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Background. Posttransplant lymphoproliferative disease caused by Epstein-Barr virus (EBV-PTLD) is a severe com-
plication after allogeneic hematopoietic stem-cell transplantation (HSCT). We evaluated whether the modulation of
immunosuppression (IS) guided by quantitative polymerase chain reaction for EBV (EBV-PCR) was effective as a
first-line therapeutic approach for EBV reactivation.
Methods. Eighty-nine pediatric patients who received an HSCT from an unrelated donor were prospectively assessed
by quantitative EBV-PCR. The EBV-PCR threshold to modulate IS was set to more than 300 genomic copies (gc)/105

peripheral blood mononuclear cells.
Results. EBV-PCR positivity was observed in 56 (63%) of 89 patients at a median time of 44 days after HSCT. The
variables associated with EBV-PCR positivity were bone marrow stem cells (P�0.047) and a lower total dose of nuclear
cells reinfused (P�0.03). Thirty-one patients (35%) had more than or equal to 300 gc. IS was withdrawn or reduced in
18 (58%) and 13 (42%) of the 31 patients, respectively. EBV viral load (EBV-VL) less than 300 gc was achieved in 30 of
these 31 patients at a median of 25 days. Only 1 (1%) of the 89 patients progressed to EBV-PTLD. The patients with
EBV-VL more than 300 gc had a lower incidence of acute graft versus host disease III–IV than patients with EBV-VL less
than 300 gc: 13% vs. 36%, P�0.02. No differences in terms of chronic graft versus host disease, overall survival,
event-free survival and transplant-related mortality were observed between the two groups.
Conclusions. We conclude that PCR-guided modulation of IS may play a role in early intervention for EBV-PTLD and
a prospective, randomized study is needed.
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Epstein-Barr virus (EBV)-related lymphoproliferative
disease is a severe complication in profoundly immuno-

suppressed patients who have undergone hematopoietic
stem-cell transplantation (HSCT) (1). In these patients, sev-

eral factors have been reported to increase the risk of devel-
oping posttransplant lymphoproliferative disease caused by
EBV (EBV-PTLD), including degree of donor and recipient
human leukocyte antigen (HLA) matching, the use of anti-
thymocyte or antilymphocyte serum in the conditioning reg-
imen, T-cell depletion of the graft, the severity of graft versus
host disease (GVHD), the EBV serologic mismatch between
donor and recipient, and the amount of immunosuppression
(IS) used for the prevention or treatment of GVHD (2– 4) In
a study of the International Bone Marrow Registry on 18,014
patients from 235 HSCT centers, Curtis et al. (5) found an
overall incidence of EBV-PTLD of 1% but the incidence was
0.5%, 1.7%, 8%, and 22.3%, according to the presence of no
risk factors, or one, two, or more than three risk factors, re-
spectively. Progression to EBV-PTLD has been reported to be
more frequent in pediatric patients than in the adult popula-
tion; 2.8% vs. 1% (6).

The development of EBV-PTLD still represents a life-
threatening event, with mortality being as high as 80% to 90%
(2, 6). In the patients at high risk, such as those who undergo
in vitro T-depletion of the graft, the use of ex vivo generated
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donor-EBV-specific cytotoxic T lymphocytes has been shown
to be effective in preventing and treating EBV-PTLD (7, 8).
This technology is costly and time consuming, and it is not
indicated for patients at lower risk of EBV-PTLD. Moreover,
its efficacy needs to be assessed in patients who receive phar-
macologic IS (cyclosporin, tacrolimus, or steroids) as GVHD
prevention or treatment because these drugs can compromise
the efficacy of immunotherapy.

In the last decade, it has been demonstrated that, irre-
spective of baseline risk factors, the posttransplant monitor-
ing of EBV viral load (VL) in serum, plasma, or blood by
polymerase chain reaction (PCR) is effective in predicting the
patients at risk of EBV-PTLD (9 –12). In particular, the use of
weekly testing by quantitative EBV-PCR has shown that an
increase of EBV-VL (EBV reactivation) occurs in up to 50%
of allogeneic HSCT patients but progression to EBV-PTLD is
limited in the patients with higher EBV-VL (13). The intro-
duction of rituximab, a monoclonal anti-CD20 antibody, ef-
fective in reducing EBV-VL and as therapy for EBV-PTLD,
combined with strict patient monitoring by quantitative
EBV-PCR, has allowed transplanters to adopt a strategy of
preemptive or earlier treatment of EBV-PTLD (14, 15). Al-
though the reduction or withdrawal of IS is a well-known
first-line approach to control EBV reactivation in solid organ
transplantation (16), its use in HSCT patients has been lim-
ited by the fear of inducing or worsening acute GVHD and by
the speed of EBV replication (17, 18). We analyzed the inci-
dence and risk factors of EBV reactivation in pediatric pa-
tients who received an unmanipulated unrelated graft and
report the results of a PCR-guided strategy of modulation of
IS for the prevention of EBV-PTLD.

PATIENTS AND METHODS

Patients
From January 1, 1998, to December 31, 2007, 89 first unmanipulated

allogeneic SCTs from an unrelated bone marrow (BM) or cord blood (CB)
donor were performed in the Pediatric Hematology and Oncology, Depart-
ment of Pediatrics of Padova, and represented the study group. Patients who
received peripheral blood stem cells from an unrelated donor or graft ma-
nipulation (i.e., CD34� positive selection) were excluded from the analysis
and any second allogeneic SCT. Fifty-seven of 89 patients were included in a
previous report regarding EBV reactivation after allogeneic pediatric HSCT
from both a related and an unrelated donor (13).

Table 1 shows the main demographic and clinical characteristics of the
patients. There were 59 (66%) men and 30 (34%) women, with a median age
at SCT of 9 years (range 0.7–18 years).

Eighty-five (96%) patients had a diagnosis of malignancy, whereas four
(4%) were suffering from either aplastic anemia (3) or hemophagocytic lym-
phohystiocytosis (1). According to the type and the remission status of the
underlying malignant disease, 55 (65%) patients were considered to be in the
standard risk group. This group composed of 35 patients with acute lympho-
blastic leukemia (ALL) in first and second complete remission (CR), 16 pa-
tients with acute myeloid leukemia in first CR, and four patients with chronic
myeloid leukemia in first chronic phase. The remaining 30 (35%) patients
were classified as the high-risk group and included three ALL patients in third
CR, nine acute myeloid leukemia patients in second CR, two chronic myeloid
leukemia patients in advanced phase, seven patients with myelodysplastic
syndrome, six patients with non-Hodgkin lymphoma, and three patients
affected by juvenile or chronic myelomonocytic leukemia. Transplant pro-
tocols were approved by the local institutional review board, and all parents
or patients (where applicable) gave their informed consent. Standard criteria
were used to define acute and chronic GVHD and transplant-related toxicity
(19 –22).

Supportive Care and Preventive Measures
All patients were nursed in high-efficiency particulate-filtered air rooms

during the neutropenic phase, and standard measures were adopted to pre-
vent infectious complications, that is, nonabsorbable antibiotics (paramo-
mycin and nystatin) for gut decontamination; fluconazole for antifungal
prophylaxis; and acyclovir for prophylaxis of herpes simplex virus and vari-

TABLE 1. Main demographic and clinical
characteristics of patients

Gender

M 59 (66%)

F 30 (34%)

Median age at SCT (yr) 9 (range, 0.7–18)

Period

1998–2003 53 (60%)

2004–2007 36 (40%)

Stem cell source

Cord blood 8 (9%)

Bone marrow 81 (91%)

Underlying disease

Malignant 85 (96%)

Nonmalignant 4 (4%)

Risk group (according to the status
of disease)

Standard risk 55 (65%)

High risk 30 (35%)

HLA matching (according to antigen
or allele matching for loci A, B,
and DR)

Full matched 46 (52%)

�1 Antigen/allele mismatched 43 (48%)

EBV D/R serology status

�/� 53 (63%)

�/� 17 (20%)

�/� 5 (6%)

�/� 9 (11%)

CMV D/Ra serology status

�/� 32 (36%)

�/� 11 (12%)

�/� 12 (14%)

�/� 34 (38%)

Conditioning regimen

TBI 60 (67%)

No TBI 29 (33%)

Median TNC infused �108/kg
(bone marrow stem cells)

4 (range, 1.6–9.7)

Median TNC infused �107/kg
(cord blood stem cells)

12.3 (range, 4.6–15.5)

Neutrophil engraftmentb (d) 17.5 (range, 9–59)

Platelet engraftmentc (d) 28 (range, 12–405)

a Data not available for five D/R pairs.
b Datum calculated on 86 patients (three patients were not eligible for

engraftment assessment).
c Datum calculated on 75 patients (14 patients not eligible for platelet

engraftment).
SCT, stem-cell transplantation; M, male; F, female; HLA, human leuko-

cyte antigen; EBV, Epstein-Barr virus; CMV, cytomegalovirus; TBI, total
body irradiation; TNC, total nuclear cell; D/R, donor/recipient.
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cella zoster virus and cotrimoxazole for Pneumocystis infections. Erythrocyte
and platelet products were filtered to remove leukocytes and irradiated (25
Gy). Routine surveillance of cytomegalovirus (CMV) reactivation was based
on the CMV pp65 antigen test or, from 2004, real-time PCR. EBV reactiva-
tion was monitored with real-time PCR performed before SCT, weekly from
day �15 to day �100, every 2 weeks from day �101 to day �180, and
thereafter, only if clinically indicated.

Transplant Data
All patients received a conditioning regimen containing rabbit antithymo-

cyte serum (Thymoglobulin; Genzyme, Milan, Italy) at a median cumulative
dose of 9 mg/kg (range 5–23 mg/kg). The donor stem-cell source was BM in
81 (91%) patients and CB in 8 (9%) patients. Based on the high-resolution
typing for class I (A and B) and II (DR), 46 (52%) HSCT were performed with
a complete donor/recipient HLA match, whereas in 43 (48%) HSCT, the
pairs were HLA mismatched for at least one allele or antigen. Total body
irradiation or a busulfan-based conditioning regimen were used, respec-
tively, in 60 (67%) and 29 (33%) SCTs.

GVHD prophylaxis with cyclosporine and short methotrexate was used in
77 (86%) patients, whereas cyclosporine alone or cyclosporine plus other
drugs were used in 6 (7%) and 6 (7%) patients, respectively. The median
number of total nuclear cells (TNCs) infused was 4�108/kg (range 1.6 –9.7)
for BM and 12.3�107/kg (range 4.6 –15.5) for CB. Neutrophil and platelet
engraftment were established at the first of three consecutive days on which
neutrophil and platelet counts exceeded 0.5�109/L and 50�109/L, respec-
tively. Neutrophil engraftment occurred in 86 of 89 SCTs after a median of
17.5 days (range 9 –59 dyas); platelet engraftment was recorded in 75 of 89
SCTs after a median of 28 days (range 12– 405 days).

Diagnosis of Epstein-Barr Virus Reactivation and
Its Management

The protocol of EBV-VL monitoring has been reported elsewhere (13)
and is shown in Figure 1. The cut-off level of EBV-VL adopted to decide on
the reduction or withdrawal of IS within 7 days was more than 300 gc/105

peripheral blood mononuclear cells (PBMCs). This low VL threshold was
chosen to modulate the IS preemptively, before PTLD was established. Sus-
pension of IS was permitted in patients with an acute GVHD score of 0 to I or
no chronic GVHD at the time of EBV reactivation, whereas a reduction of at
least 25% of the previous immunosuppressive therapy was allowed in the
other cases. The rate of IS reduction was expressed as the decrease in the dose
per kilogram per day for patients receiving one drug (cyclosporine or tacroli-
mus or steroid), or the withdrawal of one or more drugs for patients on
combination therapy; for instance, the suspension of steroid in a patient

previously receiving cyclosporine and steroid or cyclosporine, mycopheno-
late, and steroid, was rated as 50% and 30%, respectively. Low-dose steroid
therapy (0.2 mg/kg in patients �40 kg of body weight or 10 mg/d in patients
with �40 kg of body weight) was not modulated irrespective of the EBV-VL.
Patients with increasing EBV-VLs or worsening clinical condition or overt
PTLD were treated with the monoclonal anti-CD20 antibody rituximab at a
weekly dose of 375 mg/m2 (23).

The diagnosis of EBV-PTLD was based on clinical and radiologic assess-
ments together with lymph node or other tissue histology. PTLD was classi-
fied according to Knowles criteria (24).

Real-Time Taqman Assay for Epstein-Barr Virus
Quantitation

The real-time quantitative PCR assay used has been described in detail
elsewhere (13–18). Briefly, 3 mL of peripheral blood samples were collected
in standard EDTA tubes, and PBMCs were isolated by Ficoll-Paque Plus
(Amersham Pharmacia Biotech AB, Uppsala, Sweden) density centrifuga-
tion. Cells were counted in a Coulter counter. DNA, extracted from 2�106

PBMCs by the proteinase K and phenol-chloroform method, was resus-
pended in 200 �L of water and stored at �20°C until use. Five microliters of
the extracted DNA was amplified and quantified with the ABI PRISM 7700
Detection System (Applied Biosystems, Foster City, CA) in 50 �L of PCR
mixture containing 25 �L of TaqMan Universal Master Mix (Applied Bio-
system), 30 pmol of each primer, and 10 pmol of probe. Thermal cycling
conditions were 50°C for 2 min, 95°C for 10 min, and 40 cycles of 95°C for 15
sec and 60°C for 1 min. A six-point standard curve was obtained using serial
dilutions (from 50 to 5�106 copies) of pTA-EBV in a genomic DNA solution
(0.05 �g/�L) derived from an EBV-seronegative donor. This standard curve
was linear throughout the above-mentioned limits. The detection threshold
was 10 genomic copies (gc)/105 PBMCs. The sensitivity is higher than that of
an “in-house” quantitative competitive PCR. The specificity was 100%, with
no cross-reaction being observed with other human Herpesviridae. Intratest
variability never exceeded 10%. The EBV genomic copy number of the clin-
ical samples was automatically calculated by 7700 ABI PRISM SDS software
and expressed as copy number/105 PBMCs. Each sample was processed and
assayed in duplicate.

Statistical Analysis
Follow-up data were analyzed up to April 30, 2008. Patient characteristics

were compared using chi-square or Fisher’s exact test (as appropriate) in the
case of discrete variables, and the t test or Mann-Whitney test in the case of
continuous variables. The primary endpoint of the study was the occurrence
of EBV reactivation; the secondary endpoints were the incidence of PTLD;

FIGURE 1. Protocol of EBV reactivation
monitoring and treatment. PCR indicates
polymerase chain reaction; EBV, Epstein-
Barr virus. SCT, stem-cell transplantation;
EBV, Epstein-Barr virus; PCR, polymerase
chain reaction; PBMC, peripheral blood
mononuclear cell; PTLD, posttransplant lym-
phoproliferative disease.
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the grade of acute GVHD; the rate of chronic GVHD; the transplant-related
mortality (TRM); the overall survival (OS), and the event-free survival (EFS).
The time to EBV reactivation was calculated from the date of SCT to the date
of the first of at least two consecutive positive PCR results. The time to
EBV-PTLD was measured from the date of SCT to the date of histologically
proven PTLD. Chronic GVHD was assessed only in patients who survived at
least 100 days after SCT. TRM and OS were calculated from the date of SCT
to the date of any nonrelapse death, or any death due to any cause, respec-
tively; or to the date of last follow-up. EFS was calculated from the date of
SCT to the date of the first event (death due to any cause, relapse, or second
malignancy) or to the date of last follow-up. TRM, OS, and EFS were esti-
mated by the Kaplan-Meier method, with differences between patients with
or without EBV reactivation compared by log-rank test. The following vari-
ables were included in the analysis of risk factors for EBV-VL more than 300
gc/105 PBMCs: recipient gender (M vs. F), median age at SCT, period of SCT
(1998–2003 vs. 2004–2007), underlying disease (neoplastic vs. non-neoplastic), risk
group for neoplastic disease (standard risk vs. high risk), stem-cell source
(BM vs. CB), recipient and donor HLA A-B-DR match (matched vs. mis-
matched), recipient and donor EBV serostatus, recipient and donor CMV
serostatus, use of total body irradiation, median number of TNCs infused,
median time to neutrophil engraftment, and median time to platelet engraft-
ment. The variables proving significant at univariate analysis were included
in a multivariate Cox regression analysis. All reported P-values were two-
sided, and a significance level of ��0.05 was used. Data analysis was per-
formed using SAS software, version 9.1 (SAS Institute Inc., Cary, NC) and
NCSS software (NCSS LLC, Kaysville, Utah).

RESULTS
EBV reactivation was diagnosed in 56 of 89 SCTs (63%)

and EBV-VL reached the threshold limit value for IS modu-
lation, that is, more than 300 gc/105 PBMCs in 31 of these 56
(55%) patients. Seventeen (55%) of the 31 patients presented
with signs or symptoms consistent with EBV infection and
that were not explained by other causes: fever (10), fever and
laterocervical lymphadenopathy (4), fever and hepatomegaly
(1), fever and hepatosplenomegaly (1), and fever, laterocer-
vical lymphoadenopathy, and hepatomegaly (1) (Table 2).
Only one patient progressed to EBV-PTLD.

The median interval time to an EBV-VL more than 300
gc/105 PBMCs was 49 days from SCT (range 27– 87), the me-
dian EBV-VL at that time being 948 gc/105 PBMCs (range
300 –5000). In these patients, the peak value of EBV-VL was
achieved after a median of 16 days (range 0 –52 days) and the
median peak value was 2896 gc/105 PBMCs (range
300 –142,725 gc/105).

Risk Factors for Epstein-Barr Virus Reactivation
Among several factors analyzed, only the source of stem

cells and the number of TNCs infused were significantly as-
sociated with an EBV-VL more than or equal to 300 gc/105

PBMCs. None of the eight patients who received CB stem
cells had a significant increase in EBV-VL more than or equal
to 300 gc/105 PBMCs vs. 31 (38%) of 81 patients who received
BM stem cells (P�0.047). Of note, six of the eight CB recipi-
ents were EBV seropositive before HSCT. Moreover, only 11
(24%) of 46 patients who received TNCs more than the me-
dian dose had an EBV-VL more than or equal to 300 gc/105

PBMCs vs. 20 (47%) of 43 patients who received TNCs less
than the median dose (P�0.03). The results of the risk factor
analysis are shown in Table 3.

Modulation of Immunosuppression
All but four of 31 patients with an EBV-VL more than

or equal to 300 gc/105 PBMCs were receiving double or triple
immunosuppressive treatment based on cyclosporine or ta-
crolimus together with prednisone (19 patients), and/or
extracorporeal photopheresis (5 patients), and/or mycophe-
nolate mofetil (3 patients). The other four patients were re-
ceiving only cyclosporine.

Patients had their immunosuppressive treatment ei-
ther withdrawn (18 patients) or reduced (13 patients) within
10 days. In the latter group, the degree of IS reduction was
75% in two patients, 66% in one patient, 50% in nine pa-
tients, and 25% in one patient. The median time to achieve an
EBV-VL less than 300 gc/105 PBMCs was 25 days (range
4 –179 days) among 30 of the 31 patients who did not develop
EBV-PTLD.

Table 4 depicts the need for immunosuppressive ther-
apy at 3 and 6 months in comparison with the baseline at the
time of starting modulation. Overall, the reduction or with-
drawal of IS was not associated with a later rebound of need
for IS and a progressive decrease in the number of patients
receiving two or more IS drugs was observed at 3 and 6
months, as expected.

Clinical Outcome

Posttransplant Lymphoproliferative Disease Caused by
Epstein-Barr Virus

EBV-PTLD occurred in a 9-year-old boy affected by
ALL in second CR who was grafted with an HLA mismatched
unrelated donor. From day �24 postSCT, prednisone was
added to cyclosporin for acute grade II GVHD. EBV-VL ex-
ceeded 300 gc/105 PBMCs from day �48. At this stage,
prompt reduction of IS was not possible because of unstable
control of acute GVHD. On day �57, the EBV-VL peaked to
25,762 gc/105 PBMCs and was associated with a progressive
clinical deterioration (high fever, laterocervical lymphoad-
enopathy, and hepatomegaly). IS was first reduced by 50%
with a partial decrease of EBV-VL (15,792 gc/105 PBMCs)
and then withdrawn (day �62), and the first dose of ritux-
imab was given (day �63). Unfortunately, the patient died on
day �67 from interstitial pneumonia and multiorgan failure.

Acute Graft Versus Host Disease
Eighty-six of 89 patients were eligible for acute GVHD

assessment whereas three patients did not achieve engraft-

TABLE 2. Incidence of EBV-PTLD according to the class
of risk identified by different thresholds for EBV-VL

PTLD (%)

All SCT 1/89 (1.1)

EBV-VL �300 g.c./105 PBMCs 1/31 (3.2)

EBV-VL �1000 g.c./105 PBMCs 1/24 (4.2)

EBV-VL �1000 g.c./105 PBMCs�symptomsa 1/16 (6.3)

EBV-VL �10.000 g.c./105 PBMCsa 1/8 (12.5)

EBV-VL �20.000 g.c./105 PBMCsa 1/5 (20.0)

a All these patients had symptoms consistent with EBV infection, such as
unexplained fever, lymphadenopathy, and hepatosplenomegaly.

SCT, stem-cell transplant; EBV-VL, Epstein-Barr virus viral load; EBV-
PTLD, Epstein-Barr virus posttransplant lymphoproliferative disease; g.c.,
genomic copies; PBMC, peripheral blood mononuclear cell.
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ment. Table 5 shows that moderate to severe acute grade
III–IV GVHD was significantly lower in patients with
EBV-VL more than 300 gc/105 PBMCs versus patients with
EBV-VL less than 300 gc/105 PBMCs; 13% vs. 36%, P�0.02.

Chronic Graft Versus Host Disease
Seventy-five of 89 patients were assessable for chronic

GVHD whereas the remaining 14 patients were not evaluated

TABLE 3. Continued

Patient
characteristics

EBV-VL
<300 copies

EBV-VL
>300 copies p

Median time to PMN
engraftmentc

�17.5 d 25 (58%) 18 (42%) 0.3

�17.5 d 30 (70%) 13 (30%)

Median time to PLT
engraftmentd

�28 d 23 (61%) 15 (39%) 0.9

�28 d 22 (59%) 15 (41%)

a Data not available for five D/R pairs.
b Median TNC dose was 4�108/kg TNC in bone marrow SCT and

12.3�107/kg TNC in cord blood transplant.
c Datum calculated for 86 patients (three were not eligible for PMN

engraftment).
d Datum calculated for 75 patients (14 were not eligible for PLT engraftment).
SCT, stem-cell transplant; EBV-VL, Epstein-Barr virus viral load; D/R,

donor/recipient; M, male; F, female; HLA, human leukocyte antigen; CMV,
cytomegalovirus; TBI, total body irradiation; TNC, total nuclear cell; PMN,
polymorphonuclears; PLT, platelet.

TABLE 4. Summary of the need for IS therapy at 3 and 6
mo after the start of modulation

No. Patients (%)

No IS 1 IS 2 IS 3 IS Total

Baseline (EBV-VL
�300 g.c.�105 PBMCs)

0 4 (13) 21 (68) 6 (19) 31 (100)

At 3 moa 4 (14) 12 (41) 11 (38) 2 (7) 29 (100)

At 6 mob 5 (18) 15 (56) 4 (15) 3 (11) 27 (100)

a Two patients deceased within 3 mo.
b Four patients deceased within 6 mo.
EBV-VL, Epstein-Barr virus viral load; IS, immunosuppressive treat-

ment; g.c., genomic copies; PBMCs, peripheral mononuclear cells.

TABLE 5. Acute and chronic GVHD according to EBV
reactivation

EBV >300

pNo Yes

Acute GVHD

Grade 0–II 35 (64%) 27 (87%) 0.02

Grade III–IV 20 (36%) 4 (13%)

Chronic GVHD

Absent or limited 25 (56%) 16 (53%) 0.8

Extensive 20 (44%) 14 (47%)

EBV, Epstein-Barr virus; GVHD, graft versus host disease.

TABLE 3. Result of analysis of risk factors for EBV
reactivation

Patient
characteristics

EBV-VL
<300 copies

EBV-VL
>300 copies p

Gender

M 38 (64%) 21 (36%) 0.8

F 20 (67%) 10 (33%)

Median age at SCT

�8.97 yr 28 (62%) 17 (38%) 0.6

�8.97 yr 30 (68%) 14 (32%)

Period of SCT

1998–2003 35 (66%) 18 (34%) 0.8

2004–2007 23 (64%) 13 (36%)

Underlying disease

Malignant 55 (65%) 30 (35%) 1

Non malignant 3 (75%) 1 (25%)

Risk group

Standard risk 35 (64%) 20 (36%) 0.8

High risk 20 (67%) 10 (33%)

Stem cell source

Cord blood 8 (100%) 0 0.047

Bone marrow 50 (62%) 31 (38%)

HLA matching

Full A, B, DR matched 28 (61%) 18 (39%) 0.4

At least 1 allele or antigen
mismatched

30 (70%) 13 (30%)

Donor EBV status

� 12 (86%) 2 (14%) 0.1

� 45 (63%) 26 (37%)

Recipient EBV status

� 17 (71%) 7 (29%) 0.5

� 40 (63%) 23 (37%)

Donor CMV statusa

� 31 (67%) 15 (33%) 0.6

� 27 (63%) 16 (37%)

Recipient CMV statusa

� 15 (65%) 8 (35%) 1

� 43 (65%) 23 (35%)

Conditioning regimen

TBI 36 (60%) 24 (40%) 0.1

No TBI 22 (76%) 7 (24%)

Median TNC infused
(bone marrow)

�4�108/kg 31 (74%) 11 (26%) 0.02

�4�108/kg 19 (49%) 20 (51%)

Median TNC infused
(cord blood)

�12.3�107/kg 4 (100%) 0 (0%) �

�12.3�107/kg 4 (100%) 0 (0%)

Dose of TNC infusedb

�Medianb 35 (76%) 11 (24%) 0.03

�Medianb 23 (53%) 20 (47%)

(Continued)
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because they did not achieve a stable engraftment or died
before day �100 post-SCT. Overall, 45 (60%) of 75 patients
developed chronic GVHD of whom 11 had a limited and 34
had an extensive form. No significant difference was found in
terms of limited or extensive form of chronic GVHD between
patients with or without EBV-VL more than 300 gc/105

PBMCs (Table 5).

Overall Survival, Event-Free Survival, and Transplant-
Related Mortality

After a median follow-up of 4.5 years (range 0.33–9.5
years), the projected 5-year and 10-year OS rates were 60%
(95% confidence interval [CI] 49 –70) and 53% (95% CI 35–
68), respectively. Overall, 34 patients died during the obser-
vation period, 18 from relapse or progression of underlying
disease or both and 16 from transplant complications, as fol-
lows: infection (7), hemorrhage (3), multiorgan failure (2),
GVHD (1), respiratory insufficiency or fibrosis (2), and veno-
occlusive disease (1). The 5- and 10-year projected EFS was
60% (95% CI 49 –70) and 56% (95% CI 43– 67), respectively.
Five-year TRM was 20% (95% CI 13–31).

The occurrence of an EBV-VL more than versus less
than 300 gc/105 PBMCs was associated with a trend, though
not significant, of a better OS (71% vs. 57%, P�0.2) and of a
lower EFS (71% vs. 55%, P�0.1) but had no impact on TRM
(13% vs. 21%, P�0.4). The modulation of IS was not associ-
ated with a difference in OS, EFS, and TRM (data not shown).

DISCUSSION
The major aim of this study was to assess the incidence

of EBV reactivation and its progression to EBV-PTLD using a
PCR-guided strategy for the reduction or withdrawal of IS as
an early preventative intervention of EBV-PTLD. The reduc-
tion of IS is recommended by recent guidelines of European
Group for Blood and Marrow Transplantation as preemptive
treatment of increasing EBV-VL, but its level of evidence is
limited to a single-center experience and lower than that pub-
lished for the use of rituximab; moreover, the choice or the
priority of the three possible preemptive interventions for an
increasing EBV-VL, that is, use of rituximab, reduction of IS,
and administration of EBV-specific cytotoxic T lymphocytes,
is left to the discretion of the clinician (25).

According to Curtis et al. (5), the patients included in
this study had a medium risk of developing EBV-PTLD. In
fact, all patients were grafted with an unrelated donor and
underwent in vivo T-cell depletion by the use of antithymo-
cyte globulin in the conditioning regimen; in addition, almost
half of them were HLA-mismatched at least one of the A, B, or
DR loci, or received a regimen with two to three immunosup-
pressive drugs for the control of acute GVHD more than or
equal to II.

The incidence of EBV reactivation was 35% (31 of 89),
which is comparable to that reported previously (13, 26) and
occurred early, at a median time of 49 days after SCT. In our
analysis, the factors significantly associated with EBV reacti-
vation were the type of stem-cell source and the number of
TNCs infused.

The adoption of CB versus BM as a stem-cell source was
demonstrated to be protective with regard to EBV reactiva-
tion despite that six of eight CB recipients were EBV seropos-

itive before HSCT. This datum needs to be confirmed because
in our study the patients having CB SCT represented only 9%
of the total HSCT, but it is consistent with the low incidence
of EBV-PTLD in both pediatric and adult series of CB SCT
(27, 28) and with the donor’s origin of EBV infection in HSCT
patients (4). This information, therefore, could play a role in
the choice of the donor source, when multiple donor options
are available for a patient.

The role of higher TNCs dose in preventing EBV reac-
tivation is not easily explained. We speculate that patients
with a higher TNCs inoculum may have a more rapid EBV-
specific immunoreconstitution. Historically, the expected in-
cidence of EBV-PTLD in patients who have undergone an
unmanipulated unrelated allogenic HSCT, including anti-
lymphocyte or thymocyte serum as GVHD prophylaxis regi-
men was around 8% without any intervention (5, 13).

Conversely, our strategy to modulate IS as the first
measure to control EBV reactivation was associated with a
lower incidence (1%) of EBV-PTLD (1 of 89). The modula-
tion of IS is a well-known intervention in solid organ trans-
plantation (17, 27) but is much less frequently adopted in
SCT patients for the fear of worsening acute GVHD and in-
creasing TRM (17). This has led to a broad use of anti-CD20
monoclonal therapy in patients with increasing EBV-VL (14,
15, 17). Despite its efficacy, the prophylactic or preemptive
use of rituximab may expose the patients to overtreatment
(29), and to other potential late effects such as a delay in B
lymphocyte reconstitution (30, 31), neutropenia (32, 33), se-
vere viral infections (34), and acute liver toxicity (35). Lastly,
the broader use of rituximab may contribute to an increase in
health care costs.

Interestingly, the incidence of EBV-PTLD in our study
(1%) was similar to that found recently by Ahmad et al. (29)
(0.8%) who used rituximab treatment preemptively guided
by EBV quantitative PCR determination in 19 (16.5%) of the
115 patients studied. On the other hand, in our study, reduc-
tion or withdrawal of IS was adopted in 31 (84%) of 37 pa-
tients as a first-line measure to control the progressive
increase of EBV-VL. This strategy proved to be safe because
the patients did not experience either a major incidence of
grade III–IV acute GVHD or a major incidence of chronic
GVHD. Moreover, a trend to an overall decrease in need for
IS was observed at 3 and 6 months after EBV reactivation as
expected in patients without refractory or resistant GVHD.
Finally, the classical transplant outcomes were not affected,
the figures for OS, EFS, and TRM being comparable both
between patients with or without EBV reactivation and be-
tween patients with or without IS modulation.

Considering the baseline risk factors and the fact that
the incidence of EBV-PTLD was lower (1%) than that previ-
ously reported (8%–9%) (5, 13), we would suggest that our
approach is reliable and has a favorable risk-benefit ratio.
Moreover, we found that the combination of EBV-VL and
symptoms of EBV infection enabled us to define groups at
increasing risk of developing PTLD. In particular, the inci-
dence rate of EBV-PTLD approached that expected histori-
cally without any intervention when the EBV-VL was more
than 1000 gc/105 PBMCs, especially if the patient was symp-
tomatic, whereas it was higher than historically expected
when the EBV-VL was more than 10,000 gc/105 PBMCs.
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In these two groups, the modulation of IS was success-
ful in all patients but one. Considering that rapid and fre-
quent development of PTLD is described in patients with
high EBV-VL, and that a high fatality rate is reported once
PTLD is established, we have decided that, in future, a pre-
emptive approach with rituximab will be justified in our pa-
tients with an EBV-VL more than 10.000 gc/105 PBMCs.

Despite its efficacy, the success rate of rituximab once
PTLD is established is in the range of 60% to 70% (36, 37).
Our patient who died of EBV-PTLD initially had a temporary
reduction in EBV-VL with IS modulation. Despite this, the
subsequent deterioration in his clinical condition and a fur-
ther increase in EBV-VL necessitated the introduction of rit-
uximab. Unfortunately, this patient had a rapid progression
to overt PTLD and died before receiving a second dose of
rituximab.

To prevent this event, earlier treatment with rituximab
is advocated although the complete prevention of EBV-PTLD
is not assured. Ahmad et al. (29) found that the preemptive
use of rituximab guided by quantitative EBV-PCR was effec-
tive in reducing EBV-VL in 17 (89%) of the 19 patients
treated for EBV reactivation but the remaining two patients
died of acute GVHD without achieving a negative EBV-VL. In
the future, the study of EBV-specific T-cell recovery may rep-
resent a further useful criterion to decide the timing and du-
ration of preemptive treatment with rituximab, as shown by
Annels et al. (38).

In addition, adoptive immunotherapy showed a high
efficacy as prophylaxis or treatment of EBV-PTLD but the
time needed for the preparation of EBV-specific cytotoxic T
lymphocytes and the costs have limited its use mainly to
T-cell-depleted HSCT (7). Recently, it has been showed that it
is possible to prepare within days EBV-specific T cells, using a
parent as donor. This method could allow a broader use of
adoptive immunotherapy in patients with EBV-PTLD not re-
sponsive to rituximab (39).

In conclusion, this study has suggested that the modu-
lation of IS may represent an effective and safe first-line pre-
emptive approach in SCT patients with increasing EBV-VL.
This strategy may help reduce the overuse of rituximab in
patients who have undergone in vivo T-cell depletion with
antithymocyte globulin, but weekly monitoring by quantita-
tive PCR is needed. The broader extension of these results
needs confirmation by a prospective controlled trial.
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