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This single centre study assessed the incidence, kinetics
and predictive factors of Epstein-Barr Virus (EBV) reactivation
and EBV-related lymphoproliferative diseases (LPDs) in 175
consecutive patients who received a reduced-intensity
conditioning (RIC) before allogeneic hematopoietic stem cell
transplantation (allo-HSCT). The cumulative incidence of EBV
reactivation at 6 months after allo-HSCT defined as an EBV PCR
load above 1000 copies of EBV DNA/105 cells was 15%, and
none of these patients experienced any sign or symptom of
LPD. A total of 17 patients, who had EBV DNA levels exceeding
1000 copies/105 cells on two or more occasions, were
pre-emptively treated with rituximab. With a median follow-up
of 655 (range, 92–1542) days post allo-HSCT, there was no
statistically significant difference in term of outcome between
those patients who experienced an EBV reactivation and those
who did not. In multivariate analysis, the use of antithymocyte
globulin as part of the RIC regimen was the only independent
risk factor associated with EBV reactivation (relative risk¼4.9;
95% confidence interval, 1.1–21.0; P¼0.03). We conclude that
patients undergoing RIC allo-HSCT using anti-thymocyte
globulin as part of the preparative regimen are at higher risk
for EBV reactivation. However, this did not impact on outcome,
as quantitative monitoring of EBV viral load by PCR and
preemptive rituximab therapy allowed for significantly reducing
the risk of EBV-related LPD.
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Introduction

Reduced-intensity conditioning (RIC) regimens are increasingly
used before allogeneic hematopoietic stem cell transplantation
(allo-HSCT) with the aim to decrease transplantation-related
mortality (TRM) in elderly patients, heavily pretreated patients
or in patients with medical comorbidities precluding the use of
standard myeloablative preparative regimens.1–5 The majority of

these RIC protocols are designed to produce a state of profound
immunosuppression rather than myeloablation.6

Epstein-Barr virus (EBV) is a latent g-herpes virus with
B lymphocyte-specific tropism that infects more than 90% of
healthy individuals. Following allo-HSCT, EBV reactivation and
EBV-related proliferations are well recognized complications.7–12

EBV reactivation may be associated with a spectrum of clinical
presentations, going from fever to lymphoproliferative diseases
(LPDs), which arise as a consequence of an outgrowth of B cells
latently infected with EBV in the setting of loss or suppression of
normal cytotoxic T-cell surveillance. Established LPD post-allo-
HSCT is associated with a significant mortality and morbidity.13

LPD after allo-HSCT typically occurs within the first 6 months
after transplant, usually before recovery of the EBV-specific
cytotoxic T-lymphocyte response. Risk factors for EBV reactiva-
tion include the degree of mismatch between donor and
recipient, manipulation of the graft to deplete T cells, degree
and duration of immunosuppression used to prevent and treat
graft-versus-host disease (GVHD).14 On the other hand, early
detection strategies with serial measurement of EBV-DNA load
in peripheral blood samples have helped to identify high-risk
patients and to diagnose early lymphoproliferation.15–17 More-
over, pre-emptive anti-B-cell therapies are increasingly used
and have been shown to be successful in preventing LPD.18–21

To date, few data has been reported regarding the incidence and
features of EBV-related disease following RIC allo-HSCT in adult
patients with hematological diseases. Two recent reports
suggested a higher incidence of LPD in pediatric patients who
underwent RIC allo-HSCT including anti-thymocyte globulins
(ATGs) or Campath.22,23 The aim of this analysis was to define
the incidence and potential risk factors predicting the develop-
ment of EBV reactivation in the first 6 months following RIC
allo-HSCT in 175 consecutive adult patients, and to assess its
impact on clinical outcome.

Patients and methods

Study design
A total of 175 consecutive patients who received a RIC allo-
HSCT for hematological malignancies in a single institution
(University Hospital of Nantes, Nantes, France) between January
2005 and June 2009 were included in this retrospective study.
Patient receiving RIC allo-HSCT using unrelated cord blood
cells were excluded from this analysis.24 In our transplant
program, eligibility criteria for RIC allo-HSCT that preclude use
of standard myeloablative allo-HSCT include: (1) patients older
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than 50 years of age; (2) heavily pretreated patients who
received autologous HSCT and/or more than two lines of
chemotherapy before allo-HSCT; and (3) patients with poor
performance status because of significant medical comor-
bidities.25 Written informed consent was obtained from each
patient and donor. The study was performed according to
institutional guidelines. Patients participated in investigational
protocols approved by the Institutional Review Board, and the
local ethical committee.

Conditioning regimen
The conditioning regimen associated fludarabine, busulfan and
ATG in 107 cases (61%). The ATG-based RIC regimen included
fludarabine with a daily dose of 30 mg/m2 for 4–6 consecutive
days, oral busulfan (4 mg/kg per day for 2 consecutive days) or
intravenous busulfan (3.2 mg/kg per day for 2 or 3 consecutive
days) and ATG (Thymoglobulin; Genzyme, Lyon, France; for a
total dose of 5 mg/kg infused over 2 days).25 In total, 32 patients
(18%) received fludarabine 30 mg/m2 for 3 consecutive days
and low-dose total body irradiation 2 Gy.3 Another 5 patients
(3%) received fludarabine 30 mg/m2 for 4 consecutive days and
low-dose total body irradiation 2 Gy combined with cyclophos-
phamide (1200 mg/m2) and ATG (7.5 mg/kg). The remaining
31 patient (18%) received different chemotherapy-based RIC
regimens: (cytarabine 8000 mg/m2Ffludarabine (120 mg/m2)F
amsacrine (400 mg/m2)Fbusulfan (12.8 mg/kg)FATG (5 mg/kg)
(n¼ 16); fludarabine (90 mg/m2)Fmelphalan (100 mg/m2)F
bortezomib (4 mg/m2) (n¼ 10; including one case with ATG
5 mg/kg)Ffludarabine (150 mg/m2)Ftreosulfan (36 g/m2)FATG
(5 mg/kg) (n¼ 5)). All patients received the preparative regimen in
private rooms with laminar air flow devices, and remained
hospitalized until hematopoietic and clinical recovery.

Grafts
All allogeneic grafts were obtained from human leukocyte
antigen (HLA)-A, HLA-B, HLA-C, HLA-DR and HLA-DQ-
matched donors. HLA-DP typing was not routinely performed
at time of this study. A single HLA mismatched of 10 (at HLA-C)
was allowed at the allele level. All donor/recipient pairs were
typed at the allelic level. They were first typed at the two-digit
level for HLA class I (HLA-A, HLA-B and HLA-Cw) and class II
(HLA-DRB1 and HLA-DQB1) using published HLA class I PCR
sequence-specific oligonucleotide and/or PCR sequence-specific
primers typing protocols. HLA typing was performed according to
the recommendations of the European Federation for Immuno-
genetics Histocompatibility Laboratory standards during the study
period. In total, 165 patients (94%) received peripheral blood
stem cells whereas 10 patients (6%) received a bone marrow graft
collected under general anesthesia. All peripheral blood stem cell
grafts were collected after donor mobilization with granulocyte
colony-stimulating factor. A total of 84 grafts (48%) were
obtained from HLA identical sibling donors, 80 (46%) from
HLA-matched unrelated donors and 11 (6%) from one antigen
HLA-mismatched unrelated donors. The day of bone marrow or
peripheral blood stem cell infusion was designated as day 0. The
median number of infused CD34þ cells was 6.1� 106 CD34
cells/kg recipient body weight (range, 0.7–36.7)

GVHD prophylaxis and treatment
All patients received post-transplantation immunosuppression
with either cyclosporine A alone (CsA, n¼ 77; 44%; mainly
patients transplanted from an HLA-identical sibling donor), CsA

and mycophenolate mofetil (MMF, n¼ 93; 53%) or CsA and
short-course methotrexate (n¼ 5; 3%). CsA was administered at
a dose of 3 mg/kg by continuous intravenous infusion starting
from day �3 or �2 and changed to twice daily oral dosing as
soon as tolerated, adjusted to achieve blood levels between
150 to 250 ng/ml and to prevent renal dysfunction. MMF was
administered at a fixed oral dose of 2 g per day starting from
day 0.26 Methotrexate was administered at 15 mg/m2 on day 1
and 10 mg/m2 on days 3 and 6. In the absence of GVHD, MMF
and CsA were tapered over 4 weeks starting from day 60 and
day 90, respectively. Acute and chronic GVHD were graded
according to the Seattle standard criteria. Grades II to IV acute
GVHD were usually treated with corticosteroids 2 mg/kg per
day, followed by a progressive taper in the absence of GVHD
exacerbation. Extensive chronic GVHD was treated with the
combination of CsA and corticosteroids (1 mg/kg per day)
followed by a slow taper in the absence of GVHD exacerbation.

Infection prophylaxis, monitoring and supportive care
All patients received antiviral prophylaxis with intravenous
acyclovir 250 mg thrice daily or oral valaciclovir 500 mg twice
daily from the start of conditioning. No systematic antifungal
and antibacterial prophylaxis was delivered before engraftment.
Pneumocystis prophylaxis with cotrimoxazole was initiated
following engraftment, as well as amoxicillin or penicillin for
prevention of encapsulated bacterial infections.27 Of note,
supportive care was the same during the whole study period.
Cytomegalovirus (CMV) infection management was also homo-
geneous. All blood products were filtered, irradiated and CMV
screened. CMV, EBV, adenovirus (ADV) and human herpes
virus 6 were routinely screened by quantitative PCR.28

EBV monitoring and therapy
During the first 6 months after allo-HSCT and in patients treated
for GVHD, all patients were weekly DNA-PCR screened in the
peripheral blood for EBV reactivation and were clinically
monitored for clinical features attributable to EBV. Total nucleic
acids were extracted from 200ml EDTA of whole blood with a
MagNAPure LC instrument and the MagNAPure LC DNA
isolation kit (Roche Molecular Biochemicals, Mannheim,
Germany) according to the manufacturer’s recommendations
and stored in a final volume of 100ml at �20 1C until further
analysis. DNA quantifications were performed using real-time
PCR procedures, as previously described.29 Briefly, EBV (BNRF1
gene Q1) was quantified on 5 ml DNA extracts and viral loads were
expressed as the number of viral DNA copies. EBV reactivation
was defined as any EBV PCR load above 1000 copies of EBV
DNA/105 cells. EBV LPD was defined as biopsy- or autopsy
proven post-transplantation lymphoma, or reactivation along
with computerized tomography nodal or soft-tissue abnormal-
ities consistent with LPD. Patients with EBV viral load 41000
copies/105 cells on at least two consecutive occasions were
treated with the anti-CD20 monoclonal antibody, rituximab at a
dose of 375 mg/m2 weekly until clearance of EBV reactivation
(usually for a maximum of four infusions).21 Computed
tomography imaging was not performed before rituximab
administration. For the purpose of this analysis, detailed data
related to EBV were captured on designated report forms from
medical charts by one of the coauthors (ZP).

Statistics
All time-related data were measured from the day of allo-HSCT.
Complete remission and overall survival (OS) were defined
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according to standard criteria. OS was estimated with the
Kaplan–Meier method and subgroups were compared with the
log-rank test. TRM and EBV incidences were evaluated using
the cumulative incidence method treating death as a competi-
tive risk30 and subgroups were compared using the Gray test.31

Potential risk factors for EBV reactivation were compared
between cases (patients with EBV reactivation) and controls
(patients without EBV reactivation) using the Mann–Whitney test
for continuous variables and the Fisher’s exact test for
categorical variables. Evaluated variables included patient age,
patient and donor gender, CMV recipient and donor serologic
status, EBV recipient and donor serologic status, diagnosis
(myeloid or lymphoid malignancies), disease status (standard
or high risk), stem cell source, donor type (matched related,
matched unrelated or mismatch donor), conditioning regimen,
GVHD prophylaxis, CD34þ cell count, time to neutrophil
recovery, acute GVHD (0–I/II/III–IV, not time-dependent vari-
able). Variables for which P-value was o0.30 in the univariate
analysis were included in a multivariate regression analysis,
using the semiparametric proportional hazards model of Fine
and Gray.32 All data were computed using the R package
(R Development Core Team, 2006. R: a language and
environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0,
URL http://www.R-project.org.).

Results

Patients’ characteristics and engraftment
Patients’ characteristics are summarized in Table 1. Briefly, the
median age of recipients was 56 (range 18–71) years. In all, 85
patients (49%) had a myeloid malignancy, whereas 86 (49%)
patients were diagnosed with lymphoid malignancies. The
remaining four patients (2%) were treated for severe aplastic
anemia. According to their disease features, 145 (83%) patients
were considered as high-risk. The median time to neutrophil
recovery (absolute neutrophil count 40.5� 109/l) was 17
(range, 6–48) days. Clinically significant grade II–IV acute
GVHD occurred in 61 cases (35%) and severe grade III–IV acute
GVHD occurred in 37 cases (21%). Only one patient died
during the first month of TRM and 154 (88%) patients were alive
at day 100 after allo-HSCT. The cumulative incidence of TRM
is shown in Figure 1a. Chronic GVHD was diagnosed in 59
of cases (34%), with extensive chronic GVHD occurring in 42 of
these patients.

EBV-related events
The cumulative incidence of EBV reactivation at 6 months after
allo-HSCT defined as an EBV PCR load above 1000 copies
of EBV DNA/105 cells was 15% (95% confidence interval,
10–21%; Figure 1b). In 141 patients (81%), the EBV load
remained o1000 EBV copies/105 cells at all time, and none
of these patients experienced any sign or symptom of LPD.
The remaining 34 patients (19%) experienced at least one EBV
reactivation episode. EBV reactivation was observed at a median
of 58 (range 0–930) days after allo-HSCT, with 27 (79%) of
reactivations occurring during the first 6 months. The highest
viral loads were measured between the second and twelveth
weeks after transplantation. Among the 34 patients who
experienced EBV reactivation, 17 patients experienced an EBV
load superior to 1000/105 cells only at a single time point after
allo-HSCT. In these 17 cases, there were no concomitant
clinical symptoms and the EBV load normalized spontaneously.
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Table 1 Study population characteristics and transplant-related
events

Characteristic N (%)

Patient age, median (range) 56 (18–71)

Patient gender
Male 106 (61)
Female 69 (39)

Donor gender
Male 96 (55)
Female 79 (45)

CMV serologic status
Seronegative recipient and seronegative donor 61 (35)
Seropositive recipient or seropositive donor 114 (65)

EBV serologic status
Seropositive recipient and seropositive donor 161 (92)
Seropositive recipient or seronegative donor 8 (5)
Seronegative recipient and seropositive donor 6 (3)
Seronegative recipient and seronegative donor 0

Diagnosisa

Myeloid malignancies 85 (49)
Lymphoid malignancies 86 (49)
Severe aplastic anemia 4 (2)

Disease statusb

Standard risk 30 (17)
High risk 145 (83)

Stem cell source
BM 10 (6)
PBSC 165 (94)

Donor type
MRD 84 (48)
MUD 80 (46)
MIS 11 (6)

Conditioning regimenc

With ATG 134 (77)
Without ATG 41 (23)

GVHD prophylaxis
CsA alone 77 (44)
CsA and MMF 93 (53)
CsA and MTX 5 (3)

CD 34+ cell count (� 106/kg recipient BW) median (range) 6.1 (0.7–36.7)
Neutrophil recovery ANC40.5� 109/l median (range) 17 (6–48)

Acute GVHD
Grade 0–I 114 (65)
Grade II 24 (14)
Grade III–IV 37 (21)

Acute GVHD onset (days) after transplantation median (range) 34 (6–181)

Chronic GVHD 59 (34)
Limited 17 (10)
Extensive 42 (24)

Chronic GVHD onset (days) after transplantation median (range) 189 (100–768)

Abbreviations: ANC, absolute neutrophil count; ATG, antithymo-
globulins; BM, bone marrow; BW, body weight; CMV, cytomegalovirus;
CsA, cyclosporine A; EBV, Epstein-Barr Virus; GVHD, graft-vs-host
disease; MIS, mismatched unrelated donor; MMF, mycophenolate
mofetil; MRD, matched related donor; MUD, matched unrelated
donor; MTX, methotrexate; PBSC, peripheral blood stem cell.
aMyeloid malignancies included 55 acute myeloid leukemias, 15
myelodysplastic syndromas (MDS), 12 myeloproliferative syndromes
(MPS), 3 MDS/MPS lymphoid malignancies: 39 non-Hodgkin’s
lymphomas (NHL), 18 Hodgkin’s disease, 13 chronic lymphocytic
leukemias (CLL), 13 multiple myeloma, two acute lymphoblastic
leukemias (ALL) and one prolymphocytic leukemia.
bPatients in complete remission, chronic phase or untreated were
considered as standard risk, all others were considered as high risk.
cIn this series, a RIC regimen was chosen as per institutional guide-
lines because one or several of the following reasons: age 450 years
(n¼130), and/or patients receiving previous transplantation (n¼72),
and/or presence of comorbidities precluding the use of a standard
myeloablative regimen (n¼15). According to our transplant program
guidelines, all patients conditioned with Fludarabine and Busulfan
received ATG. In other patients, ATG was added to enhance
engraftment in those patients who had received less than two cycles
of multiagent chemotherapy within the 2 months before transplantation.
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The remaining 17 patients had EBV DNA levels exceeding
1000 copies/105 cells on two or more occasions, and were
preemptively treated with a median number of 3 (range, 1–4)
rituximab infusions, which resulted in complete clearance of
EBV viremia in all, but one patient (97%). This patient was
severely immunosuppressed, receiving three different immuno-
suppressive agents (CsA, MMF and weekly low-dose metho-
trexate), and experienced both EBV and ADV infection at
day þ 34 after allo-HSCT from a mismatched unrelated donor.
This patient had symptoms mainly related to the ADV infection
and died of multiorgan failure. Eight of the 34 patients (24%)
who experienced EBV reactivation (and before any therapeutic
intervention) had other viruses detected in the same blood
sample by PCR (EBV and CMV: n¼ 5; EBV and ADV: n¼ 1;
EBV, CMV and ADV: n¼ 1; EBV, CMV, ADV and human herpes
virus 6: n¼ 1). Only two patients experienced a second EBV
reactivation episode.

Outcome and risk factors for EBV reactivation
With a median follow-up of 655 (range, 92–1542) days after
allo-HSCT among surviving patients, 104 patients (59%) were

still alive and the OS was 47% at 4 years (Figure 1c). In total, 69
patients died of disease progression (n¼ 37) and transplant-
related complications (n¼ 32, of whom 22 deaths attributed to
acute or chronic GVHD and 10 related to infectious-related
causes) and two patients died of other reasons. There was no
statistical difference in terms of chronic GVHD incidence
between patients who received pre-emptive rituximab versus
those who did not receive rituximab. Also, there was no
statistically significant difference in terms of OS or TRM
between those patients who experienced an EBV reactivation
after allo-HSCT and those who did not (OS: log rank test,
P¼ 0.62, Figure 1d; TRM: Gray test, P¼ 0.99, Figure 1e).
Univariate analysis for risk factors associated with EBV
reactivation is shown in Table 2. Only the use of ATG as part
of the RIC regimen before allo-HSCT was significantly different
between subgroups with and without EBV reactivation (Fisher’s
exact test, P¼ 0.006). Variables with a P-value o0.30 were,
respectively, diagnosis (lymphoid, myeloid malignancies and
severe aplastic anemia; P¼ 0.14), the conditioning regimen
(ATG vs no ATG; P¼ 0.006) and donor type (matched related
donor, matched unrelated donor and mismatched unrelated
donor; P¼ 0.19) and were included into the regression analysis
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Figure 1 Outcome after reduced-intensity conditioning (RIC) allogeneic hematopoietic stem cell transplantation (allo-HSCT). Cumulative
incidence of transplant-related mortality in the study population (a), Epstein-Barr Virus (EBV) reactivation in the study population (b), overall
survival in the study population (c), overall survival according to EBV reactivation (dashed line: with EBV reactivation) (d), cumulative incidence of
transplant-related mortality according to EBV reactivation (dashed line: with EBV reactivation) (e), and cumulative incidence of EBV reactivation
according to the use of anti-thymocyte globulin (ATG) as part of the RIC regimen (dashed line: with ATG) (f). x axis: months post allo-HSCT.
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of competing risks. The cumulative incidence of EBV reacti-
vation in patients receiving or not receiving ATG as part of
their conditioning regimen is depicted in Figure 1f. In the Fine
and Gray analysis (Table 3), the use of ATG remained the
only independent risk factor associated with EBV reactivation
(relative risk¼ 4.9; 95% confidence interval, 1.1–21.0; P¼ 0.03).

Discussion

This study assessed the incidence and features of EBV reactivation
and EBV-related LPD in a series of 175 patients receiving RIC
allo-HSCT. Previous studies reported an EBV reactivation
incidence ranging between 0.6 and 26%, with this being higher
in the context of T-cell depletion.8,33,34 Furthermore, mortality
rates following development of an EBV-related LPD can range
between 50 and 80%.35 The current study reports a cumulative
incidence of EBV reactivation of 15 and 21% at 6 months and 3
years after allo-HSCT, respectively, but none of the patient
experienced EBV-related LPD signs or mortality. In this series, the
absence of EBV-related severe complications is likely due to both
the strict policy of EBV monitoring during the first months after
allo-HSCT and the systematic use of pre-emptive rituximab in
those patients experiencing a viral load 41000 copies/105 cells
as recently described by Blaes et al.21 Indeed, numerous
studies17,18,20,22,36–38 already showed that EBV viral load
monitoring in the peripheral blood may be of value in high-risk
populations after allo-HSCT. Recent evidence-based guidelines
recommended weekly screening of EBV-DNA for at least
3 months in high-risk allo-HSCT recipients.13,39 In addition, an
ever growing number of studies suggested that pre-emptive
therapy with rituximab may be highly effective in controlling viral
proliferation and avoiding progression into EBV-related
LPD.18,20,21,36 Of note, the efficacy of rituximab was mainly
observed in the pre-emptive setting, but to a lesser extent once
EBV-related LPD was fully established.17 In the current series, the
response rate to pre-emptive rituximab appeared to be similar to
that previously reported in the literature,40 with efficient and
sustained control of EBV viral load in the great majority of cases
(97%). As a matter of fact, our study did not include a control
group. Thus, theoretically, it is not possible to know how many, if
any, of these patients would have developed EBV-related LPD if
not preemptively treated with rituximab.

The efficacy of B-cell specific antibodies relies on their capa-
city to target antigens present on the surface of EBV-transformed
malignant cells. The most widely used antibody as prophylaxis
and treatment for LPD is rituximab, a monoclonal anti-CD20
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Table 2 Univariate analysis of risk factors for EBV reactivation
comparing patients with and without EBV reactivation

Characteristic (%) Patients
without EBV
reactivation
n¼141 (81)

Patients
with EBV

reactivation
n¼ 34 (19)

P

Patient age, median (range) 56 (18–71) 57 (23–70) 0.97

Patient gender
Male 86 (61) 20 (59) 0.85
Female 55 (39) 14 (41)

Donor gender
Male 78 (55) 18 (53) 0.85
Female 63 (45) 16 (47)

CMV serologic status
Seronegative recipient
and seronegative donor

50 (35) 11 (32) 0.84

Seropositive recipient
or seropositive donor

91 (65) 23 (68)

EBV serologic status
Seropositive recipient
and seropositive donor

129 (91) 32 (94) 1.00

Seropositive recipient
and seronegative donor

7 (5) 1 (3)

Seronegative recipient
and seropositive donor

5 (4) 1 (3)

Diagnosis
Myeloid malignancies 64 (45) 21 (62) 0.14
Lymphoid malignancies 74 (53) 12 (35)
Aplastic anemia 3 (2) 1 (3)

Disease status
Standard risk 24 (17) 6 (18) 0.91
High risk 117 (83) 28 (82)

Stem cell source
BM 7 (5) 3 (9) 0.41
PBSC 134 (95) 31 (91)

Donor type
MRD 71 (50) 13 (38) 0.19
MUD 63 (45) 17 (50)
MIS 7 (5) 4 (12)

Conditioning regimen
With ATG 102 (72) 32 (94)
Without ATG 39 (28) 2 (6) 0.006

GVHD prophylaxis
CsA alone 62 (44) 15 (44) 0.85
CsA+MMF 74 (53) 19 (56)
CsA+MTX 5 (3)

CD 34+ cell count (� 106/kg
recipient BW) median (range)

6.0 (0.7–36.7) 6.9 (1.1–16.3) 0.52

Neutrophil recovery ANC
40.5� 109/l median (range)

17 (6–48) 17 (9–29) 0.32

Acute GVHD 0.36
Grade 0–I 91 (64) 23 (68)
Grade II 21 (15) 3 (9)
Grade III–IV 29 (21) 8 (23)

Abbreviations: ANC, absolute neutrophil count; ATG, antithymo-
globulins; BM, bone marrow; BW, body weight; CMV, cytomegalovirus;
CsA, cyclosporine A; EBV, Epstein-Barr Virus; GVHD, graft-vs-host
disease; MIS, mismatched unrelated donor; MMF, mycophenolate
mofetil; MRD, matched related donor; MUD, matched unrelated
donor; MTX, methotrexate; PBSC, peripheral blood stem cell.

Table 3 Multivariate regression analysis of risk factors for EBV
reactivation using the Fine and Gray model

Factor Relative risk
(RR)

Confidence
interval (CI)

P

ATG 4.9 1.1–21.0 0.03

Diagnosis 0.72
Lymphoid vs myeloid 1.3 0.4–1.5

Donor type 0.16
MUD vs MRD 1.59 0.8–3.3
MIS vs MRD 2.72 0.8–8.7

Abbreviations: ATG, antithymoglobulins; EBV, Epstein-Barr Virus;
MIS, mismatched unrelated donor; MRD, matched related donor;
MUD, matched unrelated donor.
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antibody, with initial response rates ranging between 55 and
100%.41 However, one should bear in mind that CD20
expression is not confined to the malignant cells, and normal
B cells can be also destroyed. Also, neutropenia can occur after
the repetitive use of rituximab. Therefore, patients receiving
rituximab and who are already immunosuppressed are at
increased risk of severe opportunistic infections.42 However,
in the current study, there was no apparent increased risk of
infections in those patients receiving pre-emptive rituximab. In
our study, we observed no significant difference in OS between
patients who received and patients who did not receive pre-
emptive treatment with rituximab (data not shown). In those
rituximab-resistant patients, chemotherapy with regimens used
in lymphoma, such as CHOPQ2 , remains a treatment option.
Standard CHOP in adult patients with LPD can achieve an
overall response rate of 65% and median overall and progres-
sion-free survivals of 13.9 and 42 months, respectively.43 In
patients who progress after initial maneuvers, options include
T-cell therapies using EBV-specific cytotoxic T lymphocyte lines
generated using EBV-transformed lymphoblastoid B-cell lines
(38Q3 ).13,44 However, despite their efficacy and good safety
profile, the use of cytotoxic T lymphocytes is still restricted to
few transplant centers worldwide.

In terms of risk factors for EBV reactivation, this study showed
that the use of ATG as part of the preparative regimen after RIC
allo-HSCT was the most significant factor. As only a few patients
received an ATG dosage different than our standard dosage of
5 mg/kg, it was not possible to have a meaningful assessment
whether there is a correlation between ATG dose and EBV
reactivation. Other studies found a correlation between EBV-
reactivation and several factors, such as the degree of HLA
mismatch between donor and recipient, manipulation of the graft
to deplete T cells, degree and duration of immunosuppression used
to prevent and treat GVHD, and the use of ATG and Campath.22,23

A recent analysis by Savani et al.45 suggested that EBV reactivation
and the possible development of PTLD is reduced in patients with
lymphoid malignancies treated with rituximab during the course of
their disease before allo-SCT. Though this did not reach statistical
significance, in our study there was a fewer number of patients
with lymphoid malignancies in the group of patients who
experienced an episode of EBV reactivation (Table 2).

In our series, the cumulative incidence of EBV reactivation
in the subgroup of patients receiving ATG was 25% as
compared with 9% in the remaining patients. This data supports
the well established mechanism of action of ATG in terms of
in-vivo partial T-cell depletion.46 Interestingly, most of EBV
reactivation episodes occurred mainly within the first
6 months after allo-HSCT, suggesting that reconstitution of the
anti-EBV cytotoxic T lymphocyte-specific response is relatively
quick after RIC allo-HSCT, as previously shown for CMV in the
same setting.47 EBV reactivations that occurred beyond
6 months after allo-HSCT were all found in severely immuno-
suppressed patients treated for extensive chronic GVHD or
severe late-onset acute GVHD after donor lymphocyte infusion.

In all, we conclude that patients undergoing RIC allo-HSCT using
ATG as part of the preparative regimen are at higher risk for EBV
reactivation. However, this did not translate into a significant
impact on outcome, as monitoring of EBV viral load using quanti-
tative PCR and early systematic pre-emptive rituximab therapy
allowed for significantly reducing the risk of EBV-related LPD.
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