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Malignancy after Pediatric Kidney Transplantation: The 
30-Year Experience of a Single Center 

Objectives: We aimed to investigate the incidence, manifestations, and outcomes 
of malignancy after pediatric kidney transplantation (KT) at our center over 30 years.
Methods: We retrospectively reviewed the medical records of 155 patients under 
18 years of age who underwent KT between January 1990 and February 2020 at 
Asan Medical Center.
Results: Twelve patients (7.7%) were diagnosed with a malignancy after KT. Mali-
gnancy was diagnosed after a mean period of 6.4±5.9 years (median 4.6, range 
0.5–20.6 years) after KT. Nine (75.0%) of the 12 cancer patients were diagnosed 
with post-transplant lymphoproliferative disease (PTLD), and the other three had 
papillary thyroid cancer, mucoepidermoid cancer of the hard palate, and T-cell 
acute lymphoblastic leukemia, respectively. PTLD was diagnosed within a mean 
of 3.7±3.4 years (median 3.7, range 0.5–9.8 years) after KT. Five patients diagnosed 
with PTLD were cured without recurrence. Three patients with PTLD died from the 
disease, and one patient with mucoepidermoid cancer from a non-PTLD malig-
nancy died after progression, despite surgical resection and chemotherapy. Three 
(33.3%) of the nine survivors progressed to end-stage renal disease (ESRD) after 
completing cancer treatment. No patient with post-transplant malignancy (PTM) 
experienced critical renal deterioration during cancer treatment. 
Conclusion: PTLD was the most common PTM, occurring at 5.8% of the pediatric 
KT patients after KT in our center. Careful follow up is needed particularly conside-
ring the risk of PTLD after KT in children.
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Introduction

Pediatric kidney transplantation (KT) is the treatment of choice for children 
with end-stage renal disease (ESRD). Annual cases of pediatric KT have stea-
dily increased up to 70 cases per year in South Korea1). The renewed kidney 
allocation system, which has been valid since 2018, prioritizes children 
younger than 19 years on the transplant waitlist for pediatric cadaveric dona-
tions. With the longer life expectancy and graft survival granted by advances 
in immunosuppressant therapy, long-term complications associated with 
significant morbidity and mortality, such as malignancies, are becoming 
more of a concern for pediatric transplantation recipients2). Malignancies 
occurring after KT result from various complex factors, including the immu-
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nological condition of the recipient, immunosuppressive 
treatment, oncogenic viruses, and other possible synergi-
stic effects3). The epidemiological pattern of malignancies 
among pediatric KT recipients is known to differ from that 
among adult KT recipients and the general population. 
While malignant lymphoma and non-melanoma skin can-
cer, thyroid cancer, stomach cancer have been identified as 
common post-transplant malignancies (PTMs) among 
adults, including at our center4,5), post-transplantation lym-
phoproliferative disease (PTLD) and squamous cell carci-
nomas or basal cell carcinomas of the skin are commonly 
reported PTMs among pediatric patients after long-term 
follow-up3,6). PTLD is known to be associated with Epstein- 
Barr virus (EBV) infection, either primary infection or re-
activation due to immunosuppression7). Risk factors for 
PTLD include EBV-naïve recipients with EBV-positive 
donors, younger age at transplantation, more aggressive 
immunosuppression; additionally, PTLDs are most likely 
to arise within the first year after transplantation8,9). To 
evaluate incidence, malignancy types, manifestations, and 
outcomes, we analyzed our single-center experience of 
long-term follow-up of pediatric KT recipients.

Materials and methods 

1. Study design and participants
From January 1990 through February 2020, 155 patients 

younger than 18 years underwent solitary KT at Asan Me-
dical Center Children’s Hospital. Nearly three-quarters 
(n=110, 71%) of the patients received living-donor allografts, 
and the rest of patients underwent cadaveric donor KT. 
We retrospectively reviewed the medical records of these 
155 patients and captured data pertaining to demographic 
characteristics, the occurrence of malignancies and their 
clinical course, means of immunosuppression, and renal 
outcomes. Renal function, reflected by the glomerular fil-
tration rate (GFR), was estimated using the modified Sch-
wartz formula10) for patients with PTMs, before the cancer 
diagnosis and during treatment for the malignancy, and at 
the most recent follow-up.

2. Immunosuppressant protocols
Each pediatric KT recipient received maintenance im-

munosuppression with or without an induction regimen, 
adopted from the KT regimen for adults at our center11). 
During the first decade of the study period (1990s), the 
immunosuppressive regimen consisted of a calcineurin 
inhibitor (CNI), azathioprine (AZT), and a corticosteroid 
without an induction regimen. Since the 2000s, the immu-
nosuppressive regimen changed to include a CNI (tacro-
limus or cyclosporine), mycophenolic acid, and a cortico-
steroid. For patients with immunological risk factors, such 
as highly sensitized individuals or those with previous 
graft loss due to rejection, and those who wish to avoid the 
long-term use of steroids, an induction regimen of rabbit 
antithymocyte globulin (Thymoglobulin; Genzyme, Cam-
bridge, MA, USA) was administered. However, in 2007, 
monoclonal interleukin-2 receptor antibody (basiliximab) 
replaced thymoglobulin as the induction agent and settled 
into the basic regimen for solid organ transplantation, in-
cluding KT, at our center. In summary, for the latter half 
period of the study period, patients were initiated on tacro-
limus (0.05–0.1 mg/kg/day, target level 7–10 ng/mL, re-
duced to 6–8 ng/mL 1–2 weeks after KT), mycophenolate 
mofetil (MMF) (300–450 mg/m2 two times per day), and 
methylprednisolone (15 mg/kg/day [or 500 mg/day for pa-
tients weighing more than 35 kg] intraoperatively, 7.5 mg/
kg/day [or 250 mg/day for patients weighing more than 35 
kg] on post-KT day 2, and 3 mg/kg/day [or 125 mg for 
patients weighing more than 35 kg] on post-KT day 3, and 
then gradually reduced thereafter). Basiliximab was ad-
ministered on the day of KT and post-KT day 4 (two doses 
of 20 mg each for patients weighing more than 35 kg, or two 
doses of 10 mg each for patients weighing less than 35 kg). 
We kept tacrolimus trough levels between 6 and 8 ng/mL 
for the first year, and between 3 and 5 ng/L thereafter. Cy-
closporine trough levels were kept between 150 and 175 
ng/mL for the first 3 months, between 100 and 150 ng/mL 
for the next 9 months, between 75 and 100 ng/mL for the 
next year, and between 50 and 75 ng/mL thereafter7).

3. Statistical analysis
Categorical variables are presented as tallies and percen-

tages. Continuous variables are presented as means±stan-
dard deviations, and medians with ranges. The Kaplan–
Meier method was used to analyze the cumulative inci dence 
free from malignancy. All statistical analyses were perfor-
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med using SPSS Statistics for Windows, version 21.0 (IBM 
Corp., Armonk, NY, USA). 

Results 

A total of 155 patients were included in this study who re-
ceived KT during the study period (Male:Female=95:60). 
The KT recipients had a mean age of 13.2±4.2 years (median 
14.3, range 1.4–18.0 years). The mean follow-up period was 
11.5±8.3 years (median 9.6, range 0.1–28.1 years). In total, 
12 recipients (7.7%) were diagnosed with a malignancy 
after KT (Male:Female=6:6). The mean age at cancer diag-
nosis was 19.4±7.4 years. These patients underwent KT at a 
mean age of 13.0±4.0 (median 12.7, range 4.4–18.0) years. 
The mean interval between KT and malignancy diagnosis 
was 6.4±5.9 (median 4.6, range 0.5–20.6) years. The overall 
cumulative incidence of malignancy was 13.8 %, with a 
cumulative incidence of 7.7% at 10 years post-KT, 10.2% at 
15–20 years post-KT (Fig. 1). Of the 12 patients diagnosed 
with PTMs, three (25%; all with PTLD) were diagnosed 
with their PTMs within the first year post-KT.

Four types of cancer were diagnosed among the 12 PTM 
patients: nine patients with PTLD (75.0%, Male:Female= 
4:5), one patient with T-cell acute lymphocytic leukemia 
(ALL) (8.3 %), one patient with mucoepidermoid cancer of 
the hard palate, and the one patient with papillary thyroid 
cancer. With an overall incidence of 5.8% (9/155), PTLD 
was diagnosed within a mean of 3.7±3.4 years (median 3.7, 
range 0.5–9.8 years) after KT, which was a shorter mean 
interval than other malignancies (mean 14.2, median 11.2, 
range 10.3–20.6 years). Characteristics of the patients with 
PTM are summarized in Table 1, and the clinical course of 
each patient is described in Table 2.

Seven (58.3%) of 12 PTM patients received kidneys from 
cadaveric donors. The incidence of PTM among all cada-
veric KT recipients was 15.6% (7/45). Five PTM patients 
(41.7%) underwent living donor KT. The incidence of PTM 
among living donor KT recipients was 4.5% (5/110) (Table 
1). The immunosuppressant regimens at the time of diag-
nosis are described in Table 1 and Table 2.

Recipient and donor EBV serology data at the time of KT 
are described in Table 1. For the nine patients diagnosed 
with PTLD, primary EBV infection occurred at the time of 

PTLD diagnosis in three patients. Four patients who had 
prior EBV exposure underwent conversion of serum EBV 
DNA titer from negative to positive at the time of diagnosis, 
and the remaining two patients with prior EBV exposure 
had a negative serum EBV DNA titer at the time of diag-
nosis. Three patients with primary EBV infection after KT 
were diagnosed with PTLD within 9 months after KT, 
showing an earlier onset than the other patients with PTLD 
(Table 2).

The first intervention for all PTM patients after their PTM 
diagnosis of was to moderate their immunosuppression 
(discontinue antimetabolite agents [AZT or MMF] and/or 
lower the CNI dosage) or convert their maintenance im-

Table 1. Characteristics of Patients with PTM
Characteristic Value

Sex (Male : Female)  6:6

Age at transplantation (years) 13.0±4.0 (median 
12.7, 4.4–18.0)

Age at malignancy (years) 19.4±7.4 (median 
19.4, 5.0–34.9)

Interval between transplantation to malignancy 
 (years)

6.4±5.9 (median
4.6, 0.5–20.6)

Donor type (Living related : Unrelated : Deceased) 3:2:7

Immunosuppression before diagnosis of PTM

  Induction with IL-2 receptor blocker (basiliximab) 8 (66.7%) 

  Maintenance regimen

    AZA/FK/steroid 4 (33.3%)

    AZA/CyA/steroid 2 (16.7%)

    MMF/FK/steroid 5 (41.7%)*

    FK 1 ( 8.3%)

Malignancy type

  Hematologic 10 (83.3%)

    PTLD 9 

    T-cell ALL 1

  Non-hematologic 2 (16.7%)

    Thyroid cancer 1

    Mucoepidermoid cancer 1

EBV serostatus at KT for PTLD patients (recipient/
 donor) 

9

 EBV VCA IgG  -/+ 3 (33.3%) 

 EBV VCA IgG  +/+ 2 (22.2%) 

 EBV VCA IgG  NA/NA 1 (11.1%) 

 EBV VCA IgG  +/NA 3 (44.4%)  

*One female pt had acute cellular rejection 11 months before diagnosis 
of PTLD, necessitating higher level of immunosuppression before diag-
nosis of PTLD.
Abbreviations: PTM, post-transplant malignancy; AZA, azathioprine; FK, 
tacrolimus; CyA, cyclosporine; MMF, mycophenolate mofetil; PTLD, post-
transplant lymphoproliferative disorder; ALL, acute lymphoblastic lymp-
homa; EBV, Epstein-Barr virus; VCA, viral capsid antigen; NA, not applicable.
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munosuppression medications of CNI to sirolimus. Seven 
patients (six patients with PTLD and one patient with thy-
roid cancer) were changed from tacrolimus to sirolimus. 
The patients diagnosed with PTLD and T-cell ALL all un-
derwent chemotherapy according to the extent of disease 
and pathologic diagnosis. Patient 12, with a mucoepider-
moid tumor, underwent an excision operation followed by 
adjuvant chemotherapy, and Patient 10 with PTC under-
went surgical resection of thyroid cancer with cervical 
lymph node dissection. 

The overall mortality rate among the 12 PTM patients 
was 33.3% (4/12). Among the nine patients diagnosed with 
PTLD, three patients (33.3%) died after disease progression 
(Patient 8) or infection during chemotherapy (Patient 7 and 

Patient 9). Five patients were cured without recurrence, and 
one patient, at the time that this article was composed, was 
still on chemotherapy for residual lesions. Patient 12, with 
mucoepidermoid cancer of the hard palate, also died after 
disease progression despite surgical resection and chemo-
therapy. The patients with thyroid cancer and T-cell ALL 
were all cured without recurrence. All patients who sur-
vived did not show deterioration of renal function during 
PTM treatment. However, during follow-up, four (44.9%) 
of nine PTM survivors had preserved renal function, and 
two patients had deteriorated renal function, with a median 
GFR of 34.5 ml/min/1.73 m2 (range 30–39 ml/min/1.73 
m2). The other three patients progressed to ESRD after a 
median of 33 months (range, 24–70 months) after PTM 

Table 2. Clinical Course of Patients with PTM

Pt Sex
Underlying 

disease

RRT 
prior
to KT

Age 
at KT 

(years)

Donor 
type

Symptoms
Location
of PTM

Dx
IS at the 
time of  

Dx

EBV load
at the

time of Dx

Interval 
between 
KT-PTM

Tx Px

History of 
rejection 

before 
PTM

Renal 
deterioration 

during Tx

Renal 
function 

at last 
Follow-up

1 F Dysplastic 
kidney

PD/
HD

4.4 CDKT Anemia, 
malaise

Liver, kidney, 
Bone marrow, 
Multiple LNs 

PTLD-
DLBCL

MMF, FK, 
Steroid 

103–104/
mL

0.50 CTx 
(Rituximab)

On CTx CAN at 
1yr

None Normal

2 M Bilateral 
dysplastic 

kidney, VUR

PD 10.58 CDKT LOC Brain, lung PTLD-
DLBCL

MMF, FK, 
Steroid

102–103/
mL

2.25 CTx 
(Rituximab)

CR None None Normal

3 M Congenital 
GN, ectopic 

kidney

PD 11.08 CDKT Abdominal 
pain

Small bowel PTLD-
DLBCL

AZT, FK, 
Steroid 

103–104/
mL

8.25 CTx 
(Rituximab)

CR None None CKD Stage 
3

4 F Unknown HD/
PD

15.42 LDKT Arm pain Rt. Proximal 
humerus, Liver, 

Lung 

PTLD-
DLBCL

MMF, FK, 
Steroid 

104–105/
mL

4.08 CTx 
(Rituximab)

CR ATCMR at 
3 years

None CKD stage 
4

5 M Unknown PD 17.42 LDKT Lt neck 
mass

Lt. neck, bone, 
multiple LNs

PTLD-
DLBCL

MMF, FK, 
Steroid 

104 –105/
mL

0.50 CTx CR None None ESRD On 
HD

6 F Unknown PD 18.5 CDKT Lumbar 
pain

Sacral spine, ala PTLD-
DLBCL

MMF, FK, 
Steroid 

103–104/
mL

0.75 CTx 
(Rituximab)

CR None None Normal

7 F RPGN PD 10.83 CDKT Abdominal 
pain

Liver, spleen, 
Retroperitoneal 

LNs

PTLD-
DLBCL

AZT, CsA, 
Steroid

- 3.67 CTx Expire None - -

8 M Alport 
syndrome

PD 10.92 LDKT Anemia Small bowel PTLD-
DLBCL

AZT, FK, 
Steroid 

Negative 9.83 Surgery, CTx Expire None None from 
CKD stage 4

-

9 F Angio-
myolipoma

PD 14.42 CDKT Abdominal 
pain

Mesenteric LN, 
Small bowel

PTLD-
DLBCL

MMF, FK, 
Steroid 

105–106/
mL

5.08 CTx 
(Rituximab)

Expire None - -

10 M Reflux 
nephropathy

- 14.33 LDKT No 
Symptom

Rt. lower lobe of 
Thyroid

PTC MMF, 
CsA, 

Steroid 

- 20.58 Surgery CR None None ESRD on 
HD

11 M VUR HD 10.67 LDKT Abdominal 
pain 

Bone marrow T-ALL FK 103–104/
mL

11.17 CTx CR CAN at 
1yr 

None from 
CKD stage 4

ESRD

12 F MPGN HD/
PD

17.42 CDKT Palpable 
mass

Rt. hard palate Muco-
epidermoid 

cancer

AZT, FK, 
Steroid

Negative 10.33 Surgery, CTx, 
RTx

Expire None - -

Abbreviations: PTM, post-transplantation malignancy; KT, kidney transplantation; Pt, patient; RRT, renal replacement therapy; Dx, diagnosis; IS, immunosup-
pressant; Tx, treatment; Px, prognosis; RPGN, rapidly progressive glomerulonephritis; MPGN, membranoproliferative glomerulonephritis; VUR, vesicoureteral 
reflux; GN, glomerulonephritis; PD, peritoneal dialysis; HD, hemodialysis; CDKT, cadaveric donor kidney transplantation; LDKT, living donor kidney trans-
plantation; LOC, loss of consciousness; LN, lymph node; DLBCL, diffuse large B-cell lymphoma; PTC, papillary thyroid carcinoma; T-ALL, T-cell acute lympho-
blastic leukemia; AZT, azathioprine; CsA, cyclosporine; MMF, mycophenolate mofetil; FK, tacrolimus; CCOR, deflazacalcort; CTx, chemotherapy; RTx, radio-
therapy; ATCMR, acute T-cell mediated rejection; CAN, chronic allograft nephropathy; CKD, chronic kidney disease; ESRD, end-stage renal disease.
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remission. At the time of composition of this article, two 
patients diagnosed with PTLD and thyroid cancer were 
on renal replacement therapy, and the patient with T-cell 
ALL had progressed to ESRD and were being considered 
for renal replacement therapy.

Discussion

PTMs have a significant impact on the morbidity and 
mortality of pediatric KT recipients. In this study, we eva-
luated the incidence of PTM over long-term follow-up and 
assessed the clinical course and factors associated with PTM 
development.

The overall incidence of PTM and overall incidence of 
PTLD in this cohort are comparable with previous studies, 
which have reported incidences ranging from 7.3–15.4% 
for all types of PTM associated with pediatric KT; however, 
the PTLD incidence at our center was higher than the over-
all incidence estimates of 2.2–5.3% reported elsewhere3,6,12). 
About half of the PTM cases occurred within 10 years after 
KT when analyzed according to the time to diagnosis (Fig. 
1), and this trend was in line with a previous study by Kou-
kourginanni et al., who reported findings from 20 years of 
follow-up in France, including a cumulative incidence of 
6.9% at 10 years and 10.2% at 15 years3). However, Serrano 
et al. reported a higher incidence over a longer follow-up 
interval, showing cumulative PTM incidence values after 

pediatric KT in Minnesota of 4% at 10 years, 13% at 20 
years, 26% at 30 years, and 36% at 40 years, which might 
be explained by the longer follow-up duration, which al-
lowed them to detect and include the cases of adult-type 
epithelium-derived cancers6). These studies suggest that 
surveillance for PTMs associated with pediatric KT, such 
as PTLD, should be emphasized, especially during the first 
10 years post-KT, and adult-type cancers should be in-
cluded within the differential diagnosis thereafter. 

We found sexual difference in terms of incidence of PTM 
in this study. While more male patients received KT (Male: 
Female=95:60), incidence of PTM was higher in female (10 
%, 6/60) than in male (6%, 6/95) which was accentuated in 
the incidence of PTLD (female 8%, male 4%). This higher 
incidence of PTM including PTLD in female was also no-
ticed in the recent Korean study13), although the sex was not 
evaluated as a factor for risk of PTLD or donor type was 
stratified according to recipient sex in the study. Compared 
with previous studies showing higher incidence of PTM in 
male3), our results might be attributable to the higher rate 
of cadaveric donors in female PTM patients, or multifacto-
rial effects including EBV serostatus, presence of acute re-
jection and possible sexual hormonal effects requiring 
elucidation .  

The most frequently diagnosed PTM in our study was 
PTLD, which developed within a mean of 4.3±3.3 years 
after KT at our center. PTMs other than PTLD were all 
diagnosed more than 10 years after KT. Patients with PTLD 
in our study underwent KT at younger age (mean 12.1 
years, median 11 years)  than the overall mean age of KT 
(13.2 years, median 14 years). The increased PTLD risk as-
sociated with a younger age at KT is mainly attributable to 
the frequent EBV seronegativity at the time of KT, and the 
predisposition to primary EBV and CMV infections in the 
early period after KT9,14). One-third of the PTLD patients 
in our study were EBV-naïve before KT and had primary 
EBV infection at the time of PTLD diagnosis; all nine of the 
PTLD patients were diagnosed within 9 months after KT. 
It is obvious from these findings that young age and EBV-
naïve status are necessary but not always sufficient for PTLD 
development. However, primary-EBV-associated PTLD 
had a more rapid onset within the first year after KT than 
other cases, emphasizing the importance of surveillance 
of early PTLD, especially for EBV-naïve KT recipients. This 

Fig. 1.Cumulative incidence free from malignancy for 155 pediatric 
kidney transplant recipients.
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was also stressed by Schober et al. presenting the distinct 
characteristics of early and late PTLD after transplantation: 
early PTLD within 3 years of transplantation is mainly an 
EBV-driven, extra-nodal disease caused by insufficient 
immunosurveillance, unlike late-onset disease15). Never-
theless, the fact that all histological diagnoses from our 
patients were consistent with diffuse-large B-cell lymphoma 
with extra-nodal involvement (liver, spleen, brain, small 
bowel, bone, lung), implies that EBV plays a role in the de-
velopment of PTLD by infecting and inducing malignant 
transformation of B-cells4,13,16).

Accumulating evidence suggests that it is not the choice 
of regimen but the intensity, especially the degree of T-cell 
immunosuppression, that is associated with the risk of 
PTLD9,17). This is associated with the impairment of EBV-
specific T-cell-mediated immunity, which disrupts cyto-
toxic T-cells to check the EBV-infected B-cells and promote 
the development of PTLD. The magnitude of immunosup-
pression of patients with PTLD could not be objectively 
confirmed and compared in this study, but the tacrolimus 
drug level (and the cyclosporine level in one patient) was 
almost within the target range according to the time after 
KT, except for one patient who showed acute T-cell-medi-
ated rejection with antibody-mediated rejection 11 months 
before the diagnosis of PTLD and was on a stronger im-
munosuppression regimen. Therefore, we could not fully 
verify the association between PTLD and the level of im-
munosuppression in this study. Other factors proposed to 
be associated with the development of PTLD, including 
complete HLA-DR mismatch, certain types recipient HLA, 
and host genetic variations, were not analyzed in this study 
and are yet to be further investigated in larger prospective 
studies12,18-20).

PTM treatment among our patients was adherent to the 
existing recommendations8). Patients all discontinued ma-
intenance antimetabolite agents (AZT or MMF), and CNI 
doses were reduced. Additional chemotherapy was applied 
for all PTLD patients, including rituximab with CHOP 
(cyclophosphamide, doxorubicin, vincristine, prednisone) 
as the fundamental regimen9). Four of the six PTLD sur-
vivors, and all three patients with non-PTLD PTM changed 
from CNI to sirolimus while maintaining steroid therapy. 
Sirolimus, as a mammalian target of rapamycin (mTOR) 
inhibitor, has both immunosuppressive and antiprolifera-

tive effects, and has been shown to inhibit tumor growth 
and progression9). Pascual et al. reported the remission of 
19 patients with post-KT PTLD with the addition of pro-
liferation signal inhibitors and minimizing CNIs, with or 
without concurrent chemotherapy21). Among seven patients 
who used sirolimus after the diagnosis of PTM at our cen-
ter, six patients were cured without recurrence, but Patient 
8 experienced recurrence with progression. Although 
adverse events such as poor wound healing, oral ulceration, 
and proteinuria have been  reported with sirolimus,  no 
severe adverse events were reported among our patients, 
supporting the utility of mTOR inhibitors for PTM inclu-
ding PTLD.

The PTM-associated mortality rate was highest in asso-
ciation with PTLD than other malignancies in our study, 
and higher compared with previously reported mortality 
rates. Not only uncontrolled PTLD without complete re-
mission despite immunosuppression reduction with con-
current chemotherapy, but complications, such as neutro-
penia and infection during chemotherapy, also contributed 
to mortality in our study. This was unlike the finding, re-
ported by Jeong et al., of a 100% remission rate among PTLD 
patients for whom mortality was only associated with com-
plications of infection, or the report, by McDonald et al., of 
100% remission from a multicenter study with a mortality 
rate of 5.2% due to PTLD recurrence in one patient12,22). The 
impact of PTM on allograft preservation is still debated. 
Serrano et al. reported an increased hazard ratio of both 
death and allograft loss among PTM patients compared 
with patients without PTM, while Francis et al. reported 
that PTM development was only associated with mortality, 
not allograft loss6,23). Among our surviving PTM patients, 
allograft function was preserved during PTM treatment, 
even if the malignancy involved the allograft in one patient 
(Patient 1, Table 2.). Although one patient with PTLD, and 
two patients with other PTMs eventually progressed to 
ESRD (3.25, 16.1, and 21.1 years after KT respectively) due 
to rejection or chronic allograft nephropathy, no allograft 
loss occurred during PTM treatment in our study.

 Although the significance of this study comes from the 
long-term follow up evaluation at a single center, there were 
some limitations to consider. First, the retrospective obser-
vational nature of the study and the small sample size limits 
the generalizability of the results. Regarding the EBV sero-
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logy, the timing of laboratory tests and the method of EBV 
load analysis might have changed over the course of the 
period under study, and this would have affected the detec-
tion of EBV, therefore preventing like-for-like comparisons 
for the entirety of the study period.

Conclusion 

Among the pediatric PTMs detected in this cohort du-
ring the study period, PTLD was the most common mali-
gnancy, occurring in 5.6% of patients within a mean of 4.3± 
3.3 years after KT at our center. Careful surveillance is ne-
cessary, including monitoring for new-onset symptoms, 
physical examination, and regular follow-up for monito-
ring EBV serologic status, especially considering the risk 
of PTLD after KT in children. Although deterioration of 
allograft function was rare during PTM treatment, early 
diagnosis and intervention are crucial determinants of 
favorable survival outcomes.
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