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Introduction: EBV

Type HHV Alternative common 

name

Viral subfamily

HHV-1 HSV-1 Alpha

HHV-2 HSV-2 Alpha

HHV-3 VZV Alpha

HHV-4 EBV Gamma

HHV-5 CMV Beta

HHV-6 HHV-6 Beta

HHV-7 HHV-7 Beta

HHV-8 KSHV Gamma

1. Replication of viral genome and production of new viral particles (lytic)

2. Allowing long term persistence in infected host (latent)

3. Oncogenic potential (latent)
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Introduction

Persistence in the

population

Persistence in the

host

Periodic

reactivation
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EBV and cancer

Highly

immunogenic
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EBV and cancer
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EBV and cancer



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 transplantation (R-/D+)1. Organ type

PTLD: 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
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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

PTLD: risk factors

50-

70%

> 95%

EBV



PTLD: classification

• Non-destructive PTLD
• Plasmacytic hyperplasia PTLD

• Infectious mononucleosis-like PTLD

• Florid follicular hyperplasia PTLD

• Polymorphic PTLD

• Monomorphic PTLD
• B-cell neoplasms (DLBCL; BL; PCM; plasmacytoma-like lesions, other)

• T-cell neoplasms (PTCL, NOS; HSTCL; other)

• Classic Hodgkin lymphoma PTLD

“Precursors”
EBV driven

True lymphomas 
EBV+/ EBV-

Exclusion: indolent/small cell lymphomas (except EBV+ MALT lymphoma)
Swerdlow H, et al. Blood 2016;127:2375-90

Swerdlow H, et al. IARC Pres: Lyon. 2017

90% 
CD20+ 
DLBCL

WHO 2017



PTLD: classification

WHO 2022 (→ ICC)
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EBER in situ hybridisation



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



• Reduction of immune suppression

• Adoptive immunotherapy

Restoring T 
cell function

• Local therapy

• Rituximab and/or chemotherapy

Reducing
tumor

• Inducers of lytic cycle

• Antiviral agents

Targeting
EBV

Gottschalk S, et al. Annu Rev Med 2005;56:29-44

PTLD: treatment



Dharnidharka V et al. Blood (2021) 138 (Supplement 1): 2528

Sanz J et al. Blood (2021) 138 (Supplement 1): 1454

SOT: RIS + R + 

chemotherapy

HSCT: RIS + R

PTLD: prognosis



Labor intensive

Cost

Availability
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Donor-derived
(HSCT)

Autologous
(SOT)

Third party 
(HSCT + SOT)

PTLD: adoptive immunotherapy
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PTLD: adoptive immunotherapy

Activity against

E lytic antigens

and EBNA3(-6)s

Activity against

LMP1/2

Ex vivo 

expansion
Immunomagnetic

selection
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GVHD

Donor-derived: DLI
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Prevention and treatment

Three centers

n = 114  (101: prevention)

OS at 3, 5, and 10 years: 70%,  69% and 67% 

Persistence of VST up to 105 months

Donor-derived: EBV-CTL

Activity against E 

lytic antigens and

EBNA3s
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Prevention and treatment

ORR DLI 72% - EBV-CTL 68%

GVHD DLI 17% - EBV-CTL 0%

Not available in UCB 

transplantation

Activity against E 

lytic antigens and

EBNA3s

Donor-derived: EBV-CTL



Prophylaxis and treatment

Prophylaxis

Comoli P, et al. Blood 2002;99:2592-8
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Prophylaxis + treatment

Challenges: ongoing immune suppression, 

often seronegativity

No development of PTLD

EBV VL: fluctuating

Autologous
Activity against E 

lytic antigens and

EBNA3s
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cHL NPC

Autologous
Activity against E 

lytic antigens and

EBNA3s
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Lymphoma mNPC

n=29 

(adjuvant)
n=21 (R/R 

disease)

n=16

Median OS 523 days vs 220 days

Autologous

NK/T-NHL

n=10

Postremission (CR)

Activity against

LMP1/2



(Edinburgh) 

HSCT: 33

ORR 52% at 6 months

OS 79% at 6 months

No significant toxicities

(MSKCC) HSCT: 33

SOT: 13

Haque T, et al. Blood 2007;110:1123-33

Prockop S, et al. J Clin Invest 2020;130:733-45

Gandhi MK, et al. Blood 2021;137:1468-77

Third party

PCNSL

-PTLD



Third party

ATA129-302 ALLELE Study: Tabelecleucel Phase 3 Clinical Trial

https://clinicaltrials.gov/ct2/show/NCT03394365



Third party

ATA129-302 ALLELE Study: Tabelecleucel Phase 3 Clinical Trial

Withers B, et al. Biol Blood Marrow Transplant 2018;24:2433-42

Gaballa MR, Ramos CA. Curr Treat Options Oncol 2020;21:21

https://clinicaltrials.gov/ct2/show/NCT03394365

• Healthy EBV-positive donors

• Each T-cell line:

• Virus-specific

• Extensive depletion of alloreactive T-cells

• HLA (HR) typed

• Identifying the restricting HLA allele (TCR 

recognises EBV peptide in complex with a 

specific HLA molecule- will increase the

probability to eliminate tumor cells through

cytotoxicity)

• Cover ~ 95% of expected patients

• Selection based on:

• Specificity of the line for the target antigen 

through shared HLA alleles (HLA restriction)

• Overall level of HLA match (selecting a lot 

that shares at least 2 HLA with the 

immunological profile of the patient will 

increase the probability of product 

acceptance and tolerance)

• Possibility for restriction switch
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Third party

ATA129-302 ALLELE Study: Tabelecleucel Phase 3 Clinical Trial

Toner K, Bollard CM. Blood 2022;139:983-94

Mahadeo KM, et al. Blood 2022;140(Suppl1):10374-6

No reports of tumor flare reaction, infusion reactions, cytokine release 
syndrome, immune effector cell-associated neurotoxicity syndrome, 
graft rejection, GVHD, or transmission of infectious diseases.

≥ 1 other compatible HLA allele

1 shared HLA restriction

+



Third party

Expanded Access Program (EAP) Tabelecleucel in Europe

Choquet S, et al. J Clin Oncol 2023;41(Suppl 16):7521

EBV+ PTLD 

Post-HCT 

(n=8)

EBV+ PTLD 

Post-SOT  

(n=16)

All

(N=24)

Responders*, n (%) 7 (87.5) 9 (56.3) 16 (66.7)

95% CI 47.3, 99.7 29.9, 80.2 44.7, 84.4

CR, n (%) 4 (50.0) 4 (25.0) 8 (33.3)

PR, n (%) 3 (37.5) 5 (31.3) 8 (33.3)

SD, n (%) 0 2 (12.5) 2 (8.3)

PD, n (%) 1 (12.5) 5 (31.3) 6 (25.0)

Median TTR, 

months (range)
1.0 (0.9–1.6) 1.0 (0.8–2.2) 1.0 (0.8–2.2)

Number at Risk (Event)

All patients

Responder

Non-responder

24 (0)

16 (0)

8 (0)

13 (4)

11 (0)

2 (4)

4 (5)

3 (1)

1 (4)

1 (5)

1 (1)

0 (4)

0 (5)

0 (1)
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All patients, 1-year OS = 73.7%

Responder, 1-year OS = 90.9%

Non-responder, 1-year OS = 34.3%Censored

ORR of 75% among patients with EBV+ PCNSL-PTLD (n=4) 
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Third party

Persistence of VST up to 8 months

SOT



CART

McKenna M, et al. Br J Haematol 2023;202:248-55



• Safe and effective therapy

• Persistence of EBV-CTLs: necessary for durable response?

➔ up to 9 years following infusion

➔ less long in third party CTLs

• Third party EBV-CTLs

➔ SOT

➔ HSCT

• Safety concerns?

➔minimal infusion-related toxicity

➔ no CRS/ICANS

➔ negligible GVDH/rejection
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Bollard CM, et al. J Clin Oncol 2018;36:1128-39

Sinha D, et al. J Immunother Cancer 2021; 9:e001608

Conclusion



• Resistance

• Future:

• Gene engineering of CTLs (CNI resistant – ITREC/NCT03131934)

• Overcoming immunosuppressive properties of TME (dominant negative TGFβ receptor)

• EBV-CTLs with CART / CARNK (receptors targeting lytic proteins)

• Combination therapy (CPI, BV, BCL2-antagonists, DMAs,…) 

• Multivirus virus-specific T cells

Conclusion
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