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Abstract

The International Pediatric Transplant Association convened an expert consensus
conference to assess current evidence and develop recommendations for various
aspects of care relating to post-transplant lymphoproliferative disorders after solid
organ transplantation in children. In this report from the Viral Load and Biomarker
Monitoring Working Group, we reviewed the existing literature regarding the role of
Epstein-Barr viral load and other biomarkers in peripheral blood for predicting the de-
velopment of PTLD, for PTLD diagnosis, and for monitoring of response to treatment.
Key recommendations from the group highlighted the strong recommendation for use
of the term EBV DNAemia instead of “viremia” to describe EBV DNA levels in periph-
eral blood as well as concerns with comparison of EBV DNAemia measurement results
performed at different institutions even when tests are calibrated using the WHO in-
ternational standard. The working group concluded that either whole blood or plasma
could be used as matrices for EBV DNA measurement; optimal specimen type may be
clinical context dependent. Whole blood testing has some advantages for surveillance
to inform pre-emptive interventions while plasma testing may be preferred in the set-
ting of clinical symptoms and treatment monitoring. However, EBV DNAemia testing
alone was not recommended for PTLD diagnosis. Quantitative EBV DNAemia surveil-
lance to identify patients at risk for PTLD and to inform pre-emptive interventions in
patients who are EBV seronegative pre-transplant was recommended. In contrast,
with the exception of intestinal transplant recipients or those with recent primary
EBV infection prior to SOT, surveillance was not recommended in pediatric SOT re-
cipients EBV seropositive pre-transplant. Implications of viral load kinetic parameters
including peak load and viral set point on pre-emptive PTLD prevention monitoring
algorithms were discussed. Use of additional markers, including measurements of EBV
specific cell mediated immunity was discussed but not recommended though the im-
portance of obtaining additional data from prospective multicenter studies was high-

lighted as a key research priority.

KEYWORDS
biomarkers, child, Epstein-Barr virus, PTLD, solid organ transplantation
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1 | INTRODUCTION
Since their introduction two and a half decades ago, assays that
quantitatively (Q) measure Epstein-Barr virus (EBV) DNA in periph-
eral blood using nucleic acid amplification technology (QEBV) assays
have been utilized extensively by transplant clinicians for surveil-
lance of patients at high risk for EBV positive (+) PTLD as part of pre-
emptive programs for PTLD prevention, for PTLD and EBV disease
diagnosis in symptomatic patients and to monitor response to PTLD
therapy.1 EBV viral load (VL) testing is also sometimes performed
in non-peripheral blood compartments. EBV DNAemia surveillance
has been suggested for safety monitoring in clinical trials of new im-
munosuppressive agents2 and even explored for tailoring immuno-
suppression in individual patients.?”4

Concurrently, our understanding of the biology of acute and
persistent EBV infection and its pathophysiologic role in the de-
velopment of EBV+ PTLD has increased significantIyS'6 providing
information regarding EBV cell tropism, EBV DNA dynamics and
the biologic forms of EBV DNA in the cellular and acellular frac-
tions of peripheral blood during infection and lymphoproliferation.
Technologic advancements have made EBV VL assays more sensi-
tive and precise7; global initiatives to standardize assays are in prog-
ress.® Despite the extensive use of QEBV DNA assays, evidence to
support their clinical utility in specific clinical settings after pediat-
ric solid organ transplantation (SOT) are lacking or limited. How to
both choose the matrix (whole blood (WB) versus plasma) for testing
and interpret results in these settings remains uncertain. Because of
QEBV DNA assay limitations, investigators have elucidated and eval-
uated viral and host cellular, molecular and genetic characteristics
associated with EBV infection and/or EBV+ PTLD as possible bio-
markers that might be used alone or as adjuncts to EBV VL testingt"'10
to support EBV+ PTLD screening, diagnosis, and management.

We reviewed evidence and make recommendations regarding
the use of EBV Quantitative Nucleic Acid Testing (QNAT) assays and
other biomarkers for EBV+ PTLD prevention, diagnosis, and man-

agement in pediatric SOT recipients.

2 | METHODS
The
Conference on PTLD after Pediatric Solid Organ Transplantation
took place in Nashville, Tennessee on March 12-13, 2019, and the

work of conference members continued until the end of December

International Pediatric Transplant Association Consensus

2021. The goal was to produce evidence-based consensus guide-
lines on the definitions, prevention, and management of PTLD and
related disorders based on critical review of the literature and con-
sensus of experts. The consensus conference was comprised of 29
international experts in organ transplantation and PTLD from the
fields of hepatology, nephrology, cardiology, pulmonology, infec-
tious diseases, immunology, hematology-oncology, surgery, virology,
pathology, and epidemiology. The Working Group was supported

by experts in systematic reviews from the Vanderbilt University

Medical Center's Center for Knowledge Management (https://ckm.
vumc.org/ckm/).

Prior to the conference, each writing group discussed
Conference goals, drafted key questions to be addressed by their
group, and commenced literature reviews. The key questions to be
addressed were discussed at the conference and further refined by
consensus. After the conference, each writing group met via tele-
conference on multiple occasions. The first task was to finalize the
structured literature search terms for each of their key questions
with the assistance of the experts from the Vanderbilt University
Medical Center's Center for Knowledge Management. Expert search
strategies were defined for each of the key question subtopics by an
information scientist and executed in MEDLINE® via the PubMed®
interface. Each writing group finalized the list of articles for detailed
data extraction and review.

Finally, all writing groups were provided with the Grading of
Recommendations, Assessment, Development and Evaluations
(GRADE) guidelines for classification of the direction and strength
of their recommendations. The groups were instructed to classify
each of their recommendations as either “strong” or “weak” and the
quality of evidence as high, moderate, low, or very low based on
the GRADE system recommendations, which rates evidence quality
across the body of evidence for an outcome rather than each study
as a single unit.1t4

Final approval of each recommendation was provided by both
the Viral Load and Biomarker working group and by all members
of the full Consensus Conference. The final manuscripts reporting
recommendations of the Consensus Conference were reviewed and
approved in sequence by all working group members, all partici-
pating members of the Conference, and finally by the International
Pediatric Transplant Association Board.

The working group acknowledges the challenges of drawing
recommendations across all organ systems when many differences
exist between the pediatric organ transplant populations and the
literature available may be focused on particular organ transplant
populations. Nonetheless, the recommendations listed here are in-
tended to apply across all pediatric solid organ transplant popula-

tions, unless otherwise stated.

3 | RESULTS/CONSENSUS OUTCOMES

3.1 | Technical issues related to EBV viral load (VL)
surveillance and monitoring

3.1.1 | Question 1A: Can quantitative
measurements of EBV (QEBV) DNAemia be compared
between different institutions/assays?

Recommendations

e QEBV DNAemia assay results that are not calibrated to WHO in-

ternational standard are not reliably comparable. Accordingly, we
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recommend that QEBV DNA measurement should be performed

using assays calibrated to the WHO international standard for

EBV DNA, expressed as log;, 1U/ml.

Evidence Grade: Strong recommendation/moderate-quality
evidence.

e QEBV DNAemia assay results, even when calibrated to the
WHO international standard, may not be reliably comparable.
Accordingly, we recommend that patients should be monitored
using the same sample type and the same assay in a single labo-
ratory when possible. If inter-laboratory result comparison is re-
quired particularly in the setting of clinical trials or data pooling
for cohort analyses, formal cross-referencing of results by test-
ing a panel of clinical samples by all assays being used should be
undertaken.

Evidence Grade: Strong recommendation/moderate-quality
evidence.

e We recommend that only changes in VL exceeding 0.5log,, IU/
ml (3-fold) be considered clinically significant differences in QEBV
DNAemia.

Evidence Grade: Strong recommendation/low-quality evidence.

Supporting evidence/information

Status of result harmonization

The real-time qPCR assays commonly used in diagnostic laborato-
ries are more precise, less prone to effects of inhibitors and have a
broader linear range (6-7 orders of magnitude) compared to earlier
generations of competitive end point PCR assays.7 Historically, even
when using real-time gPCR assays the large variance in reported
results resulted in poor result harmonization for all sample types
(plasma, peripheral blood mononuclear cells (PBMC) or WB)>22
making it very difficult to directly compare QEBV DNA results in
the historical literature. The WHO Expert Committee on Biological
Standardization approved the first WHO international standard for
EBV DNA as a common assay calibrator in October 2011.8 Assays
calibrated to the international standard report results in IU/ml (a
consensus value not directly related to genome copies/ml). The con-
version factor from copies to U is assay specific. Although interna-
tional standard calibration can improve result harmonization, it can
also make agreement worse?® and have a different impact in one ma-

2%, Because assays may

trix versus another (i.e., WB versus plasma
demonstrate excellent result harmonization when testing samples
created using whole virus preparations, but still show marked result
variation when testing clinical samples, the latter must be tested to
determine the true impact of WHO international standard calibra-
tion on result harmonization.

Most information regarding the impact of the WHO interna-
tional standard on result agreement comes from testing on national
or international proficiency panels that do not include clinical sam-
ples.zs'27 These studies all concluded that use of the international
standard for assay calibration markedly reduced result variability,

with >80% results reported by multiple laboratories falling within

+0.5log,, IU/ml, for WB and plasma samples.zs’27 However, when
four US laboratories participating in a clinical transplant trial re-
ported results for the WHO international standard serially diluted
in plasma, only 62% of values for dilutions above 4log, , were within
+0.5log,, IU/ml of expected values.?® When clinical samples were
tested using assays calibrated to the WHO IS, excellent result agree-
ment was often found when only two assays were compared, but
greater variability was sometimes reported among specific assay
pairs when a larger number of assays were included in the analy-
sis.277%4 A recent study comparing results for 41 EBV DNA plasma
samples using 10 different assays found that although most results
fell within 0.5log,, IU of the mean of all results, differences in re-
sults of the same sample could be as large as 1.5log,, IU for some
assay pairs.35 Overall, use of WHO international standard calibrated
EBV DNA assays appears to have improved result harmonization and
should be widely adopted at a global level in order to reduce the
impact of calibration as a source of result variability. However, har-
monization is not sufficiently predictable to allow direct result com-
parison without cross-validation of specific assay results. Potential
additional sources of persistent variability requiring ongoing quality
improvement include nucleic acid extraction techniques, commut-
ability of secondary and tertiary calibrators, choice of gene targets

and other factors (reviewed by ref 36).

Viral load assay result precision

It is not clear how much precision is achievable or clinically ac-
ceptable using real-time gPCR assays, but variation of +0.5log, is
often used, extrapolated from data in HIVE, precision is poorest
at low VLs. It is therefore suggested that changes in values should
differ by at least 3-fold or (0.5 log,,) and as much as 5-fold (0.7
log,o) near the assay's limit of detection to be considered biologi-
cally important changes.37'38 Although not currently available in
most clinical laboratories, digital PCR has been proposed as an al-
ternate and perhaps better reference technology for EBV VL meas-
urement as it provides absolute quantification without need for
a standard curve and is more precise when quantifying low copy

numbers.3%38

Research priorities for knowledge gaps

e Result harmonization of QEBV DNA assays should continue to be

improved through international collaboration.

3.1.2 | Question 1B: What is the optimal specimen
type for EBV DNA measurement in peripheral blood?

Recommendations

e We recommend that either WB or plasma can be acceptable ma-
trices for EBV DNA measurement; optimal specimen type may be
clinical context dependent.

Evidence Grade: Strong recommendation/low-quality evidence.
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e WB surveillance may be preferred to maximize sensitivity for
early detection of QEBV DNAemia in patients serially monitored
after transplant, while plasma testing may be more specific in dis-
ease detection and monitoring of treatment response.

Evidence Grade: Weak

recommendation/very low-quality

evidence.

Supporting evidence/information

What is being measured?

Optimal specimen choice and matrix-specific result interpretation
requires understanding the number and type of cells in peripheral
blood that are either lytically or latently EBV-infected, the biologic
form of EBV DNA in plasma (circulating cell free DNA vs. DNA encap-
sulated in virions) and how this varies depending on clinical context
(acute primary infection, persistent infection, reactivation infection
and PTLD). Because data in SOT populations are limited, extrapo-
lation of important information from studies of immunocompetent

39-44 and other immunocompromised populations45 is required;

hosts
these data have been reviewed in detail by Preiksaitis and Burton.3¢
In both immunocompetent and immunocompromised hosts EBV
DNA in plasma likely almost always exists as fragmented circulating
cell free DNA, released predominantly from latently or lytically in-
fected normal or malignant cells outside the circulation with no clear
evidence that EBV DNA in plasma is encapsulated in virions. 37414647
The very short half-life of ~2 hours of circulating cell free EBV DNA

8 makes dynamic changes in its measurement more rap-

in plasma,
idly responsive to treatment interventions than changes in cellular
EBV DNA. EBV DNA is almost always detected in the plasma of
immunocompetent patients with infectious mononucleosis (IM) but
only for <30days from symptom onset#1743:4%:50 although it can per-
sist significantly more than one year in pediatric SOT recipients with
primary infection.>>2 Most SOT patients with chronically elevated
VL studied late after transplant do not have detectable EBV DNA in
plasma. When detected, it is generally found in patients with higher
VL in PBMC, is present in small amounts, and is transient.”®™>°

Little is known about the type of cells infected in early primary EBV
infection post-transplant. However, studies later after transplant of
adult kidney recipients and pediatric recipients with variable allograft
types and persistent detectable EBV VL, suggest EBV is present pri-

marily in resting memory B cells as in immunocompetent adults®~%7

.57 Schauer et al*’

containing 1-2 genomes/infected cel
SOT recipients with high EBV VL load >1 year after transplant also had

highly atypical, usually Ig-null EBV-infected cells containing 30-60 ge-

found pediatric

nome copies/cell, which disproportionately contributed to total VL. In
a study of adult transplant recipients with high VL Fink et al confirmed
that genome copies/cell is highly variable across samples and even
among cells in the same sample.58 Despite these observations, most
investigators, although not aII,58 have found a reasonable correlation
between total VL measured directly in peripheral blood of patients with
persistent high loads and the number of EBV-infected cells detected
by in situ hybridization.sc"'61 Using immune-FISH, Ito et al®® found that

in pediatric liver transplant recipients with elevated VL EBV-infected

cells were predominantly CD20" IgM*, 1gD*CD27" memory B cells,
with 16.7 genome copies/cell; this cell subset usually represents only a
minor infected population in the immunocompetent host.%?
Epstein-Barr virus DNA in the peripheral blood of SOT patients
exists as complex mixtures of forms in the cellular and plasma frac-
tions with proportional distribution varying during stages of acute
and persistent infection, inter-current iliness, and evolving malig-
nancy. It is therefore more appropriate to use the term EBV DNAemia
rather than EBV viremia as the latter term implies infectivity which is
almost never present in plasma. EBV DNA is found surprisingly often
in atypical B cells as well as in non-B cells in the peripheral blood,
particularly in the immunocompromised host.5#5763 |n transplant
patients with persistent elevated VL detectable in WB, it may be im-
portant to differentiate patients who have only an altered viral “set
point” (see section on EBV VL kinetics) from patients who carry clon-
ally abnormal B, T, or NK EBV-infected cells in their circulation as is

seen in chronic active EBV infection in the immunocompetent host.%*

Choosing peripheral blood specimen type and reporting units
Although there is consensus that peripheral blood is the preferred
sampling site in SOT patients, the optimal sample type remains
unresolved. Cellular specimen types including WB, leukocytes,
PBMC, and isolated B cells, as well as acellular fractions (plasma
and serum) have been evaluated.’1°4¢>-82 Quantitative EBV DNA
measurements in different cellular specimen types (WB, PBMC,
isolated B cells) are highly correlated when tested using the same
assay.f’7'74'83'84 Moreover, normalization of results in cellular sam-
ple types to cell number or genomic DNA using either total DNA
or housekeeping genes did not significantly change this correlation
or alter dynamic trending in serially followed patients compared to
reporting the results on a /volume (ml) basis.®®*”7* However, the
presence of severe lymphocytosis or leukopenia should be reviewed
when interpreting dynamic changes in WB results.’*®° Because of
reduced processing steps and lower blood volumes required, WB
has become the preferred cellular specimen with VL reported in U/
ml, without normalization. Serum is sometimes used as an alterna-
tive to plasma.‘55'71'72'75’76 To avoid contamination from EBV DNA in
circulating cells,®® particularly when cellular VL is high, plasmais pre-
ferred over serum as the non-cellular fraction of choice.

Although, generally, EBV DNA becomes detectable in plasma or
serum as EBV VL rises in matched WB samples or PBMC and is linearly
correlated, the correlation coefficient between EBV VL measured in
WB or PBMC versus plasma is relatively low,>46570.7L7480.87 \When
detection is discordant, the pattern most commonly observed is EBV
DNA detection in WB or PBMC while plasma is negative, particularly
when VL in cellular sample types is low. Quantitative differences be-
tween WB and plasma may be >2 log,, copies/ml; differences appear
smaller in symptomatic than asymptomatic patients.52 The biologic
forms present and distribution of EBV DNA in the cellular component
vs plasma differs over time in individual patients and in different clin-
ical settings, likely explaining these observations. Available studies of
longitudinally monitored patients comparing contemporaneous results
in different sample types have limitations that make it difficult to de-

termine the preferred sample type in specific clinical settings. These
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study limitations are due to the small patient numbers in each study

often with few or no PTLD cases,(’s'ég'm’gz’87

81

monitoring of very low risk
groups,és' or sampling not starting at transplant in PTLD patients.74
The choice of specimen type in pediatric SOT recipients may de-
pend on the reason for testing; one size may not fit all settings. If
the goal is to detect EBV infection/reactivation as early as possible
in patients at high risk for developing PTLD, with interventions to re-
establish control of the infection assuming this will lower future PTLD
risk, then the more sensitive WB sample may be preferred. EBV VL is
most often significantly higher, usually by more than a log,, in cellu-
lar peripheral blood fractions than in acellular fractions®>70717981.87
and higher during primary infection than reactivation infection in
both fractions.®>#88? In the small number of EBV mismatched SOT,
for whom longitudinal contemporaneous monitoring in both speci-
men types was reported, EBV DNA was first detected in WB relative
to plasma in only three of 10 patients studied.>%>%% and in a recent
study of EBV mismatched pediatric liver transplant recipients, all first
detection of EBV DNAemia in WB was concordant with its detec-
tion in serum.>? Some investigators observed increasing levels of EBV
DNA in plasma/serum but not WB occur just before PTLD diagnosis
and found testing in both WB and plasma/serum may be additive op-
timizing sensitivity and specificity for PTLD prediction.71'74 Although
either specimen type could be used in pre-emptive PTLD prevention
programs, monitoring both might be a better strategy, although this
is associated with increased cost and more complex laboratory lo-
gistics. If the goal of EBV DNA testing is early EBV+PTLD diagnosis,
treatment monitoring or prediction of relapse, plasma may be the

preferred specimen type (see Question 4 and 5).

Research priorities for knowledge gaps

e We recommend study of contemporaneous plasma and WB EBV
DNA measurement in longitudinally followed patients in specific
clinical settings (post-transplant monitoring, PTLD diagnosis, treat-
ment monitoring) to assist in result interpretation and matrix opti-
mization including evaluation of the clinical utility of measuring EBV
DNA in both matrices either simultaneously or sequentially taking

into account sensitivity and specificity, cost and laboratory logistics.

3.1.3 | Question 1C: Are specific strains of EBV
associated with PTLD risk? Do specific EBV gene or
miRNA (viral and host) expression in peripheral
blood or EBV proteins in serum predict PTLD risk?

Recommendations

e Ascertainment of EBV strain is not recommended at this time as
there is insufficient evidence to support that certain EBV strains
confer specific PTLD risk.

Evidence Grade: Weak recommendation/very low-quality evidence.

e The use of EBV gene or miRNA (viral or host) expression anal-
yses are not recommended for PTLD surveillance, diagnosis or
prognosis.

Weak low-quality

Evidence Grade: recommendation/very

evidence.

Supporting evidence/information

Genetic variability among EBV strains

Since 2014, more than 200 whole genome sequences of EBV have
become available?® including from the WB of PTLD patients.c"1
A large number of single nucleotide polymorphismsc"z's’3 have
been identified, more commonly in latent genes than viral lytic
genes.c"“’95 Although definitive links between specific gene poly-
morphisms and risk of EBV disease or EBV associated cancer risk
including PTLD have not been established, several variants are
being further studied”® including LMP1 variants”® in a prospec-
tive clinical trial of pediatric transplant recipients (ClinicalTrials.
gov, NCT02182986).

EBV gene expression

EBV gene expression of latent and lytic genes in blood has been in-
vestigated as alternative or adjunct biomarkers of PTLD risk or PTLD
diagnosis in both SOT?3343697-102 5 HSCT patients.45'54'99'1°2’103
Results have been variable, likely due to factors including non-
standardization of assays, use of pooled cells which precludes
determination of specific expression patterns among individual

d45,53,54,56,97—103

cells,® populations studie and differences in study

design,53:5499-102

No consistent peripheral blood EBV gene expression patterns
have been found that clearly associated with quantitative EBV DNA
measurement’®1°? or are predictive for, or diagnostic of, PTLD
although only small numbers of PTLD patients have been stud-
ied.5497:99.102 Currently there is no clear additional benefit of EBV
gene expression profiling over measurement of EBV DNAemia alone

in SOT recipients.

miRNAs

While EBV infection impacts host miRNA expression, the virus
also encodes ~44 miRNAs.'%* Because miRNAs are highly sta-
ble and easily quantified in either PBMC or plasma they are at-
tractive as potential biomarkers for PTLD. Analysis of miRNA in
transplant recipients with primary EBV infection has not yet been
done. However, preliminary studies have identified serum miR-
BART22 as a potential biomarker of EBV reactivation in pediatric

liver transplant recipients105

and plasma miBART2-5p as possibly
having a role in sustaining persistent high set points in pediatric
kidney transplant recipients.106 These interesting observations
suggest further study of host and EBV miRNA profiling in periph-
eral blood is warranted as an alternative or adjunct marker for

PTLD or PTLD risk.
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Research priorities for knowledge gaps

e We recommend study of the biologic form of EBV DNA in plasma
(target sequence fragment profiling) and cells (immuno-FISH or
other technology) during phases of EBV infection/PTLD to under-
stand pathogenesis and develop future biomarkers.

e We recommend exploration of the detection of viral and host cell
miRNA in conjunction with VL measurements as: a predictor of
EBV+PTLD.

3.2 | Question 2: What is the role of EBV serology
screening before and after transplantation for risk and
early detection of PTLD?

Recommendations

e We recommend that all donors and transplant candidates be se-
rologically screened for evidence of past EBV exposure to enable
donor/recipient (D/R) PTLD risk stratification.

Evidence Grade: Strong recommendation/moderate quality of
evidence.

e We recommend differentiation of recently from remotely in-
fected seropositive transplant candidates for risk stratification.
Anti-VCA 1gG and IgM and anti-EBNA-1 is a preferred screening
panel in transplant candidates; QEBV DNA measurement may

further refine classification (see Figure 1).

Anti-VCA 1gG

Anti-VCA IgM

Anti-EBNA-1 1gG

Negative| |Positive, | | Positive,| |Positive,
Infection| | Recent | | Remote Recent
Status | |Infection| | Infection| |Infection

FIGURE 1 Interpretation of EBV serology in pediatric SOT
candidates >12 months of age. Notes about EBV Serology: PCR
testing in whole blood remains positive longer than in plasma
during acute primary infection. Transfusion history should be
reviewed to ensure that serology is reliable. When anti-VCA

1gG is positive, anti-VCA I1gM may be positive in recent infection
(expect anti-EBNA IgG to be negative) or in remote infection with
reactivation (expect anti-EBNA IgG to be positive). While most
children with remote EBV infection will have a positive anti-EBNA
IgG, some will remain anti-EBNA IgG negative (anti-EBNA non-
seroconverters). A serology result that is anti-EBNA 1gG positive,
and Anti-VCA IgG Negative is biologically Improbable: Likely false
positive anti-EBNA IgG result. Repeat serology.

Evidence Grade: Weak recommendation/low-quality evidence.
e Serial serologic rescreening of EBV-negative SOT candidates on
the waitlist (e.g., g6(-12) months and at the time of transplanta-
tion) is recommended (see Table 1).
Evidence Grade: Strong recommendation/low-quality evidence.
e Screening should occur remote from receipt of blood products
when possible.
Evidence Grade: Strong recommendation/low-quality evidence.
e Werecommend that seronegative SOT recipients at risk of donor-
derived primary EBV infection (D+R-) and patients at risk of com-
munity acquired infection (D-R-) be considered at high (D+R-)
and moderately increased (D-R-) risk for PTLD at least for the
first three post-transplant years with respect to implementation
of prevention strategies; monitoring algorithms may differ in
the two subgroups (see question 3, Table 4 for preferred QEBV
DNAemia monitoring); seronegative patients and their families
should be counselled pre-transplantation about higher risk of
PTLD development post-transplantation.
Evidence Grade: Weak recommendation/low-quality evidence.
e We do not recommend routine post-transplant serologic monitor-
ing to predict PTLD risk; serologic monitoring to document ongo-
ing susceptibility to infection in D+/R- and D-/R- who have no
documented EBV DNAemia may be considered.
Weak recommendation/very

Evidence Grade: low-quality

evidence.

Supporting evidence/information

Pre-transplant EBV serostatus

Epidemiologic community seroprevalence studies in developed
countries demonstrate ~40% of the population becomes EBV in-
fected by age 5, rising to 80% in 18—19—year—o|ds.107'109 Infants may
be protected from natural EBV infection by maternal antibodies dur-

10111 \yith the duration of protection

ing the first six months of life.
dependent on quantitative maternal antibody levels and decay kinet-
ics.'*?2 However, whether maternal antibody prevents transmission
from truly seropositive donors to seropositive infants <6 months of
age is unknown as transmission in this setting is iatrogenic rather
than natural; these recipient infants should be considered seronega-
tive when stratifying risk. (Table 2) A recent Canadian study113 found
that infant EBV seropositive donors <six months of age almost never
transmit EBV to seronegative recipients (i.e. only have passive ma-
ternal antibody). Donors <six months of age are most commonly
used in infant pediatric heart transplantation due to size-matching
constraints, explaining why EBV mismatched (D+R-) infants in an
International Society for Heart Lung Transplantation registry were
at significantly lower risk of PTLD in the first six post-transplant
months than older children.** Therefore, very young seropositive
donors (conservative estimate <3 months) could be considered se-
ronegative when risk stratifying for pre-emptive strategies (Table 3).

Single center studies studying pre-transplant donor and recipi-

ent EBV serology as risk factors for PTLD are often limited by small
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TABLE 1 Example of an algorithm for follow-up testing on the waitlist and at transplant in SOT candidates >12 months of age®

EBV infection status (see

Flowchart) Follow -up testingb

Negative

Repeat EBV serology every 6(-12) months while on waitlist and at Transplant

e If serology changes, ensure no recent transfusion (Rule out passive antibody causing false positive
serology) and then consult flowchart for interpretation

EBV PCR at Transplant

e If EBV PCR negative: maintain “Negative Infection status”. See Table 4 for post-transplant monitoring
e If EBV PCR positive classify as “Positive, Recent infection”. See Table 4 for post-transplant monitoring

Positive, Remote infection

Positive, Recent infection

e No further EBV PCR or serology required

Repeat serology in 1-3 months or at transplant if less than three months

e If serology changes, ensure no recent transfusion (Rule out passive antibodies causing false positive
serology) and then consult flowchart for interpretation

Obtain EBV PCR at transplant

“Note this algorithm is an example and does represent specific recommendations or consensus as some authors recommend testing more or less

frequently while on the waitlist.
PEBV PCR in whole blood preferred over plasma.

PTLD case numbers and registry data have issues with PTLD case
undercounting, missing and misinterpreted EBV serology data 1t
Despite this, an overwhelming risk factor for EBV+ PTLD occurring in
the early years after transplant, in almost all analyses across all non-
intestinal SOT allograft types in both pediatric and adult populations
is EBV seronegativity pre-transplant and primary EBV infection post-
transplant%'ﬂ‘l’m"122 In a multivariate analysis of the Collaborative
Transplant Study database which includes both pediatric and adult SOT
recipients an increased risk for non-Hodgkin lymphoma was observed
in kidney and heart recipients EBV seronegative pre-transplant (ad-
justed hazard ratio (HR) 6.5 and 3.6, respectively) but not in liver recip-
ients (HR 0.6).1* However, an analysis of the SRTR data in the United
States not only confirmed an increased risk associated with being EBV-
seronegative in kidney (HR 3.6), and heart (HR 4.0) but also found a
smaller but significantly increased risk in seronegative liver recipients
(HR 1.5).119 In pediatric liver transplant this risk was further confirmed
inamulti-center study where EBV seronegativity pre-transplant was as-
sociated with an increased risk of both EBV disease and PTLD (HR 3.51
and 2.94 respectively).122 Although EBV seronegativity pre-transplant
is a predominant risk factor for EBV+PTLD in adults within the first
five years after transplant, the influence of this risk factor wanes and
is lost as EBV-negative PTLD equals or surpasses EBV+ PTLD in fre-
quency late after transplant117'123’124 This has been less studied in pe-
diatric SOT recipients. In pediatric recipients PTLD incidence is highest
in the first post-transplant year making this the most important period
in which to target VL monitoring. A second smaller peak was described
3-5years post-transplant in an analysis of a German multicenter pedi-
atric PTLD registry; pre-transplant seronegativity was observed in 87%
of patients who developed PTLD in the first post-transplant year but in
only 62% with PTLD more than 5years after transplan‘c.125 EBV sero-
negativity remained an independent risk factor for late PTLD (>3 years
after transplant) with a HR of 1.65 (95%Cl 1.06-2.55) in a recent analy-
sis of a pediatric heart transplant study database.!?

EBV infection rates are high in the first transplant year in EBV
mismatched (D+R-) patients as a result of donor-transmitted infec-

tion, with transmission assessed by WB EBV DNAemia varying from

29.3% in heart recipients to 62.4% in liver recipients in one study.113

Not unexpectedly, when post-transplant follow-up periods are short,
studies have demonstrated that risk for PTLD is higher in D+R~- than

in D-R- recipients in both pediatric heart'** and liver'??

recipients
and for symptomatic EBV infection (combined disease and PTLD) in
pediatric kidney recipients.88 However, at three years post-transplant
the risk of PTLD in D+R- and D-R- pediatric kidney recipients in an
Organ Procurement and Transplantation Network/United Network
for Organ Sharing database analysis was comparable.120 Given the
decline in the incidence of PTLD occurring in the first post-transplant

120122 the differential impor-

year in more recently studied cohorts,
tance of donor-derived (D+R-) versus community acquired (D-R-)
primary EBV infections as a risk factor for EBV+PTLD in pediatric
populations may be decreasing, although the timing of donor-derived
infection is more predictable. Therefore, both D-R- and D+R- pedi-
atric subgroups should be considered for inclusion in pre-emptive pre-
vention programs although monitoring algorithms may need to differ.

Intestinal transplant recipients, appear to have a high risk of PTLD
development, independent of pre-transplant EBV serostatus.t?’2?
Children with non-intestinal transplants seropositive pre-transplant
are at lower risk of PTLD than those seronegative, although the dif-
ference may be less marked than in adults. 116127130 This may reflect
a greater risk of serostatus misclassification in children because of
passive maternal antibody or blood products. Donor EBV serostatus
does not impact PTLD risk in seropositive heart transplant recipi-
ents! but data regarding this issue are limited.

In contrast to EBV seropositive adults, most of whom were in-
fected in the remote past, a proportion of seropositive children who
are being transplanted are likely recently infected (i.e., less than one
year ago) because of higher rates of community-acquired infection.
This is particularly true for seropositive children between 1-2years
of age, a common age for pediatric liver transplantation. Even in
healthy immunocompetent subjects experiencing primary EBV in-
fection VLs generally approach but do not achieve equilibrium and
a quantitative “set point” comparable to VLs observed in EBV sero-

positive asymptomatic children and adults until approximately one
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TABLE 2 Pre-Transplant EBV Infection Status Classification and example of testing on the waitlist and at transplant in candidates <12
months of age?

Anti-VCA IgG or Anti-

Anti-VCA IgM EBNA-11gG EBV PCR EBV infection status Monitoring while on waitlist

Positive or Negative Positive or Negative Positive Positive, Recent Monitor EBV PCR monthly while on wait list and
Infection serology and PCR at Tx

Positive or Negative Positive or Negative Negative Negative Infection Monitor with repeat serology and EBV PCR every

status six months while on wait list and at Tx

@Children born to EBV seropositive mothers will have passive antibody (anti-VCA IgG and/or anti-EBNA IgG) which will wane over the first year of
life. Children born to both seronegative and seropositive mothers can have high rates of acute infection between 6-12 months of life; infection prior
to six months is uncommon and is quite rare prior to 3 months of age. EBV PCR is a more sensitive marker of acute infection than anti-VCA IgM. All
candidates <12 months of age should have EBV PCR screening as well as EBV serology.

TABLE 3 Interpretation of EBV serology in donors

Donors <3 months of age Donors >3 months of age

e Consider donor EBV negative if: both anti-VCA IgG and anti-EBNA IgG
result negative
e Consider EBV positive if anti-VCA IgG, anti- EBNA IgG, or anti-VCA IgM or
anti-VCA are positive
e Inliving donors with unclear EBV serology (anti-VCA IgG Negative and
either anti-EBNA IgG OR anti-VCA IgM are Positive) repeat serology if
possible.

e Consider donor EBV negative regardless of anti-VCA IgG or
anti- EBNA IgG result
e Consider donor EBV positive if anti-VCA IgM is positive

Note: Assumption: donors do not have EBV PCR testing performed.

year after infection onset. 131133 Recently infected children with
incompletely developed EBV-specific immune responses may rep-
resent an intermediate risk group between seronegative and sero-
positive children with respect to PTLD risk, although this has not
been systematically studied. A more extensive EBV serology panel
that includes markers such as anti-VCA IgG and IgM and anti-EBNA1
IgG, readily available in most clinical laboratories along with EBV VL
testing, preferably using WB (see Figure 1) could be used to more
precisely determine the infection status of children pre-transplant
and while on the waitlist.!3* Immunoblotting or VCA IgG avidity
testing is also used in some centers to identify recent acute infec-
tion and resolve indeterminate serology results.*®® Classification of
pediatric recipients into three categories: (1) seronegative and naive
(uninfected), (2) seropositive and acutely (recently) infected, and (3)
seropositive and remotely infected to inform monitoring algorithms
for preventive measures may be useful as outlined in Figure 1 and
Tables 1-4.

Post-transplant serology

In SOT recipients who are EBV seronegative pre-transplant, se-
roconversion is significantly delayed relative to EBV DNAemia
in blood, sometimes occurring concomitantly with PTLD
presentation.%'“("139 In pediatric seronegative kidney transplant
recipients with EBV DNAemia, Hocker et al®® found seroconversion
occurred at 7.5+2.3 months, 4.9 + 3.3 months after EBV DNAemia;
19% of patients with EBV DNAemia had not seroconverted by one-
year post-transplant. In seropositive recipients, serologic param-
eters were also not correlated with EBV DNAemia.?-88 Therefore,
serology is not useful as a primary surveillance tool in pre-emptive

PTLD prevention strategies early after transplant. However, it could

be used to identify patients at ongoing risk of community-acquired
infection among those seronegative prior to transplant without doc-
umented EBV DNAemia.

Specific patterns of EBV-specific antibodies described in a rel-
atively small number of patients provide preliminary evidence for
use as possible adjunct biomarkers to EBV VL for PTLD risk strati-
fication. These require further validation and include markedly de-

138140141 4 |ack of antibody evolution

142

layed or non-seroconversion
(i.e. non-seroconversion to anti-EBNA 1 or anti-EA)~*“ in seroneg-
ative patients and falling EBNA-1 antibody titers in seropositive

patients.137’143

Research priorities for knowledge gaps

e We recommend further studies to determine allograft-specific
risks of early EBV+ PTLD in recipients who are EBV seropositive
(R+) pre-transplant.

o We recommend further studies of EBV-specific serology profiles

post transplant as predictors of EBV+ future PTLD.

3.3 | Question 3: Can QEBV DNAemia kinetic
parameters in peripheral blood be used to identify
risk for EBV+ PTLD and inform pre-emptive
interventions?

This question addresses the diagnostic algorithm; details on pre-
emptive intervention measures are discussed in the “consen-

sus guidelines for prevention” in the same issue covering these
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TABLE 4 Example of an algorithm for post-transplant EBV PCR and serology monitoringa’b

Donor (D)/Recipient (R) EBV

Infection status PTLD risk status Post-Transplant Monitoring algorithm

D-R- At risk of community acquired EBV EBV PCR at transplant, then
infection, most common in younger e Monthly x6 months or until maintenance immunosuppression is
children and teenagers achieved, whichever is longer
PTLD Risk: intermediate e Then g3-6 months at routine follow-up visits AND at time of

any subsequent illness with symptoms suggestive of infectious
mononucleosis

e |f EBV PCR becomes positive, consider obtaining EBV serology.
Monitor EBV PCR weekly until dynamic pattern is determined (see
specifics in D+R- section).

EBV serology

e At 6 months and 1 year and then annually until seroconversion to
positive anti-VCA IgG

e |f seroconversion to positive anti-VCA IgG occurs with no prior
positive EBV PCR, repeat serology to confirm, and obtain EBV PCR

D+R- High risk of donor transmitted EBV EBV PCR at transplant, then
All R+ intestinal / Infection, may be recipient acquired Weekly to 3 months, biweekly until 6 months, and then monthly or at
multivisceral transplant in R+ intestinal/multivisceral follow-up routine bloodwork to 12 months, modifying algorithm
recipients recipients as below if required
PTLD risk: High EBV PCR most commonly becomes positive between 2-4 months

after transplant
If EBV PCR becomes positive
e Continue weekly EBV VL monitoring until peak VL has been
reached (Usually 2-4 weeks from first detection) and VL has
decreased after peak by at least 1 log,, (example: if peak VL is 4.5
log,, IU/ml then gradually decrease monitoring once EBV VL <3.5
log,, 1U/ml)
e Subsequently incrementally decrease the frequency of EBV VL
monitoring to biweekly, monthly, then g 3 months depending
on follow-up visits until VL is undetectable or “ set point” VL is
established (generally 1-2years after first detection)
e Pediatric Transplant infectious disease physician can provide more
specific guidance
EBV serology in R- recipients only
e At 6 months, 1 year and then annually until seroconversion to
positive anti-VCA IgG.
e |f seroconversion to positive anti-VCA IgG occurs with no prior
positive EBV PCR, repeat serology to confirm, and obtain EBV PCR

R+, classified as Recent Full EBV-specific immune response may EBV PCR at transplant then weekly to biweekly until 3 months
infection not yet be established e |f EBV PCR becomes positive monitor EBV PCR weekly until
PTLD Risk: unknown; may be dynamic pattern is determined (see specifics in D+R- section).
Intermediate EBV Serology

o If anti-EBNA IgG negative and/or anti-VCA IgM positive at
transplant, repeat EBV serology at 6 months, and 1 year to assess
seroconversion to positive EBNA IgG and/or disappearance of anti-

VCA IgM.
R+ Remote infection: All PTLD risk: Low No EBV VL monitoring or repeat EBV serology required
organs except Intestinal
transplant recipients (see
above)
Recipient who was R- PTLD risk: unknown; appears low for all EBV PCR and EBV serology 18 months, 2years then annually
preTx, has primary EBV non-cardiac recipients (optional)

infection and now has
persistent high QEBV
DNAemia® >1year after
first detection

“Note this algorithm is an example and does represent specific recommendations.

PAdditional for cause EBV PCR testing should be performed at clinician's discretion when symptoms suggestive of infectious mononucleosis are
present.

‘Most common with WB testing.
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conference reports.144 Similarly, treatment of PTLD is reviewed in a

separate guideline.145

Recommendations

e We cannot recommend specific quantitative EBV DNA levels or
quantitative changes in peripheral blood that identify PTLD risk
and should trigger interventions. However, we recommend immu-
nosuppression review on initial qualitative detection of EBV DNA
(above limit of detection of assays used in clinical laboratories) in
the peripheral blood in patients seronegative pre-transplant.

Evidence Grade: Strong recommendation/low-quality evidence.

e We recommend QEBV DNAemia surveillance to identify risk for
EBV+ PTLD and to inform pre-emptive interventions in patients
who are EBV seronegative pre-transplant and receive organs from
an EBV seropositive donor (D+R-) donor (for details, see Table 4).

Evidence Grade: Strong recommendation/low-quality evidence.

e We recommend QEBV DNAemia surveillance to identify risk for
EBV+ PTLD and to inform pre-emptive interventions in patients
who are EBV seronegative and receive an EBV seronegative organ
(D-R-; for details, see Table 4).

Evidence Grade: Weak recommendation/very low-quality
evidence.

e QEBV DNAemia surveillance is not recommended for recipients
who are EBV seropositive pre-transplant with remote infection
except for intestinal transplant recipients and patients undergo-
ing re-transplantation after PTLD (for details, see Table 4).

Evidence Grade: Strong recommendation/low-quality evidence.

e We recommend QEBV DNAemia surveillance to identify risk
for EBV+ PTLD and to inform pre-emptive interventions in se-
ropositive recipients with evidence of recent infection prior to
transplantation.

Evidence Grade: Weak recommendation/low-quality evidence

(for details, see Table 4).

Supporting evidence/information

QEBV DNAemia kinetics: implications for surveillance and
monitoring algorithms

In addition to absolute quantitative levels of EBV DNAemia we look
to parameters related to EBV VL kinetics to inform implementation of
pre-emptive PTLD prevention strategies and to monitor response to
prevention and treatment interventions.* Defining “abnormal” QEBV
DNAemia kinetic patterns in SOT recipients requires understanding
“normal” EBV VL dynamics in different fractions of peripheral blood
during acute and persistent infection in immunocompetent people
of varying ages. These data are recent, limited and are primarily de-
rived from studying adolescents and young adults both seroconvert-

131.146-149 4nd infants

ing to EBV and with IM in developed nations
infected very early in life in Africa.tt>150151 QEBV DNAemia during

primary infection is characterized by an incubation or “eclipse phase”

after exposure, an acute and convalescent phase during which EBV
DNAemia is detected, accelerates to a peak with a specific doubling
time and then regresses, followed by an equilibrium state with an in-
dividual “set point” marking persistent infection. Time to first detec-
tion, time from first detection to peak, time from peak to set- point
and area under the QEBV DNAemia time curve (AUC) are additional
parameters that might be measured. Available data related to pri-
mary EBV infection in immunocompetent hosts are reviewed in

greater detail elsewhere.®®

Incubation or “eclipse” phase

The exact timing of EBV exposure is known in EBV mismatched
D+/R- patients; QEBV DNAemia is being monitored during the
eclipse phase. In an era prior to the routine use of anti-viral medi-
cations for CMV prophylaxis, the median time to EBV DNA de-
tection in saliva during primary donor-derived EBV infection after
SOT was 6weeks,140 similar to the IM incubation period of 32-
49 days.147'149'152'153 A more recent study in EBV-mismatched pedi-
atric and adult SOT patients monitored serially for QEBV DNAemia
using real-time gPCR assays, noted later initial detection at a me-
dian of 84 days with only rare detection in the first post-transplant
month; initial detection occurred in months 2-4 in most patients.113
The use of anti-viral prophylaxis appeared to delay the onset of EBV
DNAemiain a cohort of adult kidney transplant recipients,154 but not

in a similar pediatric cohort.**®

Acute and convalescent infection phase

Acceleration phase and peak: In immunocompetent hosts WB QEBV
DNAemia rises explosively becoming detectable by diagnostic as-
says 7-10days before symptom onset and rising rapidly to peak over
the next two weeks 146147149156 A similar explosive rise is seen in
transplant patients.‘ls’m]{"157 Modeling of data from the Kenyan in-
fant study found very short WB QEBV DNAemia doubling times of
1.6t02.1 days.158 Although doubling times as rapid as 56 hours have
been described in the lung transplant setting76 data on time to peak
are limited after SOT. This very rapid initial VL rise makes the logis-
tics of pre-emptive therapy challenging; frequent weekly monitor-
ing during the highest risk period for donor-derived infection (1-4

months)*3

is therefore preferred for EBV-mismatched SOT recipi-
ents. However, pre-emptive surveillance frequencies have not been
compared and there are no data to suggest that less frequent moni-
toring (i.e., biweekly or even longer intervals later in the first year
after transplant) negatively impacts pre-emptive strategy outcomes.
In evaluating interventions during the acceleration phase of primary
infection reduction in doubling time or lower peak or set point could
be considered positive endpoints; absolute quantitative reductionin
load may not be an appropriate measurement.

Although there is overlap, SOT recipients with PTLD appear to
have higher VLs measured in both plasmaé9'159 and PBM(C®1:69.143,160
than those observed in immunocompetent IM patients. For refer-
ence, median peak loads (not calibrated to the WHO international
standard) reported in IM studies varied from 3.0 log,, copies/

ml of WB to 7350 copies/10° PBMC or ~4.2 log,, copies/ml of
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WB.131146:148.149 peak VL is similar in both IM patients and asymp-

131,161 suggesting IM symp-

tomatic patients with primary infection
toms result from an exaggerated immune response rather than a
higher VL8 Earlier age of infection (mean 7.28 months) was as-
sociated with higher and more persistent WB QEBV DNAemia in a
Kenyan infant study, suggesting infants infected earlier in life have
poorer control of infection.!>!

Historically pre-emptive strategies were based on older studies
using non-standardized assays and sample types that found high
peak VL was a sensitive but not specific marker of EBV+ PTLD occur-
ring early, usually in the first year after transplant; QEBV DNAemia
most often peaked before symptom onset (reviewed byiéz). Most
analyses were univariate using single center data with small numbers
of PTLD events. Result interpretation was sometimes complicated
by the heterogeneity of the populations studied, with high and low
risk populations and SOT and HSCT populations pooled for analysis.

More recent studies have provided more conflicting data. No
clinically useful association was found between high WB peak VL
and PTLD in German pediatric kidney transplant recipients88 or a
Korean SOT population (predominantly pediatric liver recipients).157
However, high peak VL was identified as an independent predictor
of PTLD in a multi-center study of pediatric kidney transplant recip-
ients using multivariate analysis130 and early peak load, was a PTLD
risk factor in a single center study of pediatric heart transplant recip-
ients.’3 Ina study of pediatric kidney transplant recipients, the AUC
of EBV VL during the first post-transplant year was also not predic-
tive of symptomatic EBV infection that included PTLD.%8 Moreover,
almost all historical and more recent studies were not natural history
studies, as clinicians implemented interventions based on available
results. These data question whether any specific level of peak
QEBV DNAemia is associated with PTLD risk and precludes making
recommendations regarding trigger points for interventions.

Regression from peak load: QEBV DNAemia regression patterns
are variable among patients and may depend on patient age and
the “immunosuppressive environment” in which primary infection
occurs. In a study of adolescents and young adults the median du-
ration of WB EBV DNAemia was 17days147 but was as long as 164
and 202 days in some patients. A biphasic pattern of WB/PBMC VL
regression has been observed as adaptive immune responses de-
velop.lf"l'165 In younger children regression may be slower®®’; the
median duration of WB EBV DNAemia during primary infection was
4.9 to 6.3 months in Kenyan infants.!>8

In the transplant setting, observations regarding QEBV DNAemia
regression kinetics in the absence of interventions are extremely lim-
ited. The half-life of the biologic form of EBV DNA being measured, in
the order of hours for circulating cell free EBV DNA in plasma versus
weeks for latently infected cells should be considered in interpret-
ing dynamic changes observed. Unlike IM patients and asymptom-
atic non-HIV infected African infants with primary EBV infection
in whom EBV DNAemia in plasma becomes undetectable in <1
month*7434%50 and <3 months,166 respectively, EBV DNA is often

detected in the plasma in asymptomatic pediatric liver transplant

recipients with primary infection for at least a year.51'52 It is difficult
to assess the impact of interventions using viral kinetic data without
a control group not receiving the intervention or controlling for the
timing of the intervention relative to the EBV DNAemia onset. When
evaluating interventions implemented during the regression phase
of acute primary infection half-life or time to clearance (for diagnos-
tic assays) may be a better measurement of efficacy than an absolute
quantitative reduction in VL.

Recurrent episodes of EBV DNAemia: Acute primary EBV infec-
tion may include recurrent episodes or waves of EBV DNAemia
that are not necessarily associated with short-term adverse events
in the immunocompetent subject‘“”'158 Rebound events after initial
regression have also been observed in the SOT setting after primary
infection managed by reduction of immunosuppression or antiviral

therapy167,168 167

with no apparent adverse effects.

Equilibrium or set point VL: All EBV seropositive patients have per-
sistent peripheral blood EBV infection even though EBV DNA levels
are often below the level of detection of real-time gPCR assays for
specimen types and assays used in clinical laboratories in the trans-
plant setting. The term “clearance” should be interpreted from this
perspective. This host-virus equilibrium or set point is estimated to

B138 5nd is unique

take up to a year to achieve after acute infection
to anindividual and relatively stable for at least 3.5 years. “Set point”
VL may also be geographically variable. Healthy children and adults
in Gambia have a set point (median 850 copies/lOé PBMC) >10-fold
higher than adults in the United Kingdom (median 79 copies/10°
PBMC); some had set points similar to those seen in IM patients in
the United Kingdom.148 Interventions occurring after set point has
been established may differ and may need to be analyzed separately
from those earlier during acute primary infection as they likely occur
at very different stages of host-EBV immune response development.
There is some stochastic variation in values around the set point
over time estimated at +25% and this should be considered when
defining clinically meaningful changes.169

The time required to establish an EBV viral set point after donor-
derived primary infection in SOT recipients may be longer because
exogenous immunosuppression may delay the development of EBV-
specific adaptive immune responses. Colombini et al*®® observed
that the 38% of patients experiencing primary infection after kidney
transplantation who “cleared” their EBV DNAemia did so at a me-
dian of 22.1 months after detection. Similar protracted regression to
relatively stable but persistently elevated WB VL was observed by
Kullberg-Lindh et al®? on withdrawal of all immunosuppression in pe-
diatric liver transplant recipients with “set-point” WB VLs sometimes
not observed until two years after initial detection, often concor-
dant with clearance of EBV DNAemia in serum. A significant pro-
portion of SOT recipients experiencing primary EBV infection have
detectable WB QEBV DNAemia, sometimes at very high levels that
is sustained for many years; this appears to represent an “abnormally
high“ viral set point and is observed less frequently in SOT patients
seropositive pre—transplant.53’88'100'155'170'174 The immunopatho-

genesis and factors that influence setting and sustaining EBV viral
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set point are uncertain.t’>7¢ Young age at infection, immunodefi-
ciency and intercurrent infections such as malaria are believed to
elevate set-points in African infant515°'177; warm ischemia time and
high graft to recipient weight ratio have been identified as factors in
pediatric liver transplant recipients.173

Investigators have often defined SOT patients as having a
chronic high VL phenotype (CVLP) when VL was sustained (>50%)
with WB EBV VLs in the range of 5,000 -16,000 copies/ml (as-
says not calibrated to WHO international standard) for >6 month
5.53:88,100,130,155,170-174 High EBV viral set point is the terminology
used for a similar biologic state in HIV patients.178 It is not known
whether six months after first detection is sufficient time for equilib-
rium or set point to be achieved in SOT recipients and what specific
quantitative set point, if any, is associated with increased later PTLD
risk. Although studies of heart transplant recipients with CVLP sug-
gest they may be at significantly increased risk of late onset EBV-
positive PTLD,Y%7% this risk appears in part to be organ-specific

with intermediate risks observed in intestinal transplants174 and low

to negligible risk in pediatric liver>3172:173 88,130,155,176

and kidney
transplant recipients. Whether any intervention, such as immune
reconstitution (typically following reduction in immunosuppression

)178—180

in SOT recipients or prolonged antiviral therapy,181 can alter

EBV set point when established is uncertain.

QEBV DNAemia in seropositive subjects with remote infection

Transient EBV DNAemia can be detected using clinical assays even
in asymptomatic immunocompetent seropositive subjects with
remote infection39’4o; and is detected at a higher rate in WB than
plasma when contemporaneously samples are collected from the

t.4° Critical illness and sepsis increases the prevalence

same patien
of EBV DNA detection.*® In acute malaria a 5- to 6-fold increase in
PBMC EBV VL was observed that persists for at least 4-6 weeks. 148
Whether similar dynamics in set point disturbances occur during
other acute infections in either the transplant or non-transplant set-
ting is not known.

Although peak loads are usually lower than in primary infection
and many EBV+ PTLD cases, the high prevalence of EBV DNA de-
tection (13-72% in WB) and the low incidence of PTLD in remotely
infected adult seropositive non-intestinal SOT recipients questions
the benefit of routine QEBV DNAemia surveillance of this patient
group.77'89'182'184 EBV DNAemia prevalence is lower when plasma
is monitored.”®8 Data from pediatric recipients are more limited
but show similar patterns. In two pediatric kidney cohorts seropos-
itive pre-transplant, EBV DNA was detected in WB above a “signifi-
cant level (3000 copies/ml)” in 19.9%%° and at any level in 44.4% .88

Based on available evidence of QEBV DNAemia dynamics in
specific risk groups, an example of monitoring algorithms that might
be used for pre-emptive strategies is illustrated in Table 4. Center-
specific algorithms should be designed considering local factors in-
cluding routine patient follow-up intervals, access to specific types
of laboratory testing, health care delivery systems and cost as well

as regulatory issues related to donor screening.

Research priorities for knowledge gaps

e We recommend studies evaluating ongoing surveillance of QEBV
DNAemia in WB versus plasma for pre-emptive therapy when
the recipient is on stable maintenance immunosuppression
years after transplant and “set point” has been established even if
elevated.

e We recommend studies of all QEBV DNAemia kinetic parame-
ters (mathematical modeling) of EBV infection after transplant
and evaluation of these parameters as risk factors for PTLD
development.

e We recommend studies of the natural history of high VL set
points with respect to dynamics of clearance and future risk of
EBV+ PTLD.

3.4 | Question 4: Can QEBV DNAemia be used
alone as a test to diagnose EBV+ PTLD?

Recommendations

e QEBV DNAemia should not be used alone to diagnose PTLD in
pediatric SOT recipients.
Evidence Grade: Strong recommendation/high-quality evidence.

e We recommend that non-detection of EBV DNA in peripheral
blood in serially monitored patients can be used as a screening
test with good negative predictive value (NPV) in patients at in-
creased risk for EBV+ PTLD occurring early after transplant but
does not exclude EBV-negative PTLD and some cases of EBV+
PTLD.

Evidence Grade: Strong recommendation /low quality evidence.

Supporting evidence/information

Pathology remains the gold standard for PTLD diagnosis. The high-
est risk pediatric SOT recipients are most often being serially moni-
tored for QEBV DNAemia in the early post-transplant period. Only
limited pediatric SOT data exists with respect to direct comparison
of QEBV DNAemia with pathology as a single evaluation only at
the time a patient presents with symptoms and/or signs of possible
PTLD.52:88:130

The advocacy for WB over plasma as the preferred sample type
in SOT dates back to early studies that failed to detect EBV DNA in
the plasma of a significant number of PTLD cases, despite detec-
tion in WB samples.75'76 However, these studies were performed
using less sensitive pre-real-time qPCR technology with large am-
plicons and older nucleic acid extraction methods that may have
failed to identify the small EBV DNA fragments in plasma.186 In
contrast, more recent studies using real-time gPCR assays and
testing predominantly adult populations found detectable plasma
EBV DNA in almost all cases of EBV+ PTLD with the exception
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of localized CNS PTLD and EBV+ mucocutaneous ulcer.%%7277157

EBV DNA detection in plasma has also been shown to be a more
specific marker of EBV disease, including EBV+ PTLD, than WB or
PBMC detection.?707477

Several studies of pediatric SOT recipient cohorts serially
monitored for QEBV DNAemia in WB or PBMC after transplant
found a positive test had poor specificity for PTLD diagnosis but
persistent non-detectable EBV DNAemia throughout monitor-
ing had a good NPV for EBV+ PTLD occurring early after trans-

187188 | 1sed older, less

pIant.187'189 However, two of these studies
sensitive semi-quantitative assays and the NPV of testing only at
the time of diagnosis was not specifically studied. EBV DNA has
also been found to be non-detectable in WB in some pediatric
thoracic transplant recipients at the time lung PTLD was diag-
nosed.’® Whether the sensitivity or specificity of WB or plasma
EBV DNA measurement as a diagnostic test can be improved by
evaluating specific quantitative levels as cut-off values has not
been studied.

A major confounder for the use of QEBV DNAemia as an initial
screening test for PTLD diagnosis is the occurrence of EBV-negative
PTLD whose pathogenesis may not be related to EBV. EBV-negative
PTLD is very common in adult SOT populations making up ~50%
or more of PTLD cases after the first post-transplant year.77'123'191
EBV DNA is detected in WB/PBMC in ~25% of EBV-negative PTLD
cases, similar to the prevalence of detection in SOT recipients with-
out PTLD.%%77 However, it is almost always non-detectable in the
plasma of EBV-negative cases and when detected it is present at
low levels and transiently.‘”’77 Therefore testing in plasma allows for
better discrimination between EBV+ PTLD and EBV-negative PTLD
than testing cellular blood fractions when PTLD is present.‘”‘77
However, it is not useful as an initial screening test for any PTLD
in adult populations after the first post-transplant year.77’123’191 The
yearly post-transplant incidence of EBV-negative PTLD has been
less well described in pediatric populations. In a German pediatric
multi-organ PTLD registry analysis 11/65 (16.9%) of cases occur-
ring after the first-post-transplant year were EBV-negative PLTD,
lower than what is observed in adult SOT settings.125 However, in a
multicenter pediatric heart transplant database analysis of 110 non-
recurrent PTLD cases occurring >3years after transplant only 25%
of cases had detectable EBV DNA in blood at diagnosis although the
proportion tested for QEBV DNAemia and sample type used was
not specified; only 35% of these late cases were found to be EBV+

PTLD.}%¢

Research priorities for knowledge gaps

e We recommend further studies comparing QEBV DNAemia in
WB and plasma in correlation to tissue pathology, EBV status
of PTLD tissue and disease localization in adult and pediatric

populations.

3.5 | Question 5: Should QEBV DNAemia be used
to monitor response to therapy?

Recommendations

e We do not recommend QEBV DNAemia testing alone to moni-
tor response to PTLD treatment. In particular, monitoring of VL
may be misleading for children receiving rituximab or other anti-B
cell monoclonal therapies as treatment for PTLD. When using VL
monitoring as part of following clinical response, we recommend
plasma as the preferred sample type.

Evidence Grade: Weak recommendation/low-quality evidence.

Supporting evidence/information

In a study of seven pediatric liver recipients with EBV+ PTLD, clear-
ance of EBV DNA in PBMC was observed within the first month after
treatment with reduction of immunosuppression, IV ganciclovir and
CMVIG* concomitant with clinical response but subsequent re-
bound of VL was frequent in the absence of disease recurrence. In
HSCT PTLD patients treated with rituximab, investigators reported
that persistently detectable EBV DNAemia in WB? or in WB or
plasma samples (in equal frequency with results pooled for analy-

ses)13

was a predictor of poor response. However, in both SOT and
HSCT populations, the bulk of data suggest that plasma may be pre-
ferred over samples with cellular fractions for monitoring response
to therapy and predicting relapse as VL correlations with clinical
response appear better, particularly when the patient had received

rituximab therapy.é9’74’77'194'1%

Research priorities for knowledge gaps

e We recommend that standardized QEBV DNAemia monitoring in
both WB and plasma be incorporated into prospective clinical tri-
als of treatment for PTLD.

3.6 | Question 6: Is QEBV DNA testing in CSF,
BAL and saliva useful to predict or diagnose PTLD?

Recommendations

e We recommend testing for EBV DNA in CSF for suspected CNS
EBV disease or CNS PTLD.
Evidence Grade: Weak recommendation/very low-quality
evidence.
e We do not recommend routine testing for EBV DNA in BAL sam-
ples for the diagnosis of pulmonary PTLD.

Evidence Grade: Weak recommendation/low-quality evidence.
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e We do not recommend testing for EBV DNA in saliva for surveil-
lance for pre-emptive PTLD strategies, PTLD diagnosis or treat-
ment monitoring.

Evidence Grade: Weak recommendation/low-quality evidence.

Supporting evidence/information

CSF

Testing for EBV DNA in the CSF has been used to assist in the di-
agnosis of CNS PTLD or EBV encephalitis, primarily with the goal
of avoiding potentially morbid invasive biopsy procedures for
tissue-based diagnosis. Data addressing this question are primar-
ily extrapolated from the HIV-infected population where qualita-
tive detection of EBV DNA in CSF is common in a wide variety of
HIV neurological diseases and has poor positive predictive value
(PPV) but good NPV for diagnosis of EBV+ CNS lymphoma.t?’"1%?
Quantitative cut-offs in the range of 3.3-4.0 log,, copies/ml (not
calibrated to WHO international standard) in CSF improved both
specificity and PPV for both primary CNS lymphoma and CNS in-
volvement in systemic AIDS-related lymphoma when compared to
qualitative results alone.t?7199.200 | 5 study that included five SOT
recipients, Weinberg et al?®! observed that patients with primary
CNS lymphoma had high CSF VLs associated with low CSF leuko-
cyte counts. In contrast, patients with high leukocyte counts were
more likely to be diagnosed with EBV encephalitis in the presence
of high VL, or post-infectious complications, when VLs were low. In
the HSCT setting, Liu et al?°2 found that levels of EBV DNA were
higher in CSF than in blood and predicted CNS disease and clinical
response better. These data support a potential role for the use of
quantitative EBV PCR to screen for EBV+ CNS lymphoma in SOT
recipients. However, data addressing this question remain very lim-
ited in pediatric SOT recipients. Importantly, large case series of
CNS PTLD in SOT recipients do not report CSF EBV PCR data; of
note, only 30% of patients with primary CNS lymphoma had de-

tectable EBV DNA in blood in the most recent case series.?03204

BAL

In lung and heart-lung transplant patients, the lung is often the primary
site of PTLD.2% Although initial reports suggested that high quantita-
tive levels of EBV DNA in BAL fluid may be a more sensitive predictor
of PTLD than EBV DNA measurement in peripheral blood,'”® EBV VL
in BAL was not predictive of PTLD in a larger multicenter study of pedi-
atric lung transplant recipients.206 Moreover, EBV DNA was detected
in BAL fluid, often at high levels in adult Iung207 and other transplant
as well as non-transplant recipients208 in the absence of PTLD. Thus,
interpretation of EBV PCR results from BAL fluid is challenging and its
utility for determining the presence or absence of lung PTLD in trans-

plant recipients is low based on current data.

Saliva
EBV DNA is predominantly cell-associated in saliva, presumably in
lytically infected epithelial cells 140:149.169.209-212 |y sty dies of immu-

nocompetent subjects, EBV DNA appears in saliva explosively at high

levels approximately a week before onset of IM symptoms, peaks at
2 months after onset and remains markedly elevated over the first
year; very high levels may persist for as long as 3.1 years,‘w'l‘ﬂ'“g'156
but decline over time to lower persistent levels.6%212 Longitudinal
studies of healthy adults with remote EBV infection show nearly uni-
versal detection of EBV DNA in saliva at some time although point
prevalence varies significantly from 24% to 909 169:210-214

In SOT recipients not receiving anti-viral agents with EBV ac-
tivity, both the detection prevalence (83-96%) and quantity of
EBV DNA in saliva increases significantly beginning in the second
month post-transplant with persistence and then decline in the 6-12
months post-transplant period.“o'215 Saliva EBV DNA levels were
higher with increasing immunosuppression, in primary infection, and
in patients with PTLD.140 However, saliva EBV DNA detection as a
potential predictor of PTLD using current real-time PCR technology
has not been studied. In a recent study, pre-transplant EBV DNA
detection in saliva and/or blood did not predict post-transplant EBV
DNAnemia?!® but no cases of PTLD were identified in the cohort.
Importantly, use of IV ganciclovir, IV acyclovir, valacyclovir and val-
ganciclovir results in clearance or a significant reduction in VL in sa-
liva during treatment even in immunocompromised hosts but rapid
rebound occurs on drug withdrawal.}40:207.214

Given the variability in sample collection, the frequent post-
transplant use of antivirals with EBV activity that suppress the lytic
replication of EBV in saliva, and the lack of conclusive studies, saliva
testing is not recommended for VL surveillance in pre-emptive PTLD
prevention strategies. EBV VL detection in saliva may warrant fur-
ther exploration as an adjunct to serology to clarify pre-transplant
EBV infection-status in patients with passive antibody and as an on-

going surveillance tool for community acquired primary infection.

Research priorities for knowledge gaps

e Studies to clarify the sensitivity, specificity, PPV and NPV of EBV
DNA measurement in CSF in SOT recipients with possible evi-
dence of CNS involvement for EBV+ PTLD diagnosis and treat-
ment monitoring.

e Studies of saliva EBV DNA testing to detect community-
acquired EBV infection, allowing more frequent monitoring in
D-R- patients.

e Studies of saliva testing to clarify infection status in children with

passive antibody (maternal or blood transfusion).

3.7 | Question 7: Is there evidence that non-
specific immunologic tests after transplant are
useful for the surveillance, diagnosis, prediction or
monitoring of EBV+ PTLD?

Recommendations

e We do not recommend the use of measurement of ATP release
by CD4" or CD3* T cells in response to PHA or EBV-Ag lysate
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stimulation (Immuknow Assay) for PTLD related surveillance, di-
agnosis, or prognosis.
Evidence Grade: Weak recommendation/low-quality evidence.

e We do not recommend the use of functional or phenotypic mea-
surements of NK cells for PTLD surveillance, diagnosis or progno-
sis outside of clinical trials.

Evidence Grade: Weak recommendation/low-quality evidence.

e We do not recommend the use of lymphocyte subpopulation as-
sessments for PTLD surveillance, diagnosis or prognosis outside
of clinical trials.
Evidence Grade: Weak recommendation/very low-quality

evidence.

e We do not recommend the use of monitoring for torque teno
viruses in serum or tissue for PTLD surveillance, diagnosis, or
prognosis.

Evidence Grade: Weak recommendation/low-quality evidence.

Supporting evidence/information

Direct investigations for non-specific markers of immune competence
or for effectors of innate immunity in SOT patients (including pediatric
recipients) with impaired EBV control (presence of CVLP and/or with
PTLD), have been documented extensively in the literature. One ap-
proach used the Cylex ImmunoKnow assay to detect possible over-
immunosuppression, risk of CVLP or of progression to PTLD after
organ transplantation. Specifically, ATP levels released by circulating
CD4* or CD3" T cells from SOT recipients (including pediatric heart
and liver recipients) in response to non-specific (PHA) or EBV-specific
stimulation, inversely correlated with EBV VL and the risk of PTLD in
a cohort of pediatric heart recipients.217 In addition, PHA-stimulated
ATP values under a certain low threshold (i.e., <125mg/ng/ml) were
associated with a 100% probability of high EBV VL (>4000copies/pg
DNA) development in pediatric liver recipients.218

Evidence for perturbations in effectors of innate immunity with
possible direct consequences on adaptive anti-EBV immune control
after SOT have also been reported.9 The importance of NK cells in
EBV control has been documented in healthy subjects during both
primary infection and Iatency.219 These cells produce elevated levels
of cytokines (IFN-y/TNF-a) that may interfere with EBV infectivity,
while promoting type-1 immunity in CD8" T cells. NK cells release
perforin and granzyme B that lead to increased lysis of EBV-infected
cells. Phenotypic and functional data related to NK cells changes
after SOT in patients with persistently elevated VL or PTLD have
also been reported. In a cohort of pediatric thoracic transplant recip-
ients, Wiesmayr et al. detected decreased circulating CD56°€M and
CD569MCD16™ NK cell subset levels, that down-regulated NKp46
and NKG2D, and significantly up-regulated inhibitory molecule PD-
1. These phenotypic changes were paralleled by NK functional im-
pairment (low IFN-y), resembling cellular exhaustion.??® A decrease
in NK cell number accompanied by a reversed CD4:CD8 T-cell ratio
was shown to predispose to recurrent EBV-PTLD in 14 pediatric
PTLD cases.??!

In some recent reports, transplant for congenital heart disease
has been associated with a higher incidence of PTLD compared to
patients who suffered from acquired heart disease before trans-
plant.zzz'223 It has been conjectured that this may be attributed to
thymectomy in early life performed in association with surgery of
congenital heart defects. These children may show reduced CD4"*
and CD8* lymphocyte counts, and recently persistence of these al-
terations was demonstrated in heart transplant patients developing
PTLD.?® However, there remains insufficient evidence to recom-
mend serial lymphocyte phenotyping for prospective evaluation of
risk of development of PTLD.

Finally, the quantitative detection of torque teno virus DNA,
a virus ubiquitously present in the blood of immunocompetent
humans, has been studied as a measure of non-specific immune
competence. Increased levels have been observed in the plasma

224

of pediatric liver transplant recipients*“” and significantly elevated

amounts of teno virus DNA was found in paraffin embedded tissue
from PTLD patients with worse survival outcomes.??®

While all these findings are important, currently there is a
lack of consensus on which marker or combination of markers
may be of value for monitoring, risk stratification and predic-
tion of EBV complications/PTLD after transplantation prohibiting
their use in prevention strategies, diagnosis, or prognosis for PTLD

at this time.

Research priorities for knowledge gaps

e We recommend that due to a poor consensus on which marker
or combination of markers may be of value for non-specific/in-
nate immunity monitoring, risk stratification and prediction of
EBV complications/PTLD after transplantation, further research
to evaluate and validate these biomarkers should be performed

through multicenter studies and international collaborations.

3.8 | Question 8: Does measuring EBV-specific
cell-mediated immune (CMI) responses either alone or
together with EBV VL help to predict development of
EBV+PTLD?

Recommendations
e We do not recommend the routine use of EBV-specific cell-
mediated immune response (CMI) measurement by multimer or
cytokine-readout assays as a predictor of EBV+ PTLD.
Evidence Grade: Weak recommendation/low-quality evidence.

Supporting evidence/information

In non-immunocompromised patients EBV infection provokes a strong

T-cell mediated immune response (CMI) targeting epitopes of multiple
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EBV proteins by both CD4" and CD8™" T cells leading to life-long pro-
tective immunity (reviewed in ref 226). Following a strong expansion
of EBV-specific CD8* and, to a lesser extent, CD4" T cells during
acute infection the repertoire of T cells narrows to form a memory
T cell response mainly directed against focused lytic antigens BZLF
and BMLF-1 and latent antigens EBNA-3B/C and LMP-2, that control
both occasional lytic reactivation and latent EBV infection over time.
It is hypothesized that PTLD develops as a result of an insufficient
EBV-specific CMI response in the setting of medical immunosuppres-
sion.??” Remission of PTLD upon adoptive transfer of EBV-specific
T cells further suggests a pivotal role of EBV-specific CMI in PTLD
development and treatment.??82%7 Thus, monitoring of EBV-specific
CMIin SOT recipients either alone or in combination with EBV VL may
be a tool to estimate PTLD risk in pediatric SOT patients. Few studies
have been conducted to directly address this issue, and the subject
is substantially complicated by the variety of laboratory techniques
to detect EBV-specific T cells. EBV-specific T cells can be enumer-
ated using either T-cell receptor detection by HLA-peptide multimers
or by functional tests, most of which assess cytokine secretion after
antigenic stimulation using flow cytometry, Enzyme-linked immuno-
sorbent spot (ELISpot) analysis, or cytokine capture systems. Various
sources of EBV antigen can be used for stimulation of T cells rang-
ing from either autologous B cell lines transformed by a laboratory
strain of EBV to recombinant EBV proteins or individual or overlap-
ping peptide epitopes. A study by Smets et al. prospectively evaluated
45 pediatric liver transplant recipients from the time of transplant for
EBV VL and EBV-specific CMI using ELISpot to measure IFN-y secre-
tion after stimulation with autologous EBV-transformed lymphoblas-
toid cells (B-LCLs).2%° And 28 patients had primary EBV infection after
SOT, 7 of whom developed PTLD. These patients displayed a low ratio
of EBV-specific CMI to EBV VL predictive of PTLD. Upon reduction
of immunosuppressive medication EBV-specific T cells increased
thereby allowing re-introduction of immunosuppressive drugs to pro-
tect organ function. Similar results were obtained in a second study
of 16 pediatric PTLD patients.231 Low numbers of EBV-specific CD4™*
and CD8™ T cells measured by IFN-y secretion after stimulation with
autologous B-LCLs were detected at diagnosis, which increased sig-
nificantly after reduction of immunosuppression and treatment with
rituximab. A third study of 6 pediatric liver transplant patients with
PTLD demonstrated reduced T cell IFN-y secretion compared to
healthy controls, and a correlation of low EBV-specific T cells with
disease recurrence was observed after rituximab treatment.?®? In an-
other pediatric study 44 asymptomatic thoracic organ recipients were
examined for EB VL and EBV-specific CMI using IFN-y secretion and
detailed immunophenotyping.175 This study revealed differences in
cell phenotype correlated with VL with those patients displaying low
VL showing a moderately activated T-cell status while patients with
chronic high VL showing an exhausted EBV-specific T-cell phenotype.
In addition, data from adult patients suggest that EBV-specific T cells

233 and exhibit reduced

from patients with PTLD are low in number
IFN-y secretion after EBV peptide stimulation, especially when stimu-
lated with latent antigens compared to healthy controls.?3* Using the
non-functional multimer analysis Falco et al. assessed the frequency

of CD8™ T cells against BZLF1, EBNA3A, and BMLF1 in the circulation

of 24 pediatric liver or kidney recipients.235 The vast majority of indi-
viduals had detectable T cells with BZLF1-specific T cells most com-
mon. T cells specific for EBV could be measured within 4weeks in
seronegative individuals receiving an organ from a seropositive donor.
The proportion of EBV-specific T cells was similar to the levels seen
in other studies with non-transplanted, healthy subjects, and none
of the patients developed PTLD. A Japanese study confirmed com-
parable levels of EBV-specific T cells in chronic high EBV VL carriers
and controls.>® Similar results were obtained in a study in adults.?**
Another study detected EBV-specific T cells in PTLD patients by mul-
timer technology and found no alterations in specificity and numbers
compared to non-PTLD subjects, which did not change during treat-
ment for PTLD.%33 Combining both phenotypic and functional analysis
of CD8+ T cells in pediatric heart transplant recipients, differences
were detected in patients carrying high EBV VL with cells displaying
an exhausted phenotype (programmed death 1(+)/CD127(-)) accom-
panied by a decline in IFN-y release.r’” This indicates that future stud-
ies may have to look beyond mere enumeration of EBV-CMI towards
characterization of phenotypes and function.

Altogether, these data are somewhat conflicting and not suf-
ficient to recommend routine surveillance of EBV-specific CMI in
pediatric SOT patients. The utility of EBV-specific CMI assays may
also vary by clinical context and differ in the setting of acute pri-
mary infection, patients EBV seropositive before transplant and
those with persistent elevation in VL late after transplant. However,
data to date are promising and require further validation in future
prospective clinical trials using methods that involve more detailed
phenotypic studies and assessment of functional responses to both

lytic and latent EBV antigens.

Research priorities for knowledge gaps

e We recommend further research be focused on measurements of
functional EBV-specific CMI responses in addition to phenotypic
status.

e Assessment of EBV-specific CMI should be included into prospec-

tive clinical trials.

3.9 | Question 9: Are there other biomarkers that
predict PTLD development?

3.91 | Question 9A: Can PTLD surveillance
strategies be directed based on current literature
indicating HLA type and/or mismatch-based PTLD
risk?

Recommendations

e We do not recommend stratifying clinical surveillance strat-
egies based on specific recipient or donor HLA-types or HLA
mismatches.

Evidence Grade: Weak recommendation/low-quality evidence.
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Supporting evidence/information

Association of EBV-positive PTLD with the HLA-type of the organ
recipient as well as the degree of HLA-matching has been studied
by multiple investigators mainly in the kidney transplant setting.
Most studies are based on adult patients, however, a few included

236237 or a cohort of children and adults.?*®

only pediatric patients
In contrast to EBV-positive classic Hodgkin lymphoma, in which
protection by certain HLA-class | alleles (HLA-A2) is well accepted,
an HLA effect could not be confirmed for EBV-positive PTLD in a
large population-based study in Australia.?®? In a large international
pediatric cohort, recipient HLA-B40 was associated with a 2-fold
increased risk of EBV+ PTLD development after kidney transplanta-
tion,?%” which was confirmed by a longitudinal single center study in
adults for EBV-seronegative recipients.240 In all other studies asso-
ciations of certain HLA class | or class Il alleles with increased risk of
or protection from PTLD have only been discovered by single groups
and lack confirmation by an independent cohort. 2382407244 There js
evidence, that a higher degree of HLA-mismatching confers an in-

creased risk of developing PTLD!82%

potentially due to increased
immunosuppressive requirements. However, no specific recommen-
dation for screening of HLA type to determine the risk of PTLD can

be given based on individual HLA profiles.

3.9.2 | Question 9B: Can PTLD surveillance
strategies be targeted based on recipient race or
ethnicity or on host genetic polymorphisms?

Recommendations

e We do not recommend stratifying clinical surveillance strategies
based on specific recipient race or ethnicity nor on recipient cyto-
kine gene polymorphisms.

Evidence Grade: Weak recommendation/low-quality evidence.

Supporting evidence/information

This question has been addressed by expert literature review. Data
are very scarce in the pediatric population.

A higher incidence of PTLD in Caucasian children compared to
African American or Hispanic children has been described in pedi-
atric renal transplant recipients.245 These results were corroborated
by several subsequent analyses in adult SOT recipients: A higher
incidence of PTLD was noted in non-African American renal trans-

246

plant recipients“™® as well as pancreas transplant recipients.247 Most

recently, these results have been confirmed by a large single insti-
tutional analysis demonstrating a relative protection from PTLD in
adult African American recipients of solid organ transplantation.240
In an Asian cohort of liver transplant recipients Chinese ethnicity
showed a trend towards higher PTLD incidence compared to other

south-east Asian ethnicities.?*®

Thus, four registry or single institutional studies report higher
risk of PTLD in patients of Caucasian compared to African American
ethnicity. However, there are no studies evaluating different moni-
toring or screening practices based on recipient ethnicity.

As variations in host immune responses to EBV are very likely to
play a role in the establishment of persistent infection, occurrence
of EBV disease, and/or progression to EBV-PTLD, several studies
have investigated cytokine expression and/or cytokine gene poly-
morphisms aiming at improved risk-stratification and/or diagnosis of
PTLD. In particular, interleukin 6 (IL-6) is a pro-inflammatory cytokine
that impacts both innate and adaptive immunity. IL-6 expression is
modulated by EBV infection and potentially related to EBV pathogen-
esis. Therefore, the prognostic/diagnostic role of IL-6 in EBV+ PTLD
has been evaluated in several studies demonstrating an elevation of
IL-6 at diagnosis of PTLD.?*?-251 This effect, however, is unspecific and
often relates to infection or general activation of the immune system.
IL-10 has also been shown to act as an autocrine growth factor for
EBV-positive B cells isolated from patients with PTLD.?*?

Genetic polymorphisms associated with a low expression of
IFN-y were found in 67% of a pediatric cohort containing 59 liver
recipients with PTLD compared to 33% in those without PTLD.?>3
Utilizing both EBV VL and IFN-y polymorphism detection increased
specificity and positive predictive value in this patient cohort. No
association was found with polymorphisms in the genes for TGF-
B, TNF-a, IL-6, IL-10, and IL-2 in this study. A study in children and
adults detected a possible association of TNF-a with PTLD, both on
the cytokine level as well as on genetic analysis of variant alleles in
the TNF-a promoter and TNF-R1 promoter regions.254 So far results
have not been reproduced in a second cohort, and thus we cannot
recommend cytokine gene polymorphism analysis as a basis for indi-

vidually tailored PTLD-screening strategies.

3.9.3 | Question 9C: Can other biomarkers reliably
be used to predict or allow for early detection of PTLD
in SOT patients?

Recommendations

e We do not recommend use of the biomarkers evaluated (cytokine
levels, Ig light chain assessment, soluble CD30, CXCL13 or other
chemokines) for routine clinical use to predict or early detection
of PTLD.

Evidence Grade: Weak recommendation/low-quality evidence.

Supporting evidence/information

This question has been addressed by expert literature review. In a se-
ries of pediatric SOT recipients at risk for and ultimately diagnosed
with PTLD, serial serum samples were measured for IL-6 and IgE at
baseline and every 3 months thereafter for up to 24 months post-

transplant.250 Median serum IL-6 levels were significantly increased
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in PTLD cases compared to non-PTLD cases at both 3-6 months and
>6 months post-transplant. Univariate analysis showed that IL-6 lev-
els at >6 months post-transplant correlated with both VL and with
occurrence of PTLD. Combining elevated IL-6 with VL increased PPV.
In contrast, plasma concentration of IL-10 did not differ between 11
chronic high EBV VL pediatric liver transplant recipients compared
to 20 control pediatric liver transplant recipients.53 Data on cytokine
levels in adults are conflicting. Measurements of pro-inflammatory
vs anti-inflammatory cytokine release in two independent cohorts
of transplant patients identified impaired levels of IL-10 and IL-6.
Interestingly, IL-6 levels, but not IL-10, significantly correlated with
PTLD progression, highlighting the role of IL-6 as a B-cell growth
factor to enhance B-cell proliferation, a phenomenon seen with
PTLD.?*%2% |n a different study, IL-10 levels were correlated with EBV
load but not PTLD course while IL-6 was not elevated.?>!

Several markers have been proposed on the basis of EBV and/
or lymphoma pathogenesis to be predictive of future PTLD de-
velopment. In vitro infection of B cells by EBV induces expression
of CD30, a tumor necrosis factor family member, on infected B
cells,?>® and subsequent shedding of soluble CD30 (sCD30) may
lead to elevated levels in patient plasma. sCD30 was found to be
elevated in adult transplant patients compared to healthy controls
whether or not they had EBV-related disease.?®” A significant eleva-
tion of sCD30 in adult and pediatric transplant patients with PTLD
compared to healthy controls or patients without PTLD was also
detected. However, elevated sCD30 also correlated with other in-
fection (bacteriazss; CMV259) as well as graft dysfunction260 indicat-
ing that this marker is not specific for PTLD.

B cells, including EBV+ B cells in PTLD lesions, express immuno-
globulin (Ig) B cell receptor, composed of pairings of heavy and light
chains, on the cell surface. In the setting of transplantation B cells
and EBV-transformed B cells also secrete Ig and may release free
light chain into the circulation. Elevated light chain levels or altered
kappa/lambda ratios may be an indication of abnormal B cell activa-
tion or expansion. Free light chains are frequently elevated in adult
SOT recipients with and without PTLD.?%%-2%3 One study suggests a
correlation of free light chain levels with PTLD activity.262 However,
data are conflicting and do not support routine use of this form of
monitoring in SOT recipients.

CXCL13 is a B cell homeostatic chemokine frequently elevated
in non-immunocompromised lymphoma patients. A single institution
study detected significantly elevated levels of SCXCL13 in a subset of
pediatric PTLD patients compared to SOT recipients with EBV reac-
tivation.?®* Serum levels of CXCL13 started to increase up to 2years
before PLTD and correlated with disease course. However, these
data have not been confirmed in prospective studies. Furthermore,
sCXCL13 was also elevated in patients with acute renal allograft re-

jection,265 which may limit diagnostic significance.

Research priorities for knowledge gaps

e Although some candidates seem promising, biomarker studies for

prediction of PTLD are currently limited due to their retrospective
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nature, inconsistent findings, and absence of large- scale prospec-
tive cohort studies across different populations of patients and
organ transplants. To increase diagnostic power, we recommend
prospective multicenter studies of biomarkers (CXCL13, sCD30,
IL-6) alone or in combination with other biomarkers and / or EBV
VL as a predictor of EBV+PTLD, as a tool to follow response to
treatment or as a tool to estimate the risk of PTLD recurrence.
Investigators are encouraged to develop standardized tests for
potentially useful candidates (sCD30, CXCL13).
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