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Introduction

Histone deacetylase inhibitors (HDIs) are a class of anti-
cancer agents that induce growth arrest, differentiation, and
apoptotic cell death of transformed cells. A range of struc-
turally diverse HDIs have been purified as natural products
or have been synthetically produced. Histone deacetylases
(HDACs) are enzymes that deacetylate lysine residues of
histones and other non-histone proteins; there are at least 18
different HDACs known, grouped into 4 families.1

Romidepsin (depsipeptide, FR-901228, FK-228, NSC-630176)
is a bicyclic peptide with antitumor activity that was subse-
quently shown to be an HDI. Pre-clinical studies have shown
that romidepsin has potent in vitro activity against various
tumor cell lines including T-cell lymphoma.2 Clinical studies
have demonstrated efficacy in cutaneous T-cell lymphoma
(CTCL) and peripheral T-cell lymphomas (PTCL) for
romidepsin3 and other HDIs such as vorinostat4,5 and panobi-

nostat (LBH589).6 The emergence of virus-associated compli-
cations, including Epstein Barr virus (EBV)-associated lym-
phoproliferative disorders (LPD) and hepatitis B virus (HBV)
reactivation is well described following the administration of
intensely immunosuppressive chemotherapy regimens.7,8 To
date, this association has not been described in patients
undergoing HDI therapy. 

We report three instances of DNA viral reactivation in
patients treated with romidepsin on a multicenter phase II
trial in patients with PTCL and CTCL. 

Design and Methods

Patients with relapsed or refractory CTCL or relapsed PTCL
were enrolled in a phase II trial evaluating the safety and effi-
cacy of romidepsin. The protocol (NCI 01-C-0049 or 1312)
was approved by the Institutional Review Boards of the NCI
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Histone deacetylase inhibitors are a class of anti-neoplastic
agents that induce growth arrest, differentiation, and/or
apoptotic cell death of transformed cells in vitro and in vivo.
A phase II study exploring the efficacy of romidepsin, an
histone deacetylase inhibitor, in patients with cutaneous or
peripheral T-cell lymphomas was initiated at the National
Cancer Institute. To date, over 120 patients with T-cell
lymphoma have been treated on a multi-institutional phase
II trial of romidepsin. Reactivation of latent DNA viruses
including EBV, HBV, and VZV is well described as a conse-
quence of the immune suppression associated with sys-
temic chemotherapy. The incidence of viral reactivation in
patients treated with histone deacetylase inhibitors is not
yet known. We report the observation of EBV-associated
illnesses in 2 patients and the reactivation of HBV in an
additional patient treated with romidepsin. These cases
may represent reactivation of DNA viruses due to histone

deacetylase inhibitor induced immunosuppression, or
direct promotion of viral replication via histone deacetylase
inhibitor induced chromatin remodeling, or, alternatively,
may be related to the underlying disease process. These
observations suggest that vigilance for DNA virus reactiva-
tion is needed to quantify the risk in patients treated with
histone deacetylase inhibitors.
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and Peter MacCallum Cancer Centre. All data used in
this analysis were obtained from patients who provided
written informed consent. Romidepsin was adminis-
tered as a 4 h infusion on days 1, 8, and 15 of a 28-day
cycle, with a starting dose of 14 mg/m2. In cases 1 and 2
the presence of EBV-encoded RNA (EBER) was detected
by an iView-Blue detection kit using an in situ hybridiza-
tion chromogenic assay with fluorescein-labeled
oligonucleotide EBER probe on ISH-Red counterstained
sections (Benchmark, Ventana, AZ, USA). Appropriate
positive controls were incorporated into each run.

Results and Discussion

Case 1
A 40-year old Asian male presented to his physician in

2001 with a neck mass. Biopsy revealed atypical lym-
phoid hyperplasia, containing rare EBV+ cells by in situ
hybridization (EBER1). (Figure 1A-C), and a clonal T-cell
population of uncertain significance by PCR analysis.
The lymphadenopathy spontaneously regressed. Two
years later in 2003, the patient had increasing lym-
phadenopathy associated with B symptoms. Repeat
biopsy was interpreted as a T-cell rich large B-cell lym-
phoma, the same TCR clone was detected, and the
patient was treated to complete remission with
cyclophosphamide, doxorubicin, vincristine, prednisone
and rituximab (CHOP-R). A biopsy obtained at the time
of a recurrence in 2004 (Figure 1 D-F), demonstrated a
new morphologically distinct peripheral T-cell lym-
phoma. TCR gene rearrangement analysis revealed two
new discrete bands, not present in earlier biopsies. Flow
cytometry analysis of peripheral blood detected an
abnormal T-cell population. The patient was then
enrolled in the current phase II trial of romidepsin,
which resulted in a near complete resolution of lym-
phadenopathy with the first cycle of therapy and com-
plete resolution after the second cycle. The aberrant T-
cell population remained detectable until completion of
eight months of therapy, from which time it remained
negative until one month prior to disease progression,
when an abnormal T-cell population was again noted by
flow cytometry.

The patient continued to respond to treatment until
cycle 15 when, in 2006, he developed high-grade fever,
rigors, anemia, thrombocytopenia, and elevated liver
enzymes. A bone marrow biopsy revealed hemophago-
cytosis. The EBV viral load in the peripheral blood was
found to be elevated on PCR to 2.9×105 EBV equivalents
per 1 million mononuclear cells. Biopsies of lymph node
(Figure 1 G-I) and liver (Figure K-L) revealed an aggres-
sive NK-T cell lymphoma positive for EBER-1.
Molecular studies performed on lymph node, liver, and
bone marrow biopsies and peripheral blood revealed a
single band similar to the original one detected in the
2001 and 2003 biopsies. The patient died of multi-organ
failure eight days later.

Case 2
A 57-year old female was diagnosed with stage III

CTCL in 2001, which was initially treated with pso-

ralen and ultraviolet A radiation (PUVA), and local
radiotherapy for control of head and neck cutaneous
tumors. In 2005, she was enrolled in a clinical trial of
sipiluzimab (MEDI-507), a monoclonal antibody direct-
ed against CD2. Following two courses of sipiluzimab
therapy, disease progression complicated by CMV reac-
tivation necessitated withdrawal from study and she
was subsequently enrolled in the romidepsin trial in
November 2005. Symptomatic improvement and stable
disease was observed during the initial five cycles of
romidepsin. Following cycle 6, disease progression, evi-
denced by increased cutaneous tumor masses and wors-
ening lymphadenopathy, prompted removal from
study. Further treatment with localized radiotherapy
followed by a single dose of gemcitabine was adminis-
tered; however, clinical deterioration ensued and hydro-
cortisone 100 mg q8 hourly was initiated. The patient
was found to have an EBV viral load of 1.1×106 EBV
equivalents per 1 million mononuclear cells in the
blood. Lymph node biopsy revealed an EBV-associated
lymphoproliferative disorder with a large number of
EBV positive cells. Retrospective review of two previ-
ous lymph node biopsies, one obtained prior to initia-
tion of romidepsin treatment and the other obtained
prior to initiation of gemcitabine demonstrated scant
EBV positivity. Single agent rituximab was administered
at a dose of 375mg/m2 weekly for five weeks, then
every three weeks for 12 weeks. After four months of
rituximab therapy, no EBV was detectable on peripher-
al blood PCR. 

Case 3
An Italian-born female with stage IVA PTCL initially

presented in 2005 and was treated on the Hyper-CVAD
protocol administering cyclophosphamide, vincristine,
doxorubicin, and dexamethasone alternating with high-
dose methotrexate and cytarabine. Autologous stem
cells were harvested on recovery from cycle 2A. Prior to
initiation of treatment, hepatitis B surface antigen
(HBsAg) was negative and liver function tests were nor-
mal, and remained so throughout the initial chemother-
apy regimen. Despite intensive chemotherapy, disease
progression occurred at three months post treatment.
Autologous peripheral blood stem cell transplantation
was performed following conditioning with etoposide
(1980 mg), cyclophosphamide (1650 mg) and 12 Gy of
total body irradiation (TBI). Further disease progression
occurred six months after transplant, for which she was
enrolled in the phase II clinical trial of romedepsin.
Serology for HBsAg and liver function tests performed as
part of clinical trail screening remained negative.  Eleven
cycles of romedepsin were completed without signifi-
cant toxicity. Prior to the start of the 12th cycle of
romidepsin, new onset liver function abnormalities were
noted, with raised alanine transferase (ALT) 226U/L
(normal 0-50U/L), aspartate transferase (AST) 95U/L (0-
50U/L) and γ-glutamyl transferase (GGT) 62U/L (7-
32U/L). Repeat hepatitis B serology revealed detectable
HBsAg, hepatitis B e antigen (HBeAg) and hepatitis B
core antibody (HBcAb) IgG and IgM. Hepatitis B viral
load was 7.941 log 10 copies/mL. Hepatitis A and hepa-
titis C serology remained negative. A percutaneous liver



biopsy showed mild fibrosis and moderate inflamma-
tion. Following initiation of entecavir 0.5 mg daily, the
liver function tests normalized and the viral load
reduced by 3-logs. Retrospective analysis on samples
stored prior to all therapy showed seropositivity for
HBcAb IgG and HBsAb, indicating latent HBV infection.

Here we describe 3 cases of reactivation of DNA
viruses in association with HDI therapy. To our
knowledge, these are the first reported instances of
DNA virus reactivation in patients treated with any
HDI. We postulate several potential explanations for
these observations. First, HDIs may reactivate a latent
viral infection through transcriptional activation of
silenced viral promoters. Second, HDI therapy may
have induced immune suppression via the reversible

depletion of circulating peripheral blood lymphocytes
and/or off target effects on the chemotaxis and effec-
tor function of T lymphocytes,9,10 resulting in reduced
T cell-mediated immune surveillance of virus infected
cells. Lastly, it remains possible that these viral com-
plications may be unrelated to HDAC inhibition but
in fact related to concurrent immunodeficiencies relat-
ed to the underlying disease process or prior therapy,
leading to EBV reactivation or, less likely, primary
infection. 

Both EBV and HBV are DNA viruses that exhibit
latency following infection. EBV infection occurs in
more than 90% of the population, most often without
long-term consequences, although a pool of infected B
cells remains under tight control of the immune sys-
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Figure 1. Tissue biopsies from
Case 1 taken at first presentation
(A-C), at first progression post-
CHOP+R (D-F), at time of diagnosis
of peripheral T-cell lymphoma in
2004 (G-I) and at disease progres-
sion in 2006 with NK/T-cell lym-
phoma from lymph node (D-F) or
liver (G-I) biopsies. (A) H & E stain
and high power view of lymph
node shows atypical lymphoid infil-
trate with prominent immunoblas-
tic reaction. (B) CD20 immuno-
staining reveals numerous B cells
including immunoblasts. (C) In situ
hybridization studies for Epstein-
Barr virus using the EBER probe
show scattered positive cells. (D)
H&E stain showing atypical lym-
phoid cells of varied size.
Eosinophils are frequent in the
background. (E) Tumor cell, some
with mitotic figures, are positive
for T-cell marker CD3. (F) In situ
hybridization studies for Epstein-
Barr virus using the EBER probe
show no cells positive for EBV. (G)
H&E stained section shows highly
atypical cells with hyperchromatic,
enlarged nuclei with irregular
nuclear contours. (H) Tumor cells
are positive for T-cell marker CD3
only occasional B cells were identi-
fied with the CD20 immunostain
(data not shown). (I) In situ
hybridization studies for the EBER
probe staining the majority of the
tumor cells. (J) H&E stained sec-
tion shows atypical lymphoid infil-
trate involving a portal tract. (K)
The infiltrate is mainly composed
of T cells highlighted by the CD3
immunostain. CD20 stain (data
not shown) did not identify B cells
at the same area. (L) In situ
hybridization with the EBER probe
proved to be positive in the tumor
cells. 
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Reactivation of DNA viruses
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tem. In contrast, HBV infection is generally cleared but
can result in sub-clinical disease with subsequent
chronic hepatitis. The distinction is that, unlike the
hepatitis viruses, which are often immunologically
cleared, the herpes viruses remain in a lifelong latency
phase in healthy individuals, under control of the
immune system. It has been estimated that 1-5% of
circulating memory T cells react with EBV, implying
that the intact immune system is critical in maintain-
ing the latency phase.11

The cellular immune response, including both CD4+

and CD8+ T cells, is essential for controlling both pri-
mary infection and latent infection with either EBV or
HBV. Indeed, reactivation of another latent DNA virus,
Varicella Zoster Virus (VZV), is often observed in
patients undergoing chemotherapy. EBV and HBV
reactivation is much less common but can occur in
patients undergoing a variety of immunosuppressive
therapies including treatment with conventional cyto-
toxic agents,7 stem cell transplantation8 or the mono-
clonal antibody, infliximab.12 In addition, HBV reacti-
vation has been described following rituximab thera-
py.13 The degree of immune suppression resulting from
HDI therapy including romidepsin has not been
defined.

The diverse mechanisms of action of HDIs includ-
ing induction of apoptosis, and cell cycle arrest14 may
potentially alter the number and/or function of lym-
phocytes involved in the immune surveillance of viral
infected cells. Indeed, lymphopenia has been recog-
nized following therapy with romidepsin in phase I
studies, with an accumulative incidence of approxi-
mately 60% (grade I-III). 

Reappearance of HBsAg (sero-reversion) in patients
who are initially HBsAg negative and HBcAb positive
(as in Case 3) treated with conventional chemothera-
peutic agents is less common than clinical flares of
hepatitis in those who begin treatment with
detectable HBsAg. Moreover, a recent review of reac-
tivation of hepatitis B during anticancer therapy
showed that the phenomenon of sero-reversion with
the development of clinically detectable hepatitis out-
side the context of allogeneic bone marrow transplant
is likely to be rare.15 Despite receiving highly immuno-
suppressive conventional cytotoxic chemotherapy and
total body irradiation, there was no prior evidence of
viral reactivation in our patient with HBV. It seems
possible, therefore, that HDI exposure induced direct
reactivation of latent virus in this patient.

The acetylation status of the cccDNA bound H3 and
H4 histones has been implicated in the control of HBV
replication.16 In vitro, the expression of virally trans-
duced genes can be dramatically reactivated in
Burkitt’s lymphoma cell lines following treatment
with sodium butyrate or TSA,17 and lead to lytic cycle
gene expression of EBV after a 4-6 h period of new
protein synthesis.18 These results suggest that
hypoacetylation of histones is integrally involved in
the silencing of virally transduced genes in healthy
individuals where latency remains following primary
infection. Taken together, it thus seems feasible that
the hyperacetylation effect of HDI therapy has the

potential to reactivate HBV replication.
The mechanism of development of EBV-associated

disease in the other 2 cases is less clear. In the first
case, the patient had previously received minimally
immunosuppressive therapy and the development of
EBV-associated disease occurred on single agent
romidepsin more than a year since previous
chemotherapy. Notably, there is a higher frequency of
EBV-associated NK/T cell lymphomas in patients of
Asian ancestry and this process may have been des-
tined to emerge as a second malignancy in this patient.
EBV+ NK/T cell lymphomas have not been reported as
a complication of immunosuppression. The second
patient developed EBV-associated LPD ten months
after a trial of sipiluzumab, a known immunosuppres-
sive agent that has been associated with additional
cases of EBV LPD.19 It is possible that the subsequent
use of romidepsin did not have an initiating role in
EBV reactivation, but that, in the context of recent T-
cell depleting therapy, it may have either augmented
the reactivation of EBV or have limited the T-cell
repertoire available to control EBV proliferation fol-
lowing siplizumab therapy.  

After romidepsin was discontinued, the administra-
tion of gemcitabine and hydrocortisone may have con-
tributed to increased viral titers. Only scant EBV+ cells
were noted on the biopsy obtained prior to the gemc-
itabine dose. Interestingly, gemcitabine has been used
in a strategy to induce lytic EBV replication.20

Why some patients experience viral reactivation, or
LPD in the case of EBV reactivation, is unknown.
Aside from treatment related immunodeficiencies,
other factors may include altered histone acetylation
status at the site of viral DNA integration, as reported
with hepatitis B.21 In the case of EBV, additional factors
may include the epigenetic regulation of episomal ori-
gin recognition and replication.22 Indeed romidepsin
has shown activity against EBV-positive lymphoblas-
toid cell lines expressing Lat-III genes but not those
expressing a Lat-I profile.23

Finally, it should be noted that some patients with T-
cell lymphomas appear to have a pre-existing constitu-
tional immunodeficiency making them more prone to
DNA virus reactivation during the course of their dis-
ease process. Indeed, we and others have previously
described LPD in patients with CTCL24 or peripheral
T-cell lymphoma.25 Ultimately, it is likely that the
DNA virus reactivation in these patients was multi-
factorial and epigenetic therapy can be considered one
more factor in predisposing a patient to development
of this complication. 

Based on our experiences, as epigenetic therapies
enter the anticancer armamentarium, a better under-
standing of the incidence and risks for viral reactiva-
tion with HDI is needed. It is possible that we will see
new associations between these therapies and reacti-
vation of latent viruses including hepatitis B. Although
the current recommendations of the American
Association for the Study of Liver Diseases do not
include the use of antiviral prophylaxis in those
patients undergoing immunosuppressive therapy who
are HBsAg negative and HBcAb positive, we recom-
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mend that patients be screened for HepBsAg and
HepBcAb before commencing HDI. Similarly, as more
widespread use of epigenetically active agents occurs,
monitoring CD4+ and CD8+ T-cell counts before, dur-
ing and after treatment with simultaneous monitoring
of EBV DNA in plasma by PCR, at least in the context
of clinical development, may be an effective way to
better quantify the risk of EBV-associated disorders
and should be considered as part of future studies. 
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