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Pediatric Transplantation

Cancer After Pediatric Kidney Transplantation:
A Long-term Single-center Experience in Japan

Tomoo Yabuuchi, MD,! Kenichiro Miura, MD, PhD,! Satoru Shimizu, PhD,? Naoto Kaneko, MD,’
Kiyonobu Ishizuka, MD," Shoichiro Kanda, MD, PhD,? Hiroko Chikamoto, MD, PhD,! Yuko Akioka, MD, PhD, "4
Mikiya Fujieda, MD, PhD,® and Motoshi Hattori, MD, PhD'

Background. The cancer incidence, types, and risk factors after pediatric kidney transplantation (KT) have been
reported in the United States, Canada, Europe, Australia, and New Zealand. However, no information is available about
cancer in pediatric KT recipients in Asian countries. Methods. Children aged <20 y who underwent initial KT from 1983
10 2016 were analyzed. We compared the cancer incidence with that in the general Japanese population using standardized
incidence ratio and examined posttransplant cancer risk using Cox proportional hazards models. Results. A total of 356
children (median age, 11.7 y; interquartile range, 5.0-17.6) received KT with a follow-up period of 4466 person-years. The
median age of cancer onset was 18.5 y (interquartile range, 8.0-32.3), and 13 cancers occurred in 12 patients (3.4%). Two
patients died from cancer. The most common cancers were posttransplant lymphoproliferative disorders (PTLDs) (38.5%).
The median time to PTLD and non-PTLD diagnosis after KT was 0.6 and 16.4 vy, respectively. There was no occurrence of
skin cancer. The posttransplant cancer incidence was 9.9 times higher than that in the general age-matched population
(standardized incidence ratio = 9.9; 95% confidence interval, 4.80-18.39). The cumulative cancer incidence was 5.3% in
20 y after KT, which is lower than that reported in previous studies. We could not identify any risk factors for all cancer after
KT in all patients, whereas subgroup analysis in 264 patients with available data of recipient Epstein-Barr virus serological
status showed that recipient Epstein-Barr virus-negative serology was an independent risk factor for cancer development.
Conclusions. The incidence of cancer is higher in Japanese pediatric KT recipients than in the general population. The
cumulative incidence of cancer after KT was lower in our population than that previously reported. This may be because
there was no skin cancer observed in the Japanese pediatric KT recipients in our studly.

(Transplantation Direct 2021;7: e687; doi: 10.1097/TXD.0000000000001137. Published online 22 March, 2021.)

greater understanding of pediatric-specific pharmacokinet-

Kidney transplantation (KT) is an optimal treatment in  ics, and use of evidence-based medication protocols, kid-

children, with significant benefits of improving life prog-
nosis and quality and improving physical and psychomo-
tor development.! In recent years, with enhanced surgical
techniques, more potent immunosuppressive medications,

ney allograft survival has significantly improved.? Patients
can live for more than several decades after pediatric KT,
so it is important to understand the effects that may influ-
ence long-term prognosis after pediatric KT.
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Cancer is an important complication after KT in both
adults and children.>* Some reports describing the incidence
and types of cancer and risk factors for cancer after pediat-
ric KT have been published from the United States, Canada,
Europe, Australia, and New Zealand.*!* However, to date,
cancer after KT has not been studied in Asian children.

The aim of this study was to examine the incidence and the
types of cancer and risk factors for cancer after pediatric KT
at a single center in Japan.

MATERIALS AND METHODS

Patients

The study included children under 20 y of age who
received their first KT at the Department of Pediatric
Nephrology, Tokyo Women’s Medical University during
34 y from January 1983 to December 2016. After obtain-
ing approval from our ethics committee (Tokyo Women’s
Medical University Ethical Review Board approval number,
3693), the medical records were reviewed retrospectively.
This study was conducted in accordance with the principles
of the Declarations of Helsinki and Istanbul. The require-
ment for written informed consent was waived because of
the retrospective nature of the study.

Data Collection

The covariates analyzed were recipient characteristics
(age, sex, race, cause of end-stage kidney disease [ESKD],
pretransplant immunosuppressant use, pretransplant dialysis
period, cytomegalovirus [CMV] serological status, Epstein-
Barr virus [EBV] serological status, cancer onset date, and
cancer type), donor characteristics (age and donor type [liv-
ing or deceased]), transplant characteristics (transplant vy,
preemptive KT, ABO blood type compatibility, HLA mis-
match, induction agents, baseline immunosuppressants, and
the use of rituximab), and transplant outcomes (graft loss
and death). Graft loss was defined as the return to dialysis or
retransplant, excluding death with a functioning graft. The
patients were censored at the date of death, date of last con-
tact, or December 31, 2016, whichever came first, irrespec-
tive of occurrence of graft loss.

Cancer

Cancer was included in the analysis if it was diagnosed
after transplantation, and benign tumors and carcinoma in
situ were excluded, as previously reported.”'® We extracted
information directly from the medical record. The recipi-
ents in our hospital were closely followed up and regularly
asked to provide an updated medical and psychosocial his-
tory, including development of new comorbidities and cancers
including skin cancer. Pretransplant cancers were also identi-
fied using the medical record.

Immunosuppression Protocols

Our immunosuppressive protocols have been described
previously.!''8 In brief, immunosuppressive protocols were
stratified according to 2 different time periods at our insti-
tution. Between 1983 and 2001, a protocol using methyl-
prednisolone, azathioprine or mizoribine, and cyclosporine
or tacrolimus was used.!'? Cyclosporine was used from
1983, and tacrolimus was used from 1997. From 2002,
mycophenolate mofetil (MMF) and basiliximab were
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introduced. At our institution, a protocol using basilixi-
mab, cyclosporine or tacrolimus, MMF, and methylpred-
nisolone was used.!?

ABO-incompatible KT has been performed since 1989.
Cyclosporine or tacrolimus, azathioprine, methylpredniso-
lone, antilymphocyte globulin, deoxyspergualin, and local
graft irradiation were used as standard immunosuppres-
sive agents between 1989 and 2001 at our institution.'®!
Prophylactic deoxyspergualin (5 mg/kg body weight per
d) was administered intravenously during the first 5 d of
the cyclosporine regimen, but not with the tacrolimus regi-
men for fear of over immunosuppression.'’ Antilymphocyte
globulin (500 mg/m?/d) was administered for 2 wk."> All
patients underwent preoperative plasmapheresis (PP) or
immunoadsorption to reduce anti-blood type antibody
titers to <1:16." A splenectomy was performed at the time
of transplantation until 2005.' For preconditioning thera-
pies for ABO-incompatible KT recipients, use of calcineu-
rin inhibitors, MME, and methylprednisolone was initiated
1-2 wk before transplantation.'® PP was performed 7-10 d
before transplantation to reduce the titers to <1:8-1:16.
We have used rituximab as a substitute for splenectomy in
ABO-incompatible KT since 2005.'9 One dose of rituxi-
mab (150-375mg/m?) is administered 2-3 wk before
transplantation.'®

In patients with focal segmental glomerulosclerosis, we
introduced prophylactic PP in 1991."7 In the period from
1991 to 2007, patients who underwent living-related donor
transplantation received 2-3 sessions of prophylactic PP in
the 7 d before transplantation.!” Since 2008, a single dose of
rituximab (375 mg/m?, max 500 mg) along with immunosup-
pression of methylprednisolone (1 mg/kg/d, max 20 mg), tac-
rolimus (target trough level: 8-12 ng/mL), and MMF (600 mg/
m?/d) were started 14-21 d before living-related donor trans-
plantation.'® Four sessions of PP were also performed on pre-
transplantation days =12, -10, -7, and -5.'8

EBV and CMV Serology

Recipient CMV serology testing was performed for all cases
in the study period, and EBV serology testing was performed
for all cases since 2000. CMV IgG antibody was measured by
fluorescent antibody or enzyme immunoassay methods. For
EBV, virus capsid antigen or EBV nuclear antigen antibodies
were measured by fluorescent antibody or enzyme immunoas-
say methods.”

EBV Monitoring

Since 2006, the EBV monitoring protocol consisted of
monthly measurements of EBV viral load and antibody
in peripheral blood during the first 3 mo after grafting,
and every 1-3 mo thereafter.?® Additional samples were
obtained if necessary. EBV viral load was quantified in
peripheral blood mononuclear cells. The immunosuppres-
sive therapy was stopped or reduced following the modi-
fied guidelines of the Southwest Oncology Group and the
Eastern Cooperative Oncology Group for cases with post-
transplant lymphoproliferative disorder (PTLD).?! MMF
was discontinued when EBV loads of >1000 copies/pg
DNA persisted for over 6 mo, and tacrolimus and cyclo-
sporine were further reduced or stopped when the EBV load
increased to >10 000 copies/pg DNA even in the absence of
EBV-associated symptoms.?°
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CMV Monitoring

No patients had antiviral prophylaxis, but regular tests for
CMYV antigenemia were performed. If CMV antigenemia or
CMV infection appeared, ganciclovir was administered until
the test for CMV antigenemia was negative.?’

Cancer Prevention Measures in KT of Wilms’ Tumor
1-related Syndrome Cases

Since 2000, bilateral native nephrectomy was performed
before or at the same time as KT in patients with Wilms’
tumor 1-related syndrome.?> Because of the high risk of
gonadal tumor, gonadectomy was performed as needed for
patients with Frasier syndrome.?

Statistical Analysis

Results are expressed as frequencies (percentages) or the
median (interquartile range [IQR]). Person-years for the
observed were counted from the time of transplantation to the
time of death, loss to follow-up, or end of study (December
31, 2016), whichever came first. For cancer patients, the
follow-up period is from the time of transplantation to the
first cancer diagnosis, and for cancer-free cases, the follow-up
period is from the time of transplantation to death, follow-up
interruption, or the end of the study. Survival analyses were
estimated using the Kaplan-Meier method. Standardized inci-
dence ratio (SIR) was calculated as the number of observed
cancer cases among KT recipients divided by the expected
number of cancer cases. The expected number of cancer cases
was obtained from the product of national age-specific, sex-
specific incidence rates obtained from the Japan National
Cancer Registry** and the number of person-years at risk.
The SIR 95% confidence intervals (CIs) were calculated by
assuming that the observed cancers follow a Poisson distribu-
tion. Univariable and multivariable Cox proportional hazard
models assessed the risk factors for cancer development after
transplantation. EBV status was excluded from the covari-
ates because it was limited to 264 cases. Also, rituximab was
excluded because no patients administered rituximab devel-
oped cancers. Variables that had an association with cancer
incidence at P<0.2 in the unadjusted analyses were included
in the multivariable-adjusted analyses. Additionally, a sub-
group analysis was performed in 264 patients with available
data of recipient EBV serological status. Donor age, ABO
compatibility, antilymphoblast globulin, and baseline immu-
nosuppression were excluded from the analysis because there
were no occurrences of cancer in subgroups stratified by these
covariates. The transplant eras 1983-1996 and 1997-2006
were combined, because there were only 2 patients with avail-
able data of recipient EBV serological status in the 1983-1996
group. Statistical analysis using JMP Pro 14.0 (SAS Institute,
Cary, NC) and R version 3.4.2 (R Foundation for Statistical
Computing) was performed for all statistical analyses. P<0.05
was considered statistically significant.

RESULTS

Cohort Description

A total of 356 children underwent their first KT between
1983 and 2016. These patients visited our hospital from all
over the country, mainly the Tokyo area. The median follow-
up period from transplantation was 11.7 y (IQR, 5.0-17.6)
and the total observation period was 4466 person-years. There
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were 112 patients who were lost to follow-up. Of these, 79 had
functioning graft and 33 had returned to dialysis at their last
follow-up. Table 1 shows the patient characteristics. The median
age at transplantation was 12.0 y (IQR, 8.1-15.6). All patients
but 1 were Japanese. Congenital anomalies of the kidney and
urinary tract (CAKUT) were the most common primary disease,
accounting for 152 (42.7%) cases. Pretransplant immunosup-
pression for nephritis or nephrotic syndrome was used in 95
(26.7%) patients. Sixty-nine of 264 (26.1%) patients evaluated

Characteristics of pediatric kidney transplant recipients

Variable n (%)
Recipient characteristics
Age at transplantation (y) 0-4 8.7)
59 7 (27.2)
10-14 121 (34.0)
15-19 107 (30.1)
Sex Male 214 (60.1)
Race Japanese 355 (99.7)
Cause of ESKD CAKUT 152 (42.7)
FSGS 9 (16.6)
Glomerulonephritis 66 (18.5)
Other/unknown 79 (22.2)
Pretransplant immunosuppres- 5 (26.7)
sion for nephritis or NS
EBV-negative serology? 69 (26.1)
CMV-negative serology 166 (46.6)
Duration of dialysis before KT (y) 0-3 246 (69.1)
4-12 110(30.9)
PEKT 62 (17.4)
Donor characteristics
Donor type Living donor 299 (84.0)
Donor age® >42y 177 (50.0)
Transplant characteristics
Transplant era 1983-1996 96 (27.0)
1997-2006 132 (37.1)
2007-2016 128 (36.0)
ABO type Compatible 328 92.1)
Incompatible 28 (7.9)
HLA mismatch® 0-2 98 (27.8)
3-6 254 (72.2)
Induction agent Basiliximab 193 (54.2)
Antilymphocyte globulin 9(2.5)
Baseline immunosuppression  Tacrolimus/MMF/methylprednisolone 138 (38.8)
Cyclosporin/MMF/methylprednisolone 66 (18.5)
Tacrolimus/AZA/methylprednisolone 14 (3.9)
Cyclosporin/AZA/methylprednisolone 49 (13.8)
Tacrolimus/MZ/methylprednisolone 37 (10.4)
Cyclosporin/MZ/methylprednisolone 43 (12.1)
Other regimen 9(2.5)
Use of rituximab 34(9.6)
Transplant outcomes
Graft loss 97 (27.2)
Death 12 (3.4)
“Missing data for 92.
"Missing data for 2.
“Missing data for 4.

AZA, azathioprine; CAKUT, congenital anomalies of the kidney and urinary tract; CMV, cytomeg-
alovirus; EBV, Epstein-Barr virus; ESKD, end-stage kidney disease; FSGS, focal segmental glo-
merulosclerosis; KT, kidney transplantation; MMF, mycophenolate mofetil; MZ, mizoribine; NS,
nephrotic syndrome; PEKT, preemptive kidney transplantation.
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were seronegative for EBV, and 166 of all 356 (46.6%) patients
were seronegative for CMV. The median duration of dialysis
was 1.8 y (IQR, 0.5-3.5). Preemptive KT was performed in 62
cases (17.4%). Living KT was performed in 299 cases (84.0%).
ABO-incompatible transplantation was performed in 28
patients (7.9%). The median number of HLA mismatches was
3 (IQR, 2-3). There were 97 graft losses (27.2%) and 12 deaths
(3.4%) during the observation period. Two of the patients died
from cancer with functioning grafts.

Incidence and Types of Cancer

Table 2 shows the types of cancers in the KT recipients.
The median age at diagnosis for all cancers was 18.5 y (IQR,
8.0-32.3), and the time to cancer diagnosis after transplanta-
tion was 8.7 y (IQR, 0.8-18.5). The age at diagnosis of PTLD
was 11.5 y (IQR, 6.2-22.4), and the time to PTLD diagno-
sis after transplantation was 0.6 y (IQR, 0.4-6.6). The age at
diagnosis of non-PTLD cancers was 31.7 y (IQR, 17.0-38.6),
and the time to cancer diagnosis after transplantation was
16.4 y (IQR, 5.4-27.2) (Table 2). EBV-associated PTLD did
not occur in patients who underwent KT after 2006. There
was no occurrence of Wilms’ tumor in 7 patients with Wilms’
tumor 1-related syndrome who underwent KT after 2000. A
total of 13 cancers developed in 12 patients (3.4%). The most
common cancer was PTLD (n=35, 38.5%). Among patients
with PTLD, 4 cases were EBV-associated PTLD and 1 case
was non-EBV-associated PTLD. Renal cell carcinoma and lung
cancer were documented in 2 patients each (15.4%). Brain
tumor, breast cancer, thyroid cancer, and Wilms’ tumor were
documented in 1 patient each (7.7%) (Table 2). There was no
recurrence of cancer in 4 patients with pretransplant cancer.
There was no second de novo malignancy. The cumulative
incidence of all cancers was 1.5%, 1.9%, 5.3%, and 14.7%
for 5,10, 20, and 30 vy, respectively (Figure 1). The cumulative
incidence of PTLD was 0.6%, 0.9%, 1.2%, and 1.2% for 6,
12, 18, and 24 mo, respectively. In contrast, the cumulative
incidence of non-PTLD cancers was 0.3%, 0.7%, 3.6%, and
13.1% for 5, 10, 20, and 30 y, respectively (Figure 1).

Outcomes of Patients Who Underwent
EBV Polymerase Chain Reaction Monitoring

There were 69 recipients with EBV-negative serology in our
study, of which 40 were transplanted after 2007. Of these,
25 patients underwent EBV polymerase chain reaction (PCR)

Characteristics of cancers after kidney transplantation

Median (IQR)

Interval between

Age at transplant and
Cancer ] diagnosis (y) diagnosis (y)
All cancer 13 18.5 (8.0-32.3) 8.7 (0.8-18.5)
PTLD 5 11.5 (6.2-22.4) 0.6 (0.4-6.6)
Other 8 31.7 (17.0-38.6) 16.4 (5.4-27.2)
Renal cell carcinoma 2 20.1-45.5 5.4-27.2
Lung cancer 2 31.7-45.5 19.2-27.2
Brain tumor 1 17 14.5
Breast cancer 1 38.6 29.2
Thyroid cancer 1 32.5 16.4
Wilms’ tumor 1 3.8 1.2

IQR, interquartile range; PTLD, posttransplant lymphoproliferative disease.
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monitoring at our center. The remaining 15 patients were
transferred to other hospitals within 3 mo after transplan-
tation, and long-term results of EBV PCR monitoring were
not available. Of the 25 patients who were followed up at
our center, 15 became EBV PCR positive during follow-up.
Of these, 4 cases had EBV DNA of >1000 copies/ngDNA in
whole blood persisting for >6 mo, which required reduction
of CNI or discontinuation of MMF. No patients were given
mammalian target of rapamycin inhibitor. There were no
occurrences of rejection and graft loss except for 1 patient,
who had T cell-mediated rejection and graft loss due to non-
adherence (Table S1, SDC, http://links.lww.com/TXD/A318).

Standardized Incidence Ratio

After a median follow-up time of 11.7 y, 13 incident cancers
were observed in the transplanted population compared with
the expected number of 1.3 (SIR = 9.93; 95% CI, 4.80-18.39).

Risk Factors for Cancer After KT

Risk factors for cancer after KT were examined using Cox
regression. Table 3 shows the results of univariate analysis of
cancer development after KT. The results of univariate analy-
sis show that patients with EBV-negative serology were at a
higher risk of developing cancer (hazard ratio, 8.48; 95% ClI,
1.82-59.40). Variables with P<0.2 (age at transplantation,
cause of ESKD, and CMYV serological status) were included
in the multivariate analysis. EBV serological status was not
included in the multivariate analysis because the data were
limited to 264 patients. No independent risk factors for can-
cer development were identified, likely because of the small
number of events (Table 4). Additionally, a subgroup analysis
was performed in 264 patients with available data of recipient
EBV serological status. Of these, 8 developed cancer (PTLD in
5 patients and renal cell carcinoma, breast cancer, and Wilms’
tumor in each 1 patient). Table S2 (SDC, http://links.lww.com/
TXD/A318) shows the results of univariate analysis of cancer

0.3
—— All cancer
—— PTLD
el ——— Non-PTLD cancers
c
5 0.2
5]
=
()
r —
4
o
>
g 0.1
5
@]

0==£:i7———
O 5 10 15 20 25 30 35

years from transplantation (years)

At risk 356 263 201 129 68 40 12
All cancers 0 5 6 8 10 10 12

FIGURE 1. Cumulative incidence of cancer in kidney transplant
recipients. The cumulative incidence of cancer was 1.5%, 1.9%,
5.3%, and 14.7% for 5, 10, 20, and 30y, respectively. The cumulative
incidence of PTLDs was 0.6%, 0.9%, 1.2%, and 1.2% for 6, 12,
18, and 24 mo, respectively, and did not increase thereafter. The
cumulative incidence of other cancers was 0.3%, 0.7%, 3.6%, and
13.1% for 5, 10, 20, and 30 vy, respectively. PTLD, posttransplant
lymphoproliferative disorder.
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| TABLE 3.
Risk factors for cancer in pediatric kidney transplant recipients (univariate analysis)
Variable HR (95% Cl) P
Recipient characteristics
Age at transplantation (y) 0-4 Reference
59 0.29 (0.04-1.73) 0.166
10-14 0.28 (0.05-1.50) 0.128
15-19 0.53(0.12-2.71) 0.417
Sex Male Reference
Female 0.92 (0.29-2.93) 0.893
Cause of ESKD CAKUT Reference
FSGS 2.98 (0.55-16.32) 0.195
Glomerulonephritis 1.98 (0.42-10.36) 0.379
Other/unknown 1.19(0.16-7.2) 0.852
Pretransplant immunosuppression for nephritis or NS 1.06 (0.23-3.56) 0.935
EBV status (n=264) Recipient seropositive Reference
Recipient seronegative 8.48 (1.82-59.40) 0.0065
CMV status Recipient seropositive Reference
Recipient seronegative 2.30(0.72-8.62) 0.162
Duration of dialysis before KT (y) 0-2 Reference
3-12 0.76 (0.17-2.55) 0.672
PEKT 0.63 (0.03-3.35) 0.646
Donor characteristics
Living donor 0.88 (0.23-5.74) 0.870
Donor age (y) (n=2354) 0-49 Reference
50-75 0.70(0.04-3.79) 0.727
Transplant characteristics
Transplant era 1983-1996 Reference
1997-2006 1.57 (0.38-7.26) 0.536
2007-2016 0.58 (0.03-5.20) 0.645
ABO compatibility Compatible Reference
Incompatible 1.35(0.07-7.20) 0.785
HLA mismatch (n=352) 0-2 Reference
3-6 0.71(0.22-2.67) 0.584
Induction agent Basiliximab 1.64 (0.34-8.82) 0.532
Antilymphoblast globulin 2.60 (0.14-14.19) 0.427
Baseline immunosuppression? (n = 347) Tacrolimus/MMF/methylprednisolone Reference
Cyclosporin/MMF/methylprednisolone 2.22 (0.31-15.84) 0.431
Tacrolimus/AZA/methylprednisolone 1.75(0.14-22.25) 0.677
Cyclosporin/AZA/methylprednisolone 0.98 (0.12-8.23) 0.983
Tacrolimus/MZ/methylprednisolone 1.92 (0.25-14.94) 0.536
Cyclosporin/MZ/methylprednisolone 0.33 (0.02-4.85) 0.402
Functioning transplant 1.95 (0.55-8.01) 0.306

“Patients who were treated with the regimen consisting of methylprednisolone and cyclosporin or tacrolimus were excluded.
AZA, azathioprine; CAKUT, congenital anomalies of the kidney and urinary tract; Cl, confidence interval; CMV, cytomegalovirus; EBV, Epstein-Barr virus; ESKD, end-stage kidney disease; FSGS, focal
segmental glomerulosclerosis; HR, hazard ratio; KT, kidney transplantation; MMF, mycophenolate mofetil; MZ, mizoribine; NS, nephrotic syndrome; PEKT, preemptive kidney transplantation.

development after KT in these patients. Variables that had an
association with cancer incidence at P<0.1 in the unadjusted
analyses (EBV serological status and cause of ESKD) were
included in the multivariable-adjusted analyses. As a result,
recipient EBV-negative serology was identified as an inde-
pendent risk factor for cancer development (Table S3, SDC,
http://links.lww.com/TXD/A318).

DISCUSSION

We examined cancer incidence after pediatric KT in a sin-
gle-center cohort in Japan. Our patients were from all over
the country, mainly the Tokyo area. According to the report
of pediatric KT recipients in Japan, 2410 pediatric KTs were
performed between 1983 and 2014, and CAKUT was the

most common cause of ESKD (29.7%), followed by glomeru-
lonephritis (16.3%) and FSGS (10.5%).> During the same
period, 325 cases were transplanted at our institution, which
accounted for 13.5% of all pediatric KT in Japan, and the
cause of ESKD was similar. Twelve patients (3.4%) developed
cancer during the median posttransplant follow-up period of
11.7 y. Pediatric KT patients were 9.9 times more likely to
develop cancer than was the general population (SIR = 9.9;
95% CI, 4.80-18.39). This is not much different from previ-
ous reports indicating that the SIR for the development of
nonskin cancers after childhood KT was 4.7-8.2.5°

In this study, there was no incidence of skin cancer. This
finding differs from reports from the United States, Europe,
Australia, and New Zealand, all of which described skin
cancer as the most common cancer after childhood KT.5'
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Risk factors for cancer in pediatric kidney transplant
recipients (multivariable analysis)

Variable HR (95% Cl) P
Age at transplantation (y) 0-4 Reference
5-9 0.30 (0.04-2.09) 0.221
10-14 0.30 (0.05-1.77)  0.175
15-19 0.52 (0.11-2.81) 0.427
Cause of ESKD CAKUT Reference
FSGS 3.01 (0.55-16.89) 0.188
Glomerulonephritis 1.54 (0.29-8.60) 0.604
Other/unknown 0.95(0.12-5.98) 0.955
CMV status Recipient seropositive Reference
Recipient seronegative  2.01 (0.61-7.72)  0.256

CAKUT, congenital anomalies of the kidney and urinary tract; Cl, confidence interval; CMV, cyto-
megalovirus; ESKD, end-stage kidney disease; FSGS, focal segmental glomerulosclerosis; HR,
hazard ratio.

In addition to the use of immunosuppressants, UV exposure
and human papillomavirus infection are related to skin can-
cer development.?®*” The risk factors for skin cancer are low
latitude, being Caucasian, and being of an increased age at
the time of transplantation.” Most of the patients analyzed in
the previous reports were Caucasian.®'? Studies in adults have
shown that skin cancer is the most common cancer after KT
in the United States, Europe, Australia, and New Zealand?$-%%;
gastric and kidney cancers are common in Japan®'; non-Hodg-
kin lymphoma is the most common cancer in Hong Kong¥;
and kidney and bladder cancer are the most common can-
cers in Taiwan.?® It has been reported that colored races have
a higher sun protection factor than Caucasians. Therefore,
exposure to UV radiation may play a lesser role in heighten-
ing the risk for skin cancer in Asian.>* These findings suggest
that site-specific cancers after KT may differ greatly between
Caucasian and Asian children just as they do in adults.

The cumulative cancer incidence after pediatric KT in this
study was lower than that in previous reports, which detailed
incidences of post-KT cancer of 3%-7% at 10 y, 7%-10%
at 15y, 13% at 20 y, and 23%-27% at 25 y.>%° The inci-
dence of cancer in general pediatric population in East
Asia has been reported to be lower than that in the North
America, Europe, and Oceania,* which explains the reason
for the low absolute risk of cancer in our study, despite com-
parable SIR to other studies. In previous reports, there were
many skin cancer cases including nonmelanoma skin cancer
and melanoma. The age-adjusted prevalence of melanoma is
33.6,33.3,and 15.0 per 100000 in Australia, New Zealand,
and the United States, respectively.’*® Nonmelanoma skin
cancer is not usually followed by cancer registries in those
countries but is 18-20 times higher than the incidence of
melanoma.’” In contrast, the age-adjusted prevalence of skin
cancer including melanoma is as low as 4.2 per 100000 in
Japan.?* Thus, the absence of skin cancer may have contrib-
uted to the low cumulative incidence of cancer after KT in
this study.

In this cohort, PTLD occurred in 5 patients at a median
follow-up period of 0.6 y after transplantation and the
median age at diagnosis was 11.5 y. Previous pediatric reports
described that PTLD occurred at a median follow-up period
of 3.0-6.6 y after KT and the median age at diagnosis was
14.2-18.0 y.>° The time to onset of PTLD after pediatric organ
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transplantation is considered to be bimodal in the first year
after transplantation and the third year after transplantation,
and the former is considered to have more EBV-associated
PTLD.*® In this study, the observed PTLD was EBV-associated
in 4 of 5 cases, which may have reduced the median period
after transplantation.> PTLD is thought to occur in 2%-3%
of pediatric KT recipients.>* However, the incidence was 1.4%
(5 of 356) in this study. In recent years, the incidence of EBV-
associated PTLD has been decreasing because of proper use
of immunosuppressants and regular monitoring of blood EBV
levels as well as monitoring of CMV and BKV.# In our cohort,
PTLD has not occurred in KT recipients since 2006, when we
started regular monitoring of blood EBV levels. The risk of
PTLD during years 1983-2006 (the period before EBV moni-
toring) was 5/(96+132)=0.022. Thus, the expected number
of PTLD from 2007 onward should be 128x0.022=2.8
cases, whereas we observed no occurrence of PTLD. The
probability that none of these 128 KT recipients since 2007
developed PTLD is approximately (1-0.022)'2$=0.058, which
was a strong trend. Therefore, EBV PCR monitoring might
have contributed to a low incidence of PTLD in our study.
Reduction of immunosuppressive agents may enhance the risk
of rejection and graft loss; however, such untoward effects
did not occur in our patients. EBV PCR testing varies across
institutions and the optimal testing modality (plasma or
whole blood) and cutoff value to determine risk of PTLD are
unknown. However, it has been reported that EBV DNA in
peripheral blood mononuclear cells can increase weeks before
the onset of PTLD symptoms,*! which may have contributed
to the low incidence of PTLD in this study. Optimal testing
modality and cutoff value to determine risk of PTLD need to
be established in future studies.

In this study, we could not identify any risk factors
for developing cancer after pediatric KT because of the
small number of events. In pediatric KT recipients, being
Caucasian, older age at transplantation, having a function-
ing transplant, and living unrelated donors have all been
reported as risk factors for developing cancer.”'* However,
recipient EBV-negative serology was identified as a risk
factor in 264 patients with available data of recipient
EBV serological status. This finding is consistent with the
observation that 5 of the 8 cancer cases had PTLD, because
recipient EBV-negative serology is known to be a risk factor
for the development of PTLD.! Risk factors for developing
cancer after pediatric KT in Asia, including Japan, need to
be examined in a larger cohort.

There are several limitations in the present study. This study
is a single-center study with a limited patient population and
number of cases. Limited data on donor EBV serology and
CMV serology did not allow us to fully explore the relation-
ship between EBV and CMV and the development of PTLD
after KT. The effects of rejection and treatment, infections,
and cumulative doses of immunosuppressive drugs on post-
transplant cancer development have also not been examined
in this study.

In conclusion, consistent with the results of previous
studies, the incidence of cancer is higher in Japanese pediat-
ric KT recipients than in the general population. The cumu-
lative incidence of cancer after KT was lower than that in
previous studies, which may be associated with the lack of
skin cancer in the Japanese pediatric KT recipients included
in this study.
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