requiring nucleic acid analog

treatment was also distributed to the liver pharmacist so that

if the patient did not receive nucleic acid analog treatment,

the liver pharmacist would call the attending physician di-

rectly to facilitate administration. The check interval was set

to 1 month (3 months for anticancer drugs) according to the

guideline. A system that encourages doctors to optimize

HBV medical care has been in operation since October 1,



Intern Med 59: 2457-2464, 2020 DOI: 10.2169/internalmedicine.4445-20

2460

Table　2.　Example of Suggested Instructions and Decisions Derived from the Patent Code Analyses.

HBs antigen HBs antibody HBc antibody HBV-DNA
Nucleotide 

analog Current situation 

Improper medical practice
Result Timing Result Timing Result Timing Result Timing Timing

1 2 × × × × × × 2 No nucleotide analog was adminstrated 

Consult hepatologist

× × × × × × 2 2 2 No nucleotide analog was adminstrated 

Consult hepatologist

1 2 2 2 1 2 0 0 0 HBc antibody positive 

HBV-DNA was not measured

1 2 0 0 2 2 2 3 1 >1 month after the start of nucleic acid analog

HBV-DNA was not measured

2 1 1 2 1 2 1 3 0 >1 month after HBV-DNA measurement 

HBV-DNA was not measured

1 2 0 0 0 0 0 0 0 HBs antigen negative 

HBc/HBs Ab was not measured

1 2 1 1 1 1 1 0 0 The timing of HBc/HBs antibody 

measurement is old. HBc/HBs Ab was not 

measured

1 2 0 0 1 2 0 0 0 HBc antibody was not measured

1 2 1 2 0 0 0 0 0 HBs antibody was not measured

0 0 0 0 0 0 0 0 0 HBs antigen was not measured

1 1 0 0 0 0 0 0 0 HBs antigen measurement is old 

HBs antigen was not measured

2012 (10) With this system, the required physician input has

been almost 100%. A total of 2,531 checks were performed

with this system in the six years until September 30, 2018,

and a total 21,607 HBV DNA measurement tests were per-

formed. Among these patients, the occurrence of HBV reac-

tivation was checked by this system in 1,206 patients who

were HBs antigen-negative, HBc antibody- and/or HBs

antibody-positive and who underwent HBV DNA quantifica-

tion two times or more. HBV reactivation was defined by a

change in the HBV DNA titer from an undetectable level to

�1.3 log IU/mL more (or �2.1 log copies/mL) during the

observation period. This study was reviewed and approved

by our ethics committee (Fukui Saiseikai Hospital).

Results

The characteristics of the 1,206 patients in the study

population were as follows: male, n=649; female, n=557,

median age is 72 years (range 22-99 years), HBc antibody-

negative (CLEIA method), n=179; HBc antibody-positive, n

=1,024 (<10.0, n=88; �10.0, n=143 cases); HBs antibody-

negative, n=341; and HBs antibody-positive, n=864. The

conditions and treatments of the patients were as follows:

malignant lymphoma, n=85 (anticancer drugs with rituxi-

mab, n=40), malignant disease treated with antitumor drugs,

n=546; steroid therapy, n=274 (administered for �2 weeks),

rheumatoid arthritis (RA) treated with antirheumatic drugs, n

=144, diseases treated with immunosuppressive agents or bi-

ologics, n=26; and hepatitis C treated with DAA, n=176

(Table 3). In the median observation period of 15.0 (range,

1 to 81 months), HBV reactivation was observed in 27 cases

(malignant lymphoma treated with rituximab, n=6; malig-

nant disease treated with antitumor agents, n=8; steroid ther-

apy, n=10; RA treated with anti-RA drug, n=1; hepatitis C

treated with DAA, n=2) (Table 4) Reactivation was observed

at 1 to 49 months (median duration is 11 months) after ad-

ministration (Table 4). The overall cumulative HBV reactiva-

tion rate was 1.3% at 1 year, 2.7% at 2 years, and 4.4% at 3

years (Fig. 3). HBV reactivation was observed in 6 of 40

with malignant lymphoma who were using rituximab, and

all patients started to use nucleic acid analog preparations

immediately (Table 4). A comparison of the cumulative sur-

vival rates between the 40 patients treated with rituximab

and 1,166 patients treated without rituximab showed that the

survival rate of patients using rituximab was significantly

higher (Fig. 4). In the analysis of factors contributing to

HBV reactivation the overall study population (n=1,206),

HBV reactivation rates were higher in elderly patients, male

patients, patients treated with rituximab, and patients with

previous HBV infection who were positive for HBc anti-

body alone (Table 5). Among 274 patients treated with ster-

oids, 10 experienced reactivation, which occurred 1 to 49

months after the start of steroid administration, and 6 out of

10 cases occurred more than 6 months after the start of ster-

oid administration (Table 4). In 10 experiencsd reactivation

cases treated steroids, 5 cases were followed without the use

of nucleic acid analog preparations, but no HBV DNA ele-

vation or hepatitis occurred. One patient was HBs antigen-

positive and developed hepatitis. The patient was a 67-year-

old man who started to receive prednisolone a dose of 55

mg, which was continuously tapered, for vasculitis. Prior to

the administration, the patient was HBs antigen-negative,

HBs antibody-negative, and HBc antibody-positive. The our

information technology encoding system was updated with
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Figure　3.　Overall cumulative HBV reactivation rate. 
n=1,206: Kaplan-Meier method.

Figure　4.　Comparison of the cumulative HBV reactivation 
rate in patients treated with/without rituximab. Kaplan Meier 
method; Log rank test p<0.001. The comparison of the cumula-
tive HBV reactivation rates by rituximab clearly and signifi-
cantly resulted in the HBV reactivation rate being higher in 
patients prescribing rituximab than those not.

Figure　5.　Comparison of cumulative HBV reactivation rate 
in patients treated with/without steroids. n=1,166 (patients 
treated with rituximab were excluded). Kaplan Meier method; 
Log-rank test p=0.038. 1,166 cases other than rituximab, the 
cumulative HBV reactivation rates focused on steroid, it turned 
out that HBV reactivation rate was significantly higher in the 
steroid administration.

Table　3.　Patient Demographics.

Sex Male/Female 649/557

Age Mean (Min-Max) 72 (22-99)

HBc Ab (CLEIA) -/+(<10.0) /+(≥10.0) 179/881/143

HBs Ab (CLEIA) -(<10.0) /+(≥10.0) 341/864

Drug

Rituximab combined with anticancer agents 40

Antitumor agents. (including 45 patients above) 546

Steroid 274

Anti-RA 144

Immunosuppressant / Biological 26

DAA 176

Observation (Month) Mean (Min-Max) 15.0 (1-81)

*Ab: antibody, RA: rheumatoid arthritis, DAA: direct acting antivirals

the results of HBV DNA sampling and checks performed

every month. However, blood sampling and checks were not

performed at 10 months due to a change of the attending

physician.

The patient’s ALT value increased to 548 (IU/L). Mean-

while, his PT% was 97.7, his PT-INR was 1.01, and his T.

Bil was 0.5 (mg/dL), which were all within the normal

ranges. His ALT level quickly normalized after the admini-

stration of nucleoside analog, and the patient was thereby

successfully treated without experiencing any severe hepati-

tis.

When the cumulative HBV reactivation rate in 1,166

cases - excluding 40 cases in which rituximab was used -

was examined according to the presence or absence of ster-

oid use, the results showed a significantly higher HBV reac-

tivation rate among steroid users (Fig. 5). In the study of

factors contributing to HBV reactivation in these 1,166

cases, in addition to steroid users, the HBV reactivation

rates were higher in elderly patients, and patients who were

positive for HBc antibodies alone in their past HBV infec-

tion (Table 6).

Discussion

Death due to reactivation of hepatitis B has long been a

major issue. In 2009, the guidelines for measures against

hepatitis B caused by immunosuppression/chemotherapy
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Table　4.　Cases of HBV Reactivation (n=27).

Age Sex Diagnosis Medicine Department Medicine 2
HBc 

antibody

HBs 

antibody

HBc 

antibody

HBs 

Antibody

Reactivation 

M

74 F ML R-CVP Internal Rituximab + + 8.2 76.14 40

73 M ML DA-EPOCH-R Internal Rituximab + - 8,32 2

78 M ML R-CHOP Oncology Rituximab + - 8.78 6

64 M ML R-CHOP Oncology Rituximab + - 9.08 11

71 M ML R-CHOP Oncology Rituximab + - 14.28 31

83 M ML R-CHOP Oncology Rituximab + - 6.21 9

72 F ML Mogamulizumab Oncology Chemotherapy + + 6.31 118.99 19

91 F ET hydroxycarbamide Internal Chemotherapy + + 9.61 499.62 30

83 M Lung cancer CDBCA+PEM Internal Chemotherapy + - 8.27 24

55 M Plasmacytoma CHOP Oncology Chemotherapy + + 8.88 116.38 40

75 F Lung cancer UFT Internal Chemotherapy + - 10.17 4

72 M Lung cancer CDDP+PEM Internal Chemotherapy + + 11.95 61.75 22

74 M ML CHOP Internal Chemotherapy + - 7.93 27

88 M MM VRd Internal Chemotherapy + + 9.15 21.37 3

77 F Aortitis syndrome Steroid Internal Steroid + + 12.61 38.78 13

85 M Pemphigus Steroid Dermatology Steroid + - 6.68 6

74 M Eosinophilic pneumonia Steroid Internal Steroid + + 8.44 42.21 4

67 M Vasculitis Steroid Internal Steroid + - 10.11 20

58 F SLE Steroid Internal Steroid - + 4.19 30

71 M Polymyositis Steroid Neurology Steroid + + 1.77 27.2 9

75 M IP Steroid Internal Steroid + - 7.98 1

79 M Eosinophilic pneumonia Steroid Internal Steroid + + 5.94 15.52 10

70 M ITP Steroid Internal Steroid + - 3.46 10

84 M Erythroderma Steroid Internal Steroid + - 9.63 49

83 M RA MTX+Steroid Internal Anti-RA + + 9.4 31

75 M LCC DAA Internal DAA + + 7.96 581.12 12

84 F CHC DAA Internal DAA + - 10.43 1

Reactivation M, period from the initiation of drug administration to reactivation (months).

ML: malignant lymphoma, ET: essential thrombocythemia, MM: multiple myeloma, SLE: systemic lupus erythematosus, IP: interstitial pneumonia, ITP: idio-

pathic thrombocytopenic purpura, LCC: luxatio coxae congenita, CHC: chronic hepatitis C, R-CVP: rituximab, cyclophosphamide, vincristine (Oncovin), and

prednisone, DA-EPOCH-R: dose-adjusted etoposide, prednisone, vincristine, cyclophosphamide, doxorubicin, and rituximab, R-CHOP: rituximab, cyclophos-

phamide, doxorubicin, hydrochloride (hydroxydaunorubicin), vincristine (oncovin), and prednisone, CDBCA+PEM: carboplatin plus pemetrexed, UFT: Uracil/

Tegafur, CDDP+PEM: cisplatin plus pemetrexed, VRd: bortezomib, lenalidomide, and dexamethasone, MTX: methotrexate, DAA: direct acting antivirals

Table　5.　Factors Contributing to HBV Reactivation in All 1206 Cases.

Log rank test 

P
p value

Hazard 

ratio

95% confidence interval

Lower limit Upper Limit

Age ≥72/<72 0.007 0.020 2.797 1.175 6.659

Gender Male/Female 0.021 0.004 2.444 1.024 5.812

Rituximab +/- <0.001 <0.001 7.756 3.097 19.423

HBV infection HBcAb(+) / 

HBsAb(+) and HBcAb(+), HBsAb(+)

<0.001 0.001 3.492 1.616 7.546

The factors contributing to HBV reactivation in all cases were high age, male, rituximab use cases and HBc antibody 

alone positive cases.

Ab: antibody

were created (9); however, cases of hepatitis due to HBV

activation continue. This is thought to be because the guide-

lines are not recognized or followed, especially by non-

hepatic specialists, there are still many physicians who are

not knowledgeable about HBV reactivation. The number of

lawsuits related to fulminant hepatitis B caused by HBV re-

activation has increased, and countermeasures must be taken

sooner before lawsuits related to fulminant hepatitis B due

to HBV reactivation. Thus, we built a countermeasure sys-

tem using IT, which has been in use since 2012. This sys-

tem guides appropriate HBV-related examinations and treat-

ments by extracting drug use information and information

on the medical treatment of HBV from electronic medical

records and feeds information back to the attending physi-
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Table　6.　Factors Contributing to HBV Reactivation in Patients Treated with Agents Other than 
Rituximab N=1,166.

Log rank test 

P
p value

Hazard 

ratio

95% confidence interval

Lower limit Upper Limit

Age ≥72/<72 0.010 0.035 2.959 1.078 8.125

Gender Male/Female 0.068 0.206 3.935 0.472 32.803

Steroid +/- 0.038 0.016 2.933 1.221 7.042

HBV infection HBcAb(+) / 

HBsAb(+), HBcAb(+) and HBsAb(+)

0.007 0.014 3.010 1.251 7.243

Factors contributing to HBV reactivation in cases other than rituximab were high age, steroids use cases and HBc anti-

body alone positive cases.

Ab: antibody

cian. The effect was confirmed immediately after the system

became operational (10) and the input rate (by physicians)

has remained almost 100%. In other words, all patients

treated with immunosuppressive agents or chemotherapy in

our hospital have been treated according to the hepatitis B

countermeasure guidelines. This system has also enabled a

prospective survey of cases of hepatitis B reactivation since

2012. Thus, we conducted a prospective study of HBV reac-

tivation in the 6 years from October 2012, when the system

was introduced, to October 2018.

During the 6-year study period, 27 cases of HBV reacti-

vation were observed among 1,206 patients who had been

previously been diagnosed with HBV infection. Among

these patients, reactivation was observed in 6 of 40 patients

who were treated with rituximab, and the cumulative HBV

reactivation rate was clearly higher in comparison to patients

treated without rituximab, as has been previously re-

ported (11-14). It was reaffirmed that the risk of reactivation

was extremely high in these patients. Rituximab is a mono-

clonal antibody preparation against the B cell surface anti-

gen CD20, but is mediated by complement-dependent cyto-

toxicity (CDC) and antibody-dependent cell-mediated cyto-

toxicity (ADCC). It is reported to cause B cell lymphocyte

injury and to suppress the production of antibodies against

HBV over a long period of time. In fact, there are some re-

ports of cases in which HBV reactivation occurred long af-

ter the end of rituximab treatment, and moreover, even after

long-term treatment with nucleic acid analog and long-term

HBV-DNA negative, HBV reactivation may occur after com-

pletion nucleic acid analog preparation. In our hospital, we

carefully monitor patients treated with rituximab, prevent

omissions in testing, and continue to administer nucleic acid

analog preparations.

In addition to patients treated with rituximab, we ob-

served that HBV reactivation was significantly more com-

mon in steroid users than in steroid non-users. Steroids are

not only immunosuppressive but also act on glucocorticoid

responsive elements in the HBV genome, and are involved

in the direct increase of the HBV-DNA. Thus, attention is

required to detect HBV reactivation in steroid users (15).

However, although case reports show examples of HBV re-

activation during steroid treatment, no studies have statisti-

cally analyzed the risk of HBV reactivation in group of ster-

oid population. In the analysis of the present study popula-

tion, after the exclusion of rituximab-treated patients, steroid

use was found to be a significant risk factor for HBV reacti-

vation. In the present study, steroid use was defined as the

administration of steroids for �2 weeks; however, steroids

are very widely used. Thus, further studies are necessary to

investigate the impact of the administration period, dosage,

administration schedule, and other drugs on the risk of HBV

reactivation in patients treated with steroids. In addition, 1

patient experienced reactivation while receiving anti-RA

treatment and 2 patients experienced reactivation during

DAA treatment for chronic hepatitis C (both showed tran-

sient HBV reactivation, that is, HBV DNA titer was only

transiently elevated and then naturally decreased). Although

the data suggested that these drugs caused HBV reactivation,

the risk of severe HBV reactivation in patients treated with

these drugs is expected to be low. In some cases, HBV reac-

tivation due to steroid treatment was relieved in the natural

course; however, on patient became HBs antigen-positive

and developed hepatitis. There have been reports of death

after de novo hepatitis B during steroid treatment, and it is

considered necessary to investigate the risk of HBV reacti-

vation and the severity of HBV reactivation in a larger num-

ber of steroid users.

Recently, new molecular targeted drugs and antibody

preparations have been developed (16-21). The mechanisms

of many of these drugs raise concerns about HBV reactiva-

tion and further attention will be needed in the near future.

The possibility of high-sensitivity HBs antigen measurement

as a substitute for HBV DNA monitoring is also being in-

vestigated (22). However, at present, the only way to prevent

severe HBV reactivation is to continuously monitor HBV

DNA titers in patients with risk factors for HBV reactivation

and diagnose HBV reactivation at an early stage, as we do

in our hospital.

A recent prospective multicenter study on the evaluation

of HBV reactivation during treatment with antirheumatic

drugs and other immunotherapeutic drugs has been re-

ported (23, 24). This is truly the first prospective evaluation

of HBV reactivation in all patients receiving immunosup-

pressive chemotherapy at a single institution. In the future,

we plan to conduct further prospective studies and to clarify

the risk factors for HBV reactivation in detail.
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