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Post-transplantation lymphoproliferative diseases
(PTLD) are a heterogeneous group of rare
lymphoproliferative
diseases that represent a serious complication of
allogeneic transplants (in SOT and HSCT) with an
incidence of about 1% of transplants, which they
reach due to the state of induced
immunosuppression.
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It is known from animal studies 1 that malignant tumors may develop in certain conditions
characterized by disturbances of the host’s immune defenses. The same is apparently true in
man. For example, patients suffering from agammaglobulinemia, hypogammaglobulinemia
and deficiencies of cell mediated immunity have a high incidence of malignancy involving
either lymphoid or other tissues.2,4 An increased frequency of neoplasms has also been
observed in a variety of “autoimmune” disorders.3

A prerequisite for success in clinical organ transplantation is the iatrogenic alteration of the
host immune apparatus. A coincidental effect might be predicted to be an increased incidence
of neoplasia. This possibility is supported in the present communication, which describes the
development of malignant lymphoid tumors in 5 recipients of renal homografts, treated with
differing immunosuppressive regimens at 3 widely separated transplantation centers (Table 1).
A brief summary of the cases has already been reported.5 The occurrence of these tumors
indicates that malignant disease may be a significant hazard of organ transplantation and long
continued immunosuppressive therapy.

CLINICAL MATERIAL
Case 1 (Denver)

Prior to transplantation in May 1967, the patient complained of headaches, dizziness, blurred
vision, nausea and vomiting. He also suffered 2 generalized epileptiform seizures. Neurologic
examination was negative and his symptoms were attributed to severe hypertension.

Renal homotransplantation was performed in May 1967. Immunosuppression was with
azathioprine, prednisone, and horse antilymphocyte globulin (ALG). Two months after
operation, he had a generalized seizure and remained confused and incoherent for several days.
At that time he was being treated for threatened rejection of the homograft, was hypertensive,
and was observed to be exceeding his restricted fluid allowance. Serum chemistries showed
evidence of marked hemodilution. He was considered to be suffering from water intoxication.
His condition promptly improved on a regimen of fluid restriction and administration of sodium
chloride and potassium supplements. There were no further neurologic symptoms until 9 days
before the diagnosis of reticulum cell sarcoma was made by craniotomy. The very extensive
tumor of the brain (Figure 1) was the cause of the patient’s death. Renal function was normal
in the last months of life.

In this case, the possibility could not be excluded that the tumor was present at the time of
transplantation and was the cause of his earlier neurologic symptoms.

Case 2 (Denver)
The patient was treated with continuous azathioprine and prednisone, and with actinomycin C
and local homograft irradiation for threatened rejection. He had persistent hypercalcemia
following his renal transplant operation. A parathyroidectomy performed on March 29, 1966.
The thyroid gland was found to be normal at this operation, but at autopsy on December 6,
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•Recipients of SOT or allogeneic HCT have an increased risk of 
EBV-associated cancers1
•PTLD accounts for 21% of cancers after SOT2
• Increasing incidence due to:3

- Growing number of transplants
- Older age of donors and recipients
- Use of new immunesuppressive agents
- Greater use of haploidentical HCT
- Increased awareness of PTLD and improved diagnostic tools

First description of 5 cases in 1969 

EBV, Epstein–Barr virus; HCT, hematopoietic cell transplantation; PTLD, post-transplant lymphoproliferative disorder; SOT, solid organ transplantation.
1. Cohen JI. N Engl J Med. 2000;343:481–92; 2. Dierickx D, et al. N Engl J Med. 2018;378:549–62;  3. Fujimoto A, et al. Cancers (Basel). 2020;12:328



Patients with relapsed or refractory EBV+ PTLD that have received 
at least one previous treatment are considered ultra-rare haemopathies7

19,8061
allogeneic HCT in the EU in 20211

27,9525
SOT patients in the EU in 20225

• Incidence of PTLD: 0.8–4%2

• Almost 100% of PTLD cases are associated with EBV3,4

• Typically arises <1 year after transplant4

• Incidence of PTLD : 1–33%2

• ~60% of PTLD cases are associated with EBV6

• >50% cases arise after >1 year after transplant4

EBV, Epstein Barr virus; HCT, haematopoietic cell transplant; PTLD, post-transplant lymphoproliferative disease; SOT, solid organ transplant.

EBV+ PTLD in allogeneic HCT patients EBV+ PTLD in SOT patients

1.Passweg JR et al. BM 2023;58:647–658; 2. Fujimoto A, et al. Cancers (Basel). 2020;12:328; 3. Styczynski J et al. Haematologica 2016;101(7):803–811; 4. Dierickx D et al. Curr Opin Oncol 
2022;34(5):413–421; 5; EDQM –Newsletter Transplant 2023;28:19; 6. Vergote VKJ. et al. Transpl Int 2022;35:10707; 7. DeStefano CB. et al. British Journal of Haematology 2018;182:330–343.

Epidemiology: 



Risk Factors: 

Opelz G, et al. Am J Transpl 2003;4:222-30
Landgren O, et al. Blood 2009;113:4992-5001

Shahinian VB, et al. Transplantation 2003;75:851-6
Dharnidharka VR, et al. Am J Transplant 2012;12:976-83

Morton M, et al. Transplantation 2013;95:470-80

Allogeneic HSCT

Selective T-cell depletion methods 

Use of ATG therapy (prevention/therapy)

Two HLA antigen–mismatched siblings, or unrelated donors, 
accompanied by selective T-cell depletion methods or ATG 

therapy

Age 50 years or older at allogeneic HCT

2. EBV 
status at 
time of 

transplantati
on (R-/D+)

1. Organ type



Risk Factors: 

Induction regimen
Combination maintenance therapy

Different doses Episodes of rejection

Late wave:
Cumulative immune 
suppressive intensity

Dierickx D, Habermann TM. N Engl J Med 2018;378:549-62
Enok Bonong PR, et al. Vaccines (Basel)  2021;19:288

Conditioning regimen
Maintenance therapy cGVHD

aGVHD

Early spike: 
Conditioning

EBV

SOT

HSCT

Early spike: Induction
EBV

Late wave:
Cumulative immune 
suppressive intensity

3. Immune suppression

50-70%

> 95%

EBV



Risk Factors SOT: 

Allen et al, Clinical Transplantation. 2019



Risk Factors HCT: 

Clerico M et al, J Clin Med 2022

Type of Donor

T-cell depletion regimens

Age at transplant

Early PTLD
High-intensity immunosuppression in the peri-transplant induction phase

Late PTLD
Cumulative immunosuppressant burden in the following years

Other weak risk factors: 
Previous exposure to immunosuppressants as a treatment of the primary disease

Use of RIC regimens

Splenectomy

Highly oncogenic variant protein LMP-1 in donors

Untreated HCV infection in recipients, reactivation of other viruses



WHO Classification

Non-destructive PTLD (21%)1,2

• Plasmacytic hyperplasia

• Infectious mononucleosis-like PTLD

• Florid follicular hyperplasia

The WHO recognises distinct histological subtypes of PTLD1

Destructive PTLD (79%)1,2

• Polymorphic PTLD

• cHL PTLD / cHL-like PTLD

• Monomorphic PTLD (DLBCL, Burkitt lymphoma, plasma 
cell neoplasms, T-cell/ NK-cell lymphomas)

Most cases

>90%

Variable %

% of EBV+ disease

1. Atallah-Yunes S et al. Br J Haematol 2023;201:383–395; 2. Liu Y et al. Cancers 2023;15(3):976.

cHL, classical Hodgkin lymphoma; DLBCL, Diffuse large B-cell lymphoma; EBV, Epstein-Barr virus; NK, natural killer; PTLD, post-transplant lymphoproliferative disorder; 
WHO, World Health Organisation.



Tsurumi T, et al. Rev Med Virol 2005;15:3-15; Bollard CM, et al. Nat Rev Clin Oncol 2012;9:510-9; Taylor GS, et al. Annu Rev Immunol 2015;33:787-821

Pathogenesis: EBV role



Pathogenesis: EBV role

Heslop HE, et al. J Clin Oncol 2021;39:514-24



How a latent infection reactivates
• Latent EBV can become reactivated in patients with dysfunction or suppression of the host 

immune system after transplantation1

• Once reactivated B-cells may transform and rapidly proliferate, causing a range of neoplasms 
attributable to the dysregulated proliferation of infected B-cells1

Recipients of SOT or allogeneic HCT have an increased 
risk of EBV-associated cancers such as PTLD4

The incidence of EBV reactivation 
post-allogeneic HCT ranges from 

0.1–63%2

Impacted by transplant type, 
antiviral agents, monitoring protocol, 

and assay sensitivity 

The incidence of EBV reactivation 
post-SOT ranges from 

13–48%3

Impacted by immunosuppressive 
regimes and analytical techniques

1. Fujimoto A, et al. Cancers (Basel). 2020;12:328; 2. Ru Y, et al. BMT 2020;55:1754–1762; 3. Blazquez-Navarro A, et al. Transpl Int; 2021;34:1680–1688. 4. Cohen JI. N Engl J 
Med. 2000;343:481–492. 

EBV, Epstein-Barr virus; HCT, haematopoietic cell transplantation; PTLD, post-transplant lymphoproliferative disorder; SOT, solid organ transplant.



PTLD origin

Donor-derived

Recipient-
derived 85% SOT

100% HSCT

15% SOT

Olagne J, et al. Am J Transplant 2011;11:1260-9
Kinch A, et al. Am J Transplant 2014;14:2838-45

Martinez O,  Krams SM. Transplatation 2017;101:2009-16



EBV+ PTLD: clinical presentation

CNS, central nervous system; EBV, Epstein–Barr virus; GI, gastrointestinal; HCT, haematopoietic cell transplantation; PTLD, post-transplant lymphoproliferative disorder; SOT, solid organ transplantation. 
1. Dierickx D, et al. N Engl J Med. 2018;378:549–562; 2. Styczynski J, and Giebel S. EBMT Handbook 2019; Chapter 45; 3. Fujimoto A, et al. Cancers (Basel). 2020;12:328.

Factor Clinical presentation

Heterogeneity1 • Heterogeneous (from incidental asymptomatic findings to fulminant 
presentation), including organ failure and spontaneous tumour lysis

Symptoms2

• Most common: lymphadenopathy and fever

• Rare (EBV end-organ disease): encephalitis/myelitis, pneumonitis, 
hepatitis, and hemophagocytic lymphohistiocytosis

Target organs2
• Frequently: lymph nodes

• Rarely: CNS, GI tract, lungs, liver

Progression3
• After HCT, PTLD often progresses rapidly and is more frequently 

at an advanced stage than after SOT



EBV+ PTLD: diagnosis

Non-invasive diagnostic methods1,2

• Quantitative determination of 
EBV-DNA-emia

• Imaging: CT or PET-CT* or MRI**

Currently the method of choice for early detection and 
monitoring progression and response to treatment of EBV+ 
PTLD starting no later than 4 weeks after HCT1

Longer monitoring recommended in patients considered 
to have poor T-cell reconstitution, with severe GvHD, after 
haplo-HCT, with the use of TCD, after conditioning with 
ATG/alemtuzumab, or in those having experienced an 
early EBV reactivation1

• Diagnosis must be based on symptoms and/or signs consistent with PTLD together with detection of EBV1

• Definitive diagnosis requires non-invasive and invasive techniques1,2

* For avid structures, localised in the lymph nodes, spleen, liver, gastrointestinal tract, skin, lungs, bone, bone marrow.
** In central nervous system disease and non-avid histologies.
ATG, anti-thymocyte globulin; CT, computed tomography; EBV, Epstein–Barr virus; GvHD, graft-versus-host disease; HCT, haematopoietic cell transplantation; 
MRI, magnetic resonance imaging; PET-CT; positron emission tomography–computed tomography; PTLD, post-transplant lymphoproliferative disorder; TCD, T-cell depletion.
1. Styczynski J, and Giebel S. EBMT Handbook 2019; Chapter 45; 2. Samant H, et al. Posttransplant Lymphoproliferative Disorders. StatPearls 2023. 



EBV+ PTLD: diagnosis

Currently key to diagnose PTLD

• Diagnosis must be based on symptoms and/or signs consistent with PTLD together with detection of EBV1

• Definitive diagnosis requires non-invasive and invasive techniques1,2

Invasive diagnostic methods1,2

• Biopsy: of the lymph node and/or other suspected sites

• Endoscopy: when GI symptoms present

• Histological examination
a) Detection of viral antigens or in situ hybridisation for 

EBV-encoded RNA transcripts
b) Immunohistochemistry
c) Flow cytometry for B-cell, T-cell, and plasma cell 

lineage-specific antigens

EBV, Epstein–Barr virus; GI, gastrointestinal; PTLD, post-transplant lymphoproliferative disorder.
1. Styczynski J, and Giebel S. EBMT Handbook 2019; Chapter 45; 2. Samant H, et al. Posttransplant Lymphoproliferative Disorders. StatPearls 2023. 



EBV+ PTLD: diagnosis

Non-invasive diagnostic methods1,2

• Quantitative determination of 
EBV-DNA-aemia*

• Imaging: CT or PET-CT** or MRI
†

• Diagnosis must be based on symptoms and/or signs consistent with PTLD together with detection of EBV1

• Definitive diagnosis requires non-invasive and invasive techniques1,2

Invasive diagnostic methods1,2

• Biopsy: of the lymph node and/or other suspected sites

• Endoscopy: when GI symptoms present

• Histological examination
a) Detection of viral antigens or in situ hybridisation for 

EBV-encoded RNA transcripts
b) Immunohistochemistry
c) Flow cytometry for B-cell, T-cell, and plasma cell 

lineage-specific antigens

For reactive medical scientific exchange with Healthcare Professionals and non-promotional use only. 
1. Styczynski J and Giebel S EBMT Handbook 2019; Chapter 45; 2. Samant H, et al. Posttransplant Lymphoproliferative Disorders. StatPearls 2023. 

* Currently the method of choice for early detection and monitoring progression and response to treatment of EBV+ PTLD starting no later than 4 weeks after HCT.1 ** 
For avid structures, localised in the lymph nodes, spleen, liver, GI tract, skin, lungs, bone,1 BM. † In CNS disease and non-avid histologies.1 
ATG, anti-thymocyte globulin; BM, bone marrow; CNS, central nervous system; CT, computed tomography; EBV, Epstein–Barr virus; GI, gastrointestinal; GvHD, graft-
versus-host disease; HCT, haematopoietic cell transplantation; MRI, magnetic resonance imaging; PET-CT; positron emission tomography–computed tomography; PTLD, 
post-transplant lymphoproliferative disorder; TCD, T-cell depletion.
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