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ABSTRACT

Between 1985 and 2000, 43 children (age range 6 months-13 years) underwent
liver transplantation at R ed Cross Children’s H ospital. In 4 6% o f these c ases,
viral infections resulted in considerable morbidity and mortality. Included in this
group were: de novo hepatitis B (5 patients, 2 deaths), EBV-related post-
transplantation lymphoproliferative disease (6 patients, 4 deaths) and CMV
disease (9 patients, 4 deaths).

Of the six children (age range 10-30 months) who developed PT-LPD, the mean
time to the development of PT-LPD after transplantation was 9.2 months (range
3-30 months). The most common mode of presentation was adeno-tonsillar
enlargement and associated upper airway obstruction (4 out of 6 children). The
sites of involvement included: the tonsil (5 patients), mediastinum (2 patients),
gastrointestinal tract (2 patients) and CNS (2 patients). Half of the cases that
developed PT-LPD were EBV positive at the time of transplant.

Histological classification from seven tissue biopsies showed: polymorphic PT-
LPD (4 cases), immunoblastic lymphoma (1 case), malignant myeloma (1 case)
and plasmacytic hyperplasia (1 case). All were B-cell proliferations. There were
five monoclonal and two polyclonal lymphoid proliferations. EBV RNA was
detected by in-situ hybridisation in histological sections from five of the six

patients.

Four patients died (67% mortality rate). The two survivors responded to a
reduction in immunosuppression. Aggressive systemic chemotherapy was

unsuccessful in two patients with disseminated disease.

An incidence of PT-LPD of 14% at Red Cross Children’s Hospital is of concern,
particularly as this was the direct or indirect cause of death in 9% of all

paediatric liver transplant recipients treated in Cape Town. The development of
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PT-LPD was associated with EBV driven disease in all instances. High

immunosuppression dosages were an additional risk factor.
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CHAPTER ONE:

INTRODUCTION

Organ transplantation is used increasingly to treat a variety of paediatric
diseases. The success of transplantation depends on effective
immunosuppression. Although this promotes acceptance of the allograft by the

recipient, it impairs the host's ability to resist various infections.

In transplant patients, either primary Epstein-Barr Virus (EBV) infection or re-
activation of latent EBV infection may promote the proliferation, and in some
cases the malignant transformation of lymphoid tissue [1]. This results in a
spectrum of diseases known as the Post Transplant Lymphoproliferative
Disorders (PT-LPD).

PT-LPD has been recognised for the last thirty years as a discrete
clinicopathological entity because of several constant characteristics: it occurs
following transplantation of any organ, it is associated with EBV infection and

lesions regress after reduction of immunosuppression in some cases [2].

In South Africa, liver transplantation has been available for infants and children
for more than a decade. Since 1985, 43 orthotopic liver transplants (OLTX) have
been performed involving Red Cross Children’s Hospital (RXH) patients [3]. In
46% of these cases, viral infections resulted in considerable late morbidity and
significant mortality. Included in this group were: de novo hepatitis B (5 patients,
2 deaths), EBV-related post-transplantation lymphoproliferative disease (6
patients, 4 deaths) and cytomegalovirus (CMV) disease (9 patients, 4 deaths) [3].
EBV infection and its complications therefore proved to be a considerable

management problem in this relatively small group of patients treated at RXH.



15

In this thesis, the group of PT-LPD patients was closely examined in order to
document and determine the importance of clinical features, histological

appearance, clonality and EBV status.



16

CHAPTER TWO:

EPSTEIN BARR VIRUS

2.1 Introduction

EBYV is an enveloped herpes virus with a 172 kb double stranded DNA genome [4]. The
tamours associated with Epstein-Barr Virus (EBV) in congenital and acquired
immunodeficiency states reflect an imbalance in the normal control of EBV infection
and are in the vast majority of cases B cell lymphoproliferations [5]. The virus is also
linked to a subset of Hodgkin’s disease and T cell lymphomas in apparently

immunocompetent individuals [6,7,8].

Other EBV associated tumours include Burkitt’s and Aids-related lymphoma in

equatorial Africa as well as nasopharyngeal carcinoma in South East Asia [4].

Table 1. Qverview of EBV-associated malignancies [4]

Tumour Subtype Typical latent period EBV positivity
Burkitt's Lymphoma Endemic 3-8 years post-EBV 100%
Sporadic 3-8 years post-EBV 15-85%
AIDS associated 3-8 years post-HIV 30-40%
Nasopharyngeal Poorly/Non- >30 years post-EBV 100%
Carcinoma differentiated
Hodgkin's disease MC/LD >30 years post-EBV 80-920%

NS >10 years post-EBV 30%
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T -cell lymphoma VAHS/Fatal IM <6 months post-EBVA
Nasal >30 years post-EBV

AlLD/Pleomorphic >30 years post-EBV

Immunoblastic Fatal IM <6 months post-EBV*
lymphoma TX-associated <6 months post-TX?
TX-associated > 1 year post-ir

AlDS-associated 5-10 years post-HIV

7100%
100%

?40%

100%
100%

100%
70-80%

ATumours arising mainly in the context of primary rather than persistent EBY infection

MC/LD mixed cellularity/lymphocyte depleted

NS: nodular sclerosing

VAHS: Viral associated haemophagocytic syndrome
AILD: Angioimmunoblastic lymphadenopathy

IM: Infectious mononucleosis

TX: transplant
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2.2 Biology of EBYV infection

EBV targets B-lymphocytes through the CD21 receptor where it establishes a latent
infection both in vivo and in vitro [5]. Following entry of the virus into the cell, the
linear virion DNA circularizes to form an episome [9]. The viral genome remains as an
episome (a genetic element that can exist and replicate either independently, or after
integration into the host cell’s genome) for many cell divisions before integrating into

the cells DNA. Some cell lines maintain both integrated and episomal EBV DNA [4].

EBYV infection in vitro

In vitro infection of B-lymphocytes with EBV results in the establishment of an
immortalized B lymphoblastoid cell line. The majority of cells contain a non-replicating
episomal form of the EBV genome. Only a small proportion of cells contain replicating
virus [S]. The pattern of EBV expression in B cells varies depending on the type of
latency established. Three latency states, termed latent-cycle type I, II and III have been

characterized by the expression of EBV encoded latent antigens [9].

These antigens comprise of:
- six EBV nuclear antigens (EBNAs)
- two EBV-encoded RNA’s (EBERs)
- three latent membrane antigens (LMPs).

In PT-LPD, EBV typically exhibits type III latency which is characterized by the
expression of EBERs 1 and 2, EBNAs 1, 2, 3A, 3B, 3C, leader protein (LP) and LMP 1,
2A, 2B [9,10] (see figure 1). EBNAs 2, 3A, 3C and LMP1 are essential for B-cell
immortalisation, while EBNA-1 and LMP2 are critical for maintenance of the EBV
episome and the latent state, respectively [4,11,12]. EBNA LP is encoded by the leader
of each EBNA mRNA and may play a role in EBV RNA transcription or processing

[4].
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Postulated phenotype of Iatently Latency | Burkitt's Lymphoma in vivo and
infected B cell in a normal seropositive early passaged BL cell lines in vitro

LMP2a

EBERs EBERs
(EBNAT) | (EBNAT)

Latency H  Nasopharyngeal carcinoma Latency It LCLsin vitro
i IM in vivo
Reed Sternberg cells in HD PT-LPD tumour cells in vivo

LMP1
LMP2a/b

EBERs

(EBNA1,2
3a/bvic, LP)

Lytic
replication

Figure 1. EBV gene expression in EBV infected cells in vivo and in vitro [from 5].

EBERSs, EBV encoded small RNAs, EBNA, EBY nuclear antigen; IM, infectious mononucleosis;
LCL, lymphoblastoid cell line; LMP, latent membrane protein; LP, leader protein, PTLD, post-

transplant lymphoproliferative disease.

EBERs are small non-polyadenylated RNAs that are strongly expressed in EBV-
infected tissue. They do not appear to be essential for B-cell immortalisation [13-15].
Although their function is uncertain, EBERs may be involved in blocking the effects of
gamma-interferon within newly infected B-lymphocytes, thereby promoting the

immortalisation process [16-19].
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In summary, EBV transformed lymphoblastoid cell lines resemble normal proliferating
B-lymphocytes, albeit immortalised and with the expression of EBV encoded proteins.

This is in contrast to cells infected with other DNA tumour viruses such as SV40 or
adenovirus, which alter cell growth by interaction with cellular oncogenes or tumour

suppressor genes [5].

EBV infection in vivo
This can be divided into: early infection, persistent infection and the

lymphoproliferative diseases [5].

1. Early infection

More than 95% of the adult population worldwide is infected with EBV [20]. Initial
infection usually occurs in childhood following transmission of virus through salivary
exchange to B-lymphocytes in pharyngeal lymphoid tissues. In general, primary
infection of young healthy individuals is not accompanied by disease. However, should
infection be delayed until adolescence, 50% of individuals will suffer infectious

mononucleosis [21].

The symptoms and signs of infectious mononucleosis (fever, sore throat, myalgia,
fatigue, lymphadenopathy, hepatosplenomegaly) are immunopathological in nature
[22]. Antibodies develop early in infectious mononucleosis and include: the viral capsid
antigen complex and the membrane antigen complex (gp350) [20]. IgG antibodies to
EBNAI1 and less consistently to EBNA2, -3A, -3B, -3C and LP develop late during
infectious mononucleosis. In addition, non-specific serum heterophile antibodies can be
detected in about 85% of cases of acute infectious mononucleosis. This forms the basis

of the diagnostic Paul-Bunnel and monospot tests [22].

During this time, a large number of atypical mononuclear cells are seen in peripheral

blood and infiltrating tissues. These are predominantly EBV-specific CD8+ HLA class
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I restricted cytotoxic T lymphocytes (CTL) directed against latent and lytic cycle
antigens [23].

2. Persistent infection

After recovery from primary infection, a healthy EBV carrier state is established. Here
IgG antibodies against viral capsid antigen, membrane antigen complex gp350, and
EBNAI can usually be detected [20]. This suggests that EBV infected cells, during this
stage of disease, are able to undergo lytic replication with transient expression of the
full panel of latent antigens. Infected cells are able to evade the immune system and

maintain a low level of persistent infection for a considerable time period [24].

Immune recognition follows and elimination of the infection occurs in the majority of
cases [5]. EBV specific memory T cells in normal EBV seropositive individuals are

present for life [25].

3. EBV in post-transplant lymphoproliferative disease (PT-LPD)

With immunosuppression, loss of CTL activity probably allows infected cells
expressing a latency III phenotype to persist. This leads to the accumulation of EBV
infected B cells in the body. There is also enhanced virus replication [26]. These
changes mirror the loss of CTL activity and will return to normal when the level of
immunosuppression is reduced [27,28]. This clinical scenario is sometimes called

“reactivated” EBV infection. In most cases no disease will ensue [5].

Uncontrolled EBV driven B cell proliferation can occur in a minority of patients. This
leads to clinically apparent post-transplant lymphoproliferative disease [5]. Why this

should occur is unclear at this time.
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2.3 Biology of EBV in PT-LPD

Most tumour cells in PT-LPD express the latency IIl pattern of EBV gene
expression. A small proportion of cells undergo lytic replication [29,30]. The
pattern of viral gene expression within a particular tumour may also vary
between individual cells [31] and occasionally latency type I and/or II patterns
have also been detected in PT-LPD biopsies [29,31,32]. In these cases,
additional genetic or epigenetic changes are probably required for tumour
development [5]. Specific antibodies detecting the early and late lytic-cycle
antigens ZEBRA (BamZ Epstein—Barr replication activator) and virion
glycoprotein gp350 have shown that up to 80% of these tumours have evidence
of EBV early lytic cycle reactivation. This has also been confirmed using
oligonucleotide probes that measure viral DNA. In addition, 30-40% of cases

contain EBV late antigens or replicative DNA [33-35].

In tumour biopsy material, EBV positive cells often make up only a modest
proportion of the tumour mass, with an extensive EBV negative lymphoid
infiltrate comprising predominantly of CD4+ T lymphocytes [36]. In vivo
experiments in severe combined immunodeficient (SCID) mice, where PT-LPD-
like tumours can be generated following injection of human peripheral blood
mononuclear cells, show that T cells are necessary for establishment of these
tumours [37]. This suggests that the non-tumour element in PT-LPD is needed,
possibly in supplying essential growth factors. Studies of SCID generated tumours
have shown that the tumour cells produce cytokines that stimulate B cell growth in

an autocrine fashion [38].

These cytokines are thought to contribute to B-cell growth and chemotaxis.
Induction of many of these cytokines can be attributed to individual EBV genes,
most notably LMP1 [9]. This is thought to be due to the ability of LMP1 to
interact with the tumour necrosis factor (TNF) signaling pathway, inducing NFKJ

and AP-1 - two transcription factors which control the expression of many
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cytokines [39-43]. A summary of the cytokines expressed by EBV-immortalized

cells in vitro and during PT-LPD can be seen in Table 2.

Table 2 Cytokines expressed by EBV-immortalized B cells and during PT-LPD [9]
Cytokine ' EBV Inducer Immune action(s)
IL-1o/B T B cell growth, MF influx
iL-2 T NK activity, T cell differentiation
IL-4 T B cell growth
IL-5 T B cell growth
IL-6 LMP1, gp350 1 B cell growth, 4 NK activity
IL-8 LMP1 1T and MF influx, T Selectins
IL-10 LMP1 I CTL, APC
IL-12 LMP1 '
T NK activity
IL-13
T B cell growth
TNFa LMP1, gp350 ?
T B cell growth, 4 T cell activity
TNFB/ lymphotoxin LMP1 "
TOF-p1 ZEBRA B cell growth
T B cell efflux
IFN«y

T T, NK activity

' Boldtype indicates that cytokine is increased during PT-LPD.

MF, macrophage; CTL, cytotoxic T lymphocyte; APC, antigen-presenting cell; ZEBRA,

BamZ Epstein—Barr replication activator.

Progression of PT-LPD from polyclonal to more aggressive monoclonal lesions

regularly occurs in untreated cases or in recurrent lesions [44] and probably

involves additional cellular genetic changes. Some studies have shown changes in

the tumour suppressor gene pS3 and oncogenes c-myc and N-ras in some cases

[45,46]. These genetic changes may abolish the need for the expression of growth

transforming EBV antigens, as in the case of rare EBNA2 and LMP1 negative

tumours [29,30].
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It has also recently been suggested that immunosuppressive agents CsA, FK506
and anti-CD3 antibodies may contribute to the pathogenesis of PT-LPD. In
addition to inhibiting T cell function, these agents have also been shown to
promote the EBV lytic cycle, to increase EBV growth and to increase resistance to
immune killing by promoting expression of anti-apoptotic factors [9] (see figure

2).

The occurrence of PT-LPD in the transplanted organ may be due to the complex
immunological interactions taking place during graft rejection or dysfunction

that results in enhanced cytokine production [47,48].

8ol
B call proliferation

emmma—————
IL-6 $L~1{;} TGF-B

B celt

CsA

- FK508

Anti-OKT-3 |~

Fig 2. A schematic diagram of the interactions between immunosuppressive drugs, Epstein-

Barr virus, and cytokines for the genesis of post-transplant lymphoproliferative disease [9]
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The immunology and pathogenesis of PT-LPD is complex, the etiology of which
is due to an interplay of several factors. These factors include the blocking of T-
cell activity by immunosuppressive drugs, the expansion of EBV infected B-cells,
the production of cytokines and mutations of oncogenes or tumour suppressor

genes.

A better understanding of these mechanisms in the future may provide new
information so that improved preventative and therapeutic strategies can be

developed.
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CHAPTER THREE:

POST TRANSPLANT LYMPHOPROLIFERATIVE DISORDERS

IN CHILDREN

3.1 Epidemiology of Paediatric PT-LPD

PT-LPD was first described in renal transplant patients in the late 1960s [49],
and is currently estimated to occur in 2% of all patients who receive an organ

transplant [50].

One of the largest databases of tumours occurring in pediatric transplant patients
is contained in the Cincinnati Transplant Tumor Registry [1]. Five hundred and
twenty-seven tumours in 512 pediatric transplant recipients have been reported
from around the world to this Registry [6]. Fifty-two per cent of these paediatric
tumours were PT-LPDs. In comparison, PT-LPD made up only 15% of tumours

reported in adult transplant recipients.

In this series, 47% of the paediatric patients with PT-LPD died. Sixteen per cent
of these cases were diagnosed only at autopsy, emphasizing the importance of

the paediatric pathologist.

The incidence of PT-LPD varies widely between transplant groups in the
paediatric setting (see table 3). Different levels of immunosuppression between

the groups may contribute to this finding [50].
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Table 3. Incidence of paediatric PT-LPD according to organ transplanted
Organ transplanted Incidence of PT-LPD
Liver 6.8-13.1% [51,52,53]
Heart 10% [54]
Heart & lungs 3.8-11.7% [55,56]
Kidneys 2.6-9% [57-60]
Bone marrow (adults included) 1-30% [61,62]

These figures can be compared to larger series, incorporating predominantly

adult patients (see Table 4) where a generally lower incidence of PT-LPD is

present.
Table 4. Incidence of PT-LPD (all ages) in various types of transplants [63]
Kidney 1%
Liver 2.2%
Heart 3.4%
Lung 1.8-7.9%
Heart-lung 9.4%
intestinal ‘ 7-11%
Multivisceral 13-33%
Bone Marrow <1%

In a study confined to liver transplant recipients, 19% of children developed
symptomatic EBV infection compared to 2.7% of adults. Twenty-two percent of

children under the age of five years developed EBV infection, compared to
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10.8% of older children [52]. All cases of paediatric PT-LPD in that series

occurred in children under five years of age [52].

Most young children are EBV-naive at the time of transplant. EBV
seronegativity at the time of transplant appears to partly account for the higher
incidence of PT-LPD in children [2,52,56,63-66]. Paediatric patients with higher
EBV burdens in the peripheral blood have also been shown to be at greater risk

for developing PT-LPD [67].

There is mounting evidence to suggest that infection with cytomegalovirus
(CMV) is also an additional important risk factor for the development of PT-
LPD [63]. Mismatching for CMV, where a seronegative recipient receives an
organ from a seropositive donor, has been associated with a several-fold
increased risk of PT-LPD in recipients of non-renal solid organ transplants [68].
This finding has been confirmed in other studies [59,69] and may be due to the
combined loss of immune control for CMV and EBV due to high dose
immunosuppression. It is also possible that reactivation of CMV has profound
effects on the immune system by inducing cytokine production, thereby directly

transactivating EBV genes [70].

It has been reported that Hepatitis C virus (HCV) may also be associated with
the development of PT-LPD in patients with HCV-associated cirrhosis [71].

Verification of this finding does however require further study.

In summary therefore, it is generally accepted that PT-LPD is more common in
the paediatric age group, it is more likely to occur in certain types of organ
transplants and is more likely to occur in patients who are seronégative for EBV,

as well as CMV at the time of transplant.
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3.2 Pathology of PT-LPD

Over the last 15 years three major PT-LPD classifications have been published
by Frizzera et al [72], Nalesnik et al [73], and Knowles et al [45]. Modifications
of these schemes have also been reported [74-76] indicating the difficulties
encountered in establishing reproducible and/or clinically relevant

classifications.

A comprehensive review of the above classifications is beyond the scope of this
thesis (see Seminars in Diagnostic Pathology 1997,;14: 2-7 [77]). Currently, the
classification according to Knowles et al appears to be the easiest to interpret and
has been used recently at Red Cross Children’s Hospital. This scheme has the
distinct advantage of correlating morphology with molecular genetics. A recent

modification of this system will be discussed (see Chapter 6.3).

Three broad groups of PT-LPD are present in this classification, with the B cell
lymphoproliferations subdivided into three further categories (Table 5)

Table 5. PT-LPD classification {Knowles et al. [45])

1. Probably benign

2. Beel PT-LPD
i. plasmacytic hyperplasia

i. polymorphic lymphoproliferative disorder

i. malignant lymphoma/multiple myeloma

3. Tcell PT-LPD
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A brief pathological description of the latter two categories follows:

Plasmacytic hyperplasia

There is retention of the underlying architecture of the lymph node or tissue of
origin in these lesions. In nodal disease there is an expansion of the
interfollicular zone by small lymphocytes, plasmacytoid lymphocytes and
plasma cells. Scanty immunoblasts may be present and there is little or no

cytological atypia [45,73].

Fig 3a: Plasmacytic hyperplasia. Note the expansion of the sinusoids.

(Case 3; Frozen section, H&E x 4)

Fig 3b: Sinusoids expanded by numerous plasma cells.
(Case 3; H&E: x 400)
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Generally these lesions are composed of mixed B and T lymphocytes, there are
no clonal immunoglobulin light/heavy-chain or T cell receptor gene
rearrangements and there are no structural abnormalities of proto-oncogenes or
tumour suppressor genes (including bcl-1, bel-2, c-myc, H-ras, K-ras, N-ras, and
p-53 [45,74]. Most, but not all of these lesions contain evidence of EBV
infection [45,74] which may be a polyclonal, oligoclonal or monoclonal as
determined by Southern Blot hybridisation using a probe to the EBV terminal

repeat region [45].

Lesions usually develop early after transplantation (4 months on average) and
often occur in Waldeyer’s ring or lymph nodes. Virtually all these lesions regress
after reducing the i mmunosuppression [ 45,73,78]. Only in very rare occasions
will recurrent disease develop. The clinical course of these patients depends on

the morphological and molecular features of the recurrent lesion [45].

Polymorphic Lymphoproliferative Disorder

In these lesions there is obliteration of the architecture of the tissue by a
polymorphic lymphoid proliferation [45,72,78,79]. Tumours range in appearance
from small plasmacytoid lymphoid cells and i mmunoblasts without significant
cytological atypia, to lesions lacking plasmacytoid differentiation and containing
highly atypical immunoblasts. This category is therefore a spectrum of
morphological characteristics, combining the polymorphic B-cell hyperplasia
(PBCH) and polymorphic B-cell lymphoma (PBCL) categories described in the

classification according to Frizzera et al [72].
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Fig 4a: Polymorphic PT-LPD involving the tonsil. Note the loss of normal architecture

and large area of necrosis. (Case 5; H&E x 4)

Fig 4b: Polymorphic PT-LPD. Note the polymorphic population of lymphocytes, some
of which are atypical. (Case 5; H&E x 400)

Additional histological features include areas of necrosis, ‘squiggle’ cells
(accompanying T cells) and immunoblasts, which may resemble Reed-Sternberg

cells [45,72,79,80].

Fig 5: Polymorphic PT-LPD, tonsil. Note the Reed Sternberg-like giant cells and foci of
necrosis. (Case 5; H&E x 400)
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Polymorphic lymphoproliferative disorders (PLD) show clonal rearrangements
of the immunoglobulin heavy-chain gene and have clonal evidence of EBV
infection. There is no evidence of abnormalities in proto-oncogenes or tumour

suppressor genes [45,74].

PLDs occur frequently in extranodal sites such as the gastrointestinal tract and
lung [79,81] and develop 5 to 96 months after transplantation (median, 11
months) [78]. The clinical course in this group is variable, with some cases
regressing after reducing immunosuppression and others requiring chemotherapy
or radiotherapy. In general the prognosis in this group is said to be favourable,

with a median survival of 21 months [78].

Malignant lymphoma / Multiple myeloma

Histologically these lesions are similar to cases of malignant lymphoma (ML)
and multiple myeloma (MM) occurring in immunocompetent individuals [45,82-
84]. Most of the cases in this group would be classified as diffuse large B-cell
lymphomas in the Revised European-American Lymphoma (REAL) or WHO
classifications [85,86]. Occasionally, cases resemble Burkitt lymphomas or High

Grade B-cell lymphomas of the Burkitt-like subcategory [84,87].

These neoplasms usually show evidence éf clonal EBV infection and are
monoclonal based on immunoglobulin gene rearrangements [45,83,84,88]. They
are unique, in comparison to the other B cell derived PT-LPD disorders, in that
they consistently contain structural aberrations in proto-oncogenes or tumour

suppressor genes such as c-myc, pS3 and N-ras [47,74].

Patients usually present with widespread disease ( Stage I11 or I'V) and d espite

optimal therapy there is usually a p oor clinical outcome. In addition, cases of
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MM may occasionally result in a monoclonal gammopathy with lytic bone

disease [78,82,84,87].

Fig 6: High-grade B cell lymphoma; PT-LPD small bowel. Note the numerous immunobiasts
and high mitotic rate. (Case 4; H&E x 400)

T-Cell PT-LPDs

These lesions are relatively rare in the post-transplant setting and less than
twenty cases have been reported in the literature [46]. They tend to occur late
after transplantation (median time of 5 years) and are less strongly associated
with EBV infection (approximately 50% of cases positive) [46,73,78]. The

existence of T-cell PT-LPD therefore remains controversial [46].

The examples include cases of lymphoblastic lymphoma, peripheral T-cell

lymphoma and anaplastic large cell lymphoma [46].

In general, PT-LPD often develops in sites that are unusual in the context of
other lymphomas [5]. This is particularly prominent in EBV seropositive
individuals with late onset disease [89]. These tumours are often localised and

extranodal, commonly occurring in the gastrointestinal tract, central nervous
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system, or grafted organ [30,90,91]. Tumours developing in the transplanted
organ are most common in lung transplant recipients [92], the reasons for which

are unknown.
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33 Prognosis in paediatric PT-LPD

Mortality from PT-LPD is high and is estimated to be 60-70% [2,93,94]. This
depends on a number of factors: including the type of transplant, the length of

time to onset of disease and whether EBV seroconversion occurs.

The mortality from PT-LPD is highest in paediatric bone marrow transplant

recipients and appears to be lowest in heart transplant recipients (see Table 6).

Table 6 Prognosis of paediatric PT-LPD according to organ transplanted
Organ transplanted Mortality
Bone marrow 96-100% [1,95]
Liver 44-66% [1,53]
Kidneys 48% [59]
Thoracic 36% [56]
Heart 0-25% [1,56]

The length of time from transplant to the development of PT-LPD may predict
prognosis better than the type of organ transplanted [1]. Most paediatric liver
transplant patients who die with PT-LPD, present less than six months following
transplantation. Those who survive usually became symptomatic more than six
months after transplant [1,53]. A similar pattern is thought to be present in other
transplanted organs, however larger studies are required in children to confirm

this finding [1].

PT-LPD histology, as well as clonality does not correlate consistently with
outcome, making patient management problematic. Monomorphous lesions are
generally resistant to treatment in the majority of cases, however regression with

reduced immunosuppression as the only treatment has been reported [73,96].
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Conversely, lesions with bland histology may pursue an aggressive clinical

course [93].

It is interesting that the histology and clonality in PT-LPD may change over time
within the same patient [76,93]. The pathologist’s analysis of surgical material
may therefore not be representative of the most aggressive PT-LPD clone. It has
been shown that even within an individual tumour, polyclonal proliferations can

coexist with clonal populations [45].

Structural alterations in tumour suppressor genes and/or oncogenes are
invariably associated with aggressive disease requiring intensive treatment and a
poor prognosis [46,97]. Every attempt should therefore be made to obtain fresh

tissue so that these investigations can be performed.
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3.4 Management in paediatric PI-LPD

Drawing conclusions from the available paediatric literature is difficult, as the
studies are generally small, anecdotal, and complicated by diversity in the
presentation and histological features of PT-LPD [5]. It is generally accepted that
the first line of therapy is reduction or withdrawal of immune suppression. This
allows the host to recover natural immune surveillance [98]. Regression of
lesions will occur in 23-86% of patients, the wide variation probably explained
by differences in the definition of PT-LPD in the major centers [2,99]. Most
cases that respond to this treatment do so within 2-4 weeks [98]. There are
however isolated examples of children having a belated response after several

months of reduced immunosuppression alone [100,101].

Apart from the reduction of immunosuppression, optimal management of PT-
LPD in both paediatric and adult patients is controversial [98]. The use of
acyclovir or gancyclovir has become routine [2,56,99,102] based on the in vitro
activity of these agents, as they inhibit the lytic phase of EBV deoxyribonucleic
acid (DNA) [103,104]. Gancyclovir is favored as it is approximately ten times
more potent then acyclovir in vitro [103] and also has activity against CMV co-
infection [98]. Many have questioned the efficacy of this therapy as no
prospective, comparative clinical trials have been conducted using these drugs.
In addition, most of the EBV infected cells in PT-LPD are transformed B cells
that are not undergoing lytic infection [45,74,105]. Neither acyclovir nor
gancyclovir suppress EBV-driven proliferation of B cells in vitro or B cells that
are latently infected with EBV [103,104]. It has been said that the only reason to
give these agents is to prevent a small number of lytically infected cells within
PT-LPD lesions from spreading EBV to new clones of previously uninfected B

cells [98].

Interferon (IFNa) alpha has been used in many anecdotal instances with

uncertain efficacy [56,98,99,106-109]. IFNa may function as a pro-
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inflammatory mediator as well as a natural antiviral agent. Its precise mode of
action however is uncertain [108]. In the largest reported study using this
therapy, a high relapse rate occurred with an added complication of rejection and

infection in half of the cases [110,111].

Immunotherapy using intravenous gammaglobulin (IVIG) or anti-B cell
monoclonal antibodies are agents used in some centers with theoretical
therapeutic value [45,106,107,109]. Promising results for polyclonal disease with
anti-CD 21 and anti-CD 24 monoclonal antibodies have been reported in the
treatment of PT-LPD in recipients of both bone marrow and solid organs [112-
114]. Although these drugs are no longer in use, a new drug approved for the
treatment of certain CD20-positive B cell-non-Hodgkin’s lymphomas called
rituximab [115] (an anti-CD20 monoclonal antibody), may certainly be of

benefit.

Fig7: Polymorphic PT-LPD, tonsil. Strong membrane staining for CD20.
(Case 6; CD20 immunohistochemistry x 400)

It is important therefore that the pathologist prove strong CD20
immunoreactivity within the tumour to be treated, before such therapy is

considered [98]. Reports of patients with PT-LPD treated with this agent appear
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to be promising [92,116-118]. In a multicentre study, there was a 65% response
rate to rituximab in 26 solid organ associated PT-LPDs. Eleven of these patients

were long term survivors [117].

Recently, because interleukin-6 (IL-6) has been described as a growth factor for
EBV-infected B cells, anti-IL-6 monoclonal antibody therapy has been tested in
a phase I-II clinical trial with encouraging preliminary results [119]. Complete
remission, as judged by complete clinical and radiological disappearance of all
tumours, was achieved in 5 cases out of 12. No relapses occurred in these

patients, with a follow-up from 15 to 27 months [119].

One of the most exciting areas in the treatment of EBV disease and PT-LPD is
the use of cellular therapies involving T lymphocytes. EBV-specific cytotoxic T
lymphocytes (CTL) have been used in the management of PT-LPD in bone
marrow transplant (BMT) recipients [120,121].

This therapy is relatively straightforward in BMT as the proliferating lymphoid
tissue is generally of donor cell origin [5]. CTLs obtained from the original
donor can therefore be infused, as they will recognise and destroy the EBV-
infected B cells in the reéipient. This is in contrast to PT-LPD occurring in solid
organ transplants where the lesions are typically of recipient, not donor origin.
[122-124]. EBV-specific CTLs from the recipient are therefore needed for a

comparable strategy to be effective.

This is further complicated, particularly in the paediatric population, as
recipients are often EBV-naive at the time of transplant. In these cases
autologous CTLs must be grown in vitro from T cells obtained before
transplantation. In addition these cells may need to be ‘stimulated’ or immunised
against EBV [5,98]. An alternative approach is to obtain an HLA-identical donor
so that CTL can be grown from this source and infused into patients with PT-

LPD [125,126].
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Interleukin-2 stimulated lymphokine-activated killer (LAK) cells of recipient
origin have been used as an alternative to EBV-stimulated CTLs [127]. This
therapy avoids ex vivo immunization of recipient cells, but is non-specific and
also results in the additional possibility of organ rejection. More clinical

experience is required in this form of therapy [98].

Finally, it is generally accepted that the use of radiation therapy and surgery
should be restricted to the management of local complications (such as bowel
obstruction) as PT-LPD is a systemic disease [98]. Uniform guidelines
concerning the use of chemotherapy in children are not available at the present
time. Some centers are strongly in favour of this treatment, whereas others
advocate a more cautious approach suggesting initial withdrawal of

immunosuppression and the commencement of antiviral therapy [98,128].

Patients with an obviously malignant tumour containing tumour suppressor or
proto-oncogene abnormalities (e.g. Burkitt lymphoma) should be immediate

candidates for chemotherapy [98].

There is however no current consensus on which PT-LPD lesions are truly
‘malignant’. Some centers use the term ‘lymphoma’ for tumours that are still
likely to be immune responsive [129]. As with all rare malignancies a uniform
international pathological classification, incorporating all the available molecular
technology, should be used to stratify patients so that uniform guidelines can be

established.
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CHAPTER FOUR

AIM, MATERIALS AND METHODS

41 Aim

To document the experience of PT-LPD in 43 paediatric liver transplant
recipients seen at Red Cross Children’s'Hospital in order to document and
determine the importance of clinical features, histological appearance, clonality and

ERYV status.

4.2 Materials And Methods

Study population: Between November 1991 and December 2000, 43 children
(age range 6 months-13 years) underwent liver transplantation at Red Cross
Children’s Hospital. The indications for transplantation were biliary atresia (25
patients), inborn errors of metabolism (6 patients), fulminant liver failure (8
patients), autoimmune hepatitis (2 patients) and cryptogenic cirrhosis (2
patients). Transplanted allografts consisted of full-size livers in 19 cases and

reduced-sized cadaver livers in 24 cases.

Immunosuppression. The standard immunosuppressive regimen at RXH is

cyclosporin-based triple drug therapy, as outlined below:

Cyclosporin was administered at a dosage sufficient to achieve whole
blood trough levels of approximately 300ng/ml in the first month,
thereafter progressively decreasing the trough levels to a level of

150ng/ml.
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Corticosteriods were administered intravenously at an initial dose of
10mg/kg/day on postoperative day one, gradually decreasing to
Img/kg/day by day five and 0.2 - 0.5mg/kg/day by one month.
Azathioprine was administered at 0.5-1mg/kg/day, aiming at a white cell
count of 4-6 x 10°/1. A zathioprine was discontinued at six months with
most patients being maintained on cyclosporin and low dose steroids.

No induction therapy with OKT3 or ATG was used.

Rejection episodes were managed with pulsed Medrol 5-10mg/kg/day for
three days. If there was continued evidence of rejection after three days of
intravenous (IVI) Medrol, patients were converted to tacrolimus aiming
for a level of 10-14ng/ml initially until stable, gradually decreasing to a

level of 6-8ng/ml.

Anti-viral therapy: Prior to 1996 all patients received prophylactic acyclovir,
initially IVI and then orally. Since 1996, all CMV seronegative patients of
allografts from seropositive donors received IVI gancyclovir (Smg/kg/day bd)
for the first 2 weeks post-transplant. They were also covered with IVI
gancyclovir if they received pulsed medrol for control of rejection. Immune
globulin preparations in the form of cymovene (CMV hyper immune globulin)

or polygam were also used.

EBV status: EBV status as determined by measuring EBNA serology was

assessed before transplantation and at the time of diagnosis of PT-LPD.

Diagnosis of PT-LPD: The diagnosis of PT-LPD was suspected in patients
presenting with pyrexia of unknown origin, failure to thrive, lymphadenopathy,
adeno-tonsillar enlargement with airway obstruction and unexplained GIT
symptoms. The diagnosis was confirmed histologically on biopsy of lymph
nodes, tonsils and intra-abdominal masses. Where indicated, bone marrow and

cerebrospinal fluid was examined.
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Tumour morphology was determined by light microscopy on paraffin-embedded
tissue. All slides were re-cut, stained with haematoxylin and eosin and classified
according to the system of Knowles et al [45] by one pathologist (JD) at a single
sitting. Immunohistochemistry using the monoclonal antibodies CD20 and CD3

was also performed.

Clonality was assessed by immunoglobulin heavy-chain gene rearrangement as
previously described [130]. High molecular weight DNA was isolated from
formalin-fixed paraffin-embedded tissue samples, according to standard
proteinase K digestion and organic extraction procedures. PCR amplification
was performed in a Perkin Elmer GeneAmp PCR System 9600 using consensus
primers VHS' CTG TCG ACA CGG CCG TGT ATT ACT G 3'and JHS' AAC
TGC AGA GGA GAC GGT GAC C 3', (Oligos, Etc., Portland, Oregon, USA).

Fig 8: Monoclonal immunoglobulin heavy chain rearrangement detected by PCR.
Test case (T), negative control (-}, positive control (+).
(Case 4)
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Detection of EBV: Epstein-Barr virus RNA in-situ hybridisation studies were
performed using an oligonucleotide probe targeting EBV-encoded small RNAs,
which are actively transcribed (up to 107 copies per cell), in latently infected
cells [131]. Briefly, 5 um paraffin sections of formalin-fixed tissues were
mounted on slides coated with 3-aminopropyltriethoxysilane, deparaffinised,
dehydrated, pre-digested with proteinase K, and then hybridised for 2 hours at
the manufacturer’s concentration of probe. RNAase-free precautions were
observed to minimise contamination with RNAase throughout the procedure
until the hybridisation stage. After washing, hybridisation was detected using
avidin-alkaline phosphatase conjugate followed by development of the signal
with fuchsin substrate; haematoxylin was used as a counter stain. A positive
result was indicated by a red or magenta colour in the nucleus. A known EBV-

positive Hodgkin’s lymphoma section was used as the external control.

Fig 9: High grade B cell PT-LPD, small bowel. In-situ hybridisation showing strong nuclear
EBER staining.
(Case 4; x 200)
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CHAPTER FIVE

RESULTS

5.1 Incidence and location of PT-LPD:

Six of 43 children (age range 10-30 months) developed PT-LPD. All had been
transplanted for biliary atresia following a failed Kasai procedure. The mean
time to the development of PT-LPD was 9.2 months (range 3-30 months) post
transplantation. There were four males and two females. Three of the patients

were white, two were of mixed racial origin and one was black.

Sites of involvement: tonsillar (5 cases), mediastinum (2 cases), gastrointestinal

tract (2 cases) and CNS (2 cases).

5.2 Patient Proﬁles‘:

Case 1: Aged 14 months (W, F), was EBV EBNA positive at time of transplant.
She developed steroid-resistant rejection requiring pulsed medrol, conversion to
tacrolimus and high dose maintenance steroids (2mg/kg/day). Attempts to
decrease steroids and tacrolimus levels <12ng/ml were associated with
deteriorating liver function. She presented four months post transplant with
upper airway obstruction and underwent tonsillectomy and adenoidectomy.

Histology: The lymphoid tissue from both the tonsil and adenoid showed an
infiltrating lymphoid population, distorting the normal architecture. The cells

ranged in shape and morphology. Centroblasts and centrocytes were prominent.
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Numerous, non-malignant T-lymphocytes were identified on CD3 staining. The
features were therefore those of a typical polymorphic B-cell PT-LPD.

B-cell gene rearrangement: Monoclonal.

Management: Immunosuppression was withdrawn, the PT-LPD resolved but
she developed chronic ductopaenic rejection requiring re-transplantation.

Outcome: Patient is disease free, 4 years after initial diagnosis.

Case 2: Aged 10 months (C, M), was EBV EBNA negative at time of transplant.
Four months post transplant, he presented with adeno-tonsillar enlargement and
upper airway obstruction; becoming EBV EBNA positive. Tonsillectomy and
adenoidectomy were performed.

Histology: Confirmed a polymorphic B cell PT-LPD with features similar to
case 1. Areas of necrosis were also seen.

B-cell gene rearrangement: Oligoclonal.

Management: Immunosuppression was reduced (Azathioprine stopped, medrol
decreased to alternate days and cyclosporin trough levels maintained between
50-80mg/ml). IVI gancyclovir was administered.

Outcome: PT-LPD resolved and the patient remains disease free, 16 months

after diagnosis.

Case 3: Aged 2.5 years (C, M), was EBV EBNA positive at time of transplant.
Compliance was poor with erratic attendance at clinic. He developed steroid-
resistant rejection and was converted to tacrolimus. Two and a half years post
transplant, he presented with recurrent chest infections and failure to thrive,
associated with bone marrow suppression. He also developed mediastinal
lymphadenopathy with superior vena cava obstruction and recurrent pericardial
effusions. |

Histology: A frozen section was performed intra-operatively, showing lymphoid

tissue, ‘not obviously malignant’. Examination of the paraffin fixed tissue
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showed a reactive lymph node with preservation of the architecture and
subcapsular sinus. Large nurhbers of normal plasma cells expanded the
interfollicular areas, compatible with a diagnosis of plasmacytic hyperplasia.
B-cell gene rearrangement: Oligoclonal.

Management: Attempts at decreasing immunosuppression were associated with
deteriorating liver function. He was given IVI gancyclovir, polygam and one
cycle of chemotherapy (vincristine, cyclophosphamide, low dose prednisone).
His course was complicated by development of PCP pneumonitis, disseminated
aspergillosis and adenoviral pneumonitis.

Qutcome: The patient died seven weeks after diagnosis with no evidence of

residual tumour. This was confirmed by post mortem examination.

Case 4: Aged 17 months (W, M), was EBV EBNA negative at time of
transplant. Follow-up was erratic with frequently documented high cyclosporin
levels. Five months post transplant, he presented with failure to thrive, an
abdominal mass and a gastrointestinal ( GIT) bleed. H e underwent exploratory
laparotomy where necrotic small bowel was resected. Resection lines were not
free of tumour.

Histology: Showed a malignant B-cell lymphoma infiltrating all layers of bowel,
mesentery and adipose tissue. There were large areas of tumour necrosis and a
‘starry sky’ appearance was seen in areas. The cells were predominantly large,
with prominent, often red nucleoli in keeping with immunoblastic cytology.
Bone marrow and cerebrospinal fluid (CSF) were clear.

B-cell gene rearrangement: Monoclonal

Management: Immunosuppression was withdrawn, IV] gancyclovir was
administered and chemotherapy commenced. This consisted of a modified COP
regimen: One cycle of vincristine, cyclophosphamide and prednisone followed
by a second cycle of vincristine and prednisone. This was followed by
COPADM  (vincristine, cyclophosphamide, prednisone, methotrexate,
adriamycin and intrathecal triple therapy).
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QOutcome: Despite intensive chemotherapy, the patient developed CSF
involvement within three weeks. A computerised tomogram (CT) scan of the
abdomen showed only a minor reduction in abdominal mass size. Treatment was

discontinued and the patient died 10 weeks after diagnosis.

Case 5: Aged 2 years, 3 months (W, M) was EBV EBNA positive at time of
transplant. He developed steroid-resistant rejection requiring pulsed medrol and
conversion to tacrolimus. He presented 3 months post transplant with adeno-
tonsillar enlargement and upper airway obstruction. Tonsillectomy and
adenoidectomy were performed.

Histology: Showed a polymorphic B cell lymphoma of the tonsil. Cells ranged
from small centrocytes to larger centroblasts. There were large, sometimes
confluent areas of necrosis. Bone marrow and CSF were clear.

B-cell gene rearrangement: Monoclonal.

Management: Immunosuppression was reduced. IVI gancyclovir and polygam
were administered and chemotherapy was commenced. Chemotherapy consisted
of COP- one cycle of vincristine, low dose of cyclophosphamide and prednisone
and a second cycle of vincristine, high dose cyclophosphamide and prednisone.
Whilst on chemotherapy, he developed abdominal pain and a GIT bleed.
Exploratory laparotomy revealed tumour involvement of the small bowel with a
perforation.

Histology: The whole bowel wall was infiltrated by a malignant lymphoma with
plasmacytoid cytology (malignant myeloma). The atypical plasma cells were
large and often binucleated. Tumour necrosis was not apparent. Resection lines
were not free of tumour.

B-cell gene rearrangement: Monoclonal

QOutcome: Three weeks after diagnosis, he developed CSF involvement, was
given intra-thecal methotrexate, but died three days later, 10 weeks after the

diagnosis was made.
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Case 6: Aged 2 years 3 months (B, F) was EBV EBNA negative at time of
transplant. She developed steroid-resistant rejection, requiring pulsed Medrol
and conversion to tacrolimus. Four months post transplant, she presented with
upper airways obstruction and was EBV EBNA positive. Tonsillectomy and
adenoidectomy were performed.

Histology: Showed the tonsil to be replaced by a polymorphic lymphoid
infiltrate. There was loss of the underlying normal architecture. The larger, more
atypical lymphocytes were positive for CD20 on immunohistochemistry. The
features were those of a polymorphic B cell PT-LPD.

B-cell gene rearrangement: Monoclonal.

Management: Gallium scan revealed extensive mediastinal uptake, compatible
with lymphadenopathy. Immunosuppression was reduced and IVI gancyclovir
was commenced.

Outcome: She died eight days after tonsillectomy.

A summary of the clinical findings, therapy and outcome can be seen in table 7.



Table 7 Patient profiles of Paediatric Post-transplant lymphoproliferative disorders {n=6), Red Cross Children’s Hospital

Case Age' EBVT Interval*  Site Immunosuppression  Therapy QOutcome

1 14 + 4 Tonsil Withdrawn Regression, Rejection, ReTx, Alive
2 10 - 4 Tonsil Reduced Gan Regression, Alive, FOD

3 30 + 30 Mediastinum Reduced Gan, Pol, Cmt- Died, FOD

4 17 - 5 lieun, CNS Withdrawn Gan, Cmt Died of disease

5 27 + 3 Tonsil, leumn, CNS Reduced Gan, Pol, Cmt  Died of disease

6 27 - 4 Tonsil, mediastinum  Reduced Gan, Pol Died with disease

Ts, tonsil; Gan, gancyclovir; Pol, polygam; Cmt, chemotherapy; FOD, free of disease; ReTx, re-transplant.
"Age in months.
TEBV status at fransplant.

*Time from transplant to PT-LPD diagnosis (months).
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EBYV expression by in situ hybridisation
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Results of the EBV investigation are indicated in table 8. The EBER-ISH technique

gave clear results with positive cells identifiable confidently and with minimal

background staining. EBV RNA was detected in the nuclei of eight out of nine

histological sections studied. EBERs were not detectable in areas of necrosis.

Table 8 Pathology: correlation with morphology, clonality and EBV-ISH
Case Site Morphology Clonality EBV-ISH
1 Tonsil Polymorphic PT-LPD Monoclonal +
2 Tonsil Polymorphic PT-LPD Oligoclonal +
3 Mediastinum Plasmacytic hyperplasia Oligoclonal -
4 lleum Immunoblastic lymphoma Monoclonal +
5 Tonsil Polymorphic PT-LPD Monoclonal +
lleum Malignant myeloma Monoclonal +
6 Tonsil Polymorphic PT-LPD Monoclonal +
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CHAPTER SIX

DISCUSSION

6.1 General:

Of the 43 liver transplant recipients treated at Red Cross Children’s Hospital, six
developed a post transplant lymphoproliferative disorder.

Although this represents an incidence of PT-LPD of 14%, any statistical analysis
and comparison with the reported literature should be viewed with caution in
view of the very small sample size. Nevertheless, other centres report a

comparable incidence of 6.8-13.1% in a similar age group of patients [1,2].

There appears to be a relatively high incidence of this complication at RXH,
which is of some concern, particularly as PT-LPD was the direct or indirect
cause of death in 9% of all paediatric liver transplant recipients treated in Cape

Town.

Several factors are known to greatly increase the risk of developing PT-LPD in
the early post-transplant period. Pre-transplant EBV seronegativity increases the
incidence of PT-LPD 10- to 75-fold over that of EBV seropositive recipients
[63]. Other risk factors in PT-LPD include very young recipient age,
cytomegalovirus infection or mismatching (donor positive-recipient negative)
and aggressive immunosuppression with conventional biologic agents [132]. The
increased risk of PT-LPD seen in the very young patient is largely due to their
predisposition toward primary infections with EBV and CMV early in the post-

transplant course [69].
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Half of the Red Cross Hospital patients who developed PT-LPD were EBV
positive at the time of transplant. All 6 children with PT-LPD were less than 3
years of age (mean age 20.8 months) at the time of transplant. None of the
children at Red Cross had the additional risk factor of concurrent CMV

infection.

The development of PT-LPD at RXH was also associated with increased
immunosuppression dosages. In four of the patients conversion from cyclosporin
to tacrolimus was necessary for control of steroid-resistant rejection. In two
patients there was erratic compliance and attendance at follow up clinics,

preventing an earlier reduction in immunosuppression.

The average time to development of PT-LPD, diagnosed by tissue biopsy was
8.3 months (range 3-30 months). No cases of PT-LPD in the late transplant
period were encountered. It has been suggested that cases seen during the late
transplant period are not at risk from the type of immunosuppressive agents
employed, but rather by the duration the immunosuppression [63]. The role of
EBV in late PT-LPD is also less certain as the incidence of EBV in this group of
patients (not confined to children though) is much lower than in the early

transplant period. Other factors may be playing a role in these patients.

The most common mode of presentation was adeno-tonsillar enlargement and
associated upper airway obstruction (4 out of 6 children). Aggressive disease
involving the GIT was seen in two patients.

Of the six cases, only two survived (67% mortality rate). This is comparable to

the 50-70% quoted in other series [1,2,52].

In the RXH series chemotherapy was unsuccessful. In two of these patients there
was disseminated disease with CNS and extensive GIT involvement. In both

cases debulking surgery was performed without complete tumour resection.
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6.2  Pathology of cases at Red Cross Children’s Hospital series:

In all cases the morphology, immunohistochemistry and clonality were
correlated. All cases were B-cell proliferations. Only two of the six patients had
oligoclonal lymphoid proliferations according to immunoglobulin heavy-chain
gene rearrangement studies. The biopsies from these patients revealed one case
of plasma cell hyperplasia and one case of a polymorphic PT-LPD (see Table 7
for details).

EBV RNA was identified in all cases but one (Case 3). The biopsy from this
patient was a reactive lymph node with expansion of the interfollicular areas by
plasmacytoid cells. Unfortunately the tissue had been frozen before
formaldehyde fixation in order to give an intraoperative frozen section opinion.
Retrospectively this specimen proved to be problematic in two aspects: (1) the
cellular morphology was difficult to interpret and (2) we were not able to detect
EBV RNA by the in situ method in any of the available archived material. This
was despite the fact that this child had serological evidence of primary EBV
infection soon after transplant. In view of this finding, it does not therefore seem
unreasonable to assume that this patient did in fact have a B-cell proliferation

due to EBV.

Of further interest was that the patients with aggressive disease involving the
GIT had lymphomas with monoclonal morphology. One patient had a high grade
B-cell lymphoma (immunoblastic cytology) and the other had the cytological
features of a malignant myeloma. Unfortunately, no serum protein
electrophoresis was performed in the latter case in order to identify a paraprotein
peak. Multiple myeloma and plasmacytoma-like PT-LPD may be EBV positive

or negative [133]. In some cases the PT-LPD may present as an extramedullary
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plasmacytoma and later manifest as multiple myeloma [134]. In other cases it
may present as an ascites-type tumour [135]. A post-transplant extramedullary

plasmacytoma has been reported to present as an aural polyp [136].

The single case seen in the Red Cross series is extremely unusual and possibly
unique (no prior reported cases identified on Medline). This patient presented
with adeno-tonsillar PT-LPD but soon developed clinical complications due to
an aggressive infiltrating malignancy of the small bowel wall, a site commonly
seen in African children with Burkitt's lymphoma. The malignant lymphocytes
were highly atypical plasma cells, strongly expressing EBNA RNA. This

strongly implicated EBV in the aetiology of this unusual case.

Fig 10a: Malignant myeloma, small bowel. Note occasional atypical (binucleate) plasma

cells. Neighbouring ganglia present (arrow). (Case 5; H&E x 400)

Fig 10b: In-situ hybridisation PT-LPD, malignant myeloma. Positive EBER nuclear
staining. (Case 5; x 400)

Although PT-LPDs may have plasmacytoid differentiation, terminal
differentiation to plasma cells secreting immunoglobulins is very rare [137].

After organ transplantation, immunosuppressed patients have a 30% incidence of
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monoclonal gammopathy of unknown significance. The M-proteins are usually
IgM and are detected 1-25 weeks after transplantation [138]. Whether

persistence of M protein predicts development of PT-LPDs is not known.

The role of this virus in the pathogenesis of MM is not well understood. EBV
DNA has been demonstrated in some cases of post-transplantation
extramedullary plasmacytoma [139, 140] and has only been reported in three
cases of post-transplant MM, two demonstrated by Southern blot and one by in-
situ hybridisation [137, 141].

All cases occurring in the tonsil were classified as polymorphic PT-LPDs
according to the classification of Frizzera et al [72]. Most were of the atypical
polymorphic category, with a large proportion of the B cells having the
cytological features of atypical immunoblasts. Distinguishing atypical,
infiltrating lymphocytes from reactive follicle-centre centroblasts, was a problem
encountered in many cases [JD, personal observation]. The use of reticulin
staining and CD-21 immunohistochemistry, to outline the normal follicle centre

architecture, was an important investigation in these cases.
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6.3  Current guidelines in diagnosis of PT-LPD

In order to unify the many classification systems previously discussed, in 1996
the Society of Haematopathology (SH) convened a meeting to review a collected

series of PT-LPD cases [142].

Their system recognized three major categories in this family of disorders:

a) lymphoid hyperplasias, or ‘carly’ lesions,
b) polymorphic PTLDs, and
c) lymphomatous or monomorphic PT-LPDs.

They also included an ‘other’ category to descriptively include some of the more
recently described variants of lymphoid neoplasm observed in transplant patients

[142].

A modified, more complete classification system based on this classification

follows overleaf:
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Table 9 Categories of post-transplant lymphoproliferative disorders [136]

Hyperplastic PT-LPD (‘early lesions’)
Reactive plasmacytic hyperplasia
Infectious mononucleosis

Atypical lymphoid hyperplasia with architectural retention

Polymorphic PT-LPD

Lymphomatous PT-LPD (‘'monomorphic PT-LPD)
B cell lymphoma
Diffuse large B-cell lymphoma (immunoblastic, centroblastic, anaplastic)
Burkitt/Burkitt-like lymphoma
MALToma

T-cell lymphoma
Peripheral T-cell lymphoma, unspecified type (usually large cell type)
Anaplastic large-cell lymphoma (T or Null cell)
Hepatosplenic gamma-deita T-cell lymphoma
Other {g.g. T-NK)

Other
Plasmacytoma
Myeloma

T-cell rich/ Hodgkin's disease-like large B-cell lymphoma

Diagnostic line should incorporate histological appearance, cell phenotype, clonal and EB viral

status

It is important to realise that early lesions in this classification system often
regress following reduction of immunosuppression. However, like infectious
mononucleosis itself, these lesions may on occasion act in an aggressive fashion

and lead to the death of the patient.

This is an extremely important point. Many of these lesions are rapidly growing

proliferations that require some form of intervention for control. The fact that a
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particular PT-LPD may prove to be ‘benign’ in a pathological sense does not

imply that it will not progress if left untreated [136].

The term monomorphic was retained and used for PT-LPDs that
morphologically resembled non-Hodgkin’s lymphomas. The SH group
recommended using standard lymphoma nomenclature (i.e., the Revised
European American Lymphoma system [85] ) to categorize such lesions, while

including the term ‘PT-LPD’ in the diagnosis.

In this classification, the existence of post-transplant T-cell lymphomas were
also recognized and placed within the category of monomorphic PT-LPD.
Lesions that resembled Hodgkin’s disease or B-cell lymphomas with a large
number of T cells were placed in the ‘other’ category, as were post-transplant

plasma cell neoplasms such as plasmacytoma or multiple myeloma.
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6.4 EBV-negative PT-LPD

It is thought that approximately 10% of PT-LPD cases are EBV negative [136].
Some of these cases could well be spontaneous lymphomas unrelated to the
hosts’ immunosuppressed state. These cases would be considered to be a PT-
LPD according to the latest classification, as any lymphoma that occurs in the
post-transplant patient population is by definition considered to be a variant of
PT-LPD [142]. This certainly highlights a current limitation in knowledge of this
disease. Nevertheless, none of the Red Cross Hospital cases should be regarded

as EBV-unrelated.

6.5  Host versus donor origin PT-LPD

It is thought that at least 90% of PT-LPD occurring in solid organ transplant
patients arises from recipient cells. The opposite applies in the case of bone
marrow transplantation [87]. Donor-derived PT-LPD in organ transplant patients
may have a predilection for the allograft [122]. No such cases were seen in the

Red Cross Hospital series.

6.6 EBV-associated leiomyosarcomas in PT-LPD

EBV-positive sarcomas in several paediatric transplant patients were first
described in 1995 [143]. They have been shown to be leiomyosarcomas by
immunohistochemical analysis. Similar tumours have been described in AIDS
patients [144]. It has been shown that low levels of the EBV receptor CD21 and
lytic EB viral proteins are present in these tumour cells, confirming active

intracellular EBV infection [145].
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In several cases EBV-associated leiomyosarcomas have arisen in the setting of
prior PT-LPD [146]. Precise histological diagnosis of all mass lesions in the
transplant patient is therefore necessary to implement appropriate treatment

[147].

6.7 Recurrent PT-LPD

Clinical recurrence of PT-LPD has been estimated to occur in approximately 5%
of cases [76]. In some cases, the recurrence was morphologically and clonally
identical to the original tumour. In several cases, the PT-LPD recurred in a more
aggressive form. In one case, as noted above, a recurrent ‘PT-LPD’ was found
on biopsy to actually be post-transplant leiomyosarcoma [146]. For this reason

histological confirmation of recurrent masses in these patients is also indicated.
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CHAPTER SEVEN

RECOMMENDATIONS FOR PATHOLOGISTS

7.1 General

The diagnosis of PT-LPD is best made on tissue biopsy [136]. As PT-LPD is
often multifocal, the surgeon should be encouraged to sample the largest lesion.
Needle biopsies should be avoided, as there are often large areas of necrosis. If
possible, the tissue should be examined fresh and using sterile techniques.

Should the sample be large enough, a frozen section is useful in two regards:
(1) to confirm the presence of viable tumour, and
(2) to store for future molecular studies/ in-situ studies.

Imprints should be taken from the freshly cut surface so that cytological detail
can be best appreciated. The remaining tissue should be sent for routine fixation

in buffered formaldehyde as well as a fixative such as BS (in that order).

7.2  Diagnostic reporting

The pathologist should attempt to classify the lesion according to the latest
morphological system (see Table 9). The infiltrating cells should be
characterised phenotypically. CD20 is recommended as a B-cell marker [136] as
it can be used routinely in paraffin embedded tissue. In addition, this marker is

invaluable should rituximab therapy be contemplated.

Clonality studies of immunoglobulin genes are extremely useful to support the
diagnosis of PT-LPD. In some cases it may provide the evidence needed to

distinguish hyperplastic (early) PT-LPD from more advanced forms of the
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disease [136]. It must, however, be remembered that both polymorphic and
monomorphic cases of PT-LPD are nearly always monoclonal [45,46] and that
clonality per se does not predict tumour behaviour in response to treatment

[136].

Every attempt should be made to identify EBV within the PT-LPD routinely
[136]. In-situ hybridisation has the added benefit of demonstrating EBV
integration within tumour cells, and is therefore preferred to other molecular
methods of detection. It 1s also a reassuring investigation should CTL therapy

directed against virus-infected tumour cells be considered.

The routine molecular analysis of oncogenes and tumour suppressor genes is not
well established in the First World [136] and should therefore not be offered
routinely in South Africa at this time. In the future, micro-array technology may

prove to be extremely useful.

For the time being however, it is certainly worthwhile storing frozen tissue for

future retrospective molecular studies.
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APPENDIX

1. Suggested minimum data set for pathological reporting of PT-

LPD specimens

2. Photomicrographs
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Pathology Report: PT-LPD

Patient name:

Hospital number: Pathology number:
Age: Sex:

Organ transplanted:

Time after transplant: (months)

Site of biopsy:

Macroscopic description:

Microscopic evaluation:

Immunohistochemistry: B cell lineage:
Other:
Gene rearrangement study: Polyclonal
Monoclonal
EBV in situ: Positive
Negative

Inconclusive/unsatisfactory
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CONCLUSION AND S.H. CLASSIFICATION (see below):

SNOMED CODES:

Society of Haematology: Categories of post-transplant lymphoproliferative disorders [1]

Hyperplastic PT-LPD (‘early lesions’)
Reactive plasmacytic hyperplasia
Infectious mononucleocsis
Atypical lymphoid hyperplasia with architectural retention

Polymorphic PT-LPD

Lymphomatous PT-LPD (‘monomorphic PT-LPD)
B cell lymphoma
Diffuse large B-cell lymphoma (immunoblastic, centroblastic, anaplastic)
Burkitt/Burkitt-like lymphoma
MALToma

T-cell lymphoma
Peripheral T-cell lymphoma, unspecified type {usually large cell type)
Anaplastic large-cell lymphoma (T or Null cell)
Hepatosplenic gamma-delta T-cell lymphoma
Other {e.g. T-NK)

Other
Plasmacytoma
Myeloma
T-celi rich/ Hodgkin's disease-like large B-cell lymphoma

[1] Nalesnik M.A. The diverse pathology of post-transplant lymphoproliferative disorders: the importance of a
standardized approach. Transplant Infectious Disease 2001,3(2),88-96
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PHOTOMICROGRAPHS

Fig 3a: Plasmacytic hyperplasia. Note the expansion of the sinusoids (arrow).

(Case 3; Frozen section, H&E x 4)

Fig 3b: Sinusoids expanded by numerous plasma cells.
(Case 3; H&E: x 400)

Fig 4a: Polymorphic PT-LPD involving the tonsil. Note the loss of normal architecture

and large area of necrosis (arrow). (Case 5; H&E x 4)

Fig 4b: Polymorphic PT-LPD. Note the polymorphic population of lymphocytes, some
of which are atypical. (Case 5; H&E x 400)
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Fig 5: Polymorphic PT-LPD, tonsil. Note the Reed Sternberg-like giant cells and foci of
necrosis. (Case 5; H&E x 400)

Fig 6: High-grade B cell lymphoma PT-LPD, small bowel. Note the numerous
immunoblasts and high mitotic rate. (Case 4; H&E x 400)

Fig 7: Polymorphic PT-LPD, tonsil. Strong membrane staining for CD20.
(Case 6; CD20 immunohistochemistry x 400)



70

Fig 9: High grade B-cell PT-LPD, small bowel. In-situ hybridisation showing strong
nuclear EBER staining. (Case 4; x 200)

Fig 10a: Malignant myeloma, small bowel. Note occasional atypical (binucleate)
plasma cells. Neighbouring ganglia present (arrow).
(Case 5; H&E x 400)

Fig 10b: In-situ hybridisation PT-LPD, malignant myeloma. Positive EBER nuclear
staining. (Case 5; x 200)
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