
 
 

University of Birmingham

From pathobiology to targeted treatment in Epstein
Barr virus related T cell and Natural Killer cell
lymphoproliferative diseases
Glover, Alexander; Shannon-Lowe, Claire

DOI:
10.21037/aol-21-33

License:
Creative Commons: Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):
Glover, A & Shannon-Lowe, C 2021, 'From pathobiology to targeted treatment in Epstein Barr virus related T cell
and Natural Killer cell lymphoproliferative diseases', Annals of Lymphoma, vol. 5, pp. 5-31.
https://doi.org/10.21037/aol-21-33

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 27. Apr. 2024

https://doi.org/10.21037/aol-21-33
https://doi.org/10.21037/aol-21-33
https://birmingham.elsevierpure.com/en/publications/2d14ced3-c14b-48fa-89ef-2b017a3f720d


Page 1 of 16

© Annals of Lymphoma. All rights reserved.   Ann Lymphoma 2021;5:31 | https://dx.doi.org/10.21037/aol-21-33

Introduction

Epstein Barr virus (EBV) is a ubiquitous herpes virus, 
which infects more than 95% of the world’s population (1). 
It was first discovered in the 1960s during investigations 
into an infectious agent responsible for endemic Burkitt’s 
lymphoma (2). It was later discovered that EBV was the 

causal agent for infectious mononucleosis (IM), although, 
for most of the world’s population, infection is acquired in 
early childhood and is usually asymptomatic. Transmission is 
through an oral-oral route, via infected saliva. EBV appears 
capable of bidirectional transmigration across the oral 
epithelium as well as direct infection of epithelial cells (3,4). 
EBV subsequently binds to B cells through CD21 leading 
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to their infection, following which expression of the viral 
genome leads to proliferation and transformation. Passage 
of infected naïve B cells through the germinal centre leads 
to differentiation into a memory phenotype and concurrent 
downregulation of all viral gene expression to establish a 
lifelong persistence. The ability of EBV to trigger B cell 
transformation creates oncogenic potential and a subsequent 
association with several malignancies including diffuse large 
B cell lymphoma (DLBCL), Hodgkin’s lymphoma and post-
transplant lymphoproliferative disorder (PTLD). However, 
EBV is also capable of infecting other tissues including T 
and NK cells where the same induction of proliferation can 
lead to lymphoproliferative disease (LPD) and subsequent 
lymphoma. 

The mechanism by which EBV infects T cells is not fully 
understood as CD21 is not usually expressed on mature 
T cells. Coleman et al. demonstrated that EBV type 2 
(EBV-2) was capable of infecting purified T cells leading 
to proliferation and cytokine expression (5). Subsequent 
work by the same group showed that CRISPR knockout 
or antibody blockade of CD21 could prevent EBV-2 
infecting Jurkat T cells (6). However, the majority of the 
world’s population are infected with EBV type 1 (EBV-1)  
and this strain is responsible for all T/NK-LPDs (7,8). 
There are now various lines of evidence that suggest EBV 
infects CD21-expressing T precursors during thymic 
differentiation prior to the point of lineage commitment. 
Naïve T cells have been demonstrated to express CD21 
on exit from the thymus (9). Southern blotting of EBV can 
show viral clonality in T and NK cells isolated from the 
same patient (8). Similarly, common somatic mutations can 
be identified in more than one lymphocyte lineage (8). All 
of which supports the concept that the cell of origin is an 
EBV infected lymphoid progenitor. 

Common to all EBV related T/NK LPD is presentation 
with pronounced systemic inflammatory symptoms 
including associated haemophagocytic lymphohistiocytosis 
(HLH) which contributes to high morbidity and mortality. 
The speed of progression as well as lymphadenopathy, 
extra-nodal involvement and cutaneous features depends on 
the disease subtype. The revised 4th edition of the WHO 
classification of tumours of haematopoietic and lymphoid 
tissues recognises 8 separate diagnoses (10). This includes 
chronic active EBV (CAEBV), which has a systemic as 
well as two cutaneous forms, severe mosquito bite allergy 
(SMBA) and hydroa vacciniforme-like lymphoproliferative 
disorder (HVLPD), Systemic EBV positive T cell 
lymphoma, Aggressive NK leukaemia (ANKL), Extranodal 

NK/T cell lymphoma (ENKTL) and EBV+ HLH, which is 
recognised as an LPD in its own right. These disorders can 
be seen worldwide but are more common in Latin America 
and Asia and are rare in European populations (11). 

Diagnostic criteria for EBV-associated LPDs have 
not always been clear, particularly because they are rare 
and it is difficult to identify the infected lineage, prove 
clonality or demonstrate the disease is not the result of 
severe viral infection using standard diagnostic techniques. 
Furthermore, the T/NK cell LPDs tend to be resistant 
to conventional pharmacological approaches further 
complicating management and leading to rapid disease 
progression. This review will focus on the pathophysiology 
of EBV related T/NK LPD and how this can lead to more 
targeted and efficacious therapeutic approaches. 

The role of the EBV in T and NK cells

After primary B cell infection, EBV initiates the expression 
of a unique set of growth transforming genes including 
the virus-encoded nuclear antigens EBNA 1 (the virus 
genome maintenance protein), EBNAs 2, 3A, 3B, 3C, 
and –LP (transcriptional activators/regulators), the latent 
membrane proteins LMPs 1 and 2A/2B (signal transducers) 
and low levels of BHRF1 (a bcl2 homolog), plus the 
non-coding EBER RNAs (EBERs) and two blocks of 
microRNAs (the BHRF1- and BART-miRs). This growth 
transforming Latency III is highly immunogenic and 
vulnerable to immunosurveillance, therefore to establish 
lifelong persistence, the virus adopts a restricted Latency 
0 expressing only the EBERs and BART-miRs. However, 
this reflects only two of several alternative forms of latency 
with increasingly restricted transcriptional programmes 
compared to Latency III (Table 1). Although first identified 
in EBV-positive lymphomas, Latency II and I reflect 
transcriptional programmes adopted by the virus during 
the establishment of Latency 0 in B cells. Latency III also 
typically occurs in immunosuppressed hosts, classically in 
the form of PTLD (12).

EBV+ T/NK LPDs are generally characterised by a 
Latency II transcriptional programme; EBNA-1, LMP-
1 and LMP-2b, EBERs and miRs, although at least half 
do not express LMP-1. However, a recent analysis of the 
EBV genome in infected cells from Japanese CAEBV 
patients revealed frequent point mutations and intragenic 
deletions across the genome. Interestingly, certain BART 
miRs that repress entry into the virus lytic cycle and several 
core replication genes including BALF5, BMRF1, BSLF1, 
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BALF2 and BBLF4 were lost, yet the immediate early 
BZLF1 and BRLF1 remained intact, implicating a role 
for abortive lytic replication in the pathogenesis of EBV 
related malignancy (8). In keeping with this, early lytic gene 
expression including BILF1 and BZLF1 has been noted 
in otherwise latent tumours including in primary Burkitt 
lymphoma biopsies and in EBV+ T/NK cell lines (13,14). 
EBNA-1, LMP1 and LMP2 are never deleted, highlighting 
their essential role in viral genome maintenance and 
lymphomagenesis (15).

EBV miRs may also play a role in lymphomagenesis and 
immune evasion, although this has been better explored in B 
cell malignancies (16). The role of EBER RNA is not clear 
in T/NK LPDs, despite its universal high-level expression 
and lack of deletion or mutation in malignancy (16).  
This is despite EBER deficient viruses being capable of 
infecting and transforming B cells in experimental models. 
In CAEBV and EBV+ HLH, BART19-3p appears to be 
able to promote proliferation and suppress apoptosis via 
inhibition of the tumour suppressor adenomatous polyposis 
coli (APC) (17). BHRF1 and BART miRs are capable of 
downregulating the transporter associated with antigen 
processing (TAP), this impairs loading of MHC class I with 
viral antigens and therefore attenuates the CD8+ T cell 
response (18). Similarly, MHC class II ligand generation 
is impaired by miRs at multiple levels preventing CD4+  
T cell recognition (19). Additionally, IL12 is downregulated 
by miRs therefore limiting Th1 differentiation (19). These 
pathways may play a crucial role in preventing immune 
surveillance despite strong cell mediated immunity in 

healthy EBV carriers, and may frustrate immunotherapy as 
will be discussed later (20).

While the exact mechanisms by which EBV latency I/II 
infection in T/NK cells induces development of LPD are 
not understood, EBV is capable of interacting with the host 
cell in a number of ways. LMP-1 can induce the NF-κB 
pathway, likely by signalling through the tumour necrosis 
factor (TNF) receptor (21,22). Genes expressed in the 
latent phase are capable of modulating cell death responses 
leading to apoptosis resistance (23). BARF1, through 
the MAPK/c-Jun signalling pathway and LMP-2A, by 
triggering activation of Ras/PI3K/Akt can induce expression 
of antiapoptotic bcl family proteins (24,25). EBV can also 
trigger epigenetic changes, by inducing hypermethylation 
and histone modification (26,27). While this has been 
better mechanistically described in the context of gastric 
and nasopharyngeal tumours, similar epigenetic changes are 
seen in EBV+ T/NK LPD (28).

Disease subtypes

Chronic active EBV 

CAEBV is characterised by IM like symptoms lasting at 
least 3 months with EBV detectable in both the blood and 
tissue infiltrating lymphocytes (10). Cases are reported most 
frequently in Asia, where it can represent a third of EBV+ 
T/NK LPD cases, but are rare in the West. The phenotype 
also differs across ethnic groups, in Japan the disease is 
exclusively of T and NK cells (29), yet in the West B cell 
involvement is reported with equal frequency (30). CAEBV 

Table 1 Expression of EBV genes in modes of latency in lymphoma/LPD

Disease Latency mode Latent gene expression

B cell PTLD Latency III EBNA-1, -2, -3A, -3B, 3C, -LP, LMP1, LMP2a & b, BHRF1, EBER 1&2, BART 
miRNAs, BHRF1 miRNAs

Hodgkin Lymphoma, diffuse  
large B cell lymphoma

Latency II EBNA-1, LMP1, LMP2a&b, EBER1&2, BART miRNAs

EBV T/NK LPD/lymphoma Latency I/II EBNA-1, LMP1 (variable), LMP2a & b (variable), LMP2b-TR1, EBER 1 & 2, 
BART miRNAs2, Abortive lytic replication3 

Burkitt lymphoma Latency I EBNA-1, EBER 1 & 2, BART miRNAs

Healthy carrier state Latency 0 EBER 1 & 2, BART miRNAs

Latency I/II includes a number of latency profiles that are intermediates between Latency I and II with different degrees of LMP1 and/
or LMP2a and/or LMP2b. 1, in some cases, LMP2b is expressed from the L2TR promoter in the terminal repeat region; 2, in some cases, 
deletions within the BART miRNA clusters 1 and 2; 3, Abortive lytic replication has been demonstrated ex vivo in EBV+ T/NK LPD. This 
has also been shown in other EBV associated B cell malignancies, although its role is not fully understood. EBV, Epstein Barr virus; LPD, 
lymphoproliferative disease; PTLD, post-transplant lymphoproliferative disorder.
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is usually a disease of childhood and adolescence and tends 
to arise after primary EBV infection. Clinical features and 
prognosis can vary significantly; some patients have stable 
indolent disease whereas others progress rapidly with organ 
failure and secondary lymphoma (31). 

The cutaneous forms of CAEBV—SMBA and HVLPD 
present in childhood and can occur with or without systemic 
disease (11). In HVLPD presentation is with a blistering rash 
triggered by sun exposure, which on biopsy shows infiltration 
with EBV positive lymphocytes, most commonly with a 
γδ phenotype in limited disease or CD8+ cells in patients 
with systemic features (32). In SMBA the skin lesions are 
characterised by bullae at the site of a mosquito bite that 
then develop into necrotic lesions infiltrated with EBV+ NK 
cells (33). Cytokines such as INFγ and chemokines such as 
CXCL11 and CXCL9 released by skin infiltrating infected 
lymphocytes drive the pathology (34). Associated systemic 
CAEBV is more common in those with Central American 
or Asian ancestry and carries a worse prognosis than in 
Europeans who tend to present with limited disease (34,35). 
Mortality is associated with subsequent development of HLH 
or a more aggressive lymphoma and occurs 6–14 years after 
initial symptoms (33).

The drivers of CAEBV appear to relate to both impaired 
viral clearance combined with somatic and viral mutations 
driving abnormal lymphocyte proliferation. The INF-γ 
response towards EBV peptides is lower in cytotoxic T 
lymphocytes (CTLs) from CAEBV patients compared to 
healthy donors, patients with acute IM and healthy HLA-
identical siblings (36,37). While there is an association 
with HLA-A26, this cannot explain the striking geographic 
variation and occurs despite CAEBV being, by definition, 
not associated with underlying immunodeficiency (11). The 
most frequent somatic mutations seen are in epigenetic 
regulators, particularly DDX3X, but also including 
KMT2D and TET2 (8). Similar changes are noted in 
more aggressive EBV T/NK LPD although CAEBV 
lacks other alterations such as JAK-STAT mutations. This 
mechanistically demonstrates how CAEBV can progress 
through the development of additional somatic mutations. 

Treatment for CAEBV is generally unsatisfactory. Therapies 
such as immunosuppression, CTLs and rituximab for CD20+ 
disease tend to only cause transient improvement (38).  
The results are best achieved with allograft. In a cohort 
of 108 Japanese patients with CAEBV, 59 had an allograft 
of which 66% achieved long term cure (29). In the USA 
a smaller cohort 5/8 had long term cure post allograft 
whereas 3/8 developed progressive lymphoma (30). Timing 

of transplantation is a difficult issue; should it be done early 
prior to the development of severe end organ damage when 
outcomes are best, but with the knowledge that some patients 
have stable disease. The alternative approach is to watch and 
wait initially and proceed to transplant at the development of 
end organ damage, however, this risks higher complications 
from transplantation and an overall lesser chance of cure (38). 
Better understanding of which patients are likely to progress 
would help guide the use of allograft.

ANKL

ANKL is an extremely rare and rapidly progressive LPD 
which typically presents in the 3rd to 5th decade of life and is 
seen most frequently in Asia (10). Patients present with fever 
and cytopenias associated with a circulating clonal population 
of EBV infected NK cells (10). Presentation is frequently 
complicated with multiorgan failure and HLH which 
contributes to a median survival of less than two months (39).  
The immunophenotype is similar to ENKTL being CD2+, 
CD3−, CD5− and CD56+ although CD16 is more commonly 
positive (40,41). Diagnosis can be difficult as the EBV+ cells 
can be infrequent and a detailed phenotype can be difficult 
to assess with conventional immunohistochemistry and 
FISH, these difficulties are compounded by the rarity of 
the condition. FlowRNA, which allows detection of EBER+ 
cells by in situ hybridisation along with detailed phenotyping 
via flow cytometry, should make identifying cases less 
challenging (42). Otherwise, a diagnosis of ANKL rather 
than ENKTL, CAEBV or EBV+ HLH is made on a lack of 
nasal symptoms combined with circulating leukaemic cells 
and an aggressive clinical presentation.

Several studies have looked at somatic mutations in 
ANKL. Using whole exome sequencing recurrent mutations, 
which are usually activating, have been reported in the 
JAK-STAT and RAS-MAPK pathways (43). The exact 
genes involved are heterogenous, for example mutations 
are described in JAK2, STAT3 and STAT5, suggesting 
that dysregulation of the pathway is the primary issue (44).  
Mutations in epigenetic regulators are also common 
including ASXL1, TET2 and DNMT3A (45). In a large 
study combining genome sequencing with transcriptome 
analysis, dysregulation of the JAK-STAT-MYC axis was seen 
as the primary driver of ANKL; in around half of patients 
this was driven by direct mutations in pathway genes with 
an enrichment of epigenetic mutations such as TET2 in 
those with wild type JAK-STAT (46). It is also not clear what 
differentiates ANKL from less aggressive EBV T/NK LPD 
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with a similar mutational burden although chromosome 
abnormalities such as 1q gain and 17p are reported more 
frequently in ANKL (46). The role of p53 mutations are also 
not clear and have been reported at variable frequencies by 
different groups (43,45). 

In general, outcomes are dismal with no standard 
therapies or prospective data available to guide treatment. 
Asparaginase containing induction regimens, as used for 
ENKTL, are associated with improved outcomes compared 
to anthracycline based regimens in retrospective series (39).  
Only a small proportion of patients have a sufficient 
response to allow for allograft, the only curative option, 
even with this therapy survival is only 20–30% (47,48). 

EBV related HLH

HLH is a multisystem hyperinflammatory disorder 
characterised by fever, cytopenias, hepatic dysfunction 
and organomegaly with multiple potential triggers (49). 
In adults, viral infections are the most frequent cause for 
HLH and EBV is the most common provoking virus, 
although EBV related HLH can occur at any age (50). EBV 
infected proliferating lymphocytes secrete cytokines such 
as IL-1b, IL-6, TNF-α IL-4, IFN-γ and IL-10 which drive 
hyperinflammation and activate bystander immune cells (51).  
Activated CD38+/HLA-DR+ T lymphocytes with type 1 
polarisation appear to characterise reactive HLH, with this 
phenotype representing the virally infected cells when EBV 
is the driver (52). 

The relationship between EBV and HLH can be 
complex and clinically difficult to determine; EBV can act as 
a trigger for primary HLH in children without representing 
an LPD and in adults EBV may be driving HLH indirectly 
through an underlying lymphoma which requires specific 
therapy (51). Conventional diagnostic tests, such as whole 
blood PCR, make it hard to determine the lineage or 
clonality of infected cells. This makes it difficult to identify 
an underlying cause, such as CAEBV, or a lineage marker, 
such as CD20, which would enable targeted treatment. 
Newer techniques such as flowRNA combining detailed 
phenotyping alongside detection of EBER should help solve 
some of these challenges (42). 

EBV+ HLH is generally treated with dexamethasone and 
etoposide, according to the HLH-94 trial protocol (53),  
which aims to control the hyperinflammation through 
immunosuppression (54). Initial response rates in EBV 
related HLH are good, however, rapid relapse is a major issue 
with OS at five years around 25% (55). Immunosuppressive 

treatment may prevent an EBV specific immune response 
therefore creating an environment where EBV infected cells 
can proliferate unimpeded (42). Adding rituximab is a common 
practice despite the infected lineage usually being unknown, 
retrospective data has shown this reduces inflammation and 
viral load but there is no data showing improved overall 
survival (56,57). Allogenic stem cell transplant, which generates 
a graft v EBV+ lymphocyte effect, is the only curative option 
for relapsed EBV related HLH (49).

ENKTL

ENKTL is a cytotoxic T cell or NK cell malignancy 
occurring almost exclusively in association with EBV. It 
usually presents with necrotic and destructive extra-nodal 
lesions in the upper aerodigestive tract (10). In advanced 
disease spread is usually to other extra-nodal sites including 
the skin, GI tract and testis. Associated systemic symptoms 
such as fever and HLH are frequently observed. The 
diagnosis is more common in Asia and presents in the 4th 
and 5th decade of life (58). 

Tumour cells are EBER positive with expression of 
latency II genes (10). The mutational burden is similar 
to ANKL with mutations in the JAK-STAT pathway 
as well as epigenetic regulators. Recurrent mutations 
have been identified in DDX3X, STAT3 and STAT5B, 
as well as MLL2, ARID1A, EP300 and ASXL3 (59). 
Compared to quiescent NK cells there is activation of the 
AKT, JAK/STAT and NFκB pathways. Dysregulation of 
these pathways happens at a greater frequency than gene 
mutations, potentially implicating EBV as a driver although 
the mechanism for this is not clear (60). Genes which are 
associated with interaction with the vascular endothelium 
are also overexpressed in ENKTL including VCAM1, 
CXCL9 and CXCL10 which may help to explain the degree 
of angioinvasion seen (60). Cytogenetically, 2q gain and 6q 
loss are frequently observed (46).

Historically outcomes for ENKTL have been poor 
with anthracycline based chemotherapy and a number 
of mechanisms have been explored to explain this (61). 
P-glycoprotein (P-gp), an efflux pump capable of excreting 
chemotherapeutic drugs, is frequently expressed in  
ENKTL (62). Knockdown of P-gp with siRNA can increase 
the sensitivity of cell lines to etoposide and doxorubicin. In 
a cohort of 105 ENKTL patients TP53 mutation was found 
in 14/105 via NGS and was associated with significantly 
worse prognosis (59). ENKTL cell lines also upregulate 
antiapoptotic proteins such as BCL-XL which can confer 
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chemoresistance (13). Across a panel of ENKTL cell lines, 
despite variation in P-gp, as measured by rhodamine-123 
efflux and p53 status, all were chemoresistant but responded 
to inhibition of bcl-2 family proteins (13).

Newer treatment regimens have improved outcomes of 
ENKTL and unlike other EBV related T/NK LPD there 
is prospective data to guide therapy. For localised disease 
the best outcomes are obtained with a combination of non-
anthracycline based chemotherapy and radiotherapy with 
a 5-year OS of around 70% (63). The SMILE regimen 
(dexamethasone, methotrexate, ifosfamide, l-asparaginase, 
and etoposide) has greatly improved the success rates 
for treating advanced disease, with 5-year survival of 
50% reported in a prospective trial (64). However, this 
regimen is associated with significant toxicity which can 
lead to dose delays and contributes to a treatment related 
mortality (TRM) rate of 6% (64). A newer regimen, DDGP 
(dexamethasone, cisplatin, gemcitabine, pegasparginase) was 
compared to SMILE in a RCT (n=42) leading to a 2-year 
OS of 74% versus 45% respectively, which could potentially 
be explained by better delivery of therapy to the DDGP 
group due to reduced toxicity (65).

Systemic EBV+ lymphoma of childhood

Systemic EBV positive lymphoma of childhood is an 
extremely rare disorder characterised by clonal expansion of 
EBV infected T cells (10). It can arise from primary EBV 
infection, when CD8+ disease predominates or CAEBV 
when the lineage is more commonly CD4+. This disorder 
is almost always associated with HLH and the progression 
to multiorgan failure and death is rapid (66). Historically 
the disease was referred to by a number of names, including 
sporadic fatal IM, before its nature as a lymphoproliferative 
disorder was known (10). It can be difficult to reach the 
diagnosis as the CD2+, CD3+, CD56–, TIA+ phenotype with 
clonal TCR rearrangement can be seen in EBV+ HLH 
and CAEBV. Biopsy of the bone marrow may only show 
subtle lymphoid infiltrates alongside more prominent 
haemophagocytosis (67). Organ biopsies can show a hepatic 
lymphoid infiltrate and depletion of the splenic white pulp, 
unfortunately, given the difficulty obtaining histology the 
diagnosis is often only reached at post-mortem (68). Given 
its rarity there are few studies looking at distinguishing 
genetic changes although it does appear that an abnormal 
karyotype is more common compared to EBV+ HLH and 
CAEBV (6).

Most patients are initially treated with a HLH based 

approach, which does not appear sufficient for disease 
control (67). SMILE chemotherapy, or other asparaginase 
based treatments, have been used prior to consolidation 
with an allogenic transplant (69). In general, even with 
transplantation, outcomes are poor with little data to base 
therapeutic decisions (67).

From pathology to therapy

Given the poor outcomes associated with EBV related T/
NK LPD and their apparent intrinsic chemoresistance 
there is unmet need for new models of therapy. Potential 
approaches include reversing the lack of response to viral 
antigens with immunotherapy and targeting the pathway 
alterations and apoptosis resistance seen in virally infected 
cells (Figure 1). These approaches are counter to the 
immunosuppressive treatments traditionally used, which 
while capable of reducing hyperinflammation and improving 
organ function, can prevent immune surveillance against 
EBV leading to the subsequent risk of disease progression. 

Checkpoint blockade

PD-1 checkpoint blockade has shown remarkable efficacy 
in treating multiple types of cancer, by overcoming T cell 
anergy and triggering an anti-tumour response (70). In the 
case of EBV+ T/NK LPD, it may provide a mechanism to 
reverse the lack of CTL response to the latency II antigens 
expressed by these tumours. PD-1L and PD-2L is expressed 
on tumour cells in around 60% of ENTLK cases with 
soluble PD-1L levels acting as a marker of disease stage and 
degree of viraemia (71). Structural variations (SV) in PD-
L1, most commonly affecting the 3’ untranslated region 
(UTR), leading to elevated transcript levels, have been 
reported as a mechanism of immune escape in multiple 
cancers, although at a low level in more common subtypes 
of high-grade lymphoma (72). However, in EBV related 
lymphomas the frequency of PD-L1/L2 SVs is high, being 
present in 23% of ENKTL and 57% of ANKL cases and 
therefore representing one of the more commonly reported 
genetic variations (73). Although, there is also evidence that 
EBV can downregulate PD-L1 and PD-L2 by BHRF1-2-
5p binding to the 3’-UTR of the PD-L1/L2 genes leading 
to reduced surface expression in lymphoblastoid cell lines 
(LCLs) (74). Given that overall EBV related lymphomas 
have increased PD-L1 expression this may represent a 
counterregulatory function, the relevance of this in T 
cell LPD is unknown. Overall, checkpoint expression is 
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a potential mechanism by which a virally driven tumour 
can escape immune surveillance and is therefore a rational 
target for therapy. 

A number of clinical trials have targeted the PD-1 axis. 
The largest, using the PD-1L blocking antibody avelumab 
in 21 patients with relapsed/refractory (r/r) ENKTL, 
showed encouraging results (75). While the overall response 
rate (ORR) was 38%, 21% achieved CR with a durable 
response. Smaller trials have shown similar results with 
anti-PD-1 antibodies in ENKTL and EBV+ HLH (76,77). 
Predictors of response include PD-1L expression and 
immune infiltration in the tumour microenvironment with 
responders showing an expansion of MAG3+ PD1+ CTLs 
capable of clearing the EBV+ clone (75). Other checkpoint 
inhibitors are in development, including those targeting 
CD47, TIM3 and LAG3, but as of yet there is no data in 
the context of EBV+ T/NK lymphomas (78,79).

While there is a rational concern in treating a condition 
characterised by inflammation with checkpoint blockade, 

crucially it is the malignant lymphocytes responsible for 
driving this process rather than the reacting immune  
system (42). Therefore, by eliminating the malignant cells 
the inflammatory picture should improve. This is borne out 
by the clinical data which has shown no concerning toxicity 
signals and resolution of HLH (75-77). There is also 
emerging evidence that PD-L1 expression on neutrophils 
worsens secondary inflammation in sepsis by promoting 
neutrophil survival, giving further theoretical reasons why 
targeting this axis could be beneficial (80). Checkpoint 
blockade also does not show overlapping toxicities with 
other agents in development, creating a rationale for 
combination therapy which may be able to increase the 
response rates reported in the trials described above.

Lymphoma targeting monoclonal antibodies (MABs)

Unlike in B cell lymphoma, which has been revolutionised 
with the anti-CD20 antibody rituximab, progress in the use 

Figure 1 Targetable therapeutic options for EBV-associated T/NK cell lymphoproliferative diseases. Pathological changes seen in EBV+ 
T/NK LPD provide a number of targetable therapeutic options. Changes in genetic and epigenetic regulation and abnormal pathway 
activation can be targeted with a range of small molecule inhibitors. The proliferating cells are intrinsically resistant to apoptosis due to 
expression of BCL-2 family proteins which can be overcome pharmacologically. Much of the organ dysfunction seen in these disorders 
is due to cytokine release by the T/NK cells which can be antagonised by repurposing drugs developed for other indications. There are a 
number of immunotherapy options available, from checkpoint blockade to cellular therapy which can potentially overcome the immune 
evasion which should otherwise trigger a cytotoxic response against cells expressing viral antigens. Cell surface antigens can be targeted with 
MABs to trigger ADCC against the tumour and to deliver a cytotoxic payload using an ADC. Finally, there is the potential to target the 
virus with a combination of antivirals and lytic cycle induction. 
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of MABs in T cell lymphoma has been slower. The target 
which has generated the greatest interest in ENKTL is 
CD38. In myeloma, targeting CD38 with daratumumab 
has single agent efficacy and can improve responses when 
given in combination with other agents (81). This antigen 
is expressed in ENKTL, CAEBV and ANKL with strong 
expression being associated with worse outcomes (42,81). 
Initial case reports showed single agent efficacy in ENKTL, 
however, a phase II trial was disappointing with an ORR 
of only 25%, no CRs and a duration of response of only  
55 days (82). A potential issue is that daratumumab relies on 
antibody dependent cellular cytotoxicity (ADCC) to exert 
its effect which may be inhibited by the immunosuppressive 
microenvironment which already prevents an immune 
response against EBV antigens. It is unclear if this drug 
may have a more significant role when combined with other 
agents such as checkpoint blockade.

CCR4 is another potential target for MAB therapy 
using mogamulizumab, which has shown efficacy in 
angioimmunoblastic T cell lymphoma (83). CCR4 is 
expressed on EBV infected T and NK cell lines as well 
as in primary samples, especially in the context of γδ 
LPD (84). Ex vivo mogamulizumab can induce ADCC 
against EBV+ cell lines and can slow tumour growth in 
an immunodeficient mouse model (84). However, there 
is no clinical data available and similar issues may exist to 
daratumumab with inducing ADCC in man.

Exploiting abnormal antigen expression to target cells 
with an antibody drug conjugate (ADC) is another potential 
therapeutic option which overcomes impaired ADCC. 
This strategy has been effective in other T cell lymphomas, 
particularly with brentuximab vedotin which uses a CD30 
antibody to deliver the potent anti-tubule drug MMAE 
to malignant cells. A small trial looked at patients with 
relapsed/refractory EBV+ CD30+ lymphomas and found an 
ORR of 48% with a CR rate of 18%, which overall shows 
proof of concept (85). Designing better ADCs relies on 
combining an appropriate antigenic target with an effective 
payload and is of considerable interest (86).

Cytokine blockade

A wide variety of inflammatory cytokines are secreted by 
EBV infected T/NK cells, driving the resultant organ 
dysfunction. Suppressing this through targeted blockade 
is another potential therapeutic approach especially given 
the range of cytokine blocking drugs developed for other 
indications which could be repurposed for this role. 

Tocilizumab, a MAB blocking the IL-6 receptor, was 
developed to treat rheumatoid arthritis but has shown efficacy 
in treating the cytokine release syndrome seen after chimeric 
antigen receptor T cell (CAR-T) therapy (87). It appears 
to be beneficial in improving markers of inflammation in 
critical illness induced HLH but has only been tested in 
small cohorts and not in the context of EBV (88). Anakinra, a 
recombinant IL-1 receptor antagonist, has also been used in 
the context of HLH in critically ill patients. In one study out 
of eight patients treated in the context of multiorgan failure, 
four survived to hospital discharge (89). Only a single patient 
had HLH provoked by EBV, but they rapidly died due to 
coagulopathy before any effect from treatment would be 
evident. Emapalumab, a monoclonal antibody against INF-λ, 
has an FDA licence for the treatment of relapsed/refractory 
primary HLH based on an ORR of 65% in a phase II/III 
study of 34 paediatric patients. There is no evidence in adults 
or in the context of secondary HLH, but this is currently 
being investigated in an actively recruiting clinical trial 
(NCT03985423). 

Overall cytokine blockade seems to be a potential 
advantageous strategy, particularly given the poor organ 
function often seen at presentation with EBV T/NK LPD, 
to improve the patient’s performance status and allow more 
definitive therapy. However, this approach would need 
combining with other treatments capable of eliminating the 
malignant clone and there is a need for better clinical data 
to confirm efficacy.

Cellular immunotherapy

The success of allograft in treating EBV+ T/NK LPD 
demonstrates the potential benefit of cellular immunotherapy 
through a graft versus lymphoma effect (38,48). However, 
allograft comes at the context of significant toxicities and 
is most effective at consolidating rather than inducing  
remission (47). Using expanded antigen specific CTLs 
represents another mode of treatment, a number of groups 
have used LCLs to generate a polyclonal product targeting 
mainly EBNA-3A, 3B and 3C and early lytic antigens. 
With partial HLA matching it is possible to create a bank 
of EBV specific T cells from volunteer donors which can be 
available for rapid off the shelf use (90,91). This has proven 
effectiveness for the treatment of PTLD and a commercial 
product based on this technology, tabelecleucel, is completing 
late phase clinical testing NCT03392142. However, EBV+ 
T/NK LPDs develop in patients with intact immune systems 
with detectable immune responses to EBV antigens (42). In 



Annals of Lymphoma, 2021 Page 9 of 16

© Annals of Lymphoma. All rights reserved.   Ann Lymphoma 2021;5:31 | https://dx.doi.org/10.21037/aol-21-33

healthy EBV carriers CD8+ T cells are present with greater 
specificity towards lytic antigens, representing up to 2% of 
the cytotoxic T cell repertoire, then latent antigens (20). 
Among latent antigens a cytotoxic response to the EBNA 3s 
dominates. CD4+ T cells are present, but with a 10-fold lower 
response to the same antigen compared to CD8+ cells but are 
much less skewed towards lytic antigens. Although, it should 
be noted that patients with specific HLA-A genotypes possess 
much stronger responses towards antigens such as EBNA-
2 (20). However, T/NK LPDs do not express the immune 
dominant EBNA-3s, instead expressing the subdominant 
LMP-1 and -2A/2TR and develop tumours despite intact 
immune function (92). Therefore, current off the shelf CTLs 
generated through LCLs may not have the same benefit as in 
PTLD. Although, this is the subject of ongoing clinical trials 
such as NCT04554914, testing tabelecleucel in a broad range 
of clinical indications including CAEBV.

There are however, a variety of methods to generate CTLs 
with better specificity towards latency II antigens in earlier 
stages of development, such as using LMP-1 peptides (93).  
Another approach is to transfect LCLs with LMP-1 and -2 
and then use these cells for T cell expansion (94). A number 
of small trials tested CTLs manufactured this way, achieving 
modest response rates such as CR in 3/8 patients with R/R 
EBV+ T cell lymphoma. The same approach can be used to 
consolidate remission, using donor CTLs as post allograft 
consolidation leading to a 2-year OS of 60% in a single arm 
study (95). Donor CTLs were less successful in relapsed 
disease post allograft, which represents a very difficult to 
treat group, with only 2/5 patients briefly responding. 
Interestingly, a further 2/5 patients in this trial went on to 
respond to unselected donor lymphocyte infusion, potentially 
illustrating a need for broader antigen specificity than LMP. 
In keeping with this, in trials of banked CTLs in PTLD, 
there have been responses even when the tumour antigen 
does not correspond with TCR specificity of the product (96). 
This may relate to the presence of cells specific to other EBV 
antigens or stimulation of a non-specific immune response. 

Given the success of CAR-T therapy against CD19 in 
B cell lymphoma there has been interest in developing a 
CAR against EBV antigens (97). This approach has been 
trialled in a nasopharyngeal cancer (NPC) setting using a 
second-generation CAR with an LMP-1 target (98). The 
transfected cells showed cytotoxicity against NPC cells 
in vitro and inhibited tumour growth in vivo in a mouse 
model. There is no published data in the lymphoma 
setting, however, there is much potential for development 
including using other EBV targets such as LMP-2 as well as 

alternative co-stimulatory domains to enhance the immune 
response.

One potential issue with cellular immunotherapy 
is again the immunosuppressive nature of the tumour 
microenvironment as well as a lack of antigen presentation. 
Myeloid derived suppressor cells (MDSCs) are expanded in 
EBV+ HLH and CAEBV (42). In the context of ENKTL 
MDSC expansion appears to be a negative prognostic 
marker (99). MDSCs from patients with EBV+ T/NK 
LPD can prevent T cell expansion. When combined with 
reduced antigen presentation via MHC class I and II due to 
EBV miRs and overexpression of PD-L1/L2 (16, 73); this 
may limit the success of cellular immunotherapy targeting 
viral antigens.

Targeting abnormal cellular pathways

EBV T/NK LPDs are characterised by abnormalities in 
the JAK/STAT and NF-κB pathways, defective epigenetic 
regulation and apoptosis resistance, all of which can be 
potentially targeted with small molecule inhibitors.

There has been interest in using bortezomib, a 
proteosome inhibitor, in ENKTL. NF-κB activation is 
inhibited by bortezomib via IκB phosphorylation, this is an 
important pathway of LMP-1 signalling in B cell disease 
although the role in EBV+ T/NK LPD is less clear (100). 
Bortezomib can induce apoptosis in EBV+ cell lines in vitro  
but clinical results have been poor. Combined with CHOP 
in a larger T cell lymphoma trial only 3/10 patients with 
ENKTL achieved CR with an association with early 
progression. It is not clear how much this was related to 
the CHOP backbone being insufficient for disease control. 
However, there was no correlation with expression of NF-
κB and response, suggesting that this mechanism may not 
be clinically important (101). 

HDAC inhibitors including romidepsin and belinostat 
have shown efficacy in peripheral T cell lymphoma 
(PTCL) (102). By altering gene expression HDAC 
inhibitors have multiple mechanisms of action including 
triggering apoptosis and growth arrest (102). A trial of 
romidepsin in ENKTL however had an unexpected result, 
3/5 patients developed fever and liver impairment with a 
rising EBV titre (103). A similar rise in EBV DNA could 
be demonstrated in vitro from the supernatant of a SNK-
6 cell line when treated with romdepsin which the authors 
proposed was due to induction of lytic replication. Some 
groups are interested in how this could allow for targeting 
of EBV with antiviral drugs, which will be discussed later. 
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Epigenetic changes in EBV T/NK malignancies are also 
seen via extensive promoter hypermethylation affecting 
multiple genes including TET2 and SOCS6 (45,104). 
Treatment of cell lines with the hypomethylating agent 
decitabine was associated with re-expression of silenced 
tumour suppressor genes. Hypomethylating agents have 
shown single agent efficacy in angioimmunoblastic T 
cell lymphoma (105) as well as safe combination with 
chemotherapy in PTCL giving evidence to support a trial 
in EBV+ T/NK LPD (106). Decitabine can also induce 
expression of latency III genes in the context of Burkitt 
lymphoma and therefore increase immunogenicity, although 
there is no data for a similar effect in T/NK LPD (107).

Targeting apoptotic pathways is another potential 
therapeutic approach, LMP1 signalling through NF-κB 
leads to upregulation of BCL-2, MCL-1 and BFL1/A1 
conferring apoptosis resistance (23). BCL-2 inhibition has 
shown efficacy in the treatment of CLL and AML, however, 
venetoclax, a selective BCL-2 inhibitor is not effective in 
T and NK cell lines. However, targeting BCL-XL with a 
non-selective inhibitor, ABT-737 or the BCL-XL specific 
A-1331852 are highly effective in vitro and in a xenograft 
model (13). This effect is magnified by blocking BCL-XL 
in combination with MCL-1, although inhibiting multiple 
survival pathways may cause on target toxicity to healthy 
tissues, with myelotoxicity a significant issue. There is, as of 
yet, no clinical data studying BCL-XL inhibition alone or 
in combination in the context of EBV+ T/NK LPD. 

The JAK/STAT pathway plays two roles in EBV+ T/
NK LPD, firstly it is activated in the proliferating cells 
and appears to drive malignant expansion, and secondly 
it is the signalling pathway for the cytokines responsible 
for hyperinflammation and HLH. The licenced JAK 1/2 
inhibitor ruxolitonib is effective in a mouse model of HLH 
by reducing STAT gene expression in response to cytokine 
stimulation without impacting lymphocyte cytotoxic 
function (108). There is only limited clinical data available 
using ruxolitonib as a single agent in HLH, indicating 
marked biochemical improvement without control of the 
underlying lymphoma, although this is not in the context 
of EBV+ T/NK LPD (109). A retrospective series examined 
combining ruxolitonib with dexamethasone, etoposide and 
liposomal doxorubicin (R-DED) in lymphoma associated 
HLH, of which approximately 60% of patients had 
ENKTL. Patients received this therapy for 1–2 weeks then 
went on to receive lymphoma subtype directed therapy 
without further ruxolitonib. Using resolution of HLH as an 

outcome, the ORR was 83.3% with R-DED compared to 
54.8% in a historic HLH-94 treated control. Unfortunately, 
the cohort with ENKTL still did worse overall, while 
R-DED improved outcomes this was only an improvement 
in median OS from 1.5 to 5 months (110).

Targeting other members of the JAK family could 
potentially have greater anti-lymphoma effect. JAK3 is 
involved in signalling from the IL-2 receptor leading to 
STAT3 and STAT5 activation, with mutations and pathway 
alterations common in EBV+ T/NK LPD (111,112). The 
JAK 1/3 inhibitor tofacitinib inhibits STAT5 activation, 
leading to suppression of proliferation in EBV+ T/NK cell 
lines both in vitro and in xenografts. However, the drug 
does not fully suppress proliferation or stimulate significant 
apoptosis (113). PRN371, a highly selective JAK3 inhibitor 
can stimulate apoptosis, but cells lines with activating 
mutations in STAT3, such as SNK6, are resistant (114). 

Antiviral strategies

Several groups have attempted to target EBV itself to treat 
the resultant LPD; this is problematic as standard antiviral 
drugs are not effective against latent virus. Nucleoside 
analogue antivirals require conversion to a monophosphate 
form by a viral thymidine kinase, expressed only in 
the lytic cycle (115). A potential strategy is therefore 
to trigger lytic replication alongside administering 
antivirals. Bortezomib, appears to be capable of inducing 
lytic replication in EBV infected B cells by inducing 
endoplasmic reticulum stress. A phase I trial attempted 
to exploit this by giving ganciclovir alongside bortezomib 
(NCT00093704), however, it appears only a single patient 
was recruited to this trial. As discussed HDAC inhibitors 
can also induce lytic cycle and this has been demonstrated 
the context of EBV+ B cell lymphoma and NPC where cell 
lines can be sensitised to the effect of ganciclovir, although 
HDAC inhibitors were toxic at micromolar concentrations 
as single agents (115). 

A phase I/II trial of the pan-HDAC inhibitor arginine 
butyrate in combination with ganciclovir in the context 
of R/R EBV+ lymphoma, with 6/15 having T cell disease, 
showed a CR rate of 27%. The potential for newer more 
effective HDAC inhibitors to induce lytic cycle and show 
synergy with antivirals is not clear. It is also not clear how 
effective this will be in all patients given the frequency of 
mutations in the viral genome preventing true lytic cycle 
induction (15). 
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Conclusions

EBV+ T/NK LPDs are rare and aggressive disorders 
which respond poorly to conventional treatments. Greater 
understanding of the pathology, particularly with regard 
to apoptosis resistance, epigenetic changes and immune 
evasion have identified a number of therapeutic targets 
which are now in clinical trials or could be used in the near 
future. Response rates from single agents used so far, such 
as PD-1L blockade or JAK-STAT inhibition, however, 
remain low and it may be that effective combination therapy 
will be needed. 
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