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Abstract
Kinch, A. 2014. Posttransplant Lymphoproliferative Disorders. Studies of Epstein-Barr
Virus, Regulatory T Cells and Tumor Origin. Digital Comprehensive Summaries of Uppsala
Dissertations from the Faculty of Medicine 1043. 107 pp. Uppsala: Acta Universitatis
Upsaliensis. ISBN 978-91-554-9074-4.

Epstein-Barr virus (EBV) infects almost all humans and establishes lifelong latency in B cells.
Posttransplant lymphoproliferative disorder (PTLD) is a rare but serious complication after
transplantation triggered by immunosuppression and often related to EBV infection. The aim of
this thesis was to study the role of EBV in relation to clinical and histological features of PTLD,
regulatory T cells (Tregs), and donor or recipient origin of PTLD.

EBV surveillance after allogeneic hematopoietic stem cell transplantation (allo-HSCT)
showed that EBV reactivations were common, but that symptomatic EBV disease (including
PTLD) only occurred in the high-risk group (unrelated or mismatched related grafts, reduced-
intensity conditioning). A threshold of 1000 copies/ml plasma distinguished EBV disease from
asymptomatic reactivations.

In a population-based cohort of 135 PTLDs/lymphomas after solid organ transplantation
(SOT) almost half were EBV–. EBV+ PTLDs were associated with B cell phenotype, non-
germinal center subtype of diffuse large B cell lymphoma (DLBCL), early-onset, graft
involvement, antithymocyte globulin treatment, and younger age. EBV– PTLDs were associated
with T cell phenotype, bone marrow involvement, and hepatitis C. Most PTLDs displayed few
or no intratumoral Tregs with the marker FoxP3, possibly due to heavy immunosuppression.
Half of both FoxP3+ and FoxP3– PTLDs were EBV+. FoxP3+ PTLDs were associated with B
cell phenotype and hepatitis C. All PTLDs for which tumor origin could be determined were
recipient-derived and half of them were EBV+. Eight of twelve recipient-derived graft PTLDs
were disseminated outside the graft. T cell PTLD and hepatitis C were independently associated
with inferior overall survival, whereas subtype of DLBCL, FoxP3-expression, and EBV-status
did not influence survival.

In conclusion, monitoring of EBV DNAemia in high-risk patients after allo-HSCT and pre-
emptive therapy is valuable for prevention of PTLD. Use of antithymocyte globulin increases
the risk for EBV+ PTLDs after allo-HSCT and SOT. With long follow-up time, a large proportion
of PLTDs after SOT are EBV– with a different clinical presentation. Tregs are rare in PTLD and
do not affect survival. The vast majority of PTLDs after SOT is of recipient origin. Graft PTLDs
are more likely recipient-derived if disseminated. EBV-status is not associated with intratumoral
Tregs or PTLD of recipient origin.
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Introduction 

Epstein-Barr virus 
Epstein-Barr virus (EBV) is a ubiquitous gamma-herpes virus, also known as 
human herpes virus 4 (HHV-4). EBV usually gives a mild or asymptomatic 
disease in childhood or infectious mononucleosis if one is infected in the 
adolescence or later (1). Infectious mononucleosis is also known as glandu-
lar fever and “kissing disease”. By the age of 6 years about 50% of humans 
are seropositive in developed countries and among adults more than 90% are 
seropositive (2). After the primary infection, EBV establishes a latent infec-
tion in resting B cells for the life-time of the host and is controlled by the 
immune system, primarily by cytotoxic T cells (3-5). The virus can be reac-
tivated periodically and infect new individuals through shedding in saliva.  

EBV is also an oncogenic virus that is associated with a number of malig-
nancies. It has the ability to immortalize human B cells in vitro (6). Latent 
EBV infection is associated with nasopharyngeal carcinoma, Burkitt lym-
phoma, Hodgkin lymphoma, certain forms of T cell lymphomas and diffuse 
large B cell lymphomas (DLBCL), posttransplant lymphoproliferative disor-
der (PTLD), AIDS-associated lymphomas, and leiomyosarcoma in immuno-
compromised patients (5, 7, 8).  

Historical background 
In 1958, the Irish surgeon Denis Burkitt, working in Uganda, described a 
common tumor affecting children in equatorial Africa (9, 10). Although first 
described as a sarcoma, it was later classified as a non-Hodgkin lymphoma 
(NHL). The tumor was common 15 degrees north and south of the equator. 
This was referred to as the “lymphoma belt” by Burkitt. The lymphoma belt 
corresponded to climatic features and an arthropod-borne virus was suggest-
ed as the etiology of the tumor. Tumor material was sent to the virologist 
Anthony Epstein, who together with his coworkers Bert Achong and Yvonne 
Barr, published a paper in 1964 that described the finding of viral particles in 
cultured lymphoblasts from the tumors by the use of electron microscopy 
(11). The virus was named Epstein-Barr virus and was the first virus de-
scribed to be involved in the pathogenesis of a human tumor. The geographic 
distribution of Burkitt lymphoma corresponded to areas endemic to malaria. 
Infection with falciparum malaria is assumed to cause chronic immune stim-
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ulation or suppress the immune system, making the children more vulnerable 
to the oncogenicity of EBV (12, 13). 

In 1968, EBV was identified as the cause of infectious mononucleosis (6). 
About the same time, EBV was reported to transform infected B cells to 
uncontrolled proliferation (6). Thereafter it has been associated with a large 
number of malignancies.  

The virus 
The EBV virion (Figure 1) consists of a protein core wrapped with DNA, 
surrounded by an icosahedral nucleocapsid, a protein tegument, and an outer 
envelope with external glycoprotein spikes (14). The mature virion is ap-
proximately 120-180 nm in diameter (15). The EBV genome is composed of 
linear double-stranded DNA, approximately 172 000 base pairs in length, 
which encodes more than 80 viral proteins (7, 14). When EBV infects a B 
cell, the viral genome is uncoated and forms an extrachromosomal circular 
episome in the nucleus. Human is the only natural host for EBV but the virus 
has probably evolved from a virus in non-human primates (14).  

There are two subtypes, EBV-1 and EBV-2, which differ in the organiza-
tion of the EBV nuclear antigen (EBNA) genes (16). EBV-1 is more fre-
quent in most populations and is more efficient in transforming B cells in 
vitro. EBV-2 is primarily found in parts of Africa and is associated with 
endemic Burkitt lymphoma (17).  

 
Figure 1. Electron microscopic image of two EBV virions shows round capsids 
loosely surrounded by the envelope.  Image from reference (18).  
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Primary EBV infection 
EBV is transmitted via saliva and infects lymphocytes and epithelial cells (1, 
15). It may also be transmitted by transplants, by blood transfusion, sexually, 
and through breast-feeding (15, 19). EBV attaches to B cells via binding of 
the major envelope glycoprotein (gp350) to the CD21-receptor on B cells 
and through binding of another glycoprotein (gp42) to human leukocyte 
antigen (HLA) class II molecules as a co-receptor (20). When  EBV infects 
epithelial cells, which lack CD21, other EBV proteins interact with integrins 
on the cell (15). After EBV has entered into the B cell, the EBV genome 
circularizes within 12-16 hours. Infected naïve B cells in the lymphoid tissue 
of the pharynx are activated to become proliferating blasts and are driven to 
differentiate in the germinal center to memory B cells that subsequently en-
ter the peripheral circulation (5). Infection of other cell types is less efficient, 
but also T cells and natural killer (NK) cells can be infected (1).  

Infection by EBV is controlled by antibodies that limit the spread of the 
virus and cytotoxic T cells (CTLs) and NK cells which destroy infected cells 
that express viral proteins (5). During infectious mononucleosis, EBV-
specific CTLs may constitute 0.5-44% of the CD8+ T cells in the blood and 
these so-called “atypical” lymphocytes are the main component of the in-
crease in peripheral mononuclear cells that is characteristic for infectious 
mononucleosis (5, 21). There are also raised titers of polyclonal antibodies 
produced by activated B cells, which occasionally cause increases in cold 
agglutinins, cryoglobulins, antinuclear antibodies, or rheumatoid factor (14). 

After an incubation period of 4-6 weeks, symptoms of infectious mono-
nucleosis appear in approximately 35-50% of adolescents and adults with a 
primary infection (1, 15, 22). Protracted fever, pharyngitis, lymphadenopa-
thy, splenomegaly, hepatomegaly, mild hepatitis, fatigue, and general ma-
laise are typical symptoms (15, 23). Infectious mononucleosis may also give 
rash, eyelid edema, hemolytic anemia, thrombocytopenia, hemophagocytic 
lymphohistiocytosis (HLH), splenic infarction or rupture, myocarditis, peri-
carditis, interstitial pneumonitis, glomerulonephritis, pancreatitis, parotitis, 
meningitis, encephalitis, transverse myelitis, and Guillain-Barré syndrome 
(15). Most patients (80%) get elevated levels of alanine aminotransferase in 
the blood whereas only 5-10% experience jaundice (15). The median dura-
tion of symptoms is 16 days, but protracted fatigue is common and it may 
take months to completely recover (15). 

Diagnosis of infectious mononucleosis is based on the clinical picture, 
finding of atypical lymphocytes in peripheral blood, elevated liver enzymes, 
a positive heterophile antibody test (“Monospot”), and sometimes confirma-
tion with serology. Heterophile antibodies directed against non-viral antigens 
can be detected in approximately 80% of adolescents and adults after five 
days of symptoms, but in less than half of children below 6 years. EBV PCR 
in blood is only needed in immunosuppressed patients (19). EBV DNA can 
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be detected from onset of symptoms in both whole blood and plasma, but 
disappears from plasma after 1-2 weeks (24). EBV DNA can be detected in 
saliva and whole blood for several months after infectious mononucleosis 
(24). EBV load has been reported to range from tens to thousands of cop-
ies/ml plasma at first health care visit and to be higher in patients who were 
hospitalized than in outpatients (24).   

Serological tests 
A majority (90%) of patients with primary EBV infection develops anti-viral 
capsid antigen IgM antibodies (anti-VCA IgM) within one week after onset 
of symptoms (15). Antibodies against early antigens (anti-EA) develop in 
most primary infections (60-80%) and wane with time (15, 23). All patients 
develop anti-VCA IgG within four months and these antibodies persist for 
life. IgG antibodies to the latent antigen EBNA1 appear in most patients later 
than three months after onset of symptoms and persist for life. The antibody 
profile distinguishes acute primary infection from recent and past infection 
(Figure 2). Anti-EA antibodies are not specific for any phase and therefore 
generally not considered useful (15). 

Lytic genes 
There are three classes of viral gene products in EBV lytic infection: imme-
diate-early, early, and late. The immediate-early lytic genes BZLF1 and 
BRLF1 are among the first to be expressed and their products activate viral 
and certain cellular promoters which up-regulate viral gene expression. Early 
products are involved in DNA replication and metabolism while late prod-
ucts are viral structural proteins, e.g. VCA and products used for immune 
evasion (15). The viral homolog of IL-10 (BCRF1) is expressed in the early 
phase of EBV infection and suppresses T cell responses (25). Subsequently, 
viral IL-10 is superseded by cellular IL-10, which in turn is induced by EBV. 
The viral homologs of bcl-2 (BHRF1 and BALF1) protect the infected host 
cell from apoptosis during establishment of latent infection.  

 
 
 
 
 
 
Figure 2. Kinetics of EBV-specific 
antibodies in primary EBV infection 
after onset of symptoms. 

months after primary infection

3 6 9 12

anti-VCA IgM
anti-VCA IgG

anti-EBNA IgG
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Other EBV infections 

Chronic active EBV infection  
In exceptional cases, the primary EBV infection becomes a chronic active 
EBV infection with recurrent episodes of fever, lymphadenopathy, spleno-
megaly, and hepatitis for several years (26). This condition is characterized 
by high EBV load in peripheral blood and/or an unusual antibody pattern. 
Typically patients have high titers of anti-VCA IgG and anti-EA IgG, 
whereas there are low or undetectable titers of anti-EBNA-1 IgG (23).  

Oral hairy leukoplakia 
Oral hairy leukoplakia is a benign hyperplasia of epithelial cells in the oral 
mucosa in HIV-infected patients and in transplant recipients (14). It typically 
presents as a raised, white lesion on the lateral borders of the tongue. This 
lytic EBV infection responds well to treatment with aciclovir, although there 
are often recurrences when therapy is stopped (27).  

Hemophagocytic lymphohistiocytosis  
HLH is a potentially fatal disease. Both the primary familial form and the 
secondary form may be triggered by EBV infection. The diagnosis is either 
established by a genetic test consistent with HLH (gene defect) or based on 
five of eight diagnostic criteria; fever, splenomegaly, cytopenias, hypertri-
glyceridemia, hemophagocytosis in bone marrow, spleen or lymph nodes, 
low/absent NK cell activity, high ferritin levels, and high levels of soluble 
CD25 (28). EBV-associated HLH may be treated by dexamethasone, etopo-
side, and rituximab (29).  

X-linked lymphoproliferative syndrome 
X-linked lymphoproliferative syndrome (XLP) is a rare inherited immuno-
deficiency condition that may present for instance as HLH, fulminant (often 
fatal) primary EBV infection, lymphoma, or hypogammaglobulinemia (30). 
One of the mutations on the X chromosome results in defective cytotoxicity 
of CD8+ T and NK cells.  

Latent infection 
In healthy carriers, about 1 in 105-106 circulating memory B cells carries the 
EBV genome after primary infection (3). These memory cells express no 
viral proteins and in that way escape the immune system (31). When an in-
fected memory B cell occasionally divides as part of the normal homeosta-
sis, EBNA-1 will be expressed to allow for the viral DNA to replicate along 
with the cell via host DNA polymerase (5). When memory B cells differenti-
ate into plasma cells, all lytic genes are expressed, the virus replicates and  
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Table 1. EBV latency programs and associated lymphomas 

Latency 
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Lymphoma 

Type I + + - - - - - + Burkitt lymphoma, Burkitt PTLD 

Type II + + - - + + - +
Hodgkin lymphoma, Hodgkin PTLD, some T cell 

lymphomas, T cell PTLD, Polymorphic PTLD 

Type III + + + + + + + +
Early lesion, Polymorphic PTLD, DLBCL PTLD,  

AIDS-related lymphomas 

 

Table 2. Function of EBV latent transcripts 

Transcript Function Ref 

EBNA-1 • maintains the viral genome in the EBV-infected cells after cell division  
• up-regulates several viral and cellular promoters  
• enhances p53 degradation 
• promotes DNA damage by reactive oxygen species  

(32) 

EBNA-2 • viral transcription factor that up-regulates the expression of viral (e.g. LMPs) 
and cellular genes (e.g. c-myc, CD21)  
• blocks apoptosis 

(32-

34) 

EBNA-3A 
and -3B 

• transcriptional regulators (32) 

EBNA-3C • affects the JAK/STAT pathway, resulting in increased STAT3 activation 
• promotes expression of LMP-1 and CD21 
• blocks p53-dependent apoptosis 

(32, 

35) 

EBNA-LP • promotes cell cycle progression of B cells 
• interacts with EBNA-2 to inactivate p53 and contributes to B cell immortaliza-
tion in vitro 

(35) 

LMP-1 • mimics CD40, activates NF-κB, PI3-K/Akt, MAPK and JAK/STAT pathways  
• provides both growth and differentiation signals to B cells  
• suppresses apoptosis  
• generates an immunosuppressive microenvironment around lymphomas by 
inducing the production of immunosuppressive cytokines (e.g. IL-6, -8 and -10), 
expression of Galectin-1 (which induces apoptosis in e.g. cytotoxic T cells) and 
up-regulation of programmed cell death ligand-1 (PDL1 which inhibits the func-
tion of activated effector T cells) 

(32, 

36) 

LMP-2A • mimics B cell receptor signaling, activates Syk/Akt/mTOR pathways 
• proliferation of B cells 
• inhibition of apoptosis 

(32, 

37) 

LMP-2B • regulatory effect on LMP-2A   (32) 

EBERs • promote B cell proliferation by inducing autocrine cytokines e.g. IL-6 and -10 
• provide resistance to apoptosis  
• induce type I interferon and inflammatory cytokines 

(32, 

38) 

Micro-
RNAs 

• regulate viral DNA polymerase, LMP-1 and -2A and cellular targets 
• induce B cell proliferation and suppress apoptosis  
• may promote local immune suppression 
• may suppress lytic reactivation by down-regulation of immediate-early genes 

(32, 

39, 

40) 
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can be transmitted to a new host. Up to 5% of circulating CD8+ T cells after 
infectious mononucleosis are reactive to EBV antigens and play a crucial 
role in controlling persistent EBV infection (41). 

There are three different patterns of latency that are associated with dif-
ferent stages of the life cycle of EBV (Table 1). In primary infection, EBV 
will exhibit latency III (growth program) in the tonsils, during which all nine 
latent genes are expressed: six EBV nuclear antigens (EBNA- 1, 2, 3a, 3b, 
3c, LP) and three latent membrane proteins (LMP-1, 2a, 2b) (32). EBV will 
switch to latency II (rescue program) in the germinal center of lymphoid 
follicles and to latency I (latency program) in the memory B cell compart-
ment.  

In addition to the latent proteins, non-coding EBV-encoded RNAs 
(EBER-1 and -2) and microRNAs (miRNAs) are expressed (39). MiRNAs 
are small noncoding RNAs involved in the regulation of gene expression by 
targeting complementary sequences in mRNAs. EBV miRNAs are located in 
the BHRF1 and BART region within the EBV genome. EBV miRNAs are 
released in microvesicles (exosomes) from EBV+ B cells and can be trans-
ferred to a new uninfected cell where they can repress target mRNAs. EBV 
latency III alters the expression of cellular miRNAs to favor tumorigenesis.  

The function of EBV latent proteins and transcripts are summarized in 
Table 2. LMP-1 is the major oncogene of EBV and is capable of inducing B 
cell lymphoma in mice without the expression of other EBV genes (42).  

Different types of EBV+ lymphomas exhibit different EBV latency pro-
grams (Table 1) (8, 39).  PTLD is commonly associated with type III laten-
cy. Cytotoxic T cells are mainly directed against EBNA-2 and -3 and there-
fore type III latency is only seen in immunocompromised individuals.  

EBV-associated malignancies  
Besides PTLD, which will be described in detail later on in this thesis, EBV 
is associated with a number of malignancies. 

Burkitt lymphoma 
Almost all endemic Burkitt lymphoma in equatorial Africa are associated 
with EBV, whereas only 15-30 % of sporadic cases in the Western world are 
EBV+ (35). The main contribution of EBV in the pathogenesis of Burkitt 
lymphoma seems to be related to the prevention of apoptosis of B cells car-
rying the c-myc oncogene translocation (32). 

Hodgkin lymphoma 
Around 40% of Hodgkin lymphomas in the Western world carry EBV in the 
tumor cells, whereas the association with EBV is even greater in the devel-
oping world. The tumor cells probably derive from crippled germinal center 
cells that have been rescued from apoptosis in the germinal center reaction, 
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possibly by EBV through expression of LMPs (43). A history of infectious 
mononucleosis is associated with an increased risk of EBV+ Hodgkin lym-
phoma that typically develops 2-5 years after the primary infection (44). 

Diffuse large B cell lymphoma 
DLBCL is the most common B cell neoplasm and is related to EBV in about 
10% of the cases in immunocompetent hosts, in ̴ 70% of the cases associated 
with chronic inflammation, and in all EBV+ DLBCL of the elderly (8). 

AIDS-related lymphomas 
People with AIDS have a 60-5000 times increased risk of developing differ-
ent subtypes of NHL compared with the general population, but the inci-
dence has decreased with effective anti-retroviral therapy (8, 13). EBV is 
associated with primary CNS lymphoma (up to 100%), Hodgkin lymphoma 
(80-100%), primary effusion lymphoma ( ̴ 70%, and concomitant HHV-8), 
DLBCL ( ̴ 50%), and Burkitt lymphoma ( ̴ 30%) in people with AIDS. 

T cell and NK cell lymphomas 
EBV is also associated with some T cell and NK cell lymphomas, e.g. ex-
tranodal T/NK cell lymphoma, nasal type (almost all), angioimmunoblastic 
T cell lymphoma (about 90%, EBV mainly in bystander B cells), peripheral 
T cell lymphoma, unspecified ( ̴ 35%), and aggressive NK cell leuke-
mia/lymphoma (8, 32, 45-47).  

Lymphoproliferative disorders in autoimmune disease 
Patients with autoimmune disease such as systemic lupus erythematosus, 
rheumatoid arthritis, and primary Sjögren syndrome have an increased risk 
of developing lymphoproliferative disorders that in some cases are related to 
EBV (48-50). Inflammatory activity, immunosuppressive drugs (in particular 
methotrexate), and EBV reactivations have been considered as causes. Some 
of these lesions have been reported to regress upon withdrawal of metho-
trexate and more frequently so when associated with EBV (50). 

Other malignancies 
Nearly all cases of undifferentiated nasopharyngeal carcinoma are EBV+ and 
levels of EBV DNA in blood correlate with tumor load (51). This cancer is 
rare in most parts of the world, but common in China and among Inuits (35). 
EBV is also associated with around 10% of gastric carcinomas worldwide 
(52) and about 85% of leiomyosarcomas in immunosuppressed individuals, 
such as HIV-infected people and transplant recipients (53).  
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EBV PCR in blood and plasma 
PCR is used for detecting and quantifying EBV in body fluids. The method 
has both a very high sensitivity and specificity. There is no universal stand-
ardization for EBV PCR and no consensus on which sample specimen that 
should be used: whole blood, plasma/serum, peripheral blood mononuclear 
cells (PBMC), or lymphocytes (54, 55). Quantitative assays, i.e. real-time 
PCR, are superior to qualitative detection. Samples like plasma and cerebro-
spinal fluid are usually reported in genome equivalents/ml (≈copies/ml) 
whereas cellular specimens such as PBMC or tissue biopsies are reported in 
copies/µg DNA (55). Whole blood may be reported in both ways. In cell-
free blood (serum or plasma), PCR assays detect both encapsidated virions 
and free DNA in patients with infectious mononucleosis whereas in EBV-
associated malignancies only free EBV DNA is found (released from tumor 
cells undergoing apoptosis) (55). Measurement of EBV in whole blood de-
tects EBV as episomes in latently infected B cells, virions in lytic infection, 
and free DNA from the cell-free compartment. EBV load in plasma/serum is 
usually 10 to 100 fold lower than in whole blood samples (15, 56). EBV 
DNA can be detected in low levels in whole blood but usually not in plasma 
in healthy seropositive individuals (24). 

EBV-related PTLD after solid organ transplantation (SOT) and allogeneic 
hematopoietic stem cell transplantation (allo-HSCT) is associated with 
raised levels of EBV DNA in blood and plasma (54, 57-60). As EBV load 
rises before onset of symptoms, EBV DNAemia surveillance enables 
preemptive treatment and possibly prevention of PTLD development. This 
has been shown for both adult and pediatric allo-HSCT (61, 62). A threshold 
for the start of preemptive interventions of 102-104 copies/ml plasma has 
been suggested for HSCT patients and of 103-105 copies/ml whole blood for 
SOT patients (55). The dynamics of viral load are also important, i.e. rapid 
increases of >1 log/week is an indication of PTLD development. 

Real-time PCR is also useful in evaluating the response to treatment of 
PTLD following HSCT (61, 63). An increase in EBV DNAemia after 1-2 
weeks of treatment with rituximab has been reported as a predictor of poor 
response and increased risk of death (63). There are reports of progression of 
PTLD despite a quick decrease of EBV load in peripheral blood after admin-
istration of rituximab (64). It has been suggested that EBV load in plasma 
correlates better to treatment response than viral load in the cellular com-
partment when evaluating patients treated with rituximab (55).  

Chronic high EBV loads (>5000 copies/ml of whole blood for more than 
six months) have been reported in pediatric SOT recipients following 
asymptomatic infection or complete resolution of EBV disease/PTLD and 
this was a predictor of late-onset PTLD (65). However, not all children de-
veloped PTLD and in another study following liver transplantation, only one 
of 35 chronic high EBV load carriers developed PTLD (66). 
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EBV detection in tissue 
EBER in situ hybridization (ISH) is considered the gold standard for detec-
tion of latent EBV in tissue (19). Unlike PCR, EBER ISH localizes EBV to 
the neoplastic cells. EBERs are expressed at high levels (around one million 
copies per latently infected cell) in virtually all EBV-related lesions, except 
for lesions where EBV actively replicates, e.g. oral hairy leukoplakia (19, 
38). Immunohistochemistry (IHC) of LMP and EBNA also localizes EBV in 
the tissue, but is less reliable. LMP-1 is not expressed by all EBV-related 
tumors (19). EBNA-1 is thought to be expressed in virtually all latently in-
fected cells, but EBNA IHC is not as sensitive as EBER ISH.  

Treatment of EBV disease 
Nucleoside analogues (aciclovir, valaciclovir, ganciclovir, valganciclovir 
and famciclovir), nucleotide analogues (cidofovir and adefovir), pyrophos-
phate analogues (foscarnet) and maribavir are all effective against EBV (67). 
Nucleoside/tide analogues require phosphorylation by viral kinases (thymi-
dine kinase or protein kinase) in order to become active. Then they interact 
with the EBV DNA polymerase to inhibit viral DNA synthesis, either as 
inhibitors of the DNA polymerase or as DNA chain terminators. Foscarnet 
interacts directly with the pyrophosphate binding site on the EBV DNA  
polymerase and does not require viral enzyme activation. In latent EBV in-
fection, EBV episomal DNA synthesis relies on the host DNA polymerase 
and is replicated during cell division. For this reason antiviral agents target-
ing viral DNA polymerases are not effective in latent infection. 

Although infectious mononucleosis is a lytic infection, antiviral drugs are 
generally not recommended. Antivirals have limited effect on the disease 
course in infectious mononucleosis (68). Disease symptoms are unlikely the 
result of virus replication per se but is caused by proinflammatory cytokines 
(1). However, there are those who argue for treatment of infectious mononu-
cleosis in order to avoid the long period of fatigue (69), the risk for a long-
term immune defect (70), and for severe EBV infection, e.g. CNS involve-
ment (71).  

Corticosteroids shorten the duration of fever and pharyngitis, but may in-
crease certain complications, such as encephalitis and myocarditis, and are 
not recommended in uncomplicated infectious mononucleosis (23). Howev-
er, corticosteroids should be considered for patients with severe complica-
tions such as impending upper-airway obstruction, acute hemolytic anemia, 
or neurologic disease (23). Contact sports should be avoided for at least three 
weeks following uncomplicated infectious mononucleosis or until the patient 
feels completely recovered in order to avoid splenic rupture (72). 
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Hematopoietic stem cell transplantation 
In allogeneic HSCT, hematopoietic stem cells are transferred from another 
person as opposed to from the patient’s own in autologous HSCT. When the 
indication for HSCT is a malignant disease, this allows for a desired graft-
versus-tumor effect (73). The first allo-HSCT was performed in the late 
1950s involving identical twins and in the late 1960s with a related sibling 
(74).  

About 30,000 HSCTs are performed in Europe every year and 40 % of 
these are allogeneic (75). In Sweden, approximately 250 allo-HSCTs were 
performed in 2010 in the university hospitals in Stockholm, Göteborg, Upp-
sala, Lund, Linköping, and Umeå (75).  

Seventy per cent of allo-HSCTs are performed for high-risk hematologi-
cal malignancies (mainly leukemias) with the potential to cure, but there are 
also non-malignant indications such as severe aplastic anemia, hemoglobino-
pathies, and primary immune deficiencies (75). About half of the donors of 
allo-HSCT are unrelated. In allo-HSCT, the conditioning regimen is mye-
loablative in around 60% and reduced intensity conditioning (RIC) in 40% 
(75). In myeloablative transplants the bone marrow is ablated along with the 
disease by high dose chemotherapy (cyclophosphamide) and irradiation. In 
RIC, lower doses of chemotherapy and irradiation are used that will not 
eradicate the recipient’s hematopoietic cells. The goal is to promote en-
graftment and let the graft-versus-tumor effect eliminate the tumor cells. RIC 
has made it possible to treat older patients with allo-HSCT, since it is associ-
ated with lower treatment related mortality (73). 

The major complication of allo-HSCT is graft-versus-host disease 
(GVHD), which causes significant morbidity and mortality (76). Acute 
GVHD generally occurs within the first 100 days posttransplant and presents 
as skin rash, diarrhea, or hepatitis (76). Late-onset acute GVHD is more 
common after RIC. Chronic GVHD normally occurs after 100 days and may 
affect almost any organ, similar to an autoimmune disease.  

Immunosuppression (usually a combination of a calcineurin inhibitor and 
methotrexate or mycophenolate) is given during the first 6-12 months post-
transplant as prophylaxis against GVHD and can then be discontinued in 
patients not developing GVHD. Recovery of T cell immunity after allo-
HSCT takes several months to years and longer if chronic GVHD persists 
(73). Surveillance of cytomegalovirus (CMV) load and preemptive therapy if 
CMV is detected or prophylaxis with antiviral drugs during the first three 
months is recommended. Surveillance of EBV is summarized later in this 
thesis (see page 36). 
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Solid organ transplantation 
Solid organ transplantation is a well-established treatment for end-stage or-
gan disease. The first successful kidney transplantation was performed in 
1954, followed by transplantations of liver, pancreas, and heart in the 1960s 
and lung in the 1980s (77). In Sweden, SOT is performed at the four univer-
sity hospitals in Göteborg, Stockholm, Malmö/Lund, and Uppsala. A total of 
13,771 kidney, 2670 liver, 940 heart, 804 lung, 594 pancreas, 87 pancreatic 
islets, 45 combined heart and lung, and 29 intestine transplantations have 
been performed between 1964 and 2013 in Sweden (78). In 2013 there were 
749 transplantations (56% kidney, 21% liver, 8% lung, 7% heart, 5% pan-
creas and 2% pancreatic islets transplantations). 

Short-term outcome has improved dramatically over the last two decades 
due to improved immunosuppressive regimens (which have reduced the rate 
of acute rejections), advances in surgical techniques, and better management 
of infections (79, 80). However, long-term graft survival has improved very 
little. The incidence of first acute rejection is around 10-15% after renal, 15-
20 % after heart, liver or pancreas, and 15-35% after lung transplantation 
(81). Graft survival is about 90-95% after one year and 70-85% after five 
years in kidney recipients, with better outcomes for living donor than de-
ceased donors (81). Graft survival in recipients of heart, liver, lung, and pan-
creas is about 80-90% after one year and 50-70% after five years (79).  

More potent immunosuppression has also resulted in more complications, 
including infections, secondary malignancies, and drug toxicity. Prophylaxis 
against CMV, or a preemptive approach, is recommended for all recipients 
of solid organ transplants for three months, and may be extended to 6-12 
months in high-risk patients (82, 83). Recipients of SOT have an about four-
fold increase in overall cancer risk, with non-melanoma skin cancer, lym-
phoma, lip cancer, and cancer of the vulva and vagina being examples of the 
more frequent malignancies (84).  

Immunosuppressive therapy in SOT 
Successful SOT requires continuous administration of immunosuppressive 
drugs to prevent graft rejection. However, chronic use of immunosuppres-
sive drugs may result in complications such as infections, malignancies, 
cardiovascular disease, diabetes, and nephrotoxicity (85). Therefore immu-
nosuppression is tapered over time as the risk of acute rejection decreases. 

Azathioprine was discovered in 1957 and was in combination with corti-
costeroids the standard immunosuppressive regimen following SOT before 
the introduction of cyclosporine. In the 1970s antithymocyte globulin (ATG) 
was added to the therapeutic arsenal. In the early 1980s, cyclosporine was 
introduced with significantly improved results (85, 86). Thereafter tacroli-
mus, mycophenolate, sirolimus, and a whole range of other new drugs have 
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been introduced. Induction therapy is given in many cases to reduce the risk 
of early rejection. The standard maintenance treatment has long been the 
combination of a calcineurin inhibitor (cyclosporine or tacrolimus), an anti-
proliferative agent (azathioprine or mycophenolate), and a steroid (87).  

Induction agents 
Antithymocyte globulin  
ATG consists of polyclonal antibodies that are generated by immunizing 
rabbits (rATG, thymoglobulin) or horses (hATG, lymphoglobulin) with hu-
man thymocytes or T cell lines (88). The various preparations of ATG differ 
in terms of potency and efficacy. ATG contains antibodies against multiple 
antigens on T cells (including MHC antigens) and causes a profound deple-
tion of T cells by complement-dependent lysis and apoptosis. ATG also tar-
gets antigens on NK cells, monocytes, dendritic cells, macrophages, and B 
cells. Further, ATG is suggested to interfere with the functional properties of 
dendritic cells (maturation and migration) that may contribute to the reduc-
tion of GVHD or solid organ graft rejection after ATG pretreatment. The 
elimination half-time for rATG in human plasma is about one month. ATG 
is used as induction therapy and for the treatment of steroid resistant acute 
rejections. The major side effects are the cytokine syndrome (fever, chills 
and dyspnea) within a few hours after the first dose, leukopenia, thrombocy-
topenia, serum sickness weeks after the administration of ATG, opportunis-
tic infections, and malignancies (89). 

OKT3 
OKT3 (muromonab-CD3) is a monoclonal antibody directed against the 
CD3 of the T cell receptor complex (90). It results in T cell depletion and 
blocked function of the T cells. OKT3 may be used for induction and anti-
rejection therapy. It is associated with a cytokine release syndrome. 

Alemtuzumab 
Alemtuzumab is an anti-CD52 monoclonal antibody. CD52 is expressed on 
all B and T cells, but also on most monocytes, macrophages, NK cells, den-
dritic cells, and eosinophils (85). Alemtuzumab induces depletion of both B 
and T cells that may last for approximately six months. It may be used as 
induction therapy.  

IL-2 receptor antagonists 
Basiliximab and daclizumab are monoclonal antibodies that are directed 
against the α-chain of the IL-2 receptor (CD25), which is expressed only on 
activated T cells, thus inhibiting the proliferation of T cells (90). Interleukin-
2 is an essential autocrine growth factor for T cell proliferation. Basiliximab 
is used as induction therapy in kidney recipients with low immunologic risk. 
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It reduces the number of acute rejections with fewer adverse events such as 
malignancies and CMV disease compared with ATG (91).  

Rituximab 
Rituximab is a monoclonal anti-CD20 antibody that depletes CD20-positive 
B cells (90). It has been used as part of a preconditioning regimen for ABO-
incompatible transplants (92) and in highly HLA sensitized patients (93). 

Intravenous immunoglobulin  
Intravenous immunoglobulin (IVIG) is utilized to reduce the level of pre-
existing anti-HLA antibodies in highly sensitized patients, in ABO incompa-
tible transplants (92), and to treat antibody-mediated acute rejections (90). 

Maintenance agents 
Corticosteroids 
Corticosteroids have anti-inflammatory and immunosuppressive effects by 
binding to the glucocorticoid receptor which is expressed in virtually all cells 
(94). This complex represses the expression of proinflammatory proteins 
(e.g. IL-2, TNF-α, and IFN-γ), by binding to transcription factors (e.g. NF-
κB and activator protein-1), and up-regulates the expression of anti-
inflammatory proteins, by binding to DNA or by non-genomic mechanisms. 
The immunosuppressive effect of corticosteroids is mainly an effect of a 
decreased number and reduced function of B and T cells but also suppres-
sion of the function of dendritic cells.  

Long-term corticosteroid therapy is associated with multiple side effects, 
e.g. diabetes mellitus, osteoporosis, hypertension, dyslipidemia, adrenal in-
sufficiency, muscle atrophy, cataract, and delayed wound healing. Cortico-
steroids are used as maintenance immunosuppression and for treatment of 
acute rejections. Steroid-sparing regimens have been implemented in kidney 
transplantation in order to reduce long-term side effects and are not associat-
ed with increased mortality or graft loss despite an increase of acute rejec-
tions (95). 

Calcineurin inhibitors 
Calcineurin inhibitors (CNIs) include cyclosporine and tacrolimus. Cyclo-
sporine is a small fungal peptide first discovered in soil samples in Norway. 
It inhibits activation and proliferation of T cells. Cyclosporine binds the in-
tracellular protein cyclophilin and thereby inhibits calcineurin (a serine-
threonine phosphatase) (85, 90). Inhibition of calcineurin prevents the acti-
vation of the transcription factor nuclear factor of activated T cells (NFAT), 
which results in suppressed production of IL-2 and related cytokines as well 
as suppressed T cell activation. Cyclosporine also enhances the expression of 
transforming growth factor β (TGF-β), which is a potent inhibitor of T cell 
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proliferation (90). Cyclosporine is associated with nephrotoxicity, hyperten-
sion, diabetes mellitus, hyperlipidemia, gingival hyperplasia, hirsutism, par-
esthesias, and tremor (96).  

Tacrolimus (FK506) is a macrolide that is naturally produced by a soil 
bacterium. Tacrolimus forms a complex with the intracellular protein 
FKBP12 which inhibits calcineurin in a similar manner as cyclosporine. 
However, compared with cyclosporine, tacrolimus reduces the risk of acute 
rejection and improves graft survival during the first year posttransplant 
(87). Patients on tacrolimus have more insulin-dependent diabetes mellitus 
compared with patients on cyclosporine. Diabetes risk may be reduced by 
the use of low-dose tacrolimus (87). Tacrolimus is at least as nephrotoxic as 
cyclosporine and is associated with more tremor, headache, and diarrhea, but 
less hirsutism, gingival hyperplasia, and hypertension compared with cyclo-
sporine (96).  

Azathioprine 
Azathioprine is a precursor for mercaptopurine and inhibits an enzyme that 
is required for DNA synthesis, thereby suppressing proliferating cells such 
as B and T cells (90). Main adverse effects are leukopenia, hepatotoxicity, 
and skin cancer (96).  

Mycophenolate 
Mycophenolate mofetil (prodrug) and mycophenolate sodium prevent the 
proliferation of B and T cells by inhibiting the guanosine base synthesis (90). 
Mycophenolate has largely replaced azathioprine. The two drugs are report-
ed to have similar outcomes but to a substantial different cost (96, 97). My-
cophenolate is not nephrotoxic, has less bone marrow toxicity than azathio-
prine, but has gastrointestinal side effects and is teratogenic (96). 

mTOR inhibitors 
Sirolimus and everolimus (the major metabolite of sirolimus) are inhibitors 
of mammalian target of rapamycin (mTOR). Sirolimus, also called rapamy-
cin, is a macrolide produced by a fungus isolated on Rapa Nui (Easter Is-
land) (85). It binds the same intracellular protein (FKBP12) as tacrolimus 
but this complex inhibits the serine-threonine kinase mTOR instead of cal-
cineurin (90). Sirolimus blocks signal transduction mediated by IL-2 and 
other growth factors. This inhibits activation of the cell cycle, thereby sup-
pressing T and B cell proliferation. Everolimus also targets FKBP12 and has 
a similar efficacy and safety profile as sirolimus. Frequent side effects in-
clude dyslipidemia, peripheral edema, hypertension, anemia, diabetes melli-
tus, aphthae, and less commonly poor wound healing (98).  

Of note, mTOR inhibitors also have antitumor effect. Everolimus is ap-
proved for the treatment of advanced renal cell carcinoma, breast cancer, and 
pancreatic neuroendocrine tumors (98). It has also showed effect in other 
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tumors and various lymphomas, e.g. mantle-cell lymphoma, Hodgkin lym-
phoma, and Waldenström’s macroglobulinemia. Worth mentioning, the dos-
es of everolimus used for cancer treatment are far greater than those used in 
SOT (about seven times greater).  

There are accumulating evidence that mTOR inhibitors may reduce the 
risk of developing malignancies after SOT, such as skin cancer, Kaposi’s 
sarcoma, and PTLD (98). Sirolimus inhibits the growth of B cell lines de-
rived from SOT recipients with EBV+ PTLD in vitro and in mice (99). 
Moreover, there are case reports on complete remission of PTLD and main-
tained graft function on switching from CNIs to mTOR inhibitors with or 
without other PTLD treatment (100, 101).  

Belatacept 
Belatacept is a second-generation cytotoxic T lymphocyte-associated anti-
gen-4-Ig fusion protein, which down-regulates T cell response by blocking 
CD80/86 on antigen presenting cells, thereby preventing co-stimulation of 
the T cell (102). The drug is associated with more frequent and severe acute 
rejections in renal transplantation but less nephrotoxicity compared with 
CNIs. Belatacept has been associated with high rates of EBV+ PTLD, pre-
dominantly in the CNS, in EBV-seronegative adult kidney recipients, with 
the result that the drug is contraindicated in this patient group.  

Induction of allograft tolerance 
Induction of tolerance of allogeneic organs and elimination of need for 
chronic maintenance immunosuppression have been achieved by a combina-
tion of allo-HSCT and kidney transplantation in some small studies (103). 
The induction of transient or durable mixed chimerism or full donor chimer-
ism seems to be an important factor for tolerance. Another approach to pro-
mote tolerance and minimize the need for immunosuppressive drugs is adop-
tive regulatory T cell therapy, which is described in the section on regulatory 
T cells. 
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Posttransplant lymphoproliferative disorders 
PTLD is a potentially fatal complication of SOT and allo-HSCT. Immuno-
suppression causes the loss of immune control of EBV-infected B cells by 
cytotoxic T cells, which results in unrestricted B cell proliferation. PTLD is 
a heterogeneous group of lymphoid proliferations ranging from hyperplasia 
to aggressive lymphomas. Approximately 60-70% of PTLDs after SOT are 
reported to be EBV+ whereas >90% after HSCT are EBV+ (104, 105).  

Classification  
According to the latest World Health Organization (WHO) classification 
from 2008, PTLDs are divided into early lesions, polymorphic PTLD, mon-
omorphic PTLD, and classical Hodgkin lymphoma-type PTLD (Figure 3 and 
4) (104). The majority of PTLDs are of B cell origin and less than 15% are 
of T/NK cell origin. Hodgkin lymphomas are rare.  

Early lesions are polyclonal lymphoid proliferations that are often associ-
ated with primary EBV infection. Polymorphic PTLDs are poly- or mono-
clonal, polymorphic lesions with B cells in all stages of maturation. This is 
the most common type of PTLD in children and it frequently follows a pri-
mary EBV infection. Monomorphic PTLDs fulfill the criteria for clonal B or 
T/NK cell neoplasms arising in the immunocompetent host. Monomorphic 
PTLDs are EBV+ to a lesser degree than other types of PTLDs. One third of 
T/NK cell PTLD is reported to be EBV+. Classical Hodgkin lymphoma-type 
PTLDs fulfill the criteria for classical Hodgkin lymphoma and are almost 
always EBV+.  

Indolent (slow-growing) B cell lymphomas such as follicular lymphoma, 
mucosa-associated lymphoid tissue lymphoma, and chronic lymphatic leu-
kemia are also defined lymphoma entities according to the WHO classifica-
tion but are not included as PTLDs because of a different pathogenesis. 

DLBCL– subtype according to cell of origin 
The majority of B cell lymphomas in the general population is DLBCL, 
which is a biologically and clinically heterogeneous entity. DLBCL can be 
divided into three different groups according to their resemblance to normal 
B cells by gene expression profiling: germinal center B cell-like (GC), acti-
vated B cell-like, and type 3 (106). The GC group has a superior survival 
compared with the other two groups, which together form the non-GC group. 
The subdivision into GC and non-GC subtype can also be done by immuno-
histochemical stainings, such as the algorithm by Hans et al using CD10, 
Bcl-6 and MUM-1/IRF4 (Figure 5) (107). This method is now used in rou-
tine diagnostics. Most monomorphic B cell PTLDs are reported to be of the 
non-GC type, which has been associated with EBV (108).  
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Figure 3. Histologic features of PTLDs in hematoxylin-eosin staining and additional 
IHC stainings and EBER ISH in the small embedded images. Polymorphic PTLDs 
are composed of B cells in all stages of maturation admixed with T cells that efface 
the architecture of the underlying tissue but do not fulfill the criteria of any lym-
phoma. DLBCL PTLD and Burkitt PTLD are proliferations of monoclonal B cells 
that are morphologically indistinguishable from lymphomas in immunocompetent 
individuals. These atypical large B cells often show antigen expression associated 
with B cells, such as CD20. Anaplastic large cell lymphoma (ALCL) with a clonal 
expansion of CD30+ T cells and Enteropathy-associated T cell lymphoma express-
ing CD3 serve as examples of the rare T/NK cell PTLDs, which fulfill the criteria 
for T/NK cell lymphomas in immunocompetent patients. Hodgkin lymphoma type 
PTLDs fulfill the criteria for classical Hodgkin lymphomas and are characterized by 
scarce large tumor cells (Hodgkin and Reed-Sternberg cells) that are surrounded by 
inflammatory cells. The tumor cells usually express CD15 and always CD30. Ki-67 
is a cell proliferation marker. Images kindly provided by C. Sundström. 
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Figure 4. Categories of posttransplant lymphoproliferative disorders (PTLD) accord-
ing to the 2008 WHO classification. 

 

Figure 5. Classification of DLBCL cell of origin subtype by immunohistochemistry. 

  



 32 

Donor or recipient cell of origin  
A vast majority of PTLDs after allo-HSCT is of donor origin, as would be 
expected, since successful engraftment results in an immune system that is 
nearly exclusively of donor origin (104). By contrast, following SOT most 
PTLDs seem to be of recipient origin, although they may also arise from 
donor cells. Following SOT, donor dendritic and lymphoid cells in the allo-
graft migrate to other tissues in the body and microchimerism (i.e. donor 
cells at low levels) may be detected for decades posttransplant by sensitive 
methods, such as PCR (109).   

The frequency of donor-derived PTLDs following SOT has not been in-
vestigated in any large study of randomly selected cases. There are several 
case reports and small studies indicating that donor-derived PTLDs are al-
most exclusively located in the graft (110-113). Donor-derived PTLDs ap-
pear to be more frequent after liver or kidney transplantation than after heart 
or lung transplantation, but the selection of cases, for example the proportion 
of graft PTLDs in the study, influences the incidence (110). Donor-derived 
PTLDs are reported to develop earlier posttransplant compared with PTLDs 
of recipient origin (110-112).  

The histopathology of donor-derived PTLDs may more likely be poly-
morphic as opposed to monomorphic (110, 111). Most studies on do-
nor/recipient origin have only included polymorphic PTLDs and DLBCLs. 
There are occasional case reports of myelomas and Hodgkin lymphomas of 
donor origin following SOT (114, 115). A few cases of T cell PTLDs have 
been investigated and are reported to be recipient-derived (116, 117). In a 
study of 15 PTLDs after liver transplantation, presence of EBV in PLTD 
tissue was associated with donor origin (111), whereas in 43 kidney recipi-
ents EBV was equally common in donor- and recipient-derived PTLD (110).  

It has been suggested that donor-derived PTLDs have a better outcome 
than recipient-derived PTLDs, but the studies so far have not been large 
enough to confirm this (110, 112). A better prognosis could be explained by 
the fact that donor-derived PTLDs involving the graft probably will be diag-
nosed earlier, since the graft is under surveillance posttransplant. Further, 
there is a predominance of polymorphic PTLDs in donor-derived PTLD, 
which are associated with a better outcome. Finally, the anti-tumor immune 
response could be enhanced when the tumor cells express foreign antigens, 
especially after reduction of immunosuppression.  

Molecular pathogenesis 
Latent EBV transcripts contribute to PTLD development, as described in 
Table 2. Further, expression of lytic EBV transcripts such as BZLF1 and 
BRLF1 has been reported in most PTLDs (118, 119). Non-specific B cell 
receptor stimulation by non-self antigens and oxidative stress has been sug-
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gested to induce the lytic cycle (118). These lytic transcripts have been 
shown to contribute to tumor growth by the induction of paracrine B cell 
growth factors (such as IL-6 and IL-10) and angiogenesis factors (120). 
Aciclovir, which prevents viral replication but not expression of early lytic 
viral genes, did not inhibit the growth of lymphoblastoid cell lines in mice. 
High plasma levels of IL-6 and IL-10 have been detected in PTLD patients 
at diagnosis (121). 

Only a small fraction of the EBV-infected cells eventually develops into 
tumors, supporting that EBV infection alone is not sufficient for lym-
phomagnesis even in immunosuppressed individuals (33). In addition, genet-
ic aberrations are required. PTLDs share common genetic aberrations with 
lymphomas in immunocompetent individuals, although at a lower frequency. 
Multiple gene copy number variations, translocations (involving c-myc, IgH 
and Bcl-6), DNA mutations, DNA polymorphisms in both the host and the 
EBV genome, and hypermethylation of tumor suppressor genes have been 
linked to B cell PTLD development (33). EBV is known to modulate DNA 
methylation in germinal center B cells. Monomorphic B cell PTLDs have 
more chromosomal abnormalities than polymorphic PTLDs. EBV– PTLDs 
have more genetic lesions than EBV+ ones, which may substitute for the 
oncogenic effects of EBV (33, 122). 

Gene expression profiling has shown that EBV+ PTLDs, as opposed to 
EBV– ones, have up-regulation of genes involved in the innate immune re-
sponse and tolerance, for example VSIG4 that suppresses CD4+ and CD8+ 
T cell activation and PDL1 that blocks T cell proliferation and cytokine pro-
duction (123). Except for decreased T cell signaling, EBV– DLBCL PTLDs 
have been reported to be inseparable from EBV– DLBCLs in immunocompe-
tent individuals. Multiple proteins in for example the NF-κB and PI3K/Akt/-
mTOR pathways are up-regulated in PTLD and seem to protect against 
apoptosis (124).  

Incidence 

Solid organ transplantation 
PTLD is the most frequent malignancy in children and the second most 
common in adults following SOT (84, 125). Recipients of SOT have an ap-
proximately tenfold increased risk of developing lymphoma compared with 
the general population (126-128). The incidence is highest during the first 
year posttransplant, decreases subsequently, and rises again after approxi-
mately five years (128-130). The 5-year cumulative incidence is about 3% in 
children and 1% in adults after SOT (131). The incidence rate of NHL is 
reported to be about 200 per 100,000 person-years in SOT recipients (128, 
132). It is reported to be highest in lung and intestinal recipients, followed by 
heart and liver recipients, and lowest in kidney recipients (128, 133, 134).  
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Hematopoietic stem cell transplantation  
PTLD following HSCT is almost exclusively seen after allo-HSCT (135). 
Standardized incidence ratios for PTLD among allo-HSCT recipients range 
from 30 to 180. The 5-year cumulative incidence is approximately 1% (135, 
136). In a study of almost 27,000 allo-HSCT patients between 1964 and 
1994, the cumulative incidence of PTLD at 12 years was only 0.2% for pa-
tients with no major risk factors (105). The incidence rose to 1 to 8 % with 
1-4 major risk factors: (i) selective T cell depletion of the bone marrow graft; 
(ii) use of ATG; (iii) two or more HLA-mismatches or unrelated donor in 
combination with selective T cell depletion of the graft or ATG therapy; (iv)  
age >50 years. The incidence rate was 159 per 100,000 person-years (105).  

The incidence may well have declined since then, due to the introduction 
of monitoring of EBV DNAemia and preemptive therapy with rituximab. On 
the other hand, growing numbers of indications for allo-HSCT and new 
transplant modalities such as umbilical cord blood and HLA-haploidentical 
(half matched) donors may contribute to an increase in PTLD. 

Risk factors  

Solid organ transplantation 
Risk factors differ for early-onset and late-onset PTLDs following SOT. 
Reported risk factors for early-onset PTLD are young age at transplantation 
(130, 137), EBV seronegative recipient (137, 138), EBV-mismatch (D+/R-) 
(139, 140), CMV seronegative recipient (137), and use of T cell depleting 
antibodies (130). Late-onset PTLD is associated with older age (over 50-60 
years) (130, 137, 140), but also young age (137), and current use of calcineu-
rin inhibitors (130).  

Other reported risk factors are intensity of immunosuppression (126, 140, 
141), type of organ transplant (126, 128), history of pretransplant malignan-
cy (141), more HLA mismatches (140-142), HLA type (33), white ethnicity 
(137, 143), and hospitalization for CMV disease during the first year post-
transplant (138).  

Transplantations that warrant a higher degree of immunosuppression, 
such as lung and multi-organ transplants, have a higher incidence of PTLD 
as compared with transplantations associated with a lower degree of immu-
nosuppression, such as kidney transplantation (126, 128). T cell depleting 
antibodies (ATG and OKT3) have been linked to an increased risk of PTLD 
(126, 127, 140, 141, 144). Alemtuzumab has been associated with a low 
incidence rate of PTLD, although a single dose can cause profound lympho-
cyte depletion (144). Interleukin-2 receptor antagonists do not seem to influ-
ence PTLD risk (126, 141, 144).  

PTLD was rare before the introduction of cyclosporine in the early 1980s 
and a dramatic increase in PTLD incidence was seen before drug-level moni-
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toring became common practice (131, 145). Tacrolimus may be associated 
with a higher risk of PTLD compared with cyclosporine (126, 127, 141). 
There have been conflicting results on the risk for PTLD with azathioprine 
(127, 140, 141). Mycophenolate is reported to be associated with a low risk 
of PTLD (140, 146). Mycophenolate has been shown to inhibit the prolifera-
tion of EBV-transformed B cell lines in vitro and to lower the risk of EBV 
DNAemia and EBV infection in transplant recipients (147). The use of 
mTOR inhibitors has been linked to a significantly reduced risk of develop-
ing any de novo posttransplant malignancy including PTLD, but there are 
contradicting studies of registry data showing an increased risk for PTLD 
(98, 148). Belatacept is contraindicated in EBV-seronegative adult kidney 
recipients because of an association with high rates of EBV+ PTLD (102). 

Hematopoietic stem cell transplantation  
Important risk factors for PTLD following allo-HSCT are T cell depletion of 
the donor bone marrow, HLA-mismatched or unrelated donor, the use of 
ATG, age >50 years at transplantation, umbilical cord blood transplantation, 
and haploidentical transplants (73, 105, 135, 136, 149, 150). Other reported 
risk factors are EBV-mismatch (D+/R-) (151), age of recipient <18 years 
(151), primary immunodeficiency disorders (136, 152, 153), acute and 
chronic GVHD (105, 136), splenectomy (151), recipients of a second trans-
plant (105), reduced-intensity conditioning (154), and HLA type (155).  
Late-onset PTLD is associated with the occurrence of chronic GVHD (105).  

Selective T cell depletion of the bone marrow graft is associated with a 
higher risk for PTLD compared with depletion of both T and B cells, e.g. by 
alemtuzumab (105, 156). It has been suggested that ex vivo T cell depletion 
with alemtuzumab is beneficial due to a reduction of EBV viral load or the 
number of EBV-infected B cells that are available for transformation (156). 

Clinical presentation 

Solid organ transplantation 
PTLD after SOT is reported to occur at a median of 19-60 months post-
transplant (157-159). Early-onset PTLD (within one year posttransplant) 
accounts for 15-40% and about 20% of PTLDs occur more than 10 years 
posttransplant (157, 160, 161). EBV+ PTLDs after SOT develop earlier post-
transplant compared with EBV– ones (162).  

The clinical features of PTLD are often non-specific and sometimes mis-
interpreted as acute rejection. Unexplained fever, particularly early post-
transplant or after a period of treatment of rejection should arouse suspicion 
of PTLD. Other symptoms are night sweats, weight loss, fatigue, lymphade-
nopathy, and organ dysfunction. 
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A high proportion (about 80%) of PTLDs in SOT recipients has extranod-
al involvement (158-161). Frequent locations are the gastrointestinal tract 
(about 19-24%) and the allograft (about 13-28%) (158-160). Allograft in-
volvement is more common in early-onset PTLD and is associated with 
EBV+ PTLDs (140, 163). CNS involvement is reported to occur in 7-15% of 
cases, mostly as late-onset EBV+ primary CNS lymphoma, which has a poor 
prognosis (164).  

Hematopoietic stem cell transplantation  
A large part of PTLDs (40-75%) after allo-HSCT occurs within the first 
three months, whereas only 10-30 % of PTLDs are diagnosed more than six 
months posttransplant (63, 105, 136). By six months posttransplant, the lev-
els of EBV-specific CTLs are restored in most allo-HSCT patients (165). 
Very few cases of PTLD are diagnosed after one year when the immune 
reconstitution often is complete.  

EBV reactivation after allo-HSCT often causes little or no symptoms, 
possibly due to lack of T cells, since they are responsible for the symptoms 
in immunocompetent individuals (166). PTLD may evolve progressively 
from EBV reactivation to polyclonal disorder, and finally to monoclonal 
PTLD. Fever and/or lymphadenopathy are often the first symptoms. The 
patients may also present with a disseminated or fulminant form of disease, 
which lacks a well-defined tumor mass or lymphadenopathy, and therefore 
might sometimes be quite difficult to diagnose (136). This form has been 
associated with multi-organ failure and death (167). PTLDs that arise more 
than a year after allo-HSCT are more frequently localized and often have an 
indolent course (167). Extranodal involvement is not as common (about 
40%) as in PTLD following SOT (63).  

EBV monitoring after transplantation 
EBV monitoring by quantitative PCR of high-risk patients for PTLD is now 
routine after allo-HSCT (73, 168). High-risk has been defined as T cell de-
pletion, use of anti-T cell antibodies, umbilical cord blood transplants, and 
haploidentical transplants. The doubling time for EBV is estimated to be 
about 2-3 days (169) which implies that monitoring of EBV load has to be 
frequent. Analysis with EBV PCR at least once a week for three months 
following HSCT in high-risk patients and longer for patients with GVHD, 
after haplo-HSCT and in those with early EBV reactivation is now recom-
mended (168).  

Present European and American guidelines recommend monitoring of 
EBV DNAemia at least once a month in either all EBV-mismatched (D+/R-) 
SOT recipients or all seronegative patients during the first six months post-
transplant and thereafter at sparser intervals (148, 170). In pediatric liver 
transplant patients, monitoring of EBV load and preemptive reduction of 
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immunosuppression in patients with high viral load have been associated 
with a reduced incidence of PTLD (171, 172). In a small study on adult kid-
ney transplant recipients with EBV-mismatch (D+/R-), preemptive reduction 
of immunosuppression (and in some cases rituximab) when EBV was de-
tected was efficacious in preventing PTLD (173). EBV DNAemia surveil-
lance can fail to predict primary CNS PTLD and will of course not identify 
EBV–  PTLDs (55).  

High EBV load has high sensitivity but poorer specificity for predicting 
EBV+ PTLD even in high-risk SOT and HSCT populations (55). However, 
the negative predictive value is excellent. To improve this prediction, assays 
measuring T cell restoration or EBV-specific T cell responses have been 
suggested. The level of EBV-specific CTLs in transplant recipients has been 
reported to correlate with EBV load and the likelihood of developing PTLD 
(174). EBV load has also been suggested as a surrogate marker of the degree 
of immunosuppression. In SOT recipients without risk factors for PTLD, no 
measures are indicated in cases of persistent EBV loads (148). 

Diagnosis  
Definite diagnosis of PTLD should be based on clinical signs together with a 
histological examination of tumor tissue obtained by surgical excision biop-
sy or needle core biopsy (168). In probable PTLD, there are signs of PTLD 
and elevated EBV load.  

Blood tests should include full blood count, electrolytes, glucose, liver 
enzymes, lactate dehydrogenase (LDH), EBV PCR, and serology for HIV, 
hepatitis B and C (175). EBV serology is not a reliable method in immuno-
compromised patients, with a proportion of patients seroconverting late or 
not at all after primary infection (147). 

Computed tomography (CT) imaging of the neck, chest, abdomen, and 
pelvis is recommended for staging purposes (131). A bone marrow aspirate 
or biopsy should be considered as part of the staging process and in patients 
with falling peripheral blood counts without obvious reasons. Upper endo-
scopy and colonoscopy should be performed in patients with gastrointestinal 
symptoms.  

If CNS involvement is suspected CT or magnetic resonance imaging of 
the brain is recommended. A lumbar puncture for cytology and immunophe-
notyping of cerebrospinal fluid should also be performed. Detection of EBV 
DNA in cerebrospinal fluid has a low predictive value for the diagnosis of 
primary CNS lymphoma while a negative result has a good negative predic-
tive value (55). 
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Treatment of PTLD after SOT 
Present guidelines recommend reduction of immunosuppression (RIS) as 
first-line treatment, followed by rituximab to B cell PTLD that fail to re-
spond to RIS, or sequential treatment with rituximab followed by chemo-
therapy if progression (175). Surgery may be adequate treatment of localized 
PTLD, e.g. gastrointestinal PTLD with perforation. Radiotherapy is not ap-
propriate as sole therapy in high grade PTLD, but may be used in patients 
who are unsuitable for chemotherapy and for palliation. Re-transplantation 
after control of PTLD is generally accompanied by a good patient and graft 
survival and is recommended in cases of graft failure or loss (175, 176). 

Reduction of immunosuppression 
RIS is the cornerstone of PTLD treatment and may be used as sole treatment 
in low-risk patients. Response rate to RIS alone has recently been reported to 
be around 45% in a population with a relatively high proportion ( ̴ 40%) of 
polymorphic PTLD (177). Early disease stage (Ann Arbor I/II) and younger 
patients responded better. RIS can be used even in EBV– PTLD, monomor-
phic PTLD, and in high-risk recipients (heart and lung) (177). Concerns with 
RIS include risk for acute rejections, risk for tumor progression while wait-
ing for the response (i.e. 2-4 weeks), and higher relapse rates (175).  

According to British guidelines, CNIs should be reduced to the lowest 
tolerated levels (usually 25-50%), azathioprine and mycophenolate should be 
stopped, and steroids maintained (175). A switch from CNIs to mTOR inhib-
itors has been proposed as an alternative to reduced immunosuppression, 
since this has been associated with complete remission of PTLD either as 
sole treatment or in combination with other therapies (96, 98, 100, 101).  

Rituximab 
Rituximab should be administered to CD20+ B cell PTLDs that fail to re-
spond to RIS. In a retrospective multicenter analysis, first-line rituximab in 
combination with RIS was associated with improved 3-year overall survival 
compared with therapy not containing rituximab (73% vs. 33%) (157). Sin-
gle-agent rituximab has been reported to have response rates of about 55% 
(178-181). However, relapse or progression of PTLD within a year have 
been reported in 9 of 35 (26%) patients that initially responded to single-
agent rituximab (182). This supports a more intensive first-line therapy for 
patients at increased risk. Sequential treatment with four courses of rituxi-
mab followed by four cycles of chemotherapy (CHOP-21) had a response 
rate of 90% in a recent prospective multicenter trial of adults (178). Rituxi-
mab monotherapy is recommended for low-risk patients (age <60 years, 
normal LDH, good performance status) (175). Rituximab is generally well 
tolerated, but there are concerns for the potential development of hypogam-
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maglobulinemia, opportunistic infections, and down-regulation of CD20 
expression on lymphoma cells after repeated infusions (183, 184).  

Chemotherapy 
Chemotherapy is associated with more treatment-related toxicity than ritux-
imab in PTLD patients (157). However, treatment-related mortality after 
sequential treatment is lower in patients who respond to rituximab, support-
ing the idea that a lower tumor mass and improved performance status at the 
time of chemotherapy result in less toxic effects (178). CHOP (cyclophos-
phamide, doxorubicin, vincristine and prednisone) is recommended for B 
cell PTLDs that do not respond to RIS and rituximab and as part of first-line 
treatment of clinically aggressive and late-onset PTLDs (175). Chemothera-
py, e.g. CHOP, and radiotherapy and/or surgery for localized disease is rec-
ommended for T cell PTLDs. Standard chemotherapy for Burkitt lymphoma 
may be associated with too much toxicity in Burkitt PTLDs and therefore 
dose adjusted EPOCH-R (etoposide, prednisone, vincristine, cyclophospha-
mide, doxorubicin and rituximab) may be preferable (175). Localized Hodg-
kin PTLD may be successfully treated with radiotherapy alone, whereas 
advanced stages are recommended ABVD chemotherapy (doxorubicin, ble-
omycin, vinblastine and dacabazine) (175). 

Treatment for primary CNS PTLD 
Optimal treatment for primary CNS PTLD is not known. Besides RIS, 
treatment options include high-dose methotrexate, high-dose cytarabine, 
rituximab, whole brain radiotherapy, and surgical excision (164). In a retro-
spective study of 84 primary CNS PLTDs, there was a trend that patients 
who received high-dose cytarabine and/or rituximab had improved outcome 
(164). Rituximab penetrates poorly into CNS. Concentrations in CNS are 
reported to be <1% of serum concentrations (185). Despite this, rituximab 
has shown to be efficacious in contrast-enhancing primary CNS lymphomas, 
possibly because of disruption of the blood-brain barrier (185). Trials of the 
combination of intravenous and intraventricular rituximab for recurrent CNS 
lymphoma are currently ongoing (185). Case reports show favorable re-
sponse to intrathecal treatment with rituximab for primary CNS PTLD (186).  

EBV-specific CTLs  
Adoptive immunotherapy with in vitro generated allogeneic EBV-specific 
CTLs has shown response rates of about 50% in SOT recipients who had 
failed conventional therapy for PTLD (187). EBV-specific CTLs have not 
been as efficient as prophylaxis, since immunosuppressive drugs given to 
avoid graft rejection impair the long-term persistence of CTLs. EBV-specific 
CTLs resistant to tacrolimus have been engineered to overcome this obstacle 
(188). Adoptive immunotherapy is not yet common practice after SOT.  
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Other and future therapies 
Antiviral therapy is generally not recommended because of a lack of proved 
efficacy. Phase I/II clinical trials have shown a significant anti-tumor re-
sponse when a lytic infection is induced, e.g. by arginine butyrate, in order to 
make EBV+ tumors susceptible to nucleoside analogues, but this treatment 
modality has only been used in clinical trials (175, 189).  

Drugs that interfere with signaling pathways are in development for lym-
phoma treatment and may be especially relevant for EBV+ PTLDs since 
LMP-1 and -2 activate these pathways (37). The proteasome inhibitor borte-
zomib inhibits the NF-κB pathway and has also been shown to activate EBV 
lytic infection in Burkitt lymphoma cell lines. The drug has shown promis-
ing effect in combination with chemotherapy in non-GC DLBCL and could 
find a role in therapy of EBV+ PTLD in the future (190). Trials of IL-6 in-
hibitors are currently ongoing for the treatment of lymphomas and these 
drugs could also represent a new way to treat PTLD (191). 

Treatment of PTLD after HSCT 

Preemptive therapy  
The threshold level for EBV genome copies to initiate preemptive therapy 
needs to be based on local data since EBV PCR is not standardized (168). 
Rituximab is recommended to be administered weekly until the EBV load is 
reduced (168). Immunosuppression should be reduced, if possible, and donor 
EBV-specific CTL infusion is recommended, if available (168). The re-
sponse rate to preemptive therapy with rituximab is reported to be 90% and 
with CTLs 94% in a review of the literature (184). A single dose of rituxi-
mab is often sufficient to prevent PTLD in patients with high EBV load. 

Treatment of PTLD  
Rituximab (usually 4-8 doses), RIS, donor EBV-specific CTLs, and/or infu-
sion of donor lymphocytes (DLI) are recommended treatments of PTLD 
(168). Chemotherapy is recommended as second-line therapy (168). Antivi-
ral drugs are not recommended because of lack of shown efficacy (73). RIS 
is not always an option because of GVHD. In treatment of PTLD, the re-
sponse rate to rituximab and CTLs, often used in combination with other 
therapies, is reported to be 63% and 88% respectively (184). The response 
rates to RIS, DLI, and chemotherapy are lower, but difficult to assess since 
they are usually not given as monotherapies. 

The major obstacle with EBV-specific CTLs is the time to generate them 
in the laboratory (8-10 weeks). This may be overcome by the use of cryo-
preserved HLA-matched CTLs harvested from healthy blood donors (192). 
CTL treatment is associated with increased risk of GVHD (168). CTLs that 
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target multiple antigens (CMV, EBV and adenovirus) are being developed 
(193). 

Prognosis and prognostic factors  
PTLD after SOT is associated with a 5-year overall survival of 40-60 % 
(157, 159, 161). Old age, poor performance status, International Prognostic 
Index (IPI) scores 3-5, B symptoms, elevated S-LDH, hypoalbuminemia, 
advanced stage, extranodal disease, CNS or bone marrow involvement, 
monomorphic PTLD, and type of transplant have been reported to be inde-
pendently related to inferior survival in this group (157-159, 161, 194). 5-
year overall survival in kidney recipients with PTLD is approximately 60% 
(141, 160). Reported independent poor prognostic factors in this group are 
age >55 years, elevated S-creatinin and S-LDH levels, disseminated lym-
phoma, CNS involvement, monomorphic PTLD, and T cell PTLD.  

RIS was associated with improved PTLD-related mortality, whereas age 
>30 years, extranodal disease, and acute GVHD predicted poor response to 
rituximab in a recent European study of 144 EBV+ PTLDs after allo-HSCT 
(63). Overall mortality was 30% compared with 90% before the rituximab 
era (195).  

Prevention of PTLD 
EBV serology should be performed pretransplant on all donors and recipi-
ents of SOT and HSCT in order to define risk of PTLD (73, 131). For EBV-
seronegative recipients, an EBV– graft is preferred and T-cell depleting 
agents should be avoided if possible (148). EBV surveillance and preemptive 
therapy are discussed earlier in this thesis. Data on antiviral prophylaxis are 
somewhat conflicting. In a case-control study of 100 PTLDs after kidney 
transplantation, ganciclovir reduced the risk of poly- and monomorphic 
PTLD during the first year posttransplant (196). Prophylactic treatment with 
aciclovir/ganciclovir did not reduce the risk of NHL, whereas anti-CMV 
immunoglobulin (containing anti-EBV IgG) prevented early-onset PTLD, in 
a large retrospective study of kidney recipients (197). Prophylaxis with (val)-
ganciclovir in EBV mismatched (D+/R-) pediatric kidney recipients was 
associated with a decreased incidence of EBV primary infection (198). Re-
cent European recommendations suggest that IVIG and (val)-ganciclovir 
should be considered in cases of EBV mismatch (D+/R-) after SOT (148). 

There is currently no vaccine protecting against EBV disease. Gp350 has 
been a major vaccine target since Gp350-specific antibodies comprise most 
of the EBV neutralizing activity in the serum of infected patients, but vac-
cines so far have not been sufficiently immunogenic (199). In EBV seroneg-
ative children waiting for kidney transplantation, immune responses declined 
rapidly and the vaccine was unlikely to be protective posttransplant (200).  
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Regulatory T cells 
Numerous T cell subpopulations have been reported to possess regulatory or 
suppressive activity, including CD4+CD25+ T cells, CD8+ T cells, CD4-CD8- 

T cells, NK T cells and γδ T cells (201-203). There are also other immune 
cells with regulatory potential, such as B cells, NK cells and myeloid derived 
suppressor cells (203). 

Natural Tregs 
Natural regulatory T cells (Tregs) are CD4+CD25+FoxP3+ T cells that are 
selected in the thymus and can suppress the activation, proliferation, and 
effector functions of a wide range of immune cells (202). Natural Tregs are 
characterized by a high and stable expression of CD25 (the IL-2 receptor α-
chain) on the cell surface and of the transcription factor forkhead box protein 
3 (FoxP3) in the nucleus. Tregs constitute about 1-5 % of peripheral CD4+ T 
cells. 

FoxP3 is a transcription factor that regulates the differentiation and func-
tion of Tregs. The key role of FoxP3 in the function of Tregs was first shown 
in scurfy mice in which a mutation in the FoxP3 gene results in a rapidly 
fatal lymphoproliferative disease (204). FoxP3 is reported to repress the gene 
expression of IL-2, CD127, TNF-α, and IFN-γ, and to enhance the expres-
sion of CD25 and cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) 
(205).  

Induced Tregs are CD4+CD25–FoxP3– naive T cells that has been con-
verted to CD4+CD25lowFoxP3low Tregs following induction with antigen in 
the periphery (206). To complicate matters further, Tregs may lose their 
regulatory function and transform into effector cells (207).  

Phenotypic markers for Tregs 
FoxP3 is considered the most reliable phenotypic marker for natural Tregs at 
present (202). However, expression of FoxP3 and other Treg biomarkers 
such as CD25 and CTLA-4 is not confined to Tregs but these biomarkers are 
also expressed by other activated T cells in humans. Low or no expression of 
the IL-7 receptor (CD127low) has been suggested as a biomarker for Tregs in 
combination with CD25high.  

The combination of the marker CD45RA and FoxP3 can identify T cell 
subsets with different functions: (i) naïve/resting Tregs (CD45RA+FoxP3low); 
(ii) effector Tregs (CD45RA–FoxP3high); and (iii) non-regulatory T cells 
(CD45RA–FoxP3low) (201, 202). 

A demethylated DNA sequence within the FoxP3 gene (called Treg-
specific demethylation region) is specific for natural Tregs and its identifica-
tion discriminates natural Tregs from other activated FoxP3+ T cells, e.g. 
induced Tregs and effector T cells (201, 203).  
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The role of Tregs 
Natural Tregs play an important role in prevention of autoimmunity and 
allergy and promotion of transplantation tolerance (202). Tregs may also 
suppress antitumor immune responses and favor tumor progression. Tregs 
can suppress CD4+ and CD8+ T cells, antigen-presenting dentritic cells, NK 
cells, and B cells. There are four basic mechanisms used by Tregs to inhibit 
the activity of their target cells: by inhibitory cytokines (TGF-β, IL-10 and 
IL-35), by induction of apoptosis (by granzymes, perforins or Fas-Fas ligand 
interaction), by interfering with the metabolism, and by modulation of den-
dritic cell maturation or function (205, 208).  

Tregs and autoimmunity  
Autoimmune disease may be induced in mice by neonatal thymectomy or 
depletion of peripheral FoxP3+ T cells (202). Immunodysregulation, polyen-
docrinopathy, enteropathy X-linked (IPEX) syndrome is a severe autoim-
mune disease in humans caused by mutations in the FoxP3 gene (209, 210). 
Decreased numbers of and/or functional defects of Tregs contribute to the 
pathogenesis of most autoimmune diseases, for example systemic lupus ery-
thematosus, rheumatoid arthritis, autoimmune hepatitis, inflammatory bowel 
disease,  multiple sclerosis, and diabetes mellitus type 1 (211).  

Tregs and tolerance 
High numbers of Tregs in the allograft have been reported to reduce the risk 
of GVHD following HSCT (212). Presence of Tregs in kidney recipients 
with subclinical rejection is associated with a favorable long-term allograft 
outcome (213). There is hope that Treg therapy in the future will minimize 
the need for maintenance immunotherapy posttransplant by promoting toler-
ance (see page 45) (201). 

Tregs and hepatitis C infection 
Patients with persistent HCV infection have increased frequencies of Tregs 
compared with those who have recovered from HCV and healthy controls 
(214). Tregs are thought to suppress virus-specific CTLs (215). 

Tregs and EBV  
The proportion of CD4+CD25high T cells within the CD4+ T cell population 
has been reported to be reduced in infectious mononucleosis patients com-
pared with healthy EBV-seropositive individuals (216). One may speculate 
that Tregs are needed to control primary EBV infection to a subclinical level.   

Chemokine ligand 20 (CCL20) stimulates chemotaxis of Tregs by binding 
to the chemokine receptor 6 (CCR6) which is expressed on the majority of 
FoxP3+ Tregs in peripheral blood (217). EBNA-1 has been reported to up-
regulate the expression of CCL20 on Hodgkin lymphoma cells, which leads 
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to an increased migration of FoxP3+ Tregs into the tumor lesion (218). How-
ever, Treg numbers in Hodgkin lymphoma did neither vary significantly 
with EBV status nor with CCL20 status. Thus, there must be other mecha-
nisms to recruit Tregs in EBV– tumors. 

Tregs and solid tumors 
Tregs accumulate in the tumor and the peripheral circulation of patients with 
various carcinomas, e.g. ovarian, non-small cell lung, pancreatic, breast, and 
gastrointestinal cancers (219, 220). Natural Tregs are recruited to the tumor 
site by various chemokines produced by tumor cells and macrophages, e.g. 
CCL22 binding to CCR4 expressed by Tregs (219). Tregs may also be in-
duced from conventional T cells in the tumor in response to tumor-derived 
signals, such as TGF-β and IL-10 (206). Intratumoral Tregs and in particular 
decreased ratios between CD8+ T cells and FoxP3+ Tregs are associated with 
poor prognosis in most of these cancers, with a few exceptions e.g. colorec-
tal cancer (220). These conflicting observations regarding the prognosis may 
be due to the influence of the microenvironment on the generation, activa-
tion, and function of Tregs. Induced Tregs may expand in response to tumor 
antigens and cytokines, suppress the anti-tumor immune response, and pro-
mote tumor growth (206). However, in cancers associated with a prominent 
inflammatory infiltrate, e.g. colorectal cancer, natural Tregs down-regulate 
excessive inflammation and may inhibit tumor progression (206).  

Tregs and lymphomas 
Regarding the role of Tregs in lymphomas, the situation is even more com-
plex since the tumor cells are derived from the immune system and interact 
with the Tregs. In B cell lymphomas, Tregs may on the one hand protect the 
tumor from ongoing immune responses mediated by T cells but may on the 
other hand kill the lymphoma cells by recognition of tumor antigens on 
MHC class II (205).  

In Hodgkin and follicular lymphoma, high numbers of tumor-infiltrating 
Tregs are associated with improved overall survival (221-225). In DLBCL, 
the role of Tregs is not as clear. Hasselblom et al reported low levels of in-
tratumoral Tregs in DLBCL, median 67 (range 0-1770) cells per mm2 (226). 
FoxP3 expression was lower in patients with extranodal disease and B symp-
toms but was not associated with survival (226). Tzankov et al observed that 
>4.4 FoxP3+cells per mm2 tended to be associated with better disease-
specific survival in germinal-center DLBCL (p=0.051) whereas >6.1 
FoxP3+cells per mm2 tended to have a negative effect on survival in non-
germinal center DLBCL (p=0.059) (224). Absolute FoxP3+ cell numbers 
were similar in germinal center and non-germinal center DLBCL (̴ 27 cells 
per mm2 in average). Lee et al showed that higher expression of intratumoral 
FoxP3+ was an independent predictor of superior overall survival in DLBCL 
(227).  
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Presence of tumor-infiltrating Tregs have been reported for several types 
of T cells lymphomas, e.g. extranodal NK/T cell lymphoma, cutaneous T 
cell lymphoma, peripheral T cell lymphoma, unspecified, anaplastic large 
cell lymphoma, and angioimmunoblastic T cell lymphoma (224, 228, 229). 
However, an association between high numbers of Tregs and superior sur-
vival has only been reported for extranodal NK/T cell lymphoma (228) and 
cutaneous T cell lymphomas (229). For some of these T cell lymphomas, the 
malignant cell is suggested to be of Treg origin based on expression of 
FoxP3 in the tumor cells, e.g. a subgroup of Sézary syndrome, anaplastic 
large cell lymphoma (especially ALK+ cases), and rare cases of peripheral T 
cell lymphoma, unspecified (230, 231).  

In the transplant setting, there is only one previous study on the role of 
FoxP3+ cells in PTLD, in which Richendollar et al analyzed 31 cases of 
monomorphic B cell PTLDs (232). They found a median number of 12 
(range 1-338) FoxP3+ cells per 10 high power fields in the tumors and no 
correlation with survival.  

Different FoxP3 antibodies may differ in specificity.  Detection of FoxP3 
in lymphoma tissue by the clone 236A/E7 (eBioscience) has been reported 
predictive of improved outcome (222, 225, 227) whereas the clone 22510 
(Abcam) has not been as strongly associated with survival (224, 226, 232). 

Tregs and immunosuppression 
CNIs decrease the levels of Tregs and inhibit their suppressive function 
whereas corticosteroids, mTOR inhibitors, and T cell depleting antibodies 
(ATG, OKT3 and alemtuzumab) promote the expansion of Tregs (233-241). 
Mycophenolate does not seem to be harmful to Tregs in vivo but available 
data are contradictory (238-242). Azathioprine does not seem to affect Tregs 
negatively according to limited data (243). IL-2 receptor antagonists 
(basiliximab and daclizumab) have been reported to reduce levels of Tregs 
or to hamper their suppressive function but there are contradicting results 
(234, 236, 244). There are conflicting results also on the effect of belatacept 
on Tregs, which does not seem to promote Tregs (242, 245).  

Adoptive regulatory T cell therapy 
Adoptive cell therapy with Tregs has shown promising results in preclinical 
and clinical trials in treating type 1 diabetes mellitus and other autoimmune 
diseases, prevention and treatment of GVHD after HSCT, and induction of 
allograft tolerance (201, 203, 246, 247). Several clinical trials are ongoing 
using Tregs to induce clinical tolerance after SOT and HSCT (203, 241). 
There are concerns that excessive Treg activity may increase the risk of in-
fections and tumors (247).  
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Aims 

Overall aim 
The overall aim of this thesis has been to study the role of EBV in PTLD in 
relation to clinical features, lymphoma subtype, diagnostic methods, surviv-
al, intratumoral regulatory T cells, and cell of origin of PTLD.  

 

Specific aims 
I To evaluate the clinical usefulness of monitoring patients with 

quantitative PCR for EBV after allogeneic HSCT in order to 
predict PTLD. To establish a routine for EBV screening and 
preemptive therapy. To describe the clinical presentation of 
PTLD and other EBV-associated diseases following HSCT. 

 
II To study the differences in PTLD subtype, clinical presenta-

tion and survival between EBV+ and EBV– lymphomas after 
SOT in a population-based cohort. To analyze the role of other 
infections and subtype of DLBCL in the transplant setting. 

 
III To investigate the role of intratumoral regulatory T cells in 

PTLD after SOT in relation to PTLD subtype, clinical features 
and survival. To explore if there is an association between 
EBV-status of the PTLD and frequency of intratumoral Tregs.  

 
IV To study the rate of recipient- and donor-derived PTLD after 

SOT. To describe PTLD subtype, EBV-status of the PTLD, 
and clinical features in relation to cell of origin of PTLD.  
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Patients and methods 

Patients (paper I) 
All patients who underwent allo-HSCT at the Department of Hematology, 
Uppsala University Hospital between December 1, 2001 and November 30, 
2002 were included (Figure 6). There were 30 adults and nine children (<18 
years). Clinical data and data on EBV PCR were collected from the medical 
records until the day of death or for at least four months. 

The high-risk group for PTLD (n=20) was defined as recipients of grafts 
from an unrelated donor (n=15) or a HLA-mismatched related donor (n=2) 
or patients who underwent non-myeloablative reduced-intensity conditioning 
(n=3). This high-risk group was intended to be monitored for EBV weekly or 
fortnightly during three months posttransplant. Beyond three months, EBV 
PCR was only performed if EBV disease was suspected.  

The low-risk group for PTLD (n=19) comprised recipients of grafts from 
HLA-identical siblings undergoing myeloablative conventional-intensity 
conditioning. In this group, EBV PCR was only analyzed if the responsible 
physician suspected an EBV infection.  

The study was approved by the Regional Ethical Review Board in Uppsa-
la, Sweden (no 2005:351). 

 

 
Figure 6. Flowchart of patients in paper I and intended EBV monitoring in the low-
risk and high-risk group for PTLD. 
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EBV PCR (paper I) 
EBV DNA was detected and quantified in blood and/or plasma by quantita-
tive PCR (TaqMan) in routine diagnostics at the Swedish Institute for Infec-
tious Disease Control, Solna, by an accredited method. The primers and 
probe were directed to a conserved, non-coding and non-repeated part of the 
LMP-1 gene, see Table 3 for details. Genome counts were calculated by 
comparison to a standard curve that was generated with EBV DNA from 
Namalva cells, each of which contains two copies of EBV genomes.  

Table 3. Primers and probe used in EBV PCR. 

Primers and probe   

LMP-1 forward primer 5’-AAGGTCAAAGAACAAGGCCAAG-3’ 

LMP-1 reverse primer 5’-GCATCGGAGTCGGTGGG-3’ 
Probe 5’-AGGAGCGTGTCCCCGTGGAGG-3’ 

Definition of EBV disease, PTLD and other diseases 
EBV viremia, although the term DNAemia is more appropriate, was defined 
as >100 genome equivalents/ml of blood or plasma, which was the detection 
limit for identification of EBV (paper I). Individuals with EBV DNAemia 
were categorized into having a symptomatic or an asymptomatic infection 
based on the presence or absence of symptoms which could not better be 
explained by other diseases (paper I-IV). Primary infection was distin-
guished from reactivation by serostatus pre-transplant. Seroconversion of 
EBV was defined as occurrence of antibodies against EBV in a previously 
seronegative individual. A seronegative individual with missing serology 
posttransplant who developed an EBV+ lymphoma was also regarded as 
having seroconverted.  

In paper I, the diagnosis of PTLD was based on clinical signs and pres-
ence of EBV DNAemia and was confirmed in all cases diagnosed during 
2002 by histopathological examination of the biopsies. In paper II, all cases 
were reported as PTLD or lymphoma to the Swedish Cancer Register and 
the diagnoses were either confirmed by re-evaluation of the biopsy (n=122) 
or by re-evaluation of the original pathology report in combination with the 
clinical data (n=13).  

The diagnostic tools to determine CMV and HCV infection have im-
proved over the last decades. An individual assessment has been made for 
every patient based on clinical symptoms and the methods available at that 
time e.g. rise in antibody titers, antigen tests, and PCR assays.  

Autoimmune disease was defined as all autoimmune diseases noted in the 
medical records and present before transplantation. In paper II diabetes 
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mellitus type 1 was included, whereas in paper III it was not, since recent 
reports question the role of autoimmunity in type 1 diabetes (248). 

Registers (paper II-IV) 
The Swedish National Board of Health and Welfare has compiled infor-
mation on hospital discharges in Sweden in the National Patient Register 
since 1964 (249). The register contains patient data (personal registration 
number, sex and age), geographical data (hospital and department), adminis-
trative data (date of admission and discharge), and medical data (discharge 
diagnoses and surgical procedures). The coverage rate has gradually in-
creased and the register has complete national coverage since 1987 (250). In 
1983 approximately 83% of somatic hospital discharges were registered and 
today the figure is >99% (250).  

The Swedish Cancer Register at the Swedish National Board of Health 
and Welfare was founded in 1958. It publishes annually newly diagnosed 
cancers in Sweden gathered by six regional Cancer Registries. All malignan-
cies diagnosed at clinical or pathological examination or at autopsy are com-
pulsory to report (251). Approximately 99% of the cancers in the register 
have a morphologic diagnosis. Classification is recorded according to the 
current WHO’s International Classification of Diseases (ICD) revision to-
gether with a translation to the ICD-7 codes for historical comparability. 
Underreporting was estimated to about 4% in 1998 in a quality study of the 
cancer register but it differs between diagnoses (252). 

Patients (paper II-IV) 
A flow chart for the identification of patients in paper II-IV is presented in 
Figure 7. From the Swedish National Inpatient Register, all patients who had 
been discharged after SOT in Sweden between January 1, 1970 and Decem-
ber 31, 2006 were identified (n=10,010, representing 85,015 person-years). 
Through linkage with the Swedish Cancer Register, 145 reported cases of 
lymphoma following SOT diagnosed between January 1, 1980 and Decem-
ber 31, 2006 were identified. Only two cases were reported between 1970 
and 1980 and these cases were not included, since the aim was to study lym-
phomas after 1980 when CHOP had become a standard treatment of aggres-
sive lymphomas. Lymphomas were defined according to the ICD-7 codes 
200, 201, 202 and 204.1. Indolent lymphomas were included although they 
are not defined as PTLD according to the WHO classification, since lym-
phoma classifications differ over time. The studies were approved by the 
Regional Ethical Review Board in Uppsala, Sweden (no 2007/150). 
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After exclusion of patients not having undergone SOT (n=2), where the 
lymphoma existed pre-transplant (n=2) or could not be confirmed (n=6), the 
cohort in paper II consisted of 135 patients, among whom ten were children 
(< 18 years). Seven adults were diagnosed at autopsy.  

 
 

 

Figure 7. Flowchart for identification of the study population in paper II-IV. 
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In paper III, all cases of DLBCL, T cell lymphoma, polymorphic PTLD, 
and PTLD located to the graft or the lung with sufficient tissue available for 
analysis, were selected from the cohort in paper II (n=74).  

In paper IV, 93 patients from the cohort in paper II were included, after 
exclusion of cases where the donor and recipient had the same sex and were 
HLA-identical, or these data were not available (n=6), as well as all cases 
where PTLD tissue was no longer available (n=36). 

Collection of clinical data (paper II-IV) 
Clinical data was retrieved retrospectively from the medical records from all 
four transplantation centers in Sweden (Göteborg, Malmö/Lund, Stockholm, 
and Uppsala) as well as from the hospitals and policlinics where the patients 
were followed posttransplant and treated for lymphoma.  

The following data were collected from the medical records: gender, age 
at transplantation and lymphoma, indication for transplantation, type of allo-
graft, number of transplantations, dialysis pre-transplant, history of other 
malignancies, other immunodeficiency or autoimmune disease, immunosup-
pressive regimens, episodes and treatment of acute rejections, chronic rejec-
tion and graft failure, EBV and CMV serology pre-transplant, EBV and 
CMV disease or seroconversion, EBV DNAemia at lymphoma diagnosis, 
antiviral prophylaxis, varicella zoster, viral hepatitis, and invasive fungal 
infections, clinical presentation of lymphoma, S-LDH, B symptoms, lym-
phoma treatment and response, survival, and cause of death.  

 
Table 4. Definitions of ECOG performance status and Ann Arbor stages. 

Term Definition 

Performance status (ECOG)  

0 Fully active, able to carry on all pre-disease performance without restriction. 
I Restricted in physically strenuous activity but ambulatory and able to carry out work 

of a light or sedentary nature, e.g. light house work, office work.
II Ambulatory and capable of all self-care but unable to carry out any work activities. 

Up and about more than 50% of waking hours.
III Capable of only limited self-care, confined to bed or chair more than 50% of waking 

hours. 
IV Completely disabled. Cannot carry on any self-care. Totally confined to bed or chair. 
V Dead 

Stage (Ann Arbor) 

I Involvement of a single lymph node region. 
II Involvement of two or more lymph node regions on the same side of the diaphragm. 
III Involvement of lymph node regions on both sides of the diaphragm. 
IV Multiple or disseminated involvement of one or more extralymphatic organs e.g. 

liver and bone marrow.
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Performance status according to Eastern Cooperative Oncology Group 
(ECOG) (253), staging according to Ann Arbor (254) and age-adjusted IPI 
(255) were registered retrospectively when possible, if not documented in 
the medical records. Definitions of ECOG performance status and Ann Ar-
bor stages are given in Table 4. Age-adjusted IPI is a prognostic score which 
is used to compare individuals under or above 60 years. One point is given 
for each of the factors: (i) Ann Arbor stage III-IV; (ii) elevated LDH; and 
(iii) ECOG performance status ≥ 2. 

Time to lymphoma was defined as the time from the first transplantation 
where the allograft remained in the body to the lymphoma diagnosis. The 
date for the first transplantation was used instead in two patients with no 
remaining allograft at the lymphoma diagnosis. 

Re-evaluation of lymphomas (paper II-IV) 
In total, 122 cases in paper II had sufficient material for re-evaluation and 
this was performed by an experienced hematopathologist (Christer 
Sundström) according to the latest WHO classification from 2008 (104). 
DLBCL were classified as either germinal center or non-germinal center 
subtype according to the Hans algorithm using immunohistochemical anal-
yses with antibodies directed against CD10, bcl-6, and IRF4 (MUM-1) 
(107).  

Analysis of EBV in tissue (paper II-IV) 
Presence of EBV in lymphoma sections was examined using EBER in situ 
hybridization (n=109). In cases with scarce material, the EBER status in the 
original pathology report was used (n=3) or if there was a positive result for 
LMP-1 (n=7) the lymphoma was considered EBV+. 

The EBV peptide nucleic acid (PNA) probe is complementary to the RNA 
transcripts EBER-1 and -2. The probe is conjugated to a fluorescence dye 
called fluorescein isocyanate (FITC). PNA probes are resistant to both nu-
clease and protease enzymes and therefor stable. It is important to avoid 
contamination of buffers and laboratory equipment with RNase, particularly 
until the hybridization step has been completed. A case cannot be concluded 
as EBER-negative without a control slide run in parallel demonstrating that 
RNA is preserved. 

Formalin-fixed paraffin-embedded tissue sections (4 µm thick) were re-
hydrated and then pretreated 30 minutes with Proteinase K (Dako) at room 
temperature. Hybridization was performed by applying FITC-conjugated 
EBER PNA probe (Dako) to the tissue section for one hour at 55 degrees in 
a humidity chamber in an incubator. The slides were then immersed for 25 
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minutes in preheated Stringent Wash Solution and then briefly immersed in 
TBS. Detection of the primary antibody was performed using anti-FITC/AP 
(alkaline phosphatase) for 30 minutes according to the manufacturer’s in-
structions (Dako). In light microscope the EBER-positive cells are blue or 
black (Figure 8). 

Immunohistochemistry for FoxP3 (paper III) 
Formalin fixed paraffin embedded specimens of PTLD were cut at a thick-
ness of 4 µm and placed onto Superfrost Plus slides. Fixation, deparaffiniza-
tion and antigen retrieval was performed with PT-link. Immunohistochemi-
cal staining was performed with Dako Autostainer Plus. The primary anti-
body used to detect FoxP3 was clone 236A/E7 (eBioscience) diluted at 
1:100 in antibody diluent (Dako) and subsequently applied on the specimen 
for 30 minutes. Detection of the primary antibody was performed using the 
EnVision-DAB Kit (Dako) according to the manufacturer’s instructions. All 
incubations were performed in room temperature. Ten cases were stained 
with another FoxP3 antibody (clone mAb22510, Abcam) for comparison. 
Tissue sections of human tonsils were used as positive controls. 

Stained PTLD biopsies were assessed for FoxP3+ cells by manual count-
ing using a light microscope with the support of a grid (Figure 8). The area 
of each biopsy was calculated using the pre-installed software of the micro-
scope in order to create a cell to area ratio (expressed as cells per mm2). All 
biopsies were analyzed in their entirety, except for necrotic areas that were 
excluded. 

Definition of FoxP3+ PTLD (paper III) 
FoxP3+ PTLD was defined as a case with 29 or more positive cells per mm2. 
This was the median density among the cases where FoxP3 could be detect-
ed. The threshold of 29 cells per mm2 may seem arbitrary. To define a case 
as positive based only on one positive cell per mm2 is generally not an ac-
cepted practice in clinical pathology. Previous studies have typically used 
the level that gives improved survival with different thresholds for different 
lymphoma subtypes (224, 227). Expression of FoxP3 did not influence sur-
vival and hence such a threshold could not be chosen. Importantly, regard-
less of the strategy to identify positive cases (i.e. the median value of posi-
tive cells as the threshold or the frequency as a continuous variable), the 
analysis of both the survival and the association with clinical features gave 
the same results. The median value of positive cells was considered to be a 
reasonable cut-off which facilitated the description of the findings in tables 
and graphs. 
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Figure 8. Example of EBER+ DLBCL PTLD (upper left), FoxP3+ PTLD (upper 
right), Burkitt PTLD of male origin (lower left) and DLBCL PTLD of female origin 
(lower right). X chromosomes have green signals and Y chromosomes have red 
signals in fluorescence in situ hybridization analysis. The scale bar represents 20 
µm. Images from C. Sundström and references (256, 257). 

FISH of the X and Y chromosomes in PTLD (paper IV) 
Fluorescence in situ hybridization (FISH) is a method that visualizes DNA 
sequences on chromosomes in the cells on tissue sections or cultured cells. 
DNA is first fixated on a slide. It is then denatured so that it becomes single 
stranded. This target DNA is hybridized to probe nucleotides, which are 
labeled with fluorochromes. The sample is then assessed under a fluores-
cence microscope.  

If the probes are too long, the background will be enhanced due to unspe-
cific binding or reduced accessibility. If the probes are too short, there will 
be poor hybridization. Weak signals may be caused by degradation of DNA 
or insufficient denaturation of DNA.  

In paper IV, PTLD tissue from cases with sex mismatch between donor 
and recipient were analyzed by FISH of the X and Y chromosomes at the 
Department of Clinical Genetics at Uppsala University Hospital. Formalin-
fixed paraffin-embedded specimens of PTLD were cut into 4 µm thick sec-
tions and mounted on slides. After deparaffinization, the slides were treated 
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in hydrochloric acid (0.2 M) at room temperature for 20 minutes, rinsed and 
incubated in VP 2000 Pretreatment Reagent followed by protease treatment 
according to manufacturer’s instructions (Abbott Molecular Inc.). FISH was 
performed using the AneuVysion Probe Kit following the manufacturer’s 
instructions (Vysis CEP 18, X, Y-alpha satellite probe, Abbott Molecular 
Inc.) and mounted using Vectashield Mounting Medium with DAPI (Vector 
Laboratories Inc.). The area with tumor cells was localized by morphology 
and evaluated for the presence of XX or XY karyotype with the use of a 
fluorescence microscope (Figure 8). When needed, a comparison was done 
with the hematoxylin and eosin stainings.  

HLA typing of PTLD tissue (paper IV) 
Before the 1990s, HLA typing in organ transplantation was performed by 
serotyping, which has several limitations. Genetic methods have gradually 
replaced serotyping. In Uppsala, PCR with sequence specific primers (PCR-
SSP) is used for HLA genotyping. Primers are designed based on the 
knowledge of the specific DNA sequence of each allele of HLA class I and 
class II. The technique requires an allele sequence specific 3’ primer that 
only amplifies its corresponding allele. Detection of a PCR product means 
that the specific allele is present. The specificity of the PCR product can be 
determined by gel electrophoresis.  

In paper IV, DNA from PTLD tissue was analyzed by PCR-SSP for HLA 
typing at the Department of Clinical Immunology and Transfusion Medicine 
at Uppsala University Hospital. The result was compared to the HLA typing 
performed pre-transplant for the recipient and the donor in order to deter-
mine the tumor origin (recipient or donor). Genomic DNA was extracted 
from the dissected tissue using the Recover All Total Nucleic Acid Isolation 
kit by the standard protocol (Ambion). Ten 4 µm thick sections of formalin-
fixed paraffin-embedded PTLD tissue were used for each case. The DNA 
yield ranged from 4 to 2900 ng/µl. Commercially available reagents (Ole-
rup) were used for the PCR-SSP. HLA typing was performed on HLA-A, -B 
or -DRB1 since only those data were available on the donor-recipient pairs. 
The most informative loci were chosen so that both donor and recipient HLA 
type could be identified both with positive and negative signals. 
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Statistical methods (paper I-IV) 
Non-parametric methods have been used for comparison between groups 
since the variables cannot be assumed to be normally distributed. Either the 
chi-square test or Fisher’s exact test (if less than five observations) was ap-
plied when analyzing categorical data. The Mann-Whitney U test was used 
to analyze continuous data.  

Overall survival was defined as the time from the lymphoma diagnosis 
until death. Cases diagnosed at autopsy were excluded from the survival 
analysis. Survival curves were generated using the Kaplan-Meier method 
and differences were calculated using the log-rank test. End of follow-up for 
survival was October 25, 2012 (paper II-IV). The Cox proportional hazards 
regression model was used for multivariate analysis of prognostic factors 
(paper II). Partial least squares and general discriminant analysis were ap-
plied for multivariate analysis of correlations between clinical characteristics 
and FoxP3-expression, because several of the variables were categorical and 
several combinations of variables were nonexistent (paper III). P-values 
<0.05 were considered statistically significant.  
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Results and discussion 

Paper I: EBV load and diseases following allo-HSCT 

An increased number of PTLDs following allo-HSCT was observed during 
2001 at the Department of Hematology at Uppsala University Hospital. This 
led to the implementation of weekly monitoring of EBV DNAemia by quan-
titative PCR during the first three months after allo-HSCT among patients at 
risk for PTLD. The clinical value of monitoring EBV load in 39 consecutive 
recipients of allo-HSCT was evaluated.  

Incidence of EBV DNAemia and EBV disease 
EBV DNAemia was detected in 16 (41%) patients at a median of 34 days 
(range -1 to 139) posttransplant, which is in line with previous studies (258). 
EBV disease was only found in the high-risk group among recipients of 
mismatched related or unrelated donor grafts or in patients who underwent 
reduced-intensity conditioning. In the high-risk group 55% (11/20) devel-
oped EBV DNAemia and 35% (7/20) developed EBV disease (three PTLDs, 
one myelitis, one encephalitis and two reactivations with fever) (Figure 9). 
All EBV disease occurred early posttransplant, within two months, in line 
with previous studies (258, 259). Since there were no EBV disease in HSCT 
patients with matched related donors and myeloablative conditioning, this 
study supports that these patients do not need routine monitoring with EBV 
PCR (259). 

The incidence of PTLD was 8% in allo-HSCT patients overall and 15% 
(3/20) in the high-risk group, which is in line with other studies of the same 
risk groups (259, 260). However, in order to verify that the incidence of 
PTLD during the first study year was not a coincidence, it was compared 
with the incidence during the subsequent year and was shown to be similar 
(3 PTLD in 14 unrelated donor HSCT). 

Four of six PTLD patients achieved complete response after rituximab, 
while two patients died from PTLD. Three of the patients with other EBV-
diseases than PTLD were also treated with rituximab, which in at least one 
case was successful. Treatment with rituximab seemed to have a favorable 
effect on survival. 
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Figure 9. Distribution of EBV DNAemia and EBV disease in the low-risk and the 
high-risk group. 

EBV load in blood/plasma and threshold for preemptive therapy 
The peak EBV load was higher in patients who developed EBV-associated 
disease compared with patients with asymptomatic EBV DNAemia, irre-
spective of sample used, blood or plasma. The peak EBV load in plasma did 
not overlap between the groups with asymptomatic DNAemia and EBV dis-
ease, in contrast to when determined in blood (Figure 10). Because of this, 
EBV load in plasma was easier to interpret. 

A cut-off level of 1000 copies/ml plasma distinguished EBV disease from 
asymptomatic EBV DNAemia, but not PTLD from other EBV diseases. This 
level had been proposed as a threshold level for initiation of preemptive 
therapy with rituximab at the time for implementation of this study (58). 
Despite our small study population with its limitations, our results support 
the use of this threshold for start of preemptive interventions. 

In the two cases of PTLD that were monitored as intended during the first 
three months posttransplant, EBV DNA was detected for the first time eight 
and 17 days respectively prior to clinical symptoms of PTLD. The samples 
containing an EBV load exceeding the cut-off value of 1000 copies/ml pre-
ceded the clinically evident PTLD by two and ten days, respectively. This  
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Figure 10. Comparison of peak EBV load in blood and plasma, not always simulta-
neous, in patients with asymptomatic and symptomatic DNAemia, respectively. 
Reproduced with permission of Informa Healthcare (261).  

 
implies that monitoring must be frequent, i.e. once a week, in order to enable 
preemptive therapy or otherwise only perform EBV PCR at clinical suspi-
cion of PTLD. 

High doses of ATG increased the risk for EBV disease 

Treatment with ATG was associated with development of EBV disease in 
accordance with previous studies (258, 260). Seven (35%) of 20 patients 
who received ATG treatment developed EBV-associated disease, whereas 
none of the 19 patients who did not receive ATG did. Ninety percent of the 
ATG-treated patients were in the high-risk group.  

ATG was used as part of the conditioning regimen for total doses of ap-
proximately 18 mg/kg (thymoglobulin) or 75 mg/kg (lymphoglobulin) body 
weight, which is considered as somewhat high doses compared with other 
studies (262, 263). The high incidence of PTLD could possibly be explained 
by the high doses of ATG.  
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Paper II: The role of EBV in PTLD after SOT 

 
We studied the role of EBV, other infectious agents and DLBCL subtype in 
clinical presentation and survival in 135 posttransplant lymphomas diag-
nosed between 1980 and 2006 in a population-based cohort of 10,010 Swe-
dish solid organ transplant recipients.  

Baseline characteristics 
About half of the cases of PTLD occurred in recipients of renal transplants 
and the rest were fairly evenly distributed between heart, liver, and lung 
transplant recipients (Figure 11). The majority was transplanted in the nine-
ties. A total of 65 PTLDs were diagnosed in the 00s, 59 in the 90s, and 11 in 
the 80s. The median follow-up time of clinical data was 9.2 years (range 0.2-
33) from transplantation until death or last clinical control.  

Distribution of lymphoma subtypes and EBV in tissue 
The most common subtype was monomorphic B cell lymphoma (63%), fol-
lowed by T cell lymphoma (13%), polymorphic PTLD and early lesions 
(7%), indolent B cell lymphoma (7%), and Hodgkin lymphoma (4%). 
DLBCL was the most common subtype and constituted 40% of all cases. 

All early lesions, polymorphic PTLDs, and Hodgkin lymphomas were 
EBV+ (Figure 12). Aggressive B cell lymphomas were more frequently 
EBV+ as compared with indolent B cell lymphomas and T cell lymphomas. 
The proportion of early lesions and polymorphic PTLDs was lower than in 
other large retrospective studies (7% vs. approximately 30%) probably be-
cause these diagnoses are not consequently reported to the Cancer Register, 
but also as a result of the long follow-up time with a large proportion of late-
onset PTLDs (157, 158). Thus, the cohort cannot be considered to be popula-
tion-based regarding early lesions and polymorphic PTLDs. The proportion 
of T cell lymphomas is somewhat higher than in recent large studies, 13% 
vs. 5-7%, which may also be a consequence of the long follow-up time (132, 
160, 161).  

Compared with most studies, there were a somewhat higher proportion of 
EBV– lymphomas, which constituted almost half of the cases (264). This 
may be due to the long observation period, the low proportion of polymor-
phic PTLD, and the high proportion of T cell lymphomas in our study and/or 
under-reporting of EBV– cases historically (104, 132).  
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Figure 11. Type of transplant per calendar period in the study population. 

 

 

Figure 12. Distribution of lymphoma/PTLD subtypes and EBV-status. 
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Figure 13. Occurrence of lymphoma/ PTLD in time after solid organ transplantation 
divided by EBV-status. 

Clinical features of EBV+ and EBV– lymphomas 

EBV+ lymphomas developed earlier posttransplant and occurred at a young-
er age (Figure 13 and 14), which is in line with previous studies (137, 163). 
EBV+ lymphomas more frequently involved the allograft as previously re-
ported (140). EBV– lymphomas on the other hand were overrepresented in 
the blood or bone marrow compared with EBV+ lymphomas (32% vs. 5%). 
Kidney recipients were more likely to develop an EBV– lymphoma. ATG 
treatment was associated with EBV+ lymphomas (57% vs. 24%) but not with 
age. No other immunosuppressive drug was correlated with EBV-status in 
this cohort.  
 
Figure 14. EBV+ lymphomas developed earlier posttransplant, median 2.1 vs. 6.7 
years, and occurred at a younger age, median 48 vs. 56 years. 
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EBV serology, EBV DNAemia and EBV infection 
EBV-seronegative recipients pre-transplant more often developed an EBV+ 
lymphoma compared with seropositive recipients (90% vs. 61%). The EBV+ 
lymphomas occurred earlier posttransplant in EBV-seronegative compared 
with seropositive recipients. EBV DNAemia at lymphoma diagnosis was 
detected in 69% of the tested patients and was more common in patients with 
EBV+ than EBV– lymphomas (92% vs. 29%). The median EBV load was 
13,000 copies/ml plasma at lymphoma diagnosis. 

A symptomatic primary EBV infection with pharyngitis (n=5) or fever 
(n=7) developed in half of the seronegative recipients, at a median of 94 
days  (range 31-1118) posttransplant, followed by an EBV+ lymphoma at a 
median time of 47 days later (range 0-158). Seven of the seronegative recipi-
ents developed EBV+ lymphomas without a proven preceding symptomatic 
infection, whereas two had EBV– lymphomas and two had missing EBV-
status of their lymphoma. Although the benefit of routine EBV PCR moni-
toring in adults is uncertain (131, 148), it is advisable to monitor SOT recipi-
ents with primary EBV infection weekly by EBV PCR in plasma for half a 
year after the infection in order to permit early PTLD diagnosis and treat-
ment.  

Association with other infections 
Varicella zoster infections within one year posttransplant or invasive fungal 
infections were not associated with EBV-status of the lymphoma. CMV 
serostatus of the recipient at transplantation did not correlate to EBV-status 
of the lymphoma, whereas CMV infection posttransplant was associated 
with EBV+ lymphomas (p<0.001). HCV seropositive patients were more 
likely to develop an EBV– lymphoma (Table 5). Their lymphomas occurred 
later posttransplant and were not localized to the graft. 

EBV– PTLDs are suggested to be caused by long-term immuno-
suppressive drugs, by EBV through “hit and run” oncogenesis, by other 
chronic viral infections, or to represent a coincidental lymphoma in a trans-
plant recipient (123, 265). HCV infection was associated with EBV– lym-
phomas suggesting a possible role of HCV in late-onset PTLD. HCV has 
been linked to the development of NHL through chronic immune stimulation 
and for some subtypes of NHL, successful treatment of HCV can lead to 
regression of the lymphoma (13). An envelope protein on HCV binds to the 
CD81 receptor on B cells, which may lower the threshold for antigen re-
sponse or induce DNA mutations. However, a recent large, population-based 
study ruled out an association between chronic hepatitis C (and B) and risk 
of NHL in SOT (266). HCV is suggested to increase the risk of lymphoma 
solely in immunocompetent people. This is supported by studies indicating 
that HCV infection is not associated with NHL in AIDS-patients (267).  
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Table 5. Association between hepatitis C infection, clinical data and EBV-status. 

 HCV+ HCV- 
p 

 n (%) or median years (range) 

Total no 9 (7) 126 (93)  
Age at lymphoma 58 (27-73) 54 (1-79) 0.3 
Transplanted organ  
Liver 4 (44) 15 (12) 0.02 
Other 5 (56) 111 (88)  
EBV-status of lymphoma  
EBV+ 1 (12) 61 (55) 0.02 
EBV– 7 (88) 50 (45)  
Time to lymphoma 9.8 (2.5-19) 4.0 (0.1-26) 0.04 
Lymphoma in the graft 0 25 (20) 0.15 

Location of lymphoma in relation to allograft 
We confirmed that extranodal disease is common (79%) in PTLD and that it 
is not unusual that the graft is involved (19%) (140, 158). Three quarters of 
PTLDs located in the graft were EBV+, in line with previous reports (140).  

There was also a pattern that the lymphoma frequently was located in or-
gans near the graft (Table 6), which supports that chronic antigenic stimula-
tion by the graft may contribute to the development of malignancies after 
transplantation (126). Gastrointestinal tract involvement was more common 
in recipients of liver, kidney, and pancreas than of heart and lung. 

Lung recipients were more likely to have graft involvement than recipi-
ents of other organs, which is in line with the literature although the propor-
tion was higher than previously reported, 68% vs. 38-53% (126, 268, 269). 

Table 6. Localization of lymphoma. 
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15 (21)
 

5 (7)
 

2 (3)
 
0 

 
9 (12) 

 
5 (7) 

 
0 

 
6 (8)

 
15 (21)

 
18 (25) 

 
16 (22) 

Heart1
 7 (33) 0 0 2 (10) 5 (24) 4 (19) 0 3 (14) 3 (14) 2 (10) 2 (10) 

Liver2
 3 (16) 0 0 0 4 (21) 3 (16) 0 1 (5) 3 (16) 6 (32) 3 (16) 

Lung3
 3 (16) 1 (5) 0 0 3 (16) 13 (68) 0 1 (5) 2 (11) 2 (11) 1 (5) 

Kidney+ 
Pancreas 

0 0 0 0 0 0 1 (33) 0 0 3 (100) 1 (33) 

N (% localization in organ by transplant type) Note: Each transplant recipient may have several lymphoma locations. 

1Including one patient retransplanted with heart + kidney (nodal disease), 2Including one patient retransplanted with 

liver + kidney (GI tract), 3Including one patient retransplanted with a kidney (nodal disease), 4Among kidney recipients 

all lymphomas were located in the graft and not in the native kidney. 
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Clinical presentation of DLBCL subtypes and relation to EBV 

A majority (78%) of the DLBCLs was of the non-germinal center subtype 
(Table 7), in accordance with previous small studies (108, 123, 270). Com-
pared with GC subtype, non-GC DLBCLs were more frequently EBV+ (69% 
vs. 9%), developed earlier posttransplant, and occurred more often in recipi-
ents of liver/heart/lung/pancreas compared with kidney alone, unlike a pre-
viously reported association between liver recipients and GC subtype (108).  

Patients with non-GC DLBCL were more likely to have received ATG 
and tacrolimus. Non-GC PTLD, albeit morphologically indistinguishable 
from B cell lymphomas in the immunocompetent hosts, have been reported 
to represent a distinct type of lymphoma by gene expression profiling and 
appear to be closely related to activated memory B cells– the reservoir of 
latent EBV infection (119). Possibly, the heavier immunosuppression asso-
ciated with non-kidney transplantations leads to uncontrolled proliferation of 
these cells and development of PTLD. 

 

Table 7. Association between DLBCL subtype, clinical data and EBV-status. 

 Germinal center 
n (%)

Non-germinal center 
n (%)

p 

Total no 11 (22) 39 (78)  
Transplanted organ  
Kidney alone 9 (82) 16 (41) 0.02 

Liver/heart/lung/pancreas 2 (18) 23 (59)  

EBV-status of lymphoma  
EBV+ 1 (9) 27 (69) <0.001 
EBV– 10 (91) 12 (31)  
Time to lymphoma 9.8 (0.3-19) 2.1 (0.2-24) 0.03 
Immunosuppression  
ATG 0 20/38 (53) 0.001 
Tacrolimus 0 13/39 (33) 0.02 

 

Treatment of PTLD and graft failure  
Treatment of PTLD in the cohort was heterogeneous. Overall, 62% achieved 
complete remission on initial therapy (n=61) or secondary treatment (n=8). 
The relapse rate was 23%. EBV+ lymphomas were more likely to achieve 
complete remission. 

Surgery and radiation, used in localized disease, had higher response rates 
than chemotherapy and rituximab, but were also associated with more graft 
failure. The outcome for patients with B cell PTLD was not better if they had 
received rituximab, as opposed to recent studies (157, 178). Chemotherapy 
tended to be associated with worse outcome, suggesting that toxicity was a 
problem. There might have been a selection bias for rituximab and chemo-
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therapy to more severely ill patients. Furthermore, the rituximab group was 
compared with a selected subgroup that responded well to reduction in im-
munosuppression alone. However, the composition of cases differed sub-
stantially between treatment groups and far-reaching conclusions about the 
relative merit of these therapies cannot be drawn.  

Patients who received antiviral therapy for their lymphoma had better 
survival, probably because the therapy is tightly linked to EBV+ PTLD (that 
also had a favorable outcome in univariate analysis). It is known that nucleo-
side-type viral agents have no effect on latently EBV-infected cells (67). 

Survival 
At the end of follow-up, October 25, 2012, 27 patients were alive. Median 
overall survival (OS) and 5-year survival of all treated patients were only 1.9 
years and 42%, respectively (Figure 15A). This survival rate is in line with 
some studies from the last decade (158, 161, 179, 268). The high proportion 
of monomorphic PTLDs, especially T cell lymphomas, toxicity to chemo-
therapy, but also patient’s and doctor’s delay may explain the poor survival. 
The causes of death are summarized in Table 8. 

EBV+ lymphomas had better median OS compared with EBV– lympho-
mas, 5.3 vs. 0.8 years (Figure 15B). Children and young adults had better 
median OS than older patients (Figure 15C). There was no difference in OS 
between DLBCL subtypes (Figure 15D), in accordance with a few previous 
small studies (108, 271). Thus, DLBCL cell of origin subtype seems to lack 
prognostic importance in the transplant setting, unlike in the general popula-
tion (106). 

HCV-seropositive recipients had an inferior overall survival when ana-
lyzed by Cox proportional hazards regression (Figure 15E, p=0.04). T cell 
lymphomas had worse outcome compared with other subtypes of lympho-
mas/PTLDs (Figure 15F). There is limited data on the prognosis for different 
subtypes of PTLD from other studies. 
 

Table 8. Cause of death in patients treated for lymphoma/PTLD. 

 

 

 

  

Cause of death n (%) 

lymphoma or complications to its treatment 54 (61)
other complications related to transplantation 6 (7)
other malignancies 5 (6)
infections not related to lymphoma treatment 4 (5)
other 13 (15)
missing 6 (7)
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Figure 15. Overall survival in patients treated for lymphoma/PTLD after SOT;       
all (A), EBV+ vs. EBV– cases (B), patients below vs. over 45 years old (C), compari-
son of DLBCL subtypes (D), hepatitis C-seropositive vs.-seronegative recipients 
(E), T cell PTLDs vs. all other lymphomas/PTLDs (F). P-values by log-rank test. 
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Multivariate analysis of prognostic factors for overall survival 
Younger age (age <45 years or age as a continuous variable), absence of B 
symptoms, and better performance status were independently associated with 
better survival in accordance with previous studies (160, 182, 194, 272).  

HCV infection was found to be an independent prognostic factor for infe-
rior survival (hazards ratio 2.81, 95% confidence interval 1.12-7.08), which 
has not been reported before to the best of our knowledge. HCV has previ-
ously been associated with poor survival using univariate analysis in small 
series of SOT recipients with PTLD (177, 273). Also in our study, the num-
ber of HCV patients is limited and larger studies are needed to confirm this 
finding. However, HCV infection has been shown as an independent risk 
factor for inferior patient and graft survival in kidney transplantation in gen-
eral (274). 

Further, T cell phenotype was independently associated with poor surviv-
al (hazards ratio 3.52, 95% confidence interval 1.73-7.15), which has recent-
ly been reported for the first time in kidney recipients (170). Recipients of 
liver and lung had superior survival compared with recipients of kidney, 
pancreas, or heart (hazards ratio 0.45, 95% confidence interval 0.24-0.86, 
Figure 16). This finding is in conflict with previous reports where liver re-
cipients had a worse outcome in terms of overall survival or response to 
rituximab, whereas heart recipients had a better prognosis (161, 178).  

The limited number of patients with CNS involvement may explain the 
lack of influence on survival in this study, although it is a well-established 
prognostic factor (157, 160). The fact that EBV was not independently asso-
ciated with overall survival is consistent with previous findings (264). The 
superior survival in EBV+ PTLD was better explained by lower age. 
 
 

 
 
 
 
 
 
 
Figure 16. 
Overall surviv-
al in different 
types of organ 
recipients. 

0 2 4 6 8 10 12 14 16 18

Time (years)

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

O
ve

ra
ll 

su
rv

iv
a

l 

Lung

Liver

Kidney

Heart

Kidney + pancreas



 69

Incidence rate of lymphoma  
The incidence rate of lymphoma/PTLD was 159 per 100,000 person-years 
among transplant recipients and is reported by lymphoma subtype in Table 
9. The incidence rate is somewhat lower than in two large US studies (128, 
132). A higher proportion of kidney recipients in the transplant cohort in 
Sweden than in the US (approximately 74% vs. 58%) and the fact that this 
group had a lower incidence rate, possibly because of a more restrictive use 
of ATG in Sweden compared with the US, may in part explain the lower 
incidence rate overall in this study (127). Furthermore, there are additional 
known cases of PTLD that have not been identified by the registers, which 
were not included in order not to introduce a bias.  

In this study, there was a higher incidence of T cell lymphomas, a some-
what lower incidence of Hodgkin and Burkitt lymphoma, and a much lower 
incidence of DLBCL compared with Clarke et al (Table 9) (132). However, 
when adding the cases of unclassifiable aggressive B cell lymphomas to the 
DLBCLs the difference is not as striking. 

 

Table 9. Incidence rate per 100,000 person-years by lymphoma subtype in the 
present study and comparison with two US studies. 

Subtype 
Incidence rate per 100,000 person-years 

 Kinch et al 2014 Clarke et al  2013 Engels et al 2011 

All NHL 142/100,000 204/100,000 194/100,000 
DLBCL 64/100,000 120/100,000 -
Burkitt lymphoma1 8/100,000 11/100,000
Aggressive B cell lymphoma, 
unclassifiable 26/100,000 - - 

T cell lymphoma 20/100,000 10/100,000
Hodgkin lymphoma 6/100,000 10.5/100,000 -

Polymorphic PTLD 9/100,000 - - 
1The case that progressed from plasmacytic hyperplasia is included. 
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Paper III: Regulatory T cells in PTLD after SOT 
We studied the expression of FoxP3 (a marker for Tregs) in 74 biopsies of 
PTLD and their association with PTLD subtype, EBV in tissue, clinical 
characteristics, and survival.  

Low density of FoxP3+ cells in PTLD 
Overall, 47 of 74 (64%) PTLDs displayed no FoxP3+ cells at all. In 27 cases 
there was a low density of FoxP3+ cells (range 2-123 positive cells per mm2). 
There is only one previous study of Tregs in PTLD (by Richendollar et al), 
in which low levels of FoxP3+ cells were found in 31 cases of monomorphic 
B cell PTLD (232). They reported no completely negative cases. 

The antibody (236A/E7) used in this study is the same as is used at the 
transplant center in Uppsala to detect FoxP3 in routine screening of trans-
plant biopsies. FoxP3 detection by 236A/E7 has also been reported to corre-
late with overall survival in Hodgkin lymphoma and DLBCL in the general 
population (221, 225, 227). Since the positive controls displayed large num-
ber of FoxP3+ cells there was no reason to suspect low sensitivity. The cal-
endar period of PTLD diagnosis or the laboratory where the block was origi-
nally embedded were not associated with FoxP3 expression. To further rule 
out technical reasons for the low occurrence of FoxP3+ cells, 10 cases were 
stained with the antibody used by Richendollar et al (ab22510) with con-
cordant results.  

There was no correlation between the density of CD3+ cells and FoxP3+ 
cells (Figure 17), which emphasizes that the clone 236A/E7 is specific for 
Tregs and does not detect T cells in general. 
 
 
Figure 17. No difference in FoxP3 
expression between biopsies with 
different frequencies of CD3+ cells. 
 

Figure 18. All individual PTLD cases 
(n=27) with positive FoxP3 staining. 
The median among the positive cases 
was 29 FoxP3+ cells per mm2 (dashed 
line).  
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Figure 19. Association between FoxP3 in PTLD tissue and PTLD subtype.

Association with PTLD subtype and EBV 
FoxP3+ PTLD was defined as a case with ≥29 positive cells per mm2, which 
was the median density among the cases where FoxP3 could be detected 
(Figure 18). With this definition, 80% of the PTLDs were FoxP3– and 20% 
were FoxP3+.  

Half of the polymorphic PTLDs, a quarter of the monomorphic B cell 
PTLDs, and none of the monomorphic T cell PTLDs were FoxP3+ (Figure 
19). T cell PTLDs were significantly more often FoxP3– compared with 
monomorphic B cell PTLDs. Lower numbers of FoxP3+ cells in monomor-
phic B cell PTLDs were observed compared with Richendollar et al and also 
compared with DLBCLs in the general population (224, 232). FoxP3 expres-
sion in relation to other PTLD subtypes has not been reported before. In our 
study, only one case of T cell PTLD had FoxP3+ cells in low density, in con-
trast with studies on T cell lymphomas in the general population where pres-
ence of intratumoral Tregs have been reported in several subtypes (224). 
There was no difference in expression of FoxP3 between GC and non-GC 
subtypes of DLBCL, in agreement with previous studies in the general popu-
lation (224). FoxP3 expression was not associated with presence of EBV in 
the biopsies, with about half of both FoxP3+ and FoxP3– PTLDs being 
EBER+. The EBV antigen EBNA-1 has been reported to promote the migra-
tion of Tregs to lymphoma lesions (218). However, in that study there was 
no association between EBV-status of the lymphoma and the number of 
Tregs in the lymphoma tissue, in agreement with our results. 
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Association with clinical characteristics 
All lung recipients and approximately three quarters of kidney, heart, and 
liver recipients developed FoxP3– PTLDs. FoxP3– PTLDs occurred earlier 
posttransplant (median 3.9 vs 6.7 years, figure 20). All PTLDs localized in 
the graft were FoxP3–. ATG as induction therapy was associated with 
FoxP3– PTLDs, whereas ATG as rejection therapy was not. Patients with 
chronic HCV infection were more likely to develop a FoxP3+ PTLD, but 
there were only a few cases (Figure 20). All nine patients with an underlying 
autoimmune disease developed FoxP3– PTLDs. 

 
Figure 20. FoxP3+ PTLDs occurred later posttransplant (to the left) and were associ-
ated with chronic hepatitis C infection (to the right).  

The low frequency of Tregs in PTLD may be caused by heavy immunosup-
pression early posttransplant. This is supported by the findings that trans-
plantation of lung and early occurrence of PTLD were significantly associat-
ed with FoxP3– PTLD, since both these situations are associated with heavy 
immunosuppression. Also the finding that ATG as induction therapy was 
associated with low expression of FoxP3+ cells support this hypothesis. 
However, rabbit ATG has been reported to induce expansion of Tregs in 
peripheral blood, both in vitro and in vivo in kidney recipients (233, 235). Of 
note, there are no studies on how ATG influences the intratumoral levels of 
Tregs. There is convincing evidence that calcineurin inhibitors decrease the 
levels of FoxP3+ cells in peripheral blood (237). No associations between 
FoxP3 expression and ever use of other immunosuppressive drugs were 
found in our study, but the influence of different dosages has not been ana-
lyzed.  

Higher concentrations of circulating Tregs have been reported in patients 
with chronic HCV than in recovered individuals and these Tregs appear to 
suppress HCV-specific responses (214, 215). Whether the higher levels of 
Tregs in HCV patients influence the risk for or prognosis of PTLD remains 
to be investigated in a larger study.  

In multivariate analysis, B cell PTLD and HCV infection were independ-
ent predictors of higher FoxP3 expression (Figure 21). 
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Figure 21. Loading scatter-
plot from partial least 
squares for clinical charac-
teristics associated with 
FoxP3 expression in uni-
variate analysis. Repro-
duced with permission of 
Lippincott Williams & Wil-
kins (256). 

 
 
 
 

Expression of FoxP3 did not affect survival 
Expression of FoxP3 in PTLD tissue did not influence median overall sur-
vival regardless if the calculations were made with the cut-off value or with 
the continuous variables (Figure 22). Since T cell PTLDs have a worse 
prognosis than B cell PTLDs and all T cell PTLDs were FoxP3–, survival in 
the subgroup of B cell PTLDs was also calculated. The frequency of intra-
tumoral FoxP3+ cells did not affect survival in this subgroup either. 

These results, which are based on a larger cohort and include several 
PTLD subtypes, expand previously reported findings that intratumoral Tregs 
do not influence survival in PTLD (232). Concerning DLBCLs in the gen-
eral population, there have been conflicting results regarding the impact on 
outcome of FoxP3 expression in tissue and it may vary between GC and 
non-GC subtypes (223, 224, 226). Presence of intratumoral Tregs in the sub-
types of T cell lymphomas in our study has not been linked with survival in 
the corresponding lymphomas in the general population either (224). Indi-
rectly, these findings do not indicate that adoptive Treg cell therapy, which 
is about to be introduced in clinical practice to promote tolerance, would 
increase the risk for PTLD. 

 

 

 

 

Figure 22. Expression of FoxP3 in 
PTLD tissue did not influence 
overall survival.  
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Paper IV: Tumor origin of PTLD following SOT 
Tumor origin of PTLD (recipient- or donor-derived) was investigated in 93 
cases of PTLD following SOT. PTLD tissue was analyzed by fluorescence 
in situ hybridization of the X and Y chromosomes in cases of sex mismatch 
between donor and recipient (n=41) or HLA genotyping in cases of same sex 
but different HLA type (n=52).  

All determinable PTLDs were of recipient origin 
Overall, the origin of PTLD was determined in 67 of the 93 analyzed cases 
and they were all of recipient origin. Cells of both donor and recipient origin 
were detected in one case by FISH and in two cases by PCR-SSP. All three 
cases were graft PTLDs (one liver and two lungs) and they were interpreted, 
after comparison with the hematoxylin and eosin stainings, as tumors of 
recipient origin in surrounding normal donor tissue. This study shows, what 
is indicated by the aggregation of previously reported case series (110-114, 
116, 117, 275-278), that the vast majority of PTLDs after SOT is recipient-
derived (Table 10). 

Association with EBV 
Half of the recipient-derived PTLDs were EBV+. EBV serostatus pre-
transplant was known in 24 of the patients with an EBV+ lymphoma of re-
cipient origin. Seven of these 24 patients (29%) had a primary EBV infection 
posttransplant. Four of these seven cases had EBV seromismatch (D+/R-) 
whereas in the remaining three cases EBV serostatus of the donor was un-
known. Interestingly, even though the virus possibly originates from the 
donor in the cases of primary EBV infection posttransplant, the EBV+ tumor 
cells were still derived from the recipient. Presence of EBV in PLTD tissue 
has been associated with donor origin in liver recipients (111), whereas in 
kidney recipients EBV has been reported to be equally common in donor- 
and recipient-derived PTLDs (110). However, location in the graft may be a 
confounding factor, since PTLDs located in the graft are reported to be 
EBV+ more often regardless of tumor origin (140, 279). 

Graft PTLDs 
The recipient-derived PTLDs involved the graft in 12 patients (18%). 
PTLDs limited to the graft were observed in four patients. The remaining 
eight patients had besides involvement of the graft also spreading of the 
lymphoma to other organs (bone marrow, liver, gastrointestinal tract, lungs, 
etc.). The graft PTLDs were monomorphic (n=6), polymorphic (n=1), or of  
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Table 10. Summary of previous studies on tumor cell origin in PTLD and compari-
son with the current study. Reference numbers in column 1 refer to references in 
paper IV (257). 
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other classification (n=5). Two thirds of the recipient-derived graft PTLDs 
were EBV+.  

The main reason for the finding that all PTLDs were recipient-derived is 
the low proportion of PTLDs located in the graft (18% vs. 44% in pooled 
previous reports). There are only a few cases of donor-derived PTLDs aris-
ing outside the graft reported in the literature (110, 280, 281). In most previ-
ous studies of tumor origin, there has been a selection bias for investigating 
PTLDs located in the graft, where the frequency of donor origin is known to 
be higher. There are three studies of PTLD origin including 12, 15 and 43 
transplant recipients respectively, that all have a high proportion of PTLDs 
involving the graft (49-67%) and accordingly a high frequency of donor 
origin was found (33-60%) (110-112). 

However, since around 60% of graft PTLDs are reported to be of donor 
origin, one could have expected a few donor-derived PTLDs among the 
twelve graft PTLDs in our study. The main reason that all graft PTLDs were 
of recipient origin is probably the large amount of disseminated disease in 
this subgroup (67%). When data from previous case series are aggregated, it 
is clear that graft PTLDs that have disseminated outside the graft are more 
likely to be recipient-derived compared with PTLDs that are confined to the 
graft (75% vs. 21%). Of the remaining four graft PTLDs that were confined 
to the graft, three cases were observed in lung recipients, for whom the fre-
quency of donor-derived PTLD is reported to be relatively low also in the 
case of graft involvement (0-33%) (113, 277). 

Association with transplant type and PTLD subtype 
There were 75% kidney and liver transplants and 25% heart and lung trans-
plants in this study. DLBCL was the most common subtype (49%) among 
the recipient-derived PTLDs, but several subtypes were represented: T cell 
lymphomas (13%), Burkitt lymphoma (7%), polymorphic PTLD (6%), 
Hodgkin-type PTLD (1%) and indolent B cell lymphomas (9%). The fre-
quency of donor-derived PTLD is expected to be higher after liver and kid-
ney transplantation than after heart and lung transplantation and among pol-
ymorphic as compared with monomorphic PTLDs (110, 111). Consequently, 
absence of donor-derived PTLDs in our study may in part be explained by 
the composition of organ transplants and the low proportion of polymorphic 
PTLDs. The indolent lymphomas were of course expected to be of recipient 
origin. 

Since there were only recipient-derived PTLDs, differences in PTLD sub-
type, EBV-status, clinical characteristics or survival between donor- and 
recipient-derived PTLD could not be investigated as intended. All PTLD 
subtypes were represented among the recipient-derived PTLDs. The vast 
majority (80%) was monomorphic PTLDs supporting previous reports that 
recipient-derived PTLDs are more likely to be monomorphic (110, 111).  
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Mixed X0 and XY karyotype 
A mixed karyotype of X0 and XY was observed in two cases analyzed by 
FISH (Figure 23). This finding may be due either to poor hybridization or 
loss of a chromosome. Loss of the entire Y chromosome has been reported 
in normal hematopoietic cells as part of the normal aging, in tumor cells of 
solid cancers, and in hematological disorders (282, 283). Since loss of the Y 
chromosome is reported to be an infrequent event in lymphomas and if pre-
sent, usually does not involve the majority of malignant cells (283, 284), this 
phenomenon has not affected the interpretation of the results in the present 
study. Nevertheless, it is interesting to note that a small fraction of the male 
PTLDs may have a loss of the Y chromosome. Recently, loss of the Y chro-
mosome in peripheral blood was associated with shorter overall survival and 
higher risk of cancer (285). 

 
Figure 23. Fluorescence in situ hybridization of the Y (red signal) and X (green 
signal) chromosomes in a case of DLBCL with a mixed XY and X0 karyotype. 

Indeterminable cases 
Tumor origin could not be determined in 12 of 41 cases analyzed by FISH 
due to absent or weak fluorescence signals and in 14 of 52 cases analyzed by 
HLA genotyping due to no PCR product. This impediment is probably due 
to DNA modifications from the fixation and embedding process or degrada-
tion because of long storage time of the biopsies. The 26 indeterminable 
cases did not differ significantly in any clinical features or survival com-
pared with the 67 determinable cases. An analysis of genomic DNA by gel 
electrophoresis in six cases showed considerable DNA fragmentation in all 
samples compared with intact genomic DNA, but there was no difference 
between determinable and indeterminable cases. PCR-SSP for HLA geno-
typing is used in pre-transplant diagnostics at our hospital and has been em-
ployed in other studies of tumor origin in PTLD (112, 286). FISH of the sex 
chromosomes has been reported as a reliable method to investigate donor or 
recipient origin of PTLD with sex mismatch, with the advantage that the 
morphology can be assessed at the same time (110, 112).  
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Conclusions 

I EBV reactivation was common overall, but symptomatic EBV 
disease (including PTLD) was only found in the high-risk 
group. A threshold of 1000 EBV copies/ml plasma distin-
guished EBV disease from asymptomatic reactivations. There 
was a high incidence of PTLD in the high-risk group (15%), 
possibly due to high doses of ATG. Our results support that 
weekly monitoring of EBV by quantitative PCR during the 
first three months after allo-HSCT in high-risk patients is of 
value for predicting PTLD and other EBV manifestations and 
to enable pre-emptive interventions. 

 
II EBV+ PTLDs after SOT were associated with B cell pheno-

type, non-germinal center subtype of DLBCL, early-onset, lo-
calization in the graft, ATG treatment, younger age, and CMV 
infection posttransplant. EBV– PTLDs were associated with T 
cell phenotype, involvement of the bone marrow, and hepatitis 
C infection. Almost half of the PTLDs were EBV–. The large 
proportion of EBV– lymphomas were due to the long follow-
up time and the low rate of polymorphic PTLD. Patients with 
EBV+ lymphomas had better survival but EBV-status was not 
independently associated with survival. Hepatitis C and T cell 
PTLD were revealed as new prognostic factors for inferior 
survival. DLBCL cell of origin subtype lacks prognostic im-
portance in the transplant setting.  
 

III Intratumoral FoxP3+ Tregs are rare in PTLD after SOT, possi-
bly due to heavy immunosuppression. FoxP3– PTLDs devel-
oped earlier. The frequency of FoxP3+ cells was higher in B 
cell PTLD and in patients with chronic hepatitis C. There was 
no association between presence of EBV and FoxP3 in PTLD 
tissue. Expression of FoxP3 did not influence overall survival. 

 
IV The vast majority of PTLDs after SOT is of recipient origin. 

Graft PTLDs are more likely to be of recipient origin if they 
are associated with disseminated disease. EBV was not asso-
ciated with recipient-derived PTLD. 
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General discussion and future perspectives 

This thesis shows that EBV plays an important role in PTLD after allo-
HSCT and in early-onset PTLD after SOT, whereas late-onset PTLD proba-
bly has a different pathogenesis. EBV-status of PTLD is not associated with 
presence of intratumoral Tregs or PTLD of recipient origin. 

EBV reactivation after HSCT resulted in a broad panorama of EBV dis-
ease, including PTLD. High incidence of EBV disease may have been due to 
high doses of ATG in the conditioning regimen. Based on the results, rec-
ommendations for EBV monitoring after HSCT at our hospital were created. 
After our study, the doses of ATG have been reduced and EBV PCR has 
become a routine test for monitoring EBV reactivations in high-risk patients 
posttransplant. In a follow-up study we found that this has led to a reduced 
incidence of PTLD and lower mortality in EBV diseases (unpublished data). 
However, whether this is an effect of lower ATG doses is difficult to esti-
mate since preemptive rituximab has also become an established therapy 
which will prevent development of PTLD in most cases. EBV seromismatch 
(D+/R-) as well as other T cell depleting therapies besides ATG, e.g. OKT3, 
have now been included as risk factors for PTLD in the high-risk group. 
Patients with GVHD or EBV reactivation will be monitored for a longer 
period since they have an increased risk for PTLD. Our current practice is to 
start preemptive interventions in high-risk patients with repeated EBV load 
>1000 copies/ml plasma or immediately if >10,000 copies/ml plasma are 
detected. In summary, monitoring of EBV load and preemptive therapy with 
rituximab is clearly of benefit for reducing morbidity after allo-HSCT. 

Another important finding is that many PTLDs following SOT develop 
very late, up to a quarter of a century posttransplant, and that a larger propor-
tion of these PTLDs are EBV– than previously recognized. This implies that 
EBV DNAemia surveillance will not be an effective way to reduce the over-
all incidence of PTLD after SOT, except for under special circumstances 
such as during therapy for acute rejection and in seronegative individuals. Of 
note, it is likely that the symptoms of PTLD will arise when the patient no 
longer goes on frequent visits at a transplantation center. Instead, the aware-
ness of this complication among doctors that follow up SOT recipients must 
be increased so that they become alert to signs that warrant further investiga-
tion.  

We have recently reported that the risk for PTLD has decreased among 
non-kidney transplant recipients since the 1990s (127). This may be due to a 
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change in immunosuppressive regimens or perhaps to EBV monitoring and 
preemptive interventions such as reduction of immunosuppression. There is 
hope that newer immunosuppressive regimens such as sirolimus may lower 
the risk for PTLD.  

A strong association between use of ATG and risk for EBV+ PTLD after 
HSCT and SOT was found. In a future study, we aim to investigate whether 
ATG given as induction or rejection therapy affects subtype of PTLD and 
outcome in different ways. The hypothesis is that ATG as rejection therapy 
induces less aggressive PTLDs.  

Introduction of therapy with regulatory T cells to promote tolerance or to 
treat GVHD is an exciting development in the field of transplantation. Even 
though there are concerns that Tregs may increase the risk for tumors, one 
may speculate that Treg therapy may result in a lower risk of PTLD by de-
creasing the need for maintenance immunosuppression, such as CNIs that for 
sure increase the risk for PTLD. Intratumoral Tregs did not influence surviv-
al in our study, which gives indirect support that Tregs are not an important 
immune escape mechanism in PTLD. 

Low levels of intratumoral Tregs were observed in PTLD, possibly due to 
the effect of the immunosuppressive therapy. In particular, there was almost 
no Tregs in T cell PTLDs. We are now studying the levels of intratumoral 
Tregs and EBV in T cell lymphomas in the general population and prelimi-
nary data indicate that Tregs are not rare in T cell lymphomas in immuno-
competent individuals.  

Another field that warrants further studies is the pathogenesis of EBV–

PTLDs which is still largely shrouded in mystery. Hepatitis C was suggested 
to have a potential etiological role in late-onset EBV– PTLD, but epidemio-
logical studies do not support that HCV contributes to PTLD after SOT 
(266). Despite this, HCV appeared as a new prognostic factor for poor sur-
vival in PTLD. This finding needs to be confirmed in larger studies.  

Donor-derived PTLD was shown to be less common than previously 
thought. Interestingly, even in patients with primary EBV infection, where 
the virus probably is transmitted from the donor with the graft, the tumor 
cells were of recipient origin. Knowledge of tumor origin is important for the 
choice of treatment, for example how to HLA-match EBV-specific CTLs. 
Further, it has been suggested that donor-derived PTLDs would respond 
better to reduction of immunosuppression since the restored immune system 
can identify the tumor cells as non-self. However, this remains to be proven. 

In conclusion, PTLD is still a serious complication after transplantation 
and efforts should be made to reduce the risk of PTLD development and to 
diagnose PTLD as early as possible. Whether antiviral prophylaxis should be 
given is still a matter of debate. In SOT, new immunosuppressive regimens 
and possibly Treg therapy may result in lower incidence of PTLD, whereas 
in HSCT the current routine of EBV monitoring and preemptive interven-
tions has already led to reduced morbidity and mortality in PTLD.  
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Populärvetenskaplig sammanfattning på 
svenska  

Posttransplantlymfom (PTLD) är ett samlingsnamn för en rad tumörer som 
kan utvecklas från immunförsvarets egna celler efter transplantation av 
stamceller, njure, hjärta, lunga, lever, bukspottkörtel och andra organ. Sjuk-
domen är ovanlig men kan vara livshotande. Ungefär 1 % av vuxna patienter 
som genomgår stamcells- eller organtransplantation utvecklar detta tillstånd 
under de första fem åren efter transplantationen. PTLD orsakas framförallt 
av infektion med Epstein-Barr virus (EBV) och de immunhämmande läke-
medel som ges för att kroppen inte ska stöta bort det nya organet.  

EBV är ett herpesvirus som vanligen ger en mild sjukdom i småbarnsåren 
eller körtelfeber med långdragen feber och trötthet om man blir smittad först 
som tonåring eller vuxen. Efter sjukdomen finns viruset kvar resten av livet i 
kroppens B celler (en typ av vita blodkroppar) och hålls i schack av immun-
försvaret, framförallt av T celler. Om immunförsvaret blir nedsatt, t.ex. av 
läkemedel efter transplantation, kan dessa EBV-infekterade B celler växa 
okontrollerat och bilda lymfom. PTLD som uppstår efter stamcellstransplan-
tation har nästan alltid EBV i tumörcellerna (EBV+), medan de som uppstår 
efter organtransplantation oftare saknar EBV i tumörcellerna (EBV–).  

I arbete I utvärderades nyttan av att monitorera patienter för förekomst av 
EBV i blodet efter stamcellstransplantation. Vi följde alla 39 patienter som 
under ett år fått stamceller från en annan person på Akademiska sjukhuset, 
Uppsala. EBV-sjukdom och PTLD uppstod bara i en högriskgrupp, som fått 
en speciell sorts transplantation eller kraftig immunhämmande behandling 
med antikroppar som tar bort T celler (ATG). I högriskgruppen utvecklade 
var tredje patient någon form av EBV-relaterad sjukdom inom två månader 
efter transplantationen. Tre av tjugo patienter i högriskgruppen fick PTLD. I 
lågriskgruppen fick ingen patient symtom av EBV-infektion även om man 
kunde påvisa virus i blodet.  Ett tröskelvärde på 1000 virus per ml plasma 
kunde särskilja patienter med EBV-relaterad sjukdom från dem som hade 
förekomst av virus i blodet utan symtom. Baserat på dessa resultat har vi 
infört rutinen att monitorera högriskpatienter för EBV med blodprov under 
de första tre månaderna efter stamcellstransplantationen. Om virusnivåerna 
ligger över 1000 kopior per ml plasma vid minst två tillfällen sätter vi in 
behandling för att undvika utveckling av lymfom. Vi fann också att doserna 
av ATG var onödigt höga och efter denna studie har doserna sänkts. Med 
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lägre ATG-doser och rutinmässig monitorering och behandling av EBV har 
förekomsten av PTLD sjunkit. 

I arbete II undersöktes hur EBV+ och EBV– PTLD efter organtransplanta-
tion skiljer sig åt. Genom att samköra Cancerregistret med Slutenvårdsregist-
ret vid Socialstyrelsen samt samla in och granska alla relevanta tumör-
biopsier hittades 135 fall av lymfom efter organtransplantation under peri-
oden 1980-2006 i Sverige. Förekomst av EBV undersöktes i tumörerna och 
kliniska data samlades in genom att läsa journaler. Nästan hälften av alla 
PTLD saknade EBV i tumörcellerna, vilket kan bero på den långa uppfölj-
ningstiden och den stora andelen sent uppkomna lymfom vilka oftare är 
EBV–. Lymfomen diagnostiserades i median 4,2 år efter transplantation, men 
spridningen var stor, från 0,1 till 26 år. EBV– lymfom uppstod senare, hitta-
des oftare i benmärgen och var oftare av T cells-ursprung jämfört med EBV+ 

lymfom. Patienter med hepatit C-infektion fick oftare EBV– lymfom. EBV+ 
lymfom satt oftare i det transplanterade organet, var vanligare hos yngre 
patienter och hos patienter som fått behandling med ATG.  

Den vanligaste typen av PTLD var diffust storcelligt B cellslymfom. Den 
kan i sin tur delas in i två subtyper, germinalcentertyp och icke-germinal-
centertyp, vilka har olika prognos hos patienter i normalbefolkningen. Bland 
dessa transplanterade patienter hade dock denna subtyp ingen betydelse för 
överlevnaden. Icke-germinalcentertyp var vanligast och var associerad med 
förekomst av EBV i tumören och kraftigare immunhämmande terapi. Högre 
ålder, B-symtom (d.v.s. feber, nattliga svettningar och viktnedgång), nedsatt 
allmäntillstånd, typ av transplantat, T cellslymfom och förekomst av hepatit 
C-infektion var oberoende riskfaktorer för kortare överlevnad. Det är inte 
tidigare visat att hepatit C är en oberoende prognostisk faktor och detta fynd 
behöver bekräftas i större studier. Fem år efter lymfomdiagnosen levde 42 % 
av de patienter som blivit behandlade för PTLD.  

I arbete III undersöktes förekomsten av regulatoriska T celler (T-reggar) i 
74 fall av PTLD från arbete II. T-reggar är en typ av celler i immunförsvaret 
som ser till att immunförsvaret inte attackerar sig själv, men de kan även 
försvara ett transplanterat organ eller en tumör från angrepp. T-reggar är 
kopplade till sämre prognos för flera cancertyper, medan de ofta är associe-
rade med en bättre prognos i lymfom. Förekomsten av T-reggar är dock inte 
välstuderat vid PTLD. Lymfombiopsierna undersöktes med antikroppar mot 
ett protein (FoxP3) som uttrycks i hög mängd av T-reggar. PTLD hade gene-
rellt sett låga nivåer av T-reggar jämfört med motsvarande lymfomtyper hos 
normalbefolkningen. Mer än hälften av fallen saknade helt T-reggar. Sanno-
likt kan kraftigare immunhämmande behandling vara en förklaring till den 
låga förekomsten av T-reggar. T-reggar i tumören hittades oftare i B cells-
lymfom och hos patienter med kronisk hepatit C-infektion. Förekomsten av 
T-reggar i PTLD påverkade inte överlevnaden hos patienterna. 

I arbete IV undersöktes om tumörcellen i PTLD har sitt ursprung från cel-
ler i det transplanterade organet och därmed donatorn eller från den trans-
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planterade patienten själv. Tidigare studier har visat att PTLD efter stam-
cellstransplantation nästan uteslutande bildas från donatorns vita blodkrop-
par. Studier på tumörursprung efter organtransplantation är små men pekar 
på att många PTLD utvecklas från den transplanterade patientens egna cel-
ler. PTLD av donatorsursprung efter organtransplantation sitter enligt tidi-
gare studier nästan enbart i det transplanterade organet och kan möjligen ha 
en bättre prognos.  

93 fall från arbete II med tillgängligt biopsimaterial analyserades. De fall 
där donatorn och mottagaren av organet hade olika kön undersöktes genom 
att färga tumören för X och Y kromosomerna. Övriga fall undersöktes ge-
nom vävnadstypning. Tumörursprung kunde inte fastställas hos knappt en 
tredjedel av fallen, vilket sannolikt berodde på nedbrytning av DNA. Alla 
tumörbiopsier som gick att utvärdera hade sitt ursprung i en vit blodkropp 
från mottagaren, d.v.s. den transplanterade patienten. Att PTLD med ur-
sprung från donatorn efter organtransplantation är så pass ovanligt har inte 
tidigare visats. Den viktigaste anledningen till att det inte fanns några fall 
med donatorsursprung bedöms vara den låga andelen PTLD som satt i det 
transplanterade organet (18 %). Tidigare studier på tumörursprung har valt 
att undersöka en stor andel PTLD som sitter i det transplanterade organet, 
vilket leder till en överskattning av incidensen PTLD med donatorsursprung. 
Det faktum att det heller inte fanns något PTLD av donatorsursprung bland 
de tolv lymfomen som satt i det transplanterade organet beror sannolikt på 
att en stor andel av dessa lymfom hade spridning även till andra organ i 
kroppen. Slutsatsen man kan dra är att PTLD som både sitter i transplantatet 
och spritt i kroppen oftare utvecklas från patientens egna celler. Alla typer av 
lymfom fanns representerade bland PTLD av mottagarursprung och hälften 
var EBV+. Även patienter som blivit infekterade med EBV efter transplantat-
ionen (där viruset sannolikt överförts från donatorn vid operationen) hade 
EBV+ tumörceller av mottagarursprung. 

Sammanfattningsvis fortsätter PTLD att utgöra en allvarlig komplikation 
efter transplantation. Det faktum att lymfom kan utvecklas decennier efter en 
organtransplantation belyser vikten av att övervaka dessa patienter under 
lång tid och sprida kunskap om denna ovanliga komplikation bland all sjuk-
vårdspersonal som träffar dessa patienter. Frekvensen av PTLD med ur-
sprung från donatorn efter organtransplantation tycks vara lägre än man ge-
nerellt trott. Nya behandlingar, såsom cellterapi med regulatoriska T celler 
vilket ges för att kroppen ska acceptera det nya organet, kan förhoppningsvis 
minska behovet av immunhämmande läkemedel i framtiden.  Detta skulle 
potentiellt även kunna minska risken för PTLD. Våra resultat ger indirekt 
stöd för att regulatoriska T celler inte ökar risken för PTLD. Den nuvarande 
rutinen att monitorera högriskpatienter med EBV PCR och ge behandling 
vid upprepade förhöjda värden av viruset i blodet har, i kombination med 
sänkta doser av det immunhämmande läkemedlet ATG, minskat förekoms-
ten av PTLD efter stamcellstransplantation.  
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