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Abstract

The

contribution of EBV to the pathogenesis of B-cell
lymphoproliferative disorders in immunocompromised individuals is well established. The best described condition is posttransplant lymphoproliferative disorders, with the first series
published in 1969 (1, 2). The WHO recognizes four broad
clinical settings of immunodeficiency-associated lymphomas
and lymphoproliferative disorders: primary immunodeficiency
syndromes, infection with HIV, immunosuppression in
patients who have received solid organ or bone marrow
allograft, and iatrogenic immunosuppression associated with
methotrexate therapy for autoimmune disease (3). This
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classification system omits other iatrogenic causes of immunodeficiency, and published data regarding the role of other
immunosuppressive therapies in causing EBV lymphoproliferative disease (LPD) are limited (4 – 8). Defective immunosurveillance combined with chronic antigenic stimulation is
believed to be responsible for the development of LPD in
patients receiving immunosuppressive therapy. The highest
rates of EBV-LPD are seen following lung transplantation and
T-cell-depleted allogeneic bone marrow transplantation with
up to 20% of patients developing this complication (9).
T-cell lymphomas constitute a diverse group of hematologic
malignancies that account for f10% of non-Hodgkin’s
lymphomas (10). T-cell lymphomas are typically aggressive
and infrequently cured by chemotherapy, and prospective
randomized trials are rarely done (11 – 14). Our observation
that siplizumab, a humanized monoclonal antibody (mAb)
against CD2, is effective in an animal model of adult T-cell
leukemia/lymphoma (ATLL) was the basis for considering a
clinical trial using this agent in T-cell malignancies (15).
Preliminary clinical trial results showed some similar objective
responses as seen in preclinical studies. However, the trial was
halted when four cases of EBV-LPD were identified following
siplizumab therapy. We present the clinical cases identified and
the data proposing potential pathogenic mechanisms.

Materials and Methods
Study design. This was a single-institution phase I dose-escalation
study of siplizumab, a humanized mAb directed against CD2, in
patients with T-cell lymphoproliferative disorders. Whereas the primary
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Purpose: We report an increased incidence of EBV-induced B-cell lymphoproliferative disease
(LPD) in patients treated with siplizumab, an anti-CD2 antibody. The development of EBV-LPD
has been associated with the use of immunosuppressive agents used in solid organ, bone
marrow, and stem cell transplantation and in certain congenital immunodeficiencies.
Experimental Design: We conducted a single-institution phase I dose-escalation trial of
siplizumab, a humanized monoclonal antibody to CD2, in 29 patients withT-cell malignancies.
Results: Although initial responses were encouraging, 4 (13.7%) patients developed EBV-LPD
and the trial was stopped. Reductions in CD4+ and CD8+ cell count numbers in response to
therapy were seen in all patients, but in those patients developing EBV-LPD a significantly greater
reduction in natural killer (NK) cell number and CD2 expression onTcells was seen.These findings
highlight the importance of NK-cell depletion and CD2 expression in addition toT-cell depletion in
the etiology of EBV-LPD.
Conclusions: The emergence of EBV-LPD may be associated with the ability of siplizumab to
deplete bothTand NK cells without affecting B cells. Agents that depleteT- and NK-cell populations
without affecting B cell number should be screened for this potentially serious adverse event.

Anti-CD2 mAb-Induced EBV-LPD

Translational Relevance

endpoint was safety assessment, secondary endpoints included assessment of antitumor activity, pharmacokinetic studies, CD2 saturation
kinetics, and T-cell and natural killer (NK)-cell elimination and
recovery following therapy. The trial was approved by the National
Cancer Institute Institutional Review Board and all patients provided
written informed consent.
In the original trial design, cohorts of patients received escalating
doses of intravenous siplizumab over 2 or 3 consecutive days per
treatment week every 2 weeks. As the trial progressed, it became evident
that the level of CD2 expression on the cell surface was dramatically
reduced after the first infusion of siplizumab. It was proposed that
maximal efficiency may be achieved by weekly drug administration;
therefore, the study design was amended. In the revised design, patient
cohorts received a single-day administration on days 0 and 14 and once
weekly thereafter. The assigned doses and schedule per cohort are
outlined in Table 1.
Molecular monitoring for cytomegalovirus (CMV) was undertaken
on all patients at baseline, with every treatment course and monthly
thereafter. Monitoring was done using quantitative real-time PCR. A
positive PCR was defined as >250 CMV copies/mL blood.
Pathology review. Diagnosis of EBV-LPD was established according
to the WHO criteria for post-transplant lymphoproliferative disorders
using immunohistochemistry on formalin-fixed, paraffin-embedded
tissue sections. The following panel of antibodies was used for
immunohistochemistry: CD20, CD3, CD4, CD8, CD2, CD25, and
CD30 in all cases; in addition, CD5, CD7, CD15, Mum-1, and Pax-5
were used to rule out B-cell lymphoma in selected patients.
In situ hybridization analysis for EBV RNA was done on 4-Am-thick
formalin-fixed, paraffin-embedded tissue using the INFORM EBVencoded nontranslated RNA probe (Ventana Medical Systems). The
signal was visualized using the ISH iVIEW Blue Detection kit (Ventana
Medical Systems) with nitroblue tetrazolium/BCIP and a Fast Red
nuclear counterstain. All the procedures were done on a BenchMark XT
autostainer (Ventana Medical Systems) according to the manufacturer’s
instructions. Clonal rearrangement of the IgH gene was assessed using
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Table 1. Schedule of siplizumab administration
cohorts 1 to 10
Siplizumab doses (mg/kg)

Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort

1
2
3
4
5
6
7
8
9
10

Day 1

Day 2

Day 3

Patients enrolled

0.2
0.2
0.4
0.4
0.4
0.4
0.4
0.8
3.4
4.8

0.2
0.2
0.4
0.4
0.8
1.2
1.8
—
—
—

—
0.2
—
0.4
1.2
1.8
2.6
—
—
—

3
3
3
4
3
3
3
3
3
1

NOTE: Cohorts 1 to 7 received a cycle every 14 d, whereas cohorts
8 to 10 received a single-day dose days 1 and 14 and then weekly
administration.
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This original report details a concerning outcome from a
phase I dose-escalation study of theT-cell-specific monoclonal antibody siplizumab. We present data examining the
possible pathogenesis of EBV lymphoproliferative disorders in this setting. Although it is known that profound
T-cell depletion is associated, in several clinical settings,
with the development of EBV-associated neoplasms,
our findings highlight the importance of natural killer cell
depletion and loss of CD2 expression in addition to T-cell
depletion in the etiology of EBV lymphoproliferative
disease. This report is important as it highlights that clinical
studies employing agents that deplete T cells, especially
those that also deplete natural killer cells without affecting
B cell numbers, should be designed to screen for this
potentially serious toxicity. This report also highlights the
difficulty in screening for the complication. Although
published literature suggests that patients may be followed
for evidence of EBV reactivation by monitoring plasma EBV
DNA levels, the level of elevation in our study suggests that
even minimal increases in EBV DNA viral load should
be evaluated aggressively with other imaging modalities.
This also suggests that, in trials of T-cell-depleting agents,
there occasionally may be poor correlation between EBV
lymphoproliferative disease development and viral loads.

DNA extracted from formalin-fixed, paraffin-embedded tissue sections
and PCR amplified using primers to framework region III and the
joining region of the immunoglobulin heavy gene as described
previously (16).
Flow cytometry. Flow cytometry was used to assess the surface
expression of selected T, B, and NK cell markers on peripheral blood
mononuclear cells at baseline and before each cycle of siplizumab. We
used a whole blood lysis-no wash method and analyzed with a
FACSCalibur (Becton Dickinson) using Multiset software (Becton
Dickinson). T-cell subsets were identified by directly conjugated mAbs;
anti-CD3, anti-CD4, and anti-CD8; B cells by anti-CD19; and NK cells
by a combination of anti-CD16 and anti-CD56 evaluated on CD3lymphocytes. All mAbs were obtained from Becton Dickinson. To
calculate absolute numbers of each lymphocyte subset, the percentage
of cells staining positive was multiplied by the absolute peripheral
blood lymphocyte count determined by a Celldyne 3500 (Abbott).
CD2 receptor saturation assays. T lymphocytes from aliquots of
whole blood were assessed for CD2 expression on normal and
malignant T cells, before and after siplizumab therapy, using flow
cytometric immunophenotyping, within 24 h of collection. Whole
blood lysis was done using ammonium chloride before staining for
30 min at room temperature with cocktails containing four antibodies.
The antibody panels were chosen based on the number of cells,
previous histologic diagnosis, and available clinical history and
designed to contain disease-specific combinations that detected the
malignant cells (antibody concentration according to the manufacturer’s recommendations). Four-color flow cytometry was done using a
Becton Dickinson FACSCalibur flow cytometer. The sensitivity of the
fluorescent detectors was set and monitored using Calibrite beads
(Becton Dickinson) according to the manufacturer’s recommendations.
Data (collected in List mode) were analyzed with CellQuest software
(Becton Dickinson). At least 5,000 lymphocytes were acquired per tube.
For analysis, cell populations were analyzed by gating on forward
scatter, side scatter, CD45, and CD3.
Receptor occupancy was determined using conjugated antibodies
reactive with distinct CD2 epitopes. The siplizumab antibody was
conjugated with phycoerythrin at a 1:1 ratio to allow determination of
antibody-binding capacity using the BD Biosciences QuantiBRITE
system for fluorescence quantitation. A second FITC-conjugated and a
phycoerythrin-conjugated antibody (S5.2) conjugated at a 1:1 ratio that
recognizes CD2 (Becton Dickinson) but does not compete with
siplizumab binding was used to quantitate the total level of CD2
expression on normal and malignant T cells by measuring antibodybinding capacity at saturation using the BD Biosciences QuantiBRITE
system.

Cancer Therapy: Clinical

Results
Clinical findings. Twenty-nine patients were enrolled over
2 years, the majority of whom had either ATLL (n = 15) or large
granular lymphocyte leukemia (n = 7). The characteristics of
the patients who developed EBV-LPD are outlined in Table 2.
The first recognized case of EBV-LPD was diagnosed in a
72-year-old Asian male with T-cell large granular lymphocyte
leukemia and red cell aplasia who had stable disease after
8 weeks (6.4 mg/kg total dose) of siplizumab. When doselimiting neutropenia developed, siplizumab was stopped.
Subsequent cyclosporine therapy resulted in a hematologic
remission, but after 2 months the patient developed an EBVrelated diffuse large B-cell lymphoma of the sigmoid colon
(Fig. 1). At diagnosis, peripheral blood EBV PCR copies were
only moderately elevated at 1,600 equivalents and became
undetectable <8 weeks after treatment with combination
chemotherapy (etoposide, prednisone, vincristine, cyclophosphamide, and doxorubicin) and rituximab.
A second case of EBV-LPD arose in a 65-year-old Caucasian
female with transfusion-dependent red cell aplasia secondary
to large granular lymphocyte leukemia, who achieved a
complete hematologic and pathologic remission with siplizumab, receiving a total of 19 cycles (64.6 mg/kg total dose). She
developed an enlarging mediastinal mass. Biopsy confirmed a
polymorphic monotypic B-cell EBV-associated LPD. Blood EBV
DNA was detectable by PCR at 910 copies per 1 million
mononuclear cells. Withdrawal of siplizumab resulted in
regression of the mediastinal mass by computed tomography
imaging and normalization of 18-fluorodeoxyglucose uptake
by positron emission tomography (Fig. 2).
Subsequently, a 58-year-old Japanese female with primary
refractory acute ATLL developed EBV-LPD. Although an initial
objective response to weekly siplizumab was observed after
three cycles, therapy was stopped after 10 cycles (34 mg/kg total
dose) due to biopsy-proven disease progression in the skin. At
the time of progression, she was also noted to have developed
new lesions in the liver, colon, and kidney that were assumed to
be ATLL. After receiving one cycle of salvage therapy with
denileukin diftitox, she was admitted to her local hospital with
a bowel perforation and hypovolemic shock. Pathologic review
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of the resected bowel showed both ATLL and EBV-positive
monomorphic lymphoma (Fig. 3).
Considering that EBV-LPD was identified in three patients
on study, we reviewed all patients enrolled and identified an
additional previously unrecognized case of EBV-LPD in a
57-year-old female with cutaneous T-cell lymphoma. She was
enrolled on protocol and received two cycles (6.8 mg/kg total
dose) of siplizumab administered on the biweekly schedule;
however, restaging at that point showed increasing lymphadenopathy suggestive of disease progression. Therapy was stopped
after progression was confirmed by lymph node excision
biopsy. Within 6 weeks of stopping siplizumab, lymphopenia
resolved and lymphadenopathy improved marginally. Subsequently, she was enrolled on protocol using romidepsin and
received 5 months of therapy, when she developed CMV
pneumonia and lymph node biopsy-proven polymorphic B-cell
lymphoma positive for EBV-encoded nontranslated RNA
staining. The peak blood EBV levels were 1,400,000 EBV
equivalents per 1 million human mononuclear cells. Treatment
with rituximab resulted in EBV DNA clearance in peripheral
blood by PCR and regression of adenopathy. The duration
of EBV DNA PCR positivity was 18 weeks. EBV-LPD in this
patient has been attributed to romidepsin therapy, an
investigational histone deacetylase inhibitor, which has been
associated with other cases of EBV-LPD.6 In retrospect, the
lymph node biopsy done after two cycles of siplizumab showed
clusters of EBV-positive B cells. The presence of EBV staining at
the time of the initial lymph node biopsy and subsequent
lymphoma diagnosis suggests that siplizumab may have had a
role in the pathogenesis of the EBV-LPD, perhaps accelerated by
the subsequent romidepsin therapy.
Peripheral blood mononuclear cell subpopulation analysis.
Siplizumab resulted in z90% reduction in the geometric mean
of log-transformed CD4 (P < 0.001) and CD8 (P < 0.001) T-cell
counts after two cycles of therapy. There were no statistically
significant differences in CD4 or CD8 T-cell depletion between
those developing EBV-LPD and those that did not. Similar
levels of CD4 and CD8 T-cell depletion were seen regardless of
siplizumab administration schedule (Supplementary Data). NK
cell numbers also showed a significant reduction in response
to siplizumab (P < 0.001), with an 86.1% reduction from
pretreatment to post-cycle 1 measurements and a 76.5%
reduction from pretreatment to post-cycle 2 measurements. In
contrast with CD4 and CD8 T-cell counts, however, there was a
statistically significant (P = 0.04) difference in NK-cell
reductions over time between those who developed EBV-LPD
and those who do not. NK cell numbers fell more significantly in those who developed EBV-LPD (Fig. 4). The statistically significant result should be interpreted cautiously due
to the limited number of patients with longitudinal NK cell
numbers and who developed EBV-LPD. There was, however,
no difference in NK cell number reduction between patients
on the weekly and biweekly schedule (P = 0.66). Siplizumab
does not bind to B cells, and as expected, no statistically
significant changes over time were seen in B-cell counts
among the 29 patients (P = 0.73); in particular, there was no
change in peripheral blood B cell numbers in those developing EBV-LPD.

6
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EBV quantitation. When possible, quantitative real-time PCR was
done on peripheral blood mononuclear cell suspensions prepared from
whole blood as described previously (17). The EBV viral load was
expressed per 106 mononuclear cell genome equivalents. Calculated
EBV genome equivalents up to 200 copies per 1 million mononuclear
cells can be detected using this assay on peripheral blood mononuclear
cell preparations from healthy EBV seropositive adults. Duration of
PCR positivity was defined as the time from the identification of EBV
reactivation to the first negative PCR.
Statistical analysis. The longitudinal biomarkers CD4, CD8, B, and
NK cell counts and CD2 expression were assessed over time in the
29 individuals on this study. The data was log (natural) transformed to
aid analysis. Using a linear mixed model, the data were examined
for changes in mean (log-scale) over time (ref. 18; how the mean
transformed saturation levels changed across the baseline, post-cycle 1,
and post-cycle 2 measurements). A conditional F test was used to test
for changes across time. Furthermore, we compared the patterns over
time by whether a patient developed EBV-LPD using linear mixed
models with a likelihood ratio test (m2 test with 3 df).

Anti-CD2 mAb-Induced EBV-LPD

Table 2. Patient characteristics
Case

Age
(y)

Diagnosis

1

M

72

T-cell large granular
lymphocyte leukemia

2

F

65

T-cell large granular
lymphocyte leukemia

3

F

58

ATLL
Acute subtype

4

F

56

Cutaneous T-cell lymphoma
Stage IV

Prior therapy

Cohort/dose schedule

Total

Three cycles: Cyclophosphamide
Vindesine
Prednisone
IFN;
Three cycles:
Fludarabine
Cyclophosphamide
IFN
Cyclosporine
Methotrexate

Cohort 8: day 0, 0.8 mg/kg
Weekly

6.4 mg/kg over 8 wk

Cohort 9
Day 0, 3.4 mg/kg
Weekly
Cohort 9
Day 0, 3.4 mg/kg
Weekly

64.6 mg/kg over 19 wk

Cohort 6
Day 0, 0.4 mg/kg
Day 1, 1.2 mg/kg
Day 3, 1.8 mg/kg
Every other week

6.8 mg/kg over 2 wk

Eight cycles:
Cyclophosphamide
Doxorubicin
Vincristine
Prednisone
Topical steroids
Psoaralen and UV light therapy
Local radiation

CD2 expression. An 86.1% reduction in expression of the
CD2 geometric mean was seen after the first cycle compared
with baseline and a 76% reduction from baseline after two
cycles of siplizumab (P < 0.001). A statistically significant
difference in the pattern of CD2 expression by EBV-LPD status
was observed (P = 0.03), with more profound declines in CD2
expression from baseline after cycles 1 and 2 in those who
developed EBV-LPD (Fig. 5). There was also a statistically
significant difference in the pattern of CD2 expression when
comparing patients treated with the weekly and biweekly
schedules (Fig. 6). Lymphocytes from patients treated with the

34 mg/kg over 10 wk

weekly schedule showed a more significant reduction in CD2
expression across time (P = 0.007) compared with patients on
the biweekly schedule.

Discussion
EBV is a member of the human g-herpes virus family that
has evolved to exist in equilibrium with its human host.
Transmission to a naive host results in viral amplification
during acute infection and then persistence for life as an
asymptomatic latent infection in B cells. During primary EBV

Fig. 1. Radiographic imaging of the
72-year-old patient with extranodal
non-Hodgkin’s lymphoma of gastrointestinal
tract. A, sagittal 18-fluorodeoxyglucosepositron emission tomography image at
diagnosis of EBV lymphoma showing
circumferential metabolic activity within the
wall of the descending colon. B, sagittal
18-fluorodeoxyglucose-positron emission
tomography imaging after completion of
chemotherapy showing small residual
focus of metabolic activity. Computed
tomographic images showing left lower
quadrant mass involving descending colon
at diagnosis (C) and imaging post-therapy
shows minor residual abnormality (D).

www.aacrjournals.org

2517

Clin Cancer Res 2009;15(7) April 1, 2009

Downloaded from http://aacrjournals.org/clincancerres/article-pdf/15/7/2514/1988784/2514.pdf by guest on 03 December 2022

Sex
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Table 2. Patient characteristics (Cont’d)
Subsequent therapy

Time from start of siplizumab
to EBV-LPD (d)

EBV-LPD

3 mo cyclosporine

189

Extranodal non-Hodgkin’s lymphoma
of gastrointestinal tract
Monoclonal process
Peak EBV viral load 1,600

Complete remission
post-chemotherapy

None

147

Mediastinal adenopathy
Unable to determine clonality
Peak EBV viral load 910
Extranodal non-Hodgkin’s
lymphoma
Monoclonal process
EBV viral load unavailable

Complete remission after
stopping siplizumab

Extensive adenopathy
Polyclonal process
Peak EBV viral load 1.4  106

Complete remission with
rituximab

One cycle: denileukin diftitox

309

infection, healthy individuals mount a robust humoral and
cellular immune response associated with infectious mononucleosis. Antibodies to the viral capsid proteins reduce
infectivity; however, the cellular response consisting of CD4+
and CD8+ T cells is essential for controlling both primary and
latent EBV infection. Most EBV-associated disease, except for
infectious mononucleosis, occurs when the host cellular
immune responses are impaired (19). EBV-LPD classically
presents as polyclonal or oligoclonal expansions of B cells
expressing the full spectrum of EBV latent viral proteins but
can progress to aggressive non-Hodgkin’s lymphoma. A
classification for virally driven lymphoproliferative processes
such as EBV-LPD has not been outlined by the WHO;
however, a working consensus has emerged based on
morphology (20 – 22).
In this clinical trial, the administration of siplizumab was
associated with a high incidence of EBV-LPD; although not
statistically significant, it approached 50% (3 of 7 patients) in
patients treated with a weekly schedule in comparison with the
biweekly dosing where it occurred in 1 of 22 patients. This high
incidence is associated with depletion of both CD4+ and CD8+
T cells and NK cells and down-regulation of T-cell CD2
expression. CD2 expression on NK cells may also be downregulated, but this was not monitored. The weekly administered
schedule of siplizumab decreased CD2 expression to a greater
extent than the biweekly schedule. In addition to the four cases
of EBV-LPD observed in our trial, one fatal case of EBV-LPD
has also been observed in a similar phase I trial of siplizumab
in T-cell malignancies in a patient with peripheral T-cell
lymphoma.7
A complicating issue in the cases of EBV-LPD observed in
this trial is the potential additive or synergistic role of prior
or subsequent immunosuppressive therapy. Two patients

7
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Death from ATLL progression

developing EBV-LPD received additional T-cell-modulating
therapy, cyclosporine and romidepsin, following siplizumab
therapy and one received prior treatment with cyclosporine.
Although there are scattered case reports documenting lymphoma in the setting of immunosuppression, the absolute risk
associated with individual immunosuppressive agents is not
known. One study concluded that no single immunosuppressive agent preferentially caused post-transplant lymphoproliferative disorders, but the risk was attributable to the whole
transplantation process (23). However, preclinical data suggest
that cyclosporine can specifically inhibit the cell-mediated

Fig. 2. Computed tomography and 18-fluorodeoxyglucose-positron emission
tomography images showing anterior mediastinal mass with 18-fluorodeoxyglucose
metabolic activity at baseline (A and C) and after withdrawal of siplizumab therapy
(B and D).
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Six cycles: romidepsin
Two cycles: gemcitabine

55

Outcome
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Fig. 3. Histologic examination of colonic
biopsy in 58-year-old Asian female showing
involvement with ATLL (A) and EBV-associated
B-cell lymphoma (B). A, paraffin-embedded
sections of colonic mucosa containing ATLL.
H&E staining at 20 (i) and 40 (ii) shows
involvement by ATLL, which is CD25+ (iii) and
CD30+ (iv). B, colonic mucosa with an area of
extensive atypical lymphoid infiltrate visualized
with H&E staining at 5 (i) and 20 (ii). These
lymphocytes are CD20+ (iii) and the majority
are EBV+ (iv). Images were taken using an
Olympus Bx41microscope, objective UPlanFI
20/0.50 1/0.17 and 40/0.75 1/0.17, with
an adaptor U-TV0.5xC using a digital camera
Q-imaging Micropublisher 5.0RTV. The images
were captured using ‘‘Q-Capture version 3.1’’and
imported into Adobe Photoshop 7.0.

response to EBV infection and transformation. In the laboratory, T-cell depletion and addition of cyclosporine to the
culture medium are used to enhance the ability to produce EBVpositive lymphoblastoid cell lines (24).
Compared with post-transplant lymphoproliferative disorders, the median age at diagnosis of EBV-LPD is 45 years (25);
in our patients, the median age was 61.5 years. Similar to other
studies, extranodal presentation is not uncommon (25, 26). In
our study population, there was a relatively brief interval
between drug administration and onset of EBV-LPD similar to
the onset of disease occurring in the setting of solid organ
transplant populations (27, 28). CMV infection is associated
with post-transplant lymphoproliferative disorder risk and may

www.aacrjournals.org

be an independent risk factor rather than simply evidence of
significant level of immunosuppression (29). We detected CMV
DNA by PCR in 3 of the patients developing EBV-LPD, whereas
only one other non-ATLL patient treated with siplizumab
showed CMV reactivation by PCR.
CD2 plays a key role in lymphocyte adhesion and cell
signaling through binding to its receptor LFA3 (CD58; ref.
30). Anti-human CD2 mAbs inhibit T-cell responses to
various stimuli (31). The importance of dose-timing and
dose-dependent effects has been shown in preclinical studies.
The inhibitory effect of anti-CD2-directed therapies is most
potent during antigen presentation and higher doses result in
similar levels of T-cell depletion but greater CD2 modulation

2519
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Fig. 4. Comparison of NK cell number
changes between those who develop
EBV-LPD and those who do not, showing a
greater reduction in NK cell number in those
who develop EBV-LPD (P = 0.04).

NK cells are a key component of the early innate immune
response to microbes and can inhibit the EBV immortalization
of resting B cells (34, 35). Individuals with X-linked proliferative disease that is associated with fatal primary EBV infection
are deficient in NK cells, which support the importance of NK
cells (36). The critical role of NK cells in cytokine-based therapy
for EBV-LPD has been shown in preclinical models, which may
be in part related to both direct and indirect antitumor effects
of IFN-g production (27, 28). The exact role of NK cells in the

Fig. 5. Comparison of trends in CD2
saturation between those who do and do
not develop EBV-LPD (P = 0.03) with more
sizable changes from baseline for the
post-cycle 1and post-cycle 2
measurements for those who develop
EBV-LPD.
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(32). CD2 knockout mice produce T cells that have both
reduced proliferative responses and reduced IFN-g release in
response to antigen stimulation compared with wild-type
(33). However, CD2-deficient T cells maintain normal
cytolytic activity. These results suggest that control of EBV
infection may rely on the ability to increase T cell numbers in
response to emergence of EBV-infected B cells and raises
intriguing questions regarding the role of IFN-g in the control
of EBV infections (34).

Anti-CD2 mAb-Induced EBV-LPD

Fig. 6. Comparison of trends in CD2
saturation with different administration
schedules of siplizumab with statistically
significant differences between changes
from baseline in weekly and biweekly
schedules.Weekly showed more
pronounced changes (P = 0.007).

www.aacrjournals.org

detection of a threshold EBV DNA viral loads or rising titers,
and as shown in our cohort, some patients may have low viral
loads in spite of histologically confirmed EBV-LPD. A recent
prospective study showed that the combination of EBV DNA
load and T-cell recovery was superior at identifying high-risk
patients (42).
In summary, profound T-cell depletion is associated with the
development of EBV-associated neoplasms, which may complicate disorders requiring the use of T-cell-directed therapies.
Further, the use of multiple T-cell-directed therapies, either
together or sequentially, may further impair immunosurveillance, putting patients at increased risk of these neoplasms.
Because patients are frequently exposed to multiple therapies
that impair T- and NK-cell function, current preclinical models
that may fail to predict this outcome are limited; thus, toxicities
associated with potent T-cell-directed therapies may not
become evident until clinical studies are conducted as
evidenced in this report. The emergence of EBV-LPD as a
consequence of the ability of siplizumab to deplete both T and
NK cell numbers, without B-cell depletion, strongly suggests
that clinical studies employing agents that deplete T cells,
especially those that also deplete NK cells without affecting B
cell numbers, should be designed to screen for this potentially
serious toxicity.
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development of EBV-LPD is not clear. For example, recipients
of T-cell-depleted stem cell allografts are at greatest risk in the
first 3 to 6 months, at which time NK cell numbers have
recovered but the patients remain profoundly T-cell-deficient
(37). In contrast, we found a significant reduction in NK cell
numbers after siplizumab therapy in all patients and noted a
statistically greater reduction noted in those patients developing
EBV-LPD. In summary, following anti-CD2 therapy, the
patients manifested the exceedingly rare immunologic condition of a combined deficiency of T-cell subsets and NK cells
without B-cell depletion. Cytotoxic T cells normally provide
effective therapy against MHC class I-expressing malignant
cells, whereas NK cells may provide effective therapy against
cells that have lost their class I MHC expression. Thus, a
deficiency of both T and NK cells may increase the risk of the
emergence of EBV-LPD.
A potential strategy for future studies with siplizumab is to
eliminate B cells in conjunction with T-cell depletion in an
attempt to prevent EBV-LPD emergence. Rituximab has shown
activity in the treatment of EBV-LPD, with overall response
rates of 44% to 75% (38, 39). In addition, rituximab has been
tested in a preemptive fashion in patients undergoing T-celldepleted stem cell transplantation (39, 40). In the Van Esser et
al. study, patients who exhibited evidence of EBV reactivation
were treated with one infusion of rituximab, which was
effective in all but one patient. These observations suggest that
EBV-LPD may be prevented by early administration of
rituximab and that its use before T- and NK-cell depletion
may improve this outcome. Visilizumab, a humanized, antiCD3 mAb used to treat steroid refractory acute graft versus
host disease, although effective, has been associated with
an increased risk of EBV-LPD, which can be mitigated
by monitoring plasma EBV DNA titers and preemptively
administering rituximab (41). Preemptive therapy requires
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