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Abstract. Background: Following infection of B
lymphocytes by Epstein Barr virus (EBV), the viral genome
remains in the nucleus, and a latency phase is established,
during which only a small proportion of the viral genes are
expressed. Among them, LMP1 is essential for
transformation. Rituximab is a potent agent used in the
treatment of low grade B-cell lymphomas and is also widely
used for the treatment of post-transplant lymphoproliferative
disorders caused by EBV. The effect of rituximab treatment
on the latent EBV infection in non-transplant patients with
lymphoproliferative disorders has never been studied to our
knowledge. Patients and Methods: We studied, the effect of
rituximab-based immunochemotherapy on the EBV status of
44 patients with leukemic low grade B-cell lymphoma.
Results: After three cycles of rituximab-based treatment, only
1/17 patients was still positive for EBV. Discussion: Our
results suggest that rituximab used in the treatment of EBVpositive low-grade lymphoma is efficient in eradicating the
virus from the peripheral blood, a fact with potential
implications in the course and prognosis of the disease.
Epstein Barr virus (EBV) is a ubiquitous pathogenic DNA
virus that is transmitted through close contact of
asymptomatic carriers and susceptible individuals. The vast
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majority of infections are sub-clinical, and the detection of
antibodies against viral antigens is a common finding in all
population groups worldwide.
Like other members of the human herpesvirus family, EBV
demonstrates a latent phase of infection. Infection of Blymphocytes usually results in latency that is characterized by
incorporation of the viral genes into the host genome and
selective expression of a restricted subset of viral products (1).
In humans, B-lymphocytes, T-lymphocytes, epithelial cells
and myocytes are the host cells for EBV. Susceptible cells
bear the receptor for EBV on their surface. On the surface
of B cells this receptor is CD21, which is the receptor of
complement component 3b (C3b), or complement receptor 2
(CR2) (2). It is currently believed that glycoprotein 350
(gp350) of the virus binds exclusively to CD21, and this is
the inaugural event for the infection of B cells (3). CD21
antigen is also present on the surface of T-cells, although
structural differences may exist (4). In vitro studies have
shown that the virus is also capable of infecting monocytes
(5). After their infection, monocytes present reduced
phagocytic function, and these cells may serve as a site of
early virus proliferation and may be responsible for blunting
immune response against the virus.
The hallmark of B-cell infection by EBV is the
establishment of latency. Latency is characterized by three
distinct processes: viral persistence, restricted viral gene
expression and retained potential for re-activation of the lytic
cycle (6). Only 10 out of about one hundred viral genes (six
nuclear proteins, two latent membrane proteins and two EBV
encoded RNAs) are expressed during latency and are
considered to be implicated in establishing and maintaining
malignant transformation (7). Latent membrane protein 1
(LMP1), among them, is highly stable and encodes an
integral membrane protein. It has been shown that LMP1 is
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essential for EBV-induced transformation of B-cells and
protects EBV-infected B cells from apoptosis, in part via
induction of the cellular oncogene BCL2 (8). LMP1 is a
potent activator of Nuclear Factor–kappaB (NF-kB), through
two domains within its carboxy-terminal part, C-terminusactivationg region 1 (CTAR1) and 2 (CTAR2) (9), by
engaging signaling proteins for the tumor necrosis factorassociated factors (TRAFs) (10). Due to these multiple
potent biological effects, LMP1 has become a potential target
in EBV-associated tumor prevention and treatment.
Rituximab (a chimeric monoclonal antibody against
CD20) is the mainstay of treatment for EBV related posttransplant lymphoproliferative disorder (PTLD). As far as we
are aware of, the effect of treatment with rituximab on EBV
viral status has never been studied in EBV-positive nontransplant patients with lymphoproliferative disorders.
Rituximab is a common choice for treatment of patients with
low grade B-cell lymphomas and has been recently approved
for B-cell chronic lymphocytic leukemia (B-CLL) (11-13),
either as monotherapy or in combination with chemotherapy.
The effect of rituximab on the EBV status of such patients
is not absolutely predictable, especially because rituximab is
implicated in the re-activation of viral infections in patients
with lymphoproliferative disorders. The results of rituximab
administration in patients with PTLD indicate that this
medication serves as an antiviral factor (14) but these results
cannot be extrapolated to other patient groups.
In the present study, we detected EBV positivity,
quantified the viral load, and detected LMP1 mRNA and
protein in patients with low-grade B-cell lymphoma before
treatment with immunochemotherapy that included
rituximab. After three cycles of rituximab administration we
again measured the viral load, and LMP1 mRNA and protein
in order to compare pre- and post-treatment results.

DNA extraction. Two hundred microliters of whole blood from each
sample were used for DNA extraction. Extraction was performed by
using the QIAamp® DNA Blood mini kit (Qiagen, Valencia, CA,
USA) and DNA was eluted in 35 μL double-distilled water
according to the manufacturer’s instructions, within six hours from
collection. Extracts were then stored at –20˚C and analyzed as
described below.

Patients and Methods

Conventional RT-PCR. LMP1-mRNA expression was detected by
conventional RT-PCR. The stably expressed housekeeping gene ABL
was used as an endogenous control. The PCR for LMP1 and ABL
genes was carried out in a gradient cycler (Mastercycler Gradient,
Eppendorf, Hamburg, Germany) using 1 unit of Platinum-Taq DNA
polymerase (Invitrogen), 1 μl of cDNA, 0.4 μl of each primer
(forward and reverse, 0.2 μM each), 0.7 μl of MgCl2 (1.4 mM) for
LMP1 and 0.75 μL of MgCl2 (1.5 mM) (Invitrogen) for ABL and
finally 0.5 μl of dNTPs (0.2 mM).
The thermal profile of the reaction was as follows: initial
denaturation for 5 minutes at 95˚C, followed by 45 cycles of
denaturation at 95˚C for 45 seconds, annealing at 58˚C for 45
seconds (for LMP1) and at 61˚C for 45 seconds for ABL, and
extension at 72˚C for 45 seconds, and lastly one cycle of final
extension at 72˚C for 10 minutes. Each reaction contained templatenegative and reverse transcriptase negative samples as controls, as
well as one positive and one negative for the LMP1 cell line control.
A human cell line (MDA-V) was used as a positive control for
LMP1 detection. MDA-V is a novel cell line (a kind gift from Dr. R.
Ford, The University of Texas M. D. Anderson Cancer Center,

Patients. Forty-four patients with non-EBV-related leukemic low
grade B-cell lymphoma were included in the study. Informed consent
was obtained from all patients. Table I shows the epidemiological
and clinical characteristics of the patients, as well as the patients’
distribution by lymphoproliferative disease according to the WHO
classification of tumours of hematopoietic and lymphoid tissues (15).
The diagnoses were established in each case using clinical,
morphological, histopathological, and immunophenotypic criteria.
All patients had immunophenotypically-confirmed disease by
peripheral blood at the time of sample collection. All patients were
due to be treated with immunochemotherapy that included rituximab,
according to common clinical practice. The programmed and
eventually administered treatment schemes are shown in Table I.
Blood samples were collected before the first rituximab
administration and after three treatment cycles. The rituximab dose
used was 375 mg/m2 in monthly cycles. We obtained peripheral
whole blood samples from all patients. All samples were collected
in ethylenediaminetetraacetic acid (EDTA).
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RNA extraction and cDNA synthesis. The Trizol protocol
(Invitrogen, Carlsbad, CA, USA) was used to extract and purify
total RNA from peripheral whole blood samples. Total RNA was
eluted in 30 μl of ribonuclease-free water. RNA was quantified
spectrophotometrically and its quality was tested by electrophoresis.
For each patient sample, 1 μg of RNA, 200 units M-MLV reverse
transcriptase (RT) (Invitrogen) and 100 pmol/μl hexamer random
primers were used to synthesize cDNA after an incubation of the
reaction mix at 37˚C for 50 minutes.
EBV-viral capsid antigen (VCA) IgG detection. The serological
status of EBV was determined by a chemiluminescent immunoassay
[CLIA; the Liaison (CLIA-L; DiaSorin)] which detects IgG
antibodies against the EVB VCA.
EBV load quantification. The quantification of the viral load was
based on the detection of the bxlf-1 thymidine kinase gene of the
virus using DNA from whole blood samples. For this purpose, the
EBV R-gene™ Quantification Complete kit (Argene, Verniolle,
France) was used according to the manufacturer’s instructions.
Quantification was performed on a LightCycler® 2.0 instrument
(Roche, Mannheim, Germany). Reactions were carried out in
duplicates and negative and sensitivity controls were also used. For
quantification analysis, an internal standard curve was applied for
each run. The detection limit of the reaction was <4 copies/PCR.
The results were expressed in viral copies/ml of sample.
Primer design. Primers and probes for Real Time Polymerase Chain
Reaction (RT-PCR) for the genes of interest were chosen for LMP1
(16) and Abelson murine leukemia viral oncogene (ABL) (17) in
order to bind at least one exon junction so as to avoid amplification
of contaminating genomic DNA.
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Table I. Patient characteristics and results
Characteristic

EBV status1

All patients
Positive

No. of patients
44 (100%)
17 (38.6)
Median age, years (range)
74 (51-87)
71.5 (51-87)
Male: female ratio
1.09
1.71
Lymphoproliferative disease, N (%)
B-Chronic lymphocytic leukemia
29 (65.9)
15 (88.2)
Splenic marginal zone lymphoma
12 (27.3)
1 (5.9)
Hairy cell leukemia
2 (4.5)
1 (5.9)
Follicular lymphoma
1 (2.3)
0 (0)
B Symptoms at presentation, n (%)
6 (13.6)
3 (17.6)
Peripheral blood lymphocytes, ×109/l (range)
21.14 (1.39-81.03) 28.1 (2.95-81.03)
LDH/UNL at presentation, mean (range)
1.62 (0.7-3.3)
1.55 (0.8-3.0)
Seropositivity2, n (%)
42 (95.4)
16 (94.1)
Previous treatment, n (%)
17 (38.6)
7 (41.2)
Median time from previous treatment, months (range)
16.79 (2-80)
12.14 (6-29)
Previous treatment containing rituximab, n (%)
5 (11.4)
2 (11.8)
Median viral load before rituximab-based treatment, copies/ml (range)
NA
2375.3 (79-15600)
Measurable LMP1 mRNA before rituximab-based treatment, n (%)
11 (25.0)
11 (64.7)
Detection of LMP1 in the serum (ELISA) before treatment, n (%)
11 (25.0)
11 (64.7)
Immunochemotherapeutic regimen, n (%)
R
20 (45.5)
10 (58.8)
RCh
9 (20.5)
2 (11.8)
FCR
6 (13.6)
4 (23.5)
R-C(H)OP
7 (15.9)
1 (5.9)
RCy
1 (2.3)
0 (0)
R-FCM
1 (2.3)
0 (0)
Patients with measurable viral load after rituximab-based treatment, n (%)
NA
1 (5.9)

p-Value

Negative
27 (61.4)
75.5 (55-82)
0.81
14 (51.9)
11 (40.7)
1 (3.45)
1 (3.7)
3 (11.1)
15.1 (1.39-40.80)
1.71 (0.7-3.3)
26 (96.3)
10 (37.0)
19.50 (2-80)
3 (11.1)
NA
0 (0)
0 (0)

0.372
0.250
0.126

0.538
0.127
0.584
0.656
0.730
0.633
0.912

0.213
10 (37.0)
7 (25.9)
2 (7.4)
6 (22.2)
1 (3.7)
1 (3.7)
NA

*For group differences by Pearson Chi-Squared test for categorical data, and by independent samples Mann-Whitney U-test for numerical data; 1By
status of bxlf1 thymidine kinase gene of EBV by real time Polymerase chain reaction; 2Seropositivity: detection of the EBV-VCA (viral capsid
antigen) IgG antibody. UNL: Upper normal limit; R: rituximab RC: Rituximab, chlorambucil; FCR: fludarabin, cyclophosphamide, rituximab; RC(H)OP: rituximab, vincristine, cyclophosphamide, (doxorubicin), prednisolone; R-FCM: rituximab, fludarabine, cyclophosphamide, mitoxantrone;
NA: not applicable.

Houston, TX, USA) that has been established and characterized at
our Institution. MDA-V was established from lymph nodes of a
previously untreated patient with EBV-positive stage I classical
nodular sclerosing Hodgkin’s lymphoma(16). Karpas 299, an
anaplastic large-cell lymphoma cell line was used as a negative
control. The amplified PCR products were electrophoresed and
visualized twice on a 3% agarose gel. The LMP1 PCR product of
102 bp was verified with direct sequencing.
Detection of LMP1 in serum by enzyme-linked immunosorbent assay
(ELISA). LMP1 expression in the sera of all LMP1-positive patients
(positive by PCR for LMP1 mRNA) was assessed with the use of
ELISA (LMP1 detection kit, MYBiosource, San Diego, CA, USA).
Statistical analysis. We used the Independent-Samples MannWhitney U-test (IBM SPSS statistics, version 19.0) for the statistical
analysis of the results.

Results
The vast majority of the patients (29/44, 65.9%) had B-CLL.
Among 44 patients, 17 (38.6%) were found to be EBVpositive by qRT-PCR for the bxlf-1 gene. The mean viral
load of EBV-positive patients was 2,375.3 (range=79-15,600)
copies/ml. Eleven (64.71%) EBV-positive patients had
measurable LMP1-mRNA levels, and this result was
confirmed by ELISA for the detection of LMP1 protein in
the serum of these patients. Details are presented in Table I.
The distribution by lymphoproliferative disease did not
differ significantly (p=0.126) between EBV-positive and
EBV-negative patients, although in the EBV-negative group,
splenic marginal zone lymphoma seems to be overrepresented (40.7% vs. 5.9% in the EBV-positive group).
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Twenty seven out of 44 (61.4%) patients were treatmentnaïve. Only 2/17 (11.8%) EBV-positive and 3/27 (11.1%)
EBV-negative patients had been previously treated with
rituximab and this treatment had been administered at least six
months before sample collection. Moreover, 1/17 (5.9%) EBV
positive and 2/27 (7.4%) EBV-negative patients had been
previously treated with regimens containing fludarabine. None
of the patients had been previously treated with alemtuzumab.
Following sample collection, all patients were treated with
rituximab-based immunochemotherapy; the used treatment
regimens are displayed in Table I. There was no statistically
significant difference in the treatment regimens between
EBV-positive and EBV-negative patients (p=0.213). After
three cycles of rituximab-based treatment, only 1/17 patient
(5.88%) was still positive for EBV and expressing LMP1.
This patient with B-CLL was treated with a regimen
containing fludarabine, cyclophosphamide and rituximab, but
did not achieve hematologic response. This failure was
accompanied by an increase in the EBV viral load.

Discussion
Although treatment with rituximab, through B-cell depletion,
is a cause of viral re-activation [hepatitis B and C virus (18,
19), cytomegalovirus, varicella-zoster virus and others (20)] in
immunocompromised and hematological patients, this agent
has been widely used in the treatment of EBV-related PTLD.
PTLD is a well-characterized complication of organ (21,
22) and bone marrow transplantation (23, 24). In most cases,
PTLD is associated with EBV infection due to either reactivation of the virus in an already infected transplant
recipient, or a primary infection acquired from the donor.
Measurement of EBV-DNA levels in the peripheral blood
appears to be a useful predictor for the development of PTLD
prior to the onset of clinical disease (25), thus enabling for
early therapeutic intervention. The management of EBVassociated PTLD consists of reduction or withdrawal of
immunosuppressive agents, and rituximab administration
alone or in combination with low-dose chemotherapeutic
regimens (14, 26-28). Four cycles of rituximab usually
precede the administration of chemotherapy (29-31).
Preemptive administration of rituximab in patients developing
significant EBV viremia has been proven safe and highly
effective in preventing PTLD in transplant recipients (32, 33).
The rationale for rituximab administration in EBV-related
PTLD is based, among others, on the successive expression
of CD20 and CD21 antigens on the surface of B-cells. CD20
is a phosphoprotein expressed on the surface of all B-cells
beginning at the pro-B phase (CD45R+, CD117+) and
progressively increasing in concentration until maturity (34).
CD21, the receptor of EBV, is present on all mature B-cells.
This means that all CD21-positive cells are also CD20positive. Rituximab destroys cells bearing CD20 antigen, and
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consequently CD21-positive cells, that is, cells that host the
virus or are susceptible to viral infection.
The ability of the virus to infect both monocytes and Tlymphocytes may be a cause of incomplete eradication of the
virus in patients with latent EBV infection and
lymphoproliferative disease. Monocytes, in particular, may
serve as a reservoir for EBV during B-cell depletion caused by
rituximab (35-37).
Our results are in concordance with the already known
action of rituximab in PTLDs. After three cycles of rituximabbased immunochemotherapy only one out of 17 EBV-positive
patients was found to be positive by quantitative RT-PCR for
the bxlf1 gene of the virus. This patient was a 65-year-old man;
he had been diagnosed 16 months earlier with B-CLL (Rai
stage IV at diagnosis), had bulky disease, no hypoglobulinemia,
and had not been treated in the past with rituximab or
fludarabine. His pre-treatment viral load was 3,250 copies/ml,
but post-treatment analysis revealed a substantial increase
(5,300 copies/ml). In this patient, the failure to eliminate EBV
from the peripheral blood was accompanied with treatment
failure. Bulky disease is an adverse prognostic factor for
patients with lymphoproliferative diseases, and it remains as
such even in the rituximab era, due to the limited efficacy of
rituximab in the treatment of such patients (38, 39). Moreover,
latent EBV infection in patients with B-CLL has been linked to
poorer prognosis, in part because of its correlation with
Richter’s transformation (40). The remaining 16 patients
experienced at least a partial remission of their disease, along
with having an undetectable EBV viral load.
Our results indicate that the use of rituximab is not a risk
factor for EBV re-activation in non-transplant EBV-positive
patients. Moreover, our study suggests that the use of
rituximab as part of the treatment of EBV-positive patients
with low grade B-cell lymphoma may result in EBV
eradication from the peripheral blood, a fact with various
possible implications. For example, EBV-positive patients are
at risk of fatal complications due to EBV re-activation when
treated with heavily immunosuppressive regimens, such as
those containing fludarabine (41-43), or alemtuzumab (44-47),
a fact that is probably underestimated. The addition of
rituximab to fludarabine and cyclophosphamide in patients
with CLL may also serve as antiviral protection against EBV.
On the other hand, pre-treatment of EBV-positive patients with
rituximab could be a measure for EBV eradication, before
alemtuzumab administration. In addition, the viral load of the
virus could be a good factor predictive of disease
unresponsiveness or recurrence in patients that have a
measurable pretreatment viral load.
The extension of this preliminary study, with the inclusion
of more patients, and the comparative study of rituximab versus
other chemotherapeutic regimens in terms of EBV infection
will give more accurate results about the role of rituximab in
EBV-positive lymphoproliferative disorders.

Diamantopoulos et al: Rituximab and EBV Infection in Low Grade Lymphoma

Conflicts of Interest
None declared.

12

Source of Funding
Non declared.

Acknowledgements
We would like to express our gratitude to Professor Michael
Koutsilieris Professor of Experimental Physiology, National and
Kapodistrian University of Athens, Greece, for his valuable critique of
this research work.

References
1 Kieff E and Rickinson AB: Epstein-Barr virus and its replication.
In: Fields Virology, Fifth edition, Knipe DM and Howley PM
(Eds.). Lippincott Williams and Wilkins, Philadelphia. pp. 26032654, 2007.
2 Cooper NR, Moore MD and Nemerow GR: Immunobiology of
CR2, the B lymphocyte receptor for Epstein-Barr virus and the
C3d complement fragment. Annu Rev Immunol 6: 85-113, 1988.
3 Tanner J, Weis J, Fearon D, Whang Yand Kieff E: Epstein-Barr virus
gp350/220 binding to the B-lymphocyte C3d receptor mediates
adsorption, capping, and endocytosis. Cell 50(2): 203- 213, 1987.
4 Tsoukas CD and Lambris JD: Expression of EBV/C3d receptors
on T cells: Biological significance. Immunol Today 14: 56, 1993.
5 Savard M, Bélanger C, Tardif M, Gourde P, Flamand Land
Gosselin J: Infection of primary human monocytes by EpsteinBarr virus. J Virol 74(6): 2612-2619, 2000.
6 Hurley EA and Thorley-Lawson DA: B cell activation and the
establishment of Epstein-Barr virus latency. J Exp Med 168:
2059, 1988.
7 Fennewald S, van Santen V and Kieff E: Nucleotide sequence of
an mRNA transcribed in latent growth-transforming virus
infection indicates that it may encode a membrane protein. J Virol
51: 411, 1984.
8 Henderson S, Rowe M, Gregory C, Croom-Carter D, Wang F,
Longnecker R, Kieff E and Rickinson A: Induction of bcl-2
expression by Epstein-Barr virus latent membrane protein 1 protects
infected B cells from programmed cell death. Cell 65: 1107, 1991.
9 Kung CP and Raab-Traub N: Epstein-Barr virus latent membrane
protein 1 modulates distinctive NF-κB pathways through Cterminus-activating region 1 to regulate epidermal growth factor
receptor expression. J Virol 84(13): 6605-6614, 2010.
10 Mosialos G, Birkenbach M, Yalamanchili R, VanArsdale T, Ware
C and Kieff E: The Epstein-Barr virus transforming protein
LMP1 engages signaling proteins for the tumor necrosis factor
receptor family. Cell 80: 389, 1995.
11 Hallek M, Fischer K, Fingerle-Rowson G, Fink AM, Busch R,
Mayer J, Hensel M, Hopfinger G, Hess G, von Grünhagen U,
Bergmann M, Catalano J, Zinzani PL, Caligaris-Cappio F,
Seymour JF, Berrebi A, Jäger U, Cazin B, Trneny M, Westermann
A, Wendtner CM, Eichhorst BF, Staib P, Bühler A, Winkler D,
Zenz T, Böttcher S, Ritgen M, Mendila M, Kneba M, Döhner H
and Stilgenbauer S: Addition of rituximab to fludarabine and
cyclophosphamide in patients with chronic lymphocytic leukaemia:

13

14

15

16

17

18

19

20

21

22

23

24

a randomised, open-label, phase III trial. Lancet 376(9747): 11641174, 2010.
Robak T, Dmoszynska A, Solal-Céligny P, Warzocha K,
Loscertales J, Catalano J, Afanasiev BV, Larratt L, Geisler CH,
Montillo M, Zyuzgin I, Ganly PS, Dartigeas C, Rosta A, Maurer
J, Mendila M, Saville MW, Valente N, Wenger MK and Moiseev
SI: Rituximab plus fludarabine and cyclophosphamide prolongs
progression-free survival compared with fludarabine and
cyclophosphamide alone in previously treated chronic
lymphocytic leukemia. J Clin Oncol 28(10): 1756-1765, 2010.
Hainsworth JD, Litchy S, Barton JH, Houston GA, Hermann RC,
Bradof JE and Greco FA: Single-agent rituximab as first-line and
maintenance treatment for patients with chronic lymphocytic
leukemia or small lymphocytic lymphoma: a phase II trial of the
Minnie Pearl Cancer Research Network. J Clin Oncol 21(9):
1746-1751, 2003.
Becker YT, Samaniego-Picota M and Sollinger HW: The
emerging role of rituximab in organ transplantation. Transpl Int
19(8): 621-628, 2006.
Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein
H, Thiele J and Vardiman JW: WHO classification of Tumours of
Haematopoietic and Lymphoid Tissues, fourth edition, IARC:
Lyon, 2008.
Kubota N, Wada K, Ito Y, Shimoyama Y, Nakamura S, Nishiyama
Y and Kimura H: One-step multiplex real-time PCR assay to
analyze the latency patterns of Epstein-Barr virus infection. J
Virol Methods 147(1): 26-36, 2008.
Drakos E, Thomaides A, Medeiros LJ, Li J, Leventaki V,
Konopleva M, Andreeff M and Rassidakis GZ: Inhibition of p53murine double minute 2 interaction by nutlin-3A stabilizes p53
and induces cell cycle arrest and apoptosis in Hodgkin
lymphoma. Clin Cancer Res 13(11): 3380-3387, 2007.
Watanabe T and Tanaka Y: Reactivation of hepatitis viruses
following immunomodulationg systemic chemotherapy. Hepatol
Res 43(2): 113-121, 2013.
Mahale P, Kontoyiannis DP, Chemaly RF, Jiang Y, Hwang JP,
Davila M and Torres HA: Acute exacerbation and reactivation of
chronic hepatitis C virus infection in cancer patients. J Hepatol
57(6): 1177-1185, 2012.
Aksoy S, Harputluoglu H, Kilickap S, Dede DS, Dizdar O,
Altundag K and Barista I: Rituximab-related viral infections in
lymphoma patients. Leuk Lymphoma 48(7): 1307-1312, 2007.
Nalesnik MA, Locker J, Jaffe R, Reyes J, Cooper M, Fung J and
Starzl TE: Experience with post-transplant lymphoproliferative
disorders in solid organ transplant recipients. Clin Transplant 6:
249-252, 1992.
Shapiro R, Nalesnik M, McCauley J, Fedorek S, Jordan ML,
Scantlebury VP, Jain A, Vivas C, Ellis D, Lombardozzi-Lane S,
Randhawa P, Johnston J, Hakala TR, Simmons RL, Fung JJ and
Starzl TE: Post-transplant lymphoproliferative disorders in adult
and pediatric renal transplant patients receiving tacrolimus-based
immunosuppression. Transplantation 68(12): 1851-1854, 1999.
Socié G, Curtis RE, Deeg HJ, Sobocinski KA, Filipovich AH, Travis
LB, Sullivan KM, Rowlings PA, Kingma DW, Banks PM, Travis
WD, Witherspoon RP, Sanders J, Jaffe ES and Horowitz MM: New
malignant diseases after allogeneic marrow transplantation for
childhood acute leukemia. J Clin Oncol 18(2): 348-357, 2000.
Curtis RE, Travis LB, Rowlings PA, Socié G, Kingma DW,
Banks PM, Jaffe ES, Sale GE, Horowitz MM, Witherspoon RP,
Shriner DA, Weisdorf DJ, Kolb HJ, Sullivan KM, Sobocinski

5697

ANTICANCER RESEARCH 33: 5693-5698 (2013)

25

26

27

28

29

30

31

32

33

34

35

KA, Gale RP, Hoover RN, Fraumeni JF Jr. and Deeg HJ: Risk of
lymphoproliferative disorders after bone marrow transplantation:
a multi-institutional study. Blood 94(7): 2208- 2216, 1999.
Rooney CM, Loftin SK, Holladay MS, Brenner MK, Krance RA
and Heslop HE: Early identification of Epstein-Barr virusassociated post-transplantation lymphoproliferative disease. Br J
Haematol 89(1): 98-103, 1995.
Milpied N, Vasseur B, Parquet N, Garnier JL, Antoine C, Quartier
P, Carret AS, Bouscary D, Faye A, Bourbigot B, Reguerre Y,
Stoppa AM, Bourquard P, Hurault de Ligny B, Dubief F,
Mathieu-Boue A and Leblond V: Humanized anti-CD20
monoclonal antibody (Rituximab) in post-transplant Blymphoproliferative disorder: A retrospective analysis on 32
patients. Ann Oncol 11(Suppl 1): 113-116, 2000.
Faye A, Quartier P, Reguerre Y, Lutz P, Carret AS, Dehée A,
Rohrlich P, Peuchmaur M, Matthieu-Boué A, Fischer A and Vilmer
E: Chimaeric anti-CD20 monoclonal antibody (rituximab) in posttransplant B-lymphoproliferative disorder following stem cell
transplantation in children. Br J Haematol 115(1): 112-118, 2001.
Gross TG, Orjuela MA, Perkins SL, Park JR, Lynch JC, Cairo MS
Smith LM and Hayashi RJ: Low-dose chemotherapy and
rituximab for post-transplant lymphoproliferative disease (PTLD):
A children’s oncology group report. Am J Transplant 12(11):
3069-3075, 2012.
Zimmermann H, Reinke P, Neuhaus R, Lehmkuhl H, Oertel S,
Atta J, Planker M, Gärtner B, Lenze D, Anagnostopoulos I, Riess
H and Trappe RU: Burkitt post-transplantation lymphoma in adult
solid organ transplant recipients: sequential immunochemotherapy
with rituximab (R) followed by cyclophosphamide, doxorubicin,
vincristine, and prednisone (CHOP) or R-CHOP is safe and
effective in an analysis of 8 patients. Cancer 118(19): 4715-4724,
2012.
Trappe R, Oertel S, Leblond V, Mollee P, Sender M, Reinke P,
Neuhaus R, Lehmkuhl H, Horst HA, Salles G, Morschhauser F,
Jaccard A, Lamy T, Leithäuser M, Zimmermann H,
Anagnostopoulos I, Raphael M, Riess H and Choquet S:
Sequential treatment with rituximab followed by CHOP
chemotherapy in adult B-cell post-transplant lymphoproliferative
disorder (PTLD): the prospective international multicentre phase
2 PTLD-1 trial. Lancet Oncol 13(2): 196-206, 2012.
Ganne V, Siddiqi N, Kamaplath B, Chang CC, Cohen EP,
Bresnahan BA and Hariharan S: Humanized anti-CD20
monoclonal antibody (Rituximab) treatment for post-transplant
lymphoproliferative disorder. Clin Transplant 17(5): 417-422, 2003.
Worth A, Conyers R, Cohen J, Jagani M, Chiesa R, Rao K, Goulden
N, Veys P and Amrolia PJ: Pre-emptive rituximab based on
viraemia and T cell reconstitution: a highly effective strategy for the
prevention of Epstein-Barr virus-associated lymphoproliferative
disease following stem cell transplantation. Br J Haematol 155(3):
377-385, 2011.
Faraci M, Caviglia I, Morreale G, Lanino E, Cuzzubbo D, Giardino
S, Di Marco E, Cirillo C, Scuderi F, Dallorso S, Terranova P,
Moroni C and Castagnola E: Viral-load and B-lymphocyte
monitoring of EBV reactivation after allogeneic hemopoietic SCT
in children. Marrow Transplant 45(6): 1052-1055, 2010.
Walport M, Murphy K, Janeway C and Travers PJ: Janeway’s
Immunobiology (seventh edition). New York: Garland Science,
2008.
Tugizov S, Herrera R, Veluppillai P, Greenspan J, Greenspan D
and Palefsky JM: Epstein-Barr virus (EBV)-infected monocytes

5698

36

37

38

39

40
41

42

43

44

45

46

47

facilitate dissemination of EBV within the oral mucosal
epithelium. J Virol 81(11): 5484-5496, 2007.
Guerreiro-Cacais AO, Li L, Donati D, Bejarano MT, Morgan A,
Masucci MG, Hutt-Fletcher L and Levitsky V: Capacity of
Epstein-Barr virus to infect monocytes and inhibit their
development into dendritic cells is affected by the cell type
supporting virus replication. J Gen Virol 85: 2767-2778, 2004.
Salek-Ardakani S, Lyons SA and Arrand JR: Epstein-Barr virus
promotes human monocyte survival and maturation through a
paracrine induction of IFN-alpha. J Immunol 173(1): 321-331, 2004.
Song MK, Chung JS, Sung-Yong O, Lee GW, Kim SG, Seol YM,
Shin HJ, Choi YJ, Cho GJ, Shin DH and Yun EY: Clinical impact
of bulky mass in the patient with primary extranodal diffuse large
B cell lymphoma treated with R-CHOP therapy. Ann Hematol
89(10): 985-991, 2010.
McClanahan F, Hielscher T, Rieger M, Hensel M, Neben K,
Hillengass J, Herfarth K, Ho AD and Witzens-Harig M: Clinical
outcome of patients with follicular lymphoma and bulky disease
after rituximab-CHOP immunochemotherapy with and without
consolidating radiotherapy. Eur J Haematol 85(1): 11-19, 2010.
Tsimberidou AM and Keating MJ; Richter’s transformation in
chronic lymphocytic leukemia. Semin Oncol 33: 250-256, 2006.
Mercadal S, Martinez A, Nomdedeu B, Rozman M, Gaya A,
Salamero O and Campo E: Herpes simplex and Epstein-Barr virus
lymphadenitis in a patient with chronic lymphocytic leukemia
treated with fludarabine. Eur J Haematol 77(5): 442- 4, 2006.
Abruzzo LV, Rosales CM, Medeiros LJ, Vega F, Luthra R,
Manning JT, Keating MJ and Jones D: Epstein-Barr virus-positive
B-cell lymphoproliferative disorders arising in immunodeficient
patients previously treated with fludarabine for low-grade B-cell
neoplasms. Am J Surg Pathol 26(5): 630-636, 2002.
Lazzarino M, Orlandi E, Baldanti F, Furione M, Pagnucco G,
Astori C, Arcaini L, Viglio A, Paulli M, Gerna G and Bernasconi
C: The immunosuppression and potential for EBV reactivation of
fludarabine combined with cyclophosphamide and dexamethasone
in patients with lymphoproliferative disorders. Br J Haematol
107(4): 877-882, 1999.
van de Langerijt B, Doorduijn JK, Lam KH and van den Bent
MJ: EBV-related cerebral lymphoma in a leukemia patient treated
with alemtuzumab. J Neurol 258(5): 944-945, 2011.
Carpenter B, Haque T, Dimopoulou M, Atkinson C, Roughton M,
Grace S, Denovan S, Fielding A, Kottaridis PD, Griffiths P,
Mackinnon S, Emery V and Chakraverty R: Incidence and
dynamics of Epstein-Barr virus reactivation after alemtuzumabbased conditioning for allogeneic hematopoietic stem-cell
transplantation. Transplantation 90(5): 564-570, 2010.
Kluin-Nelemans HC, Coenen JL, Boers JE, van Imhoff GW and
Rosati S: EBV-positive immunodeficiency lymphoma after
alemtuzumab-CHOP therapy for peripheral T-cell lymphoma.
Blood 112(4): 1039-1041, 2008.
Scheinberg P, Fischer SH, Li L, Nunez O, Wu CO, Sloand EM,
Cohen JI, Young NS and John Barrett A: Distinct EBV and CMV
reactivation patterns following antibody-based immunosuppressive
regimens in patients with severe aplastic anemia. Blood 109(8):
3219-3224, 2007.

Received October 2, 2013
Revised November 9, 2013
Accepted November 12, 2013

