woyy

8L +AWAOANDNMNMBEAAIAYO/FOAEIDPIISALLIAIPOOTEIEAHIDI/AD AUMY LXOMADUOINX OHISABZIUIMH+EYNJOI L WNOTZ L AR HJBSINAUE Ag

Leoz/LeeL uo

ILTS Guidelines

Nonhepatic Cancer in the Pediatric Liver
Transplant Population: Guidelines From the

ILTS-SETH Consensus Conference

Mohamed Rela, FRCS," Jesus Quintero, PhD,? Mureo Kasahara, PhD,® Paolo Muiesan, FRCS,*
Francisco Hernandez-Oliveros, MD,® Rajesh Rajalingam, MCh,' Sadhana Shankar, MS,° Blayne Amir Sayed, PhD,’
Diego di Sabato, MD,® Ashwin Rammohan, FRCS," John Fung, PhD,° and lItxarone Bilbao, PhD'®

(Transplantation 2022;106: e46-e51).

Abstract. The incidence and geographical distribution of cancers in children are dramatically different from the adult
population. Consequent to improvements in postcancer survival, there is a progressive increase in the number of patients
requiring liver transplantation (LT) who are in remission from pretransplant malignancy (PTM). Conventionally, however, PTM
has been considered a relative contraindication to LT. Furthermore, with improving post-LT survival now extending beyond
decades, the cumulative effect of immunosuppression and the increasing risk of de novo cancers need to be acknowledged.
A working group was formed to evaluate, discuss, and retrieve all the evidence and provide guidelines with regards to best
practices surrounding nonhepatic cancer in the pediatric LT (PLT) population. Further subsections of research included (a)
extrahepatic solid tumors, leukemia, lymphoma, and other hematological disturbances before PLT and (b) malignancies fol-
lowing PLT (including posttransplant lymphoproliferative disorders). This guidance provides a collection of evidence-based
expert opinions, consensus, and best practices on nonhepatic cancers in PLT.

/

INTRODUCTION

Pretransplant malignancy (PTM) in remission has con-
ventionally been considered a relative contraindication
to liver transplantation (LT)."* There remain concerns
that immunosuppression could potentially increase risk
for an early recurrence of the index cancer, making LT
futile. Consequent to dramatic improvements in post-
cancer survival, there is a progressively increasing num-
ber of patients requiring LT who are in remission from
PTM.>* Furthermore, with improving post-LT survival
now extending beyond decades, the cumulative effect of
immunosuppression and the increasing risk of de novo
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cancers needs to be acknowledged. With most data being
archaic and based out of voluntary databases, guidelines
for diagnosis, LT indications, prevention, and treatment of
nonhepatic cancer in LT need reevaluation.

Within the International Liver Transplantation Society
and The Spanish Society of Liver Transplantation con-
sensus conference, a working group consisting of experts
was formed to evaluate, discuss, and retrieve all the evi-
dence and provide guidance on best practices surrounding
nonhepatic cancer in the pediatric LT (PLT) population.
Further subsections of research included extrahepatic solid
tumors, leukemia, lymphoma, and other hematological
disturbances before PLT and malignancies following PLT
(including posttransplant lymphoproliferative disorder).
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The methodology is reviewed in detail in the introductory
article.”

EPIDEMIOLOGY

The incidence and geographical distribution of cancers
in children are dramatically different from the adult pop-
ulation.’ Childhood cancer is the sixth leading cause of
total cancer burden globally and the ninth leading cause
of childhood disease burden globally.>®” A substantial
portion of the global burden of childhood cancer exists
in low, low-middle, and middle sociodemographic index
countries (82.2% of the global childhood cancer burden).
These include countries in Asia, Africa, and Central and
South America. This geographical pattern of cancer bur-
den distribution is noticeably different from that observed
in adults, with only 50.3% of the global adult cancers bur-
den affecting these countries.>®’

Based on the estimates by the Global Burden of
Disease 2017 Childhood Cancer Collaborators, the
prevalence of childhood cancers is much lower than
that of the adult population. Cancers in the first 2 dec-
ades of life represent only 1% of the annual cancer inci-
dence in the United States. However, it was highest in
the 0- to 4-y age group and contributed to 37% of the
global 0- to 19-y childhood cancer absolute disability-
adjusted life years burden.>®’ Leukemias (34.1%) con-
stituted the highest proportion of categorized childhood
cancers, followed by brain and nervous system cancers
(18.1%).>73

Over the past 30 y, the survival rate in children and
adolescents with cancer has steadily improved and
the cancer-specific death rate has decreased by >50%.
Presently, 8 out of every 10 children and adolescents
diagnosed with cancer survive 5 y or more beyond their
diagnosis.»*”’ It is estimated that the number of years of
life saved by the successful treatment of childhood can-
cer exceeds all other cancers when compared with adults.
The current 5-y survival rate is nearly 80%, ranging from
39% to 97% within age- and diagnosis-specific groups,
with the overwhelming majority of these patients being
cured of their original malignancy.*’ Nonetheless, it is
sobering to realize that the vast majority of these cancer
survivors will have at least 1 chronic health condition by
40y of age.*”' Survivors of childhood cancer are at risk
for serious, disabling, life-threatening, or fatal treatment-
related late effects including organ failure. Data including
those from the United Network for Organ Sharing and
Childhood cancer survivor study databases show that the
incidence of children undergoing LT with a PTM is low
and ranges between 0.77% and 1.5% of the whole PLT
population.®!"1?

Recommendations

* The profile of malignancies in adults and children are
very different with regards to incidence, type, and geo-
graphical distribution. (Strength of recommendation:
Strong; Level of evidence: High)

e There has been a steady improvement in the survival
of children with pediatric malignancies, with long peri-
ods of remission. These children and adolescents are at
risk for treatment-related late effects including organ
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failure. (Strength of recommendation: Strong; Level of
evidence: High)

 Incidence of pretransplant malignancies is low among
the pediatric population. (Strength of recommendation:
Strong; Level of evidence: Moderate)

INDICATIONS

Unlike the adult population, indications for PLT in
childhood cancer survivors are multifactorial and most
often related to the index cancer.*'!? These include a
primary genetic predisposition like transient abnormal
myelopoiesis leading to liver failure and leukemias in
children with Trisomy 21."% Children with hematological
malignancy have a predilection to developing primary liver
dysfunction or acute liver failure due to cancer or other
cancer-associated pathology like hemophagocytic lympho-
histiocystosis.'* Other indications of PLT in this cohort
include those related to the treatment of primary cancer.
These may include therapeutic modalities like radiation
and chemotherapy-related liver dysfunction and those
related to hematopoietic stem cell transglant, transfusion-
related hepatitis, or iron overload.*”'"!> Other causes like
TPN-related cholestatic liver disease, graft versus host dis-
ease, and veno-occlusive disease also constitute indications
of PLT in children with PTM.

Recommendations

* Indications for LT in children who have nonhepatic
malignancy are multifactorial and are usually the con-
sequence of pretransplant malignancy (PTM) or its
treatment. (Strength of recommendation: Strong; Level
of evidence: Moderate)

TIMING OF LIVER TRANSPLANTATION

Literature related to the latency between a PTM and
PLT is very limited. Data have largely been extrapolated
from adult LT or other SOTs."” In the pediatric popula-
tion, Shah et al'? reported a higher and earlier incidence of
post-heart transplantation malignancy in patients trans-
planted with PTM. The risk of recurrence was however
lower (2.7%-13.8%) after pediatric liver or kidney trans-
plant in highly selected patients.'®!” The “ideal” latency
period between cancer resolution and transplantation
remains undefined.

It does, however, seem reasonable to indicate PLT only
when the oncological probability of survival of the PTM
disregarding immunosuppression is at least 50% at 5 y.'®
Beitinjanch et al® showed that waiting for at least 6 mo
dramatically improved post-LT survival in patients with
PTM (62.5% versus 22.25%). There are also some data
to suggest that prolonging the wait time for transplanta-
tion for potential reci?ients with PTM may result in worse
outcomes after LT.*”!! Hence, for selected survivors with
severe organ dysfunction, PLT may offer the best chance
for extended survival. The potential benefits and risks must
be evaluated on an individual basis. Life-saving LT should
not be absolutely contraindicated in carefully selected
pediatric patients where LT may be performed before the
stipulated latency period.®'"'** Moreover, a series from
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the United States and the United Kingdom show that
curative treatment of PTM before LT reduces the risk of
recurrence.>'? The caveat in these cases is that the PTM
should be amenable to sustained remission before LT and
there should always remain the option of post-LT adju-
vant therapy. Such a scenario is more often observed in
hematological malignancies. Living donor LT, especially in
regions where pediatric deceased donor LT programs are
not active, allows for timely availability of liver allografts.
This permits optimal timing of the LT and avoidance of
delays between the end of chemotherapy and LT.'**!

Recommendations

* No prespecified waiting period recommendation can be
made for children with PTM, provided that at the time
of consideration, there is an oncological survival prob-
ability of 50% at 5 y. (Strength of recommendation:
Strong; Level of evidence: Moderate)

e Sustained remission of the PTM before LT reduces the
recurrence rate and allows for future chemotherapy.
(Strength of recommendation: Strong; Level of evi-
dence: Moderate)

e Living donor liver transplantation provides a valuable
alternative with excellent results in children with PTM
because it allows optimal timing for LT, minimizing
any delay between completion of chemotherapy and
planned LT. (Strength of recommendation: Strong;
Level of evidence: Moderate)

DE NOVO MALIGNANCIES FOLLOWING
PEDIATRIC LT

An increased risk for cancer after LT is well established.
Moreover, dramatic improvements in survival after PLT
have resulted in a potential life expectancy even greater
than in adults, leadm% to more prolonged exposure to
immunosuppression. The role of immunosuppression
in muting the native immune system’s antitumor action
along with the immaturity of the immune system and the
pretransplant seronegativity to oncogenic viruses such
as Epstein-Barr virus (EBV) make the PLT a particularly
vulnerable group.”>*»* Consequently, there is a signifi-
cantly higher cancer incidence and mortality than age-
matched nontransplant patients. Overall, the long-term
risk of cancer among pediatric solid organ transplant
(SOT) recipients (SOTRs) is 12-33 times greater than
the general population.”>****¢ Moreover, the cumula-
tive incidence of cancer increases with the time elapsed
after SOT (from 7%, by 10 y, to 13%-15% b 7. 20 y and
26%-41% by 30 y posttransplantatlon 22232526 1 the
Nordic series, 22% of the cancers occurred within 2 y of
LT, 38% occurred at 2-9 y, and 41% occurred beyond 10
y after LT.*” In contrast to adults, cancer types other than
lymphomas, such as oropharyngeal, biliary, pancreas, and
lung cancers, were rare in patients <20 y. In adults, the
risk of cancer is markedly modified by patient-specific fac-
tors such as age, history of alcohol abuse, smoking, and
transplant indication. In PLT recipients, these risk-modi-
fying factors are often absent and, when present, are dif-
ferent from those of a typical adult LT recipient,'>**26:28
Nonetheless, with increasing life expectancy, the burden of
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immunosuppression-associated comorbidities increases, as
do the environmental and other risk factors for de novo
malignancies (DNMs).

There, however, remains a paucity of data regarding
malignancy following PLT. DNMs account for 5%-16% of
nonhepatic-related deaths after PLT and together with car-
diovascular complications are a major cause of late death
after LT."** In children, the risk of developing DNM:s is
19-fold higher than adults, emphasizing the pressing need
for strategies to reduce cancer risk, which may include
cancer surveillance recommendations especially specific to
young adult transplant recipients in the process of transi-
tion of care.'>*»25262% This particular cohort of recipients
will also likely benefit from earlier onset of adult-specific
cancer surveillance and care.

Recommendations

* The risk of developing post-LT DNMs in children is sev-
eral-fold higher than the general pediatric population.
This post-LT risk is also higher than adults (Strength of
recommendation: Strong; Level of evidence: Moderate)

e Posttransplant lymphoproliferative disorders (PTLDs)
are the most frequent DNMs in children after LT.
(Strength of recommendation: Strong; Level of evi-
dence: High)

POSTTRANSPLANT LYMPHOPROLIFERATIVE
DISORDERS AND EPSTEIN-BARR VIRUS

Although significant variation exists between study
populations, PTLDs are the most common oncological dis-
eases followm§ SOT in children, representing >50% of all
malignancies.”*>*’ The risk of developing non-Hodgkin’s
lymphoma is >200 folds in pediatric SOTRs as compared
to the age-matched general population.***2¢ The risk is
amplified in the youngest recipients, who are more likely
to be seronegative for EBV at transplantation. Moreover,
pediatric SOTRs are also at significantly higher risk of
nonmelanoma skin cancer and other solid cancers, which
often manifest late after transplant.***2°

Incidence of PTLD varies between 1% and 20%
depending on the organ transplanted, the type and inten-
sity of immunosuppression, and pretransplant immuno-
logical status of EBV. The highest rates of PTLDs have
been reported among intestinal (20%) and lung and car-
diac (10%) recipients with lower incidence for liver and
kidney recipients (2%-5%), reflecting the higher degree
of immunosuppression and greater presence of allograft
lymphoid tissue in the organs with the highest incidence
of PTLDs.***"3*

Typically, EBV-positive PTLD appears early after trans-
plant, with the h1§hest incidence occurring in the first
year after LT.*?%3!3% The transmission of EBV to the
recipients may occur via the passenger leukocytes from
an EBV seropositive organ donor. Such a passage via the
allograft along with an immature immune system allows
for relatively easy transmission and high incidence of EBV-
positive PTLDs in the initial months following post-LT.
Other sources of transmission of EBV include nonleukode-
pleted blood products and typical community-acquired
exposures,>»3031
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Due to the presence of maternal antibodies, evidence of
EBV exposure is difficult to establish in infants. It is, there-
fore, prudent to consider seropositive infants as seronega-
tive for the purpose of EBV prophylaxis. Nonetheless, a
determination of recipient and donor EBV serological sta-
tus is important for risk stratification. Also, the peak EBV
viral load along with an increasing trend in the titers acts as
a reliable surrogate marker for predicting early PTLDs.>*
3¢ Thus, close monitoring of EBV DNA may be helpful in
the early diagnosis and treatment of PTLDs in pediatric LT
recipients. Monitoring EBV DNA levels may be of value in
higher-risk recipients, with frequencies ranging weekly in
the first 6 mo after LT to monthly thereafter for at least the
first year.®?” A definitive diagnosis of PTLDs is made by
tissue histopathology, which should further be tested for
EBV and CD20 status.’®***® PTLD cases should be clas-
sified using the World Health Organization 2017 classifi-
cation system for tumors of hematopoietic and lymphoid
tissues.*® This classification divides PTLDs into 4 catego-
ries: nondestructive PTLDs, polymorphic PTLDs, mono-
morphic PTLDs, and classic Hodgkin’s lymphoma PTLD
and allows for treatment and prognostic stratification of
these lesions.

A complete staging workup includes strategies similar
to those used for lymphoma staging in immunocompetent
patients.’*?%3? These include imaging of the chest, abdo-
men, and pelvis. The need for neuroimaging in patients
without neurological symptoms is uncertain. However,
many centers recommend performing an magnetic reso-
nance imaging brain as initial workup due to its impor-
tance in prognosis and treatment.’%31>3%

Recommendations

* Close blood monitoring of EBV DNA is crucial in the
early diagnosis and treatment of PTLDs. (Strength of
recommendation: Strong; Level of evidence: Moderate)

TREATMENT OF PTLDS

Survival post-PTLD is very good and is greater in chil-
dren than adults.*****! Low histological grade and an early
diagnosis are predictors of excellent outcomes.?®3740:42
Reduction or cessation of immunosuppression remains
the first-line treatment in the algorithmic management
of EBV/PTLD.?*¥#04243 This strategy is based on the
hypothesis that recovery of the host’s immune system
allows the cytotoxic T lymphocytes to act against EBV
and consequently control EBV-driven B-cell prolifera-
tion. Success of this treatment strategy is usually clinically
evident within 2-4wk of initiating immunosuppression
reduction.’*?”*** Nonetheless, up to 35% of patients
with PTLDs fail to remit with this strategy either due to
tumor unresponsiveness or significant rejection. Moreover,
reduction of immunosuppression is unlikely to be effective
against PTLD lesions that behave more like true mali§—
nancy and are no longer under the control of EBV.?%#%%
Rituximab is now considered standard therapy for most
CD20* PTLDs resistant to immunosuppression reduction
(including polymorphic and monomorphic diffuse large
B-cell lymphomas subtypes).?®**37%° Further standard
treatment regimens in PTLDs unresponsive to reduction
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of immunosuppression or rituximab include sequential
treatment with 4 cycles of rituximab followed by 4 cycles
of cyclophosphamide, doxorubicin, vincristine, and pred-
nisone chemotherapy.’™****¢ Antiviral therapy (acyclo-
vir and ganciclovir) inhibits lytic EBV DNA replication
in vitro. However, a majority of EBV-infected cells within
PTLD lesions are transformed B cells independent of the
EBYV, and hence, antivirals are unlikely to play a role in the
direct treatment of PTLDs.*”*%**" Complete or partial
surgical resection, as well as local radiotherapy, has been
used as adjunctive therapy and should be only reserved for
residual localized tumor and as salvage therapy.’®*%*

Recommendations

e Post-PTLD survival is better in children than adults.
There is an excellent response to minimizing immuno-
suppression, and it remains the mainstay of treatment
of PTLDs in children. (Strength of recommendation:
Strong; Level of evidence: High)

e The treatment of PTLDs requires an algorithmic
approach. Nonresponse to minimizing immunosup-
pression in 2—-4 wk should be escalated to monoclonal
antibodies (rituximab) or chemotherapy. (Strength of
recommendation: Strong; Level of evidence: High)

STRATEGIES TO PREVENT DE NOVO
MALIGNANCY

Multiple strategies have been designed to minimize
or modify immunosuppression to decrease the risk of
DNMs. 225313340 Thege are detailed elsewhere in the
consensus reports. In brief, usage of mammalian target of
rapamycin inhibitors (mTORI) is a specific type of immu-
nosuppression with antiproliferative and immunosuppres-
sive effects. In pediatric transplant recipients, the use of
mTORi is mostly based on clinical data obtained from
adults. Notably, 2 randomized trials comparing mTORi
with standard-dose calcineurin inhibitors raised con-
cerns about a possible risk of PTLDs in children receiving
mTORi immediately after kidney and LT.*%°

Treatment of DNMs in pediatric transplant recipients
mirrors the general population approach to the same
malignancy. As adolescents with PTM transition to adult
follow-up, early institution of cancer screening and pre-
vention practices as outlined in the consensus documents
is strongly encouraged.

FUTURE TRENDS

The field of biomarkers is an area garnering a lot of
interest. These markers are important when the tumor is a
nonsecretor with regards to conventional tumor markers.
Potentially a simple blood test can help in the diagnosis,
prognostication, and management of cancers, a modality
termed as “liquid biopsy.”*'™? Detecting circulating tumor
cells (CTCs) is one such tool that enables the assessment of
treatment completeness. Epithelial cell adhesion molecule-
positive CTCs in the peripheral blood have been shown
to demonstrate a significant association with advanced
disease and shorter overall survival. Studies including
those from Germany showed that the positive predictive
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value of CTC detection for tumor recurrence was 89%,
even when the lesion was untraceable by current imaging

techniques.
Circulating cell-free DNA (cfDNA) is a short fragment

54,55

of double-stranded extracellular DNA that is released into
the bloodstream by tumor apoptosis or dead cells and
is found in many types of cancers.’**® The development
of next-generation sequencing has allowed this modality
to mature into one of clinical importance. The levels of
circulating ¢fDNA drop back to normal when a tumor is
completely removed. Hence, the levels of postoperative cir-
culating cfDNA correlate with the presence of microscopic
residual disease. Therefore, postoperative circulating
cfDNA helps identify the high-risk group for malignancies
and has potential as an excellent monitoring tool, but more
data are required before widespread use can be advocated.

REFERENCES

1.

2.

Penn I. The effect of immunosuppression on pre-existing cancers.
Transplantation. 1993;65:742-747.

Penn I. Evaluation of transplant candidates with pre-existing malig-
nancies. Ann Transplant. 1997;2:14-17.

. GBD 2017 Childhood Cancer Collaborators. The global burden of

childhood and adolescent cancer in 2017: an analysis of the Global
Burden of Disease Study 2017. Lancet Oncol. 2019;20:1211-1225.

. Robison LL, Hudson MM. Survivors of childhood and adoles-

cent cancer: life-long risks and responsibilities. Nat Rev Cancer.
2014;14:61-70.

. Brozek JL, Akl EA, Alonso-Coello P, et al; GRADE Working Group.

Grading quality of evidence and strength of recommendations in
clinical practice guidelines. Part 1 of 3. An overview of the GRADE
approach and grading quality of evidence about interventions. Allergy.
2009;64:669-677.

. Fitzmaurice C, Akinyemiju TF, Al Lami FH, et al. Global, regional, and

national cancer incidence, mortality, years of life lost, years lived with
disability, and disability-adjusted life-years for 29 cancer groups, 1990
to 2016: a systematic analysis for the Global Burden of Disease Studly.
JAMA Oncol. 2018;4:1553-1568.

. Ward ZJ, Yeh JM, Bhakta N, et al. Estimating the total incidence of

global childhood cancer: a simulation-based analysis. Lancet Oncol.
2019;20:483-493.

. Beitinjaneh A, Burns LJ, Majhail NS. Solid organ transplantation

in survivors of hematopoietic cell transplantation: a single institu-
tion case series and literature review. Clin Transplant. 2010;24:
E94-102.

. Armstrong GT, Chen Y, Yasui Y, et al. Reduction in late mortal-

ity among 5-year survivors of childhood cancer. N Engl J Med.
2016;374:833-842.

. Hudson MM, Ness KK, Gurney JG, et al. Clinical ascertainment of

health outcomes among adults treated for childhood cancer. JAMA.
2013;309:2371-2381.

. Dietz AC, Seidel K, Leisenring WM, et al. Solid organ transplanta-

tion after treatment for childhood cancer: a retrospective cohort
analysis from the Childhood Cancer Survivor Study. Lancet Oncol.
2019;20:1420-1431.

. Shah N, Aggarwal S, L'ecuyer T. Outcome of heart transplantation in

pediatric cancer survivors. Pediatr Transplant. 2013;17:423-428.

. Yasuoka K, Inoue H, Tanaka K, et al. Successful liver transplanta-

tion for transient abnormal myelopoiesis-associated liver failure.
Neonatology. 2017;112:159-162.

. Sakamoto K, Osumi T, Yoshimura S, et al. Living-donor liver trans-

plantation providing an adequate chemotherapy for a pediatric patient
with anaplastic large cell ymphoma complicated with liver failure due
to the aggravation of biliary hepatopathy by secondary hemophago-
cytic lymphohistiocytosis. Int J Hematol. 2020;112:900-905.

. Endén K, Tainio J, Nikkila A, et al. Cancer morbidity and mortality

after pediatric solid organ transplantation-a nationwide register study.
Pediiatr Nephrol. 2020;35:1719-1728.

. Acuna SA, Fernandes KA, Daly C, et al. Cancer mortality among

recipients of solid-organ transplantation in Ontario, Canada. JAMA
Oncol. 2016;2:463-469.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

www.transplantjournal.com

. Serrano OK, Gannon A, Olowofela AS, et al. Long-term outcomes of

pediatric kidney transplant recipients with a pretransplant malignancy.
Pediatr Transplant. 2019;23:e13557.

. Benten D, Sterneck M, Panse J, et al. Low recurrence of preexist-

ing extrahepatic malignancies after liver transplantation. Liver Transpl.
2008;14:789-798.

. Saigal S, Norris S, Srinivasan P, et al. Successful outcome of ortho-

topic liver transplantation in patients with preexisting malignant states.
Liver Transpl. 2001;7:11-15.

Acuna SA, Sutradhar R, Kim SJ, et al. Solid organ transplantation
in patients with preexisting malignancies in remission: a propensity
score matched cohort study. Transplantation. 2018;102:1156-1164.
Kasahara M, Sakamoto S, Fukuda A. Pediatric living-donor liver trans-
plantation. Semin Pediatr Surg. 2017;26:224-232.

Engels EA, Pfeiffer RM, Fraumeni JF Jr, et al. Spectrum of can-
cer risk among US solid organ transplant recipients. JAMA.
2011;306:1891-1901.

Robinson C, Chanchlani R, Kitchlu A. Malignancies after pediatric
solid organ transplantation. Pediatr Nephrol. 2021;36:2279-2291.
Robinson CH, Coughlin CC, Chanchlani R, et al. Post-transplant
malignancies in pediatric organ transplant recipients. Pediatr
Transplant. 2021;25:613884.

Yanik EL, Smith JM, Shiels MS, et al. Cancer risk after pediatric solid
organ transplantation. Pediatrics. 2017;139:620163893.

Kitchlu A, Dixon S, Dirk JS, et al. Elevated risk of cancer after solid
organ transplant in childhood: a population-based cohort study.
Transplantation. 2019;103:588-596.

Aberg F, Isoniemi H, Pukkala E, et al. Cancer after liver transplantation
in children and young adults: a population-based study from 4 Nordic
Countries. Liver Transpl. 2018;24:1252-1259.

Fung JJ, Jain A, Kwak EJ, et al. De novo malignancies after
liver transplantation: a major cause of late death. Liver Transpl.
2001;7:5109-S118.

Manzia TM, Angelico R, Gazia C, et al. De novo malignancies after
liver transplantation: the effect of immunosuppression-personal data
and review of literature. World J Gastroenterol. 2019;25:5356-5375.
Ohmoto A, Fuiji S. Clinical features and treatment strategies for post-
transplant and iatrogenic immunodeficiency-associated lymphoprolif-
erative disorders. Blood Rev. 2021;49:100807.

Cockfield SM. Identifying the patient at risk for post-transplant lym-
phoproliferative disorder. Transpl Infect Dis. 2001;3:70-78.

Opelz G, Dohler B. Lymphomas after solid organ transplantation: a col-
laborative transplant study report. Am J Transplant. 2004;4:222-230.
Reddy N, Rezvani K, Barrett AJ, et al. Strategies to prevent EBV reac-
tivation and posttransplant lymphoproliferative disorders (PTLD) after
allogeneic stem cell transplantation in high-risk patients. Biol Blood
Marrow Transplant. 2011;17:591-597.

San-Juan R, Comoli P, Caillard S, et al; ESCMID Study Group of
Infection in Compromised Hosts. Epstein-Barr virus-related post-
transplant lymphoproliferative disorder in solid organ transplant recipi-
ents. Clin Microbiol Infect. 2014;20(suppl 7):109-118.

Colombini E, Guzzo |, Morolli F, et al. Viral load of EBV DNAemia
is a predictor of EBV-related post-transplant lymphoproliferative
disorders in pediatric renal transplant recipients. Pediatr Nephrol.
2017;32:1433-1442.

Seo E, Kim J, Oh SH, et al. Epstein-Barr viral load monitoring for diag-
nosing post-transplant lymphoproliferative disorder in pediatric liver
transplant recipients. Pediatr Transplant. 2020;24:e13666.

Lau E, Moyers JT, Wang BC, et al. Analysis of post-transplant lym-
phoproliferative disorder (PTLD) outcomes with Epstein-Barr virus
(EBV) assessments-A single tertiary referral center experience and
review of literature. Cancers (Basel). 2021;13:899.

Swerdlow SH, Webber SA. Post-transplant lymphoprolifera-
tive disorders. In: Swerdlow S, Campo E, Harris NL, et al, eds.
WHO Classification of Tumours of Haematopoietic and Lymphoid
Tissues (Revised). International Agency for Research on Cancer;
2017:453-464.

Younes A, Hilden P, Coiffier B, et al. International Working Group con-
sensus response evaluation criteria in lymphoma (RECIL 2017). Ann
Oncol. 2017;28:1436-1447.

Montanari F, Orjuela-Grimm M. Joining efforts for PTLD: lessons
learned from comparing the approach and treatment strategies
across the pediatric and adult age spectra. Curr Hematol Malig Rep.
2021;16:52-60.

Chinnock R, Webber SA, Dipchand Al et al; Pediatric Heart Transplant
Study. A 16-year multi-institutional study of the role of age and EBV



© 2021 The Author(s). Published by Wolters Kluwer Health, Inc.

42.

43.

44.

45.

46.

47.

48.

status on PTLD incidence among pediatric heart transplant recipients.
Am J Transplant. 2012;12:3061-3068.

Ferla V, Rossi FG, Goldaniga MC, et al. Biological difference between
Epstein-Barr virus positive and negative post-transplant lymphopro-
liferative disorders and their clinical impact. Front Oncol. 2020;
10:5086.

Reshef R, Vardhanabhuti S, Luskin MR, et al. Reduction of immuno-
suppression as initial therapy for posttransplantation lymphoprolifera-
tive disorder. Am J Transplant. 2011;11:336-347.

Abbas F, El Kossi M, Shaheen IS, et al. Post-transplantation lym-
phoproliferative disorders: current concepts and future therapeutic
approaches. World J Transplant. 2020;10:29-46.

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

Pellett Madan R, Hand J; AST Infectious Diseases Community of
Practice. Human herpesvirus 6, 7, and 8 in solid organ transplan-
tation: guidelines from the American Society of Transplantation
Infectious Diseases Community of Practice. Clin Transplant. 2019;33:
e13518.

AlDabbagh MA, Gitman MR, Kumar D, et al. The role of antiviral
prophylaxis for the prevention of Epstein-Barr virus-associated post-
transplant lymphoproliferative disease in solid organ transplant recipi-
ents: a systematic review. Am J Transplant. 2017;17:770-781.
Benfield MR, Bartosh S, Ikle D, et al. A randomized double-blind, pla-
cebo controlled trial of steroid withdrawal after pediatric renal trans-
plantation. Am J Transplant. 2010;10:81-88.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Rela et al e51

Dumortier J, Couchonnal E, Lacaille F, et al. mTOR inhibitors in
pediatric liver transplant recipients. Clin Res Hepatol Gastroenterol.
2019;43:403-409.

Ganschow R, Pape L, Sturm E, et al. Growing experience with mTOR
inhibitors in pediatric solid organ transplantation. Pediatr Transplant.
2013;17:694-706.

Mezzalira S, De Mattia E, Guardascione M, et al. Circulating-free
DNA analysis in hepatocellular carcinoma: a promising strategy to
improve patients’ management and therapy outcomes. Int J Mol Sci.
2019;20:E5498.

Wang PX, Xu Y, Sun YF, et al. Detection of circulating tumour cells
enables early recurrence prediction in hepatocellular carcinoma
patients undergoing liver transplantation. Liver Int. 2021;41:562-573.
Palmirotta R, Lovero D, Cafforio P, et al. Liquid biopsy of cancer: a
multimodal diagnostic tool in clinical oncology. Ther Adv Med Oncol.
2018;10:1758835918794630.

von Felden J, Schulze K, Krech T, et al. Circulating tumor cells as
liquid biomarker for high HCC recurrence risk after curative liver resec-
tion. Oncotarget. 2017;8:89978-89987.

Llovet JM, Montal R, Sia D, et al. Molecular therapies and preci-
sion medicine for hepatocellular carcinoma. Nat Rev Clin Oncol.
2018;15:599-616.

YanL, ChenY, Zhou J, et al. Diagnostic value of circulating cell-free DNA
levels for hepatocellular carcinoma. Int J Infect Dis. 2018;67:92-97.
Wang D, Hu X, Long G, et al. The clinical value of total plasma cell-free
DNA in hepatitis B virus-related hepatocellular carcinoma. Ann Trans/
Med. 2019;7:650.

Long G, Fang T, Su W, et al. The prognostic value of postoperative
circulating cell-free DNA in operable hepatocellular carcinoma. Scand
J Gastroenterol. 2020;55:1441-1446.



