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PES and OS differences between the two arms. Thus,
although a tendency towards prolongation of PES in the
combination arm was observed in the present study, this was
not confirmed. Second, the treatment after the study proto-
col, including allo-HCT and mogamulizumab, varied among
the patients. Because the use of mogamulizumab for
relapsed/refractory ATL was approved in Japan during the
study period, the patients, including those in the chemother-
apy alone arm, may have a chance to receive this drug. Both
of these factors may affect the OS (Chihara et al, 2013).

In conclusion, although mLSG15 plus mogamulizumab was
found to be associated with a potentially less favourable safety
profile, particularly for infectious and skin-related events, the
majority of the AEs were manageable. The %CR was higher
with combination therapy. Accordingly, this combination
treatment appears to be a better option for managing patients
with newly diagnosed aggressive ATL. Further clinical studies
are necessary to evaluate the survival parameters in patients
treated with chemotherapy plus mogamulizumab and to deter-
mine a more suitable combination regimen.
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Case Report

Fatal reactivation of hepatitis B virus infection in a patient with
adult T-cell leukemia-lymphoma receiving the anti-CC
chemokine receptor 4 antibody mogamulizumab

Hideki Ifuku, Shlgeru Kusumoto,? Yasuhlto Tanaka,? Haruhlto Totanl Takashi Ishida,?
Masaya Okada Shuko Murakaml Masashi Mlzokaml Ryuzo Ueda® and Shinsuke lida?

'Department of Internal Medicine, Amagasaki Central Hospital, and “Division of Hematology, Department of Internal
Medicine, Hyogo College of Medicine, Hyogo, *Department of Hematology and Oncology, *Department of Virology and
Liver Unit, Nagoya City University Graduate School of Medical Sciences, Nagoya, *The Research Center for Hepatitis
and Immunology, National Center for Global Health and Medicine, Ichikawa, and °Department of Tumor

Immunology, Aichi Medical University School of Medicine, Aichi, Japan

We report an adult T-cell leukemia-lymphoma (ATL) patient
suffering from fatal reactivation of hepatitis B virus (HBV)
infection after treatment with the anti-CC chemokine receptor 4
{CCR4) monocional antibody, mogamulizumab. HBV reactivation
occurred without liver damage in this hepatitis B surface antigen
(HBsAg) negative patient, who was seropositive for antibodies
against the viral core and surface antigens at baseline, after
two cycles of CHOP regimen (cyclophosphamide, doxorubicin,
vincristine and prednisolone) followed by six cycles of THP-COP
regimen (cyclophosphamide, pirarubicin, vincristine and prednis-
olone). Unexpectedly, mogamulizumab monotherapy for

relapsed CCR4 positive ATL induced sudden and fatal liver failure
due to HBV reactivation, despite antiviral prophylaxis with
entecavir. This clinical course may not only offer important
suggestions to prevent critical HBV reactivation in HBsAg
positive cancer patients who receive immune-enhancing drugs
such as anti-CCR4 antibody, but also .provide a clue to under-
standing the pathogenesis of HBV reactivation following sys-
temic chemotherapy.

Key words: antiviral prophylaxis, CC chemokine receptor type 4,
hepatitis B virus, mogamulizumab, reactivation

INTRODUCTION

EACTIVATION OF HEPATITIS B virus (HBV) infec-
tion is a potentially critical complication in cancer pa-
tients following systemic chemotherapy.'™ It can occur
not only in patients seropositive for hepatitis B surface an-
tigen (HBsAg),”® but also in those with resolved HBV in-
fection who are seronegative for HBsAg but seropositive
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for antibodies against hepatitis B core antigen (anti-HBc)
and/or antibodies against HBsAg (anti-HBs).**”~® Antivi-
ral prophylaxis is recommended by some guidelines to
prevent HBV reactivation-related hepatitis and death for
HBsAg-positive patients.'®">

Adult T-cell leukemia-lymphoma (ATL) is an
aggressive peripheral T-cell neoplasm and human T-cell
leukemia virus type 1 (HTLV-1) plays a role in its patho-
genesis. Recently, the anti-CC chemokine receptor 4
(CCR4) monoclonal antibody, mogamulizumab, was de-
veloped and introduced into the management of ATL in
Japan,14-18

We report here fatal HBV reactivation in an ATL patient
after mogamulizumab monotherapy, despite antiviral
prophylaxis.

CASE REPORT

72-YEAR-OLD JAPANESE man was admitted with the
major complaint of bilateral cervical lymphadenopa-
thy. The laboratory findings showed no abnormal lym-
phocytes in the peripheral blood, but elevated levels of
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lactate dehydrogenase (492 U/L) and soluble interleukin-2
receptor (89 903 U/L). He was seropositive for anti-FHTLV-
1 antibody. A computed tomographic scan revealed sys-
temic lymphadenopathy, hepatomegaly, a low-density
lesion in the spleen, and the presence of pleural effusion
and ascites. A diagnosis of lymphoma-type ATL was made
on the basis of histopathological examination of a cervical
lymph node biopsy and the monoclonal integration of
HTLV-1, detected by Southern blotting.

He received two cycles of CHOP regimen (cyclophospha-
mide, doxorubicin, vincristine and prednisolone), followed
by five cycles of THP-COP regimen (cyclophosphamide,
pirarubicin, vincristine and prednisolone), and achieved
best objective response of partial response to ATL. How-
ever, his right cervical lymph node was enlarged just before
the sixth cycle of THP-COP regimen and progressive disease
of CCR4 positive ATL was judged by the histopathological
examination of a second lymph node biopsy (Fig. 1).

He was seronegative for HBsAg before initiating CHOP
chemotherapy but neither anti-HBc nor anti-HBs was
measured at baseline. When he received a transfusion of
red blood cells after the third cycle of THP-COP regimen,
his serological HBV markers, which we examined using a
preserved sample, were as follows: HBsAg negative
(0.021U/mL, chemiluminescent immunoassay [CLIA]),
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anti-HBc positive (9.32 s/co, CLIA) and anti-HBs-positive
(68.8 mIU/mlL, CLIA). However, the reappearance of
HBsAg and seropositivity of hepatitis B e-antigen were con-
firmed after the sixth cycle of THP-COP regimen, when a
high HBV DNA level was detected (>>9.11og copies/mlL)
by real-time polymerase chain reaction assay before initiat-
ing salvage chemotherapy for ATL using mogamulizumab
(Fig. 1). Liver damage did not develop, although a very
high level of HBV DNA was detected at that point.

He began to receive weekly mogamulizumab monother-
apy for relapsed CCR4 positive ATL and received anti-HBV
treatment with entecavir (0.5 mg/day) at the same time,
according to Japanese guidelines for preventing HBV
reactivation-related hepatitis. His cervical lymphadenopathy
improved, however, sudden and severe liver damage (alanine
aminotransferase, 2410U/L; total bilirubin, 6.01 mg/dL)
developed after the third cycle of mogamulizumab (Figs 1,2).
A diagnosis of acute liver failure was made on sustained
jaundice with hepatic coma and the decline to less than
40% of prothrombin time, according to Japanese criteria, "’
despite the daily administration of entecavir and Stronger
Neo-Minophagen C (40 mg/day). He was transferred to an-
other hospital for intensive care, including plasma exchange,
and his HBV DNA levels decreased to 3.6log copies/mL
immediately (Fig. 1), which indicated that entecavir was
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Figure 1 Clinical course of a patient with adult T-cell leukemia-lymphoma before and after treatment with the anti-CC chemokine re-
ceptor 4 monoclonal antibody mogamulizumab. ALT, alanine aminotransferase; anti-HBc, antibody against hepatitis core antigen; anti-
HBe, antibody against hepatitis B e-antigen; anti-HBs, antibody against HBsAg; CHOP, cyclophosphamide, doxorubicin, vincristine and
prednisolone; HBcrAg, hepatitis B core-related antigen; HBeAg, hepatitis B e-antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B
virus; LC/mL, log copies/mL; LU/mL, log U/mL; NA, not available; PD, progressive disease; PE, plasma exchange; PT, prothrombin time;
QT, qualitative test; RCC, red cells concentrates; sIL-2R, soluble interleukin-2 receptor; SNMC, Stronger Neo-Minophagen C; T-Bil, total

bilirubin; THP-COP, pirarubicin, vincristine and prednisolone.
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Figure2 Detailed dinical course of fatal HBV reactivation after mogamulizumab. ALT, alanine aminotransferase; HBV, hepatitis B virus;
SNMC, Stronger Neo-Minophagen C; PT, prothrombin time; T-Bil, total bilirubin.

effective in suppressing the replication of HBV DNA. There
was no evidence of the emergence of resistance to this antivi-
ral drug at that time. However, acute liver failure progressed
rapidly and he died approximately 7weeks after the first
administration of mogamulizumab.

Retrospective analysis using a sample stored 2 weeks
after hepatitis onset (at 5weeks after the first adminis-
tration of mogamulizumab) showed that he was sero-
positive for HBsAg (40IU/mL, CLIA), seropositive for
anti-HBc (10.6s/co, CLIA), seropositive for anti-HBs
(110.1 mIU/mL, CLIA) and seropositive for HBc-
related antigen (5.3log U/mlL, CLIA). Furthermore,
analysis showed that the virus was HBV genotype C,
without any mutations in the precore region or basal
core promoter, but a HBsAg escape mutation (G145K)
was found. This retrospective analysis was approved
by the institutional review board of Amagasaki
Central Hospital and Nagoya City University.

DISCUSSION

HIS CASE IS the first report of HBV-related death in an
ATL patient who received mogamulizumab, despite
antiviral prophylaxis with entecavir before hepatitis onset,
according to some guidelines.'®™'* Mogamulizumab is a
humanized anti-CCR4 monoclonal antibody, which

targets CCR4 molecules expressed not only on tumor cells
of ATL, but also normal T-helper type 2 and regulatory T
cells.'*'>?° Mogamulizumab has been demonstrated to
be effective for CCR4 positive relapsed/refractory ATL or
peripheral T-cell lymphoma,'®*®?! however, Stevens—
Johnson syndrome, a seriously adverse skin event, has
been reported to occur, partly because of an enhanced
cellular immune response following a remarkable reduc-
tion in the number of regulatory T cells.**

In this case, the initial systemic chemotherapy (CHOP or
THP-COP regimen), possibly in addition to the highly im-
munocompromised situation caused by ATL itself,*>*> might
have led to the reappearance of HBsAg and an abrupt in-
crease of serum HBV DNA, and HBV reactivation might have
occurred before the administration of mogamulizumab.
Although HBV reactivation has been reported to be a rare
complication following anti-CD20 monodonal antibody,
rituximab-free chemotherapy,®? this clinical course suggested
that regular HBV DNA monitoring-guided pre-emptive
antiviral therapy is necessary to prevent HBV reactivation in
such patients.>'° Interestingly, liver damage associated with
HBYV reactivation did not manifest, even when a very high
HBV DNA level was detected. Acute liver failure with
hepatic coma developed suddenly after the administration
of mogamulizumab and the patient died of hepatitis B in
spite of intensive care.

© 2015 The Japan Society of Hepatology

- 161 -



4 H. Ifuku et al.

As to why the sudden acute liver failure occurred after
mogamulizumab, this anti-CCR4 antibody should rapidly
deplete not only CCR4 positive ATL cells, a certain subset
of which functions as regulatory T cells, but also CCR4
positive endogenous non-ATL regulatory T cells.'®'®%3
We surmise that this depletion resulted in a rapid provoca-
tion of the patient’s immune system, especially the cellular
immune response to HBV-infected hepatocytes, leading to
acute liver failure and FIBV-related death. HBV reactivation
has been reported to occur most frequently in cancer
patients after completion of systemic chemotherapy and
recovery of the immune response.” Antiviral prophylaxis
is recommended by some guidelines to prevent HBV
reactivation-related hepatitis and death in HBsAg positive
patients before initiating systemic chemotherapy.'®~'?
Recently, a randomized controlled trial demonstrated that
the prophylactic use of entecavir significantly decreased
the risk of HBV reactivation in HBsAg positive patients with
low viral loads (serum HBV DNA levels <3 log copies/mL),
who received rituximab-containing chemotherapy,
compared with the prophylactic use of lamivudine.?*
However, there is limited evidence of prevention of HBV
reactivation in HBsAg positive patients, especially those
with high viral loads who may have a greater risk of HBV
reactivation. This case is also the first report of HBV
reactivation-related death during antiviral treatment with
a new generation anti-HBV nucleoside analog, entecavir,
that has both greater potential to suppress HBV replication
and a high barrier to viral resistance mutations.?*2° There-
fore, if a potentially immune-enhancing drug is used for
HBsAg positive cancer patients with high HBV DNA levels,
it may be necessary to reduce the HBV DNA level as much
as possible by antiviral treatment in advance, before
initiating systemic chemotherapy.

Why did liver damage not occur, even when a very high
HBV DNA level was detected after initial chemotherapy?
Again, ATL patients usually have severe cellular immuno-
deficiency and a diagnosis of ATL is often made with the
onset of opportunistic infections, such as pneumocystis
pneumonia and cytomegalovirus infection.?”*®* On the
other hand, the immune response, especially the HBV-
specific T-cell response, is thought to be largely responsible
for the onset of hepatitis and viral clearance during HBV
infection.”®® Therefore, we speculate that his impaired
cellular immune response could have allowed replication
of the virus but could not attack the HBV-infected hepato-
cytes and induce hepatitis B just after the THP-COP regi-
men, suggesting that his immune response against HBV
was weak before mogamulizumab treatment. One of the
reasons may be limited virus replication due to the ab-
sence of precore and/or basal core promoter mutations

© 2015 The Japan Society of Hepatology
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that are associated with enhanced virus replication in pa-
tients with fulminant hepatitis B.>"*?

What is the clinical significance of the HBsAg escape mu-
tation in HBV reactivation? Retrospective analysis using his
preserved sample after BV reactivation also showed that
he had a high titer of anti-HBs (110.1 mIU/mL, Fig. 1)
and a common escape mutation (G145K) in the viral
S region. Most HBV reactivation occurs after the decrease
and disappearance of anti-HBs in patients initially sero-
positive for anti-HBs.>* Escape mutations in HBsAg
have been reported to be associated with sustained
titers of anti-HBs during FBV reactivation,®® which in-
dicates that regular monitoring of anti-HBs titers may
be insufficient to predict adequately HBV reactivation
in such patients.

In summary, we first reported the sudden onset of
acute liver failure, and death due to HBV reactivation,
in an ATL patient who received anti-CCR4 antibody
mogamulizumab monotherapy, despite antiviral pro-
phylaxis with entecavir. This clinical course may not
only offer important suggestions to prevent critical
HBV reactivation in HBsAg positive cancer patients
who receive immune-enhancing drugs such as anti-
CCR4 antibody, but also provide a clue to understand-
ing the pathogenesis of HBV reactivation following
systemic chemotherapy.
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Abstract Reactivation of hepatitis B virus (HBV) infec-
tion may occur in adult T-cell leukemia~lymphoma (ATL)
patients with resolved HBV infection who receive mono-
therapy with the anti-CC chemokine receptor 4 monoclo-
nal antibody, mogamulizumab. However, there is little evi-
dence regarding the incidence and characteristics of HBV
reactivation in ATL patients receiving systemic chemo-
therapy, including the use of this antibody. We conducted
a retrospective study for 24 ATL patients with resolved
HBYV infection underwent regular HBV DNA monitoring
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to assess HBV reactivation in Nagoya City University Hos-
pital between January 2005 and June 2013. With median
HBYV DNA follow-up of 238 days (range 57-1420), HBV
reactivation (defined as the detection of HBV DNA) was
observed in three (12.5 %) of 24 patients with resolved
HBV infection. No hepatitis due to HBV reactivation
occurred in those patients who were diagnosed with HBV
DNA levels below 2.1 log copies/mL and who received
antiviral drugs. Mogamulizumab was administered prior to
HBYV reactivation in two of three HBV-reactivated patients.
In the mogamulizumab era, further well-designed prospec-
tive studies are warranted to estimate the incidence of HBV
reactivation and to establish regular HBV DNA monitor-
ing-guided preemptive antiviral therapy for such patients.

Keywords Reactivation - HBV - CCR4 -
Mogamulizumab - ATL

Abbreviations

HBV Hepatitis B virus

ATL Adult T-cell leukemia—lymphoma

HBsAg Hepatitis B surface antigen

Anti-HBc  Antibodies against hepatitis B core antigen
Anti-HBs  Antibodies against hepatitis B surface antigen
CCR4 CC chemokine receptor 4

Introduction

Reactivation of hepatitis B virus (HBV) infection has been
reported as a potentially fatal complication of systemic
chemotherapy [1-6]. HBV reactivation may occur not only
in hepatitis B surface antigen (HBsAg)-positive patients,
but also in patients with resolved HBV infection who are
seronegative for HBsAg but seropositive for antibodies
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against hepatitis B core antigen (anti-HBc) and/or antibod-
ies against HBsAg (anti-HBs).

Chemotherapy containing the anti-CD20 monoclo-
nal antibody, rituximab plus steroids has been shown to
be an important risk factor for HBV reactivation in B-cell
lymphoma patients with resolved HBV infection [2, 3].
Recently, the anti-CC chemokine receptor 4 (CCR4) mono-
clonal antibody, mogamulizumab, was developed and intro-
duced into the management of adult T-cell leukemia—lym-
phoma (ATL) [7-12]. A dose-finding study showed that
mogamulizumab monotherapy could induce HBV reactiva-
tion-related hepatitis in an ATL patient with resolved HBV
infection [9, 13].

However, there is little evidence regarding the incidence
and characteristics of HBV reactivation in ATL patients
with resolved HBV infection who were receiving systemic
chemotherapy including this antibody. We conducted here
a retrospective study in a single institution to evaluate the
risk of HBV reactivation in these patients who underwent
regular monitoring of HBV DNA levels during and after
chemotherapy.

Patients and methods

Between January 2005 and June 2013, 66 patients were
diagnosed with ATL in Nagoya City University Hospi-
tal. Baseline serological markers for HBsAg, anti-HBc,
and anti-HBs were measured to evaluate their viral status
before systemic chemotherapy. Antiviral prophylaxis was
provided to the HBsAg-positive patients before the ini-
tiation of systemic chemotherapy. HBV DNA levels were
assessed in HBsAg-negative patients who were seroposi-
tive for anti-HBc and/or anti-HBs. Patients seronegative for
HBsAg but with detectable of HBV DNA were considered
to have occult HBV infection, and antiviral prophylaxis
was provided to those patients. HBsAg-negative patients
seropositive for anti-HBc and/or anti-HBs but without
detectable of HBV DNA were considered to have resolved
HBY infection and their HBV DNA levels were monitored
regularly (monthly in principle) for HBV DNA levels dur-
ing chemotherapy and at least 1 year after chemotherapy;
HBYV reactivation was defined as the detection of HBV
DNA. If HBV reactivation was confirmed, antiviral drugs
were given immediately (preemptive antiviral therapy).

All baseline serological markers of HBsAg, anti-HBc
and anti-HBs were measured by the laboratory in this hospi-
tal, using the following methods and cut-off values: CLEIA
with cut-off values for HBsAg, anti-HBc and anti-HBs were
1.0 C.OI 1.0 INH % and 10.0 mIU/mL., respectively, from
January 2005 to December 2010, CLEIA with cut-off values
for HBsAg, anti-HBc and ant-HBs were 0.03 mIU/mL, 1.0
C.0.1, and 10.0 mIU/mL, respectively, from January 2011.

HBV DNA levels were measured by an outside labo-
ratory (SRL, Inc.; Tokyo, Japan) or by the laboratory in
this hospital, using the following methods and cut-off
values: transcription-mediated amplification test with a
cut-off value of 3.7 LGE/mL from January 2005 to April
2006, Amplicor HBV monitor test with a cut-off value of
2.6 log copies/mL from April 2006 to May 2008, COBAS
AmpliPrep/COBAS TagMan HBV test (v1.0) with a cut-off
value of 1.8 log copies/mL from May 2008 to July 2009,
and COBAS AmpliPrep/COBAS TagMan HBV test (v2.0)
with a cut-off value of 2.1 log copies/mL from July 2009.

For the analysis of HBV sequences, nucleic acids were
extracted from the preserved serum specimens (200 pL)
and subjected to PCR to amplify HBV genomes within
the short S region [nucleotides (nt) 427-607] and the basal
core promoter (BCP)/precore (PC) regions [nt 1628-2047]
followed by direct sequencing using the ABI Prism Big
Dye ver. 3.1 kit in an ABI 3100 DNA automated sequencer
(Applied Biosystems, Foster City, CA). HBV genotypes
were determined by molecular evolutionary analysis [14].

To compare the baseline characteristics and ATL treat-
ment of the patients with and without HBV reactivation,
we used the Chi-square test and two-sided Fisher’s exact
test for categorical data, and the Mann—Whitney U test
for continuous variables. A two-tailed p value of less than
0.05 was considered statistically significant. All statistical
analyses were performed using SPSS (version 22.0) statis-
tical software for Windows, using data fixed on August 31,
2013. This study was approved by the Institutional Review
Board of Nagoya City University. All patients gave written
informed consent.

Results

The status of HBV infection at baseline was as follows
(Fig. 1): HBsAg-positive (n = 2, 3.0 %), HBsAg-negative
(n = 63, 955 %), and no serological HBV assessment
(n = 1, 1.5 %). Of the 63 HBsAg-negative patients, 31
(49.2 %) were anti-HBc positive and/or anti-HBs positive.
Of the remaining 32 patients, 31 were anti-HBc negative
and anti-HBs negative, and one had no data for anti-HBc
and anti-HBs. Because HBV DNA below 1.8 log copies/
ml was detected at baseline in one patient who was anti-
HBc positive and anti-HBs positive at baseline (and who
was therefore judged to have occult HBV infection), anti-
viral drugs were administered before initiating systemic
chemotherapy. Finally, 24 of 31 patients with resolved HBV
infection underwent regular HBV DNA monitoring (Fig. 1).
For these 24 ATL patients, initial systemic chemotherapy
included the following regimens: CHOP (n = 7, 29.2 %),
VCAP-AMP-VECP (n = 13, 54.2 %) and others (n = 4,
16.6 %) (Table 1). Systemic chemotherapy was started in 6
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Fig. 1 Baseline serological
markers of HBV infection in the
66 ATL patients. Two patients
were HBsAg-positive, 63 were
HBsAg-negative, the last was

not available for serological
HBYV assessment. Of the 63
HBsAg-negative patients, 31

were anti-HBc-positive and/or

anti-HBs-positive. One patient |

had detectable HBV DNA at
baseline, and was judged as
having occult HBV infection.

ATL
n= 0606
[ il
HBsAg (+) HBsAg (-) NA
n=2 n=63 n=1
|
anti-HBc¢ (-) and anti-HBs (-) anti-HBc (+) and/or anti-HBs (+) NA
n=3l n=31 n=]

Regular HBY DNA monitor-
ing was performed in 24 of 31

l
I l

patients with resolved HBV
infection and 3 patients suf-
fered HBV reactivation. HBV

HBV DNA monitoring (-+)

HBYV DNA monitoring (-)

n=25 n==6

hepatitis B virus, ATL adult
T-cell leukemia~lymphoma,

HBsAg hepatitis B surface
antigen, anti-HBc antibodies
against hepatitis B core antigen,

baseline HBV-DNA (-)

baseline HBV DNA (+)

n=24 n== |

anti-HBs antibodies against
hepatitis B surface antigen, NA

not available

chemotherapy (+)
n=24

HBYV reactivation (+)

HBYV reactivation (—)

n=3 n=21

patients before HBV DNA monitoring. For the 24 patients
with resolved HBV infection during and after systemic
chemotherapy, regular monitoring of HBV DNA was con-
ducted with a median interval of 30 days (range 2-703).

HBV reactivation was observed in 3 (12.5 %) of 24
patients with resolved HBV infection, with a median HBV
DNA follow-up of 238 days (range 57—-1420). No hepati-
tis due to HBV reactivation occurred in those patients who
were diagnosed with HBV DNA levels below 2.1 log cop-
ies/mL and who received antiviral drugs (entecavir, 0.5 mg/
day), resulting in no detectable HBV DNA levels during
antiviral treatment.

There was no statistically significant difference in base-
line characteristics and ATL treatment between patients
with and without reactivation in this retrospective analysis
(Table 1). The characteristics of 3 patients with HBV reac-
tivation are shown in Table 2; all were male, and seroposi-
tive for anti-HBc and anti-HBs at baseline, and received the
VCAP-AMP-VECP regimen as initial treatment. Moga-
mulizumab was administered prior to HBV reactivation
in 2 of 3 HBV-reactivated patients. The anti-HBs titers
of 3 patients decreased at reactivation compared to base-
line titers in 3 patients. Their HBV genotypes were deter-
mined as C. HBV mutations were not found in the precore

@ Springer

region or basal core promoter. One patient died due to ATL
progression.

The clinical course of case 1 is shown in Fig. 2. HBV
reactivation was confirmed with HBV DNA levels below
2.1 log copies/mL, 3 months after initiating mogamuli-
zumab-containing chemotherapy as initial treatment for
ATL. The patient presented with elevation of transaminase
levels after detection of HBV DNA, it considered not viral
hepatitis, but drug-induced liver damage because of tran-
sient and slight increase of HBV DNA levels. Reemergence
of HBV was observed repeatedly after withdrawal of anti-
viral drugs following the development of drug-induced
allergic rash or interstitial pneumonia. The patient main-
tains complete remission of ATL with undetectable of HBV
DNA after withdrawal of antiviral drugs over 3 years after
mogamulizumab-containing chemotherapy.

Discussion

This study showed that the incidence of HBV reactivation
among ATL patients with resolved HBV infection who
received systemic chemotherapy was 12.5 %. Preemptive
antiviral therapy, guided by regular HBV DNA monitoring,
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Table 1 B a}seline HBYV reactivation (+) HBYV reactivation (—)  p value
characteristics and treatment n=3 n =21
of 24 ATL patients with
resolved HBV infection Median age (range) 59 (58-65) 64 (41-77) 0.822
who underwent HBV DNA S 0217
monitoring following systemic ex :
chemotherapy Male 3 9

Female 0 12

ATL type of disease 0.090

Acute 1 17
HBYV hepatitis B virus, Lympl}oma 2 !
ATL adult T-cell leukemia— Chronic 0 2
lymphoma, ECOG Eastern Smoldering 0 1
Cooperative Oncology Group, ECOG perf tat 053
HBsAg hepatitis B surface perioriahos siats 30
antigen, anti-HBc antibodies Oorl 3 14
against hepatitis B core antigen, 2 or more 0 7
anti-HBs antibodies against Baseline HBV status 1.00
hepatitis B surface antigen, . - . -
CHOP cyclophosphamide, Anti-HBc posTtTve and anti-HBs positive 3 18
doxorubicin, vincristine, Anti-HBc positive and anti-HBs negative 0 3
prednisolone, VCAP-AMP- Anti-HBc negative and anti-HBs positive 0 0
VECP VCAP (vincristine, Baseline anti-HBs titers (mIU/mL) 0728
cyclophosphamide, 10 0
doxorubicin, prednisolone)- <
AMP (doxorubicin, >10, <100 2
ranimustine, prednisolone)- >100 1 10
VECP (v1-ndesme, ctop oside, Initial chemotherapy regimen® 0.396
carboplatin, prednisolone),
HSCT hematopoietic stem cell CHOP 0 7
transplantation VCAP-AMP-VECP 3 10
2 Initial chemotherapy regimen Others 0 4
for adult T-cell leukemia-lym- Mogamulizumab administration” 0.576
phoma was given during HBV -+ ) 9
DNA monitoring
> In2 of 3 HBV-reactivated = . ! 12
cases, mogamulizumab was Allogeneic HSCT 1.00
given prior to HBV reactivation (+) 35
¢ One patient received allo- (=) 16
geneicl hemgtopofleng];e\rln Year enrolled for HBV DNA monitoring -
transplantation after
reactivation 2005-2006 0 0
4 HBV DNA follow-up time 2006-2008 0 4
indicates the time from the date 2008-2009 0 3
of baseline HBV DNA measure- 2009-2013 3 14

ment until the date of the last
HBV DNA measurement

Median HBV DNA follow-up time (range)®

640 (637-1030)

227 (57-1420)

was effective in preventing hepatitis due to HBV reacti-
vation in all three patients. Most of HBV reactivation has
been reported to occur in B-cell lymphoma, especially in
those who received rituximab-containing chemotherapy
[2—4, 6]. This is the first report regarding the risk of HBV
reactivation focused on ATL patients with resolved HBV
infection, which suggesting that the risk of HBV reactiva-
tion in ATL patients may be similar to that in B-cell lym-
phoma patients [15, 16].

ATL is a mature T-cell lymphoma and human T-cell
leukemia virus type-1 plays a role in its pathogenesis.

Aggressive ATL has been reported to have a poor progno-
sis with a median overall survival of approximately 1 year,
regardless of intensive chemotherapy [17]. The anti-CCR4
monoclonal antibody, mogamulizumab has been shown
recently to be effective and safe for aggressive ATL patients
in the setting of monotherapy or combined with conven-
tional chemotherapy [9, 11, 18]. It is expected that moga-
mulizumab will enable long-term disease control, so more
HBYV reactivation events may be predicted because CCR4 is
a chemokine receptor expressed on T-helper type 2 and reg-
ulatory T cells [7, 19], and is thought to have an important
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Table 2 Characteristics of 3 patients with HBV reactivation

Case | Case 2 Case 3
Age 65 59 58
Sex Male Male Male
Type of ATL Lymphoma Lymphoma Acute
ECOG performance status I 1 0
Baseline HBV status
HBsAg (-) (—) =)
Anti-HBc titers 98.1 % 3.6C.0l 1.5C.0.1
Anti-HBs titers 20.0 mIU/mL 24.0 mIU/mL >1000.0 mIU/mL

HBYV DNA levels

Chemotherapy regimens before HBV reactivation

Number of regimens
Allogeneic HSCT*
After HBV reactivation

Time to reactivation (day)®

HBYV DNA levels at reactivation (log copies/mL)
Peak HBV DNA levels (log copies/mL)

Anti-HBs titers
HBYV genotype

HBV mutation of precore region or basal core promoter

Antiviral drugs

Hepatitis due to HBV reactivation
HBV DNA follow-up time (day)*

Outcome

Not detectable

VCAP-AMP-VECP plus
mogamulizumab

Not detectable

VCAP-AMP-VECP

Not detectable

VCAP-AMP-VECP
Mogamulizumab

CHOP
DeVIC
etc.
1 1 7
No Yes No
90 71 541
<2.1 <2.1 <2.1
2.3 <2.1 <2.1
17.6 mIU/mL 22.0 mIU/mL 566.5 mIU/mL
C C C
Wild Wild NA
Entecavir, lamivudine Entecavir Entecavir
No No No
1030 640 637
Alive (CR1) Alive (CR1) Death due to ATL progression

HBYV hepatitis B virus, ATL adult T-cell leukemia-lymphoma, ECOG Eastern Cooperative Oncology Group, HBsAg hepatitis B surface antigen,
anti-HBc antibodies against hepatitis B core antigen, anti-HBs antibodies against hepatitis B surface antigen, VCAP-AMP-VECP VCAP (vincris-
tine, cyclophosphamide, doxorubicin, prednisolone)-AMP (doxorubicin, ranimustine, prednisolone)-VECP (vindesine, etoposide, carboplatin,
prednisolone), CHOP cyclophosphamide, doxorubicin, vincristine, prednisolone, DeVIC dexamethasone, etoposide, ifosfamide, carboplatin,

CRI first complete response

2 One patient (case 2) received allogeneic hematopoietic stem transplantation after HBV reactivation

5 Time to reactivation indicates the time from the date of baseline HBV DNA measurement until the date of the confirmation of HBV reactivation
¢ HBV DNA follow-up time indicates the time from the date of baseline HBV DNA measurement until the date of the last HBY DNA measure-

ment

role in maintaining the balance of the human immune sys-
tem. The mechanism whereby mogamulizumab causes
HBYV reactivation is not fully understood; a reduction of
numbers of CCR4-expressing cells following this antibody
treatment might be associated with an imbalance of antiviral
immunity, resulting in the development of HBV reactivation
[9, 13]. Although HBV reactivation was confirmed in 2 of
11 patients who received mogamulizumab, this study did
not prove that HBV reactivation is associated with mogam-
ulizumab therapy, partly because of the small sample size.
This study has the following limitations: a retrospective
study in a single institution with a small sample size, and

@ Springer

the diagnosis of HBV reactivation at early stage when only
when HBV DNA became detectable (below 2.1 log copies/
mL) by PCR. Because antiviral treatments after the onset of
hepatitis are often insufficient to control HBV reactivation,
preemptive antiviral therapy guided by regular HBV DNA
monitoring, whereby the antiviral drug is given immediately
when HBV DNA becomes detectable, is recommended by
some guidelines to prevent hepatitis due to HBV reactivation
[20, 21]. Howeyver, the definition of HBV reactivation and
cut-off values of HBV DNA levels, along with the timing
of initiation of antiviral treatment in patients with resolved
HBYV infection, have not been fully investigated yet.
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Fig. 2 Clinical course of case 1. A 65-year-old male was diagnosed
as having adult T-cell leukemia—lymphoma of lymphoma type and
received VCAP-AMP-VECP plus mogamulizumab combined chem-
otherapy. At 3 months after systemic chemotherapy, HBV reacti-
vation was confirmed with HBV DNA levels below 2.1 log copies/
mL and antiviral therapy (entecavir, 0.5 mg/day) was given immedi-
ately with no HBV-related hepatitis. He presented with elevation of
transaminase levels after detection of HBV DNA, it considered not
viral hepatitis but drug-induced liver damage because of transient
and slight increase of HBV DNA levels. Because he suffered from an
allergic rash and interstitial pneumonia (IP), entecavir could not be
continued. Consequently, reemergence of HBV (HBV DNA levels of
2.2 log copies/mL) was observed at 3 months after the first detection
of HBV reactivation. However, he discontinued entecavir because

In conclusion, the incidence of HBV reactivation was
12.5 % in ATL patients with resolved HBV infection fol-
lowing systemic chemotherapy. In mogamulizumab era,
further well-designed prospective studies are warranted to
estimate the incidence of HBV reactivation and to establish
regular HBV DNA monitoring-guided preemptive antiviral
therapy for these patients.
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An 89-year-old Japanese man was admitted to this hospi-
tal for persistent fever for over 1 month and pancytopenia
(a white blood cell count of 1700 /L with 46 % neutro-
phils, 33 % lymphocytes, 7 % atypical lymphocytes, and
14 % monocytes, a hemoglobin level of 8.4 g/dL, and a
platelet count of 11.9 x 10*/uL). A lymphoid neoplasm
was suspected because of his markedly elevated soluble
interleukin-2 receptor level of 16,709 U/mL, but computed
tomography revealed no lymphadenopathy or hepatosple-
nomegaly. An '8F-fluorodeoxyglucose positron emission
tomography (FDG-PET) scan showed disseminated FDG
uptake only in the bone marrow (Fig. 1).

Specimens of bone marrow aspiration and trephine
biopsy showed hypercellular bone marrow and large binu-
cleated or multinucleated cells resembling Reed-Sternberg
(RS) cells, which were found sparsely in a background
of small- to intermediate-sized lymphocytes and acti-
vated histiocytes (Fig. 2a). Bone marrow fibrosis was also
seen. Immunostaining was carried out for various mark-
ers, including CD3, CD4, CD8, CD15 (Fig. 2b), CD20
(Fig. 2¢), CD30 (Fig. 2d), CD45 (Fig. 2e), CD56, PAXS
(Fig. 2f), ALK, granzymeB, and BOB.1 (Fig. 2g), and
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Fig. 1 This 'F-fluorodeoxyglucose positron emission
tomography scan shows disseminated FDG uptake in the
bone marrow without evidence of the involvement of other
organs. Focal weak FDG uptake in the liver and the spleen
was considered to be within normal range

nuclear staining for Epstein-Barr virus encoded RNA was
performed by in situ hybridization (EBER-ISH). RS-like
cells were positive for CD30, CD45, PAX5 and BOB.1.
More specifically, a subset of the tumor cells was positive
for BOB.1 but negative for the other antigens and EBER-
ISH. The lymphocytes around the tumor cells were pre-
dominantly CD8§-positive T-cells.

Southern blot analysis of the bone marrow did not reveal
clonal rearrangements of the joining heavy chain immu-
noglobulin. On the other hand, polymerase chain reaction
(PCR) of immunoglobulin heavy chain gene locus using
Dy and Jy; consensus primers demonstrated a monoclonal
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Fig. 2 Reed-Sternberg-like cells, indicated by arrows, are found
sparsely in the bone marrow (a Hematoxylin and Eosin staining).
These cells are negative for CD15 (b) and CD20 (c) but positive for

amplification product. Furthermore, cytogenetic study
of the bone marrow showed an abnormal karyotype of
46,XY,del(3)(p?) in four of the 20 cells analyzed. Finally,
the diagnosis of primary bone marrow large B cell lym-
phoma was established.

Descriptions of primary bone marrow lymphoma
(PBML) in the literature have been limited, and its diagnos-
tic criteria have not been established. Because our patient

@ Springer

CD30 (d), CD45 (e) and PAXS (f). Some neoplastic cells are positive
for BOB.1 (g). (Original magnification of all panels, x400)

did not show any evidence of organ involvement, other than
bone marrow assessed by CT and PET scan, the diagnosis
of PBML was thought to be reasonable.

In theory, RS-like cells should be interpreted carefully
because they are not specific for Hodgkin lymphoma (HL)
and have been found not only in cases of other malignan-
cies, such as non-HL, carcinomas and sarcomas, but also
in reactive processes. In the current case, HL was ruled
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out because the RS-like cells were negative for CD15 and  immunoglobulin heavy chain gene rearrangement detected by
EBER-ISH but positive for CD45 and BOB.1. PCR analysis and negativity for NK/T-cell markers.

A further question regarding the current case was the origin
of the tumor cells and this was thought to be B lymphocytes, anflict of interest The authors declare that they have no conflict
based on the positivity for PAXS immunostaining, clonal of interest.
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Metformin, a prescribed drug for type 2 diabetes, has been reported
to have anti-cancer effects; however, the underlying mechanism is
poorly understood. Here we show that this mechanism may be
immune-mediated. Metformin enabled normal but not T-cell-defi-
cient SCID mice to reject solid tumors. In addition, it increased the
number of CD8" tumor-infiltrating lymphocytes (TILs) and protected
them from apoptosis and exhaustion characterized by decreased pro-
duction of IL-2, TNFe, and IFNy. CD8* TiLs capable of producing mul-
tiple cytokines were mainly PD-1"Tim-3", an effector memory subset
responsible for tumor rejection. Combined use of metformin and
cancer vaccine improved CD8* TIL multifunctionality. The adoptive
transfer of antigen-specific CD8" T cells treated with metformin
concentrations as low as 10 uM showed efficient migration into
tumors while maintaining multifunctionality in a manner sensitive
to the AMP-activated protein kinase (AMPK) inhibitor compound C.
Therefore, a direct effect of metformin on CD8™ T cells is critical for
protection against the inevitable functional exhaustion in the tumor
microenvironment.

immune exhaustion | CD8T cells | antitumor immunity |
tumor microenvironment | multifunctionality

n chronic infectious diseases and cancer, CD8" T cells specific

for viral and/or tumor antigens undergo repeated TCR stim-
ulation because of persistent pathogens or cancer cells and
gradually lose their ability to secrete IL-2, TNFa, and IFNy,
eventually undergoing apoptotic elimination in a process known
as immune exhaustion (1). This worsening immune function is
accompanied by phenotypic changes in CD8" T cells, including
the expression of exhaustion markers such as PD-1 and Tim-3
(2). Antitumor immunity is enhanced in mice deficient in PD-1
or its ligands PDL-1 and PDL-2 (2-4). Galectin 9, a Tim-3 ligand,
is secreted by many tumor cells as well as by FoxP3-expressing
regulatory T-cell (Treg) and inhibits Tim-3-expressing Th1 cells
(5). An anti-Tim-3 antibody that blocks the galectin 9-Tim-3
pathway was found to accelerate antitumor immunity (6). Fur-
thermore, the administration of blocking antibodies against both
PD-1 and Tim-3 induced a more profound tumor rejection in
comparison with that achieved with either antibody alone (7).
The management of functional T-cell exhaustion within tumor
tissues is currently an extensive focus in tumor immunotherapy
(8, 9), together with efforts to neutralize immune-inhibitory Treg
and myeloid-derived suppressor cell (MDSC).

Metformin (dimethylbiguanide) has been widely prescribed
for type 2 diabetes. Its unique pharmacological features include
its antihyperglycemic efficacy, which counters insulin resistance
(10, 11). Early metformin use increases the survival of patients
with obesity-involved type 2 diabetes and/or cardiovascular dis-
ease (12). In addition, recent reports have described the un-
expected anticancer effects of metformin in patients with type 2
diabetes (13). Insulin-based diabetes treatment is associated with
an increased cancer risk (14-17), whereas metformin use has
been shown to decrease the frequency of specific cancers (18—
21). Two independent metaanalyses of epidemiological studies
concluded that compared with other treatments, metformin is

www.pnas.org/cgi/doi/10.1073/pnas. 1417636112

associated with a 30-40% reduction in the incidence of cancer
among patients with type 2 diabetes, indicating the need to in-
vestigate the anticancer mechanisms of metformin and conduct
long-term randomized controlled trials (RCTs) (22, 23).

In the HER-2/neu transgenic mouse breast cancer model, met-
formin treatment decreased the tumor burden and was associated
with an increased life span (24). Combined use of metformin with
chemotherapeutic agents such as cisplatin has also yielded clinical
benefits (25, 26). Regarding the anticancer mechanism, metformin
appears to preferentially kill cancer-initiating/stem cells from
glioblastoma (27), breast (28) and ovarian cancers (29) via AMP-
activated protein kinase (AMPK) activation.

In contrast to the inhibitory action of metformin on tumor
cells, here we demonstrate the direct effects of metformin on
CDS8* T cells, which eventually results in tumor growth inhi-
bition. Metformin protects CD8" tumor-infiltrating lymphocytes
(TILs) from apoptosis, and the multifunctionality of exhausted
PD-1"Tim-3*CD8* TILs is restored via a shift from a central
memory (TCM) to an effector memory T-cell (TEM) phenotype.
This metformin-induced antitumor mechanism is therefore linked
to marked changes in the characteristics of CD8" TILs within the
tumor microenvironment.

Results

Metformin-Induced Tumor Rejection Depends on CD8'T Cells. As
metformin has been reported to decrease the rate of cancer in-
cidence in type 2 diabetic patients, we at first examined whether
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the drug could protect mice from methylchoranthrene-induced
skin carcinogenesis. BALB/c mice were injected with 200 pg of
methylchoranthrene on the right back and given 5 mg/mL met-
formin dissolved in the drinking water throughout the experi-
ment. Significant inhibition of tumor development was observed
in metformin-treated nondiabetic mice (Fig. S14). We next
attempted to determine whether metformin would be effective
against an established solid tumor. Mice were intradermally
injected with X-ray-induced RLmalel leukemia cells and were
provided oral metformin beginning on day 7. The tumors were
gradually and completely rejected with no reappearance after
metformin withdrawal. A rechallenge with more than twice the
original number of the same tumor cells did not yield mass
formation (Fig. 14, Left), suggesting the generation of an im-
munologic memory response. Moreover, the antitumor effect
was completely abrogated in SCID mice (Fig. 14, Right), clearly
demonstrating the necessity of T and/or B cells. Cytotoxic T
lymphocytes (CTLs) specific for the tumor antigen peptide
pRL1a (30) were generated in mice that rejected the tumor (Fig.
S1B). Growth inhibition was observed with a metformin dose as
low as 0.2 mg/mL (Fig. S1C). Of note, a previous report identi-
fied the achievement of plasma metformin concentrations of 0.45
and 1.7 pg/mL using 1 and 5 mg/mL of metformin, respectively,
in drinking water (31); these plasma concentrations are similar to
those in patients with diabetes treated using metformin (0.5-
2 pg/mL). Administration of metformin beginning on day 0, the
time point of tumor inoculation, resulted in more effective re-
jection than on day 7. Beginning treatment on day 10 and 13 was
also effective, although the effect was less than on day 0 (Fig.
S1D). Finally, as expected, CD8" but not CD4* T cells were
proven to be responsible for the antitumor effect, because their
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Fig. 1. Metformin suppressed tumor growth in vivo, depending on CD8* T cell

depletion by mAb completely abrogated the response (Fig. 1B).
Complete rejection by metformin was also observed with Renca
(renal cell carcinoma), although partial but significant growth
inhibition was observed with other tumors, 3LL (non small cell
lung carcinoma), Colon 26 (intestinal carcinoma), and 4T1
(breast cancer) (Fig. S1 £-H).

Metformin Prevents Apoptosis of CD8*TILs, Irrespective of Expression
of PD-1 and Tim-3. Injection of a vaccine consisting of antigen (Ag)
and adjuvant primes and generates specific T-cell immunity,
mainly in draining lymph nodes near the injection site. However,
we did not inject tumor antigens with any kind of adjuvant in
Fig. 1. Therefore, it is possible that a unique process occurs at
the tumor site and leads to antitumor immunity. Based on this
notion, we focused on TILs throughout the experiment to clarify
the associated mechanism. We found that total numbers of TILs
dramatically increased when metformin administration was
started on day 7, and that both CD8" and CD4™ T cells were
involved in the increment (Fig. 1 C-E). In particular, the number
of CD8"* TILs increased nearly fourfold. We considered the
possibility that metformin may suppress expression of the im-
mune exhaustion markers PD-1 and Tim-3 on CD8* TILs, thus
avoiding immune exhaustion. Therefore, we investigated the ex-
pression of these markers on CD8* TILs derived from individual
tumor-bearing mice (Fig. S158). The number of PD-1"Tim-3"
CDS8* TILs decreased from day 7-10, irrespective of metformin
use (Fig. S2B). The PD-1"Tim-3*CD8" TIL population increased
progressively, whereas PD-1"Tim-3~ and PD-1"Tim-3*CD8* TILs
remained stable. Metformin did not affect any subset populations
(Fig. S2 B-E). However, we surprisingly found that a significant
proportion of CD8*TILs underwent apoptosis, detected by
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s. (A) On day 0, BALB/c WT or SCID mice were intradermally inoculated with 2 x

10% RLmale1 cells on the right back. The mice received 5 mg/mL metformin (Met) or not (none) dissolved in the drinking water. The duration of Met ad-

ministration is indicated by the shaded rectangle. The mean diameter of each

tumor was measured every day and the data are plotted with SE. On day 45,

Met-treated WT mice, all of which had rejected the tumor, were rechallenged with 5 x 10° RLmale1 cells. n = 6 in each group. The results are representative of
two independent experiments. (B) Mice inoculated with RLmale1 were treated with metformin (Met) or not (none), starting on day 7 and i.v. injected with
anti-CD8 mAb and/or anti-CD4 mAb on the same day. Average tumor diameters are plotted with SE. n =5 in each group. (C—~E) Mice inoculated with RLmale1
cells were treated with Met (+) or not (=) from day 7. On day 7, 10 and 13, the tumor mass was isolated and TILs were recovered. The numbers of TiLs per

tumor volume (mm?3) were calculated. The numbers of TIL (C), CD8* (D), or CD4
with Annexin V were plotted (F). All data were with SD (n = 14 on days 7 and

* (E) per tumor volume are depicted. Also, the populations of CD8*TILs stained
10, n = 5 on day 13). The horizontal bars indicate median values, and P values

obtained by two-tailed Student's t test are shown as *P < 0.05, **P < 0.01 n = 5-14 in each group. Each symbol represents an individual mouse. The results

depicted are a summary of three independent experiments.
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