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Abstract

Epstein-Barr virus (EBV) is a ubiquitous herpes virus that infects the majority of the population worldwide. The virus can
establish a lifelong latent infection in host B-lymphocytes. In the setting of immunocompromise as is the case post
transplantation, the virus can reactivate and cause one of the deadliest complications post hematopoietic stem cell
transplantation (HSCT), post-lymphoproliferative disease (PTLD), the incidence of which has been increasing. Multiple risk
factors have been associated with the onset of PTLD such as age, reduced intensity conditioning, EBV serology mismatch
and cytomegalovirus (CMV) reactivation. The rarity of clinical trials involving PTLD and the lack of approved treatment
modalities renders the management of PTLD challenging. While the first-line treatment involves weekly administration of
rituximab, there is no consensus when treating rituximab-refractory PTLD. There is a handful of clinical trials that
investigate the role of EBV-specific cytotoxic T-lymphocytes (CTLs) and novel agents, such as bortezomib, lenalidomide,
everolimus, panobinostat, and brentuximab. This article aims to explore the entity of EBV-PTLD in HSCT recipients,
expanding on clinical presentation, risk factors, modes of monitoring and treatment, and so highlighting the gaps in
knowledge that are needed in order to build a treatment paradigm suitable for all patients at risk.

Introduction

Epstein-Barr virus (EBV) is a ubiquitous herpes virus that
establishes an infection in ~50% to 89% of children and
over 90% of the adult population worldwide [1, 2]. It is
infamous for causing one of the deadliest complications
post hematopoietic stem cell transplantation (HSCT), post-
transplant lymphoproliferative disease (PTLD), which plays
a significant role in plummeting patient survival rates.
Because of the low incidence of PTLD, there have been
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very few clinical trials that explore modalities to prevent,
treat pre-emptively, and eradicate the disease once it
develops. This article aims to explore the entity of EBV-
PTLD in HSCT recipients, expanding on clinical pre-
sentation, risk factors, modes of monitoring, and treatment,
and so highlighting the gaps in knowledge that are needed
in order to build a treatment paradigm suitable for all
patients at risk.

Pathogenesis

The virus preferentially infects B-lymphocytes via its target
receptor CD21 whereby EBV exists in an asymptomatic
latent state for the lifetime of the host but could, in the
optimal setting of immune dysfunction, develop into EBV-
related lymphomas. In an immunocompetent individual,
after the primary infection, infectious mononucleosis, the
virus is controlled by EBV-specific cytotoxic T-lymphocyte
(CTL) activity [3]. Here, the virus circularizes its genome,
limiting viral gene expression and establishing chronic
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latency [2, 4]. The panel of expressed viral latency proteins
can drive naive B-cells into post-germinal center memory
B-cells, allowing EBV to persist quiescently in peripheral
blood and in the reticuloendothelial system [5]. This con-
cept becomes important when considering antiviral agents
such as ganciclovir that would usually target EBV during an
active infection. Drugs such as ganciclovir require phos-
phorylation by wviral kinases, which are usually not
expressed during a latent infection thus rendering their use
inadequate [6].

After establishing latency, the virus is capable of main-
taining dormancy by hijacking and thus evading the host’s
immune system. For instance, chronic exposure of an
individual’s immune system to EBV latency proteins, such
as latent-membrane protein (LMP), can activate the JAK/
STAT pathway within infected B-cells resulting in
increased expression of the co-inhibitory receptor, PD-L1
[7]. This results in faulty and exhausted immunity to EBV
through T-cell anergy when bound to the PD-1 receptor [7].
In addition, the virus downgrades MHC class I and II
proteins thus eluding immune destruction [8]. Even though
HLA-class I downregulation allows EBV to evade the
host’s immune system, it makes it more susceptible to
natural killer (NK) cells [9]. One study explored this by
studying the NK response of three donor peripheral blood
mononuclear cells (PBMCs) to Ataka cells (Burkitt lym-
phoma cell line that is latently infected with EBV) com-
pared to EBV-negative Ataka cells after incubation [10]. A
significantly larger number of NK cells (p-value <0.001)
was evident after incubation of donor PBMCs with EBV-
positive Ataka cells demonstrating the role of NK cells in
immunity against EBV-positive cells [10].

While persistent latent EBV infection is common, even
though rare, it is possible for an individual to develop EBV-
related lymphomas. This is usually modulated by ethnic,
geographic, genetic, immunologic, and infectious cofactors
[11]. In immunocompromised individuals, compromised T-
lymphocyte immunity allows EBV to cause EB viremia and
fatal EBV-related lymphomas by extending the lifespan of
virally infected B-lymphocytes and thus increasing their
likelihood of gaining mutations such as alterations to BCL6,
MYC, NF-kB, PI3K/AKT/mTOR, BCL2, and immunoglo-
bulin switching that allows stepwise progression from early
polymorphic lymphoma lesions to more advanced mono-
clonal ones [12—17]. Although >90% of EBV-PTLD cases
in solid organ transplant (SOT) recipients are of host origin,
the vast majority of EBV-PTLD post HSCT are of donor
origin [18]. When immunocompromise is in the setting of
HSCT, the transplant creates a unique immunity depleted
environment paving the way for donor-derived EBV-
infected B-lymphocytes to hijack the immunocompromised
host and develop life-threatening complications such as
PTLD [19].
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While early post allogeneic transplantation PTLD is EBV-
dependent, late onset PTLD is not. EBV-positive PTLD is
usually reported within the first year post transplantation, with
the majority of cases occurring within the first 6 months [20].
EBV-negative PTLD on the other hand, occurs >5 years post
transplantation, with some reported cases as late as 10 years
post transplantation. On a genomic level, there appears to be a
significant difference between the two entities: EBV-negative
cases share genomic features with diffuse large B-cell lym-
phoma in immunocompetent individuals whereby EBV-
positive cases do not [7, 21]. This is reflected in the more
numerous and more complex molecular aberrations in EBV-
negative PTLD compared to EBV-positive PTLD [7, 21].
Thus, with fewer molecular/genetic changes, EBV-positive
PTLD occurs in the early phase post transplantation during
the nadir of immunocompromise. As such, EBV-negative
PTLD is comparative to large B-cell lymphoma outside of the
setting of transplantation. Irrespective of the clear differences
between the two entities, they appear to respond to treatment
similarly whereby EBV status does not appear to have a
prognostic value [21].

EBV-PTLD epidemiology

The incidence of EBV-PTLD post allogeneic HSCT ranges
from 0.5 to 17% [22-25]. The incidence rates of PTLD are
witnessing an upward surge due to the exponentially
increasing number of transplantations, relatively older
donors and recipients, new immunosuppressive drugs,
emergence of and increased demand for haploidentical
HSCT, and increased awareness of the disorder [26]. This
has however, led to improved diagnostic tools.

Clinical presentation and diagnosis

Clinically, PTLD presents with prolonged fever, lymphade-
nopathy, intermittent tonsillar enlargement, and progressive
reduction in cellular lineages on complete blood count [27].
EBYV can infect systems other than the hematopoietic system
causing a myriad of events such as hepatitis, colitis, pneu-
monia, nephritis, and cerebritis [23, 28]. According to the
2016 World Health Organization (WHO) classification,
PTLD can be classified as: plasmacytic hyperplasia, infectious
mononucleosis, florid follicular hyperplasia, polymorphic,
monomorphic, and classic Hodgkin lymphoma [29].

PTLD can develop at any time after receiving a transplant,
even up to over 10 years post transplantation [30]. None-
theless, the majority (60%) of cases develop within the first
year of transplantation [31, 32]. This is in accordance with
previous investigations, which demonstrated that the risk of
developing EBV-PTLD is highest within the first year after
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HSCT with 83% of the patients presenting during this time-
frame and with the majority presenting within the first
6 months post transplantation [20]. As mentioned earlier,
while early PTLD tends to be EBV dependent, late PTLD
does not [21].

PTLD, notorious for being one of the most fatal post-
HSCT complications, can drastically affect survival.
Developing PTLD alone decreases survival of patients from
62% to 20% [33]. Previously analyzed mortality rates
among PTLD patients from >200 transplant centers found
mortality due to PTLD to reach 84% [34]. Nonetheless,
strict implementation of diagnostic and therapeutic strate-
gies such as monitoring EBV DNAemia and pre-emptive
therapy with novel drugs such as rituximab have managed
to improve mortality due to PTLD from 84% before the
year 2000 to 30% in 2013 [34-36].

To establish a diagnosis of EBV-PTLD, two of the fol-
lowing conditions must be met: (a) a lymphoproliferative
process disrupting underlying cellular architecture, (b) pre-
sence of monoclonal or oligoclonal viral markers, and (c)
established EBV infection with detectable viral nucleic acid
or protein [29]. Once PTLD is suspected based on the clinical
picture or rising peripheral blood EBV DNA levels, a tissue
biopsy is required to confirm the diagnosis of PTLD and
differentiate it from other entities [37]. The specimen is
usually acquired via core needle or excisional biopsy from
the most central or most fludeoxyglucose (FDG)-avid area of
the tumor [37]. The specimen needs to be tested for clonal
immunoglobulin heavy or light-chain, T-cell receptor gene
rearrangements and EBV-LMP immunostaining [37]. It is
important to stress that EBV nucleic acid in blood alone is
not sufficient to establish a diagnosis of EBV-PTLD [35].
Once the diagnosis of EBV-PTLD is confirmed, a clinical
evaluation becomes necessary to assess the burden of the
disease through positron emission tomography/computed
tomography (PET-CT), bone marrow biopsy, cerebrospinal
fluid analysis, and magnetic resonance imagining of the
brain and spine in the presence of neurological symp-
toms (Fig. 1) [37].

Multiple prognostic factors that affect overall survival
negatively and influence clinician decision-making have
been elucidated. Among them is older age, failure to
respond to rituximab therapy, delayed immune reconstitu-
tion reflected by thrombocytopenia (<50 x 10°/L) and leu-
kopenia (<0.5 x 10°/L) at the time of diagnosis, malignant
disease at the time of PTLD diagnosis, presence of extra-
nodal disease, and the presence of acute GVHD > grade 11
[36, 38]. Elevated lactate dehydrogenase (LDH) levels have
been previously identified as prognostic correlates in PTLD
post SOT, but there are concerns regarding their applic-
ability in the setting of PTLD post HSCT [39]. Nonetheless,
it strongly correlates with the clinical manifestation of
PTLD [30].

EBV-PTLD risk factors

Multiple risk factors that increase the likelihood of devel-
oping EBV-PTLD post HSCT have been elucidated. Patient
baseline characteristics such as advanced age, especially
above 50 years, and history of splenectomy pose significant
risk for PTLD development, along with other transplant
related factors described below. As a patient accumulates
risk factors, the risk of developing PTLD also increases
[33]. In one study, individuals with one risk factor had a
0.4% risk of developing PTLD, while individuals with two,
three, four, and five risk factors had an increased risk of 3%,
10.4%, 26.5%, and 40%, respectively [33].
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Reduced intensity conditioning

Reduced intensity conditioning (RIC) is usually used to
decrease toxicity and early mortality following HSCT.
Uhlin et al. [33] investigated 1021 patients, 4% of which
developed PTLD, and found the use of RIC to be an
independent risk factor for developing EBV-PTLD (hazard
ratio (HR) 3.25; p-value 0.002). The influence of RIC on
PTLD risk could be explained by EBV’s tropism to B-
lymphocytes. After RIC, EBV-infected lymphocytes have a
prolonged period of freedom to undergo transformation in
the absence of normally restricting EBV-specific T-lym-
phocytes [33]. In addition, several studies have suggested
that T-cell reconstitution is delayed after receiving RIC
compared to myeloablative conditioning (MAC) [40, 41].
One study compared EBV-specific CTL reconstitution
between HSCT patients who received RIC and those who
received MAC, revealing that EBV-specific CTLs were
detectable in only 1/9 patients at 6 months and 7/10 patients
at 1 year in the RIC group compared to 6/9 and all patients,
respectively, in the MAC group [40].

Degree of HLA-mismatch

Uhlin et al. [33] demonstrated an increased risk (HR 5.89,
p-value <0.001) of developing EBV-PTLD in recipients of
HLA-mismatched grafts as opposed to recipients of HLA-
identical grafts. Another study demonstrated that recipients
of HSCT from a two or more HLA antigen-mismatched
donor (relative risk (RR), 3.1) or unrelated donor (RR 4.2)
had a higher risk of PTLD than patients receiving their
transplant from an identical donor or donors with one HLA-
mismatch (RR 1.8) [20].

Over the past decade, results from multiple studies
regarding a possible association between EBV-PTLD and
specific HLA-class I antigens have been conflicting. The
inconsistency was perhaps influenced by different meth-
odologies [42—46]. Jones et al. [47] tested HLA-class I
associations with lymphoma (classical Hodgkin’s lym-
phoma or PTLD) in 263 patients, 97 of which had devel-
oped EBV-PTLD and no HLA-class I antigen associations
with EBV-PTLD were found.

EBV donor/recipient serology mismatch

As expected, EBV serological mismatch between recipient
and donor is another significant risk factor for reactivating
EBYV and developing PTLD, especially when the recipient is
serologically EBV-negative and the donor is serologically
EBV-positive [48, 49]. Such a combination has been shown
to be a significant risk factor for developing PTLD in HSCT
recipients with a HR of 4.97 (p-value <0.001) [33]. The
mechanism is not quite clear, with multiple studies agreeing
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with this and others failing to find a similar association
[49, 50]. This could be explained by the total absence of
EBV-specific CTLs in the recipient for the lack of previous
exposure to EBV, and hence upon receiving a transplant
from an EBV-positive donor, the donor’s EBV-infected B-
lymphocytes are able to flourish without the slightest set-
back. As such when dealing with older patients who are
conditioned with RIC, it is important for clinicians to factor
in EBV donor/recipient serology when selecting a suitable
donor especially with the availability of multiple donors.

Umbilical Cord Blood Transplantation (UCBT)

UCBT is an alternative used for patients who require an
allogeneic HSCT but lack an HLA-matched donor with the
advantage of immediate availability, low infection trans-
mission risk, and lower than expected severe graft-versus-
host disease (GVHD) rates [51-53]. Rates of EBV-related
complications post UCBT have been found comparable to
rates post bone marrow transplant (BMT) or peripheral
blood stem cell (PBSC) infusion, whereby Barker et al.’s
[54] multicenter retrospective analysis of 272 patients
demonstrated a comparable rate of 2%. Nonetheless, the
risk of developing PTLD post UCBT was significantly
higher with the use of RIC instead of MAC regimens
especially when combined with anti-thymocyte globulin
(ATG). Brunstein et al. [55] and Peric et al. [S6] demon-
strated higher rates of 6-7% with the use of RIC regimens.
When RIC was combined with ATG, Brunstein noted a
21% incidence of EBV-related complications whereby Peric
noted a comparable 25% [55, 56]. This being said, the risk
of EBV-PTLD associated with UCBT is in part due to the
increased use of RIC and ATG in this setting.

Use of anti-thymocyte globulin (ATG) and T-cell
depletion

T-cell depletion, which is increasingly used due to the
increase in dependence on haploidentical transplantation,
was found to increase the likelihood of reactivating EBV
and as such, developing PTLD. T-cell depletion includes
the in vivo and ex vivo depletion of T-cells from a graft in
the hope of decreasing GVHD incidence and severity.
Depleting T-cells depletes EBV-specific CTLs, which
would compromise T-cellular immunity, the cornerstone of
viral immunity, thus increasing the chance of EBV reacti-
vation and PTLD development. Historically, total T-cell
depletion was associated with worse outcomes mainly due
to infections with CMV and EBV. Ninety-five percent of T-
cells have been found to have the af receptor whereby the
rest have the yo receptor [57]. Selective depletion of af T-
cells would decrease the risk of GVHD, all while allowing
y6 T-cells to expand in frequency and function thus
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retaining cellular immunity against viral infections [58].
The role of y6 T-cells, specifically V52-negative y T-cells,
has already been demonstrated in CMV whereby significant
expansions were noted with CMV reactivation and in
CMV-seropositive patients [58]. The role of V82-positive
y6 T-cells in EBV immunity has been elegantly described,
whereby an inverse relationship between V82-positive yo T-
cells counts and EBV reactivation has been highlighted thus
stressing their role in viral immunity [59].

Laberko et al. [60] described the outcome of EBV and
CMV burden post TCR-a/f- and CD19- depleted grafts.
The study demonstrated a 33% cumulative incidence of
EBYV viremia at 1 year with no relationship to the dose of a/
p T-cells or CD19 cells infused [60]. The control of EBV
was hypothesized to be due to simultaneous CD19 deple-
tion and rituximab therapy [60]. Demonstrating similar
results, Lang and colleagues [61] reported one EBV reac-
tivation after a median follow-up of 367 days in their pro-
spective multicenter, single-arm phase I/Il clinical trial
assessing the safety and feasibility of transplantation with
TCR-a/f- and CDI19- depleted haploidentical grafts in
pediatric patients.

ATG is an in vivo mechanism to remove both recipient
and donor T-cells to decrease the risk of GVHD in HSCT
patients [20, 33, 62, 63]. One protocol that relies heavily on
the use of ATG is the Beijing protocol, which involves
transplanting an unmanipulated haploidentical graft with
reliance on ATG for GVHD prophylaxis. There are currently
multiple formulations of ATG that differ in terms of pro-
duction and animal source. ATG is manufactured by
immunizing animals (rabbits or horses) with human thymo-
cytes (ATGAM and Thymoglobulin) or with Jurkat T-cells
(ATG-F). Currently, there are very few studies that compare
different ATG formulations in terms of immune reconstitu-
tion and risk of PTLD. One retrospective study compared
different doses of ATG-G (thymoglobulin) to ATG-F in
pediatric patients treated with allogeneic HSCT [64]. At the
presently used doses (5-10 mg/kg ATG-G and 20-60 mg/kg
ATG-F), no significant differences in immune reconstitution
were observed, but PTLD rates were higher in patients
treated with ATG-G [64]. In addition, the use of higher doses
of ATG-G (2040mg/kg and 50-60 mg/kg) portrayed a
dose-dependent effect on delaying immune reconstitution
[64]. In addition, rabbit ATG appears to cause more profound
lymphocytopenia when compared to its equine counterpart,
even though given at higher doses, thus rendering the inci-
dence of PTLD rather rare with the latter [65].

Use of alemtuzumab
Alemtuzumab (Campath) is a monoclonal antibody against

CD52, a surface glycoprotein. Alemtuzumab, through
poorly understood mechanisms, inhibits T- and B-

lymphocytes, which is central to its use in GVHD pro-
phylaxis. The T-cell compromise and delay in EBV-specific
CTL reconstitution caused by alemtuzumab lowers viral
immunity allowing EBV to grow rapidly. Studies have
demonstrated alemtuzumab’s role as a risk factor for
developing PTLD post HSCT [40, 66]. Nevertheless, there
are opposing studies that have demonstrated a reduced
incidence of PTLD with the use of alemtuzumab. This
could be due to alemtuzumab’s equivalent effect on B-cells,
which are the reservoir for EBV [67, 68].

PTLD risk is higher with some depletion procedures
compared to others. For instance, broad lymphocyte
depletion (such as the use of alemtuzumab and elutriation/
density centrifugation) rather than other selective T-cell
depletion procedures has been associated with a lower risk
of developing PTLD (T-cell depletion RR 8.4-15.8; broad
lymphocyte depletion RR 3.1) [20, 26, 69].

Post-transplantation cyclophosphamide

Another drug that has been increasingly employed in the
setting of allogeneic transplantation as GVHD prophylaxis
is post-transplant cyclophosphamide. Initially, like multiple
other drugs that have proven effective in GVHD prophy-
laxis, cyclophosphamide was hypothesized to increase the
incidence of EBV-PTLD post transplantation. A retro-
spective analysis of 785 allogeneic HSCT with post-
transplant cyclophosphamide yielded zero cases of EBV-
PTLD [70]. This was in concordance with many other
centers that similarly reported the absence of EBV-PTLD in
patients who received cyclophosphamide [71-75]. This
could be due to destruction of donor and host EBV-infected
cells with relative sparing of EBV-specific T-cells [70]. The
use of post-transplant cyclophosphamide as opposed to
ATG has been associated with a more rapid immune
reconstitution of T-cells but not B-cells [76].

Acute graft-versus-host disease (GVHD)

GVHD is another independent risk factor for developing
EBV-PTLD post HSCT (HR 2.65; p-value 0.006) [33].
Other studies have also agreed with this result [60, 77]. This
could be due to impaired specific immunity due to pro-
inflammatory cytokines released in GVHD in addition to
immunosuppressive treatments given for prophylaxis [34].

Cytomegalovirus (CMV) reactivation

Immunosuppression post HSCT puts the recipient at risk of
infection by various microbes, including bacteria, viruses,
fungi and parasites. One particular infectious agent is CMV,
another herpes virus. CMV is linked to multiple compli-
cations, including bone marrow suppression, increased risk
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of GVHD, and increased likelihood of EBV reactivation.
Multiple studies have shown an increased incidence of EBV
reactivation in HSCT recipients who have also reactivated
CMV [78, 79].

Splenectomy

The spleen is integral to immunity since it is the site of T-
cell, B-cell, and immunoglobulin production [80, 81]. As
such, it is hypothesized that splenectomy impairs the
function of CD5" B-cells thus leading to EBV growth and
reactivation [33]. The independent effect of splenectomy as
arisk factor for developing PTLD and EBV reactivation has
been demonstrated [33].

EBV monitoring and surveillance

EBV surveillance is standard clinical practice for early
detection of a possible viral reactivation in patients under-
going transplantation [82, 83]. It is usually maintained by
quantifying EBV-DNA in peripheral blood as a surrogate
for EBV-related malignancies [84-87]. Viral load is mon-
itored using quantitative polymerase chain reaction (PCR)
but there is no consensus regarding the EBV threshold
before initiating further work-up and pre-emptive treatment
[37]. Importantly, EBV-DNA is readily detected in per-
ipheral blood mononuclear cells of healthy seropositive
individuals, which reflects circulating latently infected EBV
B-lymphocytes [11]. On the other hand, free EBV-DNA in
plasma or serum is not typically detected in a healthy
individual and is usually derived from dying EBV-infected
tumor cells, dying latently infected B-lymphocytes, or vir-
ions [11]. As such and as previously discussed, the detec-
tion of EBV-DNA alone is not enough to establish a
diagnosis of PTLD in an immunocompromised individual at
risk of reactivation [11]. Currently, there is no data that
supports preference for whole blood, plasma or serum
during monitoring or testing [35, 88, 89]. As such,
according to ECIL-6 (European Conference on Infections in
Leukemia) guidelines, there are no current recommenda-
tions [83].

Even though solely insufficient to diagnose PTLD, EBV-
DNA levels are of prognostic value when measured pre-
treatment. They also serve as a means to follow-up disease
progression and relapse post treatment initiation. In some
lymphomas, high pre-treatment EBV-DNA correlates
with lower response rates to treatment, higher International
Prognostic Index scores and inferior survival outcomes
[85-87, 90, 91].

As patients differ inherently in terms of risk factors and
comorbidities and thus receive different conditioning
cocktails, it becomes important to tailor EBV monitoring
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duration and frequency to each patient. The latest ECIL-6
(European Conference on Infections in Leukemia) guide-
lines advise starting EBV monitoring no later than 4 weeks
post HSCT and at least weekly until reconstitution of cel-
lular immunity (~4 months after HSCT) [83]. Longer EBV
monitoring is recommended in patients considered to have
poor T-cell reconstitution: currently treated for GVHD, post
haplo-transplantation, prior T-cell depletion, received ATG/
Alemtuzumab or having experienced early EBV reactiva-
tion in the post-transplant course (Fig. 1) [83].

Treatment

Treating EBV-PTLD is rather problematic since there is no
approved treatment in neither the United States, nor Europe.
Obstacles in management are due to variability in patient
response to treatment, limitations and toxicities associated
with current therapies, absence of EMA and FDA approved
therapies, lack of a global standard of care and most
importantly, lack of randomized trials [26, 92].

There are currently two approaches to treatment: 1) pre-
biopsy treatment of “suspected PTLD”, which includes
treating EB viremia and pre-emptive therapy in high-risk
patients and 2) post-biopsy treatment whereby disease is
confirmed with biopsy before initiating therapy.

An elevation in or continuously high blood EBV-DNA
levels should trigger pre-emptive treatment [37]. This
includes reduction of immunosuppression (RIS), rituximab,
or cellular immunotherapy all of which will be discussed in
this section [37].

Reduction of immunosuppression (RIS)

RIS remains the first-line therapy for pre-emptive treatment,
as well as for patients who develop PTLD where reducing
immunosuppression allows recovery of the host’s immune
system, thereby enabling EBV-specific T-lymphocytes to
proliferate and control the disease [26]. Responses to RIS
are highly variable ranging from 0% to 73%, but are not
sustainable in time, since durable responses are maintained
in < 10-20% of the cases [92-100].

There are two specific concerns when dealing with HSCT
patients, (a) relatively long median time to response after
RIS of ~3-5 weeks and (b) increased risk of graft failure/
rejection upon RIS [32]. The median time to response after
RIS is considerably affected by procedures such as T-cell
depletion and administration of ATG or alemtuzumab [11].
Even if immune reconstitution starts shortly after initiation
of RIS, prior exposure to T-cell depletion strongly affects T-
lymphocyte reconstruction thus delaying the development of
the cornerstone of viral immunity and in this case, delaying
elimination of EBV-PTLD.
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The possibility of developing graft rejection or GVHD
after RIS is detrimental. One retrospective study demon-
strated that 15% of patients receiving treatment for PTLD
developed allograft rejection, 95% of which had been
treated with RIS [101]. A retrospective study incorporated
RIS in a sequential treatment protocol for PTLD in solid
organ transplant (SOT) recipients. This study demonstrated
that 37% of the patients developed acute graft rejection after
immunosuppression was reduced [102]. Even though this
study examined the impact of RIS among SOT recipients,
the results could probably be extrapolated to the more
immunosuppressed HSCT recipients thus rendering the use
of RIS questionable.

Multiple factors have been pinpointed as possible pre-
dictors of poor outcome in patients receiving RIS. These
include increased lactate dehydrogenase levels, multi-organ
involvement/dysfunction, late onset of disease, age> 50
years, and B-symptoms (fever, night sweats, weight loss,
lymphadenopathy) [32].

A probable alternative to RIS is the incorporation of
agents with anti-tumor and antiviral properties thus allow-
ing for the treatment of PTLD while maintaining the level of
immunosuppression necessary to prevent graft rejection and
GVHD [11]. Immunosuppressive agents such as sirolimus
(mTOR inhibitor) have been found to counteract EBV due
to the important role of the mTOR pathway in B-cell pro-
liferation and early EBV-PTLD lesions [103, 104]. In
recipients of SOT, remissions of EBV-PTLD have been
noted upon the replacement of a calcineurin inhibitor with
an mTOR inhibitor [105, 106]. Whether this could be
extrapolated to HSCT recipients remains to be identified by
future studies.

As such, we conclude that RIS maintains an integral role
in treating EBV-PTLD but there appears to be a fine balance
between reducing immunosuppression just enough to allow
the host’s immune system to clear EBV-PTLD but not so
much that it allows the grave possibility of developing
rejection and GVHD.

Rituximab

Rituximab is a monoclonal, anti-CD20 antibody that has
become standard in patients with non-destructive PTLD,
polymorphic PTLD, or monomorphic diffuse large B-cell
lymphoma-like PTLD, which is resistant to RIS [26].
Rituximab is effective in EBV-PTLD not only due to it
targeting the CD20 + tumor but also due to its effect on B-
cell depletion, which shifts the ratio of EBV-infected B-
lymphocytes to EBV-specific T-lymphocytes in favor of an
antiviral/anti-tumor response [107].

As frontline monotherapy, rituximab has reported
response rates of about 60-65% and up to 80% [107-109].
The 20% chance of treatment failure renders the use of

rituximab as monotherapy, insufficient. As such, rituximab
is often combined with RIS or cellular immunotherapy such
as EBV-CTLs. Approximately 44—79% of patients respond
to rituximab therapy with RIS, with complete remission
rates of 20-55% [109-115]. The obstacle is in treating
patients with relapsed or rituximab-resistant PTLD due to
the lack of consensus and approved therapies. As such,
survival remains dismal in patients with relapsed or
rituximab-refractory disease with only 28% of HSCT
patients and 36% of SOT patients expected to be alive at 1
year [33, 114].

Pre-emptively, rituximab can be used before the diag-
nosis of EBV-PTLD is established due to rising EBV viral
load in peripheral blood in the absence of clinical symptoms
as recommended by American and European guidelines
[82, 83]. As previously mentioned, there is no consensus on
threshold EBV-DNA levels after which pre-emptive treat-
ment should be initiated. In the absence of standard
laboratory assays, some scientists employ a threshold of
1000 EBV copies/mL, others use thresholds of 10,000 EBV
copies/mL or 40,000 EBV copies/mL [37, 83]. As such,
there are currently no specific guidelines regarding a spe-
cific cut-off before which pre-emptive therapy is to be
initiated. There are thus center-specific cutoff values
depending on the correlation between clinical and labora-
tory data [83]. Rituximab when used in this setting is
administered once weekly (375 mg/m®) until EBV-DNA
negativity (usually 1-4 doses) [83]. It becomes important to
stress the role of pre-emptive rituximab in the setting of
allogeneic HSCT post T-cell depletion (an independent risk
factor of PTLD). One prospective study demonstrated sig-
nificantly reduced rates of PTLD (18% vs. 49%) and
annulled PTLD-mortality (0% vs. 26%) with pre-emptive
rituximab in patients receiving T-cell depleted grafts [116].
A recent retrospective study of 16 patients who were treated
pre-emptively with a lower dose of rituximab (100 mg/m?>
per dose) demonstrated a 93.4% success rate with only 1/16
developing PTLD despite negative viremia [117]. As such,
we highlight rituximab’s role in the pre-emptive setting,
especially in the setting of T-cell depletion, whereby it
demonstrated high response rates with a significant drop in
PTLD incidence.

Rituximab has also been employed for use in the pro-
phylactic setting whereby it is administered with the trans-
plant, before or shortly after before the onset of EBV
DNAemia. A retrospective study highlighted the significant
role of rituximab in both, the pre-emptive setting and pro-
phylactic setting after alemtuzumab-conditioned allogeneic
transplantation, whereby 92% of patients with EBV reacti-
vation exhibited complete response after 4 weekly ritux-
imab dosages [66]. In addition, the association between pre-
transplant use of rituximab and lack of EBV reactivation
(HR 0.34, p-value 0.001) was highlighted [66]. A recently

SPRINGER NATURE



32

R. Al Hamed et al.

published prospective study compared cord transplant
patients conditioned with thymoglobulin, both documented
risk factors for EBV-PTLD development, on the basis of
prophylactic rituximab [118]. Patients who received ritux-
imab prior to transplantation where less likely to reactive
EBV (18% vs. 2%) or develop PTLD (12% vs. 0%)
thereafter when compared to their counterparts who did not
receive rituximab [118]. Nonetheless, it is important to
consider the differences between the two population groups
of patients, especially in terms of disease severity, whereby
patients who did not receive prophylactic rituximab
appeared to have higher indices of disease severity [118].

The routine pre-emptive use of rituximab, even though
central to decreasing PTLD rates, allows for the emergence
of CD20-negative lymphomas refractory to rituximab.
Hiraga et al. [119] reported that 5 out of 19 cases of
relapsed B-cell lymphomas previously treated with ritux-
imab, downregulated CD20. Tsai et al. [120] demonstrated
decreased promoter activity of the CD20 gene and
decreased CD20 expression in rituximab-resistant cell lines
after repeated rituximab exposure. Although there are
multiple mechanisms proposed to explain rituximab-
refractoriness, the absence of CD20 is the most important
determinant.

The use of rituximab comes at a cost with several pos-
sible side effects including delayed humoral immune
reconstitution, prolonged hypogammaglobulinemia, pro-
longed neutropenia and a magnified risk of infections
[121, 122].

Second and third generation CD20 monoclonal anti-
bodies have been developed such as the fully human anti-
CD20, ofatumumab (OFA), and the humanized anti-CD20,
obinutuzumab (OBZ). Ofatumumab, similar to rituximab, is
a type I anti-CD20 whereby they both lead to effective
complement lytic cytotoxicity [123]. Obinutuzumab, on the
other hand, is a type II antibody and has limited cytotoxicity
[124]. There are limited studies that investigate the added
benefit of OBZ compared to rituximab. Upfront, comparing
the addition of OBZ or rituximab to chemotherapy regimens
such as CHOP in the treatment of DLBCL, there appears to
be limited differences in disease control and overall survival
[125, 126]. In the setting of relapsed, rituximab-refractory
disease after receiving prior rituximab-containing regimens,
the addition of OBZ appears to play a more fundamental
role [127, 128]. Ofatumumab combined with chemotherapy
in the treatment of rituximab-refractory DLBCL also
showed promising results [129]. When compared to ritux-
imab in the setting of relapsed/refractory DLBCL, there
appeared to be no difference between the two salvage
therapies [130]. Owing to the absence of trials that inves-
tigate the role of OBZ and OFA in the setting untreated or
rituximab-refractory PTLD, we are limited to the potential
extrapolation of the previously mentioned results.
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Adoptive cellular immunotherapy

Adoptive T-cell therapy using EBV-specific CTLs has been
incorporated in the treatment and prevention of EBV-PTLD
long since 1995 with proven efficacy and safety even in the
face of refractory or relapsed disease [131, 132]. Patients
generally show a good response to treatment or prophylaxis
with CTLs and among 101 high-risk HSCT recipients who
received prophylactic EBV-CTLs, none developed EBV-
PTLD [131]. The same group demonstrated EBV-CTLs’
efficacy in treating EBV-PTLD where 11 out of 13 patients
with established EBV-PTLD achieved complete remission
after treatment with EBV-CTLs [131]. If the donor source
of EBV-CTLs is not available or the donor is EBV negative,
third-party HLA-matched EBV-CTLs can be employed
[133]. A trial that compared outcomes between patients
treated with donor EBV-CTLs and third-party EBV-CTLs
retrieved from a donor bank demonstrated similar results of
~60% long remissions. This makes treatment with EBV-
CTLs feasible in case the donor is EBV-negative [134].

With T-lymphocytes being involved in the pathogenesis
of GVHD, there was concern regarding possible increased
rates of GVHD upon infusion of EBV-CTLs. In one series,
>two-thirds of HSCT patients who developed EBV-PTLD
had a durable response upon receiving EBV-CTLs with no
cases of GVHD [135]. This is compared to 17% GVHD
rates in patients who received HLA-matched donor lym-
phocyte infusion (DLI) for EBV-PTLD [135]. Owing to the
rising concern that CTLs might induce GVHD, cellular
products have been engineered with “suicide genes” so that
in the event that these infused cells lead to GVHD, the cells
may be “turned off” pharmacologically [136, 137].

Currently, there are multiple trials that are looking into
the use of both, donor-derived and third-party EBV-CTLs in
the setting of treatment-refractory EBV-PTLD of which the
phase III MATCH trial is one.

Chimeric antigen receptor T-cell (CAR-T cell) therapy is a
novel adoptive immunotherapy whereby lymphocytes are
engineered with chimeric receptors allowing infused CAR T-
cells to recognize and eliminate cancer cells. Among the ear-
liest CAR T-cells is the anti-CD19 CAR T-cells. Second and
third generation anti-CD19 CAR T-cells (with additional tar-
gets such as CD28 and 4-1BB) have demonstrated promising
results in B-cell lymphomas with CR rates >50% [138]. There
are currently no trials investigating CAR-T cells for treating
PTLD but with the many trials that have proved effectiveness
of CAR-T cells in B-cell lymphomas, one can hypothesize that
similar results could be possible in the setting of PTLD.

Chemotherapy

There appears to be no role for chemotherapy in the treatment
of EBV-PTLD post HSCT, whereby it is reserved as last



Epstein-Barr virus-related post-transplant lymphoproliferative disease (EBV-PTLD) in the setting of... 33

resort salvage therapy in this patient group [107]. A retro-
spective study by Fox et al. [139] portrayed the limited effi-
cacy of chemotherapy in patients who failed rituximab
whereby none of the patients attained complete remission. In
SOT recipients, on the other hand, chemotherapy is less
limited with efficacy established with some regimens offered
to rituximab non-responders, most classically R-CHOP
(rituximab, cyclophosphamide, hydroxydaunorubicin,
oncovin and prednisone) [26, 114, 139, 140]. Nonetheless,
even though active against PTLD in this population, mortality
is greatly affected by the regimen’s side effects. R-CHOP in
the first-line setting has been associated with 50% mortality,
dropping to 27% when sequentially used after rituximab
[26, 115, 140].

Trials of chemotherapy regimens such as R-CHOP in
HSCT recipients are underway.

Antiviral therapy

During the primary infection, EBV encodes thymidine
kinase enzyme that can convert nucleoside analogs to their
monophosphate forms, which are later converted by cellular
enzymes to triphosphates targeting viral DNA polymerase,
inhibiting viral replication, and thus inducing apoptosis. As
such, antivirals such as ganciclovir have an inhibitory effect
on EBV-infected cells during a lytic viral infection in vitro.

Table 1 Trials for PTLD treatment

EBV-infected cells are transformed B-cells without a lytic
viral infection and so are not susceptible to antiviral therapy
in vitro [141]. In addition and as previously mentioned,
during a latent infection, EBV circularizes and inhibits the
expression of particular proteins such as thymidine kinase
[142]. This renders EBV not susceptible to antivirals during
latency. A meta-analysis investigated the effect of prophy-
lactic antivirals on PTLD incidence in high-risk EBV ser-
ologically mismatched patients after SOT [142]. There was
no effect irrespective of the type of transplant, type of
antiviral, duration of prophylaxis or patient age group [142].
Such results could be extrapolated to the setting post HSCT
transplantation since proliferating EBV-infected B-cells will
behave similarly whether EBV is of donor or recipient
origin.

Future prospects

As previously highlighted, the biggest setback in treating
EBV-PTLD is the lack of clinical trials due to the rarity of
the disease. Currently, there is a handful of trials aiming at
elucidating treatment regimens for post HSCT patients who
develop EBV-PTLD (Table 1).

Interestingly, immunomodulatory drugs that have not
been known to contribute to the treatment of EBV-PTLD
are being investigated in clinical trials. One such drug is

Study Intervention Disease status Mechanism of action

NCTO03392142  Tabelecleucel Rituximab refractory EBV + EBV-specific CTLs

Phase III PTLD

NCT02822495 Tabelecleucel Relapsed/refractory EBV + EBV-specific CTLs

Expanded access PTLD

NCTO02580539  Auto or donor CTLs vs. third-party ~Treatment-refractory EBV + EBV-specific CTLs

Phase I/II CTLs (matched or partially match  PTLD

related)

NCT02973113 Nivolumab + EBV-specific T-cells Relapsed/refractory EBV +  Nivolumab is an anti-PD1 monoclonal antibody, which

Phase 1 PTLD is important in EBV-PTLD pathogenesis

NCT01058239 Rituximab + bortezomib EBV + PTLD Bortezomib (proteasome inhibitor) mediates activation

Phase 11 of EBV lytic gene expression

NCTO01805037 Rituximab + brentuximab vedotin ~ Treatment naive CD30 + Brentuximab is an anti-CD30 monoclonal antibody that

Phase I/II and/or EBV + lymphomas targets CD30 4 tumors

NCT01075321 Everolimus + lenalidomide Relapsed/refractory NHL Everolimus (mTOR inhibitor) disrupts early PTLD

Phase I/11 including PTLD development + lenalidomide (immunomodulatory drug)
modulates cellular immunity

NCT00918333 Everolimus + panobinostat Relapsed/refractory NHL Everolimus (mTOR inhibitor) disrupts early PTLD

Phase I/I1 including PTLD development + panobinostat (histone deacetylase
inhibitor) promotes apoptosis

NCTO01261247 Panobinostat Relapsed/refractory NHL Panobinostat (histone deactylase inhibitor) promotes

Phase 11 including PTLD apopotosis

NCTO00387530 Valganciclovir 4 phenylbutyrate Relapsed/refractory EBV +  Phenylbutyrate sensitizes EBV-infected cells to

Phase 11 PTLD valganciclovir (antiviral therapy)

PTLD treatment trials
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lenalidomide with its known propensity to augment cellular
immunity. It has been shown to demonstrate durable effi-
cacy when used in treating relapsed PTLD in two case
reports [143, 144]. Currently, one trial is investigating the
role of lenalidomide combined with everolimus, a deriva-
tive of sirolimus, which inhibits mTOR, in treating lym-
phoproliferative disease.

Another novel agent under investigation is the anti-CD30
monoclonal antibody, brentuximab vedotin (BV) for CD30-
expressing PTLD [145]. One study combined BV with
rituximab as induction and maintenance therapies for EBV-
associated CD20 + non-Hodgkin lymphomas that co-
express CD30 [146]. The preliminary results revealed a
complete response rate that exceeds 70% [146].

The role of the proteasome inhibitor, bortezomib is also
being investigated in a clinical trial combined with ritux-
imab. The recently completed phase II trial demonstrated an
overall response rate of 42.9% and a 14.29% all-cause
mortality for participants in the study [147]. All patients
developed adverse events to treatment, including leucocy-
tosis, cardiac arrest, GI distress, infections, metabolite dis-
turbances, cytopenias, or peripheral neuropathy with 28.6%
developing serious adverse events [147].

The role of panobinostat, a histone deacetylase inhibitor
is also being investigated in clinical trials both, as single
agent and in combination with everolimus.

Ibrutinib, a Bruton tyrosine kinase inhibitor (BTK), has
established its role in the setting of mantle cell lymphoma
and CLL/SLL [148, 149]. BTK plays an important role in
signaling pathways involved in B-cell proliferation and
apoptosis and thus inhibiting it would alleviate the pro-
liferative, anti-apoptotic properties of B-cell malignancies.
Whether or not it will be of benefit in treating PTLD is yet
to be investigated.

Conclusion

EBV-PTLD is one of the detrimental complications that
HSCT recipients are at risk of developing when severely
immunocompromised. Despite the entity markedly affecting
survival, there is a lack of comparative data evaluating
potential therapeutic strategies and no clear consensus for
their use in the management of PTLD in transplant recipients
due to the few clinical trials and the rarity of the disease.
Studies have determined risk factors for developing PTLD
such as HLA-mismatch, EBV-serology mismatch, develop-
ment of GVHD, RIC instead of MAC, and T-cell depletion.
Bearing in mind these risk factors and the characteristics of
individual patients allows the physician to highlight a subset
of patients that are at high risk of developing the disease.
Currently, guidelines encourage weekly monitoring of EBV-
DNA and pre-emptive treatment with rituximab weekly (1-4
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doses), alone or combined with RIS or CTLs when feasible.
A comprehensive treatment paradigm awaits the results of
clinical trials that are looking into novel tools or agents such
as ‘off-the-shelf”” CTLs, bortezomib, lenalidomide, ever-
olimus, brentuximab and panobinostat.
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