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Frequency, Characteristics, Management, and Outcomes of
Posttransplant Lymphoproliferative Disorder After Allogeneic
Hematopoietic Stem Cell Transplantation in Children: A
Multicenter Retrospective Study of the Turkish Pediatric BMT
Study Group
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Objective: Posttransplant lymphoproliferative disorder (PTLD) is a
rare yet potentially life-threatening complication following allogeneic
hematopoietic stem cell transplantation (HSCT). This study aimed to
determine the incidence, clinical features, management strategies,
and prognostic factors influencing outcomes of PTLD after allogeneic
HSCT in children.
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Amagc: Posttransplant lenfoproliferatif hastalik (PTLH), allojenik
hematopoetik kok hiicre nakli (HKHN) sonrasi nadir goriilen ancak
yasami tehdit edebilen bir komplikasyondur. Bu ¢alisma, cocuklarda
allojenik HKHN sonrasi PTLH’nin insidansini, klinik ozelliklerini, tedavi
stratejilerini ve sonuclarini etkileyen prognostik faktorleri belirlemeyi
amaclamistir.
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Materials and Methods: Data were retrospectively collected from 15
pediatric centers performing allogeneic HSCT between June 2010 and
May 2025. Clinical features, treatment approaches, and outcomes of the
cases were analyzed.

Results: During the study period, 6129 children underwent allogeneic
HSCT and 34 (0.56%) developed PTLD. The median interval between HSCT
and PTLD diagnosis was 197 days, with the majority of cases occurring
within the first posttransplant year. At diagnosis, gastrointestinal
involvement was observed in 22 patients (64.7%), cytopenia in 17 (50%),
central nervous system (CNS) involvement in 7 (20.5%), pulmonary
involvement in 6 (17.6%), and macrophage activation syndrome
in 4 (11.7%). Rituximab-based therapy was administered to 29
patients (85.3%) and immunosuppression was reduced in 25 (73.5%).
Mortality was significantly higher among patients presenting with CNS
involvement (4 of 7, 57.1%; p<0.05). Treatment response also affected
the prognosis; among 27 patients who achieved remission, 25 survived
(92.6%) compared to only 1 of 7 (14.3%) non-responders (p<0.05). The
overall PTLD-related mortality rate was 17.6% (6 patients). Median
follow-up among survivors was 43 months, with a 5-year overall survival
(0S) rate of 76.5%.

Conclusion: PTLD occurred infrequently among pediatric allogeneic
HSCT recipients. CNS involvement and failure to achieve remission were
strongly associated with poorer OS.

Keywords: Posttransplant lymphoproliferative disorder, Hematopoietic
stem cell transplantation, Epstein-Barr virus

Gere¢ ve Yontemler: Veriler, Haziran 2010 ile Mayis 2025 tarihleri
arasindaallojenik HKHN uygulayan 15 pediatrik merkezden retrospektif
olarak toplanmistir. Pediatrik PTLH olgularinin klinik ozellikleri, tedavi
yaklasimlari ve sonuclari analiz edilmistir.

Bulgular: Calisma siiresince 6129 cocuga allojenik HKHN uygulandig
ve 34 (%0,56) hastada PTLH gelistigi saptandi. HKHN ile PTLH tanisi
arasindaki ortanca siire 197 giin olup, olgularin ¢ogu nakil sonrasi ilk
yil icinde tani aldi. Tani aninda 22 hastada (%64,7) gastrointestinal
tutulum, 17 hastada (%50) sitopeni, 7 hastada (%20,5) merkezi sinir
sistemi (MSS) tutulumu, 6 hastada (%17,6) pulmoner tutulum ve 4
hastada (%11,7) makrofaj aktivasyon sendromu gozlendi. Rituximab
bazli tedavi 29 hastaya (%85,3) uygulandi ve 25 hastada (%73,5)
immiinostpresyon azaltildi. MSS tutulumu olan hastalarda mortalite
anlamli derecede daha yiiksekti (7 hastanin 4’i, %57,1; p<0,05). Tedavi
yaniti da prognozu etkiledi; remisyona ulasan 27 hastadan 25'i (%92,6)
hayatta kalirken, yanit vermeyen 7 hastanin sadece 1'i (%14,3) hayatta
kaldi (p<0,05). PTLH ile iliskili genel mortalite orani %17,6 idi (6 hasta).
Sag kalanlar arasinda ortanca takip stresi 43 ay olup, 5 yillik genel
sagkalim (OS) orani %76,5 olarak saptand.

Sonu¢: PTLH, pediatrik allojenik HKHN alicilart arasinda nadiren
gorulmusttr. MSS tutulumu ve remisyon saglanamamasi, daha dusuk
OS ile iliskili bulunmustur.

Anahtar  Sozciikler:  Posttransplant lenfoproliferatif
Hematopoetik kok hiicre nakli, Epstein-Barr virts

hastalik,

Introduction

Posttransplant lymphoproliferative disorder (PTLD) constitutes
a heterogeneous group of lymphoid proliferations that arise as
a consequence of immunosuppression following hematopoietic
stem cell transplantation (HSCT). The disease spectrum ranges
from benign polyclonal lymphoid hyperplasia to aggressive
monoclonal lymphoid malignancies. In most cases, PTLD
is associated with Epstein-Barr virus (EBV) infection and
characterized by B-cell proliferation expressing CD20-positive
lymphocytes [1,2].

Several risk factors have been implicated in the development
of PTLD, including T-cell depletion of the graft, use of in vivo
serotherapy, mismatched or unrelated donors, and umbilical
cord blood transplantation [3,4,5]. Despite advances in
transplantation techniques and posttransplant monitoring,
PTLD remains a major cause of morbidity and mortality
after HSCT. Before the year 2000, mortality following HSCT-
related PTLD was as high as 84.6% [6]. The introduction of EBV
monitoring via polymerase chain reaction (PCR), preemptive
antiviral or immunomodulatory strategies, and timely initiation
of rituximab-based therapy have markedly improved outcomes.
Nevertheless, PTLD continues to be associated with substantial
mortality, with approximately one-third of affected patients
dying from the disease [4,6].
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Although PTLD is a well-recognized and serious complication
after allogeneic HSCT, national data on its epidemiology,
clinical characteristics, and prognostic factors remain scarce.
In Turkiye, previously published evidence has been limited to
isolated pediatric case reports [7]. Consequently, there is a lack
of comprehensive multicenter data regarding the incidence,
clinical presentation, management approaches, and outcome
determinants of pediatric PTLD following allogeneic HSCT at the
national level.

To address this gap, we conducted a large-scale multicenter
retrospective study spanning a 15-year period. The primary
objective of this investigation was to systematically characterize
the incidence, clinical features, therapeutic interventions, and
prognostic factors associated with PTLD development after
allogeneic HSCT in the pediatric population in Ttirkiye.

Materials and Methods
Study Design and Setting

This multicenter retrospective study included pediatric patients
diagnosed with PTLD following allogeneic HSCT between 1 June
2010 and 1 June 2025. Data were obtained from 15 pediatric
HSCT centers across Tirkiye that routinely perform allogeneic
transplantations. The study was approved by the Koc¢ University
Ethics Committee (protocol no: 2025.491.1IRB2.224, date:
04.11.2025).
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Case Definitions

PTLD cases were classified using a comprehensive, tiered system
based on established international criteria. “Proven PTLD”
included diagnoses confirmed by histopathological examination
of biopsy specimens, while “probable PTLD” included cases
identified based on clinical and/or radiological findings
accompanied by significant EBV-DNAemia.

Histopathological classification of biopsy-proven PTLD followed
the fifth edition of the World Health Organization’s Classification
of Haematolymphoid Tumours [8]. The diagnostic definitions
for probable PTLD and proven PTLD were applied in accordance
with the recommendations of the Sixth European Conference on
Infections in Leukemia (ECIL-6) guidelines [6].

Additionally, specific to our study, patients with isolated EBV-
DNAemia receiving rituximab were defined as a separate
group (asymptomatic group) from PTLD patients to observe the
spectrum of posttransplant EBV reactivation and the outcomes
of preventive approaches.

Quantitative EBV-DNAemia levels were measured using PCR
analysis of plasma samples. Clinical data including patient
demographics, transplant characteristics, PTLD presentation,
treatment modalities, and outcomes were obtained
retrospectively through the review of medical records. A detailed
summary of patient and HSCT characteristics is provided in Table
1, including patients in the asymptomatic group.

Statistical Analysis

Descriptive statistics were used to summarize patient
characteristics. Overall survival (OS) was defined as the time from
PTLD diagnosis (for probable and asymptomatic patients, defined
as the date of the first documented positive EBV viral load) to
death or last follow-up. Survival curves were generated using
the Kaplan-Meier method. Associations between categorical
variables and mortality were analyzed using the chi-square
test or Fisher exact test as appropriate. A two-tailed p value of
<0.05 was considered statistically significant. All analyses were
performed using IBM SPSS Statistics 28.0 for Windows (IBM Corp.,
Armonk, NY, USA).

Results

Incidence and Timing of Posttransplant Lymphoproliferative
Disorder

During the study period, 34 cases of PTLD were identified among
6129 pediatric allogeneic HSCT recipients, corresponding to an
overallincidence of 0.56%. The median time from transplantation
to PTLD diagnosis was 197 days (range: 31-3285 days). Most cases
(n=29; 85.3%) occurred within the first posttransplant year (i.e.,
early-onset cases), whereas 5 patients (14.7%) developed PTLD
after 1 year (late-onset cases) and 1 patient (2.9%) presented

Table 1. Characteristics of patients and hematopoietic stem
cell transplantations. This table contains a total of 42 cases,
including 34 PTLD cases in addition to 8 asymptomatic cases.
Characteristics _ )

. 7 (4 months
Median age, years (range) 10 18 years)
Sex, female/male 18/24 42.9/57.1
Underlying diseases
Acute leukemia 13 30.9
Primary immunodeficiency 12 28.6
Thalassemia major 6 143
Hemophagocytic lymphohistiocytosis 2 4.8
Juvenile myelomonocytic leukemia 2 4.8
Aplastic anemia 2 4.8
Fanconi aplastic anemia 3 7.2
Congenital dyserythropoietic anemia 1 23
Diamond-Blackfan anemia 1 23
Number of transplants
1 37 88.1
>1 4 9.6
Liver transplant + HSCT 1 23
Donor types
Matched unrelated donor 5 595
Haploidentical (a/BT-cell-depleted & 1007&3) | 238
post-Cy)

.. 5 11.9
Matched sibling donor > 48
Matched family donor :
Conditioning regimens
MAC 31 73.9
NMA 10 238
None 1 23
ATG in the conditioning regimen
Yes 36 85.7
No 6 14.3
Graft sources
Peripheral blood 23 54.7
Bone marrow 14 333
Peripheral blood + bone marrow 3 7.2
Cord blood 2 4.8
GVHD prophylaxis
Cyclosporin A-based 34 81.0
Other 7 16.7
None 1 2.3
EBV serostatus (patient/donor)
()(+) 4 9.6
(/) 3 7.2
(H)/(+) 35 83.2
Acute GVHD
Yes 18 42.9
No 24 57.1
Chronic GVHD
Yes 8 19.0
No 34 81.0
Accompanying cytomegalovirus PCR
positivity
Yes 10 23.8
No 32 76.2
PTLD: Posttransplant lymphoproliferative disorder; HSCT: hematopoietic stem cell
transplantation; post-Cy: posttransplant cyclophosphamide; MAC: myeloablative
conditioning; NMA: non-myeloablative conditioning; ATG: antithymocyte globulin;
GVHD: graft-versus-host disease; EBV: Epstein-Barr virus; PCR: polymerase chain
reaction.
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as a very late-onset case 9 years after HSCT. All 5 patients with
late-onset PTLD had monomorphic PTLD. Three were not
receiving immunosuppression at diagnosis. The very late-onset
case was histopathologically diagnosed as marginal zone B-cell
lymphoma. This patient was not receiving immunosuppression
therapy at the time of diagnosis. Remission was achieved with 6
cycles of R-CHOP chemotherapy and the patient has been alive
for over 5 years.

In addition to these 34 patients, 8 patients were in the
asymptomatic group.

Pretransplant Epstein-Barr Virus Serostatus

Before transplantation, both donors and recipients were
EBV-seropositive in 35 transplants. Four recipients were EBV-
seronegative with seropositive donors, including the very
late-onset case, and 3 were seropositive with seronegative
donors.

Clinical Presentation and Organ Involvement

At diagnosis, the most frequent presenting symptoms were
fever, lymphadenopathy, malaise, abdominal pain, and weight
loss. Organ involvement included the gastrointestinal tract in
22 patients (64.7%), bone marrow (cytopenia) in 17 (50%), the
central nervous system (CNS) in 7 (20.5%), and the lungs in 6
(17.6%). Macrophage activation syndrome (MAS) was observed in
4 (11.7%) patients.

EBV viremia was detectable in all but 1 case. The single EBV-
negative patient presented with a retrovesical mass encasing the
right ureter, and biopsy revealed B-cell non-Hodgkin lymphoma.

Diagnostic Classification and Histopathology

Fifteen patients (44.1%) were diagnosed by biopsy, while 19
(55.9%) were diagnosed based on clinical and/or radiological
findings with EBV-DNAemia. Among the biopsy-confirmed cases,
3 patients had polymorphic PTLD and 12 had monomorphic
PTLD, including 5 diffuse large B-cell lymphomas, 5 Burkitt
lymphomas, 1 marginal zone lymphoma, and 1 Hodgkin
lymphoma subtype.

Treatment Modalities

Immunosuppression therapy was reduced or modified for 25
patients (73.5%) and rituximab was administered for 29 (85.3%).

Among the 19 probable PTLD cases, 14 patients received both
rituximab and immunosuppression reduction, 3 received
rituximab alone, 1 received immunosuppression reduction
plus intravenous immunoglobulin, and 1 received rituximab
combined with chemotherapy.

Two patients with polymorphic PTLD achieved complete
remission with immunosuppression reduction alone. One
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patient underwent surgery for ileus and subsequently received 8
doses of rituximab with full remission.

Among the 12 monomorphic PTLD cases, 1 patient died
before treatment initiation. Four were treated with rituximab
monotherapy; 3 were treated with rituximab plus chemotherapy;
1 was treated with rituximab, chemotherapy, and surgery; 1 was
treated with rituximab, chemotherapy, and radiotherapy; and 2
were treated with chemotherapy alone.

Two of 7 patients with CNS involvement received intrathecal
rituximab (20 mg per dose). One achieved remission and the
other died.

Eight asymptomatic patients received rituximab, and 5 of them
also underwent immunosuppression reduction (Table 2).

Outcomes and Survival

Eight patients died during follow-up, 6 of whom died from PTLD-
related causes, corresponding to a PTLD-attributable mortality
rate of 17.6%. Among these deaths, 5 occurred among the
monomorphic PTLD cases (4 PTLD-related and 1 due to relapse
of underlying acute myeloid leukemia during PTLD remission).
Three deaths occurred among the probable PTLD cases (2 PTLD-
related and 1 due to relapsed acute lymphoblastic leukemia).
Additionally, one patient in the asymptomatic EBV-DNAemia
group died due to graft-versus-host disease (GVHD) (Table 2).

The median follow-up for PTLD patients was 43 months and
the 5-year OS rate was 76.5% (Figure 1a). The median follow-up
period was 46 months in the proven PTLD group and 42 months
in the probable PTLD group, with 5-year OS rates of 66.7% and
84.2%, respectively (Figure 1h).

Among survivors, 2 developed hypogammaglobulinemia, 1
developed immune hemolytic anemia, and 1 experienced EBV-
associated graft failure necessitating a second transplantation.

Prognostic Factors

No statistically significant association was found between
mortality and sex, underlying disease, transplant type, donor
source, conditioning regimen, antithymocyte globulin (ATG)
or steroid use, presence of acute or chronic GVHD, concurrent
cytomegalovirus reactivation, cytopenia, or gastrointestinal or
pulmonary involvement at diagnosis (p>0.05 for all; Table 3).
However, CNS involvement at the time of PTLD diagnosis was
significantly associated with mortality (4 of 7 deaths; p=0.012).

Treatment response strongly influenced prognosis: 25 of 27
patients achieving remission survived (92.6%), compared to only
1 of 7 patients (14.3%) who failed to achieve remission (p=0.001)
(Table 3).
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Figure 1a. Five-year overall survival for all patients with

posttransplant lymphoproliferative disorder.
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In this multicenter cohort, 34 of 6129 pediatric allogeneic

HSCT recipients in Tirkiye developed PTLD, yielding an overall
reported in the literature (0%-3.5%) [9], but it is below the 3.5%

incidence reported by the European Society for Blood and

incidence of 0.56%. This rate falls within the pediatric range
Marrow Transplantation in a pediatric analysis [10].

Discussion

Differences

in reported incidence rates likely reflect variability in patient
characteristics, donor/recipient serostatus distributions, the

intensity and composition of immunosuppression, and ATG
exposure [5,11]. Additionally, center-level practices such as
specific early diagnostic pathways, routine EBV-DNA monitoring,
and initiation of preemptive therapy at lower thresholds may
contribute to lower observed rates. The relatively low number
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Table 3. Factors affecting patient survival. This table contains
the data of 34 patients with posttransplant lymphoproliferative
disorder.

T e ot [oeanta [p |

Sex
Female 11 (42.3) 4 (50)
Male 15(57.7) | 4 (50) ~0.05
Primary diseases
Malignant 10 (38.5) 4 (50) ~0.05
Nonmalignant 16 (61.5) 4 (50) '
Donor types
Matched donor 21 (80.7) 5 (62.5) ~0.05
Haploidentical donor 5(19.3) 3(37.5) ’
Conditioning regimens
MAC 21(80.7) | 5(62.5)
NMA 5(193) [3G75 | 70%
ATG use
Yes 22(84.6) | 7(87.5)
No 4054|1025 |70
Acute GVHD
Yes 9 (34.6) 4 (50) >0.05
No 17 (65.4) | 4 (50)
Chronic GVHD
Yes 3(11.5) -
No 23(88.5) | 8(100) ~0.05
Steroid use
Yes 9 (34.6) 4 (50)
No 17 654) | 4(50) =005
Cytomegalovirus
reactivation

6(23.1) 4 (50)
o 20(769) | 4(50) =005

)

GIS involvement
Yes 17 (65.4) | 5(62.5)
No 93346 [3(37.5) 005
Lung involvement
Yes 5(19.3) 1(12.5)
No 21007 |7675 | 0%
CNS involvement
Yes 3(11.5) 4 (50)
No 23(885) | 4(50) <0.05(0.012)
Cytopenia
Yes 12 (46.1) | 5(62.5)
No 14(39 |3(375 |00
MAS
Yes 4 (15.4) -
No 22(846) | 8(100) =005
Immunosuppression
modulation

20(76.9) | 6(75)
Yes >0.05
NoO 6(23.1) 2 (25)
Rituximab treatment
Yes 22(84.6) |6(75)
No 4(154) | 2(25) =005
PTLD in remission 25(96.2) 2(25)
PTLD not in remission | 1(3.8) 6 (75) <0.05 (0.001)

MAC: Myeloablative conditioning; NMA: non-myeloablative conditioning; ATG:
antithymocyte globulin; GVHD: graft-versus-host disease; GIS: gastrointestinal
system; CNS: central nervous system; MAS: macrophage activation syndrome;
PTLD: posttransplant lymphoproliferative disorder.
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of asymptomatic EBV-DNAemia events in our dataset may
also reflect retrospective data capture and heterogeneity in
posttransplant surveillance protocols across centers.

The median time to PTLD was 197 days in our cohort, with
85.3% of patients presenting within the first posttransplant year,
consistent with reports that most PTLD arises within 6-12 months
in both pediatric and adult patients [2,12]. While PTLD beyond
1 year is uncommon (~4%) and occurrences beyond 5 years are
rare [4], our cohort included 14.7% late-onset cases (=1 year) and
a single very late-onset case that occurred 9 years after HSCT,
underscoring the need for continued clinical vigilance.

The most frequent presenting features were fever,
lymphadenopathy, malaise, abdominal pain, and weight loss.
Extranodal involvement was dominated by the gastrointestinal
tract (64.7%), followed by bone marrow/cytopenia (50%), CNS
involvement (20.5%), and pulmonary sites (17.6%); MAS was
observed in 11.7% of cases. These patterns mirror those of
multicenter series in which gastrointestinal disease was the most
common extranodal manifestation at rates of approximately
40%-60%, with CNS and pulmonary involvement affecting
approximately 10%-20% and 10%-15% of cases, respectively
[5,10,12]. Notably, MAS has been reported infrequently in
pediatric PTLD (~2%) [13,14]. The higher MAS rate in our cohort
may reflect cohort-specific clinical characteristics or differences
in recognition and reporting; this finding warrants prospective
evaluation of surveillance, diagnostic triggers, and immunologic
status.

Pediatric EBV reactivation rates after HSCT vary widely, rangingin
the literature from approximately 30% to 60% [15,16,17,18,19].
We identified only 8 asymptomatic EBV-DNAemia cases, a low
figure that likely underestimates the true burden, because we
included only asymptomatic patients who received preemptive
therapy; centers may not have submitted all EBV-DNAemia-only
cases. We therefore suspect that EBV-DNAemia is more common
nationally than our retrospective capture suggests, highlighting
the need for harmonized surveillance policies.

Consistent with the ECIL-6 recommendations, preemptive
rituximab (with immunosuppression reduction when feasible)
is advised for high-risk EBV-DNAemia [6]. Pediatric series
report high rates of EBV clearance with preemptive strategies
(approximately 89%-100%) [20,21]. In our cohort, all patients with
asymptomatic EBV-DNAemia received rituximab and over half
also underwent immunosuppression reduction, aligning with
the ECIL-6 guidelines [6] and the favorable prognostic impact
of rapid viral control reported by Kania et al. [15]. Across HSCT
recipients, pooled data suggest favorable outcomes in ~90% of
cases with preemptive rituximab and ~65% with PTLD treated
with rituximab [3,4,6,22]. Combining immunosuppression
reduction with rituximab improves outcomes (>80%), whereas
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reduction alone vyields success rates of approximately 68%
[4,6,22,23]. EBV-specific cytotoxic T cells achieve >90% favorable
outcomes in preemptive settings and ~75% in overt PTLD
[6,22,24,25]; however, this modality is not currently accessible in
Ttirkiye, representing a therapeutic gap.

CNS disease remains a key adverse feature. Systemic rituximab
exhibits limited CNS penetration, with cerebrospinal fluid
concentrations reported at <5% of serum levels [26], constraining
efficacy in isolated CNS PTLD. Pediatric series have yielded
encouraging results with intrathecal/intraventricular rituximab,
though optimal dosing and schedules remain undefined [7,27].
Ina pediatric report [27], 169 intrathecal or intraventricular doses
were administered to 23 patients (median of 6 doses; 10-40 mg
per dose) and were generally well tolerated. Transient grade 1-2
neurotoxicity, headache, and allergic symptoms were the most
common adverse events, and approximately 82.6% of patients
achieved CNS remission with or without adjunctive CNS-directed
therapy. In our cohort, 2 patients with CNS involvement received
20 mg of intrathecal rituximab; 1 achieved remission and 1 died.
When this result is evaluated together with the existing literature,
this approach has both potential and limitations.

Prognostically, prior studies associate poorer outcomes with
malignant primary disease, advanced stage, female sex,
multifocal/extranodal involvement, CNS and bone marrow
disease, B symptoms, elevated lactate dehydrogenase, high
baseline EBV-DNAemia, CD20- or EBV-negative tumors, and
monomorphic or late-onset PTLD [5,6,9,12]. In our cohort,
remission status was the dominant determinant of survival;
92.6% of patients achieving remission survived versus 14.3%
among non-responders, reinforcing studies in the literature that
underscore response as a principal prognostic marker [2,12].
Mortality was also significantly higher with CNS involvement,
consistent with the therapeutic challenges noted above. Other
candidate factors did not reach statistical significance in our
sample, likely owing to limited power.

The reported 5-year OS in pediatric PTLD ranges from 50% to
88% [12], with heterogeneity driven by the inclusion of solid-
organ recipients, mixed adult/pediatric populations, treatment
era (pre- vs. post-rituximab), and histological subtypes in the
analyses. An Austrian pediatric series reported a 5-year OS rate
of ~64% [12], while some single-center cohorts have approached
rates of 80% [4,28]. Our 5-year OS of 76.5% aligns with
outcomes in the rituximab era. Historically, PTLD-attributable
mortality after HSCT approached 84.6% before 2000 [1,6];
despite substantial improvements with EBV-PCR monitoring,
prophylaxis/preemptive therapy, and rituximab, contemporary
mortality generally remains near one-third of the previous rate
[4,6]. In contrast, our PTLD-attributable mortality rate of 14.3%
compares favorably with prior reports, potentially reflecting
timely recognition and standardized first-line management.

Study Limitations

This study is limited by its retrospective design, multicenter
data collection with variability in surveillance and management
practices, and small subgroup sizes, which reduced the power
to detect modest effect sizes. Due to the limited sample size,
multivariate analyses could not be performed. Most importantly,
the absence of a national EBV surveillance policy likely
introduced heterogeneity in case ascertainment, particularly for
asymptomatic EBV-DNAemia, potentially underestimating the
true frequency of EBV events.

Conclusion

Given that PTLD remains a significant cause of morbidity and
mortality following pediatric allogeneic HSCT, national-level
consensus guidelines and standardized EBV surveillance/
management policies are urgently needed to harmonize
monitoring thresholds, the timing of preemptive intervention,
and access to advanced therapies including EBV-specific
cytotoxic T cells. Such alignment is likely to further improve early
detection, treatment response, and long-term survival.

Ethics

Ethics Committee Approval: The study was approved by the Kog
University Ethics Committee (protocol no: 2025.491.IRB2.224,
date: 04.11.2025).

Informed Consent: Retrospective study.
Footnotes

Authorship Contributions

Surgical and Medical Practices: F.E., MK., EY., A0, G.O., SA,,
UK, ZK, V.U, BM,, AvA, SS.C., ArA., FTK., S.0, K.Y, N.Y.0,,
0.D., BSK., ABA., FA, BAA., DA, SK, M.E.; Concept: FE;
Design: F.E.; Data Collection or Processing: FE., M.K., EY., A.Q.,
G.0,SA, UK, ZK,V.U,BM., AvA, SS.C, ArA, FTK,S.0, K.Y,
N.Y.0., 0.D., BS.K,, ABA, FA., BAA., DA, S.K., M.E.; Analysis or
Interpretation: F.E.; Literature Search: F.E.; Writing: F.E.

Conflict of Interest: No conflict of interest was declared by the
authors.

Financial Disclosure: The authors declared that this study
received no financial support.

References

1. Curtis RE, Travis LB, Rowlings PA, Socié G, Kingma DW, Banks PM, Jaffe ES,
Sale GE, Horowitz MM, Witherspoon RP, Shriner DA, Weisdorf DJ, Kolb H],
Sullivan KM, Sobocinski KA, Gale RP, Hoover RN, Fraumeni |F Jr, Deeg H].
Risk of lymphoproliferative disorders after bone marrow transplantation: a
multi-institutional study. Blood. 1999;94:2208-2216.

2. Jaing TH, Wu CT, Chen SH, Wen YC, Chang TY, Chuang WY. Epstein-Barr virus-
related posttransplant lymphoproliferative disorder in children: a single-
institution experience. ] Pediatr Hematol Oncol. 2016;38:e133-e136.

145



Erbey F. et al.: PTLD After HSCT in Children

Turk ) Hematol 2026;43:139-147

11.

12.

Patriarca F, Medeot M, Isola M, Battista ML, Sperotto A, Pipan C, Toffoletti E,
Dozzo M, Michelutti A, Gregoraci G, Geromin A, Cerno M, Savignano C, Rinaldi
C, Barbone F, Fanin R. Prognostic factors and outcome of Epstein-Barr virus
DNAemia in high-risk recipients of allogeneic stem cell transplantation
treated with preemptive rituximab. Transpl Infect Dis. 2013;15:259-267.

Styczynski J, Gil L, Tridello G, Ljungman P, Donnelly JP, van der Velden W,
Omar H, Martino R, Halkes C, Faraci M, Theunissen K, Kalwak K, Hubacek
P, Sica S, Nozzoli C, Fagioli F, Matthes S, Diaz MA, Migliavacca M, Balduzzi A,
Tomaszewska A, Camara Rde L, van Biezen A, Hoek J, lacobelli S, Einsele H,
Cesaro S; Infectious Diseases Working Party of the European Group for Blood
and Marrow Transplantation. Response to rituximab-based therapy and risk
factor analysis in Epstein Barr virus-related lymphoproliferative disorder
after hematopoietic stem cell transplant in children and adults: a study from
the Infectious Diseases Working Party of the European Group for Blood and
Marrow Transplantation. Clin Infect Dis. 2013;57:794-802.

Garcia-Cadenas |, Yaiez L, Jarque I, Martino R, Pérez-Simén JA, Valcarcel
D, Sanz J, Bermiidez A, Mufioz C, Calderén-Cabrera C, Garcia E, Alonso L,
Sudrez-Lledo M, Gonzalez Vicent M, Heras |, Viguria MC, Batlle M, Vazquez
L, Lopez J, Solano C; Spanish group of blood and marrow transplantation
(GETH). Frequency, characteristics, and outcome of PTLD after allo-
SCT: a multicenter study from the Spanish group of blood and marrow
transplantation (GETH). Eur ] Haematol. 2019;102:465-471.

Styczynski ], van der Velden W, Fox CP, Engelhard D, de la Camara R, Cordonnier
C, Ljungman P; Sixth European Conference on Infections in Leukemia, a joint
venture of the Infectious Diseases Working Party of the European Society of
Blood and Marrow Transplantation (EBMT-IDWP), the Infectious Diseases
Group of the European Organization for Research and Treatment of Cancer
(EORTC-IDG), the International Immunocompromised Host Society (ICHS)
and the European Leukemia Net (ELN). Management of Epstein-Barr virus
infections and post-transplant lymphoproliferative disorders in patients
after allogeneic hematopoietic stem cell transplantation: Sixth European
Conference on Infections in Leukemia (ECIL-6) guidelines. Haematologica.
2016;101:803-811.

Aslan F, Giiler S, Sezgin Evim M, Aslier M, Yazici Z, Oztiirk Nazlioglu H, Meral
Guines A. Successful treatment of central nervous system involvement in
posttransplant EBV-related lymphoproliferative disease with intrathecal
rituximab therapy. ] Pediatr Hematol Oncol. 2023;45:€628-€630.

Alaggio R, Amador C, Anagnostopoulos I, Attygalle AD, Araujo 1BO, Berti E,
Bhagat G, Borges AM, Boyer D, Calaminici M, Chadburn A, Chan JKC, Cheuk
W, Chng WJ, Choi JK, Chuang SS, Coupland SE, Czader M, Dave SS, de Jong D,
Du MQ, Elenitoba-Johnson KS, Ferry J, Geyer |, Gratzinger D, Guitart J, Gujral
S, Harris M, Harrison CJ, Hartmann S, Hochhaus A, Jansen PM, Karube K,
Kempf W, Khoury |, Kimura H, Klapper W, Kovach AE, Kumar S, Lazar AJ,
Lazzi S, Leoncini L, Leung N, Leventaki V, Li XQ, Lim MS, Liu WP, Louissaint A
Jr, Marcogliese A, Medeiros LJ, Michal M, Miranda RN, Mitteldorf C, Montes-
Moreno S, Morice W, Nardi V, Naresh KN, Natkunam Y, Ng SB, Oschlies I, Ott
G, Parrens M, Pulitzer M, Rajkumar SV, Rawstron AC, Rech K, Rosenwald A,
Said J, Sarkozy C, Sayed S, Saygin C, Schuh A, Sewell W, Siebert R, Sohani AR,
Tooze R, Traverse-Glehen A, Vega F, Vergier B, Wechalekar AD, Wood B, Xerri
L, Xiao W. The 5th edition of the World Health Organization Classification
of Haematolymphoid Tumours: Lymphoid Neoplasms. Leukemia.
2022;36:1720-1748.

Ratiu C, Dufresne SF, Thiant S, Roy J. Epstein-Barr virus monitoring after an
allogeneic hematopoietic stem cell transplant: review of the recent data and
current practices in Canada. Curr Oncol. 2024;31:2780-2795.

. Styczynski ], Tridello G, Wendel L, Knelange N, Cesaro S, Gil L, Ljungman

P, Mikulska M, Averbuch D, Camara R. Prevalence, management, and new
treatment modalities of EBV-DNA-emia and EBV-PTLD after allo-HCT:
survey of Infectious Diseases Working Party EBMT. Bone Marrow Transplant.
2024;59:59-65.

Pegoraro F, Favre C. Post-transplantation lymphoproliferative disorder after
haematopoietic stem cell transplantation. Ann Hematol. 2021;100:865-878.

Fireder A, Kropshofer G, Benesch M, Dworzak M, Greil S, Huber WD,
Hubmann H, Lawitschka A, Mann G, Michel-Behnke 1, Miiller-Sacherer

146

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

T, Pichler H, Simonitsch-Klupp I, Schwinger W, Szepfalusi Z, Crazzolara R,
Attarbaschi A; Austrian Society of Pediatric Hematology and Oncology.
Characteristics, management, and outcome of pediatric patients with post-
transplant lymphoproliferative disease-a 20years’ experience from Austria.
Cancer Rep (Hoboken). 2021;4:e1375.

Wu Y, Sun X, Kang K, Yang Y, Li H, Zhao A, Niu T. Hemophagocytic
lymphohistiocytosis: current treatment advances, emerging targeted
therapy and underlying mechanisms. ] Hematol Oncol. 2024;17:106.

Ali'S, AlThubaiti S, Renzi S, Krueger J, Chiang KY, Naqvi A, Schechter T, Punnett
A, Ali M. Hemophagocytic lymphohistiocytosis is a sign of poor outcome in
pediatric Epstein-Barr virus-associated post-transplant lymphoproliferative
disease after allogeneic hematopoietic stem cell transplantation. Pediatr
Transplant. 2019;23:e13319.

Kania SP, Silva JMF, Charles 0], Booth ], Cheung SYA, Yates JWT, Worth
A, Breuer ], Klein N, Amrolia PJ, Veys P, Standing JF. Epstein-Barr virus
reactivation after paediatric haematopoietic stem cell transplantation: risk
factors and sensitivity analysis of mathematical model. Front Immunol.
2022;13:903063.

Chiereghin A, Prete A, Belotti T, Gibertoni D, Piccirilli G, Gabrielli L, Pession
A, Llazzarotto T. Prospective Epstein-Barr virus-related post-transplant
lymphoproliferative disorder prevention program in pediatric allogeneic
hematopoietic stem cell transplant: virological monitoring and first-line
treatment. Transpl Infect Dis. 2016;18:44-54.

Laberko A, Bogoyavlenskaya A, Shelikhova L, Shekhovtsova Z, Balashov D,
Voronin K, Kurnikova E, Boyakova E, Raykina E, Brilliantova V, Pirumova
V, Novichkova G, Maschan A, Maschan M. Risk factors for and the clinical
impact of cytomegalovirus and Epstein-Barr virus infections in pediatric
recipients of TCR-a/B- and CD19-depleted grafts. Biol Blood Marrow Transpl.
2017;23:483-490.

Althubaiti S, Ali S, Renzi S, Krueger ], Chiang KY, Schechter T, Punnett A,
Ali M. Lymphocyte subset at time of Epstein-Barr viremia post-allogeneic
hematopoietic stem cell transplantation in children may predict
development of post-transplant lymphoproliferative disease: CD8:CD20
ratio as a sensitive predictor. Pediatr Transpl. 2019;23:e13574.

Enok Bonong PR, Buteau C, Duval M, Lacroix |, Laporte L, Tucci M, Robitaille
N, Spinella PC, Cuvelier GDE, Lewis V, Vercauteren S, Alfieri C, Trottier H. Risk
factors for post-transplant Epstein-Barr virus events in pediatric recipients
of hematopoietic stem cell transplants. Pediatr Transplant. 2021;25:e14052.

Kobayashi S, Sano H, Mochizuki K, Ohara Y, Takahashi N, Ohto H, Kikuta
A. Pre-emptive rituximab for Epstein-Barr virus reactivation after haplo-
hematopoietic stem cell transplantation. Pediatr Int. 2017;59:973-978.

Kim BK, Kang HJ, Hong KT, An HY, Choi JY, Lee S, Park SS, Shin HY.
Successful preemptive therapy with single-dose rituximab for Epstein-Barr
virus infection to prevent post-transplant lymphoproliferative disease
after pediatric hematopoietic stem cell transplantation. Transpl Infect Dis.
2019;21:€13182.

Styczynski J, Einsele H, Gil L, Ljungman P. Outcome of treatment of
Epstein-Barr virus-related post-transplant lymphoproliferative disorder in
hematopoietic stem cell recipients: a comprehensive review of reported
cases. Transpl Infect Dis. 2009;11:383-392.

Cesaro S, Pegoraro A, Tridello G, Calore E, Pillon M, Varotto S, Abate D,
Barzon L, Mengoli C, Carli M, Messina C. A prospective study on modulation
of immunosuppression for Epstein-Barr virus reactivation in pediatric
patients who underwent unrelated hematopoietic stem-cell transplantation.
Transplantation. 2010;89:1533-1540.

Heslop HE, Slobod KS, Pule MA, Hale GA, Rousseau A, Smith CA, Bollard CM,
Liu H, Wu MF, Rochester RJ, Amrolia PJ, Hurwitz JL, Brenner MK, Rooney
CM. Long-term outcome of EBV-specific T-cell infusions to prevent or treat
EBV-related lymphoproliferative disease in transplant recipients. Blood.
2010;115:925-935.

Vickers MA, Wilkie GM, Robinson N, Rivera N, Haque T, Crawford DH, Barry |,
Fraser N, Turner DM, Robertson V, Dyer P, Flanagan P, Newlands HR, Campbell



Turk ) Hematol 2026;43:139-147

Erbey F. et al.: PTLD After HSCT in Children

26.

J, Turner ML. Establishment and operation of a good manufacturing practice-
compliant allogeneic Epstein-Barr virus (EBV)-specific cytotoxic cell bank for
the treatment of EBV-associated lymphoproliferative disease. Br ] Haematol.
2014;167:402-410.

Shah GD, Yahalom |, Correa DD, Lai RK, Raizer |J, Schiff D, LaRocca R, Grant
B, DeAngelis LM, Abrey LE. Combined immunochemotherapy with reduced
whole-brain radiotherapy for newly diagnosed primary CNS lymphoma. |
Clin Oncol. 2007;25:4730-4735.

27.

28.

Gao H, ZhangN, Zhou C, Jin L, Yang |, Huang S, Zhang M, Li N, Wang T, Duan
Y. Intrathecal rituximab in pediatric CD20-positive central nervous system
limited lymphoproliferative disease: report of two cases and literature
review. Ann Hematol. 2025;104:3487-3494.

Gross TG, Orjuela MA, Perkins SL, Park JR, Lynch JC, Cairo MS, Smith LM,
Hayashi R]. Low-dose chemotherapy and rituximab for posttransplant
lymphoproliferative disease (PTLD): a Children’s Oncology Group Report. Am
] Transplant. 2012;12:3069-3075.

147



