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Posttransplant lymphoproliferative disorders (PTLDs) are associated with significant morbidity and mortality
among solid-organ transplant patients, but approaches to diagnosis and management vary considerably. An inter-
national multidisciplinary panel evaluated current understanding of risk factors and classification systems and de-
veloped recommendations to aid in PTLD prevention. We considered evidence on PTLD risk factors including
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mendations address prophylactic and preemptive strategies to minimize PTLD development, including modulation
of immunosuppression and antiviral drug regimens. Finally, new classification criteria were outlined that may help
facilitate standardized reporting and improve our understanding of PTLD.
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Posttransplant lymphoproliferative disorder refers to a het-
erogeneous group of lymphoproliferative diseases that
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2 Centre for Transplantation and Renal Research, University of Sydney,

Westmead Hospital, Westmead, New South Wales, Australia.
3 Division of Pediatric Nephrology, University of Florida and Shands Chil-

dren’s Hospital, Gainesville, FL.

4 Harvard Medical School and Transplant Institute at Beth Israel Deaconess
Medical Center, Boston, MA.

5 Kidney Transplantation Unit and Laboratory of Immunology, São Paulo
University, São Paulo, Brazil.

6 Transplantation Virology, Department of Biomedicine, University of Basel
and Division of Infectious Diseases, University Hospital Basel, Basel,
Switzerland.

7 UPMC Univ Paris 06, GRC N-11, GRECHY and AP-HP Department of
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represent a potentially life-threatening complication of trans-
plantation, particularly solid organ transplantation (1, 2).
These lymphoproliferative disorders, which are variably
defined and range from uncomplicated, self-limiting in-
fectious mononucleosis (IM) to malignant lymphoma,
may be nodal and/or extranodal, restricted to the allograft
or widely disseminated (3). Over the next few years, the in-
cidence of PTLD is likely to increase. This is primarily due to
patients receiving either intense immunosuppression to pro-
tect against preformed antibodies targeted against the graft
and/or increased immunosuppression following identifica-
tion of de novo human leukocyte antigen (HLA) antibodies
in long-term transplant recipients.

Epstein-Barr virus (EBV) infection is identified in
many cases of PTLD and seems to play an important role
in the etiology of these disorders (3). Immunosuppres-
sion after transplantation in a patient who is a carrier of
EBV seems to reduce the activity of the patient’s EBV-specific
cytotoxic T-cell surveillance, which increases the chances
of uncontrolled proliferation of EBV-infected B-cells and
subsequent progression to PTLD (1, 4). Moreover, trans-
plant recipients experiencing primary EBV infection during
the early posttransplant period seem to be particularly
susceptible to developing EBV-specific PTLD of B-cell ori-
gin (5), reflecting their lack of any preexisting EBV-specific
T-cell immunity (4). However, PTLD is not always associ-
ated with EBV infection, as shown in a recent multicenter
trial involving more than 100 patients, where approxi-
mately 50% of cases of newly diagnosed B-cell PTLD were
EBV negative (6).

The clinical, morphologic, and biologic heterogeneity
of PTLD has hindered attempts to improve understanding
and treatment of these complex disorders. Although PTLD
is relatively rare, it is the most frequent malignant disease
early after transplantation (1, 6), and large transplant regis-
tries are crucial to obtain information about these disorders
and their treatment. The value of registry data is often limit-
ed by incomplete disease characterization, and there is a
paucity of controlled clinical trials. Focused efforts in classi-
fication and reporting are thus warranted to drive progress
in the better understanding of PTLD.

A multidisciplinary panel of 18 oncologists, virolo-
gists, and transplant specialists attended a consensus
workshop in Seville, Spain, in November 2009 to review
and evaluate current understanding of risk factors, disease
classification, and options for the prevention of PTLD.
Panel selection criteria included global representation
and expertise in multiple disciplines. Invitations to partic-
ipate in the workshop were made after approval of the
co-chairs of the workshop (Denis Glotz and Thomas G
Gross). All transplant patients are at risk of PTLD, but
the focus of the workshop was solid organ transplanta-
tion, with PTLD defined as biopsy-proven, uncontrolled
B- or T-cell proliferation. The aims were to build on the
current knowledge of PTLD, which was recently reviewed
in detail by Allen and Preiksaitis (2009) (4), and to look to
the future of PTLD research. The discussions focused on
three key areas: (i) the classification of PTLD, (ii) risk factors
for PTLD, and (iii) the development of approaches to reduce
the incidence of PTLD. For each of these areas, relevant lit-
erature was reviewed, recommendations developed, and a

research agenda proposed to explore issues where further
evidence is needed.

CLASSIFICATION OF POSTTRANSPLANT
LYMPHOPROLIFERATIVE DISORDER

Current systems used for the classification of PTLD fail
to address the full range of clinical, pathologic, virologic, and
immunologic disease markers, and they poorly relate dis-
ease classification to prognosis or treatment. For example,
the most widely used system, the 2008 WHO classification
(7, 8), is primarily based upon the morphology of PTLD.
This revised WHO classification of PTLD divides the con-
tinuum of disease into plasma cell hyperplasia/early lesion
PTLD, polymorphic PTLD (polyclonal or monoclonal), and
monomorphic PTLD (7Y9). Monomorphic forms of PTLD
are then further subclassified, with DLBCL-type PTLD be-
ing the most common subtype. Current therapeutic strategies
(including reduction of immunosuppression, surgery, radio-
therapy, chemotherapy, and rituximab) do not differentiate
between polymorphic PTLD and monomorphic CD20+
DLBCL-type PTLD (10). However, histology clearly influ-
ences treatment decisions according to whether the target
antigen for rituximab (CD20) is expressed (10). Lineage his-
tology also has strong prognostic significance in PTLD (e.g.,
prognosis is much worse in natural killer (NK)-, T-cell, and
plasmablastic B-cell PTLD compared with polymorphic,
DLBCL-type and Burkitt/Burkitt-like B-cell PTLD and is
more favorable in early lesion and plasmacytoma-like
PTLD) (1, 4, 11Y13). Thus, the WHO histologic classifica-
tion can provide important information on the probable
course and outcome of the condition, thereby influencing
treatment decisions. However, this system does not take into
account the biologic context in which the PTLD has devel-
oped, which can have a considerable impact on the treat-
ment approach or the patient’s outcome too. For instance,
in DLBCL-type PTLD associated with primary EBV infec-
tion, antiviral treatment options might be successful (14, 15),
whereas they are usually unsuccessful in DLBCL-type PTLD
associated with EBV reactivation. EBV association may also
impact on prognosis, as EBV-associated PTLD may have a
better prognosis than EBV-negative PTLD and may need less
chemotherapy (6, 16). EBV antigen expression (EBNA-1, -2,
-3, LMP etc.) may also provide insight into PTLD response
to a reduction in immunosuppression and may help to
guide treatment selection in this way. Interestingly, EBV-
associated DLBCL in the elderly seems to have a worse prog-
nosis than EBV-negative DLBCL (17). A further problem
arises when any classification system based primarily on
morphology is subject to variability in interpretation by
pathologists. International reference panels are therefore re-
quired to standardize the histologic assessment of PTLD and
establish the role of molecular markers of PTLD in disease
prognosis and treatment.

Furthermore, the Ann Arbor staging system (with or
without Cotswolds modifications) (18) is applied to patients
with PTLD. However, this system was developed specifically
to stage Hodgkin disease (18) and not the entire spectrum of
manifestations of PTLD and also does not account for extra-
nodal disease or graft involvement nor their impact on prog-
nosis. (19) For instance, higher 5-year survival rates have
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been reported for renal transplant patients with localized
intragraft disease, compared with patients with cerebral
PTLD. (20, 21) Therefore, the Ann Arbor system has limited
application in the transplantation setting. However, it may
be useful to collect data such as graft involvement, number
of sites involved, and tumor size in patients with PTLD, such
as is incorporated in the International Prognostic Index for
aggressive non-Hodgkin’s lymphoma (22), to develop a
prognostic index that could benefit further studies.

Looking to the future, there is a need for a clear, com-
prehensive clinical and pathologic classification and staging
system for PTLD. Such a system would need to better define
risk factors and prognostic indicators for different PTLD sub-
types, compared with conventional indicators (22). It should
help to improve our understanding of lymphomagenesis and
standardize the reporting of PTLD cases, which would then
permit valid comparisons between patient series. Standard-
ized classification would also facilitate improvement of clini-
cal trial design and provide objective criteria for the analysis
of patient outcomes, thereby enabling comparison of treat-
ment strategies using data from different trials.

CLASSIFICATION OF POSTTRANSPLANT
LYMPHOPROLIFERATIVE DISORDERS:

RECOMMENDATIONS
We have outlined a listing of all the necessary compo-

nents of a classification schema based on careful consideration
of the clinical, virologic, pathologic, and immunologic char-
acteristics of PTLD, while using a previously proposed classi-
fication (7, 9) as a starting model (Table 1). This new schema
incorporates the 2008 WHO histologic classification and
relates it to the new proposed criteria, which includes rele-
vant histologic findings, EBV association, clonality (to help
differentiate between subtypes of PTLD), EBV serostatus of
the recipient, and the extent of disease (tumor localization,
including CNS involvement).

To classify PTLDs, we recommend the following:

& The EBV serostatus of the recipient is ascertained before
transplantation.

& The morphology of PTLD is classified according to the
2008 WHO histologic classification system.

& All PTLD tumor biopsies are stained for EBER to detect
the presence of EBV.

& PTLDs are staged clinically based on the nature of the
transplant and number of sites involved.

& PTLDs are classified with a prognostic index, as proposed
by Choquet et al. (19).

& Classification of PTLD: research agenda

We believe that, in the future, it will also be important
to consider the following:

(i) The development of a standardized checklist of disease
and patient characteristics that should be described
when diagnosing or reporting a case of PTLD, as this
may help to identify risk factors and prognostic indi-
cators for particular PTLD subtypes and guide man-
agement decisions. Data derived from such a checklist
could also be used to refine existing prognostic indices
(19) or develop a specific prognostic index for PTLD. T
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(ii) The most sensitive and specific method of measuring
EBV levels and immunity to EBV, and how best to
interpret the data, so that these tests can be optimized
and standardized for routine use.

(iii) The precise relationship between prognosis and mo-
lecular genetic markers, such as chromosome abnor-
malities, oncogene activation, or the inactivation of
tumor suppressor genes, to expound the genetic factors
that influence the course of PTLD as recently shown
for c-myc translocation in plasmablastic lymphoma
PTLD (11).

RISK FACTORS FOR POSTTRANSPLANT
LYMPHOPROLIFERATIVE DISORDERS

During the workshop, the evidence for risk factors for
the development of PTLD was considered and the findings
presented in Table 2 (5, 19, 20, 23Y51). Most of the data pro-
vide only a low level of evidence because of the lack of con-
trolled trials and discrepancies in the way the results are
reported. Nonetheless, there are some consistent data identi-
fying primary EBV infection as the most important risk fac-
tor for PTLD (Table 2) (5, 20, 24, 29, 30, 32, 39, 43, 47, 48).
Other putative risk factors include young age (higher risk

among children than adults), white race, a high immuno-
suppressive load, and allograft type (52, 53).

To date, there have been no large studies designed to
explore the interlinking effects of EBV infection, CMV infec-
tion, and acute rejection. It is therefore difficult to accurately
characterize the relative contribution of these events as sep-
arate risk factors for PTLD. The precise interactions between
viral infections and immunosuppression are particularly un-
clear and require critical evaluation of the available evidence.

Viral Infection
Primary infection with EBV is a well-recognized risk

factor for PTLD in solid organ transplantation and is associ-
ated with a 3- to 33-fold increase in the risk of developing
these disorders, with risks varying according to the organ
transplanted (5, 20, 24, 29, 30, 32, 39, 43, 47, 48)

Although EBV infection per se is a risk factor for PTLD,
there is uncertainty surrounding the relevance of EBV viral
load as a risk factor because of a lack of standardization of
quantitative analytical techniques and inconsistencies in data
interpretation (4, 54Y56). In a small, retrospective study of
36 pediatric liver transplant recipients, only one patient
(3%) with an increased chronic peripheral blood EBV viral

TABLE 2. Putative risk factors for PTLD following solid organ transplantation

Risk factor Comments

Primary EBV infection Primary EBV infection (i.e., in an EBV-seronegative transplant recipient receiving an allograft from an
EBV-seropositive donor) is the most significant and most well-established risk factor
for PTLD (5, 20, 24, 29, 30, 32, 39, 43, 47, 48)

Immunosuppressive
agents

Overall immunosuppressive load may be a risk factor (24, 31, 36, 47, 49); there is no consistent association
between PTLD and any individual immunosuppressive agent (23, 24, 28, 29, 34, 35, 37Y39, 47)

Patient age Young patient age is an independent risk factor for PTLD (e.g., higher risk of PTLD in children than
adults (53), although it may represent a surrogate marker for
EBV-negative status (24, 27, 39, 44, 51)

Organ type The incidence of PTLD varies according to the transplanted organ: intestine (6.0%),
heartYlung (5.5%), heart (3.9%), lung (3.7%), liver (0.9%), kidneyYpancreas (0.8%),
pancreas (0.8%), kidney (0.6%) (27). Reasons for this variation are not clear but may relate to
differences in EBV organ load, immunosuppression or the levels of B-lymphocytes within the
organ being transplanted

Race White transplant recipients have a greater risk of developing PTLD than patients of African-American
race (26, 44). White race may also represent a surrogate marker for EBV-negative status

CMV status Data are conflicting, but multiple studies indicate that a mismatch of donor/recipient CMV serostatus
is not a risk factor for PTLD (24, 25, 29, 32, 35, 39, 42)

CMV disease Data are conflicting, but suggest that CMV disease may be a risk factor for PTLD (24, 39)

HCV infection Limited evidence; HCV infection may be associated with an increased risk of mortality in patients with
PTLD (20), but conflicting data have been reported

HLA mismatch No clear impact; some studies suggest that HLA mismatch may increase the risk of PTLD, whereas others
do not (24, 25, 28, 29, 40, 50)

HLA alleles Some studies suggest that specific alleles may be associated with a greater
(HLA-BW22, HLA-B18, HLA-B21) or lower (HLA-A03) risk of PTLD (41, 45)

Prior (nonskin)
malignancy

In a large registry analysis, pretransplant malignancy was a risk factor for PTLD (24)

Donor source Data are limited and conflicting regarding the impact of a deceased donor on the risk of PTLD (24, 26Y28)

Effects of concomitant
disease

It is unclear whether underlying disease (e.g., diabetes) or time on dialysis impact on the risk of PTLD

Retransplantation after
prior PTLD

There were no recurrences of PTLD in a registry analysis of 69 patients who received solid organ
retransplants (33)

CMV, cytomegalovirus; EBV, Epstein-Barr virus; HCV, hepatitis C virus; HLA, human leukocyte antigen; PTLD, posttransplant lymphoproliferative
disorder.
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load (defined by the presence of a high load [916,000 copies/
mL of whole blood] for 950% of samples for Q6 months
after asymptomatic or complete clinical resolution of EBV
replication) progressed to PTLD (57). In contrast, in a larger
retrospective study of 146 pediatric heart transplant recipi-
ents, increased EBV viral load was identified as a risk factor
for PTLD (RR if EBV load was 92000 copies/Kg DNA: 22.9
[95% CI, 4.5Y51; PG0.0001]; RR if EBV load was 93000 cop-
ies/Kg DNA: 13.9 [95% CI: 5.3Y68; PG0.0001]) (42). Like-
wise, other studies in pediatric liver transplant recipients
indicate that EBV viral load monitoring and preemptive
modulation of immunosuppression can reduce the inci-
dence of PTLD and PTLD-related mortality (58, 59). In a
large prospective study with preemptive modulation of im-
munosuppression and/or use of rituximab according to
EBV viral load in 251 consecutive heart transplant recipi-
ents, only one case of PTLD was observed, and the immuno-
modulation was not associated with a higher risk of rejection
(60). Overall, these data suggest that EBV viral load moni-
toring may be important for guiding therapeutic decision
making and improving PTLD-related clinical outcomes.

In contrast to EBV infection, there is only limited evi-
dence in support of CMV infection as a risk factor for PTLD.
In a large study of 38,519 kidney transplant recipients
enrolled in the United Network for Organ Sharing and
Organ Procurement and Transplant Network database,
CMV-seronegative patients had a significantly higher risk of
developing PTLD compared with CMV-seropositive patients
receiving a transplant from a seropositive donor (RR, 1.52;
95% CI, 1.00Y2.30; P=0.05) (25). However, numerous other
studies have indicated that mismatch of donor/recipient
CMV serostatus is not a risk factor for PTLD (24, 29, 32,
35, 39, 42). The evidence regarding CMV disease as a risk
factor for PTLD is also conflicting. In the analysis of data
from the CTS, there was a significant increase in the in-
cidence of NHL in patients who had been hospitalized for
CMV disease within 1 year of transplantation compared with
those who had not (HR, 6.1; 95% CI, 2.0Y18.4; P=0.001) (39).
Conversely, in an analysis of 25,127 transplant recipients in-
cluded in the USRDS, there was a trend toward a correla-
tion between posttransplant CMV disease and PTLD, but
this did not reach statistical significance (P=0.054) (24).
Although it remains to be established, it is possible that these
contradictory results may be due to confounding factors,
such as the use of antiviral prophylaxis.

Similarly to CMV infection, there is a low level of ev-
idence in support of HCV infection as a risk factor for
PTLD. In an analysis of the French Registry, HCV infec-
tion at the time of renal transplantation was associated with
significantly increased mortality compared with no infec-
tion in 230 patients who developed PTLD (P=0.005) (20).
However, pretransplant donor/recipient HCV serostatus
and posttransplant HCV-related disease (acute hepatitis or
encephalopathy related to HCV) were not risk factors for
PTLD in the analysis of transplant recipients included in
the USRDS (24).

Immunosuppression
Current data derived mainly from registry analyses

and observational studies suggest that PTLD is likely to be
associated with a high overall level of immunosuppression

(combining both maintenance immunosuppression and
induction therapy) rather than the use of individual immu-
nosuppressive agents. Indeed, results from two separate stud-
ies indicate that transplant recipients treated with triple or
quadruple combinations of immunosuppressive agents are
at a greater risk of developing PTLD than patients receiving
fewer agents (24, 31). These findings imply that a reduction
in immunosuppressive load may lead to a decline in the risk
of PTLD. Accordingly, in a study of 8164 kidney transplant
recipients registered on the Australia and New Zealand Dial-
ysis and Transplant Registry, withdrawal of immunosup-
pression after return to dialysis decreased the risk of PTLD
compared with continuing posttransplant immunosuppres-
sion (incident rate ratio, 0.25; 95% CI, 0.08Y0.80; P=0.019)
(47). In addition to the overall immunosuppressive load,
the results of some studies suggest that prolonged immuno-
suppression may also increase the risk of PTLD (32, 48). It
has also been suggested that the balance of T- and B-cell de-
pletion may have an impact on the risk of PTLD, although
the optimal balance (i.e., combination of T- and B-cell de-
pleting drugs) has not been determined (34).

There are limitations to evaluating the link between
immunosuppression and PTLD. First, despite the large
number of randomized trials and meta-analyses of trans-
plant patients, reporting of PTLD incidence as a trial out-
come is not uniform and, when reported, is often
expressed inconsistently. Second, the effects of dose, dura-
tion and levels of immunosuppressive drugs are rarely ex-
amined in registry studies, and these studies do not
provide comprehensive data for evaluating the relative
effects of total immunosuppressive load, individual immu-
nosuppressive agents, and combinations of immunosup-
pressive agents on PTLD risk. Third, because of the lack of
a standardized classification and staging system, the defini-
tion and/or classification of PTLD varies from study to
study. Fourth, the impact of immunosuppression may vary
according to the type of PTLD. For example, in the analysis
of kidney transplant recipients registered on the Australia
and New Zealand Dialysis and Transplant Registry, T-cell
depleting antibodies were associated with early NHL,
whereas calcineurin inhibitors were associated with late
NHL (47). Fifth, the analyses span different eras with vary-
ing immunosuppression and antiviral prophylaxis regimens.
Finally, patient characteristics vary within and between stud-
ies. This is important, as patient characteristics can have an
impact on outcome, for example, age, gender, ethnicity,
body weight, EBV serostatus, and the duration of dialysis be-
fore transplantation may all affect the risk of developing
PTLD (23, 24).

The association between individual immunosuppres-
sive drugs and the development of PTLD is complex as im-
munosuppression is a total effect, and therapies are often
used in combination. The use of anti-CD3 monoclonal anti-
body therapy has been shown in a number of studies to be
significantly associated with the development of PTLD (23,
24, 31, 35, 37, 38, 46, 61). However, the results of a separate
study suggested no such association (29). A recent study in
1425 de novo kidney transplant recipients has also shown
an increased risk of PTLD in patients who received combi-
nation belatacept versus patients who received cyclosporine
(62). The data are somewhat more conflicting for all other
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single agents (e.g., antithymocyte globulin antibodies were
associated with an increased risk of PTLD in some studies
(23, 37, 39, 47) but not in other studies (29, 35)), and the
true impact of the different immunosuppressive agents,
alone or in combination, remains to be adequately defined.

Risk Factors for Posttransplant
Lymphoproliferative Disorders:
Recommendations

Because of the inconsistent methods and incomplete
information in many existing epidemiological reports (63),
we recommend that the following measures be taken to stan-
dardize the future reporting of PTLD incidence. In particu-
lar, future prospective transplant trials should include PTLD
incidence reporting, even if no cases are observed. Ideally, all
trials and registry analyses should report PTLD incidence in
a format that includes a denominator, that is, as a standard
incidence ratio or incidence density, which will then permit
cross-study comparisons. We recommend the following:

& Detailed PTLD characteristics are reported to transplant reg-
istries to enable a comprehensive analysis of putative risk
factors. We also recommend routine assessment, and reporting
of EBV and CMV serostatus for donors and recipients; this
information is valuable in all cases of PTLD.

& The level of EBV DNA in the blood is tested at the time of
PTLD diagnosis, although the lack of standardization of
current assays and laboratories must be kept in mind.

& Prospective clinical trials should record all prophylactic
and preemptive antiviral regimens used at a patient level in
order to evaluate their impact on the risk of PTLD.

& Advancements in data collection methods for transplan-
tation studies that could potentially benefit a broad range
of research topics, including PTLD. Transplant registries
should include a new data field indicating whether or not
patients were enrolled in clinical trials. The clinical trial
number and, if applicable, randomization arm, could then
be recorded and matched with a common WHO or
clinicaltrials.gov platform to enable long-term safety as-
sessment of trial participants.

Risk Factors for Posttransplant
Lymphoproliferative Disorders: Research
Agenda

During the workshop, a number of research avenues
were suggested that could potentially improve the use of
available data and enhance understanding of risk factors
for PTLD. These suggestions included the following:

(i) Standardization of assays used to measure levels of EBV
DNA in the blood, including development of internal
and external reference standards

(ii) Performing secondary analyses of pooled trial data to
evaluate the incidence of early PTLD and associated
risk factors

(iii) Performing follow-up analyses on older randomized
trials

(iv) Comparing combinations of immunosuppressive agents
using existing randomized trial data

(v) Linking of trial data to registry data for early and late
PTLD (64)

(vi) Examining pharmacokinetic data from immunosup-
pressant trials to evaluate the impact of drug exposure
on PTLD risk

(vii) Examining how best to use archived samples from prior
trials or routine collections, for example, shipping serum
samples for subsequent analyses of registry patients (65),
analyzing archived longitudinal serum samples and/or
performing nested, case-controlled studies.
The addition of a new field to transplant recipients’

documentation, for noting clinical trial number if the patient
is enrolled in a trial, would make suggestions ii to v easier to
pursue. We also advise that sample storage and archiving
methods should be developed for prospective transplant
trials, such that frozen tissue, formalin-fixed tissues blocks,
urine, serum, and plasma could be collected and archived us-
ing standardized methods. Finally, we propose research
to evaluate the relative risk of PTLD in selected patient sub-
types for whom little information is available, such as
patients who have undergone retransplantation or those pre-
disposed to B-cell abnormalities.

APPROACHES TO REDUCE THE INCIDENCE
OF POSTTRANSPLANT

LYMPHOPROLIFERATIVE DISORDERS
Three approaches to reducing the incidence of PTLD

were defined during the workshop:

(i) Apply active measures to avoid risk factors.
We recommend several measures to reduce the risk

of PTLD caused by transplanting an organ from an EBV-
positive donor to an EBV-negative recipient. In the first in-
stance, we advise that donor and recipient EBV serostatus
should be known before transplantation so that informed
decisions regarding organ allocation can be made. Fur-
thermore, we suggest implementing systems to evaluate the
feasibility of preferentially allocating EBV-negative donor
tissue to EBV-negative transplant recipients without intro-
ducing barriers or delays to transplantation. For high PTLD
risk allografts, allocation decisions should be made at donor
selection. High PTLD risk allografts may include a living re-
lated donor kidney for a pediatric recipient, allografts for
cardiothoracic or intestinal organ transplantation, and allo-
grafts for transplant recipients in whom a need for intensive
immunosuppression is anticipated because of a high risk of
rejection.

(ii) Apply therapeutic approaches designed to minimize the risk
of PTLD, either targeted to individual transplant reci-
pients or universally applied to groups of recipients, for
example, minimization of overall immunosuppression.
We advocate that particular efforts should be made to

minimize overall immunosuppression in all transplant
patients, while maintaining graft function and avoiding re-
jection. There may be a role for assessing the degree of im-
munosuppression by monitoring the patient’s levels of
CMV and other viruses, such as the BK virus, as measures
of overimmunosuppression. Indeed, in selected transplant
recipients at a high risk of developing PTLD, prophylactic
(or preemptive) antiviral therapy should also be considered,
despite potential toxicity. The effectiveness of this approach
was demonstrated recently in a multicenter, case control
study in which prophylactic antiviral therapy reduced the

* 2012 Lippincott Williams & Williams Glotz et al. 789

 Copyright © 2012 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



risk of PTLD by up to 83% in 100 renal transplant recipients
compared with a case control cohort, depending on the anti-
viral agent used (30). Other nonrandomized studies in heart,
lung, liver, and multiple solid organ transplant recipients
also suggest the possibility of a role for antiviral prophylaxis
in reducing the risk of PTLD (66Y69). However, it should be
noted that data for antiviral therapy is limited and prophy-
lactic antiviral therapy did not reduce the risk of PTLD com-
pared with placebo in three randomized, placebo-controlled
trials in high-risk patients receiving solid organ transplants,
(70Y72). Alternative potential approaches to prophylaxis in-
clude administration of intravenous immunoglobulin (73).
Retrospective studies have suggested that prophylaxis with
anti-CMV immunoglobulin may reduce the incidence of
PTLD (39, 73); however, this therapy is controversial be-
cause of the high prevalence of hematologic complications
and the lack of prospective studies evaluating its efficacy
(74). Therefore, the overall body of evidence for all types
of prophylaxis is currently limited.

(iii) Apply preemptive intervention for PTLD in an indi-
vidual transplant recipient deemed to have a high risk
of PTLD.
We suggest that patients under consideration for pre-

emptive intervention for PTLD should first be defined with
respect to the status of the allograft and the potential for the
development of PTLD. This evaluation should include an as-
sessment of clinical history, a physical examination (includ-
ing assessment of allograft function), blood tests (including
a complete blood count, and assessment of lactate dehydro-
genase and C-reactive protein, relevant radiographic imag-
ing investigations and allograft biopsy (for histology), if
justified by level of suspicionVthis evaluation is similar to
the recommended investigations for diagnosing PTLD
(75). Preemptive intervention should especially be consid-
ered for transplant recipients with a rising EBV viral load,
according to nucleic acid testing (real-time polymerase
chain reaction (76)). In the absence of a reference stan-
dard, we recommend that EBV load should be monitored
at the frequency specified for high PTLD risk kidney trans-
plant recipients in the KDIGO guidelines (77), using
whole blood or plasma. A rising EBV load can be defined
as a 10- to 50-fold rise in EBV load above the individual’s
baseline level, depending on the coefficient of variation of
the testing laboratory. The kinetics of the increase in viral
load should also be considered: a rise in EBV viral load over
a short period of time (or any positive test in a patient ini-
tially negative for EBV) may be of most immediate concern,
but a gradual rise may precede the development of late
PTLD. If immunosuppression is preemptively reduced, then
graft function should be monitored to avoid rejection, in-
cluding allograft biopsy as needed. When considering a re-
duction in immunosuppression, it is important to consider
the timing posttransplant and any relevant observations, such
as prior rejection experience or the presence of anti-HLA anti-
bodies. Conversion to mTOR inhibitors (e.g., everolimus and
sirolimus) has also been proposed, as these agents have indi-
rect antiviral actions (by improving viral-specific memory
(78, 79)); conversion from calcineurin inhibitors to mTOR
inhibitors led to remission in 15 of 19 cases in a retrospec-
tive analysis of kidney transplant patients with PTLD (80).

However, in another renal transplantation study, mainte-
nance therapy with mTOR inhibitors significantly increased
the incidence of PTLD (34).

We believe that using one or more of these approaches
should result in a considerable reduction in the incidence
and/or risk of PTLD. However, we recognize that some of
these recommendations, particularly those related to screen-
ing and assessment, may be difficult to implement when there
are limited resources, for example, in developing countries.

Approaches to Reduce the Incidence of
Posttransplant Lymphoproliferative Disorders:
Research Agenda

A number of research opportunities for future consid-
eration were suggested.

(i) First, we propose evaluating the role of different immu-
nosuppressive drug groups in modifying the risk of
PTLD (e.g., mTOR inhibitors vs. calcineurin inhibitors
vs. belatacept vs. anti-thymocyte globulin agents). In
this context, the potential value of converting to
mTOR inhibitors should be investigated further. We
also recommend assessing the role of preemptive
treatment with rituximab in solid organ transplants,
which has already demonstrated efficacy in the treat-
ment of preexisting CD20-positive PTLD (81Y84).

(ii) Several other questions relating to immunosuppression
remain unanswered by the current data. Most notably,
why is the incidence of PTLD greater in liver transplant
recipients than in kidney transplant recipients (0.9%
vs. 0.6% (27)) when, in clinical experience, liver trans-
plantation tends to require a lower immunosuppressive
load than kidney transplantation? Another unanswered
question is the relationship between the timing of acute
rejection and its impact on PTLD. Further studies are
required to address these unresolved issues.

(iii) We also suggest that there may be a role for using
immunobiologic determinants to assess the degree of
immunosuppression in patients at a high risk of de-
veloping PTLD. In particular, we suggest considering
the following: (i) the value of monitoring EBV viral
load beyond the first year posttransplant; (ii) the role
of assays designed to monitor immune responses, such
as enzyme-linked immunospot assays designed to
measure anti-EBV cytotoxic lymphocyte responses,
or the ImmuKnow and T Cell Memory assays (Cylex
Inc, Columbia, MD) designed to monitor global and
EBV-specific CD4+ T-cell responses (85); and (iii) the
value of simultaneously monitoring the patient’s sta-
tus relating to CMV and other viruses, such as the
BK virus, as measures of overimmunosuppression.

(iv) With regard to the possibility of antiviral prophylaxis,
research is needed to establish the effectiveness of such
therapy and the optimal regimen (drug[s], dose,
treatment duration and drug levels). In this regard,
ganciclovir is a candidate agent because of its broad
viral coverage (4). It may prove valuable to also assess
the effect of antiviral prophylaxis on the development
of Kaposi’s sarcoma in the posttransplant setting.

(v) Finally, we advocate research into the potential role
of a pretransplant EBV vaccination (when available) in
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preventing PTLD and the role of intravenous immu-
noglobulin or anti-CMV immunoglobulin prophylaxis
in reducing the risk of PTLD, at transplantation or in the
early posttransplant period. With this approach, how-
ever, any potential benefits, which are yet to be proven,
must be carefully balanced against the considerable ex-
pense of these medications and any associated risks.
In conclusion, this multidisciplinary workshop has con-

cluded that more comprehensive classification criteria would
facilitate standardized reporting of cases of PTLD and im-
prove understanding of its etiologies in patients who have un-
dergone solid organ transplantation. We have highlighted
limitations in the evidence for risk factors for PTLD (which
may include EBV serostatus, age, race, organ type, and immu-
nosuppressive load) and have made recommendations on fu-
ture research targets. Finally, specific recommendations have
been made for prophylactic and preemptive strategies to min-
imize the development of PTLD, including modulation of im-
munosuppressive and antiviral drug regimens.
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