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Abstract:

Epstein-Barr virus (EBV) is a herpesvirus that affects the majority of people worldwide. The virus can develop
a long-term latent infection in the host's B lymphocytes. In immunosuppressed (e.g. post-transplant) patients,
the disease can reactivate, and the most dangerous is after hematopoietic stem cell transplantation (HSCT),
postlymphoproliferative disease (PTLD), which is increasingly the case. Several risk factors, including age,
decreased immunity, EBV serologic incompatibility, and cytomegalovirus (CMV) reactivation, are associated
with the development of PTLD. There are few clinical studies on PTLD and no clinical consensus, making the
management of PTLD difficult. Although initial therapy includes weekly rituximab administration, there is no
consensus on the treatment of rituximab-resistant PTLD. There are clinical studies evaluating the role of EBV-
specific cytotoxic T lymphocytes (CTL) and newer drugs such as bortezomib, lenalidomide, everolimus,
panobinostat, and brentuximab. This article aims to investigate the EBV-PTLD association in HSCT recipients,
detailing clinical outcomes, risk factors, care, and treatment, thus highlighting the mystery that must be created
to establish an appropriate treatment plan for all at-risk patients.

Keywords: Epstein- Barr virus(EBV),Epidemiology,Pthogenesis, Treatment.

INTRODUCTION
Epstein-Barr virus (EBV) is a herpesvirus that affects 50% to 89% of children and more than 90% of adults

worldwide [1, 2]. Human Herpesviruses Epstein-Barr virus (EBV or human herpesvirus 4, HHV-4) is one of
the most common herpesviruses, infecting 95% of adults. Initial EBV infection usually occurs in childhood and
is often asymptomatic. However, EBV infection in adolescence and early adulthood can cause mononucleosis
in 35% to 50% of patients. Symptoms of mononucleosis (fatigue, fever, sore throat, swollen lymph nodes in the
neck, spleen enlargement, liver swelling, rash) usually resolve within 1 day for 2 months, although in young
people, symptoms of fatigue appear after resolution of pleocytosis. The disease is followed by a 13%, 7%, and
4% reduction at 6, 12, and 24 months, respectively [3]. A fixed latency period is established after the onset of
infection. However, EBV can still cause serious diseases of the immune system and many life-threatening
diseases of lymphoid and epithelial cell origin (congenital, in the setting of HIV infection or due to mutations
and autoimmune diseases due to use of immunomodulatory drugs). EBV has been shown to play a role in the
development of B-cell malignancies such as Burkitt lymphoma and other non-Hodgkin lymphomas, Hodgkin
lymphoma, central nervous system lymphoma and post-transplant lymphoproliferative disorder (PTLD), AIDS-
related lymphomas, as well as natural killer (NK) and T-cell lymphomas [4,5]
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Pathogenesis

This virus prefers to infect B lymphocytes through its target receptor CD21, where EBV remains in an
asymptomatic latent state throughout the life of the host, but EBV-associated lymphoma can develop in
conditions of good immune resistance. In immunocompromised individuals, after the initial infection with
infectious mononucleosis, the disease is controlled by EBV-specific cytotoxic T lymphocyte (CTL) activity [6].
Here, the virus circulates its genome, restricts the viral load and establishes a long latency period [2, 7]. The
latent virus proteome can direct memory B cells to the central nervous system and allow EBV in the peripheral
blood and reticuloendothelial system [8]. This concept becomes important when considering antiviral drugs that
frequently target EBV during infection, such as ganciclovir. Drugs such as ganciclovir require phosphorylation
of viral kinases that are not usually expressed and therefore not used during latent infection [9]. Host escape.
For example, chronic exposure of an individual's immune system to EBV latent proteins such as latent
membrane protein (LMP) activates the JAK/STAT pathway in infected B cells, leading to expression of the co-
inhibitory receptor PD-L1 [10], while T cells become inactivated when they bind to the PD-1 receptor, leading
to errors and exhaustion of immunity to EBV [10]. In addition, the virus can downregulate MHC class | and
class 1l proteins to avoid harming the body [11]. Although HLA-class | downregulation allows EBV to evade
the host immune system, it also makes it more susceptible to natural killer (NK) cells [12]. One study
investigated this issue by examining the NK response of three donor peripheral blood mononuclear cells
(PBMC:s) to Ataka cells (a Burkitt lymphoma cell line latently infected with EBV) and EBV-negative Ataka
cells after incubation [13]. After incubation of donor PBMC with EBV-positive Ataka cells, the number of NK
cells increased significantly (p value < 0.001), indicating the role of NK cells in maintaining EBV-positive cells
[13]. Although rare, EBV is highly contagious, but it is possible for individuals to develop EBV-associated
lymphoma. This is often modified by race, geography, genetics, immune system and infection [14]. In
immunocompromised individuals, T lymphocyte immunity is compromised and EBV viremia delays the
lifespan of B lymphocytes causing lymphoma/AKT/mTOR, BCL2, leading to increased transcription (e.g.
BCL6, MYC, NF-kB, PI3K) and immunoglobulin switching allowing progression from early polymorphic
lymphoma to more advanced monoclonal [15-23]. Although >90% of EBV-PTLD patients in organ transplant
(SOT) recipients are hosts, the majority of EBV-PTLD after HSCT are donors [24]. When immunodeficiency
occurs after HSCT, the graft creates a unique immunocompromised environment, allowing donor-derived EBV-
infected B lymphocytes to invade the immunocompromised host and cause lifelong problems such as PTLD [
25 ]. EBV-positive PTLD is usually reported in the first year after transplantation, with the majority occurring
in the first 6 months [ 26 ]. EBV-negative PTLD, on the other hand, occurs more than 5 years after
transplantation, with some cases occurring as late as 10 years after transplantation. At the genomic level, there
appears to be an important difference between these two entities: EBV-negative cases share genomic features
with diffuse large B-cell lymphoma in immunocompetent individuals, whereas EBV-positive cases do not [ 12,
26 ]. This is reflected in the greater number and complexity of molecular abnormalities in EBV-negative PTLD
compared to EBV-positive PTLD [12, 26]. Therefore, EBV-positive PTLD occurs in the early
immunodeficiency period after transplantation due to low molecular/genetic alterations. Therefore, EBV-
negative PTLD can be compared to non-transplantation site large B-cell lymphoma. Despite the differences
between the two entities, they appear to respond similarly to treatment and therefore EBV status does not
appear to have a prognostic value [26].

EBV-PTLD epidemiology

The incidence of EBV-PTLD after allogeneic HSCT ranges from 0.5% to 17% [25-28]. The incidence of
PTLD is increasing due to the increasing number of transplants, aging population and age of the recipient, new
vaccines, increased demand for haploidentical HSCT, and increased awareness of the disease [29]. However,
this has led to improvements in diagnostic tools [30]. EBV can infect cells other than hematopoietic cells,
causing various conditions such as hepatitis, gastroenteritis, pneumonia, nephritis, and encephalitis. According
to the 2016 classification of the World Health Organization (WHQO), PTLD can be divided into: plasmacytosis,
infectious mononucleosis, follicular hyperplasia, pleomorphic, monomorphic, and classical Hodgkin lymphoma
[32]. PTLD can occur at any time after transplantation, even up to 10 years after transplantation [33]. However,
the majority of cases (60%) occur within the first year of transplantation [34, 35]. This is consistent with
previous studies showing that the risk of developing EBV-PTLD is highest in the first year after HSCT, with
83% of patients presenting at this time and most occurring within the first 6 months after transplantation [23].
As previously mentioned, early-stage PTLD appears to be dependent on EBV, whereas late-stage PTLD is not
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[4]. The occurrence of PTLD alone reduces patient survival from 62% to 20% [36]. A previous mortality
analysis in PTLD patients in over 200 transplant centers showed that mortality due to PTLD was as high as
84% [37]. However, rigorous use of diagnostic and therapeutic strategies, such as monitoring for EBV
DNAemia and early treatment with new drugs such as rituximab, has successfully reduced mortality due to
PTLD from 84% before 2000 to 30% in 2013 [37 -39]. To establish the diagnosis of EBV-PTLD, the following
two conditions must be met: (a) the lymphocyte proliferation process destroys the cellular structure, (b) the
presence of monoclonal or oligoclonal viral markers, and (c) EBV infection is determined by detectable viral
nucleic acid or protein [32]. When PTLD is suspected based on clinical signs or elevated peripheral blood EBV
DNA levels, tissue biopsy is required to confirm the diagnosis of PTLD and distinguish it from other diseases
[40]. These samples are usually obtained by hollow needle or partial resection from the central or
fluorodeoxyglucose (FDG)-rich region of the tumor [40]. Samples should be tested for clonal immunoglobulin
heavy or light chains, T cell receptor gene rearrangements, and EBV-LMP immunostaining [40]. It is important
to note that EBV nucleic acid in serum alone is not sufficient to diagnose EBV-PTLD [38]. When EBV-PTLD
is diagnosed, clinical evaluation should be performed to assess disease and pathology in the spinal cord using
PET-CT, bone marrow biopsy, cerebrospinal fluid analysis, and brain magnetic resonance imaging [40]. These
include older age, noncompliance with rituximab therapy, delayed immune response resulting in
thrombocytopenia (<50 x 109/L) and leukopenia (<0.5 x 109/L) at diagnosis, and extranodal malignant disease
at the time of PTLD diagnosis. GVHD = grade Il [39, 41]. Elevated lactate dehydrogenase (LDH) levels have
previously been identified as a risk factor in PTLD after SOT, but there are concerns about its validity in PTLD
after HSCT [42]. However, it is associated with clinical manifestations of PTLD [33]. Baseline patient
characteristics such as advanced age, especially over 50 years, history of splenectomy, and other variables
described below provide good chances of curing PTLD. The risk of developing PTLD increases as the patient
accumulates risk factors [36]. Ulin et al. [36] studied 1021 patients, 4% of whom developed PTLD, and found
that RIC use was an independent risk factor for the development of EBV-PTLD (hazard ratio (HR) 3.25; p-
value 0.002). The effect of RIC on PTLD may be explained by EBV tropism for B lymphocytes. After RIC,
EBV-infected lymphocytes have time to spare for transplantation in the absence of the usual restriction of EBV-
specific T lymphocytes [36]. In addition, several studies have shown that T cell reconstitution is delayed after
RIC compared with myeloablative conditioning (MAC) [43, 44]. [36] found that HLA-mismatched graft
recipients had a higher risk of developing EBV-PTLD compared with HLA-identical graft recipients (HR 5.89,
p-value <0.001). Another study found that HSCT recipients who received two or more HLA-mismatched
donors (relative risk (RR), 3.1) or unrelated affected individuals (RR 4.2) had a higher risk of HSCT than those
who received the same donor or multiple transplant recipients. 1 HLA mismatch is associated with developing
PTLD (RR 1.8). Over the years, the results of various studies regarding the association between EBV-PTLD
and specific HLA class | antigens have been conflicting. This conflict can be addressed in a variety of ways
[45-49,23].

EBYV donor/recipient serology mismatch: As expected, EBV serology mismatch between donor and recipient
is another important risk factor for EBV reactivation and development of PTLD in the recipient. This
combination has been found to be a significant risk factor for the development of PTLD in HSCT recipients,
with an HR of 4.97 (p value <0.001) [36]. Cyclophosphamide is increasingly used for the prevention of post-
transplant GVHD in allogeneic transplantation. Initially, cyclophosphamide, like many other drugs shown to be
effective in preventing GVHD, was thought to increase the incidence of post-transplant EBV-PTLD. A
retrospective analysis of 785 allogeneic HSCT performed with cyclophosphamide after transplantation found
zero cases of EBVPTLD [52]. -Another independent risk factor for PTLD (HR 2.65; p-value 0.006) [33]. Other
studies also agree with this result [53, 54]. This may be due to a specific immune response resulting from
proinflammatory cytokines released in GVHD in addition to the protective immune system [37]. The problem is
that there is no medical approval in the United States or Europe. The impact on treatment is due to changes in
patient response to treatment, limitations and toxicities associated with current therapy, lack of EMA and FDA
approved therapy, lack of international interest and, importantly, lack of randomized trials [29, 55]. Response to
RIS varies from 0% to 73% but is not transient, as stable responses occur in <10-20% of patients [95-63].
There are two specific problems when dealing with HSCT patients: (a) the median response time after RIS is
very long, approximately 3-5 weeks, and (b) an increased risk of failure/rejection after RIS[35]
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Tuximab results:

Rituximab is a monoclonal anti-CD20 antibody proven in non-destructive PTLD, polymorphic PTLD, and
monomorphic diffuse large B-cell lymphoma resistant to RIS as the standard treatment for patients with PTLD
[29].

Rituximab is effective in EBV-PTLD not only because it targets CD20+ tumor cells, but also because of its
effect on B-cell depletion, which changes the ratio of EBV-infected B lymphocytes to EBV-T lymphocytes,
particularly favoring the antibiotic/antibiotic tumor response [64]. Rituximab as first-line monotherapy has
reported response rates of approximately 60-65% and as high as 80% [64—66]. The 20% treatment failure rate
makes the use of rituximab as monotherapy inadequate. Therefore, rituximab is often combined with RIS or
cellular immunotherapy (e.g. EBV-CTL). Approximately 44-79% of patients respond to rituximab in
combination with RIS therapy, with a complete response rate of 20-55% [66-72]. Limitations in the
management of patients with relapsed or rituximab-refractory PTLD are the lack of consensus and consensus.
Therefore, survival of patients with relapsed or rituximab-refractory disease is poor, with only 28% of HSCT
patients and 36% of SOT patients expected to survive after 1 year [36, 71].

Antiviral therapy:

During initial infection, EBV encodes thymidine kinase, an enzyme that converts nucleoside analogs to the
monophosphate form; this enzyme is then converted by cellular enzymes to the triphosphate that targets viral
DNA polymerase, inhibiting viral replication and thus inducing apoptosis. Thus, antiviral drugs such as
ganciclovir have an effect on EBV infection during in vitro lytic infection. EBV-infected cells transform B cells
that lack lytic viral activity and are therefore insensitive to in vitro antiviral therapy [73]. Furthermore, as
previously mentioned, during latent infection, EBV cyclizes and inhibits the expression of specific proteins
such as thymidine kinase [74]. This makes EBV less susceptible to antibodies during latency. A meta-analysis
investigated the effect of antiviral therapy after SOT on the incidence of PTLD in patients with EBV serology-
discordant liver [74]. No effect was seen regardless of the type of mutation, type of vaccine, duration of
vaccination or age of the patient [74]. Such results may be relevant to the situation after HSCT transplantation
because the proliferation of EBV-infected B cells behaves similarly regardless of whether EBV is transmitted
as a donor or a recipient.

Conclusion

EBV-PTLD is a serious complication that can occur in severely immunocompromised HSCT recipients.
Although this association impacts survival, due to the small number of clinical trials and the rarity of the
disease, comparative data to evaluate treatment strategies are lacking, and there is no clear consensus regarding
their use in the treatment of PTLD in transplant recipients. Studies have identified risk factors for the
development of PTLD, including HLA incompatibility, EBV serology incompatibility, development of GVHD,
non-MAC RIC, and T-cell depletion. Physicians may intervene in patients at high risk of disease based on these
risks and patient characteristics. Currently, guidelines support weekly monitoring of EBVDNA and weekly
pretreatment with rituximab (1-4 doses) alone or in combination with RIS or CTL when possible. Combination
therapy awaits results from clinical trials investigating new technologies or drugs such as “off-the-shelf” CTLs,
bortezomib, lenalidomide, everolimus, brentuximab, and panobinostat.
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