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Abstract
Post-transplant lymphoproliferative disorders (PTLD) are a category of iatrogenic lymphoproliferative syndromes associ-
ated with immunodeficiencies. PTLD is defined as any lymphoproliferation (except lymphoproliferation from small B lym-
phocytes) occurring after organ transplantation or allogeneic hematopoietic stem cell transplantation, regardless of the 
time elapsed since transplantation. The diagnosis of PTLD is based on histopathological examination of the lymph node 
or suspicious lesion. The main treatment goal is eradication of PTLD, with a concomitant maintenance of graft function. 
This article presents the latest diagnosis and treatment recommendations of the Polish Lymphoma Research Group.
Keywords: treatment, lymphoma, transplantation, immunochemotherapy, immunosuppression, Epstein–Barr virus
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According to the authors and editors, this report contains 
the most justified principles of diagnostic and therapeutic 
procedures prepared, considering the scientific value of 
evidence and the category of recommendations. These 

principles should always be interpreted in the context of 
an individual clinical situation. The recommendations do 
not always correspond to the current reimbursement rules 
in Poland. In the case of doubt, the current possibilities 
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for reimbursement of individual procedures should be 
determined.
1. The quality of scientific evidence:
I — Scientific evidence obtained from well-designed and prop-
erly conducted randomized clinical trials or meta-analyses  
of randomized clinical trials;
II — Scientific evidence obtained from well-designed and 
properly conducted prospective observational studies 
(non-randomized cohort studies);
III — Scientific evidence obtained from retrospective obser-
vational studies or case-control studies;
IV — Scientific evidence obtained from clinical experiences 
and/or experts’ opinions.
2. Category of recommendations
A — Indications confirmed unambiguously and absolutely 
useful in clinical practice;
B — Indications probable and potentially useful in clinical 
practice;
C — Indications determined individually.

Epidemiology

Post-transplant lymphoproliferative disorders (PTLD) are 
one of the groups of iatrogenic lymphoproliferative syn-
dromes that develop as a result of immunodeficiencies. 
They constitute a distinct group, different from both lym-
phomas and other iatrogenic lymphoproliferative diseases 
associated with immunodeficiencies/errors of immunity. 
This distinctiveness is emphasized by both the 2016/2017 
World Health Organization (WHO) classification and the 
2022 International Consensus Classification (ICC) [1]. Ac-
cording to the 2022 WHO recommendations, the term PTLD 
is no longer recommended, and these diseases should be 
referred to as: 
1) hyperplasias arising from immune deficiency or dys-

regulation, or
2) polymorphic lymphoproliferative disorders, or
3) lymphomas arising from immune deficiency or dysreg-

ulation [2].
Despite these changes in nomenclature, the recent 

reclassification has not brought about any substantive 
changes. 

Therefore, the term ‘PTLD’ will be used in these guide-
lines, in accordance with the ICC 2022 and WHO 2017 clas-
sifications.

By definition, PTLD is any lymphoproliferation (exclud-
ing small B-cell lymphoproliferation) (Table I.) occurring 
after solid organ transplantation (SOT; SOT-PTLD) or al-
logeneic hematopoietic cell transplantation (allo-HCT; 
HCT-PTLD) [1, 3]. The main risk factors include the type 
of transplantation, the degree of T-cell suppression, and 
the serological status of the recipient and donor regard-
ing Epstein–Barr virus (EBV) infection. Although almost 
all cases of HCT-PTLD, and about 50% of SOT-PTLD, are 

EBV-positive, the number of EBV-negative cases, especial-
ly late ones, is increasing [4]. 

The risk of SOT-PTLD is much higher than that of HCT-
PTLD, accounting for about 20% of cancers diagnosed after 
transplantation of vascularized organs (excluding skin can-
cers and cervical cancer in situ) [5]. In the case of allo-HCT, 
PTLD occurs much less frequently and accounts for a small 
percentage of cancers diagnosed in transplant recipients. 
However, the incidence of PTLD varies greatly, as a result 
of the heterogeneous patient population, the type of trans-
plantation, and the immunosuppressive protocols used. 

PTLD most often occurs after transplantation of multi-
ple organs (12–33%), intestines (20–30%) and thoracic or-
gans i.e. lungs (6–10%) and heart (3–5%). The lowest risk is 
observed after transplantation of liver (2–3%), kidney and 
pancreas (2–3%) and kidney alone (1.5–2.5%). The risk of 
developing HCT-PTLD (0.1–2.5%) is lower than SOT-PTLD, 
but it significantly depends on the type of transplantation 
and donor i.e. incompatible unrelated donor (11.2%), or 
compatible unrelated donor (4%), or haploidentical donor 
(2.8%), or compatible related donor (1.2%).

The rate of HCT-PTLD in recipients of cord blood- 
-derived hematopoietic stem cells varies depending on  
the conditioning protocol. It has been shown to be lower af-
ter myeloablative conditioning (2.6–3.3%) and higher after  
reduced-intensity conditioning (7–13%). PTLD can oc-
cur at any time after transplantation, but is usually diag-
nosed within the first two years after SOT (90% of cas-
es; median 6 months) [6–16]. In the case of HCT-PTLD, 
the corresponding period is even shorter, with a median  
of 2–3 months [17].

The degree of immunological competence of T lympho-
cytes is important for the control of latent EBV infection [18, 
19]. The results of studies with belatacept (anti-CTLA4 an-
tibody) and efalizumab (anti-LFA1) have confirmed the key 
role of increased immunosuppression of T lymphocytes, 
and thus an increased risk of developing PTLD, showing 
a relatively high risk of developing PTLD with a parallel low 
efficacy in preventing transplant rejection [20–22]. An in-
creased risk of developing PTLD has also been demonstrat-
ed in the case of the use of muromomab (anti-CD3 anti-
body), alemtuzumab and anti-thymocyte globulin (ATG)  
[6, 23, 24]. However, mycophenolate mofetil (MMF) ther-
apy is not associated with a significantly increased risk of 
developing SOT-PTLD [25, 26]. The risk of developing PTLD 
is significantly higher in EBV-seronegative recipients who 
received an organ from EBV-seropositive donors, an obser-
vation which has been confirmed in many observational and 
prospective studies [14, 27–29]. The significantly higher 
incidence of PTLD in children is most likely related to the 
much less frequent reports in pediatric cases of both pre-
vious and newly diagnosed EBV infection [27, 29].

The risk factors for developing HCT-PTLD differ from those 
for SOT-PTLD. In a retrospective analysis of 18,014 patients 
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from 235 centers, the 10-year cumulative risk of developing 
PTLD was 1%, with 82% of cases diagnosed within 12 months 
of transplantation [6]. Comparable results were reported in 
another retrospective analysis, in which PTLD was diagnosed 
in 127/26,901 allogeneic stem cell recipients [24].

In turn, an observational study showed that an in-
creased risk of PTLD was associated with transplantation 
from an unrelated donor or a donor with HLA incompati-
bility, recipient age above 50 years, T-cell depletion, and 
the use of ATG and anti-CD3 antibodies in the prevention 
of graft-versus-host disease (GvHD), as well as the occur-
rence of chronic GvHD (risk of late PTLD) [6, 24]. It was 
also shown that risk factors are cumulative, increasing the 

probability of developing PTLD to 22% in the presence of 
three or more of the abovementioned factors. 

Etiopathogenesis

Epstein–Barr virus-negative PTLD constitutes c.20–40% 
of SOT-PTLD, c.40% of PTLD diagnosed in the first year 
after transplantation, and the majority of late diagnosed 
PTLD, i.e. c.10 years after transplantation [30, 31]. In most 
cases, PTLD is associated with B-cell transformation due 
to EBV infection, resulting from immunosuppression and 
impaired T-cell immune surveillance. Serological evidence 
of previous EBV infection is present in 90–95% of adults, 

Table I. Subtypes of post-transplant lymphoproliferative diseases according to WHO 2016/2017 classification and ICC 2022 classification

Category [4] Incidence 
[%]

Association 
with EBV 
infection [%]

Morphology and immunophenotype

1. Non-destructivea 

— plasma cell hyperplasia

— mononucleosis-like syn-
drome-nodular hyperplasia

5 100 Preserved structure of lymph node; mainly small lymphocytes and plasma 
cells; immunophenotypic examination shows polyclonal B lymphocytes and 
an admixture of T lymphocytes; EBV-positive; hyperplastic germinal centers

2. Polymorphic form of 
PTLDb

15–20 Nearly 100 Blurred structure of lymph node; morphologically, full spectrum of cells of 
maturing lymphatic system does not meet criteria of lymphoproliferative 
disease (lymphoma) diagnosis; immunophenotypically, polyclonal B lympho-
cytes, immunoblasts and T lymphocytes are found in the immunophenoty-
ping test; often EBV-positive

3. Monomorphic form of 
PTLDc

B-cell malignancies:

— diffuse large B-cell lymp-
homa

— Burkitt lymphoma

— mantle cell lymphoma

— multiple myeloma

— solitary myeloma

— otherc,d*

>70

<5

50–80

10–60

Blurred structure of lymph node; it meets criteria for T-cell lymphoma, mye-
loma, and B-cell lymphoma (other than indolent subtypes); cell phenotype 
dependent on subtype; EBV-positive
*While low-grade B-cell lymphomas such as follicular lymphoma, mantle cell 
lymphoma, chronic lymphocytic leukemia, and marginal zone lymphoma 
have historically been excluded from diagnosis of PTLD, 2017 update inclu-
des EBV-positive cases of extranodal marginal zone lymphoma of MALT type, 
which typically arises in skin or subcutaneous tissue, as PTLD.

T cell neoplasms:

— peripheral T cell lymp-
homa, not otherwise 
specified

— hepatosplenic T-cell 
lymphoma (HSCTL)

— NK cell tumors

1 90

4. Classical Hodgkin lymp-
homa type PTLD

<5 >80 Blurred structure of lymph node; it meets WHO criteria for classical 
Hodgkin lymphoma

aNon-destructive (early) are mostly polyclonal, although a small monoclonal population of B cells may be present and may show cytogenetic or molecular changes; bEBV-positive mucocutaneous ulcer, which 
may resemble polymorphic PTLD, should be considered a distinct disease entity; cClassification consistent with classification of lymphomas they resemble; dSmall B-cell lymphomas are not classified as PTLD 
with exception of EBV-positive extranodal MALT type marginal zone lymphomas; EBV — Epstein-Barr virus; PTLD — post-transplant lymphoproliferative disorder; WHO — World Health Organization
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depending on geographical region. In most adults, newly 
diagnosed infection is asymptomatic, although some 
patients develop infectious mononucleosis. EBV infection 
causes polyclonal expansion of B cells and activation of T 
cells, which eliminate most infected B cells. After the pri-
mary infection phase, the virus becomes latent, remaining 
mainly in B cells, from which it cannot be completely elim-
inated. Infected cells, however, are controlled by cytotoxic 
T lymphocytes. Loss of this control, caused for example by 
immunosuppression, leads to virus reactivation, excessive 
proliferation of infected B lymphocytes and, consequently, 
to the development of PTLD [32, 33].

Epstein–Barr virus induces B lymphocyte proliferation  
through a number of proteins such as LMP-1, LMP-2A, 
EBNA-2 and EBNA-LP, which can ultimately lead to their 
transformation into lymphoblasts. LMP-1 and LMP-2A 
membrane proteins activate B lymphocytes [34–36]. In 
turn, EBNA-2 and EBNA-LP proteins function as transcrip-
tion factors, regulating the expression of host genes such 
as MYC and genes encoding transforming proteins, includ-
ing LMP-1 and LMP-2A [37, 38]. Exceptionally rarely, PTLD 
can develop from T lymphocytes or NK cells. The role of  
T lymphocytes in the control of EBV-dependent transforma-
tion has been confirmed in an animal model i.e. in a study 
with mice with LMP-1 protein expression in B lymphocytes, 
lethal lymphoproliferative disease developed only in cases 
of T lymphocyte depletion [39].

In most cases, SOT-PTLD develops as a result of trans-
formation of recipient lymphocytes, whereas in HCT-PTLD 
it usually arises from donor lymphocytes [33]. The associ-
ation of PTLD with EBV infection is crucial in the develop-
ment of PTLD early after transplantation. PTLD diagnosed 
later (even >10 years after transplantation) often shows 
no association with EBV and belongs to the monomorphic 
subtype. Most PTLD originating from NK lymphocytes shows 
an association with EBV infection, whereas in the case of 
PTLD developing from T lymphocytes, this association is 
found in 10–60% of cases [40]. It has been suggested 
that PTLD in which the association with EBV infection has 
not been confirmed should be treated as a second primary 
malignancy. However, this view is not currently reflected in 
international treatment guidelines [41].

Diagnostics

The PTLD diagnosis is based on histopathological exam-
ination of a surgically collected lymph node or a suspicious 
lesion. If this is impossible, a core needle biopsy can be 
performed in exceptional circumstances. This allows for 
the correct histopathological categorization of the PTLD 
subtype, which determines the appropriate clinical man-
agement. The 2017 WHO classification distinguishes four 
categories of PTLD (see Tab. I): non-destructive changes 
(referred to as ‘early’ in the 2007 WHO classification); and 

destructive changes, which are subdivided into three i.e. 
polymorphic, monomorphic, and classical Hodgkin lympho-
ma type PTLD (cHL-PTLD) [3]. A similar division has been 
maintained in the 2022 ICC classification. In the 2022 WHO 
classification, PTLDs have been classified in a broader cat-
egory of immune deficiency and dysregulation (IDD), which 
currently includes: hyperplasia arising in IDD; polymorphic 
lymphoproliferative disorders arising in IDD; and lympho-
mas arising in IDD [2]. The recommended diagnostic tests 
for PTLD are set out in Table III.

The clinical course of PTLD can vary, and depends  
on the subtype and the transplanted organ. Early changes 
and the polymorphic form may be asymptomatic or oligo-
symptomatic. They develop mainly in children and adults 
after SOT, in whom EBV infection was not previously de-
tected. Symptoms include fever and weakness. Physical 
examination reveals lymphadenopathy, enlarged tonsils, 
and clinical symptoms resembling infectious mononucle-
osis. These changes can regress spontaneously or as a re-
sult of reduced immunosuppression.

Monomorphic forms of PTLD often present typical fea-
tures of lymphoproliferative malignancies with systemic 
symptoms. The most common manifestations of these 
PTLD subtypes are lymphadenopathy and fever. In contrast 
to lymphomas occurring in people without a previous organ 
transplant, PTLD can rarely be limited to the lymph nodes 
(approximately 10%). In late forms, extranodal locations 
predominate, primarily the gastrointestinal tract (up to  
30%) and the central nervous system (5–20%). Organ in-
volvement may be accompanied by symptoms of pneumo-
nia, hepatitis, and gastrointestinal motility disorders. PTLD 
may also lead to the development of cytopenia due to bone 
marrow involvement (which may be the only site of the dis-
ease) or autoimmune complications. Rare symptoms of 
PTLD include encephalitis, myelitis, hemophagocytic lym-
phohistiocytosis (HLH), and a significant deterioration of 
the patient’s general condition resembling septic shock.

Due to the nature of PTLD, diagnostics should include 
a histopathological examination of the affected organ or 
lymph node, as well as molecular and imaging diagnostics. 
Additionally, it is necessary to perform a peripheral blood 
count with a microscopic smear and biochemical tests to 
assess the function of the kidneys, liver, and lactate de-
hydrogenase (LDH) activity. Molecular diagnostics should 
include determining the number of copies of the EBV vi-
rus and cytomegalovirus (CMV). It is also recommended 
to perform serological tests for hepatitis B virus (HBV) and 
hepatitis C virus (HCV) as well as human immunodeficiency 
virus (HIV) infection [40, 42].

Pathomorphological diagnostics
Pathomorphological diagnostics form the basis for diagnos-
ing PTLD and allow for determination of the four main cat-
egories of PTLD according to the WHO 2017 classification 
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(see Tab. I) [3]. Histopathological examination, in addition 
to morphological and immunohistochemical assessment, 
should include diagnostics for the presence of Epstein–Barr 
encoding RNA (EBER) using in situ hybridization (ISH), which 
allows for determining if the lesion is related to EBV infec-
tion. Immunohistochemical examination for Epstein–Barr 
virus latent membrane protein 1 (LMP1) is characterized by 
lower sensitivity, and therefore is not recommended [43].

The histopathological division, as indicated by interna-
tional guidelines, does not take into account other import-
ant variables that may help to precisely define the category 
and subtype of PTLD and may influence the course of the 
disease [40, 44, 45]. These variables include:

 ■ clonality of neoplastic cells (polyclonal vs. monoclo-
nal lesions),

 ■ molecular and cytogenetic characteristics of lesions,
 ■ presence of the EBV genome or EBV infection status
 ■ origin of lesions (i.e. donor vs. recipient).

Histopathologically, within the category of non-destruc-
tive lesions, three subtypes are distinguished: plasma cell 
hyperplasia; mononucleosis-like syndrome; and nodular 
hyperplasia.

Monomorphic lesions constitute the most diverse histo-
pathological category within destructive changes, including 
B-cell lymphomas. The majority of these are diffuse large B-cell  
lymphoma (DLBCL). Less frequent are Burkitt lymphoma 
(BL) and plasma cell neoplasms [46–48]. Lymphomas de-
rived from T lymphocytes and NK cells are observed much 
less frequently. These neoplasms most often occur in the 
form of peripheral T-cell lymphoma, type not otherwise 
specified (PTCL, NOS), or EBV-positive T/NK lymphoma 
(see Tab. II) [49–52].

The histopathological criteria for diagnosis of these 
lesions are the same as for similar neoplastic lesions in 
patients who are not recipients of organ or hematopoietic 
cell transplants. While low-grade B-cell lymphomas, such 
as follicular lymphoma, mantle cell lymphoma, chronic lym-
phocytic leukemia, and marginal zone lymphoma, were pre-
viously excluded from the PTLD category, the 2017 update 
includes EBV+ cases of extranodal marginal zone lympho-
ma of the MALT type, which typically occurs in the skin or 
subcutaneous tissue in PTLD [4].

Classical Hodgkin lymphoma type PTLD is charac-
terized by the presence of an infiltrate of a small number 
of neoplastic cells expressing CD15 and CD30 antigens, 
surrounded by numerous inflammatory cells. Some cells 
may express CD20 antigen, but no expression of CD3 or 
CD45 antigens is observed.

Cytological diagnostics
Cytological diagnostics of solid lesions, bone marrow as-
pirate or body fluids have limited utility in the diagnosis of 
PTLD, but in specific clinical situations they may be helpful 

in differential diagnosis, assessment of organ involvement, 
or determination of disease severity.

Immunophenotyping
Immunophenotyping may complement diagnostic tests, 
supporting differential diagnosis or preliminary evaluation 
of solid, infiltrative or body fluid lesions before histopatho-
logical examination results become available.

Genetic diagnostics
Genetic testing currently does not play a significant role 
in the diagnosis of PTLD. Cytogenetic testing, on the other 
hand, may be helpful in differential diagnosis of individual 
types of PTLD and in determining the association with EBV 
infection, e.g. through EBER testing.

Molecular diagnostics
Real-time PCR enables the determination of the number 
of EBV copies/viremia in peripheral blood, and in some 
transplant centers it is an element of standard post-trans-
plant surveillance. Currently, there are no clear recom-
mendations regarding the frequency and duration of EBV 
viremia monitoring, the determination of the presence 
of the virus in peripheral blood cells or serum, or cut-off 
points for viremia in patients after SOT or allo-HCT [53].

Low EBV viremia in peripheral blood occurs in the vast 
majority of transplant recipients, but only in patients diag-
nosed with PTLD does its level increase significantly (medi-
an 740 copies/100 µL in patients undergoing immunosup-
pression vs. median 3,225 copies/100 µL in patients with 
PTLD) [54]. These observations suggest the possibility of 
using EBV copy number determination as an auxiliary tool 
in PTLD diagnostics, but histopathological examination is 
still necessary to make a final diagnosis.

Excluding the presence of EBV based on molecular tests 
does not eliminate the possibility of diagnosing PTLD, due 
to the possibility of only local EBV infection and local trans-
formation, e.g. in the gastrointestinal tract or the central 
nervous system (CNS) [53, 55, 56]. Determining the num-
ber of EBV copies in peripheral blood or its morphological 
elements can also be useful for assessing the risk of de-
veloping PTLD or monitoring the response to treatment in 
cases of EBV-positive PTLD [57, 58].

Imaging diagnostics
The suggested imaging method in suspected PTLD is 
positron emission tomography-computed tomography 
(PET-CT), due to the possibility of identifying metabolically 
active sites [59, 60]. Examination using 18F-FDG (fluoro-
deoxyglucose) is characterized by higher sensitivity and 
specificity compared to CT, as confirmed by the results of 
three meta-analyses of more than 350 patients [61–63]. In 
these analyses, the diagnostic parameters for the detection 
of PTLD (mainly monomorphic form) showed sensitivity of 
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85–93%, specificity of 86–94%, positive predictive value 
(PPV) of 88–91%, and negative predictive value (NPV) of 
87–91% [61–63].

The 18F-FDG PET-CT examination has been shown to 
allow for the identification of additional lesions not vis-
ible in CT or magnetic resonance imaging (MRI) in 28% 
of cases, and in 15% of cases led to an increase in the 
stage of the disease [64]. False positive results occur 
in about 5% of cases, and are most often associated 
with infections, inflammations of non-infectious etiolo-
gy, or another neoplastic disease [64]. False negative 

results are noted in about 11% of cases, which is mainly 
due to high background activity or the presence of early,  
low-grade PTLD lesions [64]. The 18F-FDG PET-CT exam-
ination is also effective in the assessment of bone mar-
row infiltrations [65].

Standardized uptake value (SUV) to differentiate be-
nign from malignant lesions is not currently used due to 
high rates of false positive and false negative results [60].

In the case of limited availability of PET-CT, computed 
tomography can be used, and, to a lesser extent, ultrasound 
examinations. Magnetic resonance imaging remains the 

Table II. Histological subtypes of monomorphic PTLD category

Histological subtype

1 DLBCL Constitutes vast majority of monomorphic forms and at same time most heterogeneous group of 
neoplasms. DLBCL cells are characterized by expression of pan-B markers, a diffuse type of infil-
tration and a high proliferative index, although there is no pathognomonic molecular or cytogenetic 
change in this type of lymphoma

2 BL type Characterized by an infiltration of medium-sized monomorphic cells with a high proliferative 
index with expression of B-cell antigens, superficial expression of immunoglobulin M (IgM) and 
CD10 antigen, but with no expression of CD5 antigen and BCL2 protein. It is almost always 
EBV-positive

3 Plasmacytoma type May occur as an infiltration of both mature and immature plasma cells characterized by light chain 
restriction (kappa or lambda) and expression of CD79a, CD138 and CD38 antigens, or in some 
cases CD56 antigen. Plasma cell tumors may take form of isolated plasma cell tumors or meet 
criteria for multiple myeloma. Both secreting and non-secreting monoclonal protein in the form of 
an immunoglobulin molecule or a light chain are encountered

4 Peripheral T-cell lymphoma, 
not otherwise specified 
(PTCL, NOS)

A heterogeneous group of lymphomas, characterized by expression of one of pan-T antigens. Howe-
ver, there are cases in which expression of CD5 and CD7 antigens is absent. Both histopathological 
and immunophenotypic characteristics are very diverse

BL — Burkitt lymphoma; DLBCL — diffuse large B-cell lymphoma; EBV — Epstein-Barr virus; PTCL, NOS — peripheral T-cell lymphoma, not otherwise specified; PTLD — post-transplant lymphoprolifera-
tive disorder

Table III. Suggested list of tests for PTLD staging

Complete blood count (CBC) with microscopic smear, reticulocyte count

Renal function (creatinine, urea, uric acid, sodium, potassium, calcium, phosphates)

Liver function (total bilirubin with fractions, ALT, AST, ALP, GGTP, total protein, albumin)

Hemostasis parameters (APTT, fibrinogen, PT)

CRP, LDH

Virological tests (HBsAg, anti-HBs, anti-HBc total, anti-HCV, anti-HIV, anti-EBV IgG and IgM, anti-CMV IgG and IgM, DNA-CMV,  
DNA-EBV)

Histopathological examination of tissue

Histological examination of bone marrow and myelogram assessment

Imaging tests (PET-CT or CT)

ECHO examination — if anthracycline treatment is necessary

MRI examination of central nervous system, sinuses, orbits in cases of suspected CNS involvement or PTLD of craniofacial region

Lumbar puncture with collection of cerebrospinal fluid for general and immunophenotypic examination — in cases of suspected CNS 
involvement and DLBCL and BL lymphomas

Ag — antigen; ALP — alkaline phosphatase; ALT — alanine transaminase; APPT — activated partial thromboplastin time; AST — aspartate transaminase; BL — Burkitt lymphoma; CMV — cytomegalovirus; 
CNS — central nervous system; CRP — C-reactive protein; CT — computed tomography; DLBCL — diffuse large B-cell lymphoma; EBV — Epstein-Barr virus; ECHO — echocardiography; GGTP — gamma glutamyl 
transpeptidase; HBV — hepatitis B virus; HCV — hepatitis C virus; HIV — human immunodeficiency virus; Ig — immunoglobulin; LDH — lactate dehydrogenase; MR — magnetic resonance imaging; PET — posi-
tron emission tomography
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examination of choice in the assessment of brain and spi-
nal cord structures [66].

Staging and prognostic factors 

Lugano classification for staging of lymphomas (derived 
from Ann Arbor staging with Cotswolds modifications) 
[67–69] is used to assess the stage of monomorphic PTLD. 
The stage should be assessed using PET-CT, or in a case 
of limited availability of this test, CT. Histopathological 
examination of the bone marrow and an aspiration biopsy 
of the bone marrow are necessary in all cases of PTLD, 
except for cHL-PTLD. In cases of suspected involvement 
of the central nervous system (CNS), lumbar puncture and 
analysis of the cerebrospinal fluid should be performed, 
including immunophenotypic testing [70]. Currently, there 
are no clear recommendations regarding the prevention 
of CNS involvement.

The prognosis for early and polymorphic lesions that 
respond well to reduced immunosuppression is favor-
able. Monomorphic lesions respond less well to reduced 
immunosuppression. In patients with SOT-PTLD, the use 
of a combination of rituximab and classic chemotherapy 
(ChT) have contributed to improved treatment outcomes.  
In a phase II observational study, sequential treatment with 
rituximab, followed by intensification of the response with 
R-CHOP (rituximab, cyclophosphamide, doxorubicin, vin-
cristine, prednisone) in patients who did not achieve CR af-
ter rituximab monotherapy, achieved a 3-year survival rate 
of 75%, with median overall survival (OS) of 6.6 years [71].

There are currently no validated prognostic indices for 
assessing the prognosis of PTLD, but most studies have 
used the International Prognostic Index (IPI), classifying pa-
tients into low-risk (0–2 risk factors) or high-risk (3–5 risk 
factors) groups [42, 72]. Previous studies indicate that lack 
of response to rituximab monotherapy is a significant prog-
nostic factor, with an unfavorable impact on the course of 
the disease [73, 74]. CNS involvement, T-cell origin of PTLD, 
and late diagnosis of PTLD after SOT, are also factors that 
worsen the prognosis [75–78].

Recommendations
 ■ PTLD diagnostics should include histopathological ex-

amination of the affected tissue or organ (IIA).
 ■ PET-CT is the imaging modality of choice, which is used 

to assess the stage of advancement and response to 
treatment (IIA).

 ■ MRI is preferred for the assessment of central nervous 
system structures (IIA).

 ■ Monitoring EBV viral load after transplantation is 
a method that supports the diagnostic process (IVB)

 ■ Analogous criteria to those used for the types of cancers 
diagnosed in the non-transplanted population should 
be used to assess response (IIB).

Treatment

General guidelines
The goal of therapy in patients with PTLD is to eradicate 
PTLD while maintaining graft function.

Antiviral prophylaxis and preemptive therapy
By definition, prophylactic antiviral therapy is used in 
asymptomatic patients at increased risk of developing 
EBV-positive PTLD. Preemptive therapy is used in patients 
with detectable EBV viremia, and its aim is to prevent the 
development of EBV disease [79, 80].

Prophylactic antiviral therapy with antiviral drugs (gan-
cyclovir, acyclovir, foscarnet, cidofovir), immunoglobulins, 
anti-CMV immunoglobulin or rituximab is not recommended 
for the prevention of EBV-positive PTLD. Although antiviral 
drugs inhibit in vitro virus replication to some extent, they 
do not affect EBV infection in the latent phase [81, 82]. 
Data on the prevention of EBV-positive PTLD after vascu-
larized organ transplantation comes from descriptions of 
small groups of patients [83–86]. A meta-analysis summa-
rizing the efficacy of this strategy in preventing SOT-PTLD 
did not demonstrate a reduction in the incidence of PTLD 
in patients undergoing prophylactic treatment [RR (relative 
risk) = 0.95; 95%, CI (confidence interval) 0.58–1.54] [87].

In patients after allo-HCT, not only do doubts regarding 
the efficacy of antiviral treatment exist, but an additional 
problem is the toxicity of the drugs used, including the he-
matological toxicity of gancyclovir. The use of rituximab in 
this group of patients is also associated with side effects, 
such as prolonged cytopenias [88] or an increased risk of 
infection [89]. In a retrospective analysis by Dominietto 
et al. [90], a significantly lower frequency of EBV viremia 
(56% vs. 85%) was observed in patients who received pro-
phylactic rituximab on the 5th day after allo-HCT. However, 
this procedure did not significantly reduce the frequency of 
PTLD or improve the prognosis compared to the preemp-
tive therapy strategy.

Regarding preemptive therapy in patients after al-
lo-HCT, the European Conference on Infections in Leukemia 
(ECIL) recommends the use of rituximab in combination 
with a reduction in immunosuppression, if possible. Ritux-
imab is administered once a week at a dose of 375 mg/m2  
and treatment is continued until a negative EBV viral load 
is achieved [79]. The use of rituximab in this indication al-
lows for negative EBV viral load in more than 90% of pa-
tients [91], and is also associated with a much reduced 
incidence of EBV-positive PTLD (1.4% vs. 21.7% in the con-
trol group) [92].

Recommendations
 ■ Routine use of antiviral drugs (gancyclovir, acyclovir) 

is not recommended for the prevention of EBV-posi-
tive PTLD (IIIB).
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 ■ Immunoglobulins are not recommended for the preven-
tion of EBV-positive PTLD (IIIC).

 ■ In patients with EBV viremia after allo-HCT, preemptive 
therapy with rituximab at a dose of 375 mg/m2 once 
a week is recommended until a negative EBV test re-
sult is obtained (IIB).

Reduction in immunosuppression

Reduction in immunosuppression (RIS) is essential in 
all PTLD patients, if this is possible considering graft 
function or GvHD severity. When deciding on RIS, the 
risk of loss of graft function should always be assessed 
individually, taking into account whether it concerns an 
organ crucial for the patient’s survival (e.g. heart, lungs) 
or one whose function can potentially be replaced (e.g. 
kidney). Reduction in immunosuppression can be used as 
a stand-alone treatment method only in low-risk patients, 
in whom the changes are non-destructive, the disease 
is at a low stage of advancement, and the infiltrates are 
not massive [93].

Data on the efficacy of RIS comes mainly from retro-
spective studies with small patient groups. In the analysis 
by Tsai et al. [94], including 42 patients with SOT-PTLD, the 
use of RIS in combination with surgery allowed for com-
plete remission (CR) in 73.8% of patients. For RIS alone, 
the overall response rate (ORR) was 63%. The median time 
to response was 3.6 weeks. In multivariate analysis, fac-
tors associated with a lower probability of response to RIS 
were increased LDH level, graft dysfunction, and multi-or-
gan PTLD infiltration.

The study by Reshef et al. [95] included 148 patients 
with PTLD divided into three groups:

 ■ 67 patients treated with RIS alone,
 ■ 30 treated sequentially (surgery followed by RIS),
 ■ 51 treated without RIS.

In the group treated with RIS alone, the response rate 
was 45% and the CR rate was 37%. In patients treated with 
RIS, a high rate of acute rejection (32%) was observed. De-
spite this, survival in the group with RIS was longer than in 
patients not treated with it (44 vs. 9.5 months). However, 
this difference did not reach statistical significance. The 
analysis identified predictors of lack of response to RIS, 
which included massive infiltrates (bulky disease), high 
stage of disease, and older patient age.

In a multicenter study of 104 patients with PTLD after 
kidney or combined kidney and pancreas transplantation, 
the probability of graft loss 10 years after PTLD diagnosis 
was 43.9% in patients who discontinued calcineurin in-
hibitor (CNI). The probability of the composite endpoint of 
graft loss or death with a functioning graft was 64.4% [96].

In the multivariate model, the risk of graft loss was in-
creased by PTLD stage >II and CNI discontinuation. On the 
other hand, the composite endpoint of graft loss or death 

was influenced by factors such as PTLD stage >II, CNI 
discontinuation, and age >60 years. CNI discontinuation 
turned out to be the most significant risk factor for both 
graft loss (HR = 3.07; 95% CI 1.04–9.09) and death (HR =  
= 4.00; 95% CI 1.77–9.04). PTLD subtype and location, 
or type of ChT used, were not independent risk factors.

There is no unified definition of RIS, and the procedure 
should be individualized in consultation with the transplant 
center. The recommendations of the British Committee for 
Standards in Hematology (BCSH) and the British Transplan-
tation Society (BTS) state [97]:

 ■ in the case of limited disease (stages I–II according to 
Lugano classification) — reduction of immunosuppres-
sion by 25%;

 ■ in the case of advanced disease (stages III–IV accord-
ing to Lugano classification) — reduction of CNI dose 
by 50%, discontinuation of azathioprine or mycopheno-
late mofetil, and maintenance of prednisone at a dose 
of 7.5–10 mg;

 ■ in the case of advanced disease and patient poor 
performance status —   discontinuation of all immu-
nosuppressive drugs except prednisone at a dose of 
7.5–10 mg;

 ■ in lung or heart transplant recipients, maximum re-
duction of immunosuppressive drug doses should not 
exceed 25–50% (i.e. a reduction to 50–75% of the 
initial dose).
The recommendations of the American Society of Trans-

plantation Infectious Diseases Community of Practice ad-
ditionally emphasize that there is no scientific evidence 
supporting the replacement of CNIs with mammalian tar-
get of rapamycin (mTOR) inhibitors [98]. Failure of RIS is 
defined as disease stabilization after 2–4 weeks or pro-
gression at any time [71]. Based on Reshef et al.’s study 
[95], it is permissible to extend this period to six weeks in 
patients with stable disease.

Recommendations
 ■ After consultation with the transplant center, immuno-

suppression should be reduced to the lowest safe dose 
in all patients with PTLD (IIIB).

 ■ The time to RIS response is 2–4 weeks, provided there 
is no disease progression; in selected cases, this may 
be extended to six weeks (IVB).

Radiotherapy

Data on the use of radiotherapy (RT) comes from retrospec-
tive analyses [99], and indications for its use should be 
individualized. This treatment may be effective in patients 
with polymorphic PTLD or early stage disease [100]. An 
alternative to classical RT is radioimmunotherapy (RIT) e.g. 
with the use of ibritumomab tiuxetan ([90Y]) which is not 
widely available [101].
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Recommendation
RT may be indicated in the treatment of patients with 
limited PTLD (IIIC).

Rituximab in monotherapy and in combina-
tion with chemotherapy in CD20+ PTLD

In patients with CD20+ PTLD and ineffective RIS, treatment 
is initiated with rituximab monotherapy, administered at 
a dose of 375 mg/m2 once weekly for four weeks. Rituximab 
treatment allows for a response rate of 44–79%, including 
20–55% of CR [80].

In a phase II study, patients with SOT-PTLD received rit-
uximab at a dose of 375 mg/m2 every seven days for four 
weeks (i.e. on days 1, 8, 15, and 22) [102]. In patients who 
achieved CR, treatment was discontinued and no further 
therapy was required. Patients with partial remission (PR) 
received another four doses of rituximab in the same reg-
imen (375 mg/m² every seven days). Extending rituximab 
therapy by an additional four doses almost doubled the 
CR rate in the intention-to-treat (ITT) population, from 34% 
to 60.5%. After 27.5 months, OS was 47%, and event-free 
survival (EFS) was 42%.

In 2020, González-Barca et al. [103] published the re-
sults of their long-term study, including an additional 21 pa-
tients receiving the same treatment regimen in the real 
world. Disease-specific survival (DSS) in patients treated 
in the clinical trial was 64.7% after 10 years, and among 
those who achieved CR it was 94.4% after five years and 
88.1% after 10 years, respectively. In real-world patients, 
DSS after five years was 75.2%, while among patients with 
CR it was 87.5%.

The results of this study confirm the high long-term 
efficacy of rituximab in patients achieving CR. The effi-
cacy of rituximab monotherapy, and the good tolerability 
of this treatment, became the basis for the risk-stratified 
sequential treatment (RSST) regimen developed in the 
PTLD-1 study (NCT01458548), with intensity adjusted to 
the response after treatment with rituximab monotherapy. 
In the first phase of the study, Trappe et al. assessed the 
efficacy of sequential treatment rituximab → CHOP [104], 
while in the second phase it was rituximab → R-CHOP [71].

In the first stage of RSST, patients received four in-
travenous doses of rituximab (375 mg/m2) at weekly in-
tervals, then four cycles of CHOP at 21-day intervals.  
The first cycle of CHOP was administered four weeks after 
the last dose of rituximab. In cases of progression during 
rituximab monotherapy, or in the period between complet-
ed rituximab monotherapy and CHOP, patients immediately 
started ChT according to the CHOP protocol. The primary pro-
phylaxis of febrile neutropenia with granulocyte colony stim-
ulating factor (G-CSF) was mandatory. Patients also received 
prophylactic antibiotic therapy and cotrimoxazole as part 
of Pneumocystis jiroveci prophylaxis. The first assessment 

of treatment efficacy was performed 2–4 weeks after the 
last dose of rituximab, and the assessment at the end of 
treatment was performed 1 month ± 7 days after the last 
CHOP cycle.

81% of the study group were DLBCL-PTLD patients. The 
response rate after rituximab monotherapy was 60%, and  
90% after sequential treatment. CR rates were 20% and 68%,  
respectively. The median duration of response (DoR) was 
not reached, and the median OS was 6.6 years. Treat-
ment-related mortality (TRM) was 11%.

In the second stage of the study, patients received ritux-
imab according to the protocol used in the first phase, i.e. 
at a dose of 375 mg/m2 on days 1, 8, 15, and 22. A control 
CT scan was performed between days 40 and 50. Patients 
who achieved complete remission in the interim CT study 
continued rituximab monotherapy for an additional four 
doses every 21 days, starting on day 50. Patients who did 
not achieve CR were given four cycles of the R-CHOP pro-
tocol, administered every 21 days, also starting on day 50.

Similarly to the first stage, patients who developed 
symptoms suggesting disease progression during ritux-
imab monotherapy or before interim CT assessment were 
immediately examined to confirm or exclude progression. If 
progression was confirmed, R-CHOP immunochemotherapy 
was initiated. Patients were required to receive prophylaxis 
with G-CSF during treatment according to R-CHOP regimen.

Patients with DLBCL-PTLD comprised 73.7% of SOT- 
-PTLD patients included in the study. The ORR after RSST 
was 88%, including CR in 70% of patients. The median 
duration of response was not achieved, and the median  
OS was 6.6 years. The most common infectious complica-
tion was febrile neutropenia (15.9%). Treatment-related 
mortality occurred in 8% of patients.

An attempt to modify PTLD treatment strategy was 
made in the PTLD-2 study (NCT02042391), introduc-
ing a treatment intensification in high-risk patients, and 
a de-escalation in low-risk CD20+ SOT-PTLD patients. In 
the initial phase, all patients received induction treatment 
with rituximab monotherapy, according to the PTLD-1 study 
protocol, but the drug was administered subcutaneously.

Patients who achieved CR or PR on CT, and were consid-
ered to be low risk according to IPI (0–2 points), continued 
to receive rituximab monotherapy. Patients with disease pro-
gression during or after induction therapy were given four 
cycles of R-CHOP. High-risk patients who underwent thoracic 
organ transplantation were classified as very high risk and 
were qualified for even more intensive treatment in the form 
of an alternating R-CHOP and R-DHAOx (rituximab, dexa-
methasone, cytarabine, oxaliplatin) regimen for six cycles.

The ORR in the entire study group was 94% (95% CI 
83–98). The 2-year PFS and OS rates were comparable 
to those observed in the PTLD-1 study. Treatment-relat-
ed mortality was 4/59 (7%, 95% CI 2–17). The 2-year 
survival rate in the low-risk group was 100%. In contrast,  
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the results of treatment in the very high-risk group were 
disappointing: no patient responded to rituximab mono-
therapy, and intensification of treatment with the alternat-
ing R-CHOP/R-DHAOx regimen was associated with a high 
mortality (25%) [72].

The PTLD-2 study confirmed previous observations from 
a multicenter, international retrospective analysis, which 
indicated that lack of response to rituximab (stable disease 
or progression) in the first stage of treatment is still a poor 
prognostic factor. Intensification of treatment to R-CHOP 
only improves the results to a limited extent (2-year OS of 
45%; 59% in the PTLD-2 study) [72, 105].

Recommendations
 ■ In cases of ineffective RIS in SOT-PTLD patients, se-

quential treatment should be used, with intensity ad-
justed to the response after initial treatment with rit-
uximab (RSST), i.e.:
• Stage 1: four doses of rituximab (days 1, 8, 15, 

and 22),
• Stage 2 (after assessment of treatment efficacy):

 — In patients who achieve CR in CT scan, or com-
plete metabolic response (CMR) in PET/CT scan, 
continuation of rituximab treatment (four doses 
every 21 days starting from day 50), a total of 
eight administrations (IIB).

 — In patients who achieve PR in CT scan and with 
low IPI (<3), rituximab monotherapy can also be 
continued, as in patients who achieved CR or 
CMR. However, there is no data regarding wheth-
er such a treatment strategy can be adopted in 
patients with partial metabolic remission (PMR) 
in PET/CT scan.

 — In remaining patients: intensification of R-CHOP 
regimen (four cycles every 21 days starting from 
day 50) (IIB).

 — In patients with progressive disease (PD) during 
rituximab monotherapy: immediate initiation 
of chemoimmunotherapy according to R-CHOP 
regimen.

Adoptive immunotherapy with EBV-positive 
PTLD

The prognosis of patients who are refractory to sequential 
therapy is very poor. Median survival is only 0.7 months in 
patients after allo-HCT, and 4.1 months in patients after 
SOT [106, 107].

In patients with EBV-positive PTLD, the salvage ther-
apy options include EBV-specific cytotoxic T-lymphocytes 
(EBV-CTLs) or donor lymphocyte infusion (DLI). Most data 
on these methods comes from studies with HCT-PTLD pa-
tients. In an analysis of 49 patients after allo-HCT with 
confirmed EBV-positive PTLD, 27 patients received DLI, 

17 were treated with EBV-CTLs, and in the remaining five 
patients both methods were used [108].

Lymphocytes for DLI were collected from hematopoietic 
cell donors, while for CTLs from hematopoietic cell donors 
or other donors. The lymphocyte dose was 1×106 CD3+  
+EBV-CTLs/kg of body weight (bw), administered intrave-
nously once a week for three weeks. In the case of DLI, 
the dose was 0.2–1 × 106 unselected CD3+ lymphocytes/ 
/kg bw and was administered once.

The use of these methods allowed for response in 73% 
of patients treated with DLI and in 68% of patients treat-
ed with EBV-CTLs. Acute graft-versus-host disease (GvHD) 
occurred in 17% of DLI recipients, but not at all in patients 
treated with EBV-CTLs. 

The efficacy of EBV-CTLs was also analyzed in a phase 
II study, which included patients with HCT-PTLD after pre-
vious failure of conventional therapies [109]. In this study, 
lymphocytes were obtained from a CTL bank and select-
ed individually for the patient based on the HLA assess-
ment (A, B, DR) and in vitro cytotoxicity tests. Patients re-
ceived a maximum of four doses of lymphocytes at weekly 
intervals, with a single dose of 1 × 106 CD3+ EBV-CTLs/ 
/kg bw. No treatment-related toxicity was observed during 
the study, and the ORR was 64% at 5 weeks and 52% at 
6 months.

Kazi et al. [110] summarized the results of CTLs treat-
ment in 59 patients. Lymphocytes were obtained from an 
independent third-party donor from a CTLs bank. The study 
group included 28 patients after allo-HCT and 20 after SOT. 
The remaining patients suffered from inborn errors of im-
munity, immune disorders secondary to immunosuppres-
sive therapy, EBV-positive T/NK cell lymphoma, or DLBCL 
of the elderly. The overall response rate (ORR) was 59%, 
including 46% for HCT-PTLD and 75% for SOT-PTLD, and 
CR was 18% and 50%, respectively. Median overall survival 
was 0.1 years for patients with HCT-PTLD and 3.87 years 
for SOT-PTLD.

One of the critical issues limiting the use of EBV-CTLs 
is their low availability [79]. A promising alternative is ta-
belecleucel (tab-cel, Ebvallo®), a commercially available 
allogeneic T lymphocyte product targeted at eliminating 
EBV-infected cells, referred to as ‘off-the-shelf’. In the phase 
III ALLELE study, the results of tab-cel treatment in a poor 
prognosis population were excellent. The estimated 1- and 
2-year survival rates in all treated patients were 65.8% 
(95% CI 53.6–75.5) and 57.8% (95% CI 45.4–68.5), re-
spectively. The 2-year OS rates in responders were 86.2% 
(95% CI 67.0–94.6) for CR, and 86.5% (95% CI 55.8–96.5) 
for PR [111].

Recommendations
 ■ The use of EBV-CTLs is recommended in the treatment 

of patients with EBV-PTLD after failure of conventional 
treatment methods (IIC).
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 ■ Tabelecleucel (Ebvallo®) is indicated as monotherapy 
for the treatment of adult and pediatric patients aged 
two and older with relapsed or refractory EBV-induced 
PTLD who have received at least one prior therapy (IIA). 
This treatment is currently available in Poland only within 
the Emergency Access to Drug Technology programme.

Treatment of selected monomorphic PTLDs 
CD20+ DLBCL-PTLD 

The first step in the treatment of patients with DLBCL-PTLD 
is RIS and initiation of sequential RSST in cases of failure 
of RIS. Alternatively, RIS and simultaneous initiation of  
RSST can be used in patients with a low probability  
of successful RIS [93].

Starting the treatment with immunochemotherapy with-
out previous rituximab monotherapy should be limited only 
to exceptionally aggressive cases, due to the high mortality 
associated with such a procedure [71, 93].

Recommendations
 ■ In most patients, the reduction of immunosuppression 

(RIS) is insufficient, and therefore it is necessary to si-
multaneously start sequential RSST (IIA).

 ■ It is recommended to use primary prophylaxis of febrile 
neutropenia during the use of R-CHOP (IIB).

 ■ Additionally, prophylaxis of Pneumocystis jiroveci infec-
tion is recommended (IVC).

Prevention of central nervous system  
involvement 

In patients considered to be at high risk of relapse in the 
CNS, the BCSH and BTS recommendations suggest imple-
menting prophylaxis according to the local guidelines [93, 
100]. In such cases, intrathecal prophylaxis with dexameth-
asone, methotrexate with or without cytosine arabinoside 
seems to be the preferred option, especially in patients with 
impaired liver or kidney function. This approach minimizes 
the risk of complications associated with the use of high-
dose methotrexate.

Recommendation
 ■ Prevention of CNS involvement (intrathecal treatment) 

in patients at high risk of recurrence (IVB).

cHL-PTLD

Data on the treatment of cHL-PTLD comes mainly from 
retrospective studies and case reports. In Rosenberg et 
al.’s analysis [112], which included the largest series to 
date of 192 patients with cHL-PTLD reported to the HL-PTLD 
Scientific Registry of Transplant Recipients, patients were 
treated primarily with RIS and protocols typical for classical 

Hodgkin lymphoma (cHL), such as ABVD or ABVD-like. Some 
patients (24%) received CHOP chemotherapy, and none of 
the patients received rituximab monotherapy. Eight patients 
(4%) received rituximab in combination with ChT.

The outcomes in cHL-PTLD patients were significant-
ly worse than in patients with non-PTLD classical Hod-
gkin lymphoma. The 5-year overall survival was 57% for  
cHL-PTLD and 78% for cHL. The poorer prognosis for cHL- 
-PTLD was due to both higher cHL-PTLD-related mortality 
(23% vs. 13% at 5 years) and higher mortality not relat-
ed to cHL-PTLD (20% vs. 6% at 6 years). The use of typi-
cal ChT protocols for cHL was associated with improved 
OS compared to CHOP regimen, other ‘non-typical’ cHL 
protocols, or no ChT. 

Median overall survival was as follows:
 ■ median not reached for typical protocols,
 ■ 93 months for CHOP,
 ■ 88 months for other protocols,
 ■ 15 months for patients not treated with ChT.

Similar differences were observed in DSS. Five-year 
DSS was:

 ■ 91% for typical protocols,
 ■ 68% for CHOP,
 ■ 72% for other protocols,
 ■ 53% for patients not treated with ChT (p <0.001).

The improved prognosis in the competing risks analy-
sis was due to the reduction in cHL-PTLD-related mortality.

Experience with new drugs in the treatment of cHL-
PTLD is currently limited to case reports reporting high effi-
cacy of brentuximab vedotin (Bv) monotherapy [113, 114].

It is also worth emphasizing that the use of immune 
checkpoint inhibitors (ICIs) in patients after SOT is a sig-
nificant challenge. In analysis by Portuguese et al. [115], 
summarizing the efficacy and safety of ICI therapy in pa-
tients after SOT treated for various cancers, it was found 
that 41.2% of patients experienced organ rejection, 23.5% 
experienced organ failure, and 18.5% experienced im-
mune-related adverse events [115].

Recommendations
 ■ Reduction in immunosuppression is recommended in 

patients with cHL-PTLD (IIIB).
 ■ Treatment protocols typical for classical Hodgkin lym-

phoma (cHL) should be used (IIIB).
 ■ Brentuximab vedotin in combination with AVD (Bv-AVD) 

should be used with caution due to the increased risk 
of infectious complications (IVC).

 ■ In cases of resistant disease, the use of brentuximab 
vedotin is recommended (IIIC).

Treatment of refractory/relapsed disease

There are no precise definitions for relapsed or refractory 
PTLD. This is partly due to the variety of PTLD subtypes 
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and differences in their treatment. As previously men-
tioned, PTLD therapy is multi-step, with adjustment of 
intensity based on the efficacy of prior treatment. In the 
management of monomorphic forms, criteria related to 
the treatment of non-transplant lymphomas are often 
applied.

Due to the difficulties in defining resistance, it is not 
possible to clearly define the therapeutic methods used in 
such cases. In later treatment stages, it is possible to use 
EBV-CTLs, but only in EBV-positive patients. There are also 
reports of the effective re-use of rituximab in patients after 
the failure of previous chemotherapy [116].

There have been a few reports of salvage chemo-
therapy used in this group of patients. Examples include 
the CE regimen (carboplatin, etoposide), administered 
to nine patients, and CHOP [116, 117]. Some patients 
may also be eligible for high-dose chemotherapy sup-
ported by autologous hematopoietic cell transplantation  
(auto-HCT) [118].

One of the most promising therapeutic options for 
EBV-positive PTLD is tabelecleucel, which is characterized 
by high efficacy and low toxicity [119]. Brentuximab vedotin 
has been shown to be effective in CD30+ PTLD, and it is 
also used outside cHL-PTLD [114].

In addition, there have been anecdotal reports of 
achieving response in patients with rituximab-resistant 
PTLD after the use of an anti-CD20 antibody (ofatumum-
ab), a PD1 inhibitor (nivolumab), or Bruton’s kinase inhib-
itors (ibrutinib and zanubrutinib) [120].

Role of auto-HCT in patients with SOT-PTLD

Auto-HCT in patients with SOT-PTLD is associated with 
a high risk of non-relapse mortality (NRM). Therefore, 
qualification for this type of therapy should be performed 
with the utmost caution. In the largest analysis published 
to date, by the European Society for Blood and Marrow 
Transplantation (EBMT), including only 21 patients with 
SOT-PTLD. 100-day non-relapse mortality was 14%, and 
1-year mortality was 24%. The main cause of death was 
infectious complications [121].

CAR-T therapy in PTLD

CAR-T therapy is a promising treatment option for refractory 
PTLD. Analysis of available published data, including 17 
PTLD patients treated with CAR-T, showed a high success 
rate (76.5%) [120], even in difficult cases such as lung 
transplantation [122]. In the RWE study, including 22 
patients, the overall response rate was 64%, with 55% of 
patients achieving CR. The 2-year progression-free survival 
and overall survival rates were 35% and 58%, respectively. 
Achieving CR with CAR-T therapy was strongly associated 
with improved survival.

In summary, the safety and efficacy of CD19 CAR-T ther-
apy in relapsed or refractory SOT-PTLD appear to be compa-
rable to the data from the pivotal CAR-T trials [123]. How-
ever, it should be noted that CAR-T therapy may increase 
the risk of graft rejection; in the RWE study, rejection oc-
curred in 14% of patients [123].

The efficacy of CAR-T in PTLD may also be limited by 
immunosuppression. Therefore, it is recommended to con-
sider temporary discontinuation of CNIs both before T-cell 
apheresis and after CAR-T administration [122].

Recommendations
 ■ Auto-HCT can be used in patients with refractory or re-

lapsed SOT-PTLD (classification IIIC).
 ■ CAR-T therapy is a therapeutic option for refractory or 

relapsed disease (classification IIIC).

Treatment of rare subtypes of PTLD

Burkitt lymphoma accounts for c.5% of PTLD cases. It is 
characterized by rapid growth, extranodal locations, and 
a high proliferative index [124, 125]. Despite many features 
overlapping with sporadic BL, there are some differences. 
This lymphoma is almost always EBV-positive. Previous 
analyses often found forms with 11q aberration but 
without MYC rearrangement [126]. According to the 2017 
WHO classification, as well as both 2022 classifications, 
these cases are no longer classified as BL and constitute 
a separate disease entity.

The largest series, including 20 patients with mono-
morphic Burkitt-type PTLD, suggests that rituximab mono-
therapy is insufficient in achieving durable remission  
(n = 3). Patients require ChT as treatment intensification. 
In total, 73% of patients (8/11) receiving a regimen similar 
to R-CHOP (R-CHOP, n = 9; EPOCH-R, n = 1; CHOP, n = 1)  
with concomitant RIS achieved CR. These results were com-
parable to those achieved with more intensive ChT com-
bined with RIS (LLA/LB97 protocol, n = 2; CODOX-M/IVAC,  
n = 1; Burkimab trial regimen, n = 3), where CR was 
achieved in 5/6 (83%) patients.

Similarly, superior results of Burkitt-PTLD treatment 
were reported in the subanalysis of the PTLD-1 study [125]. 
Data has also been published of R-CHOP regimen efficacy, 
as well as R-CE regimen (rituximab, carboplatin, etoposide) 
efficacy, in cases of refractory and recurrent disease [124].

The role of CNS prophylaxis with intrathecal methotrex-
ate administration remains unclear. Due to the aggressive 
clinical course and high proliferative index, simultaneous 
RIS and immunochemotherapy are recommended.

Primary central nervous system PTLD

Post-transplant lymphoproliferative disorders of the central 
nervous system accounts for approximately 10–20% of all 
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PTLD cases [127]. It is usually diagnosed within the first 
year after transplantation, most often with DLBCL mor-
phology and associated with EBV reactivation. Treatment 
involves RIS and regimens based on the combination of 
rituximab with systemic methotrexate (MTX) or high doses 
of cytosine arabinoside. However, the optimal sequence of 
therapy is not established [124]. The prognosis is usually 
unfavorable, but according to recent reports, the overall 
response rate is 55–75%, regardless of the therapy used, 
with median overall survival of 33–47 months [66, 93].

A major limitation in the treatment of PTLD with CNS 
involvement is renal function, which makes it difficult to 
use high doses of methotrexate (>3 g/m²) and increases 
the risk of transplant loss. In such cases, it is worth con-
sidering the use of glucarpidase in patients with delayed 
methotrexate elimination. In patients with impaired renal 
function or poor performance status (ECOG >2), in whom 
high doses of MTX cannot be used, RIS, rituximab mono-
therapy, and adjuvant RT are recommended. A promising 
therapeutic option for this group of patients consists of 
EBV-specific T lymphocytes (tabelecleucel) [111].

Plasmacytoma-like PTLD
Plasmacytoma-like PTLD is a rare form of PTLD, account-
ing for about 4% of all cases. It is characterized by the 
expression of the CD138 antigen in the absence of CD38 
expression. The disease rarely generalizes, most often 
without bone marrow involvement, with frequent extranodal 
locations. Recommended treatment includes RIS and radio-
therapy, which allow for long-term complete remission. In 
cases of generalized disease, RIS therapy has been shown 
to be effective in combination with PAD (bortezomib, doxo-
rubicin, dexamethasone) treatment [128]. The prognosis 
in this form of PTLD is good.

Plasmablastic PTLD
Plasmablastic PTLD is very rare (<1% of all cases). It de-
velops very late, a median of 12.8 years after transplan-
tation, mainly in HIV-infected patients. It is characterized 
by an aggressive course and resistance to RIS and local 
RT. Of patients treated with a CHOP regimen, complete 
remission was achieved by 3/8 (37.5%) [124]. Due to the 
high aggressiveness of this form of PTLD, RIS therapy is 
recommended in combination with CHOP-21 chemotherapy, 
supported by G-CSF use and prophylaxis of Pneumocystis 
jiroveci infection.

PTLD from T cells or NK cells
PTLD from T cells or NK cells is diagnosed late after 
transplantation (usually >5 years). Histopathologically, 
they encompass the entire spectrum of malignancies anal-
ogous to those occurring in the non-transplanted patient 
population. In most cases (90%), they are EBV-negative. 
The prognosis is poor, except for T-cell large granular 

lymphoma. Treatment includes RIS and standard protocols 
used in T- and NK-cell lymphomas, including CHOP [124]. 
In the case of resistance, therapy with L-asparaginase, 
vincristine and dexamethasone, or their combination with 
high doses of cytosine arabinoside, has been shown to 
be effective. In addition, individual patients have been 
successfully treated with bexarotene, lenalidomide and 
brentuximab vedotin [113]. A therapeutic alternative may 
be transplantation of autologous or allogeneic hemato-
poietic cells [74].

Recommendations regarding  
rare PTLD subtypes

 ■ All patients with rare PTLD subtypes should receive RIS 
as the initial treatment (IC).

 ■ Patients with rare PTLD subtypes may be offered treat-
ment similar to that used for analogous lymphomas, 
though with caution due to potential toxicity and co-
morbidity (IIC).

 ■ In patients with CNS-PTLD, RIS should be used with con-
current ChT combined with rituximab, provided there 
is proper function of the remaining organs (kidneys)

 ■ In patients who are not candidates for systemic treat-
ment, RT combined with rituximab may be considered 
(IIC).

 ■ In refractory patients, adoptive immunotherapy should 
be considered, if available (IIC).

Summary of recommendations in Polish 
conditions

Figure 1 presents a PTLD treatment algorithm, depending 
on the type and stage of the disease. In Polish conditions, 
the basic methods of therapy are reduction of immunosup-
pression (RIS), immunotherapy, and immunochemotherapy. 
Due to the limited availability of EBV-specific T lymphocytes 
(CTLs), this therapy is currently not commonly used or 
reimbursed. It is worth emphasizing however that CTLs 
were used in Poland for therapeutic purposes outside the 
transplant indications [129].

Follow-up after treatment completion
After completing therapy and assessing the response tai-
lored to the PTLD type, patients should be monitored every 
2–3 months for the first year after achieving treatment 
response, and then every 4–6 months, depending on their 
clinical situation. Due to a lack of clear guidelines, imaging 
tests should be performed based on the patient’s current 
clinical status.

Article information and declarations

Funding
None.



Acta Haematologica Polonica 2025, vol. 56, no. 2

www.journals.viamedica.pl/acta_haematologica_polonica14

Acknowledgments
None.

Authors’ contributions
BP, JD-S, JMZ prepared manuscript; BP, JD-S contributed 
equally. All authors contributed equally to this manuscript. 
All authors reviewed and approved final version of paper.

Conflict of interest
BP has been a consultant for Abbvie, Roche, and Sandoz, 
and has received honoraria and research funding from 
Abbvie, AstraZeneca, BeiGene Amgen, Gilead, Celgene, 
and Janssen-Cilag. 
JD-S has received honoraria from AbbVie, Roche, Janssen, 
AstraZeneca, SOBI, Takeda, BMS, Novartis, and Swixx; ad-
visory board meetings organized by Janssen-Cilag, Sanofi, 
AstraZeneca, Roche, and BeiGene; and travel grants from 
Sanofi-Aventis, Swixx, AbbVie, and AstraZeneca. 
AC, ELM declare no conflict of interest. 
LD has received honoraria from Gilead, Novartis, Abbvie, 
Roche, BMS, Takeda, Servier, and Pfizer; advisory board 
meetings organized by BMS, Takeda, Gilead, and Servier. 
SG has received honoraria from Abbvie, Roche, Janssen, 
AstraZeneca, SOBI, BMS, Novartis, Swixx, Zentiva, Bei-
Gene, Gilead, Amgen, and Pfizer; advisory board meetings 
organized by Abbvie, Roche, SOBI, AstraZeneca, Roche, 
BeiGene, Amgen, and Pfizer. 
TW has been a consultant for Janssen, Abbvie, BeiGene, 
AstraZeneca, Gilead, Janssen, Roche, and Takeda, and has 
received honoraria and research funding from Janssen, 

Abbvie, BeiGene, BMS, AstraZeneca, Roche, Sanofi, and 
Takeda. 
JS has received honoraria from Gilead, MSD, Novartis, Sa-
nofi, and AstraZeneca; advisory board meetings organized 
by AstraZeneca, Pfizer, MSD, and Moderna; and travel 
grants from MSD, Medac, Gilead, Roche and Abbvie. 
JMZ has received honoraria from Takeda, Roche and Ab-
bvie; advisory board meetings organized by Pierre Fabre 
Médicament, Takeda, BMS, Gilead, Novartis, Pfizer, Amgen, 
Roche, AstraZeneca and Abbvie; has received research 
funding from BMS; has received travel grants from Roche 
and Abbvie.

References

1. Quintanilla-Martinez L, Swerdlow SH, Tousseyn T, et al. New concepts 
in EBV-associated B, T, and NK cell lymphoproliferative disorders. 
Virchows Arch. 2023; 482(1): 227–244, doi: 10.1007/s00428-022-
03414-4, indexed in Pubmed: 36216980.

2. Alaggio R, Amador C, Anagnostopoulos I, et al. International Agency 
for Research on Cancer/World Health Organization. The 5th edition 
of the World Health Organization Classification of Haematolymphoid 
Tumours: Lymphoid Neoplasms. Leukemia. 2022; 36(7): 1720–1748, 
doi: 10.1038/s41375-022-01620-2, indexed in Pubmed: 35732829.

3. Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the World 
Health Organization classification of lymphoid neoplasms. Blood. 
2016; 127(20): 2375–2390, doi: 10.1182/blood-2016-01-643569, 
indexed in Pubmed: 26980727.

4. King RL, Khurana A, Mwangi R, et al. Clinicopathologic Character-
istics, Treatment, and Outcomes of Post-transplant Lymphoprolif-
erative Disorders: A Single-institution Experience Using 2017 WHO 

Figure 1. Illustrative scheme of prevention and treatment of post-transplant lymphoproliferative disorders (PTLD), modified after Trappe and 
Zimmerman [124]. In patients with DLBCL type PTLD who achieve PR in CT scan and have low IPI (<3), rituximab monotherapy can also be 
continued as in patients who achieved CR or CMR; ABVD — adriamycin, bleomycin, vinblastine, dacarbazine; CHOP — cyclophosphamide, 
doxorubicin, vincristine, prednisone; CNS — central nervous system; CR — complete response; DLBCL — diffuse large B-cell lymphoma; 
EBV — Epstein-Barr virus; G-CSF —granulocyte-colony stimulating factor; HD-MTX — high-dose methotrexate; PAD — bortezomib, doxorubicin, 
dexamethasone; R — rituximab; RIS — reduction of immunosuppression

PTLD 
associated 

with primary 
EBV

Infection EBV-related PTLD with EBV reactivation and EBV-unrelated PTLD

Antiviral 
therapy +

+ RIS

Reduction in immunosuppression

CD20-positive PTLD CD20-negative PTLD

Waiting for response Waiting for response

Localized 
changes – 

PTLD-DLBCL

Early 
changes

Polymorphic/monomorphic PTLD

DLBCL type PTLDPTLD
Burkitt type 

PTLD
PTLD in CNS

Plasmacytoma and Hodgkin lymphoma 
type PTLD

T-cell, B-cell and plasmablastic 
type PTLD

No CR

Four cycles 
with R

Stage I Stages II–IV Stages I–IV Stage I Stages II–IV
Plasmablastic and T-cell 

type PTLD

No CR No CR

Four cycles 
with R

Surgical resection/radiotherapy ± four 
cycles (R)-CHOP-21 + G-CSF

Sequential treatment Four cycles 
R+HD-MTX

or
Four cycles 
R+HD-AraC

or
Four cycles R

+ CNS 
radiotherapy

Radiotherapy
For plasmacytoma 

PTLD surgical 
resection

6-8 cycles 
CHOP-21 + G-CSF

Plasmacytoma 
PTLD 

4 x PAD
Hodgkin type PTLD 
4 x ABVD + G-CSF 

(further cycles 
in cases 

of response 
but no CR)

Four cycles 
with R

No CRCR

Four cycles 
with R

Four cycles 
(R)-CHOP-21 

+ G-CSF

http://dx.doi.org/10.1007/s00428-022-03414-4
http://dx.doi.org/10.1007/s00428-022-03414-4
https://www.ncbi.nlm.nih.gov/pubmed/36216980
http://dx.doi.org/10.1038/s41375-022-01620-2
https://www.ncbi.nlm.nih.gov/pubmed/35732829
http://dx.doi.org/10.1182/blood-2016-01-643569
https://www.ncbi.nlm.nih.gov/pubmed/26980727


www.journals.viamedica.pl/acta_haematologica_polonica 15

Puła B, et al. Recommendations for diagnosis and treatment of PTLD

Diagnostic Criteria. Hemasphere. 2021; 5(10): e640, doi: 10.1097/
HS9.0000000000000640, indexed in Pubmed: 34514344.

5. Adami J, Gäbel H, Lindelöf B, et al. Cancer risk following organ 
transplantation: a nationwide cohort study in Sweden. Br J Cancer. 
2003; 89(7): 1221–1227, doi: 10.1038/sj.bjc.6601219, indexed in 
Pubmed: 14520450.

6. Curtis RE, Travis LB, Rowlings PA, et al. Risk of lymphoproliferative dis-
orders after bone marrow transplantation: a multi-institutional study. 
Blood. 1999; 94(7): 2208–2216, indexed in Pubmed: 10498590.

7. Walker RC, Marshall WF, Strickler JG, et al. Pretransplantation As-
sessment of the Risk of Lymphoproliferative Disorder. Clinical In-
fectious Diseases. 1995; 20(5): 1346–1353, doi: 10.1093/cli-
nids/20.5.1346.

8. Opelz G, Henderson R. Incidence of non-Hodgkin lymphoma in kid-
ney and heart transplant recipients. Lancet. 1993; 342(8886-8887): 
1514–1516, doi: 10.1016/s0140-6736(05)80084-4, indexed in 
Pubmed: 7902900.

9. Cockfield SM, Preiksaitis JK, Jewell LD, et al. Post-transplant lymph-
oproliferative disorder in renal allograft recipients. Clinical experience 
and risk factor analysis in a single center. Transplantation. 1993; 
56(1): 88–96, doi: 10.1097/00007890-199307000-00016, indexed 
in Pubmed: 8333073.

10. Cockfield SM. Identifying the patient at risk for post-transplant 
lymphoproliferative disorder. Transpl Infect Dis. 2001; 3(2): 70– 
–78, doi: 10.1034/j.1399-3062.2001.003002070.x, indexed in 
Pubmed: 11395972.

11. Faull RJ, Hollett P, McDonald SP. Lymphoproliferative disease after 
renal transplantation in Australia and New Zealand. Transplantation. 
2005; 80(2): 193–197, doi: 10.1097/01.tp.0000165098.49658.f3, 
indexed in Pubmed: 16041263.

12. Posttransplant lymphoproliferative disease in thoracic organ transplant 
patients: ten years of cyclosporine-based immunosuppression. The 
Journal of heart and lung transplantation: the official publication of the 
International Society for Heart Transplantation. 1991; 10(6): 86–87.

13. Swinnen LJ, Costanzo-Nordin MR, Fisher SG, et al. Increased inci-
dence of lymphoproliferative disorder after immunosuppression 
with the monoclonal antibody OKT3 in cardiac-transplant recip-
ients. N Engl J Med. 1990; 323(25): 1723–1728, doi: 10.1056/
NEJM199012203232502, indexed in Pubmed: 2100991.

14. Aris RM, Maia DM, Neuringer IP, et al. Post-transplantation lymphop-
roliferative disorder in the Epstein-Barr virus-naïve lung transplant 
recipient. Am J Respir Crit Care Med. 1996; 154(6 Pt 1): 1712–1717, 
doi: 10.1164/ajrccm.154.6.8970360, indexed in Pubmed: 8970360.

15. Levine SM, Angel L, Anzueto A, et al. A low incidence of posttransplant 
lymphoproliferative disorder in 109 lung transplant recipients. Chest. 
1999; 116(5): 1273–1277, doi: 10.1378/chest.116.5.1273, indexed 
in Pubmed: 10559086.

16. Smith JM, Rudser K, Gillen D, et al. Risk of lymphoma after renal trans-
plantation varies with time: an analysis of the United States Renal Data 
System. Transplantation. 2006; 81(2): 175–180, doi: 10.1097/01.
tp.0000188687.18972.a8, indexed in Pubmed: 16436959.

17. Styczynski J, Gil L, Tridello G, et al. Infectious Diseases Working Party 
of the European Group for Blood and Marrow Transplantation. Re-
sponse to rituximab-based therapy and risk factor analysis in Epstein 
Barr Virus-related lymphoproliferative disorder after hematopoietic 
stem cell transplant in children and adults: a study from the Infectious 
Diseases Working Party of the European Group for Blood and Marrow 
Transplantation. Clin Infect Dis. 2013; 57(6): 794–802, doi: 10.1093/
cid/cit391, indexed in Pubmed: 23771985.

18. Lucas KG, Small TN, Heller G, et al. The development of cellular im-
munity to Epstein-Barr virus after allogeneic bone marrow transplanta-
tion. Blood. 1996; 87(6): 2594–2603, indexed in Pubmed: 8630428.

19. Meij P, van Esser JWJ, Niesters HGM, et al. Impaired recovery of 
Epstein-Barr virus (EBV)--specific CD8+ T lymphocytes after partially 
T-depleted allogeneic stem cell transplantation may identify patients 
at very high risk for progressive EBV reactivation and lymphoprolif-
erative disease. Blood. 2003; 101(11): 4290–4297, doi: 10.1182/
blood-2002-10-3001, indexed in Pubmed: 12576337.

20. Durrbach A, Pestana JM, Pearson T, et al. A phase III study of be-
latacept versus cyclosporine in kidney transplants from extended 
criteria donors (BENEFIT-EXT study). Am J Transplant. 2010; 10(3): 
547–557, doi: 10.1111/j.1600-6143.2010.03016.x, indexed in 
Pubmed: 20415898.

21. Vincenti F, Larsen C, Durrbach A, et al. Belatacept Study Group. 
Costimulation blockade with belatacept in renal transplantation.  
N Engl J Med. 2005; 353(8): 770–781, doi: 10.1056/NEJ-
Moa050085, indexed in Pubmed: 16120857.

22. Vincenti F, Mendez R, Pescovitz M, et al. A phase I/II randomized 
open-label multicenter trial of efalizumab, a humanized anti-CD11a, 
anti-LFA-1 in renal transplantation. Am J Transplant. 2007; 7(7): 
1770–1777, doi: 10.1111/j.1600-6143.2007.01845.x, indexed in 
Pubmed: 17564637.

23. Opelz G, Naujokat C, Daniel V, et al. Disassociation between risk 
of graft loss and risk of non-Hodgkin lymphoma with induction 
agents in renal transplant recipients. Transplantation. 2006; 81(9): 
1227–1233, doi: 10.1097/01.tp.0000219817.18049.36, indexed in 
Pubmed: 16699447.

24. Landgren O, Gilbert ES, Rizzo JD, et al. Risk factors for lymphop-
roliferative disorders after allogeneic hematopoietic cell trans-
plantation. Blood. 2009; 113(20): 4992–5001, doi: 10.1182/
blood-2008-09-178046, indexed in Pubmed: 19264919.

25. Funch DP, Ko HH, Travasso J, et al. Posttransplant lymphoprolifera-
tive disorder among renal transplant patients in relation to the use 
of mycophenolate mofetil. Transplantation. 2005; 80(9): 1174– 
–1180, doi: 10.1097/01.tp.0000169035.10572.c6, indexed in 
Pubmed: 16314782.

26. Kirk AD, Cherikh WS, Ring M, et al. Dissociation of depletional in-
duction and posttransplant lymphoproliferative disease in kidney re-
cipients treated with alemtuzumab. Am J Transplant. 2007; 7(11): 
2619–2625, doi: 10.1111/j.1600-6143.2007.01972.x, indexed in 
Pubmed: 17868060.

27. McDonald RA, Smith JM, Ho M, et al. CCTPT Study Group. Incidence 
of PTLD in pediatric renal transplant recipients receiving basiliximab, 
calcineurin inhibitor, sirolimus and steroids. Am J Transplant. 2008; 
8(5): 984–989, doi: 10.1111/j.1600-6143.2008.02167.x, indexed 
in Pubmed: 18416737.

28. Shahinian VB, Muirhead N, Jevnikar AM, et al. Epstein-Barr virus 
seronegativity is a risk factor for late-onset posttransplant lymphoro-
liferative disorder in adult renal allograft recipients. Transplantation. 
2003; 75(6): 851–856, doi: 10.1097/01.TP.0000055098.96022.F7, 
indexed in Pubmed: 12660514.

29. Zangwill SD, Hsu DT, Kichuk MR, et al. Jr., Incidence and outcome of 
primary Epstein-Barr virus infection and lymphoproliferative disease 
in pediatric heart transplant recipients. The Journal of heart and lung 
transplantation : the official publication of the International Society for 
Heart Transplantation. 1998; 17(12): 1161–6.

30. Caillard S, Cellot E, Dantal J, et al. French PTLD Registry. A French Co-
hort Study of Kidney Retransplantation after Post-Transplant Lymph-

http://dx.doi.org/10.1097/HS9.0000000000000640
http://dx.doi.org/10.1097/HS9.0000000000000640
https://www.ncbi.nlm.nih.gov/pubmed/34514344
http://dx.doi.org/10.1038/sj.bjc.6601219
https://www.ncbi.nlm.nih.gov/pubmed/14520450
https://www.ncbi.nlm.nih.gov/pubmed/10498590
http://dx.doi.org/10.1093/clinids/20.5.1346
http://dx.doi.org/10.1093/clinids/20.5.1346
http://dx.doi.org/10.1016/s0140-6736(05)80084-4
https://www.ncbi.nlm.nih.gov/pubmed/7902900
http://dx.doi.org/10.1097/00007890-199307000-00016
https://www.ncbi.nlm.nih.gov/pubmed/8333073
http://dx.doi.org/10.1034/j.1399-3062.2001.003002070.x
https://www.ncbi.nlm.nih.gov/pubmed/11395972
http://dx.doi.org/10.1097/01.tp.0000165098.49658.f3
https://www.ncbi.nlm.nih.gov/pubmed/16041263
http://dx.doi.org/10.1056/NEJM199012203232502
http://dx.doi.org/10.1056/NEJM199012203232502
https://www.ncbi.nlm.nih.gov/pubmed/2100991
http://dx.doi.org/10.1164/ajrccm.154.6.8970360
https://www.ncbi.nlm.nih.gov/pubmed/8970360
http://dx.doi.org/10.1378/chest.116.5.1273
https://www.ncbi.nlm.nih.gov/pubmed/10559086
http://dx.doi.org/10.1097/01.tp.0000188687.18972.a8
http://dx.doi.org/10.1097/01.tp.0000188687.18972.a8
https://www.ncbi.nlm.nih.gov/pubmed/16436959
http://dx.doi.org/10.1093/cid/cit391
http://dx.doi.org/10.1093/cid/cit391
https://www.ncbi.nlm.nih.gov/pubmed/23771985
https://www.ncbi.nlm.nih.gov/pubmed/8630428
http://dx.doi.org/10.1182/blood-2002-10-3001
http://dx.doi.org/10.1182/blood-2002-10-3001
https://www.ncbi.nlm.nih.gov/pubmed/12576337
http://dx.doi.org/10.1111/j.1600-6143.2010.03016.x
https://www.ncbi.nlm.nih.gov/pubmed/20415898
http://dx.doi.org/10.1056/NEJMoa050085
http://dx.doi.org/10.1056/NEJMoa050085
https://www.ncbi.nlm.nih.gov/pubmed/16120857
http://dx.doi.org/10.1111/j.1600-6143.2007.01845.x
https://www.ncbi.nlm.nih.gov/pubmed/17564637
http://dx.doi.org/10.1097/01.tp.0000219817.18049.36
https://www.ncbi.nlm.nih.gov/pubmed/16699447
http://dx.doi.org/10.1182/blood-2008-09-178046
http://dx.doi.org/10.1182/blood-2008-09-178046
https://www.ncbi.nlm.nih.gov/pubmed/19264919
http://dx.doi.org/10.1097/01.tp.0000169035.10572.c6
https://www.ncbi.nlm.nih.gov/pubmed/16314782
http://dx.doi.org/10.1111/j.1600-6143.2007.01972.x
https://www.ncbi.nlm.nih.gov/pubmed/17868060
http://dx.doi.org/10.1111/j.1600-6143.2008.02167.x
https://www.ncbi.nlm.nih.gov/pubmed/18416737
http://dx.doi.org/10.1097/01.TP.0000055098.96022.F7
https://www.ncbi.nlm.nih.gov/pubmed/12660514


Acta Haematologica Polonica 2025, vol. 56, no. 2

www.journals.viamedica.pl/acta_haematologica_polonica16

oproliferative Disorders. Clin J Am Soc Nephrol. 2017; 12(10): 1663– 
–1670, doi: 10.2215/CJN.03790417, indexed in Pubmed: 28818847.

31. Petrara MR, Giunco S, Serraino D, et al. Post-transplant lymphop-
roliferative disorders: from epidemiology to pathogenesis-driven 
treatment. Cancer Lett. 2015; 369(1): 37–44, doi: 10.1016/j.can-
let.2015.08.007, indexed in Pubmed: 26279520.

32. Murata T, Sugimoto A, Inagaki T, et al. Molecular Basis of Epstein-Barr 
Virus Latency Establishment and Lytic Reactivation. Viruses. 2021; 
13(12), doi: 10.3390/v13122344, indexed in Pubmed: 34960613.

33. Nagle SJ, Reshef R, Tsai DE. Posttransplant Lymphoproliferative Disor-
der in Solid Organ and Hematopoietic Stem Cell Transplantation. Clin 
Chest Med. 2017; 38(4): 771–783, doi: 10.1016/j.ccm.2017.08.001, 
indexed in Pubmed: 29128025.

34. Mosialos G, Birkenbach M, Yalamanchili R, et al. The Epstein-Barr 
virus transforming protein LMP1 engages signaling proteins for the 
tumor necrosis factor receptor family. Cell. 1995; 80(3): 389–399, 
doi: 10.1016/0092-8674(95)90489-1, indexed in Pubmed: 7859281.

35. Izumi KM, Kaye KM, Kieff ED. The Epstein-Barr virus LMP1 amino acid 
sequence that engages tumor necrosis factor receptor associated 
factors is critical for primary B lymphocyte growth transformation. 
Proc Natl Acad Sci U S A. 1997; 94(4): 1447–1452, doi: 10.1073/
pnas.94.4.1447, indexed in Pubmed: 9037073.

36. Liebowitz D. Epstein-Barr virus and a cellular signaling pathway in 
lymphomas from immunosuppressed patients. N Engl J Med. 1998; 
338(20): 1413–1421, doi: 10.1056/NEJM199805143382003, in-
dexed in Pubmed: 9580648.

37. Kaiser C, Laux G, Eick D, et al. The proto-oncogene c-myc is a direct 
target gene of Epstein-Barr virus nuclear antigen 2. J Virol. 1999; 
73(5): 4481–4484, doi: 10.1128/JVI.73.5.4481-4484.1999, in-
dexed in Pubmed: 10196351.

38. Szymula A, Palermo RD, Bayoumy A, et al. Correction: Epstein-Barr 
virus nuclear antigen EBNA-LP is essential for transforming naïve B 
cells, and facilitates recruitment of transcription factors to the viral 
genome. PLoS Pathog. 2019; 15(2): e1007403, doi: 10.1371/journal.
ppat.1007403, indexed in Pubmed: 30789958.

39. Zhang B, Kracker S, Yasuda T, et al. Immune surveillance and 
therapy of lymphomas driven by Epstein-Barr virus protein LMP1 
in a mouse model. Cell. 2012; 148(4): 739–751, doi: 10.1016/j.
cell.2011.12.031, indexed in Pubmed: 22341446.

40. Parker A, Bowles K, Bradley JA, et al. Haemato-oncology Task Force of 
the British Committee for Standards in Haematology and British Trans-
plantation Society, Haemato-oncology Task Force of the British Com-
mittee for Standards in Haematology and British Transplantation So-
ciety. Diagnosis of post-transplant lymphoproliferative disorder in solid 
organ transplant recipients - BCSH and BTS Guidelines. Br J Haematol. 
2010; 149(5): 675–692, doi: 10.1111/j.1365-2141.2010.08161.x, 
indexed in Pubmed: 20408847.

41. Styczynski J, van der Velden W, Fox CP, et al. Sixth European Con-
ference on Infections in Leukemia, a joint venture of the Infectious 
Diseases Working Party of the European Society of Blood and Marrow 
Transplantation (EBMT-IDWP), the Infectious Diseases Group of the 
European Organization for Research and Treatment of Cancer (EO-
RTC-IDG), the International Immunocompromised Host Society (ICHS) 
and the European Leukemia Net (ELN). Management of Epstein-Barr 
Virus infections and post-transplant lymphoproliferative disorders in 
patients after allogeneic hematopoietic stem cell transplantation: 
Sixth European Conference on Infections in Leukemia (ECIL-6) guide-
lines. Haematologica. 2016; 101(7): 803–811, doi: 10.3324/haema-
tol.2016.144428, indexed in Pubmed: 27365460.

42. Gupta D, Mendonca S, Chakraborty S, et al. Post Transplant Lymph-
oproliferative Disorder. Indian J Hematol Blood Transfus. 2020; 
36(2): 229–237, doi: 10.1007/s12288-019-01182-x, indexed in 
Pubmed: 32425371.

43. WHO Classification of Tumours of Haematopoietic and Lymphoid 
Tissues: IARC; 2017. https://www.iarc.who.int/news-events/
who-classification-of-tumours-of-haematopoietic-and-lymphoid-tis-
sues-2/.

44. Paya CV, Fung JJ, Nalesnik MA, et al. Epstein-Barr virus-induced 
posttransplant lymphoproliferative disorders. ASTS/ASTP EBV-PTLD 
Task Force and The Mayo Clinic Organized International Consen-
sus Development Meeting. Transplantation. 1999; 68(10): 1517– 
–1525, doi: 10.1097/00007890-199911270-00015, indexed in 
Pubmed: 10589949.

45. EBPG Expert Group on Renal Transplantation. European best prac-
tice guidelines for renal transplantation. Section IV: Long-term 
management of the transplant recipient. IV.6.1. Cancer risk after 
renal transplantation. Post-transplant lymphoproliferative disease 
(PTLD): prevention and treatment. Nephrol Dial Transplant. 2002; 
17 Suppl 4: 31–3, 35, doi: 10.1093/ndt/17.suppl_4.31, indexed in 
Pubmed: 12091638.

46. Caillard S, Agodoa LY, Bohen EM, et al. Myeloma, Hodgkin dis-
ease, and lymphoid leukemia after renal transplantation: charac-
teristics, risk factors and prognosis. Transplantation. 2006; 81(6): 
888–895, doi: 10.1097/01.tp.0000203554.54242.56, indexed in 
Pubmed: 16570013.

47. Wang TF, Klein JL, Woodard PK, et al. Plasmacytoma-like post-trans-
plantation lymphoproliferative disease occurring in a cardiac al-
lograft: a case report and review of the literature. J Clin Oncol. 2012; 
30(27): e278–e282, doi: 10.1200/JCO.2011.39.5855, indexed in 
Pubmed: 22711849.

48. Mbulaiteye SM, Clarke CA, Morton LM, et al. Burkitt lympho-
ma risk in U.S. solid organ transplant recipients. Am J Hematol. 
2013; 88(4): 245–250, doi: 10.1002/ajh.23385, indexed in 
Pubmed: 23386365.

49. Leblond V, Sutton L, Dorent R, et al. Lymphoproliferative disor-
ders after organ transplantation: a report of 24 cases observed in 
a single center. J Clin Oncol. 1995; 13(4): 961–968, doi: 10.1200/
JCO.1995.13.4.961, indexed in Pubmed: 7707124.

50. Draoua HY, Tsao L, Mancini DM, et al. T-cell post-transplanta-
tion lymphoproliferative disorders after cardiac transplantation: 
a single institutional experience. Br J Haematol. 2004; 127(4): 
429–432, doi: 10.1111/j.1365-2141.2004.05212.x, indexed in 
Pubmed: 15521920.

51. Rajakariar R, Bhattacharyya M, Norton A, et al. Post transplant 
T-cell lymphoma: a case series of four patients from a single unit 
and review of the literature. Am J Transplant. 2004; 4(9): 1534– 
–1538, doi: 10.1111/j.1600-6143.2004.00521.x, indexed in 
Pubmed: 15307843.

52. Barba T, Bachy E, Maarek A, et al. Characteristics of T- and NK-
cell Lymphomas After Renal Transplantation: A French Nation-
al Multicentric Cohort Study. Transplantation. 2021; 105(8): 
1858–1868, doi: 10.1097/TP.0000000000003568, indexed in 
Pubmed: 33560724.

53. Tsai DE, Douglas L, Andreadis C, et al. EBV PCR in the diagnosis 
and monitoring of posttransplant lymphoproliferative disorder: re-
sults of a two-arm prospective trial. Am J Transplant. 2008; 8(5): 
1016–1024, doi: 10.1111/j.1600-6143.2008.02183.x, indexed in 
Pubmed: 18312608.

http://dx.doi.org/10.2215/CJN.03790417
https://www.ncbi.nlm.nih.gov/pubmed/28818847
http://dx.doi.org/10.1016/j.canlet.2015.08.007
http://dx.doi.org/10.1016/j.canlet.2015.08.007
https://www.ncbi.nlm.nih.gov/pubmed/26279520
http://dx.doi.org/10.3390/v13122344
https://www.ncbi.nlm.nih.gov/pubmed/34960613
http://dx.doi.org/10.1016/j.ccm.2017.08.001
https://www.ncbi.nlm.nih.gov/pubmed/29128025
http://dx.doi.org/10.1016/0092-8674(95)90489-1
https://www.ncbi.nlm.nih.gov/pubmed/7859281
http://dx.doi.org/10.1073/pnas.94.4.1447
http://dx.doi.org/10.1073/pnas.94.4.1447
https://www.ncbi.nlm.nih.gov/pubmed/9037073
http://dx.doi.org/10.1056/NEJM199805143382003
https://www.ncbi.nlm.nih.gov/pubmed/9580648
http://dx.doi.org/10.1128/JVI.73.5.4481-4484.1999
https://www.ncbi.nlm.nih.gov/pubmed/10196351
http://dx.doi.org/10.1371/journal.ppat.1007403
http://dx.doi.org/10.1371/journal.ppat.1007403
https://www.ncbi.nlm.nih.gov/pubmed/30789958
http://dx.doi.org/10.1016/j.cell.2011.12.031
http://dx.doi.org/10.1016/j.cell.2011.12.031
https://www.ncbi.nlm.nih.gov/pubmed/22341446
http://dx.doi.org/10.1111/j.1365-2141.2010.08161.x
https://www.ncbi.nlm.nih.gov/pubmed/20408847
http://dx.doi.org/10.3324/haematol.2016.144428
http://dx.doi.org/10.3324/haematol.2016.144428
https://www.ncbi.nlm.nih.gov/pubmed/27365460
http://dx.doi.org/10.1007/s12288-019-01182-x
https://www.ncbi.nlm.nih.gov/pubmed/32425371
https://www.iarc.who.int/news-events/who-classification-of-tumours-of-haematopoietic-and-lymphoid-tissues-2/
https://www.iarc.who.int/news-events/who-classification-of-tumours-of-haematopoietic-and-lymphoid-tissues-2/
https://www.iarc.who.int/news-events/who-classification-of-tumours-of-haematopoietic-and-lymphoid-tissues-2/
http://dx.doi.org/10.1097/00007890-199911270-00015
https://www.ncbi.nlm.nih.gov/pubmed/10589949
http://dx.doi.org/10.1093/ndt/17.suppl_4.31
https://www.ncbi.nlm.nih.gov/pubmed/12091638
http://dx.doi.org/10.1097/01.tp.0000203554.54242.56
https://www.ncbi.nlm.nih.gov/pubmed/16570013
http://dx.doi.org/10.1200/JCO.2011.39.5855
https://www.ncbi.nlm.nih.gov/pubmed/22711849
http://dx.doi.org/10.1002/ajh.23385
https://www.ncbi.nlm.nih.gov/pubmed/23386365
http://dx.doi.org/10.1200/JCO.1995.13.4.961
http://dx.doi.org/10.1200/JCO.1995.13.4.961
https://www.ncbi.nlm.nih.gov/pubmed/7707124
http://dx.doi.org/10.1111/j.1365-2141.2004.05212.x
https://www.ncbi.nlm.nih.gov/pubmed/15521920
http://dx.doi.org/10.1111/j.1600-6143.2004.00521.x
https://www.ncbi.nlm.nih.gov/pubmed/15307843
http://dx.doi.org/10.1097/TP.0000000000003568
https://www.ncbi.nlm.nih.gov/pubmed/33560724
http://dx.doi.org/10.1111/j.1600-6143.2008.02183.x
https://www.ncbi.nlm.nih.gov/pubmed/18312608


www.journals.viamedica.pl/acta_haematologica_polonica 17

Puła B, et al. Recommendations for diagnosis and treatment of PTLD

54. Wagner HJ, Wessel M, Jabs W, et al. Patients at risk for development of 
posttransplant lymphoproliferative disorder: plasma versus peripheral 
blood mononuclear cells as material for quantification of Epstein-Barr 
viral load by using real-time quantitative polymerase chain reaction. 
Transplantation. 2001; 72(6): 1012–1019, doi: 10.1097/00007890-
200109270-00006, indexed in Pubmed: 11579293.

55. Baldanti F, Rognoni V, Cascina A, et al. Post-transplant lymphoprolif-
erative disorders and Epstein-Barr virus DNAemia in a cohort of lung 
transplant recipients. Virol J. 2011; 8: 421, doi: 10.1186/1743-422X-
8-421, indexed in Pubmed: 21892950.

56. Shimizu H, Saitoh T, Koya H, et al. Discrepancy in EBV-DNA load 
between peripheral blood and cerebrospinal fluid in a patient with iso-
lated CNS post-transplant lymphoproliferative disorder. Int J Hematol. 
2011; 94(5): 495–498, doi: 10.1007/s12185-011-0951-3, indexed 
in Pubmed: 22038015.

57. Sirvent-Von Bueltzingsloewen A, Morand P, Buisson M, et al. A pro-
spective study of Epstein-Barr virus load in 85 hematopoietic stem 
cell transplants. Bone Marrow Transplant. 2002; 29(1): 21–28, 
doi: 10.1038/sj.bmt.1703331, indexed in Pubmed: 11840140.

58. van Esser JW, Niesters HG, Thijsen SF, et al. Molecular quantification 
of viral load in plasma allows for fast and accurate prediction of re-
sponse to therapy of Epstein-Barr virus-associated lymphoproliferative 
disease after allogeneic stem cell transplantation. Br J Haematol. 
2001; 113(3): 814–821, doi: 10.1046/j.1365-2141.2001.02789.x, 
indexed in Pubmed: 11380475.

59. Bakker NA, Pruim J, de Graaf W, et al. PTLD visualization by FDG-PET: 
improved detection of extranodal localizations. Am J Transplant. 2006; 
6(8): 1984–1985, doi: 10.1111/j.1600-6143.2006.01459.x, indexed 
in Pubmed: 16889556.

60. Dierickx D, Tousseyn T, Requilé A, et al. The accuracy of positron emis-
sion tomography in the detection of posttransplant lymphoproliferative 
disorder. Haematologica. 2013; 98(5): 771–775, doi: 10.3324/hae-
matol.2012.074500, indexed in Pubmed: 23065524.

61. Kim DH, Kim SJ, Kim DH, et al. Diagnostic performances of F-18 FDG 
PET or PET/CT for detection of post-transplant lymphoproliferative 
disorder: a systematic review and meta-analysis. Nucl Med Commun. 
2020; 41(6): 533–539, doi: 10.1097/MNM.0000000000001194, 
indexed in Pubmed: 32282633.

62. Ballova V, Muoio B, Albano D, et al. Diagnostic Performance of F-FDG 
PET or PET/CT for Detection of Post-Transplant Lymphoproliferative 
Disorder: A Systematic Review and a Bivariate Meta-Analysis. Diag-
nostics (Basel). 2020; 10(2), doi: 10.3390/diagnostics10020101, 
indexed in Pubmed: 32059610.

63. Montes de Jesus FM, Kwee TC, Nijland M, et al. Performance of advanced 
imaging modalities at diagnosis and treatment response evaluation of 
patients with post-transplant lymphoproliferative disorder: A systematic 
review and meta-analysis. Crit Rev Oncol Hematol. 2018; 132: 27–38, 
doi: 10.1016/j.critrevonc.2018.09.007, indexed in Pubmed: 30447925.

64. Montes de Jesus FM, Kwee TC, Kahle XU, et al. Diagnostic perfor-
mance of FDG-PET/CT of post-transplant lymphoproliferative disorder 
and factors affecting diagnostic yield. Eur J Nucl Med Mol Imaging. 
2020; 47(3): 529–536, doi: 10.1007/s00259-019-04481-7, indexed 
in Pubmed: 31444510.

65. Gheysens O, Thielemans S, Morscio J, et al. Detection of bone marrow 
involvement in newly diagnosed post-transplant lymphoproliferative 
disorder: (18)F-fluorodeoxyglucose positron emission tomography/ 
/computed tomography versus bone marrow biopsy. Leuk Lymphoma. 
2016; 57(10): 2382–2388, doi: 10.3109/10428194.2016.114016, 
indexed in Pubmed: 26854937.

66. Cavaliere R, Petroni G, Lopes MB, et al. International Primary Cen-
tral Nervous System Lymphoma Collaborative Group. Primary central 
nervous system post-transplantation lymphoproliferative disorder: an 
International Primary Central Nervous System Lymphoma Collabora-
tive Group Report. Cancer. 2010; 116(4): 863–870, doi: 10.1002/
cncr.24834, indexed in Pubmed: 20052713.

67. Barrington SF, Mikhaeel NG, Kostakoglu L, et al. Role of imaging 
in the staging and response assessment of lymphoma: consensus 
of the International Conference on Malignant Lymphomas Imaging  
Working Group. J Clin Oncol. 2014; 32(27): 3048–3058, doi: 10.1200/
JCO.2013.53.5229, indexed in Pubmed: 25113771.

68. Cheson BD, Fisher RI, Barrington SF, et al. Alliance, Australasian 
Leukaemia and Lymphoma Group, Eastern Cooperative Oncology 
Group, European Mantle Cell Lymphoma Consortium, Italian Lym-
phoma Foundation, European Organisation for Research, Treatment 
of Cancer/Dutch Hemato-Oncology Group, Grupo Español de Médula 
Ósea, German High-Grade Lymphoma Study Group, German Hod-
gkin’s Study Group, Japanese Lymphorra Study Group, Lymphoma 
Study Association, NCIC Clinical Trials Group, Nordic Lymphoma Study 
Group, Southwest Oncology Group, United Kingdom National Cancer 
Research Institute. Recommendations for initial evaluation, staging, 
and response assessment of Hodgkin and non-Hodgkin lymphoma: 
the Lugano classification. J Clin Oncol. 2014; 32(27): 3059–3068, 
doi: 10.1200/JCO.2013.54.8800, indexed in Pubmed: 25113753.

69. Rajkumar SV, Dimopoulos MA, Palumbo A, et al. International My-
eloma Working Group updated criteria for the diagnosis of multiple 
myeloma. Lancet Oncol. 2014; 15(12): e538–e548, doi: 10.1016/
S1470-2045(14)70442-5, indexed in Pubmed: 25439696.

70. Szulgo A, Starzec W, Zaucha JM. Aktualne rekomendacje dotyczące 
diagnostyki i leczenia potransplantacyjnych zespołów limfoprolifera-
cyjnych. Hematologia. 2012; 3: 127–35.

71. Trappe RU, Dierickx D, Zimmermann H, et al. Response to Rituximab 
Induction Is a Predictive Marker in B-Cell Post-Transplant Lymphopro-
liferative Disorder and Allows Successful Stratification Into Rituximab 
or R-CHOP Consolidation in an International, Prospective, Multicenter 
Phase II Trial. J Clin Oncol. 2017; 35(5): 536–543, doi: 10.1200/
JCO.2016.69.3564, indexed in Pubmed: 27992268.

72. Zimmermann H, Koenecke C, Dreyling MH, et al. Modified risk-strat-
ified sequential treatment (subcutaneous rituximab with or without 
chemotherapy) in B-cell Post-transplant lymphoproliferative disor-
der (PTLD) after Solid organ transplantation (SOT): the prospec-
tive multicentre phase II PTLD-2 trial. Leukemia. 2022; 36(10): 
2468–2478, doi: 10.1038/s41375-022-01667-1, indexed in 
Pubmed: 35974101.

73. Trappe R, Oertel S, Leblond V, et al. German PTLD Study Group, Euro-
pean PTLD Network. Sequential treatment with rituximab followed by 
CHOP chemotherapy in adult B-cell post-transplant lymphoprolifera-
tive disorder (PTLD): the prospective international multicentre phase 
2 PTLD-1 trial. Lancet Oncol. 2012; 13(2): 196–206, doi: 10.1016/
S1470-2045(11)70300-X, indexed in Pubmed: 22173060.

74. Major A, Kamdar M. Management of Non-Diffuse Large B Cell Lympho-
ma Post-Transplant Lymphoproliferative Disorder. Curr Treat Options 
Oncol. 2018; 19(7): 33, doi: 10.1007/s11864-018-0549-6, indexed 
in Pubmed: 29797086.

75. Dharnidharka VR, Martz KL, Stablein DM, et al. Improved surviv-
al with recent Post-Transplant Lymphoproliferative Disorder (PTLD) 
in children with kidney transplants. Am J Transplant. 2011; 11(4): 
751–758, doi: 10.1111/j.1600-6143.2011.03470.x, indexed in 
Pubmed: 21446977.

http://dx.doi.org/10.1097/00007890-200109270-00006
http://dx.doi.org/10.1097/00007890-200109270-00006
https://www.ncbi.nlm.nih.gov/pubmed/11579293
http://dx.doi.org/10.1186/1743-422X-8-421
http://dx.doi.org/10.1186/1743-422X-8-421
https://www.ncbi.nlm.nih.gov/pubmed/21892950
http://dx.doi.org/10.1007/s12185-011-0951-3
https://www.ncbi.nlm.nih.gov/pubmed/22038015
http://dx.doi.org/10.1038/sj.bmt.1703331
https://www.ncbi.nlm.nih.gov/pubmed/11840140
http://dx.doi.org/10.1046/j.1365-2141.2001.02789.x
https://www.ncbi.nlm.nih.gov/pubmed/11380475
http://dx.doi.org/10.1111/j.1600-6143.2006.01459.x
https://www.ncbi.nlm.nih.gov/pubmed/16889556
http://dx.doi.org/10.3324/haematol.2012.074500
http://dx.doi.org/10.3324/haematol.2012.074500
https://www.ncbi.nlm.nih.gov/pubmed/23065524
http://dx.doi.org/10.1097/MNM.0000000000001194
https://www.ncbi.nlm.nih.gov/pubmed/32282633
http://dx.doi.org/10.3390/diagnostics10020101
https://www.ncbi.nlm.nih.gov/pubmed/32059610
http://dx.doi.org/10.1016/j.critrevonc.2018.09.007
https://www.ncbi.nlm.nih.gov/pubmed/30447925
http://dx.doi.org/10.1007/s00259-019-04481-7
https://www.ncbi.nlm.nih.gov/pubmed/31444510
http://dx.doi.org/10.3109/10428194.2016.1140162
https://www.ncbi.nlm.nih.gov/pubmed/26854937
http://dx.doi.org/10.1002/cncr.24834
http://dx.doi.org/10.1002/cncr.24834
https://www.ncbi.nlm.nih.gov/pubmed/20052713
http://dx.doi.org/10.1200/JCO.2013.53.5229
http://dx.doi.org/10.1200/JCO.2013.53.5229
https://www.ncbi.nlm.nih.gov/pubmed/25113771
http://dx.doi.org/10.1200/JCO.2013.54.8800
https://www.ncbi.nlm.nih.gov/pubmed/25113753
http://dx.doi.org/10.1016/S1470-2045(14)70442-5
http://dx.doi.org/10.1016/S1470-2045(14)70442-5
https://www.ncbi.nlm.nih.gov/pubmed/25439696
http://dx.doi.org/10.1200/JCO.2016.69.3564
http://dx.doi.org/10.1200/JCO.2016.69.3564
https://www.ncbi.nlm.nih.gov/pubmed/27992268
http://dx.doi.org/10.1038/s41375-022-01667-1
https://www.ncbi.nlm.nih.gov/pubmed/35974101
http://dx.doi.org/10.1016/S1470-2045(11)70300-X
http://dx.doi.org/10.1016/S1470-2045(11)70300-X
https://www.ncbi.nlm.nih.gov/pubmed/22173060
http://dx.doi.org/10.1007/s11864-018-0549-6
https://www.ncbi.nlm.nih.gov/pubmed/29797086
http://dx.doi.org/10.1111/j.1600-6143.2011.03470.x
https://www.ncbi.nlm.nih.gov/pubmed/21446977


Acta Haematologica Polonica 2025, vol. 56, no. 2

www.journals.viamedica.pl/acta_haematologica_polonica18

76. Caillard S, Porcher R, Provot F, et al. Post-transplantation lymphopro-
liferative disorder after kidney transplantation: report of a nationwide 
French registry and the development of a new prognostic score. J Clin 
Oncol. 2013; 31(10): 1302–1309, doi: 10.1200/JCO.2012.43.2344, 
indexed in Pubmed: 23423742.

77. Buell JF, Gross TG, Hanaway MJ, et al. Posttransplant lymphoprolifer-
ative disorder: significance of central nervous system involvement. 
Transplant Proc. 2005; 37(2): 954–955, doi: 10.1016/j.transpro-
ceed.2004.12.130, indexed in Pubmed: 15848587.

78. Evens AM, David KA, Helenowski I, et al. Multicenter analysis of 
80 solid organ transplantation recipients with post-transplantation 
lymphoproliferative disease: outcomes and prognostic factors in the 
modern era. J Clin Oncol. 2010; 28(6): 1038–1046, doi: 10.1200/
JCO.2009.25.4961, indexed in Pubmed: 20085936.

79. Styczynski J, van der Velden W, Fox CP, et al. Sixth European Con-
ference on Infections in Leukemia, a joint venture of the Infec-
tious Diseases Working Party of the European Society of Blood 
and Marrow Transplantation (EBMT-IDWP), the Infectious Diseas-
es Group of the European Organization for Research and Treat-
ment of Cancer (EORTC-IDG), the International Immunocompro-
mised Host Society (ICHS) and the European Leukemia Net (ELN). 
Management of Epstein-Barr Virus infections and post-transplant 
lymphoproliferative disorders in patients after allogeneic hemato-
poietic stem cell transplantation: Sixth European Conference on 
Infections in Leukemia (ECIL-6) guidelines. Haematologica. 2016; 
101(7): 803–811, doi: 10.3324/haematol.2016.144428, indexed 
in Pubmed: 27365460.

80. Dierickx D, Habermann TM. Post-Transplantation Lymphoprolifera-
tive Disorders in Adults. N Engl J Med. 2018; 378(6): 549–562, 
doi: 10.1056/NEJMra1702693, indexed in Pubmed: 29414277.

81. Perrine SP, Hermine O, Small T, et al. A phase 1/2 trial of arginine butyr-
ate and ganciclovir in patients with Epstein-Barr virus-associated lym-
phoid malignancies. Blood. 2007; 109(6): 2571–2578, doi: 10.1182/
blood-2006-01-024703, indexed in Pubmed: 17119113.

82. Williams-Aziz SL, Hartline CB, Harden EA, et al. Comparative activities 
of lipid esters of cidofovir and cyclic cidofovir against replication of 
herpesviruses in vitro. Antimicrob Agents Chemother. 2005; 49(9): 
3724–3733, doi: 10.1128/AAC.49.9.3724-3733.2005, indexed in 
Pubmed: 16127046.

83. Funch DP, Walker AM, Schneider G, et al. Ganciclovir and acyclo-
vir reduce the risk of post-transplant lymphoproliferative disor-
der in renal transplant recipients. Am J Transplant. 2005; 5(12): 
2894–2900, doi: 10.1111/j.1600-6143.2005.01115.x, indexed in 
Pubmed: 16303002.

84. McDiarmid SV, Jordan S, Kim GS, et al. Prevention and preemp-
tive therapy of postransplant lymphoproliferative disease in pe-
diatric liver recipients. Transplantation. 1998; 66(12): 1604– 
–1611, doi: 10.1097/00007890-199812270-00006, indexed in 
Pubmed: 9884246.

85. Humar A, Hébert D, Davies HD, et al. A randomized trial of ganciclo-
vir versus ganciclovir plus immune globulin for prophylaxis against 
Epstein-Barr virus related posttransplant lymphoproliferative dis-
order. Transplantation. 2006; 81(6): 856–861, doi: 10.1097/01.
tp.0000202724.07714.a2, indexed in Pubmed: 16570008.

86. Opelz G, Daniel V, Naujokat C, et al. Effect of cytomegalovirus prophy-
laxis with immunoglobulin or with antiviral drugs on post-transplant 
non-Hodgkin lymphoma: a multicentre retrospective analysis. Lancet 
Oncol. 2007; 8(3): 212–218, doi: 10.1016/S1470-2045(07)70040-2, 
indexed in Pubmed: 17329191.

87. AlDabbagh MA, Gitman MR, Kumar D, et al. The Role of Antiviral Pro-
phylaxis for the Prevention of Epstein-Barr Virus-Associated Posttrans-
plant Lymphoproliferative Disease in Solid Organ Transplant Recipi-
ents: A Systematic Review. Am J Transplant. 2017; 17(3): 770–781, 
doi: 10.1111/ajt.14020, indexed in Pubmed: 27545492.

88. McIver Z, Stephens N, Grim A, et al. Rituximab administration within 6 
months of T cell-depleted allogeneic SCT is associated with prolonged 
life-threatening cytopenias. Biol Blood Marrow Transplant. 2010; 
16(11): 1549–1556, doi: 10.1016/j.bbmt.2010.05.004, indexed in 
Pubmed: 20580848.

89. Petropoulou AD, Porcher R, Peffault de Latour R, et al. Increased 
infection rate after preemptive rituximab treatment for Epstein-Barr 
virus reactivation after allogeneic hematopoietic stem-cell trans-
plantation. Transplantation. 2012; 94(8): 879–883, doi: 10.1097/
TP.0b013e3182664042, indexed in Pubmed: 23001354.

90. Dominietto A, Tedone E, Soracco M, et al. In vivo B-cell depletion with 
rituximab for alternative donor hemopoietic SCT. Bone Marrow Trans-
plant. 2012; 47(1): 101–106, doi: 10.1038/bmt.2011.28, indexed in 
Pubmed: 21460867.

91. van Esser JWJ, Niesters HGM, van der Holt B, et al. Prevention of Ep-
stein-Barr virus-lymphoproliferative disease by molecular monitoring 
and preemptive rituximab in high-risk patients after allogeneic stem 
cell transplantation. Blood. 2002; 99(12): 4364–4369, doi: 10.1182/
blood.v99.12.4364, indexed in Pubmed: 12036863.

92. Worth A, Conyers R, Cohen J, et al. Pre-emptive rituximab based 
on viraemia and T cell reconstitution: a highly effective strategy for 
the prevention of Epstein-Barr virus-associated lymphoproliferative 
disease following stem cell transplantation. Br J Haematol. 2011; 
155(3): 377–385, doi: 10.1111/j.1365-2141.2011.08855.x, indexed 
in Pubmed: 21910716.

93. Shah N, Eyre TA, Tucker D, et al. Haemato-Oncology Task Force of the 
British Society for Haematology and the British Transplantation Soci-
ety. Front-line management of post-transplantation lymphoprolifera-
tive disorder in adult solid organ recipient patients - A British Society 
for Haematology Guideline. Br J Haematol. 2021; 193(4): 727–740, 
doi: 10.1111/bjh.17421, indexed in Pubmed: 33877688.

94. Tsai DE, Hardy CL, Tomaszewski JE, et al. Reduction in immuno-
suppression as initial therapy for posttransplant lymphoprolifer-
ative disorder: analysis of prognostic variables and long-term fol-
low-up of 42 adult patients. Transplantation. 2001; 71(8): 1076– 
–1088, doi: 10.1097/00007890-200104270-00012, indexed in 
Pubmed: 11374406.

95. Reshef R, Vardhanabhuti S, Luskin MR, et al. Reduction of im-
munosuppression as initial therapy for posttransplantation 
lymphoproliferative disorder. Am J Transplant. 2011; 11(2): 
336–347, doi: 10.1111/j.1600-6143.2010.03387.x, indexed in 
Pubmed: 21219573.

96. Rabot N, Büchler M, Foucher Y, et al. CNI withdrawal for post-trans-
plant lymphoproliferative disorders in kidney transplant is an indepen-
dent risk factor for graft failure and mortality. Transpl Int. 2014; 27(9): 
956–965, doi: 10.1111/tri.12375, indexed in Pubmed: 24964147.

97. Parker A, Bowles K, Bradley JA, et al. Haemato-oncology Task Force of 
the British Committee for Standards in Haematology and British Trans-
plantation Society, Haemato-oncology Task Force of the British Com-
mittee for Standards in Haematology and British Transplantation So-
ciety. Diagnosis of post-transplant lymphoproliferative disorder in solid 
organ transplant recipients - BCSH and BTS Guidelines. Br J Haematol. 
2010; 149(5): 675–692, doi: 10.1111/j.1365-2141.2010.08161.x, 
indexed in Pubmed: 20408847.

http://dx.doi.org/10.1200/JCO.2012.43.2344
https://www.ncbi.nlm.nih.gov/pubmed/23423742
http://dx.doi.org/10.1016/j.transproceed.2004.12.130
http://dx.doi.org/10.1016/j.transproceed.2004.12.130
https://www.ncbi.nlm.nih.gov/pubmed/15848587
http://dx.doi.org/10.1200/JCO.2009.25.4961
http://dx.doi.org/10.1200/JCO.2009.25.4961
https://www.ncbi.nlm.nih.gov/pubmed/20085936
http://dx.doi.org/10.3324/haematol.2016.144428
https://www.ncbi.nlm.nih.gov/pubmed/27365460
http://dx.doi.org/10.1056/NEJMra1702693
https://www.ncbi.nlm.nih.gov/pubmed/29414277
http://dx.doi.org/10.1182/blood-2006-01-024703
http://dx.doi.org/10.1182/blood-2006-01-024703
https://www.ncbi.nlm.nih.gov/pubmed/17119113
http://dx.doi.org/10.1128/AAC.49.9.3724-3733.2005
https://www.ncbi.nlm.nih.gov/pubmed/16127046
http://dx.doi.org/10.1111/j.1600-6143.2005.01115.x
https://www.ncbi.nlm.nih.gov/pubmed/16303002
http://dx.doi.org/10.1097/00007890-199812270-00006
https://www.ncbi.nlm.nih.gov/pubmed/9884246
http://dx.doi.org/10.1097/01.tp.0000202724.07714.a2
http://dx.doi.org/10.1097/01.tp.0000202724.07714.a2
https://www.ncbi.nlm.nih.gov/pubmed/16570008
http://dx.doi.org/10.1016/S1470-2045(07)70040-2
https://www.ncbi.nlm.nih.gov/pubmed/17329191
http://dx.doi.org/10.1111/ajt.14020
https://www.ncbi.nlm.nih.gov/pubmed/27545492
http://dx.doi.org/10.1016/j.bbmt.2010.05.004
https://www.ncbi.nlm.nih.gov/pubmed/20580848
http://dx.doi.org/10.1097/TP.0b013e3182664042
http://dx.doi.org/10.1097/TP.0b013e3182664042
https://www.ncbi.nlm.nih.gov/pubmed/23001354
http://dx.doi.org/10.1038/bmt.2011.28
https://www.ncbi.nlm.nih.gov/pubmed/21460867
http://dx.doi.org/10.1182/blood.v99.12.4364
http://dx.doi.org/10.1182/blood.v99.12.4364
https://www.ncbi.nlm.nih.gov/pubmed/12036863
http://dx.doi.org/10.1111/j.1365-2141.2011.08855.x
https://www.ncbi.nlm.nih.gov/pubmed/21910716
http://dx.doi.org/10.1111/bjh.17421
https://www.ncbi.nlm.nih.gov/pubmed/33877688
http://dx.doi.org/10.1097/00007890-200104270-00012
https://www.ncbi.nlm.nih.gov/pubmed/11374406
http://dx.doi.org/10.1111/j.1600-6143.2010.03387.x
https://www.ncbi.nlm.nih.gov/pubmed/21219573
http://dx.doi.org/10.1111/tri.12375
https://www.ncbi.nlm.nih.gov/pubmed/24964147
http://dx.doi.org/10.1111/j.1365-2141.2010.08161.x
https://www.ncbi.nlm.nih.gov/pubmed/20408847


www.journals.viamedica.pl/acta_haematologica_polonica 19

Puła B, et al. Recommendations for diagnosis and treatment of PTLD

98. Allen UD, Preiksaitis JK. AST Infectious Diseases Community of Prac-
tice. Post-transplant lymphoproliferative disorders, Epstein-Barr virus 
infection, and disease in solid organ transplantation: Guidelines from 
the American Society of Transplantation Infectious Diseases Commu-
nity of Practice. Clin Transplant. 2019; 33(9): e13652, doi: 10.1111/
ctr.13652, indexed in Pubmed: 31230381.

99. Dotti G, Fiocchi R, Motta T, et al. Lymphomas occurring late after solid-or-
gan transplantation: influence of treatment on the clinical outcome. 
Transplantation. 2002; 74(8): 1095–1102, doi: 10.1097/00007890-
200210270-00007, indexed in Pubmed: 12438953.

100. Parker A, Bowles K, Bradley JA, et al. Haemato-oncology Task Force 
of the British Committee for Standards in Haematology and British 
Transplantation Society, Haemato-oncology Task Force of the British 
Committee for Standards in Haematology and British Transplantation 
Society. Diagnosis of post-transplant lymphoproliferative disorder 
in solid organ transplant recipients - BCSH and BTS Guidelines. 
Br J Haematol. 2010; 149(5): 675–692, doi: 10.1111/j.1365-
2141.2010.08161.x, indexed in Pubmed: 20408847.

101. Rossignol J, Terriou L, Robu D, et al. Radioimmunotherapy ((90) 
Y-Ibritumomab Tiuxetan) for Posttransplant Lymphoproliferative 
Disorders After Prior Exposure to Rituximab. Am J Transplant. 
2015; 15(7): 1976–1981, doi: 10.1111/ajt.13244, indexed in 
Pubmed: 25868706.

102. González-Barca E, Capote FJ, Gómez-Codina J, et al. GELTAMO (Span-
ish Lymphoma Group) and GOTEL (Group of Oncology for Therapy 
and Study of Lymphomas), GEL/TAMO (Grupo Español de Linfomas), 
GELCAB (Grupo para el Estudio de los Linfomas Catalano-Balear), 
GOTEL (Grupo Oncológico para el Tratamiento y Estudio de los Linfo-
mas). Prospective phase II trial of extended treatment with rituximab 
in patients with B-cell post-transplant lymphoproliferative disease. 
Haematologica. 2007; 92(11): 1489–1494, doi: 10.3324/haema-
tol.11360, indexed in Pubmed: 18024397.

103. González-Barca E, Capote FJ, Gómez-Codina J, et al. GELTAMO 
(Spanish Lymphoma Group) and GOTEL (Group of Oncology for 
Therapy and Study of Lymphomas). Long-term follow-up of a pro-
spective phase 2 clinical trial of extended treatment with rituximab 
in patients with B cell post-transplant lymphoproliferative disease 
and validation in real world patients. Ann Hematol. 2021; 100(4): 
1023–1029, doi: 10.1007/s00277-020-04056-9, indexed in 
Pubmed: 32367180.

104. Trappe R, Oertel S, Leblond V, et al. German PTLD Study Group, Euro-
pean PTLD Network. Sequential treatment with rituximab followed by 
CHOP chemotherapy in adult B-cell post-transplant lymphoprolifera-
tive disorder (PTLD): the prospective international multicentre phase 
2 PTLD-1 trial. Lancet Oncol. 2012; 13(2): 196–206, doi: 10.1016/
S1470-2045(11)70300-X, indexed in Pubmed: 22173060.

105. Jain MD, Lam R, Liu Z, et al. Failure of rituximab is associated with 
a poor outcome in diffuse large B cell lymphoma-type post-transplant 
lymphoproliferative disorder. Br J Haematol. 2020; 189(1): 97–105, 
doi: 10.1111/bjh.16304, indexed in Pubmed: 32068243.

106. Sanz J, Storek J, Socié G, et al. Clinical Outcomes of Patients with 
Epstein-Barr Virus-Driven Post-Transplant Lymphoproliferative 
Disease Following Hematopoietic Stem Cell Transplantation Who 
Fail Rituximab: A Multinational, Retrospective Chart Review Study. 
Blood. 2021; 138(Supplement 1): 1454–1454, doi: 10.1182/
blood-2021-147296.

107. Dharnidharka V, Thirumalai D, Jaeger U, et al. Clinical Outcomes 
of Solid Organ Transplant Patients with Epstein-Barr Virus-Driven 
(EBV +) Post-Transplant Lymphoproliferative Disorder (PTLD) Who 

Fail Rituximab Plus Chemotherapy: A Multinational, Retrospective 
Chart Review Study. Blood. 2021; 138(Supplement 1): 2528–2528, 
doi: 10.1182/blood-2021-147307.

108. Doubrovina E, Oflaz-Sozmen B, Prockop SE, et al. Adoptive immu-
notherapy with unselected or EBV-specific T cells for biopsy-prov-
en EBV+ lymphomas after allogeneic hematopoietic cell trans-
plantation. Blood. 2012; 119(11): 2644–2656, doi: 10.1182/
blood-2011-08-371971, indexed in Pubmed: 22138512.

109. Haque T, Wilkie GM, Jones MM, et al. Allogeneic cytotoxic T-cell 
therapy for EBV-positive posttransplantation lymphoproliferative  
disease: results of a phase 2 multicenter clinical trial. Blood. 2007; 
110(4): 1123–1131, doi: 10.1182/blood-2006-12-063008, indexed 
in Pubmed: 17468341.

110. Kazi S, Mathur A, Wilkie G, et al. Long-term follow up after third-par-
ty viral-specific cytotoxic lymphocytes for immunosuppression- and 
Epstein-Barr virus-associated lymphoproliferative disease. Hae-
matologica. 2019; 104(8): e356–e359, doi: 10.3324/haema-
tol.2018.207548, indexed in Pubmed: 30792197.

111. Prockop S, Gamelin L, Dinavahi R, et al. Overall Survival By Best 
Overall Response with Tabelecleucel in Patients with Epstein-Barr 
Virus-Driven Post-Transplant Lymphoproliferative Disease Following 
Solid Organ or Allogeneic Hematopoietic Cell Transplant. Blood. 2021; 
138(Supplement 1): 887–887, doi: 10.1182/blood-2021-147226.

112. Rosenberg AS, Klein AK, Ruthazer R, et al. Hodgkin lymphoma 
post-transplant lymphoproliferative disorder: A comparative analy-
sis of clinical characteristics, prognosis, and survival. Am J Hema-
tol. 2016; 91(6): 560–565, doi: 10.1002/ajh.24346, indexed in 
Pubmed: 26928381.

113. Hong J, Johnson WT, Kartan S, et al. Durable Response to Bren-
tuximab Vedotin Plus Cyclophosphamide, Doxorubicin, and Pred-
nisone (BV-CHP) in a Patient with CD30-Positive PTCL Arising as 
a Post-Transplant Lymphoproliferative Disorder (PTLD). Curr Oncol. 
2021; 28(6): 5067–5072, doi: 10.3390/curroncol28060426, in-
dexed in Pubmed: 34940065.

114. Zhou K, Gong D, Han Y, et al. Role of brentuximab vedotin plus siroli-
mus in the treatment of classical Hodgkin lymphoma type post-trans-
plant lymphoproliferative disorder: a case-based review. Ann Hema-
tol. 2024; 103(7): 2207–2213, doi: 10.1007/s00277-023-05446-5, 
indexed in Pubmed: 37749317.

115. Portuguese AJ, Tykodi SS, Blosser CD, et al. Immune Checkpoint 
Inhibitor Use in Solid Organ Transplant Recipients: A Systemat-
ic Review. J Natl Compr Canc Netw. 2022; 20(4): 406–416.e11, 
doi: 10.6004/jnccn.2022.7009, indexed in Pubmed: 35390767.

116. Trappe RU, Choquet S, Reinke P, et al. Salvage therapy for relapsed 
posttransplant lymphoproliferative disorders (PTLD) with a sec-
ond progression of PTLD after Upfront chemotherapy: the role of 
single-agent rituximab. Transplantation. 2007; 84(12): 1708–
1712, doi: 10.1097/01.tp.0000295987.12996.19, indexed in 
Pubmed: 18165786.

117. Oertel SH, Papp-Váry M, Anagnostopoulos I, et al. Salvage chemo-
therapy for refractory or relapsed post-transplant lymphoproliferative 
disorder in patients after solid organ transplantation with a combi-
nation of carboplatin and etoposide. Br J Haematol. 2003; 123(5): 
830–835, doi: 10.1046/j.1365-2141.2003.04705.x, indexed in 
Pubmed: 14632773.

118. Esparza S, Muluneh B, Galeotti J, et al. Venetoclax-induced tu-
mour lysis syndrome in acute myeloid leukaemia. Br J Haematol. 
2020; 188(1): 173–177, doi: 10.1111/bjh.16235, indexed in 
Pubmed: 31621058.

http://dx.doi.org/10.1111/ctr.13652
http://dx.doi.org/10.1111/ctr.13652
https://www.ncbi.nlm.nih.gov/pubmed/31230381
http://dx.doi.org/10.1097/00007890-200210270-00007
http://dx.doi.org/10.1097/00007890-200210270-00007
https://www.ncbi.nlm.nih.gov/pubmed/12438953
http://dx.doi.org/10.1111/j.1365-2141.2010.08161.x
http://dx.doi.org/10.1111/j.1365-2141.2010.08161.x
https://www.ncbi.nlm.nih.gov/pubmed/20408847
http://dx.doi.org/10.1111/ajt.13244
https://www.ncbi.nlm.nih.gov/pubmed/25868706
http://dx.doi.org/10.3324/haematol.11360
http://dx.doi.org/10.3324/haematol.11360
https://www.ncbi.nlm.nih.gov/pubmed/18024397
http://dx.doi.org/10.1007/s00277-020-04056-9
https://www.ncbi.nlm.nih.gov/pubmed/32367180
http://dx.doi.org/10.1016/S1470-2045(11)70300-X
http://dx.doi.org/10.1016/S1470-2045(11)70300-X
https://www.ncbi.nlm.nih.gov/pubmed/22173060
http://dx.doi.org/10.1111/bjh.16304
https://www.ncbi.nlm.nih.gov/pubmed/32068243
http://dx.doi.org/10.1182/blood-2021-147296
http://dx.doi.org/10.1182/blood-2021-147296
http://dx.doi.org/10.1182/blood-2021-147307
http://dx.doi.org/10.1182/blood-2011-08-371971
http://dx.doi.org/10.1182/blood-2011-08-371971
https://www.ncbi.nlm.nih.gov/pubmed/22138512
http://dx.doi.org/10.1182/blood-2006-12-063008
https://www.ncbi.nlm.nih.gov/pubmed/17468341
http://dx.doi.org/10.3324/haematol.2018.207548
http://dx.doi.org/10.3324/haematol.2018.207548
https://www.ncbi.nlm.nih.gov/pubmed/30792197
http://dx.doi.org/10.1182/blood-2021-147226
http://dx.doi.org/10.1002/ajh.24346
https://www.ncbi.nlm.nih.gov/pubmed/26928381
http://dx.doi.org/10.3390/curroncol28060426
https://www.ncbi.nlm.nih.gov/pubmed/34940065
http://dx.doi.org/10.1007/s00277-023-05446-5
https://www.ncbi.nlm.nih.gov/pubmed/37749317
http://dx.doi.org/10.6004/jnccn.2022.7009
https://www.ncbi.nlm.nih.gov/pubmed/35390767
http://dx.doi.org/10.1097/01.tp.0000295987.12996.19
https://www.ncbi.nlm.nih.gov/pubmed/18165786
http://dx.doi.org/10.1046/j.1365-2141.2003.04705.x
https://www.ncbi.nlm.nih.gov/pubmed/14632773
http://dx.doi.org/10.1111/bjh.16235
https://www.ncbi.nlm.nih.gov/pubmed/31621058


Acta Haematologica Polonica 2025, vol. 56, no. 2

www.journals.viamedica.pl/acta_haematologica_polonica20

119. Keam SJ. Tabelecleucel: First Approval. Mol Diagn Ther. 2023; 
27(3): 425–431, doi: 10.1007/s40291-023-00648-z, indexed in 
Pubmed: 37016096.

120. Styczynski J, Sadlok J, Styczynski T, et al. Management of Resistant 
Post-transplant Lymphoproliferative Disorder: CAR-T Is a New Option. 
Anticancer Res. 2022; 42(11): 5181–5186, doi: 10.21873/antican-
res.16024, indexed in Pubmed: 36288856.

121. Eyre TA, Caillard S, Finel H, et al. Autologous stem cell transplanta-
tion for post-transplant lymphoproliferative disorders after solid organ 
transplantation: a retrospective analysis from the Lymphoma Working 
Party of the EBMT. Bone Marrow Transplant. 2021; 56(9): 2118–2124, 
doi: 10.1038/s41409-021-01270-5, indexed in Pubmed: 33864020.

122. Portuguese AJ, Gauthier J, Tykodi SS, et al. CD19 CAR-T therapy in 
solid organ transplant recipients: case report and systematic review. 
Bone Marrow Transplant. 2023; 58(4): 353–359, doi: 10.1038/
s41409-022-01907-z, indexed in Pubmed: 36575360.

123. McKenna M, Epperla N, Ghobadi A, et al. Real-world evidence of 
the safety and survival with CD19 CAR-T cell therapy for relapsed/ 
/refractory solid organ transplant-related PTLD. Br J Haematol. 
2023; 202(2): 248–255, doi: 10.1111/bjh.18828, indexed in 
Pubmed: 37129856.

124. Zimmermann H, Trappe RU. EBV and posttransplantation lymph-
oproliferative disease: what to do? Hematology Am Soc Hematol 
Educ Program. 2013; 2013: 95–102, doi: 10.1182/asheduca-
tion-2013.1.95, indexed in Pubmed: 24319169.

125. Zimmermann H, Reinke P, Neuhaus R, et al. Burkitt post-trans-
plantation lymphoma in adult solid organ transplant recipients: 

sequential immunochemotherapy with rituximab (R) followed by cy-
clophosphamide, doxorubicin, vincristine, and prednisone (CHOP) 
or R-CHOP is safe and effective in an analysis of 8 patients. Cancer. 
2012; 118(19): 4715–4724, doi: 10.1002/cncr.27482, indexed in 
Pubmed: 22392525.

126. Ferreiro JF, Morscio J, Dierickx D, et al. Post-transplant molecu-
larly defined Burkitt lymphomas are frequently MYC-negative and 
characterized by the 11q-gain/loss pattern. Haematologica. 2015; 
100(7): e275–e279, doi: 10.3324/haematol.2015.124305, indexed 
in Pubmed: 25795716.

127. Mahale P, Shiels MS, Lynch CF, et al. Incidence and outcomes of 
primary central nervous system lymphoma in solid organ transplant 
recipients. Am J Transplant. 2018; 18(2): 453–461, doi: 10.1111/
ajt.14465, indexed in Pubmed: 28805292.

128. Trappe R, Zimmermann H, Fink S, et al. Plasmacytoma-like 
post-transplant lymphoproliferative disorder, a rare subtype of 
monomorphic B-cell post-transplant lymphoproliferation, is associ-
ated with a favorable outcome in localized as well as in advanced 
disease: a prospective analysis of 8 cases. Haematologica. 2011; 
96(7): 1067–1071, doi: 10.3324/haematol.2010.039214, indexed 
in Pubmed: 21719885.

129. Grześk E, Kołtan S, Dąbrowska A, et al. Case report: Cellular 
therapy for hydroa vacciniforme-like lymphoproliferative disor-
der in pediatric common variable immunodeficiency with chron-
ic active Epstein-Barr virus infection. Front Immunol. 2022; 
13: 915986, doi: 10.3389/fimmu.2022.915986, indexed in 
Pubmed: 35990691.

http://dx.doi.org/10.1007/s40291-023-00648-z
https://www.ncbi.nlm.nih.gov/pubmed/37016096
http://dx.doi.org/10.21873/anticanres.16024
http://dx.doi.org/10.21873/anticanres.16024
https://www.ncbi.nlm.nih.gov/pubmed/36288856
http://dx.doi.org/10.1038/s41409-021-01270-5
https://www.ncbi.nlm.nih.gov/pubmed/33864020
http://dx.doi.org/10.1038/s41409-022-01907-z
http://dx.doi.org/10.1038/s41409-022-01907-z
https://www.ncbi.nlm.nih.gov/pubmed/36575360
http://dx.doi.org/10.1111/bjh.18828
https://www.ncbi.nlm.nih.gov/pubmed/37129856
http://dx.doi.org/10.1182/asheducation-2013.1.95
http://dx.doi.org/10.1182/asheducation-2013.1.95
https://www.ncbi.nlm.nih.gov/pubmed/24319169
http://dx.doi.org/10.1002/cncr.27482
https://www.ncbi.nlm.nih.gov/pubmed/22392525
http://dx.doi.org/10.3324/haematol.2015.124305
https://www.ncbi.nlm.nih.gov/pubmed/25795716
http://dx.doi.org/10.1111/ajt.14465
http://dx.doi.org/10.1111/ajt.14465
https://www.ncbi.nlm.nih.gov/pubmed/28805292
http://dx.doi.org/10.3324/haematol.2010.039214
https://www.ncbi.nlm.nih.gov/pubmed/21719885
http://dx.doi.org/10.3389/fimmu.2022.915986
https://www.ncbi.nlm.nih.gov/pubmed/35990691

