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Epstein-Barr Virus (EBV) diseases, including EBV-associated post-transplant lymphoproliferative disorder (PTLD) remain
important causes of morbidity and mortality in children undergoing solid organ transplantation (SOT) and hematopoietic cell
transplantation (HCT). Despite progress in the prevention of EBV disease including PTLD (EBV/PTLD) in HCT, key questions in
the prevention, and management of these infectious complications remain unanswered. The goal of this manuscript is to highlight
key points and recommendations derived from the consensus guidelines published by the International Pediatric Transplant Associ-
ation and the European Conference on Infections in Leukemia for children undergoing SOT and HCT, respectively. Additionally, we
provide background and guidance on the use of EBV viral load measurement in the prevention and management of these children.
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INTRODUCTION

Epstein-Barr Virus (EBV) is an important cause of morbidity
and mortality in children undergoing solid organ transplan-
tation (SOT) and hematopoietic cell transplantation (HCT).
While there has been substantial progress on prevention of
EBV disease in the HCT population and some progress in
the SOT setting, many key clinical questions relating to EBV
and post-transplant lymphoproliferative disorder (PTLD) re-
main unanswered. A recent consensus conference convened
by the International Pediatric Transplant Association (IPTA)
has published evidence-based guidelines addressing EBV dis-
ease and PTLD in pediatric SOT recipients [1-5]. Similarly, the
Sixth European Conference on Infections in Leukemia (ECIL-
6) published guidelines relating to EBV in HCT recipients [6].
The goal of this manuscript is to highlight key points and re-
commendations from these guidelines. Of note, for both the
IPTA and ECIL-6 guidelines, the strength of many of the re-
commendations is weakened by the quality of data informing
them.
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EPIDEMIOLOGY AND CLINICAL SPECTRUM OF EBV
DISEASE

Prior EBV infection and immunity of both the donor and re-
cipient are key parameters associated with risk for EBV disease
including PTLD (EBV/PTLD). However, the risk associated
with various donor (D)/recipient (R) combinations differ be-
tween SOT and HCT recipients. Prior infection status is de-
fined serologically, though the presence of passive antibody
from either an infant’s mother or blood products can confound
the ability to accurately assess risk. For SOT, primary infec-
tion typically derived from the donor (D+/R-) is the major
risk factor for severe disease and PTLD. However, community-
acquired primary EBV infection is also associated with
increased risk (D—/R— or D+/R-). In contrast, except for in-
testinal transplant recipients, R+ patients rarely develop EBV/
PTLD [7-9]. Additional risk factors in SOT recipients include
young age (infants and toddlers), organ transplanted (with in-
testine and lungs being at highest risk), and treatment with
anti-lymphocyte antibodies. For HCT, the ECIL guidelines
identify T-cell depletion (either in vivo or ex vivo), HLA mis-
match, splenectomy, second HCT, severe acute/chronic graft vs
host disease, high or rising EBV viral load (EBV VL), treatment
with mesenchymal stem cells, any D/R mismatch (D+/R—and
D—/R+) and cord blood transplantation amongst key risk fac-
tors for EBV/PTLD. Accordingly, the ECIL-6 guidelines rec-
ommend matching HCT D/R whenever possible [6]. For HCT,
the increased risk is attributed to the absence of donor-derived
EBV T-cell immunity even after engraftment and immune re-
constitution [6, 10].

Review of Post Transplant EBV Infection and PTLD « JPIDS 2024:13 (Suppl1) « S31

$202Z yoJe|\ L0 uoisenb Aq /+/G19/2/L€S/L uswa|ddng/g | /ejonte/spidl/woo dno-olwepese//:sdyy woij papeojumoqg


mailto:Michael.green@chp.edu
https://orcid.org/0000-0002-3393-6943

The clinical presentation of EBV ranges from asymp-
tomatic infection to symptomatic disease with a spectrum
that includes a nonspecific febrile syndrome, end-organ dis-
ease (eg, hepatitis and enteritis), and life-threatening PTLD.
Definitions for EBV disease not meeting published criteria for
PTLD have been previously proposed [1-3, 11], but not widely
accepted and these clinical syndromes were not addressed
by the IPTA Guidelines. A histological diagnosis is required
to confirm PTLD and is classified based on the 2017 WHO
Classification scheme (Table 1) [12]. This classification applies
to tissue obtained from any transplant recipient and charac-
terizes PTLD lesions as nondestructive, polymorphic lesions,
monomorphic lesions, and classic Hodgkin lymphoma. Its in-
ternational acceptance has improved the ability to compare in-
cidence and outcomes among centers and studies.

ROLE OF EBV SEROLOGIC SCREENING IN EBV
DISEASE RISK ASSESSMENT

History of prior EBV infection of donor and recipient forms the
basis for risk assessment for post-transplant infection. Thus, EBV
serologic screening is strongly recommended for all HCT and
SOT donors and recipients, even if the EBV serologic screening
is not required in some policy. Screening is accomplished using
a combination of antiviral capsid antigen (VCA) IgG, VCA IgM,
and anti-EBV nuclear antigen (EBNA) IgG. While the presence
of a positive anti-VCA IgM with negative anti-VCA/anti-EBNA
IgG may identify early EBV infection, it may also represent a
false positive result. The use of quantitative EBV VL measure-
ment in the blood in this setting should be informative as early
EBV infection is typically associated with DNAemia.

To optimize the accuracy of these assessments, the IPTA
Guidelines recommend rescreening of EBV-negative SOT
candidates on the waitlist every 6-12 months and at the time
of transplantation. However, this was not discussed in the
ECIL guidelines. Notably, the presence of passive antibodies
(whether due to transplacental acquisition for candidates <12
months or from blood products in candidates of any age)
can confound the interpretation of these results. To avoid
the latter, screening tests should be performed remote from
blood products administration whenever possible. In case of
candidates <12 months or with recent administration of blood
products, most experts recommend considering the scenario
at the highest risk. For SOT, the recipient is considered neg-
ative while a donor with passive antibody exposure would be
considered positive. For HCT, the recipient would be assumed
to be EBV positive if the donor were EBV negative and nega-
tive if the donor were EBV positive. Passive antibody exposure
in HCT donors is not expected except for cord blood donors
which places HCT recipients at risk regardless of recipient
status.

USE OF EBV VL

Use of EBV VL determined through quantitative nucleo-
tide amplification testing of peripheral blood is considered
standard-of-care practice for pediatric transplant recipients and
is reccommended in both Guidelines [3, 6, 9]. An understanding
of the technical and biological aspects of VL monitoring is es-
sential to optimizing the use of these tests in the care and man-
agement of pediatric transplant recipients experiencing EBV
infection.

Table 1. PTLD Categorization According to the 2017 World Health Organization Classification of Tumors of Hematopoietic and Lymphoid Tissues [11]

Pathological type of PTLD

Histopathology; Major Findings and Presence of EBV

Genetics
IGH/TR Clonal Rearrangements
Cytogenetic/oncogene Abnormalities

Nondestructive PTLDs; Plasmacytic
hyperplasia

Nondestructive PTLDs; Infectious
mononucleosis EBV+

Nondestructive PTLDs; Floid follicular ~ Prominent hyperplastic germinal centers; EBV+

hyperplasia
Polymorphic
criteria for NHL; most EBV+

Monomorphic
variable than in other categories

Classic Hodgkin lymphoma (CHL) Fulfills criteria for CHL; EBV+

Predominantly small lymphocytes and plasma cells; EBV+

Full spectrum of lymphoid maturation seen, not fulfilling

Polyclonal or very small monoclonal B-cell popula-
tions; may have clonal/oligoclonal TR genes
Cytogenic abnormalities; none

Admixed small lymphocytes, plasma cells, and immunoblasts;  Polyclonal or very small monoclonal B-cell

population(s)
Cytogenic abnormalities; rare
Monoclonal B cells, non-clonal T cells
Cytogenic abnormalities; simple abnormalities present
Clonal B cell and/or T cells except for rare NK-cell
cases
Cytogenic abnormalities; somatic mutations present

Fulfills criteria for an NHL or plasma cell neoplasm; EBV more  IGH not easily demonstrated

Cytogenic abnormalities; variable
Cytogenic abnormalities; Unknown

Abbreviations: CHL, classic Hodgkin lymphoma; mcl, monoclonal; IGH, immunoglobulin heavy chain; TR, T-cell receptor, NHL, non-Hodgkin lymphoma; PTLD, post-transplant

lymphoproliferative disorder.

Monoclonality and polyclonally are only inferred when finding monotypic or polytypic light chain expression.
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What Is Measured in an EBV VL?

EBV DNA is predominantly found within circulating EBV-
infected B-lymphocytes rather than as EBV virions in plasma.
Intracellular EBV replicates along with human DNA during
the proliferation of EBV-infected B-lymphocytes. In this set-
ting, infection does not progress to lytic viral replication as EBV
typically remains in type III latency. However, recent single-cell-
based studies indicate that EBV-infected cells show heteroge-
neous gene expression patterns, with a mixture of latency and
lytic gene expressions even from infected cells not progressing
to full lytic infection (unpublished data). The IPTA Guidelines
highlight that VL measured from plasma does not represent vi-
remia but rather fragments of cell-free DNA [3, 13]. While the
biology of EBV infection and proliferation of EBV-infected cells
are believed to be similar in recipients of different types of trans-
plantation, a variety of signatures in host immunity skewed by
different types of organ transplantation have been reported and
likely play another role in the development of PTLD [14].

Technical Issues Related to Quantification of EBV VL

The WHO Expert Committee on Biological Standardization
approved the first international standard for EBV DNA as a
common assay calibrator in 2011 to minimize differences in
test results between centers [15]. EBV VL measurements cali-
brated to this standard are expressed as log,  TU/ml and widely
used [3]. Unfortunately, despite the use of this standard, results
obtained using different assays are still not reliably comparable
[16]. Accordingly, the IPTA Guidelines recommend monitoring
patients using the same sample type and laboratory whenever
possible. For measurements done at the same lab, results of VL
that differ by at least 0.5 log, TU/ml (3-fold) should be con-
sidered significantly different [3].

Specimen Type for Quantitative EBV VL

VL measurement in the peripheral blood is the preferred approach
to EBV surveillance in transplant recipients. While both whole
blood (WB) and plasma are used for VL measurement, which of
these is the most optimal remains undetermined. While the ECIL
Guidelines do not endorse a preference between WB and plasma
[6], the IPTA Guidelines suggest that the best choice varies based
on the purpose of the test. Quantification of VL in WB is more sen-
sitive [3, 13] than in plasma, but the latter may be a more specific
marker for EBV disease. Leveraging these differences, they suggest
that WB may be preferred for patients undergoing VL surveillance
to inform preemptive interventions to prevent progression to EBV/
PTLD, while plasma may be preferable when evaluating sympto-
matic patients with possible EBV disease [3, 17].

Interpretation of EBV VL Value and Kinetics

Both the IPTA and ECIL Guidelines endorse the use of VL
measurement to inform prevention strategies in patients at risk
for EBV/PTLD as well as to diagnose patients with symptomatic

EBV disease in combination with histologic assessment [1, 3,
6]. While the identification of symptomatic EBV disease might
be accomplished with a single load measurement, the identi-
fication of patients at risk for EBV/PTLD requires sequential
measurement of VL over time. Unfortunately, available evi-
dence did not support the endorsement of a specific monitoring
protocol in the IPTA guidelines (though an example was pro-
vided [3]) and this was not addressed in the ECIL guidelines.
Additionally, neither guideline provides specific thresholds or
rates of rise of VL where intervention is indicated as values that
are applicable across laboratories, assays or specimen types
have not been identified. Accordingly, clinicians must become
familiar with their center’s assay’s performance to optimally
use results in the care of their patients [6]. Uncertainty can also
arise from the presence of persistent EBV high-load carrier
states which are associated with different levels of risk of pro-
gression to disease in different organ recipients [18] and have
not been described in HCT recipients. The IPTA Guidelines
recommend against the use of VL alone to monitor response to
PTLD treatment, though use in combination with imaging and
clinical follow-up was endorsed. Notably, VL results may be
misleading for children receiving anti-B cell monoclonal ther-
apies as treatment for PTLD.

Role of Inmunological Assay and Other Potential Biomarkers

The lack of VL specificity has led to the evaluation of other
immunological assays to inform EBV risk. To date, none have
shown reliable clinical utility and the IPTA Guidelines recom-
mend against their use for surveillance, diagnosis, or informing
prognosis of PTLD. Examples of potential assays include those
measuring ATP release by stimulated CD4+ or CD3+ EBV-
specific T cells, functional or phenotypic assays of NK cells,
lymphocyte subpopulation assessments, and monitoring for
orphan viruses in serum or tissue. Interest has focused on the
measurement of EBV-specific cell-mediated responses in com-
bination with EBV VL. However, the IPTA Guidelines recom-
mended against use based on limited available data and called
for further studies to help define its value.

PREVENTION

Effective prevention strategies can focus on either preventing
primary EBV infection or progression from asymptomatic EBV
infection to EBV/PTLD. Potential approaches to accomplish
this include the use of immunoprophylaxis, chemoprophylaxis,
and preemptive interventions informed by elevations of EBV
VL, summarized in Table 2.

Immunoprophylaxis
Vaccines.

There are no currently marketed EBV vaccines. Amongst po-
tential candidates, vaccines targeting gp350, the main target of
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Table 2. Guideline-Endorsed Recommendations for the Prevention of EBV Disease and PTLD [1, 6].

SOT!

HCT??

Prophylaxis

Chemoprophylaxis—Antivirals Not recommended

Not recommended

(weak/moderate to prevent EBV infection) (DI1)
(strong/moderate to prevent EBV disease)

Immunoprophylaxis

Vaccines Unavailable

IVIG Not recommended
(weak/moderate)

Anti-CD20 Not recommended
(strong/low)

VSTs Not recommended

Preemptive therapy
Reduction of immunosuppression Recommended

(strong/moderate for liver)

(weak/low for other organs)

Not recommended
(weak/low)

Chemoprophylaxis—Antivirals

Immunoprophylaxis

Anti-CD20 Not recommended
(weak/very low)
VSTs Not recommended

(weak/low)

Not recommended
(DI11)

Marginally recommended
(Cll)

Marginally recommended
(Cll)

Recommended when combined with anti-CD20
(All)

Not recommended
(DI11)

Recommended, alongside RIS whenever possible
(All)

Marginally recommended

(Cll)

Abbreviations: EBV, Epstein-Barr virus; HCT, hematopoietic cell transplanation; IVIG, intravenous immunoglobulin; PTLD, post-transplant lymphoproliferative disorder, SOT, solid organ trans-

plantation; VSTs, virus-specific T cells.

aGrading recommendations for SOT: (x/y); x = strength of recommendation; y = quality of evidence.
®Grading recommendations for HCT: A = strong; B = moderate; C = marginal; D = against; | = at least 1 RCT; || = at least from one clinical trial; Il = expert opinion, descriptive studies.

EBV-specific neutralizing antibodies, have been the most widely
studied. Published studies in immune-competent volunteers
have not shown benefit in preventing infection, though some
suggested reduced likelihood of symptomatic disease [19]. The
development of effective EBV vaccines was endorsed as an im-
portant research goal by the IPTA Guidelines [1].

Intravenous Immunoglobulin.

Two randomized controlled studies evaluated intravenous
immunoglobulin (IVIG) in this context. The first showed a
decreasing, yet nonsignificant trend in the incidence of EBV/
PTLD in pediatric liver recipients receiving CMV-IVIG com-
pared with placebo [11]. The second failed to demonstrate any
difference in incidence, time of onset, or peak EBV VL between
IVIG and placebo in EBV-mismatched adults and pediatric
SOT recipients [20]. Both the IPTA and ECIL guidelines recom-
mended against the use of IVIG to prevent EBV/PTLD [1, 6].

Monoclonal Antibodies.

Data evaluating use of anti-CD20 antibodies (eg, rituximab)
to prevent primary EBV infection are lacking in both SOT
and HCT recipients. Potential indirect evidence comes from
a study of SOT recipients receiving rituximab at induction for
ABO incompatibility who were noted to be less likely to de-
velop PTLD [21]. More recently, a randomized controlled trial
showed that pediatric lung recipients who received rituximab

had less EBV VL detection than the placebo group, even though
the study was underpowered to document an effect on PTLD
rates [22]. Given the limited data and known side effects (eg,
hypogammaglobulinemia), use for prophylaxis was not re-
commended by the IPTA Guidelines [1]. In contrast, the ECIL
Guidelines note that prophylactic rituximab might reduce the
risk of DNAemia and provides a marginal recommendation for
its use to prevent PTLD in HCT [6].

Virus-Specific T Cells.

Virus-specific T cell (VST) is used to augment the cellular im-
mune response against viral pathogens when the IS attenuates
the cellular immune response after HCT and SOT [23, 24]. Use
of VST therapy against EBV infection has been shown to be ef-
fective in both the prevention and treatment of EBV/PTLD in
HCT recipients [25]. Accordingly, the ECIL Guidelines recom-
mend considering the use of VSTs for the prevention of EBV
in HCT recipients when available [6] However, the use of VSTs
for prophylaxis against primary EBV infection was not recom-
mended by the IPTA Guidelines due to insufficient data in SOT
recipients.

Antiviral Chemoprophylaxis

Antiviral chemoprophylaxis refers to the use of antiviral agents
to prevent EBV primary infection or reactivation. Evidence
assessing the benefit of antivirals for the prevention of EBV
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infection and disease is limited. Animal studies provide some
supportive data but clinical data in humans is unconvincing.
Acyclovir and its prodrug valacyclovir have no apparent effect
on the incidence of EBV/PTLD. However, several studies of
ganciclovir and valganciclovir report a protective effect within
the limitations of the study design. One prospective study of
EBV D+/R- pediatric kidney transplant recipients found pa-
tients receiving ganciclovir or valganciclovir for cytomegalo-
virus prevention had a decreased incidence of primary EBV
infection, delayed onset of DNAemia, and lower VL compared
with those not receiving prophylaxis [26]. However, the limited
number of observed PTLD events hinders assessing the possible
benefit on PTLD prevention. In contrast, a systematic review
and meta-analysis concluded that antiviral prophylaxis in mis-
matched SOT recipients had no effect on PTLD [27]. Both IPTA
and ECIL Guidelines recommend against the use of antivirals
to prevent PTLD in pediatric transplant recipients [1] though
the IPTA Guidelines call for prospective studies to clarify the
potential role of antivirals.

Preemptive Strategies

Preemptive strategies involve monitoring VL at regular inter-
vals to detect subclinical infection to inform starting an in-
tervention to avoid progression to clinical disease. The IPTA
Guidelines recommend VL monitoring for all D+/R— pediatric
SOT recipients and suggest considering it for all pediatric EBV
R~ recipients as well as R+ children <1 year of age at the time
of transplantation as seropositivity likely reflects maternal anti-
bodies [1]. VL monitoring of R+ intestinal transplant recipients
should also be considered given their increased risk of PTLD
even in case of previous EBV seropositivity [1]. Along the same
lines, the ECIL recommends EBV VL monitoring after high-
risk allogeneic HCT [6].

Reduction of Immunosuppression.

Reduction of immunosuppression (RIS) can contribute to con-
trol of EBV replication and help in reversing lymphoproliferative
lesions [28]. For HCT recipients, the ECIL Guidelines rec-
ommend RIS in combination with rituximab as a first-line
preemptive intervention [6]. For SOT, several studies demon-
strated that low-immunosuppression protocols were associated
with reduced incidence of EBV/PTLD in pediatric liver trans-
plant recipients [29, 30]. Moreover, the incidence of PTLD was
lower in a cohort of pediatric liver transplant recipients with
EBV VL-driven RIS compared with historical controls, without
an increase in rejection rates [31]. Consequently, the IPTA
guidelines recommend preemptive RIS whenever possible
for elevated or rising VL to prevent the development of EBV/
PTLD in pediatric liver transplant recipients [1]. However,
until more data are available for other organs, they provide a
weaker recommendation to consider RIS for non-liver recipi-
ents with an elevated or rising VL [1]. An important limitation

is the absence of specific reccommendations addressing how to
decrease each of the different immunosuppressive agents. For
tacrolimus, many centers will aim to achieve a level of <5 ng/
ml. Similarly, data addressing how long to maintain low immu-
nosuppression are lacking. In the absence of rejection, many
experts recommend maintaining low immunosuppression
until there is either evidence of reduced EBV VL or progres-
sion to EBV disease.

Antiviral Therapy.

Most studies evaluating the role of antivirals in patients with el-
evated or rising VL have not shown a benefit in the incidence of
PTLD in SOT [1], which was confirmed in a systematic review
and meta-analysis [27]. Both the IPTA and ECIL Guidelines
recommend against the use of antivirals to prevent EBV disease
and PTLD in patients with elevated or rising VL [1, 6].

Monoclonal Antibodies.

The ECIL Guidelines recommend preemptive use of weekly
rituximab until the resolution of EBV DNAemia combined
with RIS whenever possible for HCT recipients with a positive
VL [6]. However, as there is only limited data for SOT [1, 32],
the IPTA Guidelines do not recommend the routine preemptive
use of rituximab in pediatric SOT recipients [1], though they
do call for well-designed randomized controlled trials to assess
potential benefits vs risks for preemptive use in pediatric SOT
recipients.

VSTs.

The ECIL Guidelines recommend considering the use of VSTs
as an alternative to rituximab in HCT with an elevated VL [6].
Several studies report the use of autologous VSTs in SOT recipi-
ents [1]. Despite limitations of small sample size and absence of
control groups, the studies suggest that VSTs are well tolerated
and achieved a reduction or clearance of VL in most patients,
with no patient developing PTLD. However, given the limited
data in SOT, the IPTA Guideline recommended against the rou-
tine preemptive use of VSTs to prevent EBV/PTLD but called
for additional studies to define their potential role in this set-
ting. Several studies evaluating preemptive VST therapy for pe-
diatric SOT recipients with elevated or rising EBV VL refractory
to RIS are currently enrolling. (NCT0326653, NCT04364178,
and NCT02580539).

MANAGEMENT OF EBV-PTLD

The confirmed presence of EBV/PTLD warrants consultation
with both infectious diseases and oncology to collectively rec-
ommend treatment options as part of a multi-disciplinary team.
While the IPTA Guidelines suggest a stepwise approach to man-
agement with exceptions made for certain types of PTLD (Figure
1), the ECIL Guidelines recommend rituximab monotherapy
as the preferred first-line therapy for EBV CD20+ PTLD after
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Step 1:

Reduction/withdrawal of immunosuppression*
(3-4 weeks and/or until progression and/or until development of rejection)

<

Step 2:
Rituximab monotherapy*
(4-6 weekly doses)

Consider role of
VSTs as part of

g

clinical trial at any

Step 3:

Rituximab + Low-dose chemotherapy* #
(cyclophosphamide + prednisone)

point after failure

g

Step 4:

Traditional High-dose chemotherapy*

Figure 1. International Pediatric Transplant Association PTLD Consensus Conference proposed stepwise approach to the treatment of EBV + PTLD in
children after SOT(ref). CNS: central nervous system; EBV, Epstein-Barr virus; NK, natural killer; PTLD, post-transplant lymphoproliferative disorder; VSTs,
virus-specific T cells. *Potential exceptions to standard algorithm include: Burkitt PTLD, Hodgkin PTLD, T/NK cell ymphomas (monomorphic type), CNS PTLD,

and plasmacytoma.

Table 3. Recommendation for Therapy of EBV-PTLD in HCT According to
ECIL-6 Guidelines [6]

First-line therapy in EBV-PTLD Grade of
recommendation

1. Rituximab Allu

2. Reduction of immunosuppressive therapy (if Allu

possible) combined with rituximab

3. EBV-specific cytotoxic T lymphocytes (generated Cllu
from HCT or third-party donor) if available

Second-line therapy in EBV-PTLD

1. EBV-specific-CTLs or donor lymphocyte infusion Bl

Third-line therapy in EBV-PTLD

1. Chemotherapy =+ rituximab after failure of other Cllh
methods

CNS EBV disease

Therapeutic options in EBV-PTLD in central
nervous system include;

1. Rituximab + chemotherapy Bllh

2. Rituximab systemic or intrathecal monotherapy CllIl

3. Anti-EBV T-cell therapy ClIl

4. Radiotherapy Clll

Strategies that are NOT recommended for treatment DIl
of EBV-PTLD:

Surgery, IVIG, interferon, and antiviral agents are
not recommended for therapy of PTLD

Abbreviations: CNS, central nervous system; EBV, Epstein-Barr virus; ECIL6, sixth
European conference on infections in leukemia; IVIG, intravenous immunoglobulin; PTLD,
post-transplant lymphoproliferative disorder.

Grading recommendations for HCT: A = strong; B = moderate; C = marginal; D = against;
| = atleast 1 RCT; Il = at least from one clinical trial; Ill = expert opinion, descriptive studies,
h = historical controls. u = uncontrolled clinical trials.

HCT with the use of second-line therapies reserved for those
failing treatment with this agent (Table 3) [4, 6]. Differences in
recommendations between SOT and HCT are primarily based
on both differences in supportive data and differential toler-
ability of treatments. A discussion of available treatments for
EBV/PTLD follows.

RIS

RIS is generally the recommended initial approach to PTLD
management for both HCT and SOT recipients [3, 4, 6] though
recommendations vary by type of transplantation and histo-
logic character of the lesion. For management of EBV/PTLD,
immune suppression is often completely discontinued but this
may vary by organ type and depend on which immunosup-
pressive agents are being used. Reported response rates vary
widely, likely reflecting the heterogeneity and size of the popu-
lations, variability in lesions studied, and non-standardized
approach to RIS. RIS may not be a practical choice early after
transplantation or during an episode of rejection/GVHD.

Anti-CD20 Monoclonal Antibodies

Rituximab is very effective in reducing the burden of EBV-
infected B cells. The ECIL Guidelines recommend rituximab as
first-line therapy for HCT recipients with CD20+ EBV/PTLD
while the IPTA Guidelines recommend rituximab alone or in
combination with chemotherapy, for patients not responding
to RIS as well as for specific lesions including lymphoma (see
Figure 1). The fact that rituximab is only used for CD20+
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EBV/PTLD further highlights the importance of histological
diagnosis.

VSTs

VSTs derived from the HCT or a third-party donor have been
used successfully for the treatment of EBV-PTLD in alloge-
neic HCT recipients and in a smaller number of SOT recipi-
ents [4, 24]. The ECIL Guidelines recommend the use of VST
when available; its limited availability likely underlies their
recommendation to use it as a second-line therapy for those
not responding to rituximab. Data in SOT is limited and the
IPTA Guidelines recommend use of VST be limited to partic-
ipation in clinical trials. The studies open for preemptive VST
therapy for pediatric SOT recipients are also open to SOT re-
cipients with EBV/PTLD (NCT0326653, NCT04364178, and
NCT02580539).

Other Therapies

For pediatric SOT recipients, use of cytotoxic chemotherapy is
reserved for those failing to respond to other therapies or for
patients presenting with specific monoclonal lesions including
lymphomas (Figure 1). The ECIL guidelines recommend that
use be limited to those with refractory or relapsed PTLD given
the poor tolerability of these treatments in the HCT popula-
tion. A variety of potential combination chemotherapies regi-
mens have been used (eg, CHOP, ACVBP, often accompanied
by rituximab). Complete or partial surgical resection, as well
as local radiotherapy, have been used as adjunctive therapy
along with reduced immunosuppression. However, their effi-
cacy as monotherapy is rarely assessed and accordingly not
well investigated except in tonsillar/adenoid PTLD where re-
section is often used as an isolated curative measure [33].

CONCLUSIONS

EBV infections and associated diseases remain an important
problem in children undergoing SOT and HCT. Efforts to develop
strategies to optimize their prevention and management have
improved outcomes and begun to limit their impact in children
undergoing transplantation. While Consensus Guidelines from
the IPTA and the ECIL provide much-needed guidance in the
management of EBV, more data and better studies are needed.

Note

Supplement sponsorship. This article appears as part of the supplement “Advances in
Pediatric Transplant Infectious Diseases,” sponsored by Eurofins Viracor.
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