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methotrexate, prednisolone, and/or TNF-o. inhibitors
for more than one year. HBV reactivation was observed
in two of five patients with HBsAg, compared with only
in one of the remaining 45 patients without it. There-
fore, HBV reactivation leading to de novo hepatitis B
was observed in 2% (1%/year) of patients. It should be
noted that the lone HBsAg-negative reactivation patient
had been treated with methotrexate but not with TNF-o.
inhibitors. Mori*’ performed a cross-sectional analysis
of 239 patients with RA who were treated with biologi-
cal and/or non-biological agents, among whom 60 were
found to have HBV markers indicating earlier HBV
infection. Of these, two were signal-positive for serum
HBV DNA but without ALT elevation or HBsAg positiv-
ity: one patient was treated with tacrolimus, predniso-
lone, and methotrexate, and the other was treated with
adalimumab, prednisolone, and methotrexate. Whereas
HBV DNA level in the former patient increased and
HBsAg and HBeAg became weakly positive after
10 weeks, the latter patient became HBV DNA-negative
without additional anti-viral therapy. The authors also
concluded that biological and non-biological agents are
relatively safe in RA patients with past HBV infection.
Thus, these studies suggested that the occurrence of de
novo hepatitis B was rare in RA patients who were
treated with TNF-o inhibitors in addition to DMARDs
over the medium term. A large-scale post-marketing sur-
veillance study was carried out in Japan to determine the
safety profile of infliximab in patients with RA.'® All
patients with RA who were treated with infliximab were
prospectively monitored for any adverse events for a
period of 6 months after the initiation of infliximab. No
cases of de novo hepatitis B were found. Although the
follow-up period was short, the number of patients
enrolled was over 5000. This report indicated that de
novo hepatitis B due to TNF-o inhibitors would be very
rare over the short-term as well.

In contrast to the abovementioned reports, several
studies have suggested a relatively high incidence of de
novo hepatitis B due to TNF-o inhibitor therapy. Kim
et al.*® followed 266 patients with RA who were treated
with TNF-o inhibitors and analyzed the occurrence of
clinically significant (over two times higher than normal
range) and persistent (two or more incidences) alanine
aminotransferase (ALT) elevation in relation to HBV
markers. Elevation of ALT was significantly more fre-
quent in patients with HBcAb (HBsAg negative) than in
those without (16% vs. 6%, P=0.009). In multiple
logistic regression analysis controlling for various
potential confounding factors, such as methotrexate,
nonsteroidal anti-inflammatory drugs, and type of
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TNF-o inhibitor, only potential occult HBV infection
was identified as a significant risk factor for ALT eleva-
tion, suggesting a close association between HBcAb-
positivity and ALT elevation during TNF-o. inhibitor
therapy in RA patients. However, it cannot be confirmed
whether ALT elevations in that study were indeed caused
by reactivation of occult HBV because HBV DNA was
not measured along with ALT. Urata et al.* prospec-
tively followed 135 patients with RA who had HBV
markers suggesting past HBV infection for 12 months.
The cohort was treated with biological and/or non-
biological anti-theumatic agents and followed for a total
mean period of approximately 20 months, including
the period before follow-up. Serum HBV DNA was
measured every 3 months during the study period,
and revealed that HBV reactivation occurred in seven
patients (5%/year). HBV reactivation was significantly
associated with use of TNF-o. inhibitors with a hazard
ratio of 10.9 (P=0.008). This study suggested that
careful monitoring of HBV DNA level is required in RA
patients with resolved hepatitis B when receiving anti-
rheumatic agents, especially biologic ones.

In Japan, HBV reactivation rates tend to differ region-
ally. A study from Aomori prefecture®” in the northern
part of Japan reported a relatively higher rate of de novo
hepatitis stemming from TNF-o inhibitors than studies
from Osaka*® and Kumamoto*’ prefectures in the central
and southern parts of Japan, respectively. It is speculated
that these differences are attributed to variations in HBV
genotype distribution; whereas genotype B is predomi-
nant in the former area, genotype C is more frequent in
the latter areas.” Further studies are required to address
this phenomenon.

In light of the above findings, it is evident that RA
patients with past HBV infection who are treated with
anti-theumatic agents are at risk of developing HBV
reactivation and ensuing de novo hepatitis B, especially
those being treated with anti-rheumatic agents, such as
TNF-o inhibitors, for an extended time. Spontaneous
remission of HBV reactivation was observed in one of
the two patients reported by Mori*” and two of the seven
patients reported by Urata et al.,* and so it should be
noted that HBV reactivation does not necessarily result
in the occurrence of de novo hepatitis B.

PROPHYLACTIC MEASURES FOR DE NOVO
HEPATITIS B

HREE MEASURES ARE generally used to prevent de
novo hepatitis B due to immunosuppressive
therapy.” The first measure is to regularly check for
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serum HBV DNA during immunosuppressive therapy
and administer NAs should it be detected. The second
measure is to administer NAs from the onset of immu-
nosuppressive therapy. The third measure is to maintain
circulating HBsAb titer using HB vaccines and/or HB
immunoglobulins. Reports have suggested that regular
evaluation of HBV DNA is effective in avoiding de novo
hepatitis in patients treated with TNF-o. inhibitors
because HBV reactivation could be controlled by NAs
when found at an early stage.***’ It is still unclear how
often and for how long patients should be tested to
detect HBV viremia. Prophylactic administration of NAs
is also an option to preempt de novo hepatitis B due to
TNF-0 inhibitors because NAs are normally used to
prevent reactivation in carrier patients. However, the
issue of cost-efficiency versus relatively low incidence of
de novo hepatitis B needs to be reconciled. Lastly, main-
tenance of circulating HBsAb titer using HB vaccines
may be effective in responders since several studies***¢
have shown that HBsAD titer decreases during TNF-o
inhibitor therapy. As with HBV DNA monitoring and
prophylactic NA administration, further studies are
required to clarify the extent of HB vaccination effective-
ness in preventing de novo hepatitis B due to TNF-a
inhibitors.
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ORI RATEERRT 5 2 LB S T nzas,
AIFFRIEDOBETTH T NDFHEMITHERR S W72 T4
% Fil4 % HBV DNA 80 cut-off fiid ROC T
T 30 log copies/ml TH Y, TN EDFEFITIHIZE A
EEFIA 1 EUNICEB L2025 L, 3.0log copies/
ml RGO TIE RN BT B HERD30% L
fEL7z. 3512, HBV DNA &% 3.0 log copies/ml A:ifii
DREBNZBR > 72354, HBe PURRBMEAN 1 £ LLAIZ 90%
DLEAFE L0k L, HBe FLERREMTIZELIC
REALT ZIEGIN D L S THE L. ZOREIS,
HBV DNA #0528 & HBe HUROBEMAbIEF I
DVEZEE LTRELR. T2 T, HBVDNAE®
TR T OIEEMEIZ OV T, EB O TIE 301og
copies/ml K Tid e , HEXEZRBLTIT VI L A
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B 5 2 HFIEBOFRERS T S NBES, T4
bbb, BB 7 0 7 #Ed R HBV DNA £2° 30 log
copies/ml YAk F 721 HBe PUE RO R % RV
EBOFEEREBEET2HT% & O HITT5 L,
Bl 7 - u FEEEE, kK HBs BUEE, ki
HB o 7 BEMEESAELNT L LCEB SRR
R O cut-off Il 16 # A LM S 2720, Kk
HTREABED D> C2ELUERBL TSI LD ESE
LwEogfrie L.

ko HBs P& & HB 2 7 BEHER IOV T
1, ROC BT DFE R 5 FNEN 2 DD cut-off [HOFF
FEATRE SN, HBs HiEE 1.9 & 291ogIU/m!, HB
a7 EEPRERIZ 30 &£ 40log U/ml THo722. D
5, Table 1-IITIZRUIC HBs Pilig & HB a7
BB EE A TILL, BAATHHK) A7 #
FURAZHEE, BIVAZEOIHERELL. FheEh
DT PHEIRIZE ) A 7 BAT80~90%, HJ A 7 BEH
¥ 50%, B A2 BEI10~20% Thol BHOBT
IFREREBET RT3 HICHRFT AL, KU A
SBEF) A ZBETEH LRTFE o228, HY
A7 BCIIERPAELRRTFTHo72. Thbb, F
WELTIERAS 10~20% EIEWEY A7 BETH-TDH, 4
HAAS 35 RERT T Z OBZIFESPRE < 30~40% T
Hote.

PEomd, HENESY A VAT —8—OfFREH»
LSBT Fu P BORRBETFET S 2 & AT
THY, BEFILEZRTETABOREL L2 2E2 5
N7z, %, HBsIREOWERHF LV —F—L L
THEHENRTEBY, A V-7 EFEDHEOTFTH
BECHERRIEFRESRTHEYY. —J, HB
a7 BN E BT T SRR TICBWTL T
HfaAZN @ HBV cccDNA %2 K 5 2 & e &
2 ZomhEBORAEREEET S LT
INTITHIME IR TVADO SH, ZhbsDHER
DA EDLEFRIEORBEHERICHHE TH o 7= TR
PRIGEY,

IV. IEROFBERGE & BABRRBIBOEMG
M7 0 FEEg -0 RGBS EHIC HBY
DNAE (UT7NM& AL LPCRE) & ALTEZHET 5
LAY, PIEBOERIE, TIESSS 14E
VA%, Z2OBELACHRIL, SEBDRIE TR
5B EPESEOHEETHL IR o7 ZDz0,

53 % 4% (2012)

RIS IR E B II RO T 2 EEALETH D &I
L7, BRI, Ikt 1683 Tk 285, 20%
13 4 BEOMBREIC L 2EBHEFEI LVE L.
FEBREz DX ) CERL, FILBEORERLES
ED LTI DA OBERO—DOTH S, Rt
I IRIEEI M v ) TIRBICHE DA CERZB VT D,
#2/3 Tiz—ltko ALT 7213 HBV DNA OEH {7
WBT 5. 20720, PIEZEORBEILTALT /213
HBV DNA OREEFHALTD, BEOLATHN
WEHERETOTIRREADL Z LW HRETH D, L
L, EZETRLEAZATRVWOLrOIEE TN
FTHLPIENTVERY, TOHEFELPICTELR
DFA I, BRT S urEqiEo ALT 1§ & HBV
DNA BEO#HR % Il & & mE Ml L7z, 2 OfR,
W & D PHE L RREOMICE b THVHEMESH
BT ENWEPIR 072 ROCHENORER LY, Ty
ALT fE® 30 TU/L id&& ALT o 79 1U/L 2, —77,
SE#HBV DNA £ 4.0log copies/m! i35 HBV DNA
B 5.7log copies/ml IZHM T2 Z L BHLN R o7
Tibb, BIE#IC ALT 184780 IU/L ML 2% 254
IEEIMEAT30 TU/L 28 2 2 WTREMEATE <, I
PRI OREZHR L 2V RTINS, Rk
(2, Hik#% o HBV DNA #%% 5.8 log copies/m! Pl b &
% BB AITTFISMHEAT 40 log copies/m! &8 2 A W REMEA
B HIERDOEELZHRE LW E Tl EN 5.
INSOERIY, PRI ALT HEA80IU/L ML,
% 7213 HBV DNA &7 5.8 log copies/ml LA L & %2 555
A E YIRS v ) TIRBICE B  THREME
KL, BB7 Fu R 2 HEREEETA LT
BEMERT. ZORMREICLY, XVRERWT
BN BPIEPTREC 2B LEZ ONE. BELERE
L, FREOHMTIORELZLIIBLIRETSZ
LETEETH L. HiC, ToRELBERETLIL
LWEETH 7%, TOHAITBA L BBEREZIITHT,
AISPOFEELTTNRT BT LHILE L.

V. ZRAESHOFE
BT Fu 7k ofEHI oW T IR E TR
Medboidnl, TOBERTARBHIIHOTOLIDEL
bEZA. 2L, 2L EBEMEORITT—5 2 HiIC
ER L7220 ThHY, TRREZHILZLBIRTY
5. ZOiz, FRARSHBOPEE —DOOEBE L
T & b7z (Table1-V). KRB CIBM7 T 73
OFIEICES B B R R U 22s, EBRCHhIET
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Reactivation of hepatitis B virus (HBV) or hepatitis C virus
(HCV) infection following anticancer chemotherapy and immu-
nosuppressive therapy is a well-known complication. HBV
reactivation has been reported to be associated with anti-
CD20 monoclonal antibody rituximab-containing chemo-
therapy and tumor necrosis factor-a. inhibitor-containing
immunosuppressive therapy in HBV resolved patients (hepa-
titis B surface antigen negative and antibodies against hepa-
titis B core antigen positive and/or antibodies against surface
antigen positive). On the other hand, HCV reactivation has

been reported to be associated with liver damage or hepatic
dysfunction, but fulminant hepatitis due to HCV reactivation is
a rare complication. In this review, we describe the patho-
physiology of the reactivation of HBV and HCV infection,
as well as the clinical evidence and management of HCV
reactivation.

Key words: chemotherapy, hepatitis B virus, hepatitis C
virus, immunosuppressive, occult infection, reactivation

INTRODUCTION

EACTIVATION OF HEPATITIS B virus (HBV) or

hepatitis C virus (HCV) infection following antican-
cer chemotherapy and immunosuppressive therapy is a
well-known complication. In particular, HBV reactiva-
tion is a potentially fatal complication that needs to be
followed up carefully. Most HBV reactivation occurs in
hepatitis B surface antigen (HBsAg) positive patients
prior to treatment; however, HBV reactivation has been
observed increasingly in HBV resolved patients without
HBsAg, but with antibodies against hepatitis B core
antigen (anti-HBc) and/or HBsAg (anti-HBs). Moreover,
HBV reactivation has been reported to be associated
with anti-CD20 monoclonal antibody rituximab-
containing chemotherapy and tumor necrosis factor
(TNF)-o. inhibitor-containing immunosuppressive the-
rapy in patients with prior resolved HBV infection. On
the other hand, HCV reactivation has been reported to
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be associated with liver damage or hepatic dysfunction,
but fulminant hepatitis due to HCV reactivation is a rare
complication.

Hematopoietic stem cell transplantation (HSCT) is
often the chosen treatment for hematological malig-
nancies and it has been suggested that the incidence
and clinical characteristics of reactivation of HBV or
HCV infection may depend on immune reconstitution,
which may be associated with graft-versus-host disease
(GVHD) and the combined immunosuppressant, espe-
cially in the allogeneic HSCT setting.

As several review papers about HBV reactivation had
been already reported, we described here the patho-
physiology of the reactivation of HBV and HCV infec-
tion, as well as the clinical evidence and management of
HCV reactivation.

PATHOPHYSIOLOGY OF REACTIVATION OF
HBV AND HCV INFECTION
Immunity to HBV and HCV

ECAUSE HBV AND HCV are not cytopathogenic,
it is widely accepted that both viral control and
liver pathology are mediated by the host immune
system (Table 1). Many studies of host genetics and
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— 125 —



114 T. Watanabe and Y. Tanaka

Table 1 Putative host immune system of HBV and HCV
infection

HBV HCV

Innate immunity

Hepatocytes Stealth response Type I and/or I1I
IFN production

NK and NKT cells DC

IEN-y, TNF-ou Type I and/or

I IEN

Main components
Critical cytokines

Adaptive immunity

Components T cells and B cells T cell and B cells

DC, dendritic cells; HBV, hepatitis B virus; HCV, hepatitis C
virus; IFN, interferon; NK, natural killer; NKT, natural killer T
cells.

immunology demonstrate an important role for T
lymphocytes in protective immunity against HBV and
HCV.

The occurrence of HBV reactivation in patients with
signs of resolved infection, particularly anti-HBc posi-
tive patients, relies on the existence of occult HBV infec-
tion. Patients with occult HBV infection are supposed to
harbor HBV covalently closed circular DNA in the nuclei
of their hepatocytes after the resolution of acute infec-
tion." Most occult HBV infection individuals are infected
with replicable viruses, whose replication and gene
expression are strongly inhibited by the host immune
system.”? The exact mechanisms of inhibition have
not yet been determined, but long-lasting specific host
T-cell immune surveillance against HBV epitopes and
epigenetic factors are presumably the major causes of
long-term viral suppression.®

In contrast, although HCV reactivation follow-
ing immunosuppressive therapy is rare,*® fibrosing
cholestatic hepatitis C (FCH) occurs in HCV positive
liver transplant recipients with immunosuppressive
therapy.”™"! Whether immunosuppressive therapy leads
to HCV reactivation in patients with cancer in whom the
infection has cleared either spontaneously or secondary
to therapy is uncertain. When HCV RNA clearance is
achieved either spontaneously or in response to antivi-
ral therapy in recipients of solid organ transplants, no
relapse is observed in plasma, liver or peripheral blood
mononuclear cells during chronic immunosuppressive
treatment with agents such as calcineurin inhibitors,
corticosteroids, antimetabolites, anti-thymocyte glo-
bulins, or anti-interleukin-2-receptor blockers.”> This
finding suggests the complete and permanent cure of
HCV infection resulting from the elimination of HCV
before transplantation.

© 2012 The Japan Society of Hepatology
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Immunosuppression and viral replication in
HBV reactivation

In general, there are three periods of HBV reactivation in
patients with signs of resolved infection (Fig. 1).

The initial stage of HBV reactivation caused by
chemotherapy-induced immune suppression is charac-
terized by enhanced viral replication, as reflected by
increases in the serum levels of HBV DNA, hepatitis B
e-antigen (HBeAg) and HBsAg, indicating that suppres-
sion of a normal immunological response to HBV
leads to enhanced viral replication and widespread
infection of hepatocytes.” In particular, in cases of
positive anti-HBs antibody, reactivation of HBV
typically starts with a decrease of anti-HBs antibody
titers. This may be related to the use of biologic
therapy, such as anti-CD20 monoclonal antibody
rituximab and anti-CD52 antibody alemtuzumab,
which cause profound and long-lasting immunosup-
pression; however, a decrease of anti-HBs antibody
titers is seen in all cases, including those on biologic
drug-free chemotherapy, namely, tumor necrosis
factor-o. inhibitors.

There are at least two mechanisms by which immu-
nosuppressive agents may increase HBV replication and
expression. As the host immune response to the virus
plays a crucial role in controlling HBV infection,'
suppression of such immune responses should in-
crease viral replication. Meanwhile, immunosuppressive
agents may have a more direct stimulatory effect on viral
replication. In fact, corticosteroid increases HBV DNA
and RNA production in vitro by stimulating HBV tran-
scription, by binding to the glucocorticoid respon-
sive element and augmenting the HBV enhancer I;>
however, it is controversial whether corticosteroid
increases the secretion of HBsAg and HBeAg.'>™"’
Although combinations of immunosuppressive agents
may cause an increase in levels of intracellular HBV
DNA, lower concentrations of prednisolone were pre-
sumably unable to stimulate HBV replication, so the
doses of these compounds should be kept as low as
practically possible when used clinically.

In the second stage of reactivation, functionality of
the immune system is restored after chemotherapy
is discontinued. Infected hepatocytes with recogniz-
able viral antigens on their surface may then be
exposed and would be cleared by T lymphocytes,
leading to hepatic injury and necrosis. Clinically, this
can lead to hepatitis with an increase in alanine ami-
notransferase (ALT) levels, hepatic failure and even
death. Concurrently, HBV DNA levels may decrease
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Rapid viral Discontinuation of
Immunosuppresion —» replication cytotoxic
in hepatocytes chemotherapy
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Rebound of Return to

Immune ebound o Recovery of chronic viral
the T-cell . . licati

recovery response liver function replication
P level

(baseline)

Figure 1 Pathophysiology of the reactivation of HBV and HCV infection. Reactivation of HBV or HCV as a result of chemotherapy
can generally be divided into three stages. The first stage is characterized by enhanced viral replication, the second stage is the
functional restoration of the immune system, and 3rd stage is the recovery stage. ALT, alanine aminotransferase; CTL, cytotoxic T
lymphocyte; HBV, hepatitis B virus; HCV, hepatitis C virus; cccDNA, covalently closed circular DNA; MHC, major histocompat-

ibility complex.

by improved cytopathic and non-cytopathic immune
mechanisms.'®"

The third stage of reactivation is the recovery phase,
during which cdlinical hepatitis resolves and HBV
markers return to baseline levels.”*?'

The retrospective and prospective studies of HBV
reactivation in HBsAg negative patients with hemato-
logical malignancies were summarized in previous
reviews.”>?* As for the reason for considerable varia-
tion (1.0-23.3%) in the incidence of HBV reactivation
in lymphoma patients with HBV resolved infection fol-
lowing rituximab-containing chemotherapy, there may
be differences among institutions both in the study
subjects (HBV serological status including baseline

anti-HBs titer, steroid-containing chemotherapy, and
salvage therapy including transplantation) and the
assays used for HBV-related markers (cut-off values,
sensitivity). Several guidelines for the management
of HBV reactivation have been published by Asian,
American and European societies (American Associa-
tion for the Study of Liver Diseases, Asian Pacific
Association for the Study of the Liver, and European
Association for the Study of the Liver). In January
2009, the Japanese guideline was announced for HBV
reactivation following immunosuppressive therapy and
systemic chemotherapy.”” Although the details of this
guideline have been omitted from this review, in prin-
ciple, antiviral prophylaxis is recommended for HBsAg

© 2012 The Japan Society of Hepatology
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positive patients before treatment. For HBV resolved
patients, monthly monitoring of HBV DNA levels is
recommended during and for at least 1 year after the
end of immunosuppressive therapy or chemotherapy.
Preemptive antiviral therapy should be started as soon
as possible if HBV DNA is detected during this moni-
toring; however, there is little evidence of HBV DNA
monitoring to prevent hepatitis due to HBV reactiva-
tion in HBV resolved patients.

Reactivation of HCV infection

Although HCV reactivation is rare, hepatic toxicity
related to chemotherapy is higher among patients
with chronic HCV infection than in HCV uninfected
patients,®® suggesting that HCV reactivation occurred
and can cause clinically relevant complications.

Hepatitis C virus-related liver dysfunction gen-
erally occurs 2-4 weeks after the cessation of
chemotherapy.”’-** A widely accepted hypothesis con-
sidering the pathogenesis indicates enhanced viral rep-
lication with a consequent increase in the number
of infected hepatocytes following immunosuppressive
treatment (Fig. 1). Withdrawal of immunosuppressive
therapy leads to restoration of the host immune func-
tion, resulting in the rapid destruction of infected cells
and hepatic injury.?”®' Severe liver dysfunction was
found to occur at a lower incidence in HCV positive
patients than HBV positive patients.’ The reason for this
phenomenon is unknown; however, if severe hepatitis
secondary to viral reactivation develops, mortality rates
of HBV infected and HCV infected patients seem to be
similar.*>**

CLINICAL EVIDENCE AND MANAGEMENT
OF HCV REACTIVATION

Diagnosis for HCV reactivation

HRONICALLY INFECTED PATIENTS have stable

HCV RNA levels that may vary by approximately
0.5 logie IU/mL;* therefore, an increase of the HCV
viral load of more than 1 log 1, IU/mL may be a sign of
HCV reactivation. It was also reported that HCV reac-
tivation showed an at least threefold increase in serum
ALT in a patient in whom the tumor had not infiltrated
the liver, who had not received hepatotoxic drugs and
who had had no recent blood transfusions or other
systemic infections besides HCV.** Changes in liver
enzyme levels can be accompanied by the reappearance
of HCV RNA or a sudden increase in the serum HCV
RNA level.6

© 2012 The Japan Society of Hepatology
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HCV reactivation after specific treatments

Patients with HCV infection who undergo HSCT or
systematic chemotherapy including corticosteroids can
experience severe hepatic dysfunction and fulminant
hepatic failure (summarized in Table 2).

Corticosteroids have traditionally been associated
with cases of HCV reactivation.””*¢* HCV reactivation
has been associated with several immunosuppres-
sive and chemotherapeutic agents, including rituximab,
alemtuzumab, bleomycin, busulfan, cisplatin, cyclo-
phosphamide, cyclosporin, cytarabine, dacarbazine,
doxorubicin, etoposide, gemcitabine, methotrexate, vin-
blastine and vincristine;*?”* however, many patients
with HCV reactivation during treatment with one of
these drugs were simultaneously treated with corticos-
teroids.***4244%3 Ip a study by Zuckerman et al.,*¢ 18 of
33 (54%) patients had mild to moderate increases of
ALT, which occurred 2-3 weeks after the withdrawal
of chemotherapy. HCV positive patients did not dem-
onstrate a higher incidence of severe hepatic dysfunc-
tion during chemotherapy for malignancies than HCV
negative patients; however, liver test abnormalities
during therapy are very common and are seen in 54%
HCV positive patients and in 36% HCV negative
patients.

Whether corticosteroid therapy alone or in combina-
tion with other agents leads to reactivation of HCV
infection and acute exacerbation of chronic HCV infec-
tion remains to be determined. A possible relationship
between rituximab and HCV reactivation in patients
with cancer has been reported.*'***> Only the adminis-
tration of rituximab-containing chemotherapy was asso-
ciated with both acute exacerbation and reactivation of
chronic HCV infection.”

Ennishi etal. also showed that the incidence of
severe hepatic toxicity in HCV positive patients was
significantly higher than in HCV negative patients, and
HCV infection was determined to be a strong risk
factor for this adverse effect in patients with diffuse
large B-cell lymphoma (DLBCL) in the rituximab era.*
These hepatic toxicities led to modification and discon-
tinuation of immunochemotherapy, resulting in lym-
phoma progression. The study described that careful
monitoring of hepatic function should be recom-
mended for HCV positive patients, particularly those
with high levels of pretreatment transaminase. More
importantly, monitoring of HCV viral load demon-
strated a marked enhancement of HCV replication, and
it is suggested that increased HCV results in severe
hepatic toxicity. Thus, HCV viral load should be
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Table 2 Hepatic toxicity by HCV reactivation in HCV infected patients with hematological malignancies

Author Year  Disease Treatment No. of cases with  Death from
hepatic toxicity liver toxicity
Kanamori et al. 1992 AML Allo-HSCT 2 patients 2
Maruta et al. 1994 AML, AA Allo-HSCT 9 patients 2
Nakamura et al. 1996 Hematological malignancies  Various regimens 11 patients 5
Vento et al. 1996  B-cell NHL and HL ABVD or CHOP- like regimen 2 patients 1
Luppi et al. 1998  B-cell NHL Various regimens 20/35 patients 2
Zuckerman etal. 1998 Hematological malignancies  Various regimens 18/33 patients 0
(55%)
Kawatani et al. 2001 Hematological malignancies  Various regimens 4/22 patients 1
Hamaguchi etal. 2002  Hematological malignancies  Allo-HSCT 40/58 9
Locasciulli etal. 2003  Hematological and solid Allo-HSCT (21)/auto-HSCT (36) 21 2
malignancies 6 1
Takai et al. 2005  Hematological malignancies = Various regimens 4/37 patients 0
Aksoy et al. 2006 DLBCL Rituximab 0/1 patients 0
Besson et al. 2006 DLBCL Various regimens 15/23 patients 3
Visco et al. 2006 DLBCL CHOP-like, rituximab (35) 5/132 patients 1
Ennishi et al. 2008 DLBCL, MALT NHL R-CHOP-like 1/5 patients 0
Hsieh et al. 2008 DLBCL R-CNOP 1/1 patients 0
Ennishi et al. 2010 DLBCL R-chemo 36/131 patients 6
Arcaini et al. 2010 NHL R-chemo (28) 24/160 patients 3

AA, aplastic anemia; ABVD, doxorubicin hydrochloride (adriamycin), bleomycin, vinblastine and dacarbazine; Allo-HSCT, allogeneic
hematopoietic stem cell transplantation; AML, acute myeloid leukemia; auto-HSCT, autologous hematopoietic stem cell transplantation;
CHOP, cyclophosphamide, vincristine and prednisolone; DLBCL, diffuse large B-cell lymphoma; MALT, extranodal-marginal zone
lymphoma of the mucosa-associated lymphoid tissue; NHL, non-Hodgkin’s lymphoma; R-chemo, rituximab plus steroids combined

chemotherapy; R-CHOP, rituximab, cyclophosphamide, vincristine and prednisolone; R-CNOP, rituximab, cyclophosphamide,

mitoxantrone, vincristine and prednisolone.

carefully monitored in HCV positive patients who
receive immunochemotherapy.

Severity of HCV reactivation versus
HBV reactivation

The health consensus regarding HCV reactivation
seems to be less severe than that of HBV reactivation
(summarized in Table 3). Previous reports described
that the incidence of post-chemotherapy liver injury
in HBV carriers was significantly higher than that in
HCV carriers,****? namely, the incidence of post-
chemotherapy liver injury in 25 HBV carriers (36%)
was significantly higher than that in 37 HCV carriers
(10.8%, P=0.026)"" and 44 (51.8%) of the 85
patients reported to have severe hepatitis along with
hematological malignancies were HBV carriers, while
only 11 (12.9%) were HCV carriers;*® however, the
mortality rates did not differ between HBV and HCV
carriers (40.9% vs 45.5%) once severe hepatitis
developed.

In a large Italian study of 57 HCV infected patients
who underwent HSCT, patients undergoing autologous
HSCT had a significantly lower risk of reactivation post-
transplant than the allogeneic group (16% vs 100%,
P=0.004). In the allogeneic HSCT group, HCV reacti-
vation occurred mainly within 6 months after HSCT,
whereas in the autologous group, reactivation occurred
within the first 3 months post-transplant. In this cohort,
one HBsAg positive and three anti-HCV positive
patients before HSCT died of liver failure. The risk of
death from liver failure was not significantly different
between HBsAg and anti-HCV positive patients, being
3% and 8% at 24 months, respectively (P=0.6), or
between recipients of autologous (5%) and allogeneic
HSCT (7%) (P = 0.34).%

In a Japanese multicenter study of 135 patients with
HBV or HCV infection who received allogeneic trans-
plants, transient hepatitis was more common in HBV
infected patients than in HCV infected patients, but the
rates of fulminant hepatitis and death due to hepatic
failure were similar in both groups.*

© 2012 The Japan Society of Hepatology
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HCYV receiving HSCT

HBV, hepatitis B virus; HCV, hepatitis C virus; HSCT, hematopoietic stem cell transplant; ND, not done.

*Fifty-seven were anti-HCV positive; of these, 38 were also tested for HCV RNA.

Hepatology Research 2013; 43: 113-121

Outcome of HCV infected
hematological patients

As previously highlighted, there is no significant
short-term impact of HCV on the outcome after HSCT.
Nevertheless, the long-term impact of chronic HCV
infection can be deleterious in the liver, causing signifi-
cant fibrosis progression, liver failure and increased risk
of hepatocellular carcinoma (HCC). One study reported
the rapid progression of hepatitis C in patients with
humoral immunodeficiency disorders.*” Another group
has recently reported a more rapid rate of fibrosis pro-
gression after HSCT, with median time to cirrhosis of 18
years, as compared to 40 years seen in the control group.
HCV disease progression ranked third, behind infec-
tions and GVHD, as a cause of late death after HSCT.*
Long-term survivors after HSCT thus appear to be at
higher risk for HCV-related complications and treat-
ment of HCV becomes critical. A possible explanation
for the genesis of cirthosis could be an immune imbal-
ance or impaired regulation of B and T cells.*"*®

In various regimens for hematological malignancies,
Ennishi et al. reported that hepatic disease progressed in
four patients, and HCC was found to increase the risk of
death from hepatic failure significantly in lymphoma
patients receiving conventional chemotherapy, even
during short-term observation.*® Cox multivariate
analysis showed that older age and advanced stage
had significant adverse effects on overall survival (OS);
however, HCV infection was not associated with poor
progression-free survival (PFS) or OS. Besson etal.
described that the overall proportion of subjects under-
going hepatic toxicity was 65% (15/23 patients).
Outcome of HCV positive patients was poorer for OS
(P=0.02), but not for event-free survival (P=0.13).*
Visco et al. also described that only five of 132 patients
(4%) had to discontinue chemotherapy due to severe
liver function impairment.*® Although previous papers
mentioned that rituximab induced HCV reactivation
after spontaneous remission in DLBCL,**' the addition
of rituximab did not seem to affect patients’ tolerance to
treatment. Five-year overall survival of the entire cohort
was 72%, while 5-year PFS of the 132 patients treated
with intent to cure was 51%. The prognosis of HCV
infected patients with DLBCL is still controversial.

Recently, Arcaini et al.”® studied 160 HCV positive
patients with NHL (59 indolent NHL, 101 aggressive).
Among 28 patients treated with rituximab-containing
chemotherapy, five (18%) developed liver toxicity, and
among 132 independent patients who received chemo-
therapy, only nine (7%) had hepatotoxicity, suggesting

— 130 —



Hepatology Research 2013; 43: 113-121

that rituximab was related to a slightly higher occur-
rence of toxicity. Median PFS for patients who experi-
enced liver toxicity was significantly shorter than
median PFS of patients without toxicity (2 and 3.7 years,
respectively, P = 0.03). HCV infected patients with NHL
developed liver toxicity significantly, often leading to
interruption of treatment.

Based on these findings, the impact of HCV infection
on the outcome after HSCT or rituximab-containing
chemotherapy seems to be deleterious for OS but not
for event-free survival. Further studies are required in
prospective multicenter cohorts.

Treatment of HCV infected patients with
hematological malignancies

The long-term impact of chronic HCV infection can be
deleterious to the liver, causing significant fibrosis pro-
gression, liver failure and increased risk of HCC. Inter-
estingly, a more rapid rate of fibrosis progression was
reported after HSCT.*® Therapy for HCV infection in
patients with hematological malignancy can be con-
sidered once a patient’s immunity and bone marrow
have recovered, immunosuppressive drugs have been
stopped, and there is no evidence of GVHD, because
the hematological adverse effects of anti-HCV drugs
can exacerbate the toxicity of chemotherapy, which can
involve complications such as severe cytopenias and
potentially life-threatening infections.** Overall, antivi-
ral therapy for HCV in patients (e.g. HIV, transplant) is
often associated with poor response rates, even though
patients with chronic HCV infection were treated
with the combination of pegylated interferon-a and
ribavirin.>*>* The use of direct-acting antiviral drugs
(such as recently approved inhibitors of nonstructural
protein 3/4A [NS3/4A] protease [boceprevir or telapre-
vir], or NS5B polymerase inhibitors) has not been evalu-
ated in patients with cancer. Boceprevir and telaprevir
can inhibit hepatic drug-metabolizing enzymes such as
cytochrome P450 (CYP)2C, CYP3A4 or CYP1A;*® there-
fore, these agents potentially interact with various drugs
that are co-administrated in patients with cancer. These
new antiviral drugs should be used with caution in
patients with cancer.

Large-scale studies are needed to better define which
patients with cancer are most likely to benefit from
simultaneous antiviral therapy and cytotoxic chemo-
therapy. Notably, antiviral treatment with pegylated
interferon-o. and ribavirin should not be used early in
the post-transplant period (<2 years after transplanta-
tion) in patients who have undergone allogeneic HSCT

HCYV reactivation by chemotherapy 119

as interferon-o, therapy may precipitate or induce the
development of GVDH.*’
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Novel 2'-fluoro-6’-methylene-carbocyclic adenosine (FMCA) monophosphate prodrug (FMCAP) was syn-
thesized and evaluated for its in vitro anti-HBV potency against a lamivudine-entecavir resistant clone
(L180M + M204V + S202G). FMCA demonstrated significant antiviral activity against wild-type as well
as lamivudine—entecavir resistant triple mutant (L180M + M204V + S202G). The monophosphate prodrug
(FMCAP) demonstrated greater than 12-fold (12x) increase in anti-HBV activity without increased cellu-
lar toxicity. Mitochondrial and cellular toxicity studies of FMCA indicated that there is no significant tox-
icity up to 100 uM. Mode of action studies by molecular modeling indicate that the 2’-fluoro moiety by
hydrogen bond as well as the Van der Waals interaction of the carbocyclic ring with the phenylalanine
moiety of the polymerase promote the positive binding, even in the drug-resistant mutants,

© 2012 Elsevier Ltd. All rights reserved.

The chronic HBV infection is strongly associated with liver dis-
eases like chronic hepatic insufficiency, cirrhosis and hepatocellu-
lar carcinoma (HCC).! According to the World Health Organization
(WHO), currently about 2 billion people world-wide have been in-
fected with HBV and more than 350 million live with chronic infec-
tion. Acute or chronic outcomes of HBV infection are estimated to
cause the deaths of 600,000 people worldwide every year.?

Currently, there are several nucleos(t)ide analogues available to
treat chronic hepatitis B virus infection.>® The major target of
these drugs is to inhibit the viral reverse transcriptase (RT)/DNA
polymerase, which is responsible for the synthesis of the minus-
strand DNA. Although the currently used agents are well tolerated
and effective in suppressing the viral replication for extended
periods, the significant rate of virological relapse caused by drug
resistance remains a critical issue.

Lamivudine (LVD) was first introduced as the orally active
anti-HBV agent in 1998. Lamivudine profoundly suppresses HBV
replication in patients with chronic hepatitis B infection; however,
lamivudine-resistant HBV (LVDr) was isolated from a significant
numbers of patients during the treatment with lamivudine.
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Currently, there are several antiviral options exist for these pa-
tients viz., to use adefovir or high dose (1.0 mg/day) of entecavir,
or more recently tenofovir. However, this resulted in also the
development of resistance mutants during the long term therapy.
At present, entecavir is the most prescribed drug, and is
recommended for patients with the wild-type as well as for those
harboring adefovir and lamivudine-resistant strains. However,
recent clinical studies by Tanaka and his co-workers suggested
that the entecavir mutant in the lamivudine-resistant patients
(L180M + M204V + S202G) causes a viral breakthrough: 4.9% of pa-
tients at baseline increases to 14.6%, 24% and 44.8% at weeks 48, 96
and 144, respectively.” Therefore, it is of great interest to discover
novel anti-HBV agent, which is effective against lamivudine- and
entecavir-resistant triple mutants (L180M + M204V + S202G).

The potency of a nucleos(t)ide analogue is determined by its
ability to serve as a competitive inhibitor of the HBV polymerase
relative to that of the natural substrate, the nucleotide triphos-
phate.® However, host cellular kinases limit the pharmacological
potency of nucleoside analogues by phosphorylation to their corre-
sponding triphosphates. Particularly, the initial kinase action on the
nucleoside to the monophosphate is the rate-limiting step. How-
ever, many synthetic nucleosides are not phosphorylated or the
rate of phosphorylation is very slow due to the structural require-
ment of the kinases, resulting in only generating a low quantity of
the triphosphate. To overcome this phosphorylation issue, nucleo-
side phosphoramidate prodrugs have been introduced,®® which
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