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Abstract

The International Pediatric Transplant Association convened an expert consensus
conference to assess current evidence and develop recommendations for various as-
pects of care relating to post-transplant lymphoproliferative disorders (PTLD) after
pediatric solid organ transplantation. This report addresses the outcomes of delib-
erations by the PTLD Management Working Group. A strong recommendation was
made for reduction in immunosuppression as the first step in management. Similarly,
strong recommendations were made for the use of the anti-CD20 monoclonal anti-
body (rituximab) as was the case for chemotherapy in selected scenarios. In some sce-
narios, there is uncoupling of the strength of the recommendations from the available
evidence in situations where such evidence is lacking but collective clinical experi-
ences drive decision-making. Of note, there are no large, randomized phase Ill trials of
any treatment for PTLD in the pediatric age group. Current gaps and future research

priorities are highlighted.

Abbreviations: CMV, cytomegalovirus; CNS, central nervous system; COP, cyclophosphamide, vincristine, prednisone; CR, complete response; CSA, cyclosporine; CTL, cytotoxic T
lymphocyte; DLBCL-type, diffuse large B cell lymphoma type; EBV, Epstein-Barr virus; FDG, fluorodeoxyglucose; HLA, human leukocyte antigen; HSCT, hematopoietic stem cell
transplant; IC50, half maximal inhibitory concentration; IFN, interferon; IgM, immunoglobulin M; IL, interleukin; IPTA, International Pediatric Transplant Association; IS,
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1 | INTRODUCTION

Pediatric patients are typically at greater risk of developing post-
transplant lymphoproliferative disorder (PTLD) because they are pro-
portionately more likely to acquire primary Epstein-Barr virus (EBV)
infection after transplantation. In this regard, the major risk factor for
PTLD is primary EBV infection due largely to the absence of immunity
derived from EBV-specific T lymphocytes. While different strategies
for prevention have been proposed, they have variable effectiveness
and so no single strategy has emerged to be associated with a high
degree of effectiveness. Consequently, cases of EBV-driven PTLD will
inevitably occur, necessitating varying approaches to management
based on histopathologic characteristics of lesions, their location, and
other factors. This report addresses consensus recommendations and
research gaps that relate to the management of PTLD in children in
the setting of solid organ transplantation. Reference is made to hema-

topoietic stem cell transplantation, where appropriate.

2 | METHODS

The methodological approach used to develop these consensus
guidelines is described in detail in a separate publication of the
Journal.! The goal was to produce evidence-based consensus guide-
lines on: (1) Definitions, Diagnosis, and Diagnostic Evaluation of
Pediatric PTLD; (2) Prevention of Pediatric PTLD; (3) Management
of Pediatric PTLD; and (4) Viral Load and Other Biomarker Assays
in Pediatric PTLD; all based on a critical review of the literature and
consensus of experts. The consensus conference included 29 inter-
national experts in organ transplantation and PTLD from the fields
of hepatology, nephrology, cardiology, pulmonology, infectious dis-
eases, immunology, hematology-oncology, surgery, virology, immu-
nology, pathology, and clinical epidemiology. The Working Groups
were 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 goals,
drafted key questions to be addressed by their group, and com-
menced 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 teleconference on multi-
ple 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 VUMC Center for Knowledge Management. Expert
search strategies were defined for each of the key question subtop-
ics by an information scientist and executed in MEDLINE® via the

PubMed® interface. Each writing group's co-chairs, in consultation

with their group's members, then finalized the list of articles for de-
tailed data extraction and review.

Writing groups were provided with the Grading of Recommendations,
Assessments, Development and Evaluation (GRADE) guidelines for clas-
sification 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, mod-
erate, low, or very low based on the GRADE system recommendations,
which rates evidence quality across the body of evidence for an out-
come rather than each study as a single unit.2=>

Final approval of each recommendation was provided by both
the PTLD Management Working Group and all members of the full
Consensus Conference. The final manuscripts reporting recommen-
dations of the Consensus Conference were reviewed and approved
in sequence by all working group members, all participating mem-
bers of the Conference, and finally by the IPTA Board.

The PTLD management group addressed recommendations that
relate to the effectiveness of specific treatment modalities, (reduc-
tion of immunosuppression [RIS], surgical resection/local irradiation,
antiviral agents, immune globulin, monoclonal B cell antibody ther-
apy [anti-CD20], cytotoxic chemotherapy, adoptive immunotherapy,
immunomodulatory/anti-cytokine therapy), in addition to other spe-

cific scenarios in clinical practice.

3 | RESULTS/CONSENSUS OUTCOMES

3.1 | Recommendations relating to the efficacy of
specific treatment modalities

3.1.1 | Question 1: What is the evidence for the
efficacy of reduction of immunosuppression in the
management of PTLD and when might withdrawal of
immunosuppression be considered?

Recommendations
o We recommend RIS at the time of PTLD diagnosis, to as great
a degree as possible, according to the risk of graft rejection and

loss, as well as to the consequences of graft loss.

Evidence Grade: Strong recommendation/moderate-quality
evidence.

e Complete withdrawal of IS may be feasible in select patients
considered to have low rejection risk, principally after liver trans-
plantation. Very close monitoring for rebound acute rejection is

required.
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Evidence Grade: Strong recommendation/low-quality evidence.

e Wherever feasible, we recommend considering temporarily stop-
ping the administration of immunosuppressive agents in cases of
PTLD that are not responsive to initial reduction in IS treatment
(especially after liver and kidney transplantation), or which re-

quire chemotherapy.
Evidence Grade: Weak recommendation/low-quality evidence.

Supporting evidence

It is difficult to truly assess the effectiveness of withdrawal of
immunosuppression as it is often combined with other treatment
modalities. This excludes corticosteroids, which are usually con-
tinued. Transient withdrawal or reduction of immunosuppression
should be interpreted in relation to the associated drug levels. It
must be appreciated that the immunosuppressive effects of drugs
might persist for several weeks beyond cessation of use, especially
when PTLD is associated with significant liver dysfunction. While
no firm recommendations can be made regarding how long RIS
should be employed before moving to additional treatment in the
sequential management of PTLD, most panel members felt that for
heart, heart-lung, lung, intestinal, or kidney-intestinal transplants,
it would be appropriate to delay subsequent treatment for no
more than 6 weeks unless the clinical course dictated otherwise.
For kidney and liver transplants, periods of reduced immunosup-
pression of up to 8-9 weeks or more were considered reasonable
depending on the initial response to RIS. These guidelines are
considered appropriate irrespective of EBV status, although it is
acknowledged that most of the pediatric literature relates to EBV-
driven PTLD.

The efficacy of RIS for PTLD management was first described
in 1984 in 17 solid organ transplant (SOT) adult patients (eight
kidney transplants, four liver, three heart, and two heart-lung)
with outcome assessment at 2-68months after transplantation.®
Immunosuppression (IS) beyond steroid reduction was unchanged
in four patients, and all died. RIS was the only treatment in 10 pa-
tients with a survival of 80% and four episodes of acute rejection.
Chemotherapy with/without radiation was received by four patients
(one of whom had no RIS) with one death in the patient with no con-
comitant reduction in immunosuppression. The first large pediatric
report described 36 children with PTLD following liver transplanta-
tion.” All received anti-viral therapy (ganciclovir, acyclovir, or both);
3 had RIS and immunosuppression was stopped in 33. Interferon
and/or chemotherapy were added in six patients and three under-
went surgery. PTLD-related survival was 86%, 23 developed acute
rejection after a median of 24 days; follow-up identified two patients
with chronic rejection, one re-transplantation, and 2 PTLD relapses.
Of the 33 patients with cessation of IS, tacrolimus was restarted as
monotherapy in 14, and with corticosteroids in 8. Six children re-
mained off IS.

RIS is the first step of treatment in most patients with PTLD in
most centers.®2! Interestingly, the rate of rejection or graft loss

WILEY- 2

is lower when compared to early reports. Overall survival is often
good,” but death due to progressive PTLD and acute and chronic
graft loss continue to occur.t In more recent series, the addition of
rituximab is more frequently employed. Despite the frequency of
RIS as first-line treatment, it remains difficult to estimate the true
efficacy of this approach due to the lack of controlled trials compar-
ing this approach to other treatments and due to the concomitant
use of other therapies in many series (eg, antivirals). It should also
be noted that there are rare cases in which allograft rejection may
be seen concomitantly with active PTLD (mostly in the setting of
intestinal transplantation). Active acute rejection is an impediment
to reduction or cessation of IS in the initial management of PTLD,
and other therapies such as rituximab may be important to consider
in this setting.

Of note, establishment of EBV-specific T-cell immunocompe-
tence, likely achieved through reduction or withdrawal of immune
suppression, is likely essential for the long-term control of EBV-
mediated PTLD. Treatment with rituximab alone has been shown to
potentially “cure” PTLD, but it does not always improve the EBV-

22; in contrast, improvement of

specific cellular immune response
EBV-specific cellular immunity has been reported after combination
of RIS and rituximab.?® Therefore, some level of RIS is probably nec-
essary to achieve this goal, even if associated with other treatments.

In some specific presentations of PTLD, RIS in addition to sur-
gery showed excellent results. In a prospective follow-up of 77 chil-
dren following liver transplantation, eight developed “early” PTLD
(ie, non-destructive PTLD in current classification). Seven had acute
tonsillitis, and 1 had a pharyngo-laryngeal localization.?* All patients
underwent RIS, with surgery for the seven children with tonsillitis.
All patients were “cured,” and no deaths nor rejections were ob-
served. Non-destructive PTLD, mostly involving tonsils/adenoids,
were also described in 11 children after SOT,? all of whom under-
went surgery, with no further treatment in 4 and RIS in 4. The pre-
cise treatment of the three remaining patients was not known and
the authors reported 100% survival with no rejection.

The complete withdrawal of immunosuppression is not
often reported and was associated with a high rate of rejection
in the first reports.?® However, this was proposed as the first-
line treatment for PTLD after liver transplantation in children,
where IS was withdrawn in 19 PTLD patients and 19 EBV dis-
ease patients, with mortality rates of 31.6% among those with
PTLD and 6% among those with EBV disease.?’ In those sur-
viving, six remained off IS. IS was restarted in 21 for acute re-
jection, with only one patient evolving to chronic rejection and
re-transplantation. This option should also be discussed in cases
of treatment failure in other SOT patients. When multi-agent
chemotherapy was needed, withdrawal of IS avoided cumulative
side effects without graft rejection in three children following
liver transplant and in three pediatric kidney recipients.?”28
Careful follow-up of graft function remains mandatory, espe-
cially when chemotherapy is administered in association with
withdrawal of immunosuppression. While acute rejection is rare
during chemotherapy, acute rejection can occasionally be seen
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on treatment, and restoration of immune competence leading to
acute rejection may develop shortly after cessation of chemo-
therapy. In general, physicians are more reluctant to withdraw IS
following heart or lung transplantation due to the risk of sudden
death with acute severe rejection in the former (and the absence
of simple graft monitoring strategies) and the highly immuno-

genic nature of the lung allograft.

Research priorities for knowledge gaps

e Develop a large prospective, multi-center, international registry
that includes all PTLD cases occurring after SOT in children, aim-
ing to better determine optimal treatment of PTLD based on pa-
tient and PTLD characteristics. This should include development
of an international repository of PTLD tissue.

e Development of simple, clinically applicable, biomarkers for se-
rial assessment of alloimmune responses and immune responses
against EBV/PTLD to help define optimal strategies for reduction/
withdrawal of immunosuppression to optimize PTLD responses
while maximally protecting the allograft.

e Define which patients can be managed long-term with CNI-free
immunosuppression or complete withdrawal of immunosuppres-

sion after successful treatment of PTLD.

3.1.2 | Question 2: What is the role of surgery and
radiotherapy in the management of patients with
PTLD?

Recommendations

Surgery.

e Emergency surgery is recommended and required for select local
complications (such as uncontrolled gastrointestinal hemorrhage,
perforation, and bowel obstruction) of PTLD.

Evidence Grade: Strong recommendation/low-quality evidence.

e Surgery is recommended when it is potentially curative (eg, com-
plete excision biopsy of tonsils/adenoids, lingular tonsil PTLD, and
isolated skin lesion(s)). Of note, some reduction in immunosup-

pression is generally also used.
Evidence Grade: Strong recommendation/low-quality evidence.

e Surgical allograft removal (kidney or isolated intestinal transplant)
may be considered in rare circumstances in which other treatment

modalities for PTLD have failed or are contraindicated.
Evidence Grade: Weak recommendation/low-quality evidence.

Radiotherapy.

e Radiotherapy may be part of the management plan in certain
cases of PTLD. The indications for radiotherapy are driven by the
location of specific lesions and is most commonly used in CNS
disease.

Evidence Grade: Weak recommendation/Very low-quality

evidence.

Supporting evidence

Evidence from controlled trials confirming the role of surgery in
the treatment of PTLD is lacking and is limited to case series and
database registries.?”3° At present, the role of surgery is defined
by the clinical situation. For example, surgery might be needed
because the patient presented with an acute surgical emergency
such as acute hemorrhage, perforation, or obstruction. In other
situations, surgery might be potentially curative when coupled
with reduced immunosuppression (eg, tonsillar/adenoidal dis-
ease, lingular tonsil mass, isolated skin lesion(s)). Although it may
be tempting to rely solely on surgical resection in the setting of
isolated disease, the presence of PTLD infers impaired host CTL
(and other) immune responses, and some degree of temporary re-
duction in immunosuppression is generally considered important
for achieving durable complete responses. In kidney transplant re-
cipients with PTLD confined to the graft, survival analyses from
one study indicated that nephrectomy was associated with bet-
ter outcomes compared with when graft removal was not done
(p=.03).3° However, there was no survival benefit in those pa-
tients who underwent allograft nephrectomy compared to those
who did not when there was PTLD involvement of three or more
sites. However, with an increasing armamentarium of treatment
options, it is now generally considered appropriate to preserve
the allograft whenever possible, given the many implications of
graft loss in childhood. Graft nephrectomy seems appropriate
when PTLD is not responsive to other therapies such as rituximab
or low-dose chemotherapy. Similar considerations may apply to
PTLD in isolated intestinal allografts.

The use of radiotherapy is influenced by the clinical scenario
and no firm all-encompassing recommendations can be made.
Radiotherapy is usually not part of first-line therapy but restricted to
relapsed or refractory disease, special locations (eg, central nervous
system [CNS]), or contraindications to other treatment modalities.
Radioimmunotherapy may also play an occasional role in the man-

agement of refractory PTLD.3!

Research priorities for knowledge gaps

e Further research is required to define when, if ever, allograft re-
moval is required in the current era.

e The role of radiotherapy, particularly in relation to CNS lesions,

requires further elucidation.

3.1.3 | Question 3: Should antiviral agents, with or
without immunoglobulin, be employed as adjunctive
treatment of PTLD?

Recommendations
e Anti-viral agents and/or IVIG should not be used in the man-
agement of PTLD in the absence of other interventions (ie, RIS,
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rituximab and chemotherapy). There are insufficient data to rec-
ommend for or against their use as adjunctive therapy.

Evidence Grade: Strong recommendation/low-quality evidence.

Supporting evidence
Evidence addressing the role of antiviral agents and/or IVIG is lacking
from controlled trials in organ transplant patients. Although frequently
utilized, there is no definitive evidence to support the use of antiviral
agents in the treatment of PTLD. Acyclovir and ganciclovir have been
used in the management of non-destructive PTLD, alone or in combi-
nation with immune globulin and variable degrees of adjustments in the
level of immunosuppression.?2 In such situations, the agent of choice
is ganciclovir, since in vitro, it is several times more active against EBV
than acyclovir,®® with half maximal inhibitory concentration (IC50) val-
ues of 1-1.5 pM34'35 compared with 4-10uM for acyclovir.3%%7

The above antiviral agents are only effective against the lytic phase
of viral activity. However, although latent viral infection predominates
in PTLD lesions, lytic virus genes and protein expression are also seen

in a substantial proportion of cases,>®%?

particularly among those
with an immunoglobulin M (IgM)+ phenotype.*® Arginine butyrate, a
histone deacetylase inhibitor induces the lytic cycle of EBV, making
EBV-infected cells sensitive to ganciclovir. A Phase I/Il trial of arginine
butyrate combined with ganciclovir demonstrated an overall response
in 10 of 15 patients with EBV+ lymphoid malignancies; one third had
PTLD.*! There are no other data to recommend the use of this agent,
which in any event is no longer available for use in clinical settings.
Another chemotherapeutic agent, the proteosome inhibitor borte-
zomib, also induces lytic virus replication in EBV-infected cells and is
being evaluated in clinical trials of gamma-herpesvirus-associated ma-
lignancies including PTLD.#?

As is the case with antiviral agents, immunoglobulin therapy
has not been the subject of controlled trials as treatment of PTLD.
While data from prophylaxis cannot necessarily be extrapolated
to treatment, it should be noted that two prospective randomized
placebo-controlled trials in EBV seronegative patients evaluating
cytomegalovirus-intravenous immunoglobulin (CMV-IVIG) alone*®
or IVIG in recipients already receiving ganciclovir** failed to ob-
serve an effect on either EBV disease, PTLD rates, or EBV viral load

kinetics.

Research priorities for knowledge gaps
e Studies evaluating the potential role of de-methylating agents

coupled with antiviral agents in the treatment of PTLD.

3.1.4 | Question 4: When should monoclonal B-cell
antibody therapy (typically anti-CD20) be used for the
treatment of PTLD and what is the preferred regimen?

Recommendations

e Children with CD20+ B-cell PTLD who do not respond to the re-
duction of immunosuppression should receive 3-4 weekly doses
of rituximab (375 mg/m?).

WILEY-L2°®

e |f a partial response (PR) is achieved, additional rituximab (3-4
doses) should be given with the goal of achieving complete re-
sponse (CR).

e If PR is not achieved, or there is disease progression on treat-
ment, other treatment modalities should be given.

e The role of additional therapy with rituximab if CR is achieved
after 4-8 doses is not established in children at this time.

Evidence Grade: Strong recommendation/moderate-quality

evidence.

e Rituximab may be used as the first-line therapy in conjunction
with RIS for higher risk cases, such as monomorphic PTLD diffuse
large B cell lymphoma type (DLBCL-type), multisystem disease,
end-organ dysfunction, or in subjects with higher risk of allograft

rejection during RIS.
Evidence Grade: Strong recommendation/low-quality evidence.

Supporting evidence

The first reported use of monoclonal B-cell antibody treatment
in PTLD was in 1998 using anti-CD21 and CD24 antibodies.*®
Benkerrou et al. reported use in PTLD following SOT, achieving a
CR rate of 64% with a 1-year overall survival (OS) of 55%. These
agents were never commercialized; therefore, subsequent investi-
gations utilized the monoclonal anti-CD20 antibody rituximab. In a
Phase Il study, adult patients with PTLD following SOT who failed
RIS, received 4 weekly doses of rituximab and achieved CR of 28%
and 1-year OS of 67%.%¢ Two other Phase 2 studies among adults
confirmed CR rates after 4 weekly doses of 20%-34%. They demon-
strated that CR could be achieved in 40%-65% of patients who had
PR when four additional doses of rituximab were given. Overall CR
rates of 50%-60% and OS of 60%-70% can be achieved with the use
of the single agent rituximab.*”*8 In two pediatric studies evaluating
the efficacy of single agent rituximab in SOT patients with PTLD that
failed RIS, patients received 3-4 weekly doses of rituximab and if CR
or PR was achieved, patients received up to four additional doses.
CR was achieved in 60%-70% and OS over 80%.*”°° Rituximab was
also studied in a small investigator-initiated prospective phase Il
open-label study after pediatric SOT. Among 15 patients with re-
fractory disease unresponsive to RIS (73% with polymorphic PTLD),
CR was achieved in 80% (12/15), with 67% (10/15) overall survival at
2vyears.”! The consistent results from Phase |l studies in adults and
at least equivalent, if not superior results, from two Phase Il pedi-
atric studies, provide strong evidence that single agent rituximab is
effective in patients with CD20-positive PTLD that have failed treat-
ment with RIS alone.

Importantly, there have been no Phase Il randomized trials per-
formed to compare the effectiveness of rituximab and reduced RIS
versus RIS alone as first-line therapy for newly diagnosed PLTD in
children. However, this approach has become the standard of care
in most cases of PTLD in adults after SOT°>* and is an approach
used in many pediatric centers, especially in cases deemed to be high
risk for poor outcomes, such as monomorphic PTLD of DLBCL-type,
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multisystem disease, end-organ dysfunction, or in subjects with

higher risk of allograft rejection during RIS.

Research priorities for knowledge gaps

e What is the appropriate rituximab treatment regimen to achieve
CR?

o What are the long-term adverse effects of rituximab therapy, for
example, B-cell and immunoglobulin deficiencies?

e When should rituximab monotherapy be considered as front-line
therapy with RIS?

e When should rituximab monotherapy not be considered?

e What is the role of next generation anti-B-cell monoclonal
antibodies?

e What is the role of immunogenetic markers in predicting a likely

response to rituximab?

3.1.5 | Question 5: What is the role of cytotoxic
chemotherapy in the treatment of different
categories of PTLD?

Recommendations

e Children with polymorphic and monomorphic CD20+ B-cell PTLD
(of DLBCL-type) should receive low-dose chemotherapy (with or
without rituximab) if they have failed to achieve CR with RIS and
treatment with rituximab.

Evidence Grade: Weak recommendation/low-quality evidence.

e Children with monomorphic CD20+ B-cell PTLD (of DLBCL-type)
may receive low-dose chemotherapy with rituximab as first-line
therapy (in lieu of RIS or RIS with rituximab). It is unknown if this
will result in superior outcomes to sequential therapy, but this can
be considered a suitable treatment option, especially if there is
felt to be high risk for allograft rejection (eg, in the setting of re-
cent acute rejection).

Evidence Grade: Weak recommendation/low-quality evidence.

e Children with Burkitt PTLD should receive conventional chemo-

therapy as first-line therapy.
Evidence Grade: Strong recommendation/low-quality evidence.

e Patients with a lack of response or a relapse after an initial re-
sponse to low-dose chemotherapy may receive conventional

high-dose chemotherapy.
Evidence Grade: Weak recommendation/low-quality evidence.

e Patients with T-cell PTLD should receive intensive chemotherapy
to the extent possible in the presence of comorbidities. Targeted
therapies (eg, CD30, ALK) may be considered depending on tumor
expression of these target molecules.

Evidence Grade: Weak recommendation/very low-quality

evidence.

e Patients with Hodgkin lymphoma PTLD should receive treatment
analogous to Hodgkin lymphoma in non-immunocompromised
patients.

Evidence Grade: Strong recommendation/low-quality evidence.

e Patients with plasmacytoma-like PTLD should initially undergo
RIS as for other forms of PTLD. There is insufficient evidence
base to define optimal additional therapies. RIS can be com-
bined with local surgery or irradiation (eg, for isolated skin or
bone lesions). Chemotherapy and regimens utilized for multi-
ple myeloma may be considered for aggressive and refractory

cases.

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

Supporting evidence

The majority of destructive PTLDs in children are polymorphic and
monomorphic B-cell PTLDs (with the latter most often being of the
DLBCL type).2%>°% Many programs do not discriminate between
these two entities in terms of initial treatment. Almost all B-cell
PTLDs are CD20+ and, therefore, potentially susceptible to treat-
ment with anti-CD20 monoclonal antibodies. Thus, treatment has
shifted over the last 20years toward a more liberal use of rituximab
as first-line therapy with RIS, or as second-line therapy after failure
of RIS. None-the-less, chemotherapy still has a role in selected pa-
tient populations and clinical scenarios.

In the adult PLTD population, a number of trials have been
reported using chemotherapy with or without rituximab. The
European PTLD-1 trial employed a frontline 4-week rituximab treat-
ment followed by four courses of CHOP (cyclophosphamide, vincris-
tine, doxorubicin, and prednisone) in adult SOT patients with CD20+
PTLD.%” Seventy-four patients were enrolled, with a median over-
all survival of 6.6years, and 11% of patients experiencing treated-
related mortality (TRM). In a subsequent trial, the group established
that patients with complete response to front-line rituximab had a
favorable survival if consolidated with rituximab alone, leading to
a recommendation to avoid chemotherapy regimen in this patient
group.47 For salvage situations, more intensive chemotherapy regi-
mens with the inclusion of anthracyclines and/or high-dose metho-
trexate have been used. These options need to be balanced against
other treatment modalities, such as adoptive cellular immunother-
apy or other targeted therapies (eg, CD30—brentuximab-vedotin).
Current adult consensus recommendations suggest that most adults
with PTLD after SOT receive initial treatment with RIS with or with-
out rituximab, and those without CR, or with progressive disease on
treatment, move to conventional chemotherapy, that is, R-CHOP,>2>*
While adult experiences have informed pediatric practice, it is im-
portant to remember that there are important differences between
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adult and pediatric populations, including timing of PTLD onset, EBV
positivity, spectrum of pathology (most adults having monomorphic
disease), and also potential differences in tolerance to chemother-
apy in immunocompromised populations. These observations have
driven several pediatric studies of chemotherapy, including prospec-
tive phase Il trials that focus on lower toxicity regimens.

Some pediatric centers favor low-dose chemotherapy (with or
without rituximab) as second-line therapy after failure of RIS. While
chemotherapy is not typically given as first-line therapy, some
groups have even utilized low-dose chemotherapy as the initial
treatment for polymorphic PTLD®; a strategy to achieve CR of PTLD
while protecting the allograft from the effects of RIS. This has not
been considered a standard of care, in part because the superiority
of low-dose chemotherapy over RIS with/without rituximab as first-
line treatment has not been demonstrated in direct head-to-head
randomized trials. Furthermore, for disease not responding to RIS,
OS, CR, and relapse rates appear similar between low-dose chemo-
based regimens (with or without rituximab) compared to rituximab
protocols.*?5! Earlier use of chemotherapy might be justified if long-
term follow-up studies were to demonstrate superior graft function
and outcomes.

Chemotherapy for pediatric PTLD can be divided into different
intensity levels. High-intensity regimens used for lymphoma in im-
munocompetent children (eg, NHL/BFM regimen, FAB/LMB type
regimen) are often not tolerated as treatment of PTLD after SOT and
can lead to high morbidity and mortality.”® Therefore, chemotherapy
regimens of low to moderate intensity have been developed for pe-
diatric B-cell PTLD based on prospective trials, although with none
employing randomization. A multicenter Phase Il study tested a low-
dose chemotherapy regimen (prednisone + cyclophosphamide) in 36
children with an overall response rate of 83% and a 2-year overall
and failure-free survival of 73% and 67%, respectively.’” Treatment
was well tolerated with acceptable rates of TRM (5.5%) and graft loss
(8.3%). Ina subsequent COG Phase Il trial, six cycles of rituximab were
added to the chemotherapy.° Fifty-five patients were enrolled, sur-
vival was improved to 83% (2-year OS) and 71% (2-year failure free
survival [FFS]). A German trial of 49 children with B-cell PTLD used
sequential rituximab and moderate chemotherapy (nCOMP: cyclo-
phosphamide, vincristine, prednisone, low-dose methotrexate) only
in patients not responding to rituximab and achieved similar survival
rates.®? In summary, rituximab (Section 3.1.4) or low-dose chemo-
therapy (with or without rituximab) have emerged as the second-line
treatment for most children with CD20+ B-cell PTLD unresponsive
to first-line therapies (including those with polymorphic disease or
monomorphic DLBCL-type PTLD).

In the case of Burkitt lymphoma PTLD, aggressive multi-agent
protocols are typically used, similar or identical to those used for the
management of Burkitt lymphoma in the non-transplant setting. This
is due to the aggressive nature of this form of PTLD, which typically
progresses rapidly. Results using aggressive chemotherapy have

61-64

been encouraging and has led to multi-agent chemotherapy be-

coming the standard of care in almost all centers.

WILEY- L7

Classical Hodgkin lymphoma PTLD (HL PTLD) is usually a late
event (>5years) after SOT. It is commonly EBV-positive. A case se-
ries of 17 pediatric patients with classical HL PTLD reports an ex-
cellent outcome (86% OS and 81% event free survival at 5years)
using chemotherapy regimens (OEPA/OPPA for induction and COP/
COPDAC for consolidation) similar to non-immunocompromised pa-
tients.%® Similar results were obtained in a series of adult HL PTLD, in
which patients receiving specific Hodgkin lymphoma treatment had
an improved probability of survival compared to no chemotherapy
or other chemotherapy regimens.®®

T-cell PTLDs comprise a heterogeneous group of EBV+ (30%)
and EBV- lymphomas occurring late after transplantation.®” While
ALK+ anaplastic large cell lymphoma has a reasonable prognosis,
other entities like peripheral T-cell lymphoma not otherwise speci-
fied or hepatosplenic T-cell ymphoma have an extremely poor prog-
nosis.®® EBV+ cases tend to do better than EBV-. No prospective
trials are available for T-cell PTLD patients. Most patients (adults and
children) reported to have survived T-cell PTLD received intensive
chemotherapy of various kinds in conjunction with radiation ther-
apy.®” However, both TRM and mortality due to PTLD are high in
this patient cohort. Occasionally, targeted therapies (ALK inhibitors,
CD30-targeted therapies such as brentuximab-vedotin) have been
added to, or were substituted for, intensive chemotherapy with
promising outcomes.®’

There are very few reports on plasmacytoma-like PTLD in chil-
dren, and thus there is minimal evidence base for defining optimal
therapy.7°'71 This rare entity is very distinct from others and disease
activity can be monitored by quantifying paraproteinemia and Ig
light chains. Typically, they do not show bone marrow involvement.
Treatments that have been utilized in children include: RIS, high
dose dexamethasone, dexamethasone plus thalidomide, vincristine,
adriamycin and dexamethasone, and dexamethasone with borte-
zomib.”%”* Overall, prognosis has been favorable with patients en-
tering remission and with disappearance of paraproteinemia. Given

7071 initial consideration

reports of favorable outcomes in children,
should be given to less aggressive therapy, including RIS potentially
combined with local surgery or irradiation in select cases (eg, for lo-
calized skin or bone lesions). As treatment of this condition evolves,
clinicians should weigh the risk of over treatment when regimens
are adapted from myeloma protocols for adults in the non-transplant
setting. However, the latter may be suitable for aggressive disease

refractory to first-line interventions.

Research priorities for knowledge gaps

e Define which patients with polymorphic or monomorphic B-cell
PTLD might best be treated with upfront low-dose chemotherapy.

e Define which patients should be treated with low-dose chemo-
therapy/rituximab versus rituximab alone after failure of first-line
therapy with RIS.

o Define the toxicity of sequential regimens with/without rituximab.

e Determine the optimal immuno-chemotherapy regimens for dif-
ferent subtypes of T-cell PTLD.
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e Determining optimal salvage therapy regimens for recurrent dis-

ease after prior chemotherapy.

3.1.6 | Question 6: What is the role of adoptive
immunotherapy in the treatment of different
categories of PTLD?

Recommendations

e EBV-specific T-cell therapy from third-party donors may be con-
sidered in individual patients with EBV+ PTLD refractory to other
treatment modalities or unable to receive intensive chemother-
apy, if needed. Virus-specific T-cell (VST) therapy should be ad-
ministered to patients who are stable on a minimal tolerable dose
of immunosuppression. It is also recommended that patients are
receiving <0.5mg/kg/day steroids at the time of VST administra-
tion. Weaning of immune suppression should not occur within the
6 weeks post-VST infusion.

Evidence Grade: Weak recommendation/low-quality evidence.

e Children with EBV+ PTLD who do not respond to reduction of
immunosuppression and 3-4 weekly doses of rituximab (375mg/
m?) can be considered for third-party VST therapy in the setting
of a clinical trial. If stable disease or partial remission is achieved,
additional third-party VSTs could be given possibly from another
donor. If disease progression occurs, other treatment modalities

should be given.
Evidence Grade: Strong recommendation/low-quality evidence.

Supporting evidence

Unlike the situation with hematopoietic stem cell transplant (HSCT)
patients, data on the use of adoptive immunotherapy for SOT pa-
tients with PTLD are limited.”>”® This third-party approach was first
tested in the clinic by Haque and colleagues,73 who manufactured
a bank of polyclonal EBV-specific T-cell products for the treatment
of EBV-associated diseases in patients undergoing HSCT or solid
organ transplantation. The T-cell products were generated from un-
related third-party blood donors and selection of the T-cells were
based primarily on the best human leukocyte antigen (HLA) match.”®
Using this approach, in a larger Phase Il multicenter trial enrolling
33 patients with EBV-positive PTLD from 19 transplant centers who
had not responded to conventional therapy and were given the best-
HLA-matched “off-the-shelf” product,’* overall response rates of
64% at 5weeks, and 52% at 6 months were reported.

The above results are further supported by reports from other
centers including from Memorial Sloan-Kettering Cancer Center
which administered, in collaboration with Atara Biotherapeutics,
third-party EBV T-cells to patients with PTLD post-SOT.”> Third-
party EBV cytotoxic T lymphocyte (EBV-CTL) therapy was given
to 46 recipients of HSCT (n=33) and 13 with SOT who had estab-
lished EBV-PTLD and who had failed rituximab therapy. Treatment
cycles consisted of 3 weekly infusions of EBV-CTLs and 3weeks of

observation. CR or sustained PR was achieved in 68% of HSCT recip-
ients and 54% of SOT recipients. The product (tabelecleucel) has re-
cently received approval by the U.S. Food and Drug Administration
and the EU European Medicines Agency for treatment of EBV+
PTLD refractory to at least one prior treatment. Most recently,
the Children's Oncology Group (COG) completed their ANHL1522
study which evaluated outcomes in pediatric patients with PTLD
after solid organ transplant treated with rituximab followed by third-
party latent-membrane-protein-specific T-cells (LMP-TC). In this
study, newly diagnosed patients received three cycles of rituximab
followed by 1-2 cycles of LMP-TC if they had not achieved a com-
plete remission. This newly diagnosed cohort achieved an overall re-
sponse rate (ORR) following LMP-TC cycle 1 of 70% (7/10).7

Overall, the interpretation of the results across all these stud-
ies is not straightforward as many of the patients with relapsed/
refractory disease who responded also had their immunosuppres-
sive treatments reduced and received other therapies. Hence the
encouraging benefits in patients with relapsed/refractory disease
cannot be solely attributed to the third-party VST. The role of VST
in relapsed or refractory prior to the use of chemotherapy remains
unknown. For this reason, the consensus of conference participants
was that use in this setting should be limited to the setting of formal
clinical trials. In addition, as for most phase | and Il studies, experi-
ence to date has mostly been for the most challenging patients who
have failed other therapies. There is intrinsic logic to enhancing anti-
EBV immunity early in the course of disease, perhaps even at the
time of initial RIS at first presentation. Such studies have yet to be
performed. Nevertheless, the use of VST has shown considerable
promise, warranting further testing in definitive studies.

Research priorities for knowledge gaps

e If CR is achieved after treatment with VST, should additional
third-party VSTs be given?

e What are the optimal monitoring techniques to evaluate for the
persistence of the adoptively transferred VSTs?

o When might VST therapy with RIS be considered as front-line
therapy?

e When should VST not be considered (eg, recent history of graft
rejection, on steroids >0.5mg/kg/day)?

e Defining whether VST should be used before chemotherapy in
patients failing RIS/rituximab.

o What is the role of autologous VSTs?

3.1.7 | Question 7: What is the evidence for the
efficacy of immunomodulatory/anti-cytokine therapy
in the management of PTLD?

Recommendations

e Interferon therapy cannot be recommended for treatment
of PTLD due to low anti-tumor activity and related toxicity
(eg, myelosuppressive and neurological side effects, allograft
rejection).
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Evidence Grade: Strong recommendation/low-quality evidence.

e Monoclonal anti-IL6 antibodies cannot be generally recom-
mended for PTLD treatment at this time. However, administration
of anti-IL6 antibodies may be considered as salvage therapy.

Evidence Grade: Strong recommendation/low-quality evidence.

e PD-(L)1 blockers cannot be recommended for PTLD treatment

given limited experience and data.
Evidence Grade: Strong recommendation/low-quality evidence.

Supporting evidence

Immunomodulatory/anti-cytokine therapy used in PTLD manage-
ment include interferon treatment, administration of monoclonal
anti-interleukin-6 (anti-IL-6) antibodies, and checkpoint inhibitors
such as programmed death-ligand 1 (PD-(L)1) blockers.

Historically, positive responses have been reported in small
numbers of PTLD patients receiving interferon (IFN)-alpha’’ and
anti-IL-6 therapy,78 but these agents are no longer commonly em-
ployed in the treatment of PTLD. IFN-alpha is potentially able to
enhance cytotoxic T-cell activity against the tumor, as it modulates
the immune system by several mechanisms including (i) preventing B
lymphocytes from producing immunoglobulins, (ii) reducing IL-6 re-
ceptor density, and (iii) augmenting the inhibition of IL-4 by 1L-12.7%8°
IFN-alpha has been administered as therapy of EBV-associated
PTLD in case reports and a few case series using IFN-alpha alone
or mostly in combination with other treatment strategies in adult
heart or kidney transplant recipients as well as in pediatric kidney or
liver transplant patients.””81-85 Based on these results, IFN-alpha is
associated with a relatively low anti-tumor activity but considerable
toxicity. In the transplant setting, there is especially a high risk of
triggering allograft rejection or aggravation of an autoimmune dis-
ease which may be the underlying disease leading to transplantation.
Hence, PTLD treatment with IFN cannot be generally recommended
and is no longer commonly used at this time.

Since IL-6 plays an important role in the proliferation and mat-
uration of virus-infected B cells, administration of monoclonal anti-
IL-6 antibodies has the theoretical potential to induce remission in
patients with PTLD. In a multicenter Phase I-1l trial, treatment with
an anti-IL-6 monoclonal antibody was assessed in one pediatric liver
allograft patient and 11 adult SOT recipients with PTLD.8¢ CR was
achieved in 5/12 (42%) patients, partial remission in 3/12 (25%) of
whom one relapsed 5months after therapy. Stable disease occurred
in one patient; the remaining three patients showed no response to
therapy.®¢ No major anti-IL-6 monoclonal antibody-associated side
effects were reported. However, data are insufficient to generally
recommend therapy of PTLD with IL-6 antibodies.

There is biological plausibility for disease response to PD-(L)1
blockade using immune checkpoint inhibitors in the setting of PTLD
positive for these markers.®” Pembrolizumab, a programmed cell
death protein 1 (PD-1) blocker inhibits the interplay between PD-1

WILEY- L2

on T-cell and PD-L1 on tumor cells. In the non-transplant setting,
one study analyzed the outcome of 30 relapsed or refractory NHL
patients treated with pembrolizumab and compared the outcome
between EBV-positive and EBV-negative subtypes because EBV in-
fection of tumor cells can upregulate PD-L1 expression.®® The au-
thors concluded that pembrolizumab could be useful as a salvage
treatment for relapsed or refractory EBV-positive NHL, especially
natural killer (NK)/T-cell lymphoma.®” Nivolumab, another check-
pointinhibitor, was administered as salvage therapy to an 11-year-old
patient who developed CNS PTLD after allogeneic HSCT® and did
not respond to all other therapeutic approaches, namely cessation of
immunosuppression, treatment with EBV-specific cytotoxic T-cells,
rituximab, and chemotherapy. Treatment with nivolumab led to CR
without cytopenia, graft versus host disease, graft failure, or other
alloimmune complications.89 So far, experience with PD-(L)1 block-
ers in transplant recipients is limited and lacking in SOT patients.
Although published reports in NHL and HSCT patients are promis-
ing, in the SOT setting potential safety concerns are significant in the
form of precipitating rejection or exacerbating autoimmune disease

that is one of the causes of end organ failure requiring transplant.

Research priorities for knowledge gaps

e Future studies should prospectively evaluate the efficacy and
safety of monoclonal anti-IL6 antibodies and PD-(L)1 blockers in
this patient population.

3.2 | Recommendations relating to specific
clinical scenarios

Several important clinical scenarios are encountered in the manage-
ment of PTLD. In this section, we summarize key recommendations

for their management.

3.2.1 | Question 8: How should CNS PTLD be
treated?

Recommendations
e Radiation therapy may be used in selected patients where risk/
benefit ratio appears acceptable, for example, in the older child
with small numbers of discrete lesions. When the risk of long-
term toxicity is deemed high, alternate treatments should be
considered.
Evidence Grade: Weak recommendation/very low-quality

evidence.

Supporting evidence

CNS involvement is a relatively rare manifestation of PTLD and,
consequently, has not been clearly classified in the current pub-
lished literature.”®?% CNS disease may be primary or associated
with systemic PTLD. Most reports of CNS disease describe cases
where involvement first became clinically evident with neurologic
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symptoms prompting subsequent evaluations establishing the
presence of CNS disease.” In contrast, there are very few reports
where patients were evaluated with radiologic imaging and lumbar
punctures to establish whether CNS disease was present when
PTLD was first diagnosed. Thus, it is unclear whether patients de-
scribed in the literature are patients manifesting CNS recurrence,
progression of previously established CNS disease, or clinical
manifestations of pre-existing disease that may have not clinically
advanced. Given that patients often present with a substantial dis-
ease burden, an important question remains as to whether early
detection and treatment, before clinical symptoms develop, would
alter the prognosis of these patients. Currently, the outcome of
patients with CNS disease is poor, with a survival ranging from
9.4% to 43%.7°°7°

There is currently a lack of studies that include uniform treat-
ments and evaluations, thus evaluating the efficacy of any therapy
is difficult. Therapies cover a broad scope of interventions includ-
ing (1) reduction of immunosuppression?; (2) administration of
antiviral agents%; (3) administration of rituximab, both intrave-

nously and intrathecally?’"1%; (4) high-dose chemotherapy admin-

istered intravenouslyml; (5) intrathecal chemotherapy102'103; (6)
adoptive immunotherapy1°4; and (7) radiation.?"%° Stereotactic
radiotherapy has also been used.'®® Every intervention is associ-
ated with some level of success, but the lack of structured clinical
trials makes it impossible to discern the efficacy of any modality
as published reports are likely biased toward successful outcomes.
Furthermore, many of these interventions are administered in dif-
ferent combinations, making interpretation difficult. However,
reports encompassing larger numbers of patients provide some
indications of which therapies are associated with higher survival
rates. Radiation therapy is associated with the highest level of suc-
cess with response rates ranging from 53% to 87%.7°°7% Of note,
despite the wide variety of therapies that have been utilized in this
disease, there are virtually no reports utilizing conventional ther-
apies for CNS lymphoma or lymphoma with CNS involvement. It is
unclear whether such therapy would be tolerated in this popula-
tion, nor how effective they would be. In addition, prognostic risk
factors that could be used to stratify patients and direct therapy
have not been established for CNS PTLD.

In the absence of high-level evidence, depending upon the ur-
gency of therapy, we recommend that less aggressive/toxic therapy
be initiated for CNS PTLD prior to advancing to more aggressive
therapy to minimize toxicity, with radiation therapy having the high-
est reported efficacy but the greatest risk of long-term toxicity in

children.

Research priorities for knowledge gaps

e Development of standardized nomenclature and classification of
CNS PTLD.

e Standardized imaging approaches at diagnosis, during treatment,
and at disease relapse to understand the prevalence at initial di-

agnosis and its development on therapy.

e Prospective trials are also needed to deliver standard treatment
regimens to gain insight into response and survival rates.

e A comprehensive international registry might identify suc-
cessful treatment strategies using comparative effectiveness
methodologies.

3.2.2 | Question 9: What is the role of treatment of
“presumed PTLD” (based on imaging) when biopsy
is not feasible?

Recommendation

e We recommend that treatment be considered for lesions that are
presumed to be PTLD if a biopsy is not feasible or is deemed too
risky. This should be done when radiographic imaging is charac-
teristic, and ideally, when there is supporting evidence (such as
very elevated EBV viral loads), along with the absence of evidence
for alternate diagnoses (eg, infectious etiologies).

Evidence Grade: Weak recommendation/very low-quality

evidence.

Supporting evidence

This recommendation was largely consensus-based and recog-
nizes that it is essential to biopsy PTLD lesions to make the his-
topathological diagnosis whenever feasible. With advances in
interventional radiology, it is rare that a biopsy cannot be ob-
tained. However, in some situations, it may be necessary to initi-
ate treatment empirically if other diagnoses are not likely and a
biopsy poses too great a risk to the patient based on its location.
In such situations, extensive work up should be performed to look
for subclinical evidence of other sites of disease more amenable
to biopsy (eg, by PET-CT), to rule out other possible etiologies (eg,
infectious), and to look for corroborative evidence of PTLD (eg,
elevated EBV viral loads, serum/urine paraproteinemia). If addi-
tional lesions develop after commencing therapy, biopsy should
be obtained.

Research priorities for knowledge gaps

e The development and validation of specific biomarkers, gene ex-
pression profiles, or molecular assays that might help in differen-
tiating PTLD from other potential etiologies in cases where biopsy

is not feasible.

3.2.3 | Question 10: What is the role of mammalian
target of rapamycin (mTOR) inhibitors in patients with
active or recently treated PTLD

Recommendation

e Changing from CNI-based immunosuppression to mTOR inhibi-
tors (mMTORI) as primary immunosuppression may be considered
in select patients with PTLD on a case-by-case basis.
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Evidence Grade: Weak recommendation/very low-quality

evidence.

Supporting evidence

Inhibiting the mTOR pathway suppresses growth of EBV (+) and EBV (-)
B-cell lymphoma cells.}%%1%7 Either PI3K or Akt pathway inhibition also
diminishes the growth of B-cell lymphoma cells with synergistic effects
when used in combination with sirolimus.2%®1% |n vitro treatment of
antigen-specific T-cells with rapamycin results in increased functional
activity of virus-specific T-cells compared to bulk T-cell cultures.'*® The
combination of mTOR inhibitor (everolimus) in combination with cy-
closporin A (CSA) also has a suppressive effect on Burkitt lymphoma
cells while tacrolimus abolished everolimus-mediated suppressive ef-
fects.!*! This would support the combination of the calcineurin inhibi-
tor CSA with everolimus in preference to the combination of tacrolimus
and everolimus. Interestingly, the combination of mTOR inhibitor with
tacrolimus was associated with increased risk of PTLD as compared
to mTOR inhibition combined with CSA in primary kidney transplant
recipients.*? In addition, patients only on mTORi maintenance therapy
have developed PTLD.!*® There are several relatively small retrospec-
tive reviews or case series, with no controlled studies, that suggest that
replacing calcineurin inhibitors with an mTOR inhibitor for a variety of
reasons including the development of PTLD or high EBV load may be
an effective immunosuppressive therapy.!*4~18 However, it should be
noted that a prospective study of everolimus and reduced calcineurin
inhibitors therapy in pediatric liver transplant patients was stopped
prematurely due to high rates of PTLD, presumably due to over immu-
nosuppression.119 Thus, although there appear to be some theoretical
benefits to mTORi following diagnosis of PTLD, much more knowledge
is required to make definitive recommendations. It is possible that
studies to date have merely identified which patients no longer need
CNI treatment after diagnosis of PTLD, rather than those who truly
benefit specifically from an mTORI. This is supported by the knowledge
that a significant number of patients (mostly with liver allografts) can
be managed long-term after PTLD completely free of immunosuppres-

sion, having achieved operational tolerance.?¢120-122

Research priorities for knowledge gap

e Defining which patients can be managed post-PTLD diagnosis
with CNI withdrawal and substitution with mTOR:I.

e Defining which patients after PTLD (typically liver recipients) can
be managed long-term free of any immunosuppression.

3.3 | Recommendations related to prognostic
factors in PTLD

3.3.1 | Question 11: Are there prognostic factors
that can be used to guide management of PTLD?

Recommendation
e Prognostic factors may be selectively used to guide the manage-
ment of PTLD.

WlLEY 11 of 20

Evidence Grade: Weak recommendation/very low-quality

evidence.

Supportive information or evidence
Patients with T-cell PTLD,*?>124 CNS disease,'?*> and advanced dis-

t12 appear to have a poorer

ease with bone marrow involvemen
prognosis than other PTLD patients. PTLD confined to tonsillar/ad-
enoidal tissue has been shown to be associated with a more favora-
ble prognosis compared with other forms of PTLD.*?’ Among adult
kidney patients with PTLD, a prognostic index has been developed
based on age, lactate dehydrogenase level, creatinine, disease site,
and histologic features.*?® Several other factors have been inconsist-
ently associated with PTLD outcomes in retrospective case series.
Prognostic factors relating to the location and histopathology of
lesions that have been reported in one or more series include the

following:

1. Based on location of lesions
Less favorable prognosis: Multisite disease, central nervous system
disease, bone marrow involvement.
More favorable prognosis: Disease localized to tonsillar/adenoidal
tissue.
2. Based on histopathology and related features
Less favorable prognosis: T or NK cell PTLD, EBV-negative PTLD,
Burkitt lymphoma.

However, in a large cohort of 56 cases of PTLD from among
1184 primary heart transplants in the Pediatric Heart Transplant
Study, no robust predictors of outcome were identified and pa-
tients with monomorphic disease (generally considered more “ag-
gressive”) had outcomes comparable to those with polymorphic
disease.® However, it should be noted that treatment approaches
were not comparable among histological groups and thus the his-
tological “aggressiveness” may drive more aggressive treatment
(such as chemotherapy), which in turn may improve outcomes for
certain histologies. For example, Burkitt PTLD is extremely rapidly
growing but several series report excellent outcomes comparable
to other forms of PTLD when Burkitt chemotherapy protocols are
used in the transplant setting.®*

In summary, despite recognition of a small number of risk factors
for adverse outcomes in retrospective studies, no prognostic index or
risk prediction model has been developed and validated for children,
and many children with multisite disease, including those with mono-
morphic histology, still do very well with modern treatment regimens.
It must also be noted that up to half of deaths after diagnosis of PTLD
are related to graft dysfunction/loss due to acute and chronic rejec-
tion, and therefore graft protection is also a key determinant of overall
patient outcomes.® Thus, prognosis must take into account not only
PTLD response (goal being complete response of PTLD without re-
lapse) but also graft outcomes (goal of freedom from acute and chronic

rejection and graft loss) (see Section 3.4.1 below).

Research priorities for knowledge gap
e Development of a Prognostic Index in children

8SUSD17 SUOLULIOD BAERID 3ot dde 3y Aq paueob 818 Sap1e VO (88N JO S3INJ 10} ARIQIT BUIUO 48] UO (SUORIPUOD-PUE-SWBIALIOD" A3 1M ARRIq 1 BU1IUO//SANY) SUORIPUOD PUe SIS L 3} 39S *[7202/90/50] uo ARigiTauluo Ajim ‘(pN) ureAno 8@ @nbijoyed 1uN jeud U3 213801 q1g Aq T8y T Hed/TTTT OT/I0p/w0d A8 1M ARiq Ul Uo//Sdy o1} popeojumoa ‘S FZ0Z ‘9v0E66ET



ALLEN ET AL.

12 of 20
290 | \WILEY

3.3.2 | Question 12: Which children can be
re-transplanted, and when, after being diagnosed
with PTLD and allograft failure? What is the risk of
developing PTLD in subsequent allografts?

Recommendations
e Patients with complete remission of PTLD and chronic allograft
failure/loss can be suitable candidates for re-transplantation.

Evidence Grade: Strong recommendation/low-quality evidence.

o Wherever possible, patients who are being considered for re-
transplantation should wait 2years from complete remission of
PTLD before being re-transplanted and retransplant should be

performed when viral loads are low or undetectable.
Evidence Grade: Weak recommendation/low-quality evidence.

e Kidney transplant recipients should be considered for the removal
of the allograft before being re-transplanted to allow for a period of

complete cessation of immunosuppression if feasible.

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

Supporting evidence

Data on re-transplantation after PTLD are limited.*??~32 Data from the
French PTLD registry provides some guidance. Among 52 patients with
kidney transplants who underwent 55 re-transplantations after post-
transplant lymphoproliferative disorder, the time from PTLD diagnosis
to re-transplantation was 100+44 months. PTLD developed in one
patient (1.9%) at 24 months after re-transplantation.'®? In the analysis
of the OPTN/UNOS database, most retransplants for PTLD were in
children and interestingly, a quarter of retransplants for PTLD occurred
within a year of PTLD diagnosis.'?’ At latest follow-up (784 +82days),
patient and second-graft survival after re-transplantation were 85.5%
and 73.9% respectively, with no recurrence of PTLD. The authors con-
cluded that “Patient/graft survival is excellent and re-transplantation
in PTLD subjects should be considered acceptable.” It is acknowledged
that for non-kidney transplant patients, clinicians would likely make the
decision to re-transplant at intervals shorter than 2years after the ini-
tial transplant since there are limited opportunities to support patients
after allograft loss for these organs. Decisions will need to be individu-

alized based on many factors.

Research priorities for knowledge gap

e Evaluation of the impact of viral load levels (prior to re-
transplantation) on re-transplantation outcomes after PTLD.

e Investigation of risk factors for adverse outcome after very early
re-transplantation (first year) for graft failure after PTLD.

e Optimal immunosuppression strategies at time of re-

transplantation for PTLD.

3.4 | Monitoring response to treatment of PTLD

3.4.1 | Question 13: How should clinical response
to treatment of PTLD by monitored?

Recommendations

e Clinical assessment, including assessment of graft function,
should be performed to evaluate response to PTLD treatment;
however, the specific assessments vary depending on the clinical

features on presentation and the affected organs.

Evidence Grade: Weak recommendation/very low-quality

evidence.

Supporting evidence

Evidence is limited on the value of clinical criteria singly or in com-
bination with other criteria in assessing the response to PTLD
treatment. At the very minimum, it would be expected that pa-
tients should be evaluated for changes in the symptoms and signs
that were associated with their initial presentation of PTLD as de-
scribed in current guidelines.sz's“'133 Resolution of fever and con-
stitutional symptoms may occur days to weeks before reduction in
size of mass lesions and may offer early suggestion that therapy is
working. In addition, relapse or recurrence may be associated with
new clinical findings that were not part of the initial presentation.
Evaluation will usually include selective radiographic imaging to
complement the physical examination of the patient. In addition,
assessment of graft function is important following treatment of
PTLD. First, to assess for rejection or compromised graft function
in response to a specific treatment modality (eg, reduced immuno-
suppression). Second, to assess for improvement in function where
such was compromised by PTLD. Third, to assess for possible
complications of treatment. For example, rituximab treatment of
patients with intestinal PTLD might be associated with bowel per-
foration. Assessment of graft function will be specific to the organ
in question (eg, serum creatinine, echocardiography, chest radiog-
raphy, and pulmonary function testing), comparing serial evalua-
tions to pre-PTLD baseline values. Frequency of testing will depend
on numerous factors including time from transplant, past rejection
history, and intensity, and length of reduction (or withholding) of
immunosuppression. Many centers use protocol biopsies for acute
rejection monitoring when reduction in immunosuppression is sus-
tained, especially when the PTLD arises early after transplantation
or when there is recent history of rejection. Clinical assessments
during treatment for PTLD should also incorporate monitoring for
complications of therapy, including infectious and non-infectious
complications of chemotherapy and hypogammaglobulinemia and
neutropenia following rituximab. Management of complications of
therapy is outside the scope of these review; for chemotherapy,
this will typically follow standard guidelines for the same protocol

when used in the non-transplant setting.
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Research priorities for knowledge gap

e Development of standardized clinical response criteria for moni-
toring treatment response in PTLD.

e Optimal methods and frequency of monitoring graft function in
response to PTLD treatment.

3.4.2 | Question 14: How should virologic response
to treatment of PTLD be monitored?

Recommendation

e Clinicians should be aware of the limitations of viral load monitor-
ing post-treatment of PTLD, including but not limited to scenarios
where rituximab treatment has been used.

Evidence Grade: Strong recommendation/low-quality evidence.

e The use of peripheral blood viral load as the sole measure of re-
sponse to treatment of EBV+ PTLD is not recommended.

Evidence Grade: Strong recommendation/low-quality evidence.

e Serial monitoring of EBV DNA in peripheral blood or plasma may
be considered to monitor the response to PTLD therapy where
loads are elevated at the time of diagnosis. While no firm rec-
ommendations can be made on the frequency and duration of
monitoring, most experts using post-treatment monitoring would
consider it of most value during the immediate post-treatment

phase and in the absence of recent rituximab usage.

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

e Low viral load states post-treatment should not be relied upon as

a predictor of sustained disease remission.

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

Supporting evidence
Epstein-Barr virus DNA levels often fall in response to treatment
that includes RIS, adoptive immunotherapy, or rituximab. The com-
partment that is sampled influences the utility of the loads to pre-
dict disease remission, progression, or relapse. However, loads may
remain low in the presence of progressive disease or relapse.®”*34
High viral loads often fall in peripheral blood in association with
clinical and histologic regression in response to interventions that
include RIS and adoptive immunotherapy.®”'3* However, it has been
observed that among individuals treated with rituximab, viral load
measured in cellular blood components may fall and remain low even
in the face of progressive disease and relapse.*3>13¢

Plasma loads seem to correlate better with treatment response
and relapse than loads measured in the cellular compartment.}37138

One study found that while measurement of EBV DNA in plasma
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or peripheral blood mononuclear cells differentiated between un-
treated cases of EBV+ PTLD, EBV+ PTLD in remission and untreated
EBV- PTLD, plasma loads were more reliable in separating the three
groups.139 However, individual patients were not serially monitored
in this study.

Among adult PTLD patients, it has been observed that EBV in
whole blood after solid organ transplantation does not correlate
with the clinical course.r®¢ In this regard, viral loads may remain el-
evated in the presence of clinical remission or may remain low in
the presence of progressive disease. Further studies correlating se-
rial monitoring in different sample types to individual PTLD patient
outcomes are required to confirm the optimal specimen type that

should be used for this purpose.

Research priorities for knowledge gap

e The correlations between viral load levels and treatment re-
sponses in PTLD in various clinical settings.

e The optimal specimen type for monitoring virologic response in
PTLD needs to be determined. Studies should compare the useful-
ness of measuring viral load in peripheral blood versus plasma, as
well as other sample types like peripheral blood mononuclear cells.

e The optimal frequency and duration of monitoring during the var-
ious post-treatment phases.

3.4.3 | Question 15: How should radiologic
response to PTLD treatment be monitored?

Recommendation

e While radiologic evaluation complements clinical and virologic
evaluation of patients following treatment of PTLD, it is recom-
mended that the choice of modality to use to monitor response
to treatment be individualized and should depend in part on the
location of lesion, the historical sequence of imaging modalities
and concerns regarding radiation dosage in the patient.

Evidence Grade: Weak recommendation/very low-quality

evidence.

Supporting evidence

Pulmonary lesions that are visible on chest radiographs may re-
quire high-resolution CT scanning for better delineation, including
the presence of mediastinal adenopathy and small pulmonary nod-
ules that are not visible on plain chest radiographs.**® Suspected
intra-abdominal lesions may be followed with ultrasonography and
computerized tomography (CT) scanning. In the case of fluorode-
oxyglucose (FDG)-avid lymphomas, 18-FDG-positron emission to-
mography (PET)/CT has become the standard to assess treatment
response.** Data in PTLD patients are limited and are largely con-
fined to reports from single centers, where PET/CT has been used
in diagnosis and more selectively in the follow-up of PTLD 142143
However, a report from a German registry of adult PTLD cases re-
ported that end of treatment PET-CT had a 92% negative predictive
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TABLE 1 Summary of management based on pathological findings at presentation.

Histopathological

criteria or clinical entity  First line of treatment

Non-destructive PTLDs e Reduction of IS (RIS)
e Surgery for selected localized disease

Polymorphic PTLD e RIS
e Rituximab for select high risk scenarios
(if CD20+)
e Surgery for selected localized disease

Monomorphic PTLDs

Diffuse large B-cell e RIS
e Rituximab (CD20 +ve)
e Surgery for selected localized disease

Burkitt e Multidrug chemotherapy including
rituximab
T-cell PTLDs e Multidrug chemotherapy

e Targeted biologics in selected cases
e Consolidation with RT?

Classical Hodgkin e Treat per HL in non-transplant setting
lymphoma

Second line of treatment

e Rarely required

e Rituximab (CD20 +ve) for
refractory disease

e Chemotherapy (CD20 -ve or
refractory to rituximab/RIS)

Discussion points

e How much RIS and for how
long?

e Role of withdrawal IS?

e Replacement of CNI with other
agents?

e When should rituximab be used
as first-line therapy?

e Consider third-party VST for
refractory EBV +ve disease

(preferably in clinical trials)

e Rituximab (CD20 +ve) e When should rituximab be used
e Chemotherapy (CD20 -ve or as first-line therapy? All cases?
refractory to rituximab/RIS) e Consider third-party VST
for refractory EBV+ disease
(preferably in clinical trials)

e Alternate chemotherapy e Optimal regimen not defined
regimens

e Alternate chemotherapy e Optimal regimen not defined
regimens

e Treat per HL in non-transplant e Role of VST in Tx EBV+ CHL?
setting

Note: 1. Second line of treatment modalities may be employed singly, sequentially or in combination, as appropriate. 2. Conventional

immunosuppression is typically withheld during chemotherapy.

value for disease relapse.!** A major disadvantage is the amount of
radiation delivered by PET-CT, which makes it difficult to make all-
encompassing recommendations for all patients.

Research priorities for knowledge gap

e Determination of the effectiveness and limitations of different
imaging modalities for monitoring radiologic response to PTLD
treatment.

e Development of standardized imaging protocols for PTLD pa-
tients to ensure consistency in monitoring treatment response

across different patient groups and centers.

3.5 | Summary of management based on
histopathological findings at presentation

To provide a summary of treatment for purposes of teaching and
clinical practice, we have summarized a stepwise approach to treat-
ment based on the sequential use of specific treatment modalities
(Table 1). In this regard, it is widely accepted that this initial step in
management is RIS to minimize the net state of immunosuppression
to the extent feasible. It must be appreciated that the recommended
strategies do not represent exclusive courses of action, as several
factors influence the choice of treatment and the timing of introduc-

tion of a particular treatment modality.

AUTHOR CONTRIBUTIONS

All authors contributed to the original study idea and provided
intellectual insight. U. Allen, A. L'Huillier, C. Bollard, C. Esquivel,
T. Gross, R. Hayashi, B. Hocker, B. Maeker-Kolhoff, S. Marks, G.
Mazariegos, P. Comoli, F. Smets, R. Trappe, and G. Visner extracted
data from the literature and drafted summaries. U Allen wrote the
first draft with contributions from A. L'Huillier, found, imported,
formatted, and inserted citations. U. Allen, A. L'Huillier, C. Bollard,
C. Esquivel, T. Gross, R. Hayashi, B. Hocker, B. Maeker-Kolhoff, S.
Marks, G. Mazariegos, P. Comoli, F. Smets, R. Trappe, G. Visner, R.
Chinnock, P. Comoli, L. Danziger-Isakov, D. Dulek, A. Dipchand, J.
Ferry, O. Martinez, D. Metes, M. Michaels, J. Preiksaitis, J. Squires, S.
Swerdlow, J. Wilkinson, V. Dharnidharka, M. Green, and S. Webber
edited multiple versions of the manuscript. All the authors had full
access to all data, contributed to and approved the final manuscript

and accept responsibility for its submission for publication.

AFFILIATIONS

Division of Infectious Diseases, Department of Paediatrics, Transplant and
Regenerative Medicine Center, Hospital for Sick Children, University of
Toronto, Toronto, Ontario, Canada

2Pediatric Infectious Diseases Unit and Laboratory of Virology, Geneva
University Hospitals and Faculty of Medicine, Geneva, Switzerland

SCenter for Cancer and Immunology Research, Children's National Hospital,
The George Washington University, Washington, District of Columbia, USA
“4Center for Cancer and Blood Diseases, Children's Hospital Colorado,
Aurora, Colorado, USA

8SUSD17 SUOLULIOD BAERID 3ot dde 3y Aq paueob 818 Sap1e VO (88N JO S3INJ 10} ARIQIT BUIUO 48] UO (SUORIPUOD-PUE-SWBIALIOD" A3 1M ARRIq 1 BU1IUO//SANY) SUORIPUOD PUe SIS L 3} 39S *[7202/90/50] uo ARigiTauluo Ajim ‘(pN) ureAno 8@ @nbijoyed 1uN jeud U3 213801 q1g Aq T8y T Hed/TTTT OT/I0p/w0d A8 1M ARiq Ul Uo//Sdy o1} popeojumoa ‘S FZ0Z ‘9v0E66ET



ALLEN ET AL.

>Division of Pediatric Hematology/Oncology, St. Louis Children's Hospital,
Washington University School of Medicine, St. Louis, Missouri, USA
SDepartment of Pediatrics |, Medical Faculty, University Children's Hospital,
Heidelberg University, Heidelberg, Germany

’Hannover Medical School, Pediatric Hematology and Oncology, Hannover,
Germany

8Department of Paediatric Nephrology, Great Ormond Street Hospital

for Children NHS Foundation Trust, NIHR Great Ormond Street Hospital
Biomedical Research Centre, London, UK

“Hillman Center for Pediatric Transplantation, UPMC Children's Hospital of
Pittsburgh, Pittsburgh, Pennsylvania, USA

pepartment of Surgery, University of Pittsburgh School of Medicine,
Pittsburgh, Pennsylvania, USA

pediatric Gastroenterology and Hepatology, Cliniques Universitaires Saint-
Luc, UCLouvain, Brussels, Belgium

12Department of Hematology and Oncology, DIAKO Ev. Diakonie-
Krankenhaus Bremen, Bremen, Germany

BDepartment of Internal Medicine Il: Hematology and Oncology, University
Medical Centre Schleswig-Holstein, Kiel, Germany

Division of Pulmonary Medicine, Boston Children's Hospital/Harvard
Medical School, Boston, Massachusetts, USA

15 oma Linda University Children's Hospital, Loma Linda, California, USA
16Cell Factory & Pediatric Hematology/Oncology, Fondazione IRCCS
Policlinico San Matteo, Pavia, Italy

“Division of Infectious Disease, Department of Pediatrics, Cincinnati
Children's Hospital Medical Center, University of Cincinnati, Cincinnati,
Ohio, USA

8Djvision of Pediatric Infectious Diseases, Monroe Carell Junior Children's
Hospital at Vanderbilt and Vanderbilt University Medical Center, Nashville,
Tennessee, USA

19Department of Paediatrics, Labatt Family Heart Centre, Hospital for Sick
Children, University of Toronto, Toronto, Ontario, Canada

2°Harvard Medical School, Massachusetts General Hospital, Boston,
Massachusetts, USA

21Department of Surgery and Program in Immunology, Stanford University
School of Medicine, Stanford, California, USA

22Thomas E. Starzl Transplantation Institute, University of Pittsburgh,
Pittsburgh, Pennsylvania, USA

2Djvision of Pediatric Infectious Diseases, UPMC Children's Hospital

of Pittsburgh, University of Pittsburgh School of Medicine, Pittsburgh,
Pennsylvania, USA

2*Division of Infectious Diseases, Department of Medicine, University of
Alberta, Edmonton, Alberta, Canada

25Djvision of Gastroenterology, Hepatology and Nutrition, UPMC Children's
Hospital of Pittsburgh, University of Pittsburgh School of Medicine,
Pittsburgh, Pennsylvania, USA

2Department of Pathology, University of Pittsburgh School of Medicine,
Pittsburgh, Pennsylvania, USA

27Department of Pediatrics, Vanderbilt School of Medicine, Nashville,
Tennessee, USA

28Djvision of Pediatric Nephrology, Hypertension & Apheresis, Department
of Pediatrics, Washington University School of Medicine and St. Louis
Children's Hospital, St. Louis, Missouri, USA

2%Stanford University School of Medicine, Stanford, California, USA

ACKNOWLEDGMENTS

The authors would like to thank IPTA, Vanderbilt University Medical
Center, The Hospital for Sick Children in Toronto, Washington
University, St. Louis, and UPMC Children's Hospital of Pittsburgh
for their generous support of the Nashville Pediatric PTLD confer-
ence. We would also like to acknowledge the support of Drs. Anne
Dipchand and Mignon McCulloch who served as Presidents of IPTA
during the consensus conference and the subsequent development
of this manuscript. We also want to thank Rachel Vitolo who provided
administrative and logistic support throughout the entire process of
the Consensus Conference and manuscript preparation.

WILEY 15 of 20

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data were cre-

ated or analyzed in this study.

ORCID

Upton D. Allen "= https://orcid.org/0000-0002-2326-7731

Arnaud G. L'Huillier " https://orcid.org/0000-0001-9230-7285
Britta Maecker-Kolhoff "= https://orcid.org/0000-0001-8164-514X
George Vincent Mazariegos "= https://orcid.
org/0000-0002-2624-8632

Lara Danziger-Isakov " https://orcid.org/0000-0002-5691-5221
Daniel E. Dulek "= https://orcid.org/0000-0002-1821-6657

Anne |. Dipchand " https://orcid.org/0000-0001-6323-7222
James E. Squires ") https://orcid.org/0000-0001-6979-8987
James D. Wilkinson "= https://orcid.org/0000-0003-1945-5622
Vikas R. Dharnidharka "= https://orcid.org/0000-0001-8000-1385

Michael Green "= https://orcid.org/0000-0002-6011-2894

REFERENCES

1. Wilkinson JD, Allen U, Green M, et al. The IPTA Nashville
consensus conference on post-transplant lymphoprolifera-
tive disorders after solid organ transplantation in children:
I-methodology for the development of consensus practice
guidelines. Pediatr Transplant. 2022:28(1)e14333. doi:10.1111/
petr.14333

2. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging con-
sensus on rating quality of evidence and strength of recommenda-
tions. BMJ. 2008;336(7650):924-926.

3. Andrews J, Guyatt G, Oxman AD, et al. GRADE guidelines:
14. Going from evidence to recommendations: the signifi-
cance and presentation of recommendations. J Clin Epidemiol.
2013;66(7):719-725.

4. Schunemann HJ, Jaeschke R, Cook DJ, et al. An official ATS state-
ment: grading the quality of evidence and strength of recommen-
dations in ATS guidelines and recommendations. Am J Respir Crit
Care Med. 2006;174(5):605-614.

5. Guyatt G, Oxman AD, Akl EA, et al. GRADE guidelines: 1.
Introduction-GRADE evidence profiles and summary of findings
tables. J Clin Epidemiol. 2011;64(4):383-394.

6. Starzl TE, Nalesnik MA, Porter KA, et al. Reversibility of lympho-
mas and lymphoproliferative lesions developing under cyclosporin-
steroid therapy. Lancet. 1984;1(8377):583-587.

7. Cacciarelli TV, Green M, Jaffe R, et al. Management of post-
transplant lymphoproliferative disease in pediatric liver trans-
plant recipients receiving primary tacrolimus (FK506) therapy.
Transplantation. 1998;66(8):1047-1052.

8. Webber SA, Naftel DC, Fricker FJ, et al. Lymphoproliferative
disorders after paediatric heart transplantation: a multi-
institutional study. Lancet. 2006;367(9506):233-239. d0i:10.1016/
S0140-6736(06)67933-6

9. Boyle GJ, Michaels MG, Webber SA, et al. Posttransplantation
lymphoproliferative disorders in pediatric thoracic organ recipi-
ents. J Pediatr. 1997;131(2):309-313.

10. Srivastava T, Zwick DL, Rothberg PG, Warady BA. Posttransplant
lymphoproliferative disorder in pediatric renal transplantation.
Pediatr Nephrol. 1999;13(9):748-754.

11. Nathanson S, Debray D, Delarue A, Deschénes G. Long-term sur-
vival after post-transplant lymphoproliferative disease in children.
Pediatr Nephrol. 2002;17(8):668-672.

12. Jain A, Nalesnik M, Reyes J, et al. Posttransplant lymphoprolifer-
ative disorders in liver transplantation: a 20-year experience. Ann
Surg. 2002;236:429-436; discussion 436-7.

8SUSD17 SUOLULIOD BAERID 3ot dde 3y Aq paueob 818 Sap1e VO (88N JO S3INJ 10} ARIQIT BUIUO 48] UO (SUORIPUOD-PUE-SWBIALIOD" A3 1M ARRIq 1 BU1IUO//SANY) SUORIPUOD PUe SIS L 3} 39S *[7202/90/50] uo ARigiTauluo Ajim ‘(pN) ureAno 8@ @nbijoyed 1uN jeud U3 213801 q1g Aq T8y T Hed/TTTT OT/I0p/w0d A8 1M ARiq Ul Uo//Sdy o1} popeojumoa ‘S FZ0Z ‘9v0E66ET


https://orcid.org/0000-0002-2326-7731
https://orcid.org/0000-0002-2326-7731
https://orcid.org/0000-0001-9230-7285
https://orcid.org/0000-0001-9230-7285
https://orcid.org/0000-0001-8164-514X
https://orcid.org/0000-0001-8164-514X
https://orcid.org/0000-0002-2624-8632
https://orcid.org/0000-0002-2624-8632
https://orcid.org/0000-0002-2624-8632
https://orcid.org/0000-0002-5691-5221
https://orcid.org/0000-0002-5691-5221
https://orcid.org/0000-0002-1821-6657
https://orcid.org/0000-0002-1821-6657
https://orcid.org/0000-0001-6323-7222
https://orcid.org/0000-0001-6323-7222
https://orcid.org/0000-0001-6979-8987
https://orcid.org/0000-0001-6979-8987
https://orcid.org/0000-0003-1945-5622
https://orcid.org/0000-0003-1945-5622
https://orcid.org/0000-0001-8000-1385
https://orcid.org/0000-0001-8000-1385
https://orcid.org/0000-0002-6011-2894
https://orcid.org/0000-0002-6011-2894
https://doi.org//10.1111/petr.14333
https://doi.org//10.1111/petr.14333
https://doi.org//10.1016/S0140-6736(06)67933-6
https://doi.org//10.1016/S0140-6736(06)67933-6

16 of 20
%90 | WILEY

13.
14.
15.
16.

17.

18.

19.
20.
21.
22.
23.
24.
25.
26.
27.

28.

ALLEN ET AL.

McDonald RA, Smith JM, Ho M, et al. Incidence of PTLD in pedi-
atric renal transplant recipients receiving basiliximab, calcineurin
inhibitor, sirolimus and steroids. Am J Transplant. 2008;8(5):984-
989. doi:10.1111/j.1600-6143.2008.02167.x

Schubert S, Abdul-Khaliqg H, Lehmkuhl HB, et al. Diagnosis and
treatment of post-transplantation lymphoproliferative disor-
der in pediatric heart transplant patients. Pediatr Transplant.
2009;13(1):54-62. d0i:10.1111/j.1399-3046.2008.00969.x

Uribe M, Hunter B, Alba A, et al. Posttransplant lymph-
oproliferative disorder in pediatric liver transplantation.
Transplant  Proc. 2009;41(6):2679-2681. doi:10.1016/j.
transproceed.2009.06.132

Nakanishi C, Kawagishi N, Sekiguchi S, et al. Post-transplantation
lymphoproliferative disorder in living-donor liver transplanta-
tion: a single-center experience. Surg Today. 2012;42(8):741-751.
doi:10.1007/s00595-012-0127-7

Narkewicz MR, Green M, Dunn S, et al. Decreasing incidence
of symptomatic Epstein-Barr virus disease and posttransplant
lymphoproliferative disorder in pediatric liver transplant recipi-
ents: report of the studies of pediatric liver transplantation expe-
rience. Liver Transpl. 2013;19(7):730-740. doi:10.1002/1t.23659
Das B, Morrow R, Huang R, Fixler D. Persistent Epstein-Barr
viral load in Epstein-Barr viral naive pediatric heart transplant
recipients: risk of late-onset post-transplant lymphoproliferative
disease. World J Transplant. 2016;6(4):729-735. doi:10.5500/wijt.
v6.i4.729

Jeong HJ, Ahn YH, Park E, et al. Posttransplantation lymph-
oproliferative disorder after pediatric solid organ transplanta-
tion: experiences of 20years in a single center. Korean J Pediatr.
2017;60(3):86-93. d0i:10.3345/kjp.2017.60.3.86

Karakoyun M, Onen S, Baran M, et al. Post-transplant malignancies
in pediatric liver transplant recipients: experience of two centers
in Turkey. Turk J Gastroenterol. 2018;29(1):89-93. doi:10.5152/
tjg.2017.17089

Thergaonkar RW, Bhardwaj S, Sinha A, et al. Posttransplant
lymphoproliferative disorder: experience from a pediatric ne-
phrology unit in North India. Indian J Nephrol. 2018;28(5):374-377.
doi:10.4103/ijn.1JN_143_17

Savoldo B, Quiros-Tejeirab CM, et al. Cellular immunity to Epstein-
Barr virus in liver transplant recipients treated with rituximab for
post-transplant lymphoproliferative disease. Am J Transplant.
2005;5:566-572.

Wilsdorf N, Eiz-Vesper B, Henke-Gendo C, et al. EBV-specific T-
cell immunity in pediatric solid organ graft recipients with post-
transplantation lymphoproliferative disease. Transplantation.
2013;95(1):247-255. doi:10.1097/TP.0b013e318279968d
Nouwen J, Smets F, Rombaux P, Hamoir M, Sokal EM. Acute
tonsillitis as the first manifestation of post-transplant
lymphoproliferative disorder. Ann Otol Rhinol Laryngol.
2002;111(2):165-168.

Nelson BP, Wolniak KL, Evens A, Chenn A, Maddalozzo J,
Proytcheva M. Early posttransplant lymphoproliferative disease:
clinicopathologic features and correlation with mTOR signaling
pathway activation. Am J Clin Pathol. 2012;138(4):568-578.
Hurwitz M, Desai DM, Cox KL, Berquist WE, Esquivel CO, Millan
MT. Complete immunosuppressive withdrawal as a uniform ap-
proach to post-transplant lymphoproliferative disease in pediatric
liver transplantation. Pediatr Transplant. 2004;8(3):267-272.
Smets F, Vajro P, Cornu G, Reding R, Otte JB, Sokal E. Indications
andresults of chemotherapy in children with posttransplant lymph-
oproliferative disease after liver transplantation. Transplantation.
2000;69(5):982-984.

Comoli P, Maccario R, Locatelli F, et al. Treatment of EBV-related
post-renal transplant lymphoproliferative disease with a tai-
lored regimen including EBV-specific T-cells. Am J Transplant.
2005;5:1415-1422.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Dror Y, Greenberg M, Taylor G, et al. Lymphoproliferative dis-
orders after organ transplantation in children. Transplantation.
1999;67:990-998.

Gholipour-Shoiili A, Gholipour-Shoiili H, Taheri S. An approach
to finding indications and contraindications for nephrectomy
in post-transplant renal graft lymphomas: PTLD. Int survey.
Hematol Oncol Stem Cell Ther. 2011;4(4):167-172. doi:10.5144/16
58-3876.2011.167

Rossignol J, Terriou L, Robu D, et al. Radioimmunotherapy (90Y-
ibritumomab tiuxetan) for posttransplant lymphoproliferative
disorders after prior exposure to rituximab. Am J Transplant.
2015;15:1976-1981.

Green M. Management of Epstein-Barr virus-induced posttrans-
plant lymphoproliferative disease in recipients of solid organ
transplantation. Am J Transplant. 2001;1:103-108.

Meng Q, Hagemeier SR, Fingeroth JD, et al. The Epstein-Barr virus
(EBV)-encoded protein kinase, EBV-PK, but not the thymidine ki-
nase (EBV-TK), is required for ganciclovir and acyclovir inhibition
of lytic viral production. J Virol. 2010;84:4534-4542.

Cheng YC, Huang ES, Lin JC, et al. Unique spectrum of activity
of 9-[(1,3-dihydroxy-2-propoxy)methyl]-guanine against herpesvi-
ruses in vitro and its mode of action against herpes simplex virus
type 1. Proc Natl Acad Sci USA. 1983;80:2767-2770.

Matthews T, Boehme R. Antiviral activity and mechanism of action
of ganciclovir. Rev Infect Dis. 1988;10(Suppl 3):5490-5494.
Schnute ME, Anderson DJ, Brideau RJ,
et al. 2-Aryl-2-hydroxyethylamine substituted
4-0x0-4,7-dihydrothieno[2,3-b]pyridines as broad-spectrum in-
hibitors of human herpesvirus polymerases. Bioorg Med Chem Lett.
2007;17:3349-3353.

Zacny VL, Gershburg E, Davis MG, Biron KK, Pagano JS.
Inhibition of Epstein-Barr virus replication by a benzimidazole
L-riboside: novel antiviral mechanism of 5,6-dichloro-2-(isopr
opylamino)-1-beta-L-ribofuranosyl-1H-benzimidazole. J Virol.
1999,73:7271-7277.

Montone KT, Hodinka RL, Salhany KE, Lavi E, Rostami A,
Tomaszewski JE. Identification of Epstein-Barr virus lytic activity
in post-transplantation lymphoproliferative disease. Mod Pathol.
1996;9(6):621-630.

Fink SE, Gandhi MK, Nourse JP, et al. A comprehensive analysis of
the cellular and EBV-specific microRNAome in primary CNS PTLD
identifies different patterns among EBV-associated tumors. Am J
Transplant. 2014;14(11):2577-2587. doi:10.1111/ajt.12858
Morscio J, Finalet Ferreiro J, Vander Borght S, et al. Identification
of distinct subgroups of EBV-positive post-transplant diffuse large
B-cell lymphoma. Mod Pathol. 2017;30(3):370-381. doi:10.1038/
modpathol.2016.199

Perrine S, Hermine O, Small T, et al. A phase 1/2 trial of arginine
butyrate and ganciclovir in patients with Epstein-Barr virus-
associated lymphoid malignancies. Blood. 2007;109:2571-2578.
Reid E. Bortezomib-induced Epstein-Barr virus and Kaposi sar-
coma herpesvirus lytic gene expression: oncolytic strategies. Curr
Opin Oncol. 2011;23:482-487.

Green M, Michaels MG, Katz BZ, et al. CMV-IVIG for prevention
of Epstein-Barr virus disease and posttransplant lymphoprolifera-
tive disease in pediatric liver transplant recipients. Am J Transplant.
2006;6(8):1906-1912. doi:10.1111/j.1600-6143.2006.01394.x
Humar A, Hébert D, Davies D, et al. A multi-center randomized
trial of ganciclovir versus ganciclovir plus immune globulin for
prophylaxis against EBV related post-transplant lymphoprolifera-
tive disorder (PTLD) in high-risk solid organ transplant recipients.
Transplantation. 2006;81:856-861.

Benkerrou M, Jais JP, Leblond V, et al. Anti-B-cell monoclonal an-
tibody treatment of sever posttransplant B-lymphoproliferative
disorder: prognostic factors and long-term outcome. Blood.
1998;92:3137-3147.

8SUSD17 SUOLULIOD BAERID 3ot dde 3y Aq paueob 818 Sap1e VO (88N JO S3INJ 10} ARIQIT BUIUO 48] UO (SUORIPUOD-PUE-SWBIALIOD" A3 1M ARRIq 1 BU1IUO//SANY) SUORIPUOD PUe SIS L 3} 39S *[7202/90/50] uo ARigiTauluo Ajim ‘(pN) ureAno 8@ @nbijoyed 1uN jeud U3 213801 q1g Aq T8y T Hed/TTTT OT/I0p/w0d A8 1M ARiq Ul Uo//Sdy o1} popeojumoa ‘S FZ0Z ‘9v0E66ET


https://doi.org//10.1111/j.1600-6143.2008.02167.x
https://doi.org//10.1111/j.1399-3046.2008.00969.x
https://doi.org//10.1016/j.transproceed.2009.06.132
https://doi.org//10.1016/j.transproceed.2009.06.132
https://doi.org//10.1007/s00595-012-0127-7
https://doi.org//10.1002/lt.23659
https://doi.org//10.5500/wjt.v6.i4.729
https://doi.org//10.5500/wjt.v6.i4.729
https://doi.org//10.3345/kjp.2017.60.3.86
https://doi.org//10.5152/tjg.2017.17089
https://doi.org//10.5152/tjg.2017.17089
https://doi.org//10.4103/ijn.IJN_143_17
https://doi.org//10.1097/TP.0b013e318279968d
https://doi.org//10.5144/1658-3876.2011.167
https://doi.org//10.5144/1658-3876.2011.167
https://doi.org//10.1111/ajt.12858
https://doi.org//10.1038/modpathol.2016.199
https://doi.org//10.1038/modpathol.2016.199
https://doi.org//10.1111/j.1600-6143.2006.01394.x

ALLEN ET AL.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Choquet S, Leblond V, Herbrecht R, et al. Efficacy and safety of
rituximab in B-cell posttransplant lymphoproliferative disor-
ders: results of a prospective multicenter phase 2 study. Blood.
2006;107:3053-3057.

Trappe R, Diericks D, Zimmermann H, et al. Response to rituximab
induction is a predictive marker in B-cell post-transplant lymphop-
roliferative disorder and allows successful stratification into rit-
uximab or R-CHOP consolidation in an international, prospective,
multi-center phase Il trial. J Clin Oncol. 2016;35:536-543.
Gonzalez-Barca E, Domingo-Domenech E, Capote FJ, et al.
Prospective phase Il trial of extended treatment with rituximab in
patients with B-cell post-transplant lymphoproliferative disease.
Haematologica. 2007;92:1489-1494.

Webber S, Harmon W, Faro A, et al. Anit-CD20 monoclonal anti-
body (rituximab) for refractory PTLD after pediatric solid organ
transplantation: multicenter experience from a registry and pro-
spective clinical trial. Blood. 2004;104:746.

Maecker-Kolhoff B, Zimmermann M, Schlegelberger B,
et al. Response-adapted sequential immune-chemotherapy of
post-transplant lymphoproliferative disorders in pediatric solid
organ transplant recipients: results from the prospective Ped-
PTLD 2005 trial. Blood. 2014;124:4468.

Webber S, Harmon W, Blume E, et al. Anti-CD20 monoclonal
antibody (rituximab) for refractory pediatric post-transplant
lymphoproliferative disorders: final results of a small phase Il mul-
ticenter clinical trial. Am J Transplant. 2008;8(Suppl! 2):308-309.
doi:10.1111/j.1600-6143.2008.02251.x

Shah N, Eyre TA, Tucker D, et al. Front-line management of post-
transplantation lymphoproliferative disorder in adult solid organ
recipient patients—a British Society for Haematology guideline. Br
J Haematol. 2021;193:727-740.

Allen U, Preiksaitis J. Epstein-Barr virus and post-transplant
lymphoproliferative disorder. Am J Transplant. 2013;13:107-113.
Parker A, Bowles K, Bradley A, et al. Management of post-
transplant lymphoproliferative disorder in adult solid organ
transplant recipients - BCSH and BTS guidelines. Br J Haematol.
2010;149:693-705.

Campo E, Jaffe ES, Cook JR, et al. The international consensus
classification of mature lymphoid neoplasms: a report from the
clinical advisory committee. Blood. 2022;140:1229-1253.

Alaggio R, Amador C, Anagnostopoulos |, et al. The 5th edi-
tion of the World Health Organization classification of hae-
matolymphoid tumours: lymphoid neoplasms. Leukemia.
2022;36(7):1720-1748.

Trappe R, Oertel S, Leblond V, et al. Sequential treatment with
rituximab followed by CHOP chemotherapy in adult B-cell post-
transplant lymphoproliferative disorder (PTLD): the prospective
international multicentre phase 2 PTLD-1 trial. Lancet Oncol.
2012;13:196-206.

Maecker B, Jack T, Zimmermann M, et al. CNS or bone marrow in-
volvement as risk factors for poor survival in post-transplantation
lymphoproliferative disorders in children after solid organ trans-
plantation. J Clin Oncol. 2007;25(31):4902-4908.

Gross TG, Bucuvalas JC, Park JR, et al. Low-dose chemotherapy
for Epstein-Barr virus-positive post-transplantation lymphoprolif-
erative disease in children after solid organ transplantation. J Clin
Oncol. 2005;23:6481-6488.

Gross TG, Orjuela MA, Perkins SL, et al. Low-dose chemotherapy
and rituximab for post-transplant lymphoproliferative disease
(PTLD): a Children's Oncology Group Report. Am J Transplant.
2012;12:3069-3075.

Maecker-Kolhoff B, Beier R, Zimmermann M, et al. Response-
adapted sequential Immuno-chemotherapy of post-transplant
lymphoproliferative disorders in pediatric solid organ transplant
recipients: results from the prospective Ped-PTLD 2005 trial.
Blood. 2014;124(21):4468.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

WlLEY 17 of 20

Zimmermann H, Reinke P, Neuhaus R, et al. Burkitt post-
transplantation lymphoma in adult solid organ transplant recipi-
ents: sequentialimmunochemotherapy with rituximab (R) followed
by cyclophosphamide, doxorubicin, vincristine, and prednisone
(CHOP) or R-CHOP is safe and effective in an analysis of 8 pa-
tients. Cancer. 2012;118(19):4715-4724. doi:10.1002/cncr.27482
Picarsic J, Jaffe R, Mazariegos G, et al. Post-transplant Burkitt lym-
phoma is a more aggressive and distinct form of post-transplant
lymphoproliferative disorder. Cancer. 2011;117(19):4540-4550.
doi:10.1002/cncr.26001

Afify Z, Orjuela-Grimm M, Smith CM, et al. Burkitt lymphoma after
solid-organ transplant: treatment and outcomes in the paediatric
PTLD collaborative. Br J Haematol. 2023;200(3):297-305.
Kampers J, Orjuela-Grimm M, Schober T, et al. Classical Hodgkin
lymphoma-type PTLD after solid organ transplantation in chil-
dren: a report on 17 patients treated according to subsequent
GPOH-HD treatment schedules. Leuk Lymphoma. 2017;58(3):633-
638.doi:10.1080/10428194.2016.1205742

Rosenberg AS, Klein AK, Ruthazer R, Evens AM. Hodgkin lym-
phoma post-transplant lymphoproliferative disorder: a compara-
tive analysis of clinical characteristics, prognosis, and survival. Am
J Hematol. 2016;91(6):560-565. d0i:10.1002/ajh.24346

Tiede C, Maecker-Kolhoff B, Klein C, Kreipe H, Hussein K. Risk
factors and prognosis in T-cell posttransplantation lymphopro-
liferative diseases: reevaluation of 163 cases. Transplantation.
2013;95(3):479-488. doi:10.1097/TP.0b013e3182762e07
Herreman A, Dierickx D, Morscio J, et al. Clinicopathological char-
acteristics of posttransplant lymphoproliferative disorders of T-
cell origin: single-center series of nine cases and meta-analysis of
147 reported cases. Leuk Lymphoma. 2013;54(10):2190-2199. doi:
10.3109/10428194.2013.775436

Choi M, Fink S, Prasad V, Anagnostopoulos |, Reinke P, Schmitt CA.
T cell PTLD successfully treated with single-agent brentuximab
vedotin first-line therapy. Transplantation. 2016;100(3):e8-e10.
doi:10.1097/TP.0000000000001099

Plant AS, Venick RS, Farmer DG, Upadhyay S, Said J, Kempert P.
Plasmacytoma-like post-transplant lymphoproliferative disorder
seen in pediatric combined liver and intestinal transplant recipi-
ents. Pediatr Blood Cancer. 2013;60(11):E137-E139. doi:10.1002/
pbc.24632

Perry AM, Aoun P, Coulter DW, Sanger WG, Grant WJ, Coccia PF.
Early onset, EBV™ PTLD in pediatric liver-small bowel transplanta-
tion recipients: a spectrum of plasma cell neoplasms with favor-
able prognosis. Blood. 2013;121(8):1377-1383.

Chiou F, Beath S, Wilkie G, Vickers M, Morland B, Gupte G.
Cytotoxic T-lymphocyte therapy for post-transplant lymphopro-
liferative disorder after solid organ transplantation in children.
Pediatr Transplant. 2015;22:e13133.

Haque T, Wilkie GM, Taylor C, et al. Treatment of Epstein-Barr-
virus-positive post-transplantation lymphoproliferative disease
with partly HLA-matched allogeneic cytotoxic T-cells. Lancet.
2002;360(9331):436-442.

Haque T, Wilkie G, Jones M, et al. Allogeneic cytotoxic T-cell
therapy for EBV positive post-transplantation lymphoprolifera-
tive disease: results of a phase 2 multicenter clinical trial. Blood.
2007;110:1123-1131.

Prockop S, Doubrovina E, Stephanie Suser S, et al. Off-the-shelf
EBV-specific T-cell immunotherapy for rituximab-refractory EBV-
associated lymphoma following transplantation. J Clin Invest.
2020;130(2):733-747.

Wistinghausen B, Toner K, Barkauskas DA, et al. ANHL1522: dura-
ble immunity to EBV post rituximab and third party LMP-specific
T-cells: a children's oncology group study. Blood Adv. 2024;8:1116-
1127. doi:10.1182/bloodadvances.2023010832

O'Brien S, Bernert RA, Logan JL, Lien YH. Remission of post-
transplant lymphoproliferative disorder after interferon alfa

8SUSD17 SUOLULIOD BAERID 3ot dde 3y Aq paueob 818 Sap1e VO (88N JO S3INJ 10} ARIQIT BUIUO 48] UO (SUORIPUOD-PUE-SWBIALIOD" A3 1M ARRIq 1 BU1IUO//SANY) SUORIPUOD PUe SIS L 3} 39S *[7202/90/50] uo ARigiTauluo Ajim ‘(pN) ureAno 8@ @nbijoyed 1uN jeud U3 213801 q1g Aq T8y T Hed/TTTT OT/I0p/w0d A8 1M ARiq Ul Uo//Sdy o1} popeojumoa ‘S FZ0Z ‘9v0E66ET


https://doi.org//10.1111/j.1600-6143.2008.02251.x
https://doi.org//10.1002/cncr.27482
https://doi.org//10.1002/cncr.26001
https://doi.org//10.1080/10428194.2016.1205742
https://doi.org//10.1002/ajh.24346
https://doi.org//10.1097/TP.0b013e3182762e07
https://doi.org//10.3109/10428194.2013.775436
https://doi.org//10.1097/TP.0000000000001099
https://doi.org//10.1002/pbc.24632
https://doi.org//10.1002/pbc.24632
https://doi.org//10.1182/bloodadvances.2023010832

18 of 20
B0 | WILEY

78.
79.
80.

81.

82.

83.

84.

85.
86.

87.

88.
89.

90.

91.

92.

93.

94.

ALLEN ET AL.

therapy. J Am Soc Nephrol. 1997;8(9):1483-1489. doi:10.1681/
ASN.V891483

Durandy A. Anti-B cell and anti-cytokine therapy for the treat-
ment of post-transplant lymphoproliferative disorder: past, pres-
ent, and future. Transpl Infect Dis. 2001;3(2):104-107.

Hartmann C, Schuchmann M, Zimmermann T. Posttransplant
lymphoproliferative disease in liver transplant patients. Curr Infect
Dis Rep. 2011;13(1):53-59. d0i:10.1007/s11908-010-0145-9
Zimmermann H, Trappe RU. Therapeutic options in post-transplant
lymphoproliferative disorders. Ther Adv Hematol. 2011;2(6):393-
407. doi:10.1177/2040620711412417

Cantarovich M, Barkun JS, Forbes RD, Kosiuk JP, Tchervenkov JI.
Successful treatment of post-transplant lymphoproliferative dis-
order with interferon-alpha and intravenous immunoglobulin. Clin
Transpl. 1998;12(2):109-115.

Davis CL. Interferon and cytotoxic chemotherapy for the treatment
of post-transplant lymphoproliferative disorder. Transpl Infect Dis.
2001;3(2):108-118. doi:10.1034/j.1399-3062.2001.003002108.x
Schaar CG, van der Pijl JW, van Hoek B, et al. Successful out-
come with a “quintuple approach” of posttransplant lymph-
oproliferative  disorder.  Transplantation.  2001;71(1):47-52.
doi:10.1097/00007890-200101150-00008

Swinnen LJ, LeBlanc M, Grogan TM, et al. Prospective study of
sequential reduction in immunosuppression, interferon alpha-2B,
and chemotherapy for posttransplantation lymphoprolifera-
tive disorder. Transplantation. 2008;86(2):215-222. doi:10.1097/
TP.0b013e3181761659

Taguchi Y, Purtilo DT, Okano M. The effect of intravenous immu-
noglobulin and interferon-alpha on Epstein-Barr virus-induced
lymphoproliferative disorder in a liver transplant recipient.
Transplantation. 1994;57(12):1813-1815.

Haddad E, Paczesny S, Leblond V, et al. Treatment of B-
lymphoproliferative disorder with a monoclonal anti-interleukin-6
antibody in 12 patients: a multicenter phase 1-2 clinical trial.
Blood. 2001;97(6):1590-1597. d0i:10.1182/blood.v97.6.1590
Kinch A, Sundstrom C, Baecklund E, Backlin C, Molin D, Enblad G.
Expression of PD-1, PD-L1, and PD-L2 in posttransplant lymph-
oproliferative disorder after solid organ transplantation. Leuk
Lymphoma. 2019;60(2):376-384. doi:10.1080/10428194.2018.14
80767

Kim SJ, Hyeon J, Cho |, Ko YH, Kim WS. Comparison of efficacy
of pembrolizumab between Epstein-Barr virus-positive and
-negative relapsed or refractory non-Hodgkin lymphomas. Cancer
Res Treat. 2019:51(2):611-622. doi:10.4143/crt.2018.191

Kassa C, Reményi P, Sinké J, Kallay K, Kertész G, Krivan G.
Successful nivolumab therapy in an allogeneic stem cell transplant
child with post-transplant lymphoproliferative disorder. Pediatr
Transplant. 2018;22(8):e13302. doi:10.1111/petr.13302

Penn |, Porat G. Central nervous system lymphomas in organ al-
lograft recipients. Transplantation. 1995;59(2):240-244.

Buell JF, Gross TG, Hanaway MJ, et al. Posttransplant lymphopro-
liferative disorder: significance of central nervous system involve-
ment. Transplant Proc. 2005;37(2):954-955.

Cavaliere R, Petroni G, Lopes MB, Schiff D, International Primary
Central Nervous System Lymphoma Collaborative Group. Primary
central nervous system post-transplantation lymphoproliferative
disorder: an international primary central nervous system lym-
phoma collaborative group report. Cancer. 2010;116(4):863-870.
doi:10.1002/cncr.24834

Evens AM, Choquet S, Kroll-Desrosiers AR, et al. Primary CNS
posttransplant lymphoproliferative disease (PTLD): an inter-
national report of 84 cases in the modern era. Am J Transplant.
2013;13(6):1512-1522. doi:10.1111/ajt.12211

Lake W, Chang JE, Kennedy T, Morgan A, Salamat S,
Baskaya MK. A case series of primary central nervous

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

system posttransplantation lymphoproliferative disorder: imag-
ing and clinical characteristics. Neurosurgery. 2013;72(6):960-970.
doi:10.1227/NEU.0b013e31828cf619

Valavoor SH, Ashraf Z, Narwal R, Ratnam S. Conservative manage-
ment of post-transplant central nervous system lymphoma. Int Urol
Nephrol. 2013;45(4):1219-1222. doi:10.1007/s11255-012-0146-8
Dugan JP, Haverkos BM, Villagomez L, et al. Complete and dura-
ble responses in primary central nervous system posttransplant
lymphoproliferative disorder with zidovudine, ganciclovir, ritux-
imab, and dexamethasone. Clin Cancer Res. 2018;24(14):3273-
3281. doi:10.1158/1078-0432.CCR-17-2685

Patrick A, Wee A, Hedderman A, Wilson D, Weiss J, Govani M.
High-dose intravenous rituximab for multifocal, monomorphic
primary central nervous system posttransplant lymphoprolifer-
ative disorder. J Neuro-Oncol. 2011;103(3):739-743. doi:10.1007/
s11060-010-0425-0

Wu M, Sun J, Zhang Y, et al. Intrathecal rituximab for EBV-
associated post-transplant lymphoproliferative disorder with
central nervous system involvement unresponsive to intravenous
rituximab-based treatments: a prospective study. Bone Marrow
Transplant. 2016;51(3):456-458. doi:10.1038/bmt.2015.281
Czyzewski K, Styczynski J, Krenska A, et al. Intrathecal ther-
apy with rituximab in central nervous system involvement of
post-transplant lymphoproliferative disorder. Leuk Lymphoma.
2013;54(3):503-506. d0i:10.3109/10428194.2012.718342
Twombley K, Pokala H, Ardura M, et al. Intraventricular ritux-
imab and systemic chemotherapy for treatment of central ner-
vous system post-transplant lymphoproliferative disorder after
kidney transplantation. Pediatr Transplant. 2012;16(6):E201-E209.
doi:10.1111/j.1399-3046.2012.01699.x

Twist CJ, Castillo RO. Treatment of recurrent posttransplant
lymphoproliferative disorder of the central nervous system with
high-dose methotrexate. Case Rep Transplant. 2013;2013:765230.
doi:10.1155/2013/765230

Taj MM, Messahel B, Mycroft J, et al. Efficacy and tolerabil-
ity of high-dose methotrexate in central nervous system pos-
itive or relapsed lymphoproliferative disease following liver
transplant in children. Br J Haematol. 2008;140(2):191-196.
doi:10.1111/j.1365-2141.2007.06896.x

Mahapatra S, Chin CC, lagaru A, Heerema-McKenney A, Twist
CJ. Successful treatment of systemic and central nervous sys-
tem post-transplant lymphoproliferative disorder without the
use of high-dose methotrexate or radiation. Pediatr Blood Cancer.
2014;61(11):2107-2109. doi:10.1002/pbc.25129

Schultze-Florey RE, Tischer S, Kuhlmann L, et al. Dissecting
Epstein-Barr virus-specific T-cell responses after allogeneic EBV-
specific T-cell transfer for central nervous system posttrans-
plant lymphoproliferative disease. Front Immunol. 2018;9:1475.
doi:10.3389/fimmu.2018.01475

Benitez CM, Rahimy E, Panjwani N, et al. Stereotactic radio-
therapy for recurrent post-transplant primary central nervous.
System Lymphoma Cureus. 2021;13(7):e16537. doi:10.7759/
cureus.16537

Majewski M, Korecka M, Kossev P, et al. The immunosuppressive
macrolide RAD inhibits growth of human Epstein-Barr virus-
transformed Blymphocytesinvitroandinvivo:apotentialapproach
to prevention and treatment of posttransplant lymphoprolifera-
tive disorders. Proc Natl Acad Sci USA. 2000;97(8):4285-4290.
Majewski M, Korecka M, Joergensen J, et al. Inmunosuppressive
TOR kinase inhibitor everolimus (RAD) suppresses growth
of cells derived from posttransplant lymphoprolifera-
tive disorder at allograft-protecting doses. Transplantation.
2003;75(10):1710-1717.

Furukawa S, Wei L, Krams SM, Esquivel CO, Martinez OM. PI3K5
inhibition augments the efficacy of rapamycin in suppressing

8SUSD17 SUOLULIOD BAERID 3ot dde 3y Aq paueob 818 Sap1e VO (88N JO S3INJ 10} ARIQIT BUIUO 48] UO (SUORIPUOD-PUE-SWBIALIOD" A3 1M ARRIq 1 BU1IUO//SANY) SUORIPUOD PUe SIS L 3} 39S *[7202/90/50] uo ARigiTauluo Ajim ‘(pN) ureAno 8@ @nbijoyed 1uN jeud U3 213801 q1g Aq T8y T Hed/TTTT OT/I0p/w0d A8 1M ARiq Ul Uo//Sdy o1} popeojumoa ‘S FZ0Z ‘9v0E66ET


https://doi.org//10.1681/ASN.V891483
https://doi.org//10.1681/ASN.V891483
https://doi.org//10.1007/s11908-010-0145-9
https://doi.org//10.1177/2040620711412417
https://doi.org//10.1034/j.1399-3062.2001.003002108.x
https://doi.org//10.1097/00007890-200101150-00008
https://doi.org//10.1097/TP.0b013e3181761659
https://doi.org//10.1097/TP.0b013e3181761659
https://doi.org//10.1182/blood.v97.6.1590
https://doi.org//10.1080/10428194.2018.1480767
https://doi.org//10.1080/10428194.2018.1480767
https://doi.org//10.4143/crt.2018.191
https://doi.org//10.1111/petr.13302
https://doi.org//10.1002/cncr.24834
https://doi.org//10.1111/ajt.12211
https://doi.org//10.1227/NEU.0b013e31828cf619
https://doi.org//10.1007/s11255-012-0146-8
https://doi.org//10.1158/1078-0432.CCR-17-2685
https://doi.org//10.1007/s11060-010-0425-0
https://doi.org//10.1007/s11060-010-0425-0
https://doi.org//10.1038/bmt.2015.281
https://doi.org//10.3109/10428194.2012.718342
https://doi.org//10.1111/j.1399-3046.2012.01699.x
https://doi.org//10.1155/2013/765230
https://doi.org//10.1111/j.1365-2141.2007.06896.x
https://doi.org//10.1002/pbc.25129
https://doi.org//10.3389/fimmu.2018.01475
https://doi.org//10.7759/cureus.16537
https://doi.org//10.7759/cureus.16537

ALLEN ET AL.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

proliferation of Epstein-Barr virus (EBV)+ B cell lymphomas. Am
J Transplant. 2013;13(8):2035-2043. doi:10.1111/ajt.12328

Sang AX, McPherson MC, Ivison GT, et al. Dual blockade of the
PI3K/Akt/mTOR pathway inhibits posttransplant Epstein-Barr
virus B cell lymphomas and promotes allograft survival. Am J
Transplant. 2019;19(5):1305-1314. doi:10.1111/ajt.15216

Bak S, Tischer S, Dragon A, et al. Selective effects of mTOR in-
hibitor sirolimus on naive and CMV-specific T cells extending its
applicable range beyond immunosuppression. Front Immunol.
2018;9:2953. d0i:10.3389/fimmu.2018.02953

Wowro SJ, Schmitt KRL, Tong G, Berger F, Schubert S.
Effects of mTOR and calcineurin inhibitors combined ther-
apy in Epstein-Barr virus positive and negative Burkitt lym-
phoma cells. Int Immunopharmacol. 2016;30:9-17. doi:10.1016/j.
intimp.2015.11.020

Sampaio MS, Cho YW, Shah T, Bunnapradist S, Hutchinson IV.
Association of immunosuppressive maintenance regimens with
posttransplant lymphoproliferative disorder in kidney trans-
plant recipients. Transplantation. 2012;93(1):73-81. doi:10.1097/
TP.0b013e31823ae7db

Kirk AD, Cherikh WS, Ring M, et al. Dissociation of depletional
induction and posttransplant lymphoproliferative disease in
kidney recipients treated with alemtuzumab. Am J Transplant.
2007;7(11):2619-2625.

Kranz B, Wingen AM, Vester U, Konig J, Hoyer PF. Long-term
side effects of treatment with mTOR inhibitors in children after
renal transplantation. Pediatr Nephrol. 2013;28(8):1293-1298.
doi:10.1007/s00467-013-2459-y

Ashrafi F, Shahidi S, Ebrahimi Z, Mortazavi M. Outcome of rapamy-
cin therapy for post-transplant-lymphoproliferative disorder after
kidney transplantation: case series. Int J Hematol Oncol Stem Cell
Res. 2015;9(1):26-32.

Boratyniska M, Watorek E, Smolska D, Patrzatek D, Klinger M.
Anticancer effect of sirolimus in renal allograft recipients with de
novo malignancies. Transplant Proc. 2007;39(9):2736-2739.
Pascual J. Post-transplant lymphoproliferative disorder—the po-
tential of proliferation signal inhibitors. Nephrol Dial Transplant.
2007;22(Suppl 1):i27-i35.

Asante-Korang A, Carapellucci J, Krasnopero D, Doyle A, Brown
B, Amankwah E. Conversion from calcineurin inhibitors to mTOR
inhibitors as primary immunosuppressive drugs in pediatric
heart transplantation. Clin Transpl. 2017;31(10). doi:10.1111/
ctr.13054

Ganschow R, Ericzon BG, Dhawan A, et al. Everolimus and re-
duced calcineurin inhibitor therapy in pediatric liver transplant
recipients: results from a multicenter, prospective study. Pediatr
Transplant. 2017;21(7). doi:10.1111/petr.13024

Mazariegos GV, Sindhi R, Thomson AW, Marcos A. Clinical toler-
ance following liver transplantation: long term results and future
prospects. Transpl Immunol. 2007;17(2):114-119. doi:10.1016/j.
trim.2006.09.033

Talisetti A, Hurwitz M, Sarwal M, et al. Analysis of clinical
variables associated with tolerance in pediatric liver trans-
plant recipients. Pediatr Transplant. 2010;14(8):976-979.
doi:10.1111/j.1399-3046.2010.01360.x

Kullberg-Lindh C, Saalman R, Olausson M, Herlenius G, Lindh M.
Epstein-Barr virus DNA monitoring in serum and whole blood
in pediatric liver transplant recipients who do or do not discon-
tinue immunosuppressive therapy. Pediatr Transplant. 2017;21(5).
doi:10.1111/petr.12875

Kinch A, Baecklund E, Backlin C, et al. A population-based study
of 135 lymphomas after solid organ transplantation: the role
of Epstein-Barr virus, hepatitis C and diffuse large B cell lym-
phoma subtype in clinical presentation and survival. Acta Oncol.
2014;53(5):669-679. doi:10.3109/0284186X.2013.844853

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

WlLEY 19 of 20

Morton M, Coupes B, Ritchie J, et al. Post-transplant lymphopro-
liferative disorder in adult renal transplant recipients: survival and
prognosis. Leuk Lymphoma. 2015;57:299-305.

Mabhale P, Shiels M, Lynch C, Engels E. Incidence and outcomes of
primary central nervous system lymphoma in solid organ trans-
plant recipients. Am J Transplant. 2018;18:453-461.

Izadi M, Fazel M, Saadat SH, Taheri S. Bone marrow involvement
by lymphoproliferative disorders after renal transplantation:
PTLD. Int. Survey. J Cancer Res Ther. 2012;8(1):62-67.
L'Huillier AG, Dipchand Al, Ng VL, et al. Posttransplant lymphopro-
liferative disorder in pediatric patients: survival rates according to
primary sites of occurrence and a proposed clinical categorization.
Am J Transplant. 2019;19(10):2764-2774. doi:10.1111/ajt.15358
Caillard S, Porcher R, Provot F, et al. Post-transplantation lymph-
oproliferative disorder after kidney transplantation: report of a na-
tionwide French registry and the development of a new prognostic
score. J Clin Oncol. 2013;31(10):1302-1309.

Johnson SR, Cherikh WS, Kauffman HM, Pavlakis M, Hanto DW.
Retransplantation after post-transplant lymphoproliferative
disorders: an OPTN/UNOQOS database analysis. Am J Transplant.
2006;6(11):2743.

Karras A, Thervet E, Le Meur Y, Baudet-Bonneville V, Kessler M,
Legendre C. Successful renal retransplantation after post-transplant
lymphoproliferative disease. Am J Transplant. 2004;4:1904-1909.
Hanto DW. Retransplantation after post-transplant lymphop-
roliferative diseases (PTLD): when is it safe? Am J Transplant.
2004;4:1733-1734.

Caillard S, Cellot E, Dantal J, et al. A French cohort study of kidney
retransplantation after post-transplant lymphoproliferative disor-
ders. Clin J Am Soc Nephrol. 2017;12(10):1663-1670.

Parker A, Bowles K, Bradley A, et al. Diagnosis of post-transplant
lymphoproliferative disorder in solid organ transplant recipients-
BCSH and BTS guidelines. Br J Haematol. 2010;149:675-692.
Green M, Cacciarelli TV, Mazariegos GV, et al. Serial measurement
of Epstein-Barr viral load in peripheral blood in pediatric liver
transplant recipients during treatment for posttransplant lymph-
oproliferative disease. Transplantation. 1998;66:1641-1644.

Yang J, Tao Q, Flinn IW, et al. Characterization of Epstein-Barr
virus-infected B cells in patients with posttransplantation lymph-
oproliferative disease: disappearance after rituximab therapy does
not predict clinical response. Blood. 2000;96:4055-4063.

Qertel S, Trappe RU, Zeidler K, et al. Epstein-Barr viral load in
whole blood of adults with posttransplant lymphoproliferative
disorder after solid organ transplantation does not correlate with
clinical course. Ann Hematol. 2006;85:478-484.

Whelass SA, Gulley ML, Raab-Traub N, etal. Post-transplantation
lymphoproliferative disease. Epstein-Barr virus DNA lev-
els, HLA-A3 and survival. Am J Respir Crit Care Med.
2008;178:1060-1065.

Van Esser JWJ, Niesters HGM, Thijsen SFT, et al. Molecular quan-
tification of viral load in plasma allows for fast and accurate pre-
diction of response to therapy of Epstein-Barr virus-associated
lymphoproliferative disease after allogeneic stem cell transplanta-
tion. BrJ Haematol. 2001;113:814-821.

Kanakry J, Hegde A, Durand C, et al. The clinical significance of EBV
DNAin the plasma and peripheral blood mononuclear cells of patients
with or without EBV diseases. Blood. 2016;127(16):2007-2010.
Barrington SF, Mikhaeel NG, Kostakoglu L, et al. Role of imaging
in the staging and response assessment of lymphoma: consensus
of the international conference on malignant lymphomas imaging
working group. J Clin Oncol. 2014;32(27):3048-3058.

Juweid ME, Wiseman GA, Vose JM, et al. Response assessment of
aggressive non-Hodgkin's lymphoma by integrated international
workshop criteria and fluorine-18-fluorodeoxyglucose positron
emission tomography. J Clin Oncol. 2005;23(21):4652-4661.

8SUSD17 SUOLULIOD BAERID 3ot dde 3y Aq paueob 818 Sap1e VO (88N JO S3INJ 10} ARIQIT BUIUO 48] UO (SUORIPUOD-PUE-SWBIALIOD" A3 1M ARRIq 1 BU1IUO//SANY) SUORIPUOD PUe SIS L 3} 39S *[7202/90/50] uo ARigiTauluo Ajim ‘(pN) ureAno 8@ @nbijoyed 1uN jeud U3 213801 q1g Aq T8y T Hed/TTTT OT/I0p/w0d A8 1M ARiq Ul Uo//Sdy o1} popeojumoa ‘S FZ0Z ‘9v0E66ET


https://doi.org//10.1111/ajt.12328
https://doi.org//10.1111/ajt.15216
https://doi.org//10.3389/fimmu.2018.02953
https://doi.org//10.1016/j.intimp.2015.11.020
https://doi.org//10.1016/j.intimp.2015.11.020
https://doi.org//10.1097/TP.0b013e31823ae7db
https://doi.org//10.1097/TP.0b013e31823ae7db
https://doi.org//10.1007/s00467-013-2459-y
https://doi.org//10.1111/ctr.13054
https://doi.org//10.1111/ctr.13054
https://doi.org//10.1111/petr.13024
https://doi.org//10.1016/j.trim.2006.09.033
https://doi.org//10.1016/j.trim.2006.09.033
https://doi.org//10.1111/j.1399-3046.2010.01360.x
https://doi.org//10.1111/petr.12875
https://doi.org//10.3109/0284186X.2013.844853
https://doi.org//10.1111/ajt.15358

20 of 20
290 | \WILEY

142.

143.

144.

ALLEN ET AL.

Dierickx D, Tousseyn T, Requilé A, et al. The accuracy of positron
emission tomography in the detection of posttransplant lymphop-
roliferative disorder. Haematologica. 2013;98(5):771-775.

Vali R, Punnett A, Bajno L, Moineddin R, Shammas A. The value
of 18F-FDG PET in pediatric patients with post-transplant lymph-
oproliferative disorder at initial diagnosis. Pediatr Transplant.
2015;19(8):932-939. doi:10.1111/petr.12611

Zimmermann H, Denecke T, Dreyling MH, et al. End-of-treatment
positron emission tomography after uniform first-line therapy of
B cell posttransplant lymphoproliferative disorder identifies pa-
tients at low risk of relapse in the prospective German PTLD regis-
try. Transplantation. 2018;102(5):868-875.

How to cite this article: Allen UD, L'Huillier AG, Bollard CM,
et al. The IPTA Nashville consensus conference on post-
transplant lymphoproliferative disorders after solid organ
transplantation in children: IV-consensus guidelines for the
management of post-transplant lymphoproliferative
disorders in children and adolescents. Pediatric
Transplantation. 2024;28:€14781. doi:10.1111/petr.14781

8SUSD17 SUOLULIOD BAERID 3ot dde 3y Aq paueob 818 Sap1e VO (88N JO S3INJ 10} ARIQIT BUIUO 48] UO (SUORIPUOD-PUE-SWBIALIOD" A3 1M ARRIq 1 BU1IUO//SANY) SUORIPUOD PUe SIS L 3} 39S *[7202/90/50] uo ARigiTauluo Ajim ‘(pN) ureAno 8@ @nbijoyed 1uN jeud U3 213801 q1g Aq T8y T Hed/TTTT OT/I0p/w0d A8 1M ARiq Ul Uo//Sdy o1} popeojumoa ‘S FZ0Z ‘9v0E66ET


https://doi.org//10.1111/petr.12611
https://doi.org/10.1111/petr.14781

	The IPTA Nashville consensus conference on post-­transplant lymphoproliferative disorders after solid organ transplantation in children: IV-­consensus guidelines for the management of post-­transplant lymphoproliferative disorders in children and adolesce
	Abstract
	1|INTRODUCTION
	2|METHODS
	3|RESULTS/CONSENSUS OUTCOMES
	3.1|Recommendations relating to the efficacy of specific treatment modalities
	3.1.1|Question 1: What is the evidence for the efficacy of reduction of immunosuppression in the management of PTLD and when might withdrawal of immunosuppression be considered?
	Recommendations
	Supporting evidence
	Research priorities for knowledge gaps

	3.1.2|Question 2: What is the role of surgery and radiotherapy in the management of patients with PTLD?
	Recommendations
	Surgery.
	Radiotherapy.

	Supporting evidence
	Research priorities for knowledge gaps

	3.1.3|Question 3: Should antiviral agents, with or without immunoglobulin, be employed as adjunctive treatment of PTLD?
	Recommendations
	Supporting evidence
	Research priorities for knowledge gaps

	3.1.4|Question 4: When should monoclonal B-­cell antibody therapy (typically anti-­CD20) be used for the treatment of PTLD and what is the preferred regimen?
	Recommendations
	Supporting evidence
	Research priorities for knowledge gaps

	3.1.5|Question 5: What is the role of cytotoxic chemotherapy in the treatment of different categories of PTLD?
	Recommendations
	Supporting evidence
	Research priorities for knowledge gaps

	3.1.6|Question 6: What is the role of adoptive immunotherapy in the treatment of different categories of PTLD?
	Recommendations
	Supporting evidence
	Research priorities for knowledge gaps

	3.1.7|Question 7: What is the evidence for the efficacy of immunomodulatory/anti-­cytokine therapy in the management of PTLD?
	Recommendations
	Supporting evidence
	Research priorities for knowledge gaps


	3.2|Recommendations relating to specific clinical scenarios
	3.2.1|Question 8: How should CNS PTLD be treated?
	Recommendations
	Supporting evidence
	Research priorities for knowledge gaps

	3.2.2|Question 9: What is the role of treatment of “presumed PTLD” (based on imaging) when biopsy is not feasible?
	Recommendation
	Supporting evidence
	Research priorities for knowledge gaps

	3.2.3|Question 10: What is the role of mammalian target of rapamycin (mTOR) inhibitors in patients with active or recently treated PTLD
	Recommendation
	Supporting evidence
	Research priorities for knowledge gap


	3.3|Recommendations related to prognostic factors in PTLD
	3.3.1|Question 11: Are there prognostic factors that can be used to guide management of PTLD?
	Recommendation
	Supportive information or evidence
	Research priorities for knowledge gap

	3.3.2|Question 12: Which children can be re-­transplanted, and when, after being diagnosed with PTLD and allograft failure? What is the risk of developing PTLD in subsequent allografts?
	Recommendations
	Supporting evidence
	Research priorities for knowledge gap


	3.4|Monitoring response to treatment of PTLD
	3.4.1|Question 13: How should clinical response to treatment of PTLD by monitored?
	Recommendations
	Supporting evidence
	Research priorities for knowledge gap

	3.4.2|Question 14: How should virologic response to treatment of PTLD be monitored?
	Recommendation
	Supporting evidence
	Research priorities for knowledge gap

	3.4.3|Question 15: How should radiologic response to PTLD treatment be monitored?
	Recommendation
	Supporting evidence
	Research priorities for knowledge gap


	3.5|Summary of management based on histopathological findings at presentation

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	DATA AVAILABILITY STATEMENT

	REFERENCES


