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Abstract: Epstein-Barr virus related lymphoproliferative disorders are a rare but potentially
fatal complication of allogeneic stem cell transplantation with an incidence of 1-3% and
occurring within 6 months after transplantation. The most relevant risk factors include the
use of in vivo T-cell depletion with antithymocyte globulin, HLA disparities between donor
and recipient, donor type, splenectomy etc. The higher the numbers of risk factors the higher
the risk of developing Epstein-Barr virus related lymphoproliferative disorders. Monitoring
EBYV viremia after transplantation is of value and it should be applied to high risk patients
since it allows pre-emptive therapy initiation at specified threshold values and early
treatment. This strategy might reduce mortality which was >80% prior to the implementation
of anti-EBV therapy. Treatment of EBV-LPD after allogeneic SCT may consist of anti-B-cell
therapy (rituximab), adoptive T-cell immunotherapy or both. Rituximab treatment should be
considered the first treatment option, preferably guided by intensive monitoring of EBV DNA
while reduction of immunosuppression should be carefully evaluated for the risk of graft
versus host disease.

proliferation'.  Immuno-compromised  patients
present a lack of T-cell control that favours the

Introduction: EBV is an ubiquitous lympho- and
epitheliotropic  gammal-herpesvirus. Primary

infection of Epstein-Barr virus (EBV) is transmitted
by saliva and occurs in childhood in asymptomatic
manner. EBV actively replicates in the epithelial
cells of the oropharynx and it can subsequently
infects recirculating B lymphocytes. In  50% of
adolescents primary EBV infection may lead to
acute infectious mononucleosis. This symptomatic
condition is the consequence of the powerful
antiviral T cell response to the EBV-driven B-cell

polyclonal expansion of B-cell clones that are
infected and immortalized. These cells may also
acquire additional genetic lesions leading to
oligoclonality and, eventually, to monoclonality of
the B-cell proliferation”. The immunocompromised
status of patients after hemopoietic stem cell
transplantation (SCT) or solid organ transplantation
(SOT) may destroy the normal balance between
latently infected B cell proliferation and the EBV-
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specific T cell response. Hence, the increased
number of latently infected B cells may lead to
post-transplant  lympho-proliferatives  disorders
(PTLD) that may have a nodal or extranodal
localization into one specific site or may involve the
allograft after SOT".

EBV-related clonal lesions range from policlonal
plasmacytic hyperplasia to the atypical monoclonal
polymorphic B-cell hyperplasia until the onset of an
aggressive non Hodgkin’s lymphoma. The majority
of PTLD cases are EBV-positive and many show a
latency III pattern of gene expression. In healthy
individuals the outgrowth of EBV transformed B-
cells is prevented by a cell mediated response
realized by cytotoxic T-lymphocytes and MHC-
unrestricted NK cells. The most important control
against the proliferation of viral infected B cells
involves CD8 + specific cytotoxic T cells (CTL),
which recognize viral epitopes presented by MHC
Class I molecules on the surface of infected B cell’.

Definitions: The guidelines on the management of
EBV infection in patients with hematological
malignancies and after SCT from the Second
European Conference on Infections in Leukemia
have been published recently ° and the following
definitions related to diagnosis of EBV infection in
the HSCT setting have been introduced: EBV-
DNA-emia— detection of EBV-DNA in the blood.
Primary EBV infection— EBV detected in a
previously EBV-seronegative patient. Probable
EBV disease— significant lympho-adenopathy (or
other end-organ disease) with high EBV-DNA load
in the blood, in the absence of other etiologic
factors or established diseases. Proven EBV disease
(PTLD or other end-organ disease) — EBV detected
from an organ by biopsy or other invasive
procedures with a test with appropriate sensitivity
and specificity together with symptoms and/or signs
from the affected organ Pre-emptive therapy in this
setting is defined as any agent or specific cells
given to an asymptomatic patient with EBV
detected by a screening assay, while treatment of
EBV disease is with agents or other therapeutic
methods applied to a patient with EBV disease
(proven or probable).

PTLD after SCT: origin, risk factors and
diagnosis: The PTLD is a severe complication of
prolonged immunosuppression. The first cases of
these disorders have been described in the contest
of immunosuppression secondary to SOT. Prior to
the introduction of cyclosporine A, the occurrence
of PTLD was extremely rare. The rate of PTLD has
been significantly increased after the introduction of

the triple therapy with cyclosporine, OKT3
antibody and antithymocyte globulin (ATG) but on
the other hand the introduction of effective
immunosuppression has undoubtedly changed the
rate of success of SOT through a significant
prolongation of survival of patients. In this setting
the incidence has been reported up to 15%. EBV
related PTLD following SOT develops, in most of
the cases, in the first years post transplant °. Risk
factors for developing this complication are the
degree and duration of immunosuppression and the
onset of the primary infection after transplant in
EBV naive recipients. A correlation between the
type of transplanted organ and the occurrence of
PTLD has been extensively reported in the
literature. Thus, the different incidences of PTLD in
solid organ transplantation are as following:1-3% in
kidney and liver transplant, 1-6% in cardiac
transplant, 2-6% in combined heart-lung transplant,
4-10% in lung transplant, and up to 20% in small
intestine transplant”.

The majority of cases of PLTD in solid organ
transplantation are of recipient origin although
recently the donor origin has been consistently
reported after SOT’.

The genetic origin of PTLD has been
determined by means of different technique
including microsatellite analysis, performed on
DNA extracted from tumor cells, from donor
biopsy specimen obtained form transplanted organ
and from recipient DNA.

After allogeneic SCT the overall frequencies of
PLTD is about 1%. In allogeneic stem cell
transplantation EBV-PTLD is nearly always of
donor origin. Reddiconto et al.® have described a
case of PTLD in a patient with secondary —MDS,
receiving double cord blood stem cell
transplantation. The analysis of chimerism on
patient biopsy specimens, documented that 95% of
malignant cells were of donor origin, in particular,
of female cord blood unit engrafted. However,
rarely PTLD may origin from recipient B cells. In a
case-report of PTLD” in a child with acute T cell
leukemia it was established the recipient origin of
this neoplasm. The EBV- seropositive patient
received graft from an unrelated seropositive donor.
An explanation of this peculiar situation is the
possible selection of clonal EBV-infected B
lymphocytes before allogeneic transplantation.

The major risk factors for EBV-PTLD following
allogeneic stem cell transplantation are: T-cell
depletion of the graft, the use of serotherapy with
ATG or Campath for prophylaxis and treatment of
graft versus host disease (GVHD), transplantation
from an unrelated or haploidentical donor, cord
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blood as source of stem cells in a reduced intensity
conditioning (RIC) regimen setting, HLA disparity
donor-recipient, duration of immunosuppressive
prophylaxis and, finally, the type of conditioning
regimen.

Van Esser et al.” showed that the probabilities of
developing EBV reactivation, defined as detection
of EBV viremia without symptoms, were high after
both unmanipulated and TCD-allogeneic SCT and
were 31% and 65%, respectively. Patients
receiving a T-cell depleted SCT have a significantly
higher risk for recurrent EBV reactivations. In this
study, the main difference between unmanipulated
and TCD graft was the subsequent development of
PTLD, this malignancy occurring only after TCD-
SCT. This may be due to an impaired ability of
these patients to mount an effective immune
response to the reactivating virus. The few number
of EBV-specific memory T cells in T-cell depleted
graft may play a major role in this condition. In
particular, the combination of T-cell depletion and
use of ATG mostly favours PTLD development,
with respect to only T-cell depletion.

A number of studies suggest that T cell
reconstitution after RIC-regimens may be delayed

compared to conventional myeloablative
regimens'’. In fact, RIC regimens determine a
profound  immunosuppression  rather  than
myeloablation, so, the subsequent profound

immunosuppression and prolonged lymphopenia
result in an increased incidence of viral
reactivations and possibly PTLD development. The
experience of Great Ormond Street Hospital'
reported extensive monitoring  for EBV
reactivation and PTLD development in 128
paediatric patients undergoing an allogeneic SCT.
In this cohort, EBV viremia and PTLD were
significantly more frequent after RIC than
conventional SCT. In the first group of patients
receiving RIC, 35% of patients (23/65) developed
EBV  viremia. Eight of these remained
asymptomatic, five patients developed symptomatic
viremia without PTLD and ten patients developed
PTLD. In contrast, only 8.8% (6/68) of the patients
receiving conventional SCT developed EBV
viremia. All of them remained asymptomatic and
none progressed to PTLD'. Juvonen E. et al.,
reported 19 cases of PTLD in a cohort of 257
patients undergoing allogeneic SCT of non T-
depleted grafts from HLA-unrelated and sibling
donors. Of the 55 patients transplanted from an
unrelated donor and treated with ATG as part of the
conditioning, 15% (8/55) developed PTLD.
Treatment of active GVHD was able to favour
PLTD occurrence. In fact, in the absence of acute

steroid-resistant GVHD requiring with ATG, no
patients receiving a graft from a sibling donor
developed PTLD. In this study there was also a
different incidence of PTLD with the use of
different ATG commercially available. In the
review reported by Cohen et al., almost all reported
cases of PTLD in RIC transplantation have received
a combination of fludarabine and serotherapy or
Campath. This combination is profoundly
immunosuppressive and it induce an higher T-cell
depletion in vivo. This was supported by the lower
incidence of EBV reactivation observed after RIC
cord blood transplantation (UCBT), without ATG
as part of conditioning regimens” although there
are controversial data in this specific issue. Despite
some reports showing a possible increase in the
risk of EBV-PTLD after UCBT, the rate of PTLD
appear to be comparable to those reported after
HLA-matched unrelated myeloablative
transplantation. Brustein et al. studied 335 UCBT
after myeloablative or RIC conditioning regimen.
They observed an overall rate of EBV related
complication of 4.5%, in particular, 3.3% for
myeloablative transplantations and 7% for non
myeloablative transplantation. In the setting of non
ablative transplantation, the use of ATG leads to an
incidence of EBV related complications up to 20%,
compared with 2% in the absence of ATG'.

A feature of PTLD following UCBT is a longer
interval for malignancy development compared to
peripheral blood or bone marrow SCT, in both
myeloablative and non myeloablative
transplantations. The absence of EBV specific
memory T cell in cord blood may account for this
behaviour.

In a group of patients receiving Campath in vivo,
Chakrabarti'® observed an increasing overall
incidence of infections and a significantly delayed
T-cell recovery. Nevertheless, the incidence of
EBV-PTLD was low with alemtuzumab: 1% in a
cohort of RIC-SCT receiving alemtuzumab in vivo
and 0% in stem cell recipients receiving
alemtuzumab-treated grafts. This probably reflects
the ability of this anti-CD52 antibody to decrease
both B cells, the EBV reservoir, and T cell®.
HLA-mismatch may have a role in the pathogenesis
of PTLD because immune reconstitution is delayed
after a mismatched graft and T-lymphocytes remain
the most important system in EBV infection
control.

In a multivariate analysis from Sundin et a
HLA mismatch, splenectomy, and EBV
seronegativity of recipients were significant risk
factors for PTLD development. The incidence of
PLTD was 0.26% among patients without risk
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factors. Patients with one risk factor had a
probability of developing PTLD of 8.2% and those
with two risk factors a probability of 35.7%.
Interestingly all patients developing PTLD received
an anti T-cell prophylaxis with ATG.

EBV-DNA monitoring: predictivity of PTLD
development and role in pre-emptive therapy:
As PTLD may evolve from a polyclonal disorder to
a more aggressive monoclonal variant, an early
diagnosis is relevant. In the last years, PCR
monitoring of EBV viral load, a minimally invasive
technique, has been increasing for the prevention
and early detection of post transplant
lymphoproliferative disease with the aim of export
the successful paradigm of CMV pre-emptive
strategy after SCT. EBV viremia was initially
carried out by using qualitative PCR analysis and
more recently by quantitative PCR technique.

The observed EBV loads in healthy donors are
very similar in all the studies and are typically very
low or undetectable. This depends on the low
frequency of EBV positive B cells in the circulation
that are lesser than 10 per 10° in healthy carriers. In
transplant recipients without EBV related diseases,
the circulating viral load is generally higher than
those reported in healthy donors, probably as a
consequence of the shift of the immune balance
towards the virus.

Even if the mean EBV load in the peripheral
blood seems to be higher in HSCT recipients with
PTLD, than in recipient without PTLD, patients
with PTLD may present a broad range of PCR value
within 1-5 logs. In addition, these values often
overlap with the results of patients not developing
PTLD. Thus we are not able to detect on the basis
of viral EBV load patients progressing to EBV-
PTLD. As a result pre-emptive treatment is now
used in patients with increasing viral load or over
the threshold of 10° copies/ml or 200 copies per 10°
PBMC, empirically in many transplant centers with
the aim to reduce the progression rate to PTLD.

Another obstacle for the interpretation of EBV
data after SCT is related to different PCR
monitoring analysis in published studies and many
data are based on retrospective analysis of single
center experience. In addition there is no general
consensus on which is the best specimen to adopt
(plasma, peripheral blood mononuclear cells,
whole blood). In fact the determination of cell-
associated EBV DNA loads could be interpreted as
a marker of EBV-induced cell proliferation while
plasma levels of EBV DNA could be expression of
either virus production or the release of episomal
DNA from apoptotic cells, or both'”. A general

consensus has been obtained on what should be the
ideal interval of serial monitoring and this is based
on the assumption that the doubling time of EBV
viral load can be as short as 46-56 h. Thus, PCR
monitoring should be performed once a week, at
least, in order to optimized the detection of an
elevated viral load before the clinical presentation
of malignancy.

The sensitivity of EBV-DNA for the diagnosis
of PTLD ranges from 78% and 100% in
symptomatic patients, but is only between 50% and
80% when wused for preemptive diagnosis.
Subclinical reactivation of EBV detectable by PCR
occurs from 20% to 60% of HSCT recipients
without any PTLD symptoms and the positive
predictive role of PCR monitoring for EBV remains
highly variable'®. EBV viremia by itself does not
seems to predict PTLD development . EBV DNA
levels are most suitable to confirm diagnoses of
EBV PTLD, thereby permitting early and effective
interventions.

Clinical symptoms of EBV-related PTLD:
Manifestations of post-transplant EBV infection,
both primary and reactivation, include EBV-
associated enteritis with multiple ulcers, EBV-
related hepatitis, encephalitis, and fulminant EBV-
associated hemophagocytosis. These complications
are, however, infrequent. Chronic active EBV
infection characterized by chronic or recurrent
infectious mononucleosis-like symptoms such as
fever, hepatosplenomegaly, persistent hepatitis, and
extensive lymphadenopathy has also been
described. The most severe manifestation of EBV
infections following allogeneic SCT®. is EBV-

associated  PTLD. EBV-associated  tumors
(reactivation ~ syndromes)  include  lympho-
proliferative disease (LPD), Burkitt's
lymphoma/non-Hodgkin lymphoma (NHL),

nasopharyngeal carcinoma, natural killer (NK)-cell
leukemia, Hodgkin's disease, hemophagocytic
lymphohistiocytosis and angioblastic  T-cell
lymphoma. Histopatological classification has been
recently updated by the World Health Organization
(WHO)".

Diagnosis of EBV disease: Diagnosis of LPD or
PTLD must be based on symptoms and/or signs
consistent with  lymphoproliferative  process
developing after SCT, together with detection of
EBV by an appropriate method applied to a
specimen from the involved tissue. Definitive
diagnosis of EBV-PTLD requires biopsy and
histological examination (including
immunohistochemistry or flow cytometry for
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CD19+ and CD20+). It is important to remember
that CD20 can be downregulated on lymphoma
cells after therapy. EBV detection in biopsy
specimen requires detection of viral antigens or in
situ hybridization for the EBER (Epstein—Barr-
encoded RNA) transcripts.

Definitive diagnosis of LPD or PTLD must be
based on symptoms and/or signs consistent with
PTLD together with detection of EBV by an
appropriate method applied to a specimen from the
involved tissue.

Treatment strategies for EBV-related PTLD:
The mortality from PTLD after HSCT was >80%
prior the implementation of anti-EBV therapy.
Treatment strategies for EBV-related PTLD include
reduction of immunosuppression, anti-B cell
monoclonal antibodies, conventional chemotherapy
and radiation. No effect of antivirals drugs can be
expected with respect to prevention and treatment
of EBV-LPD. When PTLD is established, standard
lymphoma chemotherapy is used in combination
with rituximab* . A recent approach includes the
infusions of donor-derived lymphocytes in SCT
patients with PTLD, or infusions of HLA-matched
EBV-specific cytotoxic T lymphocytes (CTLs) in
PTLD both after SOT and SCT.

The reduction of immunosuppression therapy is
usually the first-line approach for PTLD
transplantation but this may not be feasible in
patients with active GVHD.

The overall success rates of EBV-related PTLD
were lower than after pre-emptive therapy, reaching
63% and 88.2% of total EBV-DNA clearance with
rituximab and CTL therapy, respectively. Thus,
because of the progressive nature of PTLD, an
early or pre-emptive treatment with either anti-B
cell monoclonal antibodies or donor-derived EBV-
specific cytotoxic-T lymphocytes is appealing™.
Pre-emptive strategy is now empirically used in
many transplant centers and rituximab is the
treatment of choice although there are no consistent
data on the best dosage, number of doses and
interval between doses of rituximab.

Wagner et al.”', studied a cohort of 111 patients
who underwent myeloablative HSCT from HLA-
matched unrelated donor or HLA-mismatched
sibling donor, all receiving ATG or Campath and
TCD-graft. EBV viral load from of whole blood
was monitored. No patients with consistently low
EBV DNA levels developed PTLD. Sixteen
patients presented EBV-DNA levels exceeding
4000 copies/ug PBMC DNA in two or more
occasions and nine patients had a single occurrence
of high EBV load.

Among them, ecight developed symptoms of
PTLD. Hence, the detection of EBV-DNA levels >
4000 copies /ug PBMC DNA had a sensitivity of
100% for the prediction of early PTLD but a
specificity of only 50% (8/16). All  patients
received treatment: two patients received CTLs ,
five patients received rituximab (1-4 dose of 375
mg/m2/die) and another one received CTLs and
rituximab. Clinical symptoms associated with
PTLD disappeared and EBV load decreased to a
normal value in 7 out of 8 patients.

In another study, Van Esser et al. employed
PCR for an early diagnosis and pre-emptive
treatment of the EBV related PTLD. The threshold
of 1000 copies of viral DNA genome per millilitre
was set as the reference level for a high predictive
value of PTLD development. They studied 49
patients receiving a partial T-cell depleted
transplant from HLA-matched sibling donor or
matched unrelated donor. EBV reactivation with a
viral load above 1000 copies/ml was detected in 17
out of 49 patients (35%). Among them, 2 patients
presented an active PTLD and received two
infusions of rituximab, obtaining complete and
persistent clearance of EBV viral load. The other 15
patients presented a subclinical reactivation and
were treated with rituximab pre-emptively.
Fourteen patients have shown a complete response
after a single dose of rituximab. The only non
responder patient showed an increased viral load
and a progression to EBV related PTLD and was
treated with a second dose of rituximab and DLI
and achieved a clinical response. Thus, pre-emptive
rituximab selectively administered to high-risk
patients, abrogates EBV reactivation and reduces
the incidence of EBV-PTLD*,

Annels et al.”, showed that EBV specific T cell
reconstitution may be a second important parameter
to guide pre-emptive treatment. The authors defined
the EBV reactivation as an EBV viral load > 1000
copies at 2 consecutive time points. This was
considered a condition of high risk to develop EBV-
PTLD, together with a graft from an EBV-
seropositive, unrelated or mismatched family donor
and ATG administration . Eight out of fifty patients
presented these features and were pre-emptive
treated with a single standard dose of rituximab. T
cell reconstitution was studied in all patients. Six
out of 8 treated patients presented a significant T
cell reconstitution and an EBV specific memory T
cells expansion during EBV reactivation, with a
contemporary decrease in EBV DNA load.
Additional evidence for the antiviral potential of
this T cell reconstitution was prospectively
confirmed by a cohort of 14 HSCT recipients at risk
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for EBV-LPD. Three out of 14 patients reactivated
EBV. Two patients developed a significant and
rapid T cell expansion during the beginning of viral
reactivation and they obtained a clearing of viral
load without rituximab administration. T cell
recovery was absent only in one patient successfully
treated with rituximab.

Table 1. Characteristics of patients receiving allogeneic
transplant.

Total of patients 79
Sex (M/F) 51/28
Median age (range) 44.6 (10-70)

36 AML, 5 NHL, 1 RAEB-2, 8 CLL, 3

patients receiving peripheral or CB transplant. Due
to the small number of patients receiving bone
marrow these data should be interpreted with
caution. Type of donor also affected the incidence
and time of reactivation. The incidence was 86.3%
using unrelated donors and 57.1% using sibling
transplant (p= 0.016) . In patients receiving ATG or
Campath as part of GVHD prophylaxis, the rate of
reactivation was 93.3%. Also some patients
presented two or more subsequent viral
reactivations. The major conditions affecting
multiple reactivations were underlying lympho-
proliferative diseases (65.2%), myeloproliferative
diseases (36%) at transplant and the occurrence of
GVHD (64%) (Table 2).

Stem cell source PB 67 /79 (84.8%),

BM 4/79 (5.1%)

GvHD
(acute vs chronic) 27 vs 24
AML: acute myeloid leukemia; NHL: non-Hodgkin’s
lymphoma; CLL: chronic lymphocitic leukemia; MEF:

myelofibrosis; PL: plasmacell leukemia; LL: lymphoblastic
lymphoma; HL: Hodgkin’s disease; ALL: acute lymphoblastic
leukemia; MM: multiple myeloma; AA: aplastic anaemia;
RAEB: refractory anemia with excess blasts Abl: ablative;
RIC: reduced intensity conditioning.; MUD: matched unrelated
donor; CB: cord blood, PB: peripheral blood; BM. bone
marrow

We have prospectively monitored EBV
reactivation in a cohort of 104 patients receiving
HSCT between February 2005 and August 2009.
Seventy-nine patients received an allogeneic SCT
and twenty-five patients received an autologous
SCT. EBYV reactivation rate was of 16% (4/25)
with a median time to the reactivation of 115 days
in the autologous SCT group. In allogeneic
transplant group EBV reactivation was of 60.76%
(48/79) with a median time to reactivation of 59
days (range 3-840), and a median value of viral
genome copies per ml of 1.577.017 ( range 408-
60.000.000) (Table 1). Strikingly the incidence od
EBV reactivation varied across the different stem
cell source being more frequently after bone
marrow (100%) or  peripheral blood (64.2%)
transplant compared to CB graft (12.5%). In
patients receiving bone marrow transplant there
was an earlier viral reactivation compared to

Diagnosis MF.1PL.4MM. 1LL.1HD. 18 Table 2. Characteristics of patients with  EBV
’ ’ ALL i AA ’ ’ reactivation/PTLD after allogeneic SCT
Patients with EBV
Conditioning (AbI/RIC) 37/42 reactivation 48/79(60.7%)
. 22/79 ATG (27.8%) L. o
GvHD prophylaxis 5/79 (6.3%)Campath-1H Median (t(l;;les?ri ;ez;c)tlvatlon 55 (3-840)
Donor (sib/MUD) 29/50 Y £
o,
CB 8/79 (10.1%), Median EBV DNA copies/ml 1.577.017,83

(range) (408-60.000.000)

one 24/48 (50%)
two 17/48 (35.4%)
three 7/48 (14.6%)

Number of reactivations

PTLD 5/48 (10.4%)

Patients with peak in

0,
C-region 31/48 (64.6%)

Patients with Monoclonal

0,
Gammopathy 22/48 (45.8%)

Donor (sib/MUD) 28/20

Stem Cell Source PB43, CB1,BM4

Conditioning Regimen

(abl/RIC) 2127
ATG/Campath-1H 11/5
GvHD (acute vs chronic) 18 vs 7

In fourthy-eight patients who reactivated EBV,
serum protein electrophoresis was carried out. A y-
peak, indicating the presence of a monoclonal
gammopathy (MG), was detected in 31 patients
(64.5%). Twenty-seven patients with MG were
further investigated with immunofixation on
serum and urine. Monoclonal gammopathy was
present in 22/27 patients and in 5 patients the Ig
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isotype was not identified (Table 3) . Subtype was:
a single IgG monoclonal gammopathy in 11 patients
(IgGx in 5 cases, IgGA in 6 cases), a single IgM
monoclonal gammopathy in two patients (IgMxk in
one case and IgMA in the other one), a single IgAx
monoclonal gammopathy in one patient, and a
double monoclonal gammopathy in the others 8
patients (IgGx+IgGA in 3 cases, I IgGk+IgMA in 3
cases, gMA+IgGA in one case, and IgMk+IgGk in
the last patient).

Table 3. Monoclonal Gammopaties in EBV reactivating
patients

patients treated with rituximab (61%) abnormalities
of serum protein electrophoresis normalized after
treatment. After rituximab, immunofixation was
evaluated only in 10 out 18 treated patients. Five of
the these patients showed the complete resolution of
the MG after treatment. Two patients with PTLD
died early after treatment: one patient from multi-
organ failure and the other because of progressive
disease. The remaining four patients presented
resolution of symptoms and a drop in EBV viremia
in peripheral blood until its disappearance. They are
alive at follow-up with an overall survival of 6,12,
13 and 45 months, respectively.

EBV reactivation 48 pts Table 4. Characteristics of patients with PTLD
Presence of y-peak 31 pts Patients with PTLD 6
Presence of monoclonal 2
gammopathy . .
11 Patients with EBV + PCR 5/6 (83.3%)
IgG 5 IgGk
6 1gGA
2 Patients with histological o
IgM 1 IgMk diagnosis of PTLD 2/6 (33.3%)
1 IgMA
IgAk 1 Donor 6 MUD
IgGk+IgGA 3 5/6 (83.3%) PB
Stem Cell Source 1/6 (16.6%) CB
+
1gMi+gGh ! Conditioning Regimen 4
(abI/RIC)
[gGK+IgMA 3
. 5/6 (83.3%) ATG
GVHD prophylaxis o _
IgMk+IgGk 1 1/6 (16.6%) Campath-1H
Presence of [1-peak 6/6
Six patients developed PTLD (12.5% of the
patients with EBV reactivation and 7.6% of the P resegce OfMOILOCIOHal 5/6 (83.3%)
allo-SCT recipients). In five of these, PTLD ammopathy o
. . . IgGk 2/5 (40%)
foll'owe.:d EBV DNA' detection in perlp.heral blood, 1Gh 1/5 (20%)
while in the last patient PTLD was diagnosed by IgAk 1/5 (20%)
biopsy, in the absence of previous EBV detection. IgMk-+1gGhA 1/5 (20%)

All patients with PLTD presented a y-peak at the
serum protein electrophoresis. In five patients a
monoclonal gammopathy was confirmed by
immunofixation: four patients presented a single
monoclonal gammopathy (IgGk in two cases, 1gGh
in one case and IgAk in one case) and one patient
presented a double monoclonal gammopathy
IgMk+IgGA (Table 4).

Treatment with rituximab (375mg/m2/die for 1-4
doses) was administered to all cases of PTLD and
to others 12 asymptomatic or symptomatic patients
with an high number of EBV genome copies in
order to avoid the progression to PTLD. The vast
majority of patients (88.9%) treated with rituximab
showed a sharp viral load clearance. In 11 out of 18

GvHD (acute vs chronic) 2vs 1

Hence, the risk factors reported in the literature
are substantially confirmed in this prospective
study. Rituximab was effective for a prompt
treatment of PTLD and useful as pre-emptive
treatment  limiting the progression of EBV
reactivation to PTLD. Monoclonal gammopathy
may help to define patients with EBV viremia at
high risk of PTLD after SCT *. After SOT the
presence of monoclonal gammopathy (MG) after
organ transplantation has already been considered a
risk factor for the development of PTLD**%%",
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Table 5. Cumulative results of various therapeutic approaches in preemptive therapy and therapy of PTLD adapted from Styczynski

et al®
. Cumulative number
. Cumulative number . .
Therapeutic approach . of patients with cure Comments
of treated patients .
or improvement
Administration of rituximab was
rituximab in pre-emptive therapy 341 306 (89.7%) often combined with other
therapeutic approaches.
rituximab in therapy of PTLD 146 92 (63%)
. . In most cases reported as a single
CTL in pre-emptive therapy 135 127(94.1%)
therapy
CTL in therapy of PTLD 17 15 (88.2%)
reduction of immunosuppressive 76 43 (56.6%) In most cases others therapies
therapy were also used
Donor lymphocyte infusion 39 16(41.0%) In most cases others therapies
were also used
Chemotherapy 15 426.7%) In most cases others therapies
were also used
'Cld.ofovq in comblna.mon with 4 37(92.5%) In all cases others therapies were
rituximab in pre-emptive therapy also used
Antiviral agents in therapy of PTLD 62 21(34.4%)

Conclusions: In summary, treatment options
include manipulation of the balance between
outgrowing EBV-infected B cells and the EBV
CTLs response targeting the B cells with
monoclonal antibody rituximab and conventional
chemotherapy. The efficacy of this strategy is
greater in early PTLD than in later disease. In the
case of EBV-specific CTL it should be noted that
this approach is not widely available. Rituximab is
useful as a pre-emptive treatment in patients with
high EBV viral load and with risk factors for PTLD
(Table 5). Over-treatment is the rule and it has been

References

1. Stevens SJ, Verschuuren EA, Verkuuilen SA, Van Den
Brule AJ, Meijer CJ, Middeldorp JM., Role of Epstein-Barr
virus DNA load monitoring in prevention and early
detection of Post-transplant Lymphoproliferative disease,
Leuk Lymphoma 2002, 43: 831-840.

2.  Kontny U, Boppana S, Jung A et al, Post-transplantation
lymphoproliferative disorder of recipient origin in a boy
with acute T-cell leukemia with detection of B-cell clonality
3 months before stem cell transplantation, Haematologica
2005; 90: ¢77-e80.

3. Babcock GJ, Decker LL, Freeman RB, Thorley-Lawson DA,
Epstein-Barr virus-infected resting memory B cells, not
proliferating lymphoblasts, accumulate the peripheral blood

calculated that at least 5.6 patients will be treated
unnecessary in order to prevent 1 single case of
EBV-PTLD".

With current approaches the mortality from
EBV-PTLD can be significantly reduced but pre-
emptive treatment based on EBV viremia should be
validate and diagnostic tests should be standardized
in prospective trials. The search for unrecognized
risk factors for EBV-related LPD after SCT is
ongoing and includes biomarkers, immune-
phenotype and genetic polymorphisms of both
recipient and donor.

of immunosuppressed patients, J Exp Med, 1999, 190: 567-
576.

4.  Cohen J.I, Bollard CM, Khanna R, Pittaluga S, Current
understanding of role of Epstein-Barr virus in
lymphomagenesis and therapeutic approaches to EBV-
associated lymphomas, Leuk. Lymphoma, 2008; 49: 27-34.

5. Styczynski J, Reusser P, Einsele H et al, Management of
HSV, VZV and EBV infections in patients with
hematological malignancies and after SCT : guidelines from
the Second European Conference on infectious in Leukemia,
Bone Marrow Transpl 2009; 43: 757-770.

6. Henslop H, How I treat EBV Lymphoproliferation, Blood
2009; 114: 4002-4008.

Medit J Hemat Infect Dis 2009, 1: Open Journal System



10.

11.

12.

13.

14.

15.

16.

17.

Capello D, Rasi S, Oreste P et al, Molecular characterization
of post-transplant lymphoproliferative disorders of donor
origin occurring in liver transplant recipients, J Pathol 2009;
218:478-486.

Reddiconto G, Chiusolo P, Fiorini A, et al, Assessment of
cellular origin and EBV status in a PTLD after double cord
blood transplantation, Leukemia 2007; 21: 2552-2554.

Van Esser JWJ, van der Holt B, Meijer E, et al, Epstein-Barr
virus (EBV) reactivation is a frequent event after allogeneic
stem cell transplantation (SCT) and quantitatively predicts
EBV-lymphoproliferative disease following T-cell-depleted
SCT, Blood 2001, 98: 972-978.

Chakrabarti S, Milligan DW, Pillay D et al, Reconstitution
of the Epstein-Barr virus-specific cytotoxic T-lymphocyte
response following T-cell-depleted myeloablative and non-
myeloablative allogeneic stem cell transplantation, Blood
2003; 102: 839-842.

Cohen J, Gandhi M, Naik P, et al, Increased incidence of
EBV-related disease following paediatric stem cell
transplantation with reduced intensity conditioning, Br J
Haematol 2005; 129:229-239.

Cohen JM, Cooper N, Chakrabarti S et al, EBV-related
disease following haematopoietic stem cell transplantation
with reduced intensity conditioning, Leuk Lymphoma 2007;
48:256-269.

Juvonen E, Aalto SM, Tarkkanen J, Mattila PS, Knuutila S,
Ruutu T, Hedman K, High incidence of PTLD after non-T-
cell-depleted  allogeneic  haematopoietic ~ stem  cell
transplantation as a  consequence of intensive
immunosuppressive treatment, Bone Marrow Transpl 2003;
32:97-102.

Bruinstein CG, Weisdorf DJ, DeFor T, Barker JN, Tolar J,
van Burik JA, Wagner JE, Marked increased risk of Epstein-
Barr virus-related complications with the addition of
antithymocyte  globuline to a  non-myeloablative
conditioning prior of unrelated umbilical cord blood
transplantation, Blood 2006; 108: 2874-2880.

Scheinberg P, Fischer SH, Li L et al, Distinct EBV and
CMV reactivation patterns following antibody-based
immunosuppressive regimens in patients with severe
aplastic anemia, Blood 2007; 109: 3219-3224.

Sundin M, Le Blanc K, Ringdén O et al, The role of HLA-
mismatch, splenectomy and recipient Epstein-Barr virus
seronegativity as risk factors in  post-transplant
lymphoproliferative ~ disorder ~ following  allogeneic
haematopoietic stem cell transplantation, Haematologica
2006; 91: 1059-1067.

Baldanti F, Gatti M, Furione M et al, Kinetics of Epstein-
Barr virus DNA load in different blood compartments of

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

paediatric recipients of T-cell-depleted HLA-aploidentical
stem cell transplantation, J Clin Microbiol 2008; 46: 3672-
3677.

Weinstock DM, Ambrossi GG, Brennan C, Kiehn TE.,
Jakubowski A, Preemptive diagnosis and treatment of
Epstein-Barr virus-associated post-transplant
lymphoproliferative disorder after haematopoietic stem cell
transplant: an approach in development, Bone Marrow
Transpl 2006; 37: 539-546.

Sweedlow SH et al, WHO Classification of Tumors of
Haematopoietic and Lymphoid Tissues, 4™ edition,
International Agency for Research on Cancer; Lyon, 2008:
343-349.

Styczynski J, Einsele H, Ljungman P, Outcome of treatment
of Epstein-Barr virus-related post-transplant
lymphoproliferative disorder in hematopoietic stem cell
recipients: a comprehensive review of reported cases,
Transplant Infectious Disease 2009; 11:383-392.

Wagner HJ, Cheng YC, Huls MH et al., Prompt versus
preemptive interventions for EBV lymphoproliferative
disease, Blood 2004; 103: 3979-3981.

Van Esser JW, Niesters HG, van der Holt B et al,
Prevention of Epstein-Barr virus limphoproliferative disease
by molecular monitoring and preemptive rituximab in high-
risk patients after allogeneic stem cell transplantation, Blood
2002; 99: 4364-4370.

Annels NE, Kalpoe JS, Bredius RG et al, Management of
Epstein-Barr virus(EBV) reactivation after allogeneic stem
cell transplantation by simultaneous analysis of EBV DNA
load and EBV-specific T cell reconstitution, Clinical
Infectious Disease 2006; 42: 1734-1738.

Sora F, Laurenti L, Chiusolo P, De Matteis S, Leone G, Sica
S, Clonal gammopathies and allogeneic stem cell
transplantation, Bone Marrow Transpl 2008; 41:317.

Babel N, Schwarzmann F, Pruss A, Volk HD, Reinke P.
Monoclonal gammopathy of undetermined significance
(MGUS) is associated with an increased frequency of
Epstein—Barr virus (EBV) latently infected B lymphocytes
in long-term renal transplant patients. Transpl Proc. 2004;
36: 2679-2682.

Tsai DE, Aqui NA, Tomaszewski JE et al. Serum protein
electrophoresis abnormalities in adult solid organ transplant
patients with post-transplant lymphoproliferative disorder.
Clin. Transplant 2005; 19:644-652.

Badley AD, Portela DF, Patel R et al. Development of
monoclonal gammopathy precedes the development of
Epstein—Barr virus-induced posttransplant
lymphoproliferative disorder. Liver Transpl Surg. 1996;
2:375-382

Medit J Hemat Infect Dis 2009, 1: Open Journal System



