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Abstract

Introduction The purpose of this study is to clarify the clinical features of temozolomide (TMZ)-related hepatitis B virus
(HBV) reactivation and to identify HBV reactivation predictive factors.

Method We retrospectively reviewed the clinical course of 145 patients newly diagnosed or with recurrent malignant
glioma treated with TMZ. Before treatment, we screened patients for HB surface antigen (HBsAg) positivity (HBV carrier)
and HBsAg negativity. Patients were also screened for antibody for HB core antigen (anti-HBc) positivity and/or for HB
surface antigen positivity (resolved HBV infection). The patients were monitored by HBV DNA, alanine, and aspartate ami-
notransaminase during and after the completion of TMZ. HBV carriers and those with resolved HBV infections with HBV
reactivation received preemptive entecavir treatment. In those with resolved HBV infections, we analyzed clinical characters
for the predictive factors for HBV reactivation.

Results In one of two HBV carriers, HBV DNA turned positive 8 months after the completion of TMZ and entecavir. In
four (16.7%) of 24 resolved HBV infections, HBV DNA turned detectable at completion of concomitant radiation and TMZ
or during monthly TMZ. HBV DNA turned negative with entecavir in all patients without liver dysfunction. In resolved
HBYV infections, those with a high anti-HBc titer had significantly higher incidence of HBV reactivation than those with low
anti-HBc titers (60% vs. 5.3%: p=0.018).

Conclusion Screenings, monitoring, and preemptive entecavir were important for preventing TMZ-related HBV reactivations.
Anti-HBc titers could be the predictive markers for HBV reactivation in the those with resolved HBV infections.
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Introduction

Hepatitis B virus (HBV) infections are characterized by a
variety of clinical features, reflecting the interaction between
HBV replication and a host immune response [1]. Infec-
tions begin as acute hepatitis, and progresses to an inactive
HBYV carrier status, then chronic hepatitis, and liver cirrhosis
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in a small proportion of patients. Those recovering from
acute hepatitis B and some patients with chronic hepatitis
B will have hepatitis B surface antigen (HBsAg) negativity
long after the infection; however, a covalently closed circu-
lar DNA (ccc DNA) particle persists in the hepatocytes, in
which virus replication is inhibited by innate and adaptive
immune responses [2]. Epidemiologically, it is reported that
one-third of the world’s population has serological charac-
teristics of past or recent HBV infections, and nearly 240
million people are HBsAg positive [1]. In addition, there
were a number of asymptomatic cases with chronic HBV
infections worldwide [1].

In patients with chronic HBV infections, HBV reactiva-
tion is a well-known complication of cytotoxic chemother-
apy or immunosuppressive therapy [1-25]. This treatment
leads to the escape of HBV particles from immune surveil-
lance and viral replication in hepatocytes. This complication
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can cause severe hepatitis and fatal fulminant hepatitis.
Additionally, even when patients with cancer recover from
liver dysfunction, interruption of chemotherapy may reduce
their survival. To prevent this severe complication, risk
assessment by estimating HBV status before immunosup-
pressive therapy and monitoring of HBV during and after
these treatments were recommended in the guideline of
Japan Society of Hepatology [26].

Glioblastoma and anaplastic glioma were the primary
brain tumors with dismal prognosis [27-29]. The overall
age-adjusted incidence rate of primary intracranial tumors
was 14.09 (11.59 for males, 16.38 for females) per 100,000
population per year [30]. Malignant glioma, including ana-
plastic glioma and glioblastoma, were composed of 14.8%
primary intracranial tumors [31]. In this manner, malignant
glioma is considered a rare disease with an estimated inci-
dence of 2.1 per 100,000 population per year. Temozolo-
mide (TMZ) is the alkylating agent and now widely used
in combination with radiotherapy as one of few effective
drugs in the treatment of malignant gliomas [27, 28]. There
were a few case reports of HBV reactivation associated with
TMZ treatment [32—-36], which suggested that temozolo-
mide could cause HBV reactivation. However, the clinical
features of TMZ related-HBV reactivation, including its
incidence, timing, outcomes of antiviral therapy and risk
factors, remain unclear.

The purpose of this study is to clarify the clinical features
of TMZ related-HBYV reactivation in patients with malignant
glioma and to identify the predictive factors for HBV reacti-
vation in those with resolved HBV infection.

Materials and methods
Patients

We retrospectively reviewed the clinical course of 145
patients newly diagnosed with malignant glioma or with
recurrent malignant glioma treated with TMZ at Sendai
Medical Center from January 2014 to June 2015 and at
Tohoku University Hospital July 2015 to August 2019. This
study was conducted after obtaining the necessary ethical
clearance from the institutional ethics board for study on
human subjects.

Treatment for malignant glioma

Newly diagnosed anaplastic glioma and glioblastoma was
treated by Stupp’s regimen [27]. Briefly, after maximal safe
resection or biopsy, they received concomitant radiation
therapy and TMZ 75 mg/m?, followed by monthly adju-
vant TMZ up to 12 cycles or until progression. Recurrent
glioblastoma or progressive lower grade glioma patients
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received TMZ 100-200 mg/m? for recurrent or progressive
glioma up to 12 cycles or until progression.

Screening, monitoring, and treatment of HBV
reactivation

We screened each patient’s HBV status, and monitored and
treated any HBV reactivation according to the guidelines
for hepatitis B treatment of Japan Society of Hepatology
[20] (Fig. 1). Briefly, each patient’s HBV status was evalu-
ated by assessing HBsAg status, antibodies for hepatitis B
core antigen (anti-HBc) and anti-HBs. The anti-HBc titers
were measured using chemiluminescent immunoassays
(LSI Medience, Tokyo, Japan). The titer was expressed as
the ratio of sample/cutoff (S/CO). The anti-HBs titers were
measured using chemiluminescent microparticle immu-
noassay (Abbott Japan LLC, Tokyo, Japan). The titer was
expressed as mIU/ml. HBsAg-positive patients are defined
as HBV carriers, and HBsAg-negative and anti-HBc posi-
tive and/or anti-HBs positive patients are considered to have
resolved HBV infections. Because the incidence of HBV
reactivation was highest in HBV carriers, and HBV reactiva-
tion could develop in the cases of resolved HBV infection
[1-3,7,9-11, 13, 17, 24-26], these patients were surveyed
for HBV reactivation with HBV DNA quantification through
real-time PCR (LSI Medience, Tokyo, Japan). The mini-
mum detection limit was 2.1 log copies/ml until March 2017,
and 1.0 log IU/ml after April 2017. HBV DNA, and alanine
and aspartate aminotransaminase were monitored every
1-3 months during TMZ treatment and 12 months after
TMZ completion. HBV carriers received entecavir before
TMZ administration, and the others did if HBV DNA was
found to be detectable (Fig. 1).

HBYV reactivation was defined as HBV DNA detection in
patients with previously undetectable HBV DNA or those
with more than a tenfold increase in the HBV DNA level as
compared with baseline or nadir levels [3, 14-16]. Having a
greater than threefold increase in alanine aminotransaminase
(ALT) or aspartate aminotransaminase (AST) was regarded
as acute exacerbation of liver function [2].

Predictive factors for HBV reactivation in resolved
HBYV infections

To elucidate the predictive factors for HBV reactivation
during and after TMZ administration in the resolved HBV
infection cases, we compared age at onset, gender, the use
of corticosteroids, histological diagnosis, newly diagnosed
or recurrent disease, anti-HBs positivity status and anti-HBc
titers between the cases with and without HBV reactivation.

Categorical and continuous variables were compared
using Fisher’s exact test and Student’s t test, respectively.
A receiver operating characteristic (ROC) analysis was
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preformed to evaluate the efficiency of baseline anti-HBc
for predicting the HBV reactivation and to determine the
optimal cutoff value of anti-HBc titers. The Youden index
was used to determine the optimal cutoff levels of anti-HBc
to measure the maximal difference between the true-positive
rate and false-positive rate for the prediction of HBV reacti-
vation in the cases of resolved HBV infections. All analyses
were performed using GraphPad Prism 5 software (Graph-
Pad Software, San Diego, CA).

Results
Patients demographics

We screened the HBV status of 145 patients with newly
diagnosed or recurrent gliomas before TMZ administration.
Their age ranged from 4 to 81 years of age, and median age
was 61 years. There were 85 males and 60 females.
Among the 145 patients, 2 (1.4%) were HBV carriers
(Case 1 and 2 in Table 1) and 24 (16.6%) had resolved HBV
infections (Case 3-26 in Table 1). In the latter group, there
were two HBsAg and anti-HBc negative and anti-HBs posi-
tive cases without the history of vaccination (Case 25 and
26 in Table 1). HBV DNA was detected in only one HBV
carrier (Case 2, Table 1), and all 24 patients with resolved
HB infection had undetectable HBV DNA before treatment
and temozolomide administration. The demographics of
these 26 patients are demonstrated in Table 1. Their ages
ranged from 23 to 80 years, and median age was 66 years.

All but one patient was over 40 years. Histological character-
istics of 20 newly diagnosed patients included glioblastoma
in 18 and anaplastic oligodendroglioma in two. In five of
six recurrent cases, histological diagnosis of recurrent dis-
ease was not verified and 20 patients received concomitant
radiation therapy and TMZ for newly diagnosed malignant
glioma, and 17 of them did receive subsequent adjuvant
TMZ, ranging from 1 to 12 cycles (median: 7 cycles). 6
patients received monthly TMZ for recurrent or progres-
sive glioma on day 1-5 every 4 weeks, ranging from 2 to
12 cycles (median: 9.5 cycles). Overall, 16 (66.7%) of 24
patients with resolved HBV infections were positive for anti-
HBs. They were monitored for HBV reactivation during and
after TMZ administration. Intervals between the initial TMZ
administration and last examination of HBV DNA ranged
from 1-29 months (median: 8.5 months). HBV DNA was
examined after discontinuing TMZ in 17 of 26 cases. Inter-
vals between the discontinuation of TMZ administration and
last examination of HBV DNA ranged from 1 to 18 months
(median: 3 months).

HBV reactivation and response to entecavir

One of two HBV carriers and four (16.7%) of 24 patients
with resolved HBV infections experienced HBV reactiva-
tion. The clinical features of these patients are demonstrated
in Tables 1 and 2.

HBYV carriers received preemptive entecavir administra-
tion before TMZ administration, but one of the HBV carriers
experienced HBV reactivation. In case 1, HBV DNA turned

@ Springer



International Journal of Clinical Oncology (2021) 26:305-315

308

uonodJur

- uomnenyeAd oN € (4 = A9H PoA[osay I'6 - - N o IN/9S 61
uornodJuI

+  uonen[eAd oN € I +  AGH poA[osay 66'6 - - N a9 /99 81
uornodyuI

+ 4 S1 o1 —  AGH PoA[osaY 901 - - N a0 W/LS LT
uorodJur

- I 14! L = A9H PaA[osay 10'T V'N + - N a0 d/SL 91
Jjuawr uoTnovyuI

- -eon SunQ L 9 = AGH PoA[osay 20T V'N + - N ov  d/29 S1
uonodJuI

- uomnenyeAd oN € I +  AGH paA[osay LTT 766 + - N o /69 4!
juowr uonodJur

- -lean Suunq T (4 —  A9H PaA[osay SST V'N + - ¥ vQoassersold W/ €l
uornovJuI

+ S 61 (4 = AGH PoA[osay €T'8 7 + - N a0 /89 (4
jusw uonogjur

- -ean Suunq € JUBITWOdUO) = A9H PaAjosay L9°S V'N + - N a  IN/99 11
juowr uonodJur

- -ean Suung T (4 —  AGH PoA[osay €9 V'N + - N a0 4/08 01
jusw uondJur

- -en SutmQg [ Juerwoouo) = AGH PoA[osay L9 V'N + - N a WL 6
uonogjur

- 4 8 S = A9H PoA[osay 869 V'N + - N a0 d/6L 8
uornodJuI

—  uonenyeAd oN 14 € +  AGH paA[osay €L'8 1261 + - N a0  J/19 L
uonoyur

- 4 (4 8 = AGH PaA[osay LE6 6'S€T + - N a0 J/69 9
uorodJuI

+ 81 6T 4! = A9H PaAjosay 9L'6 V'N + - ¥ Vv oamssarord /69 S
uornodJur

- vl 8T 4! = A9H PoA[OsY Y201 8'SSH + - N a0 el 4
jusw uonogyur

- -Jeon Suunq LT ST +  AGH Paa[osay rE01 V'N + - N ov  d/IS €

- 14! T (4 - Tored AGH €rel - + ¥  oOoassarSord /b9 (4

+ €1 S1 € - Tored AqH 87'6 - + ¥ vvoeassasord W/ I

p(sypuour)
uoneA  ZINL Jo uone (squow) ZINL asn (0D (Tu
-[0B3Y  -NUNUOISIP dY) JoeISAY) UONENSIUIUPE  PIOINSOD snjels /S) 111 /W) 19Im Z.L Jo
AdH wol} S[eArduy WOol} S[eAIiuy 7ZINL -110D uonodJur AdH SgH-nuy SgH-Nuy SsgHy-nuy w<mm:|~ wnﬁcwﬁ mﬂmocwﬁa xvm\®w< oqunu ase))

uondJuI AGH PAA[0sal yiim sjuaned pue 1orred AGH 2yl Jo sorydeiSowaq | ajqel

pringer

fH's



309

International Journal of Clinical Oncology (2021) 26:305-315

VNA-AGH JO UOHBUILIEXD ISE] PUE UOENSIUIULIPE SPIUO[OZOWS] JO UOHBUILLID} 9} USIMISQ SYIUOIA,

VNA-AGH JO UOTJeurtuex JSe] pue UOTJeX)SIUTWPE dPIUIO[OZOWS) [RNIUT 9} UdoMIeq SYIUOIAT,

dn-mofof Ise] 1e eouRUSIUIEW ZIALL JO SA[AD

ZIALL 20UBULJUTEW 210Joq PUE IPTUIO[0ZOWR) puk AdeI1ay) UoneIpe Jueruoduod Jo uonardwo)),

PozA|

-BUR JOU "}/°A ‘JUSLINDAI Y {PIsOuTeIp A[mau  ‘BWOIAD0IISE ISNYIP V(7 ‘BWOISL[qOI[S gH ‘ewol[SoIpuaposijo onse[deue Oy ‘ewoIr[3oIpuapo3Io () ‘ewolkoonse onsejdeue yy oind soidwes jo
oner ay) 0/ ‘uasnue 2100 g suneday 10y Apoquue ogy-1up ‘uadnue soeymns g snneday Ioj Apoquue sgi-1uy ‘usgnue soepms g snnedoy Sysgy ‘oprwojozowa) Zp ‘snaa g snnedoy AgH

uondJuI

- € ! L —  A9H PaA[0s9Y 910 V'N + - | a0 IN/€T 9T
uondJuI

- C 14! 4! —  A9H PaA[0s9Y 910 V'N + - 4 Ooarssaigord 4/99 S
uonodJur

- [ 6 L —  AYH PaA[0s9Y I'C - - N a9  IW/SS ¥C
juowr uornodyuI

- -Jean Sutmg ¢ Jumuoduo) +  A9H P3A[0S9Y 6CC - - N a0 IN/99 €C
uonoyur

- € 1! L —  A9H PaA[0s9Y [{\h4 - - N a0 d/€L (44
uonodJur

- I 8 14 —  AYH PaA[0s9Y 86'8 - - N 1369) N/6L IC
uornodJuI

- 4 9 C —  AGH PaA[0SSY L'8 - - N a9  WW/6S 0T

p(sypuour)
uoneA  ZINL Jo uone (squow) ZINL asn (0D (ux
-[10B9Y  -NUNUOISIP dY) Jolreis oY) UONENSIUIWPE  PIOISISOd snje)s /S) @I /W) 19m ZINL JO
AdH wol} S[eArdiuy WOol} S[eAIiu] 7ZINL -110D uonoJur AdH SgH-nuy SgH-Nuy SsgHy-nuy w<m dH w-.:ﬁ:,H mMmOEMNMQ xom\®w< oqunu ase)

(ponunuoo) | sjqey

pringer

a's



International Journal of Clinical Oncology (2021) 26:305-315

310

ZIANLL A1yiuowr jo uonadwod ay) & panuNUOISIP AI9M IIABIIUS ‘B ‘ON[BA dUI[ASEq ) SAWT) ¢ UBY) QIOIA],

Kderoy) uoneIper 7y ‘9SeUTESULI)OUTIIE JUIUR[R/dSBUNUBSURTIOUTIE 9)e)Iedse J7V/ LSV ‘OpIWO[0Zowa) Zj L ‘SnulA g sunedoy AgH

ZINL/LY
(sypuowr ) JUB)IWIOJUOD [w [w uonoyul
ON 9[qe1091epuU()  IIABIAIUY ON Jo uonordwoo je uyserdoo oy ¢z /sordoo 8oy ['g>  /serdoo Fof 177> + AGH PaAjosay 8T
ZINL/LYd
(sypuout ) JUB)TWIOOUOD JO w T uonouI
ON 9[qeI09)epuU)  IIABIUY ON uonodwos 3y quyserdod Fop £¢  /serdoo Fof ['g>  /serdoo 3oy 17 > - AGH paAjosay L1
ZINL/LY
(sypuow ) JUBIIWIOJUOD JO uonour
ON 9[qeId9IepU[)  ITABIUH ON uona[dwod 1y [w/nrdorer  wynIdoror>  [wy/nrsoroT> - AGH PaA[0s9Y cl
(sypuow 7) ZILJo uonoapur
ON 9[qe10919pU)  JIABIIUF ON 9[oAd pI¢ a10jog [w/Nrsor 01 w/nISoroy > PaUIEX? JON - AGH PaA[0SY S
«ZINL
(syyuowr 7) Jo uonordwod
ON 9[qeId9Iepu[)  ITABIUH ON 19)Je sypuowr g [w/nrsorgr  wynIdoror>  [wy/nrsoroy> - IoLed AgH I
dn -mog Juow LUOTIBAT)ORAI uon asn
-[03 3s€] [UN [TV -1ean [eIIAUR AGH ¥® I'TV UOIIBATIORDI  -BATIOBAI AH 1 ZINLL 210Joq uonejudsaid je  PIo1g)sod
JLSV UL 9SBAIOU]  Io)je SQWoon() Juouneal], /ISV UIoseadu]  AgH Jo Sutwi] 19N VNA-AGH 190 VNA-AGH 1910 VNA-A9H -1110D smeis AgH Iequinu ase)

uoneAnoeal AgH s sjuoned jo somyderSowadp (o) g d|qeL

pringer

Qs



International Journal of Clinical Oncology (2021) 26:305-315

311

detectable 8 months after simultaneous discontinuation of
TMZ and entecavir (Table 2). In 24 who had a resolved HBV
infection, HBV DNA turned detectable in 4 (16.7%) cases.
HBYV reactivation occurred at the completion of concomitant
radiation therapy and TMZ and before adjuvant TMZ in 3
patients and just before third cycle of adjuvant TMZ in one
patient (Table 2).

With evidence of HBV reactivation, entecavir was started
in all patients. HBV DNA subsequently turned undetectable
within 2-4 months. None of the patients had acute exacer-
bation of liver function because of the HBV reactivation
(Table 2).

Two HBsAg and anti-HBc negative and anti-HBs positive
patients did not experience HBV reactivation.

Predictive factors for HBV reactivation in patients
with resolved HBV infections

We did not find a statistically significant difference in patient
clinical backgrounds, characteristics of tumors between

those with and without HBV reactivation (Table 3). How-
ever, anti-HBc titers in those with HBV reactivation were
significantly higher than those without HBV reactivation
(8.23-10.6 S/CO: median 9.87 S/CO vs. 0.16-10.34 S/CO:
median 5.99 S/CO: p=0.027) (Fig. 2a). The ROC analysis
of anti-HBc titers indicated that the optimal cutoff value for
the prediction of HBV reactivation was 9.57 S/CO, and that
the area under the curve was 0.86. With this cutoff value,
the sensitivity, specificity, positive predictive rate, and nega-
tive predictive rate for the prediction of HBV reactivation
were 75.0%, 90%, 60.0%, and 94.7%, respectively. When we
divided the cases according to anti-HBc titers, those with
high anti-HBc titers (>9.57 S/CO) had a significantly higher
incidence than those with a low-HBc titer (60% vs. 5.3%:
p=0.018). With regard to anti-HBs, there was no statisti-
cally significant difference in the incidence of HBV reactiva-
tion between anti-HBs positive and negative patients from
qualitative examination (Table 3). The titer of anti-HBs at
baseline was measured in only one patient with anti-HBs
positive, and HBV reactivation was measured in only four

Table 3 Analysis of the
predictive factors of HBV
reactivation

Clinical variables HBYV reactivation (—) HBV reactivation p value*
(n=20) (+) (n=4)
Age at TMZ administration (median) 23-80 (66) 57-69 (67) 0.87
Female proportion (%) 10 (50%) 0 (0%) 0.11
Histological diagnosis of glioblastoma (%) 16 (80%) 3 (75%) 1.00
Newly diagnosed glioma (%) 17 (85%) 3 (75%) 0.54
anti-HBs positive (%) 14 (70%) 2 (50%) 0.57
Use of corticosteroid (%) 4 (20%) 1(25%) 1.00

HBYV hepatitis B virus; TMZ temozolomide; anti-HBs antibody for hepatitis B virus surface antigen

*Student ¢ test for age at TMZ administration and titer of anti-HBc and Fisher’s exact test for other cat-

egorical variables

A s B
. p=0.027 100- 9s000000s0s0s
(@)
o | ! A
< 101 ** . = 2
k5 ®e00 - 2
33 ° & 50
8 | —F— 2
T : 2
E LYY A
0 L T 0 . )
0 50 100

HBYV reactivation(-) HBV reactivation (+)

(n=20) (n=4)

Fig.2 Correlations between antibody for hepatitis B core antigen
(anti-HBc) titers and hepatitis B virus (HBV) reactivation. a Scatter
plots demonstrating the tendency of higher anti-HBc titers in cases
with HBV reactivation. p=0.027 (Student’s ¢ test). b The receiver

100% - Specificity (%)

operating characteristic analysis indicated that baseline anti-HBc
titers were useful for predicting HBV reactivation with an optimal
cutoff value of 9.57 ratio of sample/cutoff (S/CO) (Area under the
curve: 0.86)
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of 12 patients with anti-HBs positive and without HBV reac-
tivation. The titer was 4.3 mIU/ml in the former and 99.4,
192.1, 235.9, and 455.8 mIU/ml in the latter (Table 1).

Discussion

In this report, we demonstrated a high incidence of HBV
reactivation in HBV carriers (50%) and those with resolved
HBYV infections (16.7%) with a median follow-up period of
8.5 months. The results also showed that HBV reactivation
could develop from the end of concomitant radiation and
TMZ to follow-up period after the completion of mainte-
nance TMZ.

So far, five patients with TMZ-related HBV reactiva-
tion in those with glioblastoma have been reported. Four
of them were positive for HBsAg before TMZ administra-
tion, one had remote history HBV hepatitis and positivity
for HBsAg at the time of HBV reactivation. None of these
patients received preemptive antivirus treatment, and all of
them developed severe acute exacerbation of liver function.
These results and our findings suggest the importance of
preemptive antivirus treatment especially among those with
HBsAg positivity before TMZ administration. In contrast,
there were no reports of TMZ-related HBV reactivation in
those with resolved HBV infections. Although those with
resolved HBV infections have a lower risk for HBV reac-
tivation compared to HBV carriers [7, 17], the prevalence
of resolved HBV infection was much higher than that of
HBV carriers [1]. In this study, 16.6% of cases and 22.6% of
cases more than 50 years of age had resolved HBV infection.
Therefore, screening for the presence of resolved HBV infec-
tions and monitoring of HBV DNA reappearance during and
after TMZ administration is important. A recent systematic
review and guidelines of the Japan Society of Hepatology
suggest that the preemptive antiviral treatment might not be
required for those with non-hematological disease and/or
rituximab-free regimens for those with resolved HBV infec-
tions due to the low risk of HBV reactivation, whereas it
may be required in the rituximab-containing regimens or in
those with hematological diseases [3, 26]. However, the inci-
dence of HBV reactivation during and after TMZ adminis-
tration among those with malignant glioma in this study was
comparable to that of other high risk conditions, estimated
using the definition of HBV reactivation mentioned above;
3.0-4.9% in those with malignant lymphoma treated with
a rituximab containing regimen [14, 15], and 10% in those
with hematologic malignancies, including those lymphoma,
leukemia, and myelodysplastic syndromes [16]. From these
findings, the necessity of preemptive antiviral treatments
before TMZ administration in the resolved HBV infections
should be examined prospectively in the future.
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In this series and previous reports of TMZ related HBV
reactivation, HBV reactivation occurred most frequently at
the completion of concomitant radiation therapy and TMZ
(case 15,16,17) [32, 33, 35], followed by during the monthly
adjuvant TMZ (case 14) [34, 36]. In addition, one HBV car-
rier (case 1 in this series) experienced late HBV reactiva-
tion 8 months after discontinuation. He did not take any
potential drugs after discontinuation of TMZ, but entecavir
was improperly discontinued at the completion of TMZ. The
recent guideline for HBV reactivation and chronic hepati-
tis does not recommend simultaneous discontinuation, but
rather extended administration of antiviral drugs including
entecavir. Similarly, late HBV reactivation was reported in
patients with HBsAg negativity treated with rituximab- con-
taining regimens [24]. From these results, regular monitor-
ing of HBV DNA and liver function should cover the entire
period of TMZ administration and an additional period after
the completion of TMZ.

Several factors associated with the host, treatment, and
HBYV status have been reported as the predictors for HBV
reactivation. High risk factors were found to be male [18],
elevated baseline ALT [19], lymphoma and hematologic
malignancies [18] as host factors. Some cytotoxic chemo-
therapies, including anthracyclines [20], high-dose corticos-
teroids [20, 21], anti-CD20 monoclonal antibody, rituximab
[4,5,7,10, 12, 13], and a combination of rituximab and
corticosteroid [6, 8, 13] were identified as treatment fac-
tors, and HBsAg or HBeAg positivity [7, 17, 18], negative
or low anti-HBs titers [9, 22, 29, 37], decrease in anti-HBs
titer during chemotherapy [37], high titers of anti-HBc [25,
37], and amount of HBV DNA [9, 22] were factors asso-
ciated with HBV status. In this study, we demonstrated a
high incidence of HBV reactivation in the TMZ-treated
patients with malignant glioma. Although glioblastoma of
itself could be associated with the onset of HBV reactiva-
tion through systemic immunosuppression [38], there were
no reports of patients with HBV reactivation treated with
medications other than a TMZ regimen. In addition, HBV
reactivation was reported in only one patient with primary
central nervous system lymphoma (PCNSL) [23]. Consider-
ing that there was a very high incidence of HBV reactivation
in those with systemic lymphoma treated with [12] and with-
out [20] rituximab containing regimens, those with intracra-
nial neoplasms including glioblastoma and PCNSL, could
have a lower incidence of HBV reactivations than those with
systemic diseases through unknown reason.

Among host factors, tumor characteristics, and HBV sta-
tus, we demonstrated that anti- HBc titers were predictive
factors with high specificity and negative predictive value.
Previous reports also suggested that baseline anti-HBc levels
can predict HBV reactivation in those with non-Hodgkin’s
lymphoma [25]. Because hepatitis B core antigens (HBcAg)
are produced from cccDNA, which is the transcriptional and
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replicative template of HBV, high baseline anti-HBc levels
can reflect a high amount of HBcAg produced by replica-
tion-competent cccDNAs in hepatocytes [39]. In addition,
anti-HBc was associated with host immune response to HBV
through T-cell responses typical of protective memory [40],
and patients in active hepatitis phases have higher anti-HBc
titers than that with immune tolerance [41]. These condi-
tions of HBV and host immunity could explain the correla-
tion between anti-HBc titers and HBV reactivation. In addi-
tion, the patient with the lowest titer of anti-HBs developed
HBYV reactivation in this study. Although the number of the
patients analyzed was too small to draw a conclusion, low
titer anti-HBs may be predictive for HBV reactivation in the
malignant glioma patients treated with TMZ. This finding
was consistent with previous reports [37, 42], and indicated
the role of anti-HBs in neutralizing HBV. Based on these
results, a combination of anti-HBc and anti HBs titer can
predict HBV reactivation, as reported previously in other
types of cancer and chemotherapies [37].

There were limitations in this study. First, this study
included 22 resolved HBV infection patients with short-term
follow-up (< 12 months) or no evaluation for HBV reac-
tivation after completion of TMZ. The median follow-up
period was as short as 3 months. 19 patients had simulta-
neous examination of HBV DNA and AST/ALT until the
last follow-up. The reason for the short-term follow-up was
progression of disease in 7 patients, completion of the study
in 11, and transfer to another hospital in one. To compensate
for this situation, we reviewed three patients who had evalu-
ation of only AST/ALT after the last HBV DNA examina-
tion. These three patients (Cases 19, 22, and 24) did not
have acute exacerbation of liver function defined more than
3 times AST/ALT elevation for 2, 6, and 11 months after
the last HBV DNA examination. However, this study could
not clarify the incidence of HBV reactivation after discon-
tinuation of TMZ. One previous study demonstrated that
53% of rituximab- related HBV reactivation in those with
resolved HBV infections and lymphoma developed after the
completion of rituximab [11]. Although the outcomes asso-
ciated with rituximab might not apply to that of TMZ, late
onset of HBV reactivation could occur more frequently than
observed. Second, although this report provided a defini-
tive finding that HBV reactivation could develop during and
after completion of TMZ, the number of the patients who
were HBV carriers and those with resolved HB infections
in this study was too small to draw definitive conclusions
regarding its precise incidence and the effect of entecavir.
This limitation attributed to the rarity of malignant gliomas
and the decline of the patients with HBV infections owing
to the improvement of public health in Japan. However, this
report is valuable in light of the fact that clinicians cannot
help with carrying out temozolomide treatment for patients
with HBV infection in clinical practice and recent ongoing

clinical trials assessing the effect of TMZ in a situation in
which there were no reports based on even a few patients.

In conclusion, not only HBV carriers, but also patients
with resolved HBV infections had a high incidence of HBV
reactivation during and after the completion of TMZ admin-
istration. Therefore, we should perform screening of HBV
status before TMZ administration in all cases along with reg-
ular HBV DNA monitoring and alanine and aspartate ami-
notransaminase assessments during concomitant radiation
and TMZ, monthly TMZ, and after the completion of TMZ
in HBV carriers and those with resolved HBV infections.
During resolved HBV infection monitoring, anti-HBc titers
could be predictive markers for HBV reactivation in those
with resolved HBV infections. Preemptive antiviral therapy
for HBV carriers and for those with HBV DNA reappearance
in patients with resolved HBV infections was necessary to
prevent TMZ related HBV reactivation.
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