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1. Introduction

Posttransplant lymphoproliferative disorder (PTLD) is a rare but life threatening disorder
following both solid organ and hematopoietic stem cell transplantation. The disorder is
characterized by an uncontrolled proliferation of lymphocytes, caused by medication
induced diminished immune surveillance. From a pathological point of view PTLD has a
broad and heterogeneous spectrum of appearance, ranging from a benign condition to frank
lymphoma. Although not required for diagnosis of PTLD, Epstein Barr virus (EBV) plays a
major role in the pathogenesis of the majority of PTLDs. Currently the gold standard in
diagnosis of PTLD remains biopsy with histopathologic examination to categorize every
case according to the World Health Organization 2008 classification. Similar to its
heterogeneous presentation treatment options are diverse and may include preventive,
preemptive, curative and palliative approaches. However, the backbone of all PTLD
therapies —except maybe for real palliation- should be (partial) reconstitution of the immune
system.

2. Posttransplant malignancies

Historically long term follow up of solid organ recipients was limited by low graft and
patient survival, mainly due to rejection and infectious complications. However, due to
improvement in care and cure of these problems, as well as permitting increased donor and
recipient age, posttransplant malignancies and cardiovascular disorders have emerged as
the most important long term complications. The incidence of malignancies in solid organ
transplant patients is estimated to be 20% following 10 year of chronic immunosuppression.!
Skin cancer and lymphoproliferative disorders are the two most frequent malignancies in
this specific patient population. Besides these two malignancies transplant patients are
vulnerable to many other neoplasms.2 These can occur de novo, can be a consequence of the
underlying condition leading to transplantation or -in rare cases- can be transmitted by the
donor.? Screening, early detection and staging have become an essential part of
posttransplant management, given the good prognosis associated with in situ or low grade
malignancies. Besides classical prevention including nicotine withdrawal and ultraviolet
protection is essential.l
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3. Incidence

The incidence of PTLD varies according to the type of organ transplanted. Compared to
heart, lung and intestinal transplantation, incidence of PTLD in kidney transplant recipients
is relatively low and is estimated to be 1-1.5% .4 However, due to the high kidney transplant
activities, the absolute number of PTLD is probably the highest in kidney transplant
recipients. Lacking large prospective trials, retrospective single center studies and registry
databases have been the major source of information in collecting epidemiology, incidence,
(patient, disease and treatment related) characteristics and outcome data on PTLD. The main
advantage of single center retrospective analyses is the provision of more detailed
information (for example EBV status, specific information on immunosuppressive
regimens,...), although the number of included patients is rather small. Transplant registries
on the other hand provide information on a larger number of patients, but this information
is mostly very limited and depends on the goodwill and the correct registration of the
physicians and transplant coordinators. Information from large population based cohort
studies indicate that standardized incidence ratios (SIR), reflecting the ratio between
observed and expected cases, in solid organ recipients approach 10 in non Hodgkin
lymphoma and 3.5 in Hodgkin lymphoma.>¢ Initially the highest incidence was reported in
the first year following transplantation (‘early onset PTLD’), although currently ‘late onset
PTLD’ is diagnosed more frequently, probably due to the improved survival of transplant
patients and to increased awareness. Because of the above described limitations of registries
incidence data are best derived from small single center series. However it seems that
complete and standardized nationwide prospective data registry is mandatory to permit
more precise estimates on incidence of PTLD in the transplant population.

4. Risk factors

Risk factors associated with occurrence of PTLD following SOT are multiple, as shown in
table 1.

EBV status at time of transplantation (donor negative/recipient positive)

Type of transplanted organ

Intensity /duration of immunosuppressive therapy
Underlying disorder

Infectious agents other than EBV (CMV?, HCV?, ...)
Age of donor and recipient

Number and severity of rejection episodes
Cytokine gene polymorphisms

HLA alleles/haplotypes/mismatches/antibodies

Table 1. Risk factors for development of PTLD
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4.1 EBV mismatch

The most important independent risk factor is pre-transplantation EBV mismatch (recipient
seronegative/donor seropositive), leading to a 10-75 times greater incidence of PTLD
compared to EBV seropositive recipients. As EBV seroconversion positively correlates with
increasing age, the higher incidence of EBV mismatch in pediatric transplant procedures
may explain the higher incidence of PTLD in childhood.” Although transplant patients with
EBV mismatch are especially prone to occurrence of early PTLDS, EBV seronegativity
remains a risk factor after one year following transplantation.?

4.2 Type of organ transplantation

As already mentioned before, another major risk factor comprises the type of transplanted
organ. Incidence of PTLD is highest in heart-lung and multivisceral transplantation (up to
20%), followed by liver (4.5%), heart and lung (2.5%), pancreas (2%), kidney (1-1.5%) and
finally matched related and unrelated hematopoietic stem cell transplantation (0.5-1%).4 In
a retrospective analysis of the Collaborative Transplant Study (CTS) database relative risk
(RR) was highest in heart-lung transplantation (RR 239.5) and lowest in kidney transplant
recipients (RR 12.6).10 The reason for these differences are largely unknown. Possible
hypotheses include the fact that high risk transplantations require more profound
immunosuppression and contain large amounts of lymphoid tissue, leading to increased
risk for EBV infection.4

4.3 Immunosuppressive regimen

A third important risk factor is the use of potent and prolonged immunosuppressive
medication used to prevent or treat graft rejection. Taken together the risk for developing
PTLD seems to be correlated with the cumulative intensity of immune suppression, leading
to decreased viral and malignant surveillance. In this way repeated episodes of acute
rejection increase the risk of PTLD.2 However, measuring the cumulative
immunosuppressive intensity is not easy. Firstly, transplant protocols almost always use
combination therapy, making the determination of each drug separately very difficult.
Secondly, registration of dose modifications/interruptions during the posttransplant period
requires a major effort and consequently registration of these activities is very poor. Thirdly,
besides maintenance therapy induction and repeated episodes of anti-rejection therapies
might influence the risk of PTLD. Finally, no single laboratory test exists measuring the total
amount of immunosuppression in a patient.! Due to these difficulties in determining the
overall role of immunosuppression, interest has largely shifted to identification of the role of
specific immunosuppressive medication.

4.3.1 Calcineurin inhibitors

Currently data on a possibly increased risk of calcineurin inhibitors (CNI) are very
controversial. Although structurally unrelated to cyclosporine A, tacrolimus” mechanism of
action is similar with inhibition of calcineurin and subsequent of Interleukin 2-production
being the common pathway.2 However, the immunosuppressive activity of tacrolimus
seems to be stronger compared with cyclosporine A, leading to improved kidney graft
survival and prevention of rejection at 1 year.!3 These stronger immunosuppressive
properties seem to be translated in a higher risk for development of PTLD. In their CTS
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database Opelz et al found a statistical significant increased cumulative incidence of PTLD
in patients receiving combination therapy with tacrolimus and mycophenolate mofetil
(MMF) or azathioprine compared with patients on cyclosporin A and MMF or
azathioprine.l0 This increased risk of tacrolimus compared to cyclosporin A was confirmed
in a United States cohort of kidney recipients, but only in case no induction therapy was
given!4, and in a Organ Procurement and Transplant Network/United Network for Organ
Sharing (OPTN/UNOS) registry study, though the difference didn’t reach statistical
significance in this last trial.’> On the other hand Pirsch et al didn’t find a difference in
PTLD incidence in a prospective randomized study comparing both CNI following kidney
transplantation. However, as the follow up in this study was only one year no real
conclusions can be made.l® An important characteristic of CNI is their ability to enhance
production of transforming growth factor p1 (TGFB-1). Together with the finding that
cyclosporin A can cause impaired DNA repair, a direct oncogenic effect might contribute to
the occurrence of malignancies in patients treated with CNI.17-19

4.3.2 Antimetabolites

Azathioprine is a purine analogue which is, following metabolisation and conversion to
different compounds, incorporated into replicating DNA.20 In prevention of renal graft
rejection it is largely replaced by MMF, which has been proven to be more effective than
azathioprine in the prevention of allograft rejection.2?’. MMEF is converted in the liver to its
active compound mycophenolic acid, which blocks inosine monophosphate dehydrogenase,
disturbing DNA synthesis.20 Azathioprine has well known synergism with ultraviolet
radiation in carcinogenesis, leading to increased risk of skin cancers.22 Besides the drug also
induces mutagenesis due to DNA mismatch repair deficiencies, explaining also the
observed increase of therapy related acute myeloid leukemia/myelodysplastic syndrome.?3
In contrast to azathioprine, several studies have shown that MMF is not associated with an
increased risk?#25 and even with a reduction in the number of PTLDs following kidney
transplantation.426 However, in the CTS report incidence of PTLD was similar irrespective
of the use of azathioprine versus MMF.10 As already discussed above combination with
tacrolimus was associated with an increased risk compared to combination with cyclosporin
A.10

4.3.3 Mammalian target of rapamycin inhibitors

Mammalian target of rapamycin (mTOR) inhibitors display their activity by blocking the
serine-threonine kinase mTOR.27 Currently two of these proliferation signaling inhibitors
(PSI) are used in organ transplantation, namely sirolimus and everolimus. Apart from its
immunosuppressive  properties, mTOR inhibitors also possess antiproliferative
characteristics, making their use very attractive especially in high risk patients and in CNI-
free regimens.28-30 However, in a recent retrospective study in kidney transplant patients
maintenance therapy was associated with higher PTLD incidence.?! In addition Mathew et
al performed a multicenter analysis of renal transplant patients receiving sirolimus as base
therapy or as maintenance. Although the two-year incidence of malignancies, especially skin
cancer, was significantly lower, the risk of developing PTLD was increased in comparison
with classical immunosuppressive therapy, especially when high dose sirolimus (5 mg/day)
was given.32
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4.3.4 Polyclonal T cell depleting antibodies

Initially used in the treatment of acute rejection following organ transplantation and of
graft-versus-host disease after bone marrow transplantation, the use of anti-lymphocyte and
anti-thymocyte globulins (ALG/ATG) has shifted to the prevention of both severe
complications of transplantation. These antibodies bind to different antigens, not only on T
cells but also on most other immunological players, although exact mechanism of action has
not been fully understood yet.33 The use of ATG was found to increase the risk for PTLD in
hematopoietic stem cell transplantation34, however its role in solid organ transplantation is
less well established. In most registry studies there is a clear association between the use of
ATG and the occurrence of PTLD.101431 On the other hand Hardinger et al recently
published the results of a small but prospective, randomized, double-blind study in kidney
transplant recipients comparing induction therapy with rabbitATG (Thymoglobulin) and
horseATG (ATGAM). With 10 years follow up the composite primary endpoint of freedom
from death, graft loss or acute rejection was significant higher in the Thymoglobulin-group.
Importantly no patients in the Thymoglobulin group (n=48) and two in the ATGAM group
(n=24) were diagnosed with PTLD.% In another registry study Dharnidharka et al found an
increased risk in kidney transplant recipients treated with horseATG, but not with
rabbitATG, although the follow up in the latter group was significantly shorter.3¢

4.3.5 Monoclonal T cell depleting and non-depleting antibodies

Muromonab CD3 (= OKT3) is a murine monoclonal antibody directed against the CD3
antigen on the surface of human T cells.3” In their CTS study Opelz et al reported a higher
incidence of early PTLD in patients receiving induction therapy with OKT3 or ATG.10
However, other studies failed to show an association between OKT3 induction and PTLD.37
Mainly due to xenosensitisation, pulmonary toxicity and to its relationship with
malignancies, its use has been largely replaced by polyclonal or other monoclonal
depleting/non-depleting antibodies.

Alemtuzumab is a humanized rat monoclonal antibody directed against the CD52 antigen.
This antigen is expressed on the surface of peripheral blood lymphocytes, natural killer cells,
monocytes and macrophages.3 Because of the depletion of both B- and T-cells alemtuzumab
possesses a theoretical advantage of reduced B cell mass and hence protection against (EBV
related) B cell proliferation. Although data on the association between alemtuzumab
induction and PTLD in kidney transplant recipients are limited, there seems to be no
association.?40 This was confirmed in a UNOS registry study comparing no induction,
depleting and non-depleting induction therapy.3!

Based on decreased acute rejection rates anti-interleukin-2 receptor (CD25) monoclonal
antibodies have emerged as an important part of immunosuppressive regimens in kidney
transplant recipients due to selective depletion of activated T cells. Basiliximab is a chimeric
antibody, whereas daclizumab is humanized.#! In a study using data from the Scientific
Registry of Transplant Recipients Bustami et al found a significant increased adjusted
relative risk for PTLD using basiliximab or daclizumab.*2 However, other registry studies
failed to find an association between anti-CD25 induction therapy and risk for PTLD,
leading to the general assumption that basiliximab and daclizumab do not increase the risk
for PTLD.10 Magliocca et al retrospectively compared induction therapy with alemtuzumab
and basiliximab in combined pancreas-kidney transplantation, but found no difference of
PTLD occurrence in the first two years following transplantation.*3
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4.3.6 Co-stimulation blockade.
For their activation, T cells require two signals. Signal 1 represents interaction between the T

cell receptor (TCR) and major histocompatibility (MHC) complex on an antigen presenting
cell (APC). Co-stimulation signaling (signal 2), also achieved by interactions between APCs
and T-cells, is obligatory for complete activation of the T cell. In the absence of this signal, T
cells will fail to proliferate and will finally become apoptotic or anergic. Of these signal 2
interactions, those between B7 (CD80 and CD86) and CD40 [APC] and CD28 and CD40L
(CD154) [T cells] respectively seem to be the most important for T cell activation. After
CD28 has delivered a signal for T cell activation, CTLA4 (cytotoxic T-lymphocyte-
associated antigen 4) is transiently upregulated on T cells. This molecule is a negative
regulator of T-cell activation by inhibiting binding of CD28 to CD80 and CD86, due to its
higher affinity compared with CD28.44

Inhibiting of this co-stimulation signal has become a promising approach in both
autoimmune disorders and transplantation, leading to two phase III trials (BENEFIT and
BENEFIT-EXTENT) comparing the selective co-stimulation blocker belatacept and
cyclosporin A in kidney transplant recipients. Belatacept is a human fusion protein
combining the extracellulair domain of CTLA4 with the constant-region fragment (Fc) of
human IgG1. In both trials patients treated with betalacept-containing immunosuppression
had an increased incidence of PTLD. Interestingly, in the BENEFIT-EXTENT study 4 of 5
PTLD cases showed central nervous system involvement. Risk factors for PTLD included
EBV seronegativity pre-transplantation and the use of a more intensive regimen of
belatacept.454¢ The former finding has led to the recommendation to abandon the use of
belatacept in patients with a seronegative EBV status before transplantation.#” In another
phase I/II trial with efalizumab, targeting CD11la, the alpha subunit of lymphocyte
function-associated antigen-1 (LFA-1), 3 out of 38 kidney transplant recipients receiving
combination therapy with high doses efalizumab and cyclosporine A were diagnosed with
PTLD.48

In summary we can conclude that currently no firm conclusion can be made for individual
contribution of these different drug classes with respect to the risk for PTLD, although use
of monoclonal anti-CD3, polyclonal anti-thymocyte antibodies (ATG) and possibly some
new and potent agents seem to be associated with an increased risk in most studies, whereas
mycophenolate mofetil, monoclonal anti-CD52 and anti-IL2-R-antagonists probably are not.
However, taking into account the increasing number of late onset PTLD, cumulative
intensity seems to influence the risk mostly.

4.4 Other risk factors

Many other risk factors have been described and proposed. However their exact
relationship with development of PTLD is less established in comparison to the above
discussed factors.

Although the role of patient related risk factors including age, gender and race have been
described, literature results are too conflicting to draw any conclusion at this moment.
Underlying immunodeficiency disorders, especially primary immune deficiency (PID) and
autoimmune hepatitis leading to hematopoietic stem cell and liver transplantation
respectively, seem to be associated with increased risk for development of PTLD.4%50 The
main reason for this probably is the prolonged (disease or treatment related) pre-
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transplantation immune compromised situation. In renal transplantation no such
association has been found. Whether end stage renal disease (ESRD) and subsequent need
for renal replacement therapy (RRT) contribute to the PTLD risk following kidney
transplantation was investigated in a large population based Australian cohort study,
comparing cancer SIRs for patients with ESRD before RRT, patients on RRT and transplant
patients. Because SIRs for most cancers, in particular lymphoproliferative disorders, were
not increased in the ESRD and RRT groups, the risk of PTLD seems to be associated mainly
by the iatrogenic immunosuppression posttransplant.5

About 80-85% of the PTLD cases are associated with EBV primary infection or reactivation
(described in ‘Pathogenesis’).# The pathogenesis of the remaining 15-20% is less clear. These
EBV negative cases have the tendency to occur late following transplantation. Possible
explanations include involvement of other infectious agents or loss of EBV during PTLD
evolution (‘hit and run’ hypothesis).5! This hypothesis is supported by the description of
Burkitt and Hodgkin lymphoma cases who seem to lack expression of EBV genes, but still
have fragments of EBV DNA.2 Different viruses have been identified as important
contributors of lymphomagenesis, both in immunocompetent and immunosuppressed
patients. Although Hezode et al reported on a possible higher incidence of PTLD in liver
transplant patients with underlying hepatitis C cirrhosis5, this finding could not be
confirmed in a recently published large cohort study in solid organ transplant recipients.>
Cytomegalovirus (CMV) is another virus which has been suggested as potentially PTLD-
inducing virus in some single center studies, yet the number of cases are very small and
currently there is no hard evidence to support its role in PTLD.5557

Despite different cohorts of patients receive a similar cumulative intensity of
immunosuppression, only a minority of patients will develop PTLD, pointing to a possible
role of genetic susceptibility. In this way different authors have shown an increased risk for
PTLD associated with cytokine gene and cytokine receptor gene polymorphisms including
Tumor Necrosis Factor-a, Interferon-y, Interleukin-10 and Transforming Growth Factor-[3.58-
60 Although the use of these molecular techniques currently is not applicable in daily
practice, they might become useful in predicting the risk for PTLD. However, recent data on
some previously described predictive cytokine receptor gene polymorphisms were not able
to confirm these findings.6!

Given the important role of the Human Leucocyte Antigen (HLA)-system in transplantation
immunology, its predictive role in development of PTLD has been suggested. Most evidence
has derived from small patient populations with isolated, but not confirmed findings
supporting the contribution of specific donor/patient HLA alleles, HLA haplotypes, HLA
mismatches and pre-existing HLA-antibodies in the development of PTLD in transplant
recipients.6264 Clearly, larger studies are needed to further clarify this complex association.

5. Pathogenesis

The pathogenesis and biology of PTLD is complex and multifactorial, as reflected by the large
heterogeneity in time of occurrence and clinical and pathological presentation. In the majority
(80-85%) of cases onset of PTLD is Epstein Barr virus (EBV) driven, leading to uncontrolled B-
cell proliferation due to deficient cellular immune response. EBV is a herpesvirus, infecting
more than 90% of the world population worldwide. Following primary infection, the virus
persists in the host during the whole life mostly without harmful effects. However, EBV has
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the capacity to transform B cells, resulting in different lymphoproliferative disorders, in
particular Burkitt non Hodgkin lymphoma, Hodgkin lymphoma and PTLD.¢

The pattern of different viral gene expression used by EBV is called the growth program.
These genes encode for different functional homologues of B-cell factors involved in cell
cycle regulation, inhibition of apoptosis and signal transduction.® In this way EBV is able to
use the normal B cell program and promote proliferation and transformation of these cells.t
In healthy persons EBV is kept in a silent state in memory B cells without expressing any
viral protein, corresponding with latency program (type 0). Based on the gene expression of
different EBV-encoded genes, other growth programs can be seen (table 2). In Burkitt
lymphoma the majority of EBV positive cases show a highly restricted latency I program of
infection (Epstein Barr nuclear antigen-1 = EBNA-1 only program), whereas EBV positive
Hodgkin lymphoma 1is characterized by a type II latency (default) program.
Lymphoproliferative disorders occurring in immunosuppressed patients (PTLD and some
HIV related lymphomas) most often express the latency III (growth) program, although
other gene expression patterns have been described in PTLD.6567 Latency III program is
critical for B cell activation and transformation, which becomes uncontrolled if not inhibited
by cytotoxic T cell activity.®8 This explains why reduction of immune suppression, leading to
(partial) restoration of immune control, is considered the first and most important
therapeutic intervention, especially in early (EBV positive) PTLD cases.

Transcription program EBV genes expressed m

Peripheral blood memory

Type 0 (latency) None B cells (healthy persons)
Type I (EBNA-1 only) EBNA-1 Burkitt NHL
Type II (default) EBNA-1, LMP-1, LMP-2A Hodgkin lymphoma

EBNA-1 till -6, LMP-1,

LMP-2A, LMP-2B PTLD

Type III (growth)

Table 2. EBV transcription programs in human lymphoproliferative disorders

Another important mechanism in the pathogenesis of PTLD is situated at the graft organ
level. Chronic antigen stimulation of recipient B cells by donor antigens may give rise to B
cell proliferation and PTLD in case of inadequate immune surveillance. On the other hand,
donor lymphoid cells (especially in organ transplantation with a high lymphoid load such
as lung, bowel and liver transplantation) may be exposed to chronic recipient derived
antigen stimulation, leading to donor lymphoid cell proliferation in a tolerant
environment.® These cases of donor derived PTLD are characterized by early presentation
and are often limited to the allograft, in contrast to the more frequent recipient derived
PTLD occurring later and disseminated at presentation.”

6. Symptoms

The clinical presentation of patients with PTLD is very variable, ranging from an
asymptomatic finding to fulminant general deterioration rapidly evolving into multi organ
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failure. Differential diagnosis with graft rejection (in case of graft involvement) and infectious
complications/sepsis (in case of symptomatic disseminated disease) may be very difficult.
Children may present with painful throat, fever and adenopathies resembling an infectious
mononucleosis-like picture with tonsilla and Waldeyer ring involvement. Besides classical
nodal involvement with or without B symptoms, PTLD is characterized by a high incidence of
extranodal invasion, including bone marrow and central nervous system (CNS) involvement.”
Although initially a high incidence (15%) of primary and secondary CNS lymphoma was
described in PTLD patients?2, recent reports show incidences between 5 and 13%.73-75

As already discussed above early PTLD may have a different presentation compared to late
PTLD with more frequently positive EBV state and involvement of the allograft.70.76.77

7. Diagnosis

The gold standard in diagnosis of PTLD remains biopsy with histopathologic examination,
although cytological preparations may also be useful, especially in case of effusion
lymphoma. According to the current World Health Organization (WHO) PTLD is a subtype
of ‘Immunodeficiency associated lymphoproliferative disorders’, in close correlation with
other Primary Immune Deficiency (PID), Human Immunodeficiency Virus (HIV) and
Methotrexate-associated lymphoproliferative disorders.”

In addition to morphological examination of the biopsy immunohistochemical analysis with
at least CD3 and CD20 staining to differentiate between B cell and T cell origin is necessary
in the evaluation of suspected PTLD. Other markers, including CD15, CD30, CD38, CD138
and MUM1 may provide additional information in case of rare subtypes. Cytogenetic and
molecular analysis may provide important information on the monoclonal nature of the
disorder and may help in understanding the biology of PTLD by analyzing oncogenes and
tumor suppressor genes. Finally presence or absence of EBV should be demonstrated in all
cases, which can be done by different techniques. EBV Early RNA (EBER) in situ
hybridization is the preferred method as EBER transcripts are abundantly present, show
relative stability and are expressed in all types of latency. Alternatives include
immunoperoxidase staining for EBV Latent Membrane Protein 1 (LMP-1) or the use of
Epstein Barr nuclear antigen-2 (EBNA-2) antibodies. However, LMP-1 and EBNA-2 are not
expressed in all latency types, leading to false negative results.”

Based on morphological and immunohistochemical findings the WHO distinguishes four
major categories of PTLD, ranging from polyclonal early lesions to aggressive monoclonal
lymphoproliferative disorders resembling the broad spectrum of typical lymphomas
occurring in immunocompetent persons (figure 1).78

7.1 Early lesions

Two typical early lesions have been recognized by the WHO: plasmacytic hyperplasia and
infectious mononucleosis-like lesions. These abnormalities are characterized by a
preservation of the underlying architecture of the tissue involved. They typically occur early
(within one year) following transplantation and the large immunoblasts are infected with
EBV, as shown by EBV Early RNA (EBER) in situ hybridization or EBV Latent Membrane
Protein (LMP)-1 staining. These lesions are considered the first morphological changes in
PTLD and their benign characteristics have been confirmed by the absence of oncogene or
tumor suppressor gene mutations.
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A-D. Early lesion, plasmacytic hyperplasia. A. H&E low power view. Preserved lymph node
architecture. B. High power view shows numerous plasma cells. C. Plasma cells stain with
CD138/syndecan. D. EBER in situ hybridisation shows small amount of positive cells.

E-G. Polymorphic PTLD. E. Low power view shows disturbed lymph node architecture. F. Higher
power shows a polymorphic infiltrate composed of plasma cells, lymphocytes (small, medium-sized,
large and Reed-Sternberg-like). G. EBER ISH shows numerous positive cells.

H-I. Monomorphic PTLD. H. Diffuse proliferation of large atypical cells. I. CD20 staining shows their B-
cell origin (Courtesy to Prof Thomas Tousseyn).

Fig. 1. Morphology and immunohistochemistry of PTLD

7.2 Polymorphic PTLD
This subtype is characterized by a mixed lymphoproliferation consisting of a large spectrum

of different cells like immunoblasts, mature plasma cells and intermediate sized lymphoid
cells. Different specific features including atypia, necrosis and mitotic figures may be seen in
the biopsy. Immunophenotyping, which has no real value in early lesions, shows a variable
mixture of both B and T cells. In most cases this subtype is EBV related as well. In contrast to
early lesions clonal abnormalities may be present, reflecting the transition to malignant
transformation.
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7.3 Monomorphic PTLD

This subtype is characterized by architectural and cytological abnormalities which can
impossibly be distinguished from lymphomas occurring in immunocompetent patients.
Similar to classical lymphoproliferative disorders they can be subclassified in B-, T- and NK-
cell non Hodgkin lymphoma (NHL). Although not always present, most of the
monomorphic PTLDs seem to be EBV driven as well. Besides the clear monoclonal
appearance, additional mutations in oncogenes (N-Ras, c-Myc,...) and tumor suppressor
genes (p53,...) are not uncommon.

In the majority of cases monomorphic PTLD has a B-cell phenotype, with diffuse large B cell
lymphoma (DLBCL) being the prototype. Although immunoblastic, centroblastic and
anaplastic DLBCL have been described, the clinical significance of these morphological
subtypes is not entirely clear. However, being CD20 negative, anaplastic DLBCL may confer
a poor prognosis given the fact that anti-CD20 therapy cannot be used. Other types of B-
PTLD include Burkitt(-like) NHL, plasmablastic NHL and plasma cell myeloma, which can
be EBV driven as well.

In contrast to B-PTLD T/NK lymphomas are rather rare following transplantation. Most T cell
cases do not show positive EBV staining, although EBV positive cases have been described.
Possible explanations for this last finding include expression of CD21 or other not yet
identified receptors leading to EBV infection. The largest series of T- and NK-PTLD, including
130 cases, has been described by Swerdlow et al with 69% occurring after kidney
transplantation. Different subtypes were identified including peripheral T cell lymphoma,
unspecified (PTCL,U), hepatosplenic gamma-delta T cell lymphoma (HSGDTCL) and
anaplastic large T cell lymphoma (ALCL). Most cases occurred late following transplantation
and only 37% of the cases were EBV positive. The prognosis was very poor with overall
survival of only 6 months, although EBV positive cases tended to have a better outcome.8

7.4 Hodgkin lymphoma / Hodgkin-like lymphoma

Although this subcategory constitutes only a very small proportion of PTLD, population based
cohort studies have shown SIRs of 3.5 for Hodgkin lymphoma following solid organ
transplantation56, with the risk being even higher after bone marrow transplantation.s!
Despite most evidence is based on case reports and smaller case series HL-PTLD is mostly
EBV related and is associated with a better prognosis compared to other subtypes of PTLD.828
Whether there is a difference between monomorphic Hodgkin lymphoma (HL) and
polymorphic Hodgkin-like lymphoma (HLL) following transplantation is not entirely clear.
In an overview of the literature on this topic Semakula et al described different clinical,
immunophenotypic and molecular features of both subtypes, with HLL behaving more
aggressively and probably requiring a NHL-therapeutic approach, whereas real HL may be
treated in the same way as classical HL.84

Although the WHO 2008 classification provides an important framework in correct diagnosis,
some problems remain. Firstly, apart from these four categories other lymphoma subtypes
have been reported following transplantation, though these have not been included in the
current WHO classification. Aull et al described 16 cases of marginal zone lymphoma
following solid organ transplantation. The majority of these lymphomas showed gastric
localization, occurred late and were associated with Helicobacter pylori positivity (and not
EBV). Treatment of most cases included reduction of immunosuppression and helicobacter
pylori eradication therapy, leading to excellent disease control and prognosis.8> It can be
expected that, due to improved survival and to increasing age of transplant recipients, more
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indolent lymphoproliferative disorders will occur in the transplant population. Whether these
lymphomas should be considered real PTLD or only reflect an ageing population needs to be
explored further.8¢ Secondly it's important to stress that progression or recurrence of a
lymphoproliferative disorder already existing before transplantation, does not fulfill criteria
for PTLD.#7 Finally, it's clear that not all cases are easily classified in the well known
lymphoma categories, reflected by the finding of several “grey zone lymphomas”.

8. Staging

Once the diagnosis of PTLD has been established staging examinations need to be
performed in order to exactly define the extent of involvement of lymph nodes and organs,
including the allograft itself. Staging tools are comparable to those used in classical
lymphomas with computed tomography (CT) scan, magnetic resonance imaging (MRI) of
the brain and bone marrow examination being of great importance. The staging system most
used in lymphoma is the Ann Arbor Classification (table 3).88 However, as extranodal
involvement is a frequent feature of PTLD and because CT is not able to discriminate
between vital and non-vital tumor lesions, CT scan may not be the most appropriate staging
tool. Besides, the use of intravenous contrast may be relatively contra-indicated in kidney
transplant recipients with compromised renal function. These drawbacks have lead to
emerging interest in the use of 18fluorodexyglucose- positron emission tomography (FDG-
PET) scan. FDG-PET is a functional imaging technique which allows characterization of
metabolic active tissues by demonstration of elevated FDG-uptake in these tissues (figure 2).
Last decade the use of FDG-PET has shown impressive results in detection and staging of
several lymphoma subtypes, especially aggressive lymphomas. Besides FDG-PET can be
used for response evaluation and follow up. However, as PET scan lacks anatomic detail
due to its poor resolution, a combined approach of PET and CT has been developed for both
staging and response assessment purposes. Till now, experience with PET with or without
CT imaging in PTLD has been limited to rather small retrospective single center experiences.
Taken together these reports reveal that PET scan may have a high sensitivity for the
detection of PTLD lesions, although PET scan has shown a low accuracy in low grade
lymphomas and is not the preferred examination in case of suspicion of central nervous
system (CNS) localization. In the latter situation MRI of the brain and cytological
examination of cerebrospinal fluid should be performed.

Stagel  Involvement of a single lymph node region (I) or one extralymphatic site (IE).

StageIl Involvement of two or more lymph node regions, at the same side of the
diaphragm (II) or local extralymphatic extension plus one or more lymph node
regions at the same side of the diaphragm (IIE).

Stage III Involvement of lymph node regions on both sides of diaphragm (III) which
may include the spleen (IIIS) or accompanied by local extralymphatic extension
(IIlg) or both (IIIES).

Stage IV  Diffuse or disseminated involvement of one or more extralymphatic organs or
sites, with or without associated lymphatic involvement.

Each stage number is followed by either A (absence of B-symptoms) or B (presence of B-symptoms:
unexplained weight loss > 10% baseline during 6 months before, unexplained fever > 38°C, night sweats).

Table 3. Ann Arbor staging system for lymphoproliferative disorders
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Fig. 2. Role of PET scan in staging and follow up

A. Heart transplant recipient diagnosed with PTLD subtype DLBCL. Pet scan shows
lymphoma localisation left axilla, lung bilateral and small intestine. This scan illustrates the
increased incidence of organ involvement in PTLD compared to findings in lymphoma in
immunocompetent patients. B. PET scan shows a complete metabolic remission following
reduction of immunosuppression and four administrations of rituximab (Courtesy to Dr
Lieselot Brepoels).

9. Prevention

The often very aggressive presentation and the poor prognosis of PTLD has led to an
increased interest in adequate prevention of the disorder. At this moment many centers,
similar to the intensive viral monitoring following allogeneic stem cell transplantation,
advocate the use of EBV viral load monitoring as a tool to initiate pre-emptive therapy in
case of rapid increase of the viral load. Classical EBV serology (anti-Viral Capsid Antigen
[VCA] IgM and IgG, EBV-EA and EBNA) is not reliable in patients with a dysfunctional
immune system, in particular transplant recipients.8? In this patient population viral load
measurement by quantitative polymerase chain reaction (PCR) is a much more reliable test.
During the last decades many authors have reported their experience with serial EBV viral
load monitoring, both in adult and pediatric solid organ transplant recipients (as reviewed
in ref 90 and 91).9091 Although these series confirm the utility of serial monitoring in
prevention of PTLD, the results need to be analyzed with caution.

Firstly, most results are derived from retrospective single center studies, often mixing
different populations.

Secondly, there is a huge heterogeneity in methods, cut off values and source of samples
(whole blood versus plasma versus peripheral blood mononuclear cells). In a prospective
single center study Tsai et al compared PCRs with different gene targets (EBNA, EBER and
LMP) and different sample sources (plasma and lymphocytes) in lung transplant patients.
Free plasma EBNA PCR showed the highest specificity and positive predictive value,
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making this test useful in identification and monitoring of patients with EBV-related PTLD.
However, the whole PCR panel was needed to rule out the presence of EBV-related PTLD.%2
Finally, pre-emptive decisions are very variable between different centers, ranging from
more intensive monitoring to reduction of immunosuppression and antiviral therapy to
monoclonal anti-CD20 therapy.

In order to improve positive predictive value of EBV viremia, some authors propose to
combine EBV PCR with measurements of T cell immunity like absolute lymphocyte count
(<300/mm?®) or the absence of EBV-specific CD8-positive cytotoxic T cells. However, these
combinations have not been validated in larger series yet.?% Another approach may be the
combination of EBV viral load and use of cytokine polymorphisms, as shown in a study in
pediatric liver transplant recipients.

In addition other, but less used, preventive tools include incorporation of cytokine
measurements. Elevated Interleukin-6 (IL-6) levels have been associated with the occurrence
of PTLD following solid organ transplantation, whereas a strong correlation has been found
between IL-10 and EBV viral load.%97

10. Treatment

As development of PTLD is the consequence of an imbalance between immunosuppression
and immunosurveillance, different approaches can be made in the treatment of the disorder.
These approaches include improving reconstitution of the immune system, targeting the
uncontrolled proliferation of malignant B cells and decreasing (EBV) viral load.”
Unfortunately treatment for PTLD is largely based on retrospective data with only few
prospective and no randomized trials being performed till now. As a consequence formal
recommendations are lacking and currently treatment is largely physician or transplant
center dependent.

Taking into account that PTLD is always associated with a high degree of
overimmunosuppression, the most important therapeutic intervention seems to be
reduction of immunosuppression, leading to (partial) cellular (EBV specific) immunity
reconstitution. However, in many cases this is insufficient and further therapy is needed.
The spectrum of therapeutic options, including antiviral therapy, cytokines and
chemotherapy, recently has been expanded with the use of monoclonal anti-B cell antibodies
and EBV specific immunotherapy. In this chapter we will review the different currently
used and future therapeutic options.

10.1 Restoration of the immune system

10.1.1 Reduction of immunosuppression

Reduction of immunosuppression (RIS) has been considered standard therapy in PTLD
following kidney (and other types) transplantation allowing reconstitution of the immune
system, in particular EBV-specific cytotoxic lymphocyte response.? Although no consensus
has been reached, most transplant physicians agree to stop antimetabolites, reduce the
calcineurin inhibitor dose with 50% and continue treatment with steroids.190 It seems
appropriate to re-evaluate two to four weeks following initiation of RIS, if the clinical
situation doesn’t oblige urgent treatment. Response rates to RIS alone in PTLD have a very
wide variation ranging from almost no response to response rates exceeding 50%. This
heterogeneity reflects the lack of standardization with respect to duration of RIS before re-
evaluation, response criteria and reduction regimen. Reshef et al recently published their
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experience with RIS alone in 67 solid organ transplant recipients diagnosed with PTLD.
Overall response rate was 45%, including 37% complete responses. The authors conclude
that RIS alone might be a useful therapy in low risk PTLD patients as the presence of bulky
disease (> 7cm), advanced stage (Ann Arbor III-IV) and higher age (> 50 year) were
independently associated with lack of response to RIS.101 In a recent prospective trial
however, examining the use of sequential RIS, interferon-a-2B and chemotherapy in 16
PTLD patients following SOT, RIS was associated with an overall response rate of 6%
without any complete remission, even though acute graft rejection was seen in one third of
the patients. Half of the patients showed progressive disease during the period of RIS.102
The main problem associated with RIS is rejection of the allograft. In contrast to heart- and
lung transplantation kidney recipients can still be rescued by hemodialysis, explaining the
tendency for more aggressive RIS in kidney transplantation compared to other types of
organ transplantation. Whether immunosuppressive therapy can be safely reduced during
chemotherapy was recently addressed in a retrospective analysis of 58 kidney transplant
recipients. A significant improvement in renal function was observed in patients treated
with RIS followed by CHOP chemotherapy with or without rituximab, reflecting the
immunosuppressive properties of chemotherapy.l%® However, the question whether
immunosuppression can be disrupted completely during chemotherapy remains
unanswered. Even if immunosuppression is discontinued during chemotherapy, a reduced
dose is re-initiated after termination of the chemotherapy in most centers.

Proliferation signaling inhibitors (PSI) or mammalian target of rapamycin (mTOR) inhibitors
(sirolimus, everolimus) possess a unique combination of both immunosuppressive and anti-
proliferative properties. From a theoretical point of view they may show superiority in the
treatment of malignancies in transplant recipients, which was confirmed in small single
center trials.2810¢ However, as stated before, maintenance therapy with PSI might be
associated with increased risk for PTLD.3132

10.1.2 Adoptive immunotherapy

The use of EBV specific cytotoxic lymphocytes (CTLs) is another attractive option to induce
EBV specific cellular immune response.t568 This type of adoptive immunotherapy was first
described in the early 1990s in patients with EBV related PTLD following hematopoietic
stem cell transplantation. In contrast to PTLD following SOT, in which the disorder mostly
arises in recipient lymphocytes, hematopoietic stem cell related PTLD mostly derives from
donor cells. In this way donor lymphocyte infusions were given to evoke an EBV-specific
response. Despite impressive response rates, a high incidence of graft versus host disease
was observed.105106 Due to this strong alloreactive mediated complications, further attempts
were made to isolate expanded EBV-specific CTLs. By infusing these CTLs, both autologous
(recipient derived PTLD) and allogeneic (isolated from the donor itself or from a bank of
partial HLA-matched voluntary donors), promising results were obtained in PTLD patients
after SOT, recently reviewed by Merlo et al.107 However, wide applicability has been limited
so far because of pronounced labor-intensive procedure and by availability problems.

10.1.3 Cytokine therapy

Interferon-alpha (IFN-a) is a cytokine with well known anti-viral and anti-neoplastic
properties.108 In the late 90s several case reports and small case series have been published
showing effectiveness of cytokine therapy in the treatment of PTLD. Davis et al treated 16
newly diagnosed patients with subcutaneous IFN-a, leading to a complete response rate of
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50%. However treatment was associated with a high rate of graft rejection and was poorly
tolerated.’®® However, in their recent report on the use of sequential RIS, IFN-a-2B and
chemotherapy in PTLD Swinnen et al observed a lower overall response rate of 30% with
only 15% patients with complete remission.102

10.2 Anti- B cell therapy

10.2.1 Cytokine therapy

Interleukin-6 (IL-6) is a cytokine produced by monocytes, fibroblasts and endothelial cells,
promoting the growth of EBV-immortalized cells in vitro. In the early 90s Tosato et al
demonstrated elevated serum IL-6 levels in patients with PTLD, pointing to a possible role
in the pathogenesis of the disorder and providing an opportunity for new therapeutic
modalities.’10 In a multicentric phase I-II trial assessing the role of anti-IL-6 monoclonal
antibodies in non-responders to RIS 8 out of 12 patients responded without major side
effects.111 Although cytokine therapy clearly showed promising results in the treatment of
PTLD, currently its use has been largely replaced by monoclonal anti-CD20 therapy.

10.2.2 Surgery and radiotherapy

The role of surgery and radiotherapy in the treatment of PTLD is limited to localized disease,
especially in early type PTLD and mostly combined with RIS. Besides these treatment options
can be used in case of local complications like bleeding, pain and compression. 719112113 In
primary central nervous system (PCNSL) PTLD, radiotherapy and chemotherapy may both
lead to a high response rate.”2114115 Although rituximab hardly crosses the blood-brain-barrier
(BBB), case reports have shown promising results with the use of systemic rituximab in the
treatment of PCNSL-PTLD, probably due to disruption of the BBB in patients presenting with
central nervous system malignancies. However, the exact value of systemic or intrathecal
rituximab needs to be determined taking into consideration the fact that in most cases anti-
CD20 therapy was combined with other treatments.116117

10.2.3 Chemotherapy

In most lymphoproliferative disorders in immunocompetent patients chemotherapy
remains the cornerstone of therapy, often combined with lymphoma-specific
immunotherapy. As a consequence chemotherapy (mostly CHOP or a CHOP-like regimen)
has been considered for many years standard therapy in PTLD not responding to RIS.
However, due to the immunocompromised state of the patient treatment related mortality,
especially infectious, is substantially higher in this population, even though the use of broad
spectrum antibiotics = and G-CSF clearly has reduced the complication rate of
chemotherapy.118-120 Till now only one uncontrolled prospective trial has been published
reporting the effectiveness of low dose chemotherapy in pediatric PTLD patients, leading to
an overall response rate of 83% and a 2-year overall survival rate of 73%.12! In adults all
currently available evidence regarding the use of chemotherapy is based on retrospective
data.’22 In an analysis of the Israel Penn International Transplant Tumor Registry outcome
with different chemotherapy schedules were compared. Treatment with CHOP
chemotherapy was associated with a 5 year overall survival of 24% with a PTLD-specific
mortality of 34%, whereas single agent chemotherapy appeared to be inferior compared to
combination chemotherapy.!® One other approach may be sequential therapy using RIS,
interferon-a and systemic chemotherapy, leading to lower tumor burden before start of
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chemotherapy. This approach showed promising results in two prospective trials.102109
However, as described below, results and especially tolerance may be improved by
substituting IFN-a by anti-CD20 monoclonal therapy.

Taken together we can conclude that, despite high initial response rates using chemotherapy
after failing of RIS, toxicity and long term outcome remain problematic. However, in case of
aggressive presentation of high grade lymphomas, including plasmablastic NHL, Burkitt
and Burkitt-like NHL and T-cell NHL, and in case of Hodgkin or Hodgkin-like
lymphoma, for which no immunotherapy is available, upfront chemotherapy needs to be
considered.

10.2.4 Monoclonal anti-B cell therapy

During the last decade monoclonal anti-B-cell antibodies have emerged as a powerful
treatment modality in most B-cell lymphoproliferative disorders, both indolent and
aggressive. Consequently this new kind of immunotherapy was also investigated in the
treatment of PTLD, most of which express CD20. Before the advent of rituximab
combination of murine anti-CD21 and anti-CD24 monoclonal antibodies showed
encouraging results in B-PTLD.122 Most experience however has been obtained with
rituximab, a chimeric murine/human anti-CD20 antibody, with numerous case reports, case
series and larger retrospective analyses found in the international literature.!22 Besides five
prospective trials have been published till now assessing the role of rituximab in PTLD,
showing overall response rates ranging between 44% and 64%.124128 Most patients were
treated with the standard rituximab dose of 375 mg/m?/week during 4 consecutive weeks,
although Gonzalez-Barca et al introduced the concept of risk adapted extended treatment
with rituximab in case of partial response following 4 weekly admissions. With this
approach the number of complete responders was upgraded from 34% after 4 admissions to
60.5% following 8 doses.12”

Although treatment with rituximab is associated with a high response rate in PTLD, it is
important to keep in mind that it does not improve (virus-specific) cellular immunity
necessitating the need for simultaneous RIS.12 Conversely, severe B-cell depletion due to
treatment with rituximab was not associated with diminished EBV-specific T-cell immunity
in non-transplanted patients presenting with lymphoproliferative disorders.130

Although toxicity of rituximab seems to be rather low in the different retrospective and
prospective trials, caution is warranted based on recently described infectious complications
in non-transplant related lymphoproliferatieve disorders, including progressive multifocal
leucoencephalopathy and hepatitis B reactivation.151,132

10.3 Anti- EBV therapy

10.3.1 Antiviral therapy

As the majority of PTLD cases are associated with EBV related lymphocyte proliferation,
the use of antiviral treatment was already explored almost thirty years ago.13 The efficacy of
classical antiviral drugs in the treatment of PTLD however has been very controversial.
Nucleoside analogues, including aciclovir and ganciclovir, inhibiting replication of many
herpes viruses, have shown in vitro and in vivo resistance against EBV related malignancies
as most of these tumors do not express viral thymidine kinase (TK). Some case reports or
small series have shown limited curative potential of these antiviral agents!34, which could
be explained by some degree of lytic replication in PTLD although the effect of other
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simultaneous interventions might have influenced the responses. In the above mentioned
study on the use of sequential RIS, interferon-a-2B and chemotherapy, all 16 patients
received intravenous acyclovir during the period of RIS, without any response.l02 Of
interest, prophylactic treatment with nucleoside analogues during three months following
heart transplantation was associated with reduced PTLD risk in the Spanish registry.135136
This effect was also observed in a multicentric case-control study of kidney transplant
recipients. The authors showed that antiviral prophylactic treatment was associated with a
significant decrease in the risk of PTLD, especially in the first year posttransplant.13”
Experience with other antiviral agents like foscarnet and cidofovir, which act independently
of the viral TK, is very limited. Oertel et al reported on their experience with foscarnet in
three patients. All three patients achieved a complete remission, correlating with the
expression of BZLF1/ZEBRA protein, which is an early antigen of lytic EBV activity.138

10.3.2 Intravenous immune globulins

The use of intravenous immune globulins (IVIG) might be another attractive therapy in
PTLD, based on the presence of antibodies against EBV proteins. However, literature is
limited to some isolated case reports in which IVIG is combined with different other
therapies.’3® There is some more data available regarding IVIG prophylaxis following
transplantation, though the results are very conflicting. Opelz et al examined the effect of
anti-CMV prophylaxis on the occurrence of PTLD in a large registry study. The first year
following kidney transplantation no case of PTLD was seen in patients who received anti-
CMV IVIG compared to patients with antiviral agents or without prophylaxis. After the first
year this difference disappeared. The authors conclude that anti-CMV IVIG might posses a
broad range of anti-EBV activity.140 On the other hand Green et al performed a randomized
controlled trial in pediatric liver transplant patients, revealing no significant effect of the use
of anti-CMV IVIG on occurrence of PTLD.14! As a consequence it remains a matter of debate
whether IVIG should be incorporated early in transplant programs.

10.3.3 Arginine butyrate

Recently very promising results have been described treating fifteen refractory EBV related
malignancies -including 6 PTLDs- with arginine butyrate, resulting in pharmacological
induction of viral TK. As this approach makes the tumor sensitive to treatment with
nucleoside analogues, ganciclovir is added. With this combination therapy an overall
response rate of 83% was observed in the PTLD subgroup with an acceptable toxicity
profile.142

10.4 Retransplantation

In patients successfully treated for PTLD, but with loss of their graft due to reduced
immunosuppression, retransplantation may be feasible. Birkeland et al reported on 5 kidney
transplant recipients who underwent retransplantation without any sign of disease
recurrence up to three years after transplantation.!4> In another small series Karras et al
described six other cases without disease recurrence with a median posttransplant follow up
of 30 months.144 The largest published series was based on the OPTN/UNOS database, in
which 69 patients with a history of PTLD underwent retransplantation. Time from PTLD to
retransplantation ranged from < 1 year to 5-10 years. Immunosuppressive therapy was very
similar to regimens used after first transplants. Patient and graft survival was very good,
although outcome seemed to be better in abdominal organ retransplantation.145
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11. Prognosis

In general the prognosis of PTLD is poor compared to ‘similar’ lymphoproliferative
disorders in immune competent patients. In kidney transplant recipients 5 year overall
survival following diagnosis of PTLD ranges from 40% to 60%, with the lowest survival
rates in patients presenting with CNS involvement.1073

Although several prognostic scores have been proposed by different authors, validation of
this scores in different transplant populations have not been done or have shown conflicting
results, partially due to heterogeneity in patient population and treatment.74128146-149
However poor prognostic factors in immunocompetent lymphoma patients, including
higher age, advanced disease, poor performance state and elevated lactate dehydrogenase,
have also shown their value in outcome prediction of PTLD patients. Table 4 gives an

Number

Population of Treatment Risk factors
patients

International ~ Immunocompetent Anthracyclin age, LDH, stage,

Prognostic patients with 2031 ba.sed. performance
Index (IPT)146 aggressive NHL combination state, number of
chemotherapy extranodal sites

Performance
Leblond47 SOT 61 Heterogenous state, number of

involved sites

Performance
state,
Ghobriall4 SOT 107 Heterogenous monomorphic
subtype, graft
involvement

Age, performance

128
Choquet SOT 60 Heterogenous state, LDH

LDH, B-

Hourighan!49 Kidney 42 Heterogenous
symptoms

No rituximab
therapy, CNS
involvement,
number of
extranodal sites,
albumin, bone
marrow
involvement

Evens74 SOT 80 Heterogenous

Table 4. Prognostic scores in PTLD
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overview of the different proposed prognostic scores. Cesarman et al reported a poor
response to RIS in patients showing bcl-6 mutations.!50 This finding, however, has not been
examined in other studies.

New and especially validation of prognostic factors, both clinical/biochemical and
molecular, may lead to better risk stratification in PTLD.

12. Future

Although we have learned a lot about all different aspects on PTLD during the last decades,
even more questions remain. Further research and clinical studies are needed in this rapidly
changing field with increasing transplant activities worldwide and the use of new and very
potent immunosuppressive therapy.

Table 5 summarizes our current knowledge of PTLD and defines future opportunities which
can only be possible by close cooperation between all departments involved in transplant
patient care (transplantation unit, clinical hematology/oncology, pathology, radiology,
nuclear medicine, immunology and virology) and between the different transplant centers.

Knowledge Future perspectives

Nationwide prospective and complete

Incidence 2% .
registry,...
Type of organ, EBV R- Measuring ‘overall immune suppression’,
Risk factors /D+, intensity further search for specific role of
immunosuppression immunosuppressive agents,...
Role of other viruses, molecular pathways
o 80-85% EBV related (gene expression profiling, single nucleotide

polymorphism analysis, comparative
genome hybridisation arrays,...),...

Non-invasive diagnosis? Role of PET/CT

Diagnosis Biopsy, WHO 2008 . . ;
scan, role of magnetic resonance imaging, ...
Stagin CT scan, bone marrow Role of PET/CT scan, role of magnetic
sng examination resonance imaging,...
) . Standardisation of EBV PCR, determination
. Serial monitoring EBV .
Prevention PCR? cut off value, role of HLA, cytokine gene
’ polymorphismes,...
T S Prospective studies, international working
group consensus,...
Identification of new (clinical and non-
Prognosis Poor clinical) prognostic markers, prospective

validation of prognostic scores, ...

Table 5. Current knowledge and future perspectives in PTLD

www.intechopen.com



Posttransplant Lymphoproliferative Disorders Following Kidney Transplantation 99

13. References

[1] Buell JF, Gross TG, Woodle ES. Malignancy after transplantation. Transplantation
2005;80:5254-64.

[2] Guttierez-Dalmau A, Campistol JM. Immunosuppressive therapy and malignancy in
organ transplant recipients. Drugs 2007;67:1167-98.

[3] Ajithkumar TV, Parkinson CA, Butler A, et al. Management of solid tumours in organ-
transplant recipients. Lancet Oncol 2007;8:921-32.

[4] Tsao L, His ED. The clinicopathologic spectrum of posttransplantation
lymphoproliferative disorders. Arch Pathol Lab Med 2007;131:1209-1218.

[5] Vajdic CM, McDonald SP, McCredie MR, et al. Cancer incidence before and after kidney
transplantation. JAMA 2006;296:2823-31.

[6] Villeneuve PJ, Schaubel DE, Fenton SS, Shepherd FA, Jiang Y, Mao Y. Cancer incidence
among Canadian kidney transplant recipients. Am ] Transplant 2007;7:941-8.

[7] Shroff R, Rees L. The post-transplant lymphoproliferative disorder- a literature review.
Pediatr Nephrol 2004;19:369-77.

[8] Quinlan SC, Pfeiffer RM, Morton LM, et al. Risk factors for early-onset and late-onset
post-transplant lymphoproliferative disorder in kidney recipients in the United
States. Am ] Hematol 2011,56:206-9.

[9] Shahinian VB, Muirhead N, Jevnikar AM, et al. Epstein-Barr virus seronegativity is a risk
factor for late-onset posttransplant lymphoroliferative disorder in adult renal
allograft recipients. Transplantation 2003;75:851-6.

[10] Opelz G, Dohler B. Lymphomas after solid organ transplantation: a collaborative
transplant study report. Am ] Transplant 2004;4:222-30.

[11] Daniel V, Opelz G. Clinical relevance of immune monitoring in solid organ
transplantation. Int Rev Immunol 2009;58:155-84.

[12] Scott L], McKeage K, Keam SJ, et al. Tacrolimus: a further update of its use in the
management of organ transplantation. Drugs 2003;63:1247-97.

[13] Webster AC, Woodroffe RC, Taylor RS, et al. Tacrolimus versus ciclosporin as primary
immunosuppression for kidney transplant recipients: meta-analysis and meta-
regression of randomized trial data. BM] 2005;331:810-20.

[14] Caillard S, Dharnidharka V, Agodoa L, et al. Posttransplant lymphoproliferative
disorders after renal transplantation in the United States in era of modern
immunosuppression. Transplantation 2005;15:1233-43.

[15] Cherikh WS, Kauffman HM, McBride MA, et al. Association of the type of induction
immunosuppression with posttransplant lymphoproliferative disorder, graft
survival, and patient survival after primary kidney transplantation.
Transplantation 2003;15:1289-93.

[16] Pirsch JD. Cytomegalovirus infection and posttransplant lymphoproliferative disease
in renal transplant recipients: results of the U.S. multicenter FK506 Kidney
Transplant Study Group. Transplantation1999;68:1203-5.

[17] André N, Roquelaure B, Conrath J. Molecular effects of cyclosporine and oncogenesis:
a new model. Med Hypotheses 2004;63:647-52.

[18] Hojo M, Morimoto T, Maluccio M, et al. Cyclosporine induces cancer progression by a
cell-autonomous mechanism. Nature 1999;397:530-4.

www.intechopen.com



100

After the Kidney Transplant — The Patients and Their Allograft

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[27]

[28]

[29]

[30]

[31]

Maluccio M, Sharma V, Lagman M, et al. Tacrolimus enhances transforming growth
factor-betal expression and promotes tumor progression. Transplantation
2003;76:597-602.

Taylor A, Marcus R, Bradley JA. Post-transplant lymphoproliferative disorders (PTLD)
after solid organ transplantation. Crit Rev Oncol Hematol 2005;56:155-67.

Halloran P, Mathew T, Tomlanovich S, et al. Mycophenolate mofetil in renal allograft
recipients: a pooled efficacy analysis of three randomized, double-blind, clinical
studies in prevention of rejection. The International Mycophenolate Mofetil Renal
Transplant Study Groups. Transplantation 1997;63:39-47.

O'Donovan P, Perrett CM, Zhang X, et al. Azathioprine and UVA light generate
mutagenic oxidative DNA damage. Science 2005;309:1871-4.

Offman J, Opelz G, Doehler B, et al. Defective DNA mismatch repair in acute myeloid
leukemia/myelodysplastic =~ syndrome after organ transplantation. Blood
2004;104:822-8.

Funch DP, Ko HH, Travasso J, et al. Posttransplant lymphoproliferative disorder
among renal transplant patients in relation to the use of mycophenolate mofetil.
Transplantation 2005;80:1174-80.

Robson R, Cecka JM, Opelz G, et al. Prospective registry-based observational cohort
study of the long-term risk of malignancies in renal transplant patients treated with
mycophenolate mofetil. Am J Transplant 2005;5:2954-60.

Birkeland SA, Hamilton-Dutoit S. Is posttransplant lymphoproliferative disorder
(PTLD) caused by any specific immunosuppressive drug or by the transplantation
per se? Transplantation 2003;76:984-8.

Weir MR, Diekmann F, Flechner SM, et al. mTOR inhibition: the learning curve in
kidney transplantation. Transpl Int 2010;23:447-60.

Kahan BD, Yakupoglu YK, Schoenberg L, et al. Low incidence of malignancy among
sirolimus/cyclosporine-treated renal transplant recipients. Transplantation
2005;80:749-58.

Campistol JM, Eris J, Oberbauer R, et al. Sirolimus therapy after early cyclosporine
withdrawal reduces the risk for cancer in adult renal transplantation. ] Am Soc
Nephrol 2006;17:581-9.

Kauffman HM, Cherikh WS, Cheng Y, et al. Maintenance immunosuppression with
target-of-rapamycin inhibitors is associated with a reduced incidence of de novo
malignancies. Transplantation 2005;80:883-9.

Kirk AD, Cherikh WS, Ring M, et al. Dissociation of posttransplant
lymphoproliferative disease in kidney recipients treated with alemtuzumab. Am ]
Transplant 2007;7:2619-25.

Mathew T, Kreis H, Friend P. Two-year incidence of malignancy in sirolimus-treated
renal transplant recipients: results from five multicenter studies. Clin Transplant
2004;18:446-9.

Mohty M. Mechanisms of action of antithymocyte globulin: T-cell depletion and
beyond. Leukemia. 2007 Jul;21(7):1387-94.

Landgren O, Gilbert ES, Rizzo JD, et al. Risk factors for lymphoproliferative disorders
after allogeneic hematopoietic cell transplantation. Blood 2009;113:4992-5001.

www.intechopen.com



Posttransplant Lymphoproliferative Disorders Following Kidney Transplantation 101

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

Hardinger KL, Rhee S, Buchanan P, et al. A prospective, randomized, double-blinded
comparison of thymoglobulin versus Atgam for induction immunosuppressive
therapy: 10-year results. Transplantation 2008;86:947-52.

Dharnidharka VR, Stevens G. Risk for post-transplant lymphoproliferative disorder
after polyclonal antibody induction in kidney transplantation. Pediatr Transplant
2005;9:622-6.

Benfield MR, Tejani A, Harmon WE, A randomized multicenter trial of OKT3 mAbs
induction compared with intravenous cyclosporine in pediatric renal
transplantation. Pediatr Transplant 2005;9:282-92.

Magliocca JF, Knechtle SJ. The evolving role of alemtuzumab (Campath-1H) for
immunosuppressive therapy in organ transplantation. Transpl Int 2006;19:705-14.

Watson CJ, Bradley JA, Friend PJ, et al. Alemtuzumab (CAMPATH 1H) induction
therapy in cadaveric kidney transplantation--efficacy and safety at five years. Am ]
Transplant 2005;5:1347-53.

Ciancio G, Burke GW, Gaynor JJ, A randomized trial of three renal transplant
induction antibodies: early comparison of tacrolimus, mycophenolate mofetil, and
steroid dosing, and newer immune-monitoring. Transplantation 2005;80:457-65.

Campara M, Tzvetanov IG, Oberholzer ]. Interleukin-2 receptor blockade with
humanized monoclonal antibody for solid organ transplantation. Expert Opin Biol
Ther 2010;10:959-69.

Bustami RT, Ojo AO, Wolfe RA, et al. Immunosuppression and the risk of post-
transplant malignancy among cadaveric first kidney transplant recipients. Am ]
Transplant 2004;4:87-93.

Magliocca JF, Odorico JS, Pirsch JD, et al. A comparison of alemtuzumab with
basiliximab induction in simultaneous pancreas-kidney transplantation. Am ]
Transplant 2008;8:1702-10.

Snanoudj R, Zuber J, Legendre C. Co-stimulation blockade as a new strategy in kidney
transplantation: benefits and limits. Drugs 2010;70:2121-31.

Vincenti F, Charpentier B, Vanrenterghem Y, et al. A phase III study of belatacept-
based immunosuppression regimens versus cyclosporine in renal transplant
recipients (BENEFIT study). Am ] Transplant 2010;10:535-546.

Durrbach A, Pestana JM, Pearson T, et al. A phase III study of belatacept versus
cyclosporine in kidney transplants from extended criteria donors (BENEFIT-EXT
study). Am ] Transplant 2010;10:547-557.

Griny6 J, Charpentier B, Pestana JM, et al. An integrated safety profile analysis of
belatacept in kidney transplant recipients. Transplantation 2010;90:1521-7.

Vincenti F, Mendez R, Pescovitz M, et al. A phase I/Il randomized open-label
multicenter trial of efalizumab, a humanized anti-CD11a, anti-LFA-1 in renal
transplantation. Am ] Transplant 2007,7:1770-1777.

Curtis RE, Travis LB, Rowlings PA, et al. Risk of lymphoproliferative disorders after
bone marrow transplantation: a multi-institutional study. Blood 1999;94:2208-16.
Zimmermann T, Hoppe-Lotichius M, Tripkovic V, et al. Liver transplanted patients
with preoperative autoimmune hepatitis and immunological disorders are at
increased risk for Post-Transplant Lymphoproliferative Disease (PTLD). Eur ]

Intern Med 2010;21:208-15.

www.intechopen.com



After the Kidney Transplant — The Patients and Their Allograft

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]
[66]

[67]

Gao Y, Lu Y], Xue SA, et al. Hypothesis: a novel route for immortalization of epithelial
cells by Epstein-Barr virus. Oncogene 2002;21:825-35.

Kippers R. B cells under influence: transformation of B cells by Epstein-Barr virus. Nat
Rev Immunol 2003;3:801-12.

Hézode C, Duvoux C, Germanidis G, et al. Role of hepatitis C virus in
lymphoproliferative disorders after liver transplantation. Hepatology 1999;30:775-
8.

Mortin LM, Landgren O, Chatterjee N, et al. Hepatitis C virus infection and risk of
posttransplantation lymphoproliferative disorder among solid organ transplant
recipients. Blood 2007;110:4599-605.

Walker RC, Marshall WF, Strickler JG, et al. Pretransplantation assessment of the risk
of lymphoproliferative disorder. Clin Infect Dis 1995;20:1346-53.

Manez R, Breinig MC, Linden P, Wilson ], Torre-Cisneros ], Kusne S, et al
Posttransplant lymphoproliferative disease in primary Epstein-Barr virus infection
after liver Transplantation: the rol of cytomegalovirus disease. ] Infect Dis
1999;176:1462-7.

Mattila PS, Aalto SM, Heikkild L, et al. Malignancies after heart transplantation:
presence of Epstein-Barr virus and cytomegalovirus. Clin Transplant 201;15:337-42.

Dierksheide JE, Baiocchi RA, Ferketich AK, et al. IFN-gamma gene polymorphisms
associate with development of EBV+ lymphoproliferative disease in hu PBL-SCID
mice. Blood 2005;105:1558-65.

Babel N, Vergopoulos A, Trappe RU, et al. Evidence for genetic susceptibility towards
development of posttransplant lymphoproliferative disorder in solid organ
recipients. Transplantation 2007;84:378-91.

McAulay KA, Haque T, Crawford DH. Tumour necrosis factor gene polymorphism: a
predictive factor for the development of post-transplant lymphoproliferative
disease. Br ] Cancer 2009;101:1019-27.

Stern M, Opelz G, Dohler B, et al. Natural killer-cell receptor polymorphisms and
posttransplantation non-Hodgkin lymphoma. Blood 2010;115:3960-5.

Subklewe M, Marquis R, Choquet S, et al. Association of human leukocyte antigen
haplotypes with posttransplant lymphoproliferative disease after solid organ
transplantation. Transplantation 2006,;82:1093-100.

Pourfarziani V, Einollahi B, Taheri S, et al. Associations of Human Leukocyte Antigen
(HLA) haplotypes with risk of developing lymphoproliferative disorders after
renal transplantation. Ann Transplant 200712:16-22.

Bakker NA, van Imhoff GW, Verschuuren EA, et al. HLA antigens and post renal
transplant  lymphoproliferative  disease: HLA-B  matching is critical.
Transplantation 2005;80:595-9.

Thorley-Lawson DA, Gross A, Persistence of the Epstein-Barr virus and the origins of
associated lymphomas. N Engl ] Med 2004;350:1328-37.

Klein G, Klein E, Kashuba E. Interaction of Epstein-Barr virus (EBV) with human B-
lymphocytes. Biochem Biophys Res Commun 2010;396:67-73.

Brink AA, Dukers DF, van den Brule A]J, et al. Presence of Epstein-Barr virus latency
type III at the single cell level in post-transplantation lymphoproliferative disorders
and AIDS related lymphomas. ] Clin Pathol 1997;50:911-8.Kutok JL, Wang F.

www.intechopen.com



Posttransplant Lymphoproliferative Disorders Following Kidney Transplantation 103

[68]
[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

Spectrum of Epstein-Barr virus-associated diseases. Annu Rev Pathol 2006;1:375-
404.

Kutok JL, Wang F. Spectrum of Epstein-Barr virus-associated diseases. Annu Rev
Pathol 2006;1:375-404.

Leblond V, Choquet S. Lymphoproliferative disorder after liver transplantation. ]
Hepatol 2004;40:728-735.

Petit B, Le Meur Y, Jaccard A, et al. Influence of host-recipient origin on clinical aspects
of posttransplantation lymphoproliferative disorders in kidney transplantation.
Transplantation 2002;27;73:265-71.

LaCasce AS. Post-transplant lymphoproliferative disorders. Oncologist 2006,11:674-80.

Buell JF, Gross TG, Hanaway M]J, et al. Posttransplant lymphoproliferative disorder:
significance of central nervous system involvement. Transplant Proc 2005;37:954-5.

Caillard S, Lelong C, Pessione F, et al. Post-transplant lymphoproliferative disorders
occurring after renal transplantation in adults: report of 230 cases from the French
Registry. Am ] Transplant 2006,6:2735-42.

Evens AM, David KA, Helenowski I, et al. Multicenter analysis of 80 solid organ
transplantation recipients with post-transplantation lymphoproliferative disease:
outcomes and prognostic factors in the modern era. ] Clin Oncol 2010;28:1038-46.

Dierickx D, Delforge M, Verhoef G. Prognostic factors and scores in post-
transplantation lymphoproliferative disorders after solid organ transplantation. ]
Clin Oncol 2010;28:e366.

Ghobrial IM, Habermann TM, Macon WR, et al. Differences between early and late
posttransplant lymphoproliferative disorders in solid organ transplant patients: are
they two different diseases? Transplantation 2005;79:244-7.

Bakker NA, van Imhoff GW, Verschuuren EA, et al. Early onset post-transplant
lymphoproliferative disease is associated with allograft localization. Clin
Transplant 2005;19:327-34.

Swerdlow SH, Webber SA, Chadburn A, Ferry JA. Post-transplant lymphoproliferative
disorders. In: Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, et al
(eds). WHO classification of Tumours of Haematopoietic and Lymphoid Tissues.
Lyon, France: IARC Press; 2008:343-9.

Baumforth KR, Young LS, Flavell K], et al. The Epstein-Barr virus and its association
with human cancers. Mol Pathol 1999;52:307-22.

Swerdlow SH. T-cell and NK-cell posttransplantation lymphoproliferative disorders.
Am ] Clin Pathol 2007;127:887-95.

RowlingS PA, Curtis RE, Passweg JR, et al. Increased incidence of Hodgkin’s disease
after allogeneic bone marrow transplantation. ] Clin Oncol 1999;17:3122-7.

Caillard S, Agodoa LY, Bohen EM, et al. Myeloma, Hodgkin disease, and lymphoid
leukemia after renal transplantation: characteristics, risk factors and prognosis.
Transplantation 2006;81:888-95.

Quinlan SC, Landgren O, Morton LM, et al. Hodgkin lymphoma among US solid
organ transplant recipients. Transplantation 2010;90:1011-5.

Semakula B, Rittenbach JV, Wang ]J. Hodgkin lymphoma-like posttransplantation
lymphoproliferative disorder. Arch Pathol Lab Med. 2006;130:558-60.

Aull MJ, Buell JF, Peddi VR, et al. Maltoma: a helicobacter pylori-associated
malignancy in transplant patients. Transplantation 2006;75:225-8.

www.intechopen.com



104

After the Kidney Transplant — The Patients and Their Allograft

[86]

[87]

[88]
[89]
[90]

[91]

[92]

[93]

[94]

[98]

[99]

Quinlan SC, Morton LM, Pfeiffer RM, et al. Increased risk for lymphoid and myeloid
neoplasms in elderly solid-organ transplant recipients. Cancer Epidemiol
Biomarkers Prev 2010;19:1229-37.

Dierickx D, De Rycke A, Vandenberghe P, et al. Recipient-derived chronic lymphocytic
leukaemia diagnosed shortly after kidney transplantation on protocol biopsy.
Nephrol Dial Transplant 2009;24:3886-90.

Moormeier JA, Williams SF, Golomb HM. The staging of non-Hodgkin's lymphomas.
Semin Oncol 1990;17:43-50.

Gulley M, Tang W. Laboratory assays for Epstein-Barr virus-related disease. ] Mol
Diagn 2008;10:279-92.

Gértner B, Preiksaitis JK. EBV viral load detection in clinical virology. J Clin Virol
2010;48:82-90.

Gulley ML, Tang W. Using Epstein-Barr viral load assays to diagnose, monitor, and
prevent posttransplant lymphoproliferative disorder. Clin Microbiol Rev
2010;23:350-66.

Tsai DE, Douglas L, Andreadis C, et al. EBV PCR in the diagnosis and monitoring of
posttransplant lymphoproliferative disorder: results of a two-arm prospective trial.
Am ] Transplant 2008;8:1016-24.

Cohen J, Gandhi M, Naik P, et al. Increased incidence of EBV-related disease following
paediatric stem cell transplantation with reduced-intensity conditioning. Br ]
Haematol 2005;129:229-39.

Meij P, van Esser JW, Niesters HG, et al. Impaired recovery of Epstein-Barr virus
(EBV)--specific CD8+ T lymphocytes after partially T-depleted allogeneic stem cell
transplantation may identify patients at very high risk for progressive EBV
reactivation and lymphoproliferative disease. Blood 2003;101:4290-7.

Lee TC, Savoldo B, Barshes NR, et al. Use of cytokine polymorphisms and Epstein-Barr
virus viral load to predict development of post-transplant lymphoproliferative
disorder in paediatric liver transplant recipients. Clin Transplant 2006;20:389-93.

Baiocchi OC, Colleoni GW, Caballero OL, et al. Epstein-Barr viral load, interleukin-6
and interleukin-10 levels in post-transplant lymphoproliferative disease: a nested
case-control study in a renal transplant cohort. Leuk Lymphoma 2005;46:533-9.

Muti G, Mancini V, Ravelli E, et al. Significance of Epstein-Barr virus (EBV) load and
interleukin-10 in post-transplant lymphoproliferative disorders. Leuk Lymphoma
2005;46:1397-407

Gottschalk S, Rooney CM, Heslop HE. Post-transplant lymphoproliferative disorders.
Annu Rev Med 2005;56:29-44.

Starzl TE, Nalesnik MA, Porter KA, et al. Reversibility of lymphomas and
lymphoproliferative lesions developing under cyclosporin-steroid therapy. Lancet
1984,1:583-587.

[100] Tsai D, Hardy C, Tomaszewski JE, et al. Reduction in immunosuppression as initial

therapy for posttransplant lymphoproliferative disorder: analysis of prognostic
variables and long-term follow-up of 42 adult patients. Transplantation
2001,71:1076-1088.

[101] Reshef R, Vardhanabhuti S, Luskin MR, et al. Reduction of immunosuppression as

initial therapy for posttransplantation lymphoproliferative disorder. Am ]
Transplant 2011;11:336-47.

www.intechopen.com



Posttransplant Lymphoproliferative Disorders Following Kidney Transplantation 105

[102] Swinnen L], LeBlanc M, Grogan TM, et al. Prospective study of sequential reduction in
immunosuppression,  interferon  alpha-2B, and  chemotherapy  for
posttransplantation lymphoproliferative diosorder. Transplantation 2008;86:215-22.

[103] Trappe R, Hinrichs C, Appel U, et al. Treatment of PTLD with CHOP and rituximab
reduces the risk of renal graft impairment after reduction of immunosuppression.
Am ] Transplant 2009;9:2331-7.

[104] Boratynska M, Watorek E, Smolska D, et al. Anticancer effect of sirolimus in renal
allograft recipients with de novo malignancies. Transplant Proc 2007;39:2736-9.

[105] Papadopoulos EB, Ladanyi M, Emanuel D, et al. Infusion of donor leucocytes to treat
Epstein-Barr virus-associated lymphoproliferative disorders after allogeneic bone
marrow transplantation. N Engl ] Med 1994;330:1185-91.

[106] O'Reilly RJ, Small TN, Papadopoulos E, et al. Adoptive immunotherapy for Epstein-
Barr virus-associated lymphoproliferative disorders complicating marrow
allografts. Springer Semin Immunopathology 1998;20:455-91.

[107] Merlo A, Turrini R, Dolcetti R, et al. The interplay between Epstein-Barr virus and the
immune system: a rationale for adoptive cell therapy of EBV-related disorders.
Haematologica 2010;95:1769-77.

[108] Faro A. Interferon-alpha and its effects on post-transplant lymphoproliferative
disorders. Springer Semin Immunopathol 1998;20:425-36.

[109] Davis CL, Wood B, Sabath DE, et al. Interferon-alpha treatment of posttransplant
lymphoproliferative disorder in recipients of solid organ transplants.
Transplantation 1998;66:1770-9.

[110] Tosato G, Jones K, Breinig MK, et al. Interleukin-6 production in posttransplant
lymphoproliferative disease. ] Clin Invest 1993;91:2806-14.

[111] Haddad E, Paczesny S, Leblond V, et al. Treatment of B-lymphoproliferative disorder
with a monoclonal anti-interleukin-6 antibody in 12 patients: a multicenter phase 1-
2 clinical trial. Blood 2001;97:1590-7.

[112] Hauke R, Smir B, Greiner T, et al. Clinical and pathological features of posttransplant
lymphoproliferative disorders: influence on survival and response to treatment.
Ann Oncol 2001;12:831-4.

[113] Dotti G, Fiocchi R, Motta T, et al. Lymphomas occurring late after solid-organ
transplantation: influence of treatment on the clinical outcome. Transplantation
2002;74:1095-02.

[114] Cavaliere R, Petroni G, Lopes MB, Schiff D. Primary central nervous system post-
transplantation lymphoproliferative disorder. Cancer 2010;116:863-870.

[115] Moise L, Matta C, Hanna C, et al. Methotrexate- and/or cytarabine-based
chemotherapy may be effective and safe in solid-organ transplant recipients with
primary central nervous system lymphomas. Leuk Lymphoma 2011;52:521-4.

[116] Traum AZ, Rodig NM, Pilichowska ME, et al. Central nervous system
lymphoproliferative disorder in pediatric kidney transplant recipients. Pediatr
Transplant 2006;10:505-12.

[117] van de Glind G, de Graaf S, Klein C, et al. Intrathecal rituximab treatment for pediatric
post-transplant lymphoproliferative disorder of the central nervous system. Pediatr
Blood Cancer 2008;50:886-8.

www.intechopen.com



106 After the Kidney Transplant — The Patients and Their Allograft

[118] Buell JF, Gross TG, Hanaway M]J, et al. Chemotherapy for posttransplant
lymphoproliferative disorder: the Israel Penn International Transplant Tumor
Registry experience. Transplant Proc 2005;37:956-7.

[119] Choquet S, Trappe R, Leblond V, et al. CHOP-21 for the treatment of post-transplant
lymphoproliferative disorder s(PTLD) following solid organ transplantation.
Haematologica 2007;92:273-4.

[120] Lee JJ, Lam MS, Rosenberg A. Role of chemotherapy and rituximab for treatment of
posttransplant lymphoproliferative disorder in solid organ transplantation. Ann
Pharmacother 2007;41:1648-59.

[121] Gross TG. Low-dose chemotherapy for children with with post-transplant
lymphoproliferative disease. Recent Results Cancer Res 2002;159:96-103.

[122] Dierickx D, Tousseyn T, De Wolf-Peeters C, et al. Management of posttransplant
lymphoproliferative disorders following solid organ transplant: an update. Leuk
Lymphoma. 2011 Feb 21. [Epub ahead of print].

[123] Benkerrou M, Jais JP, Leblond V, et al. Anti-B-cell monoclonal antibody treatment of
severe posttransplant B-lymphoproliferative disorder: prognostic factors and long
term outcome. Blood 1998;9:3137-47.

[124] Oertel SH, Verschuuren E, Reinke P, et al. Effect of anti-CD 20 antibody rituximab in
patients with post-transplant lymphoproliferative disorder (PTLD). Am ]
Transplant 2005;5:2901-6.

[125] Blaes AH, Peterson BA, Bartlett N, Dunn DL, Morrison VA. Rituximab therapy is
effective for posttransplant lymphoproliferative disorders after solid organ
transplantation: results of a phase II trial. Cancer 2005;104:1661-7.

[126] Choquet S, Leblond V, Herbrecht R, et al. Efficacy and safety of rituximab in B-cell
post-transplantion lymphoproliferative disorders: results of a prospective
multicenter phase 2 study. Blood 2006;107:3053-7.

[127] Gonzalez-Barca E, Domingo-Domenech E, Capote FJ, et al. Prospective phase II trial of
extended treatment with rituximab in patients with B-cell post-transplant
lymphoproliferative disease. Haematologica 2007;92:1489-94.

[128] Choquet S, Oertel S, Leblond V, et al. Rituximab in the management of post-
transplantation lymphoproliferative disorder after solid organ transplantation:
proceed with caution. Ann Haematol 2007;86:599-607.

[129] Savoldo B, Rooney CM, Quiros-Tejeira RE, et al. Cellular immunity to Epstein-Barr
virus in liver transplant recipients treated with rituximab for post-transplant
lymphoproliferative disease. Am ] Transplant 2005;5:566-72.

[130] Nehring AK, Dua AU, Mollee P, et al. Epstein-Barr virus T-cell immunity despite
rituximab. Br ] Haematol 2007;136:628-32.

[131] Carson KR, Evens AM, Richey EA, et al. Progressive multifocal leucoencephalopathy
after rituximab therapy in HIV-negative patients: a report of 57 cases from the
Research on Adverse Drug Events and Reports Project. Blood 2009; 113:4834-40.

[132] Yeo W, Chan TC, Leung NW, et al. Hepatitis B virus reactivation in lymphoma
patients with prior resolved hepatitis B undergoing anticancer therapy with or
without rituximab. ] Clin Oncol 2009;27:605-11.

[133] Hanto DW, Frizzera G, Gajl-Peczalska KJ, et al. Epstein-Barr virus-induced B-cell
lymphoma after renal transplantation: acyclovir therapy and transition from
polyclonal to monoclonal B-cell proliferation. N Engl ] Med 1982;306:913-8.

www.intechopen.com



Posttransplant Lymphoproliferative Disorders Following Kidney Transplantation 107

[134] Oertel S, Riess H. Antiviral treatment of Epstein-Barr virus-associated
lymphoproliferations. Recent Results Cancer Res 2002;159:89-95.

[135] Crespo-Leiro MG, Alonso-Pulpén L, Arizén JM, et al. Influence of induction therapy,
immunosuppressive regimen and anti-viral prophylaxis on development of
lymphomas after heart transplantation: data from the Spanish Post-Heart
Transplant Tumour Registry. ] Heart Lung Transplant. 2007 Nov;26(11):1105-9.

[136] Crespo-Leiro MG, Alonso-Pulpon L, Vazquez de Prada JA, et al. Malignancy after
heart transplantation: incidence, prognosis and risk factors. Am ] Transplant
2008;8:1031-9.

[137] Funch DP, Walker AM, Schneider G, et al. Ganciclovir and acyclovir reduce the risk of
post-transplant lymphoproliferative disorder in renal transplant recipients. Am J
Transplant 2005;5:2894-900.

[138] Oertel S, Anagnostopoulos I, Hummel MW, Jonas S, Riess HB. Identification of early
antigen BZLF1/ZEBRA protein of Epstein-Barr virus can predict the effectiveness
of antiviral treatment in patients with post-transplant lymphoproliferative disease.
Br ] Haematol 2002;118:1120-1123.

[139] Trappe R, Riess H, Anagnostopoulos I, et al. Efficiency of antiviral therapy plus IVIG
in a case of primary EBV infection associated PTLD refractory to rituximab,
chemotherapy, and antiviral therapy alone. Ann Hematol 2009;88:167-72.

[140] Opelz G, Volker D, Naujokat C, Fickenscher H, Dohler B. Effect of cytomegalovirus
prophylaxis with immunoglobulin or with antiviral drugs on post-transplant non-
Hodgkin lymphoma: a multicentre retrospective analysis. Lancet Oncol 2007;8:112-
8.

[141] Green M, Michaels MG, Katz BZ, et al. CMV-IVIG for prevention of Epstein Barr virus
disease and posttransplant lymphoproliferative disease in pediatric liver transplant
recipients. Am ] Transplant 2006;6:1906-12.

[142] Perrine SP, Hermine O, Small T, et al. A phase 1/2 trial of arginine butyrate and
ganciclovir in patients with Epstein-Barr virus-associated lymphoid malignancies.
Blood 2007;109:2571-2578.

[143] Birkeland SA, Hamilton-Dutoit S, Bendtzen K. Long-term follow-up of kidney
transplant patients with posttransplant lymphoproliferative disorder: duration of
posttransplant lymphoproliferative disorder-induced operational graft tolerance,
interleukin-18 course, and results of retransplantation. Transplantation 2003;76:153-
8.

[144] Karras A, Thervet E, Le Meur Y, et al. Successful renal retransplantation after post-
transplant lymphoproliferative disease. Am ] Transplant 2004;4:1904-9.

[145] Johnson SR, Cherikh WS, Kauffman HM, Pavlakis M, Hanto DW. Retransplantation
after post-transplant lymphoproliferative disorders: an OPTN/UNOS database
analysis. Am ] Transplant 2006;6:2743-9.

[146] A predictive model for aggressive non-Hodgkin's lymphoma: The International Non-
Hodgkin’s lymphoma Prognostic Factors Project. N Engl ] Med 1993;329:987-94.

[147] Leblond V, Dhedin N, Mamzer Bruneel MF, et al. Identification of prognostic factors in
61 patients with posttransplantation lymphoproliferative disorders. ] Clin Oncol
2001;19:772-8.

www.intechopen.com



108 After the Kidney Transplant — The Patients and Their Allograft

[148] Ghobrial IM, Habermann TH, Maurer MJ, et al: Prognostic analysis for survival in
adult solid organ transplant recipients with  post-transplantation
lymphoproliferative disorders. ] Clin Oncol 23:7574-7582, 2005

[149] Hourigan M]J, Doecke J, Mollee PN, et al: A new prognosticator for post-transplant
lymphoproliferative disorders after renal transplantation. Br ] Haematol 141:904-
907, 2008

[150] Cesarman E, Chadburn A, Liu YF, Migliazza A, Dalla-Favera R, Knowles DM. BCL-6
gene mutations in post-transplantation lymphoproliferative disorders predict
response to therapy and clinical outcome. Blood 1998;92:2294-302.

www.intechopen.com



After the Kidney Transplant - The Patients and Their Allograft

AFTER THE KIDNEY ; :
TRANSHLANT Edited by Prof. Jorge Ortiz

THE PATIENTS AND THEIR ALLOGRAFT

[I‘]ﬂtﬂ'i‘l’rlm‘llrm Ql.ueﬂ Andné

ISBN 978-953-307-807-6

Hard cover, 386 pages

Publisher InTech

Published online 17, August, 2011
Published in print edition August, 2011

There are many obstacles in kidney transplantation. For the transplant team, there is the balance between
immunosuppression to aid in the recipienta€™s tolerance of the allograft and the infection risk of a suppressed
immune system. These potential long term complications of kidney transplantation are relatively well known,
but there are many other complications that patients and families do not consider when preparing themselves
for a kidney transplant. Although the benefits of attempting a kidney transplant far outweigh downfalls of the
long term sequelae, kidney transplantation is by no means a benign procedure. It is the hope of these authors
that the reader will leave with a sense of understanding towards the kidney recipients.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Daan Dierickx (2011). Posttransplant Lymphoproliferative Disorders Following Kidney Transplantation, After
the Kidney Transplant - The Patients and Their Allograft, Prof. Jorge Ortiz (Ed.), ISBN: 978-953-307-807-6,
InTech, Available from: http://www.intechopen.com/books/after-the-kidney-transplant-the-patients-and-their-
allograft/posttransplant-lymphoproliferative-disorders-following-kidney-transplantation

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




