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Abstract Introduction Transitional cell carcinoma of the bladder (TCCB) is uncommon in the
pediatric population, and its etiology, natural history and epigenetics remain poorly
understood. We aim to describe six cases of TCCB in pediatric patients and discuss the
state of the art in the management and follow-up of the patients with this uncommon
early presentation.
Methods The clinicopathological data of 6 patients with TCCB who underwent
transurethral resection of bladder tumor (TURBT) were obtained from our institutional
database. The patient data were collected retrospectively. A review of the literature
was performed, and the most relevant and trending data were analyzed.
Results A total of 6 patients (4 female, 2 male) were treated at our institution
between 2004 and 2019. Themean age of the sample was 12 years, and the presenting
symptomsweremacroscopic hematuria (3 cases), suprapubic pain (2 cases), and 1 case
was an incidental finding during pelvic ultrasonography. The long-term follow-up
(median follow-up of 61 months) did not reveal recurrence.
Conclusion Transitional cell carcinoma of the bladder rarely presents in the pediatric
population. Genetic and epigenetic anomalies have been proposed as causes, as well as
carcinogenic exposure. The reported cases tend to have a good prognosis, and most
are non-invasive at the diagnosis. Follow-up protocols are still lacking, as well as
molecular insights on tumor development and prognostic markers.
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Introduction

Bladder cancer is the third most common cancer in the
general population, with an increasing incidence over the
past few years.1,2 Its peak of incidence is at the sixth decade
of life. At the time of diagnosis, 75% of the tumors are non-
invasive, but they tend to recur in up to 70% of the cases, and
20% progress to becomemuscle-invasive during follow-up. It
is unusual to diagnose patients with urothelial bladder
cancer in the first and second decades of life.1

Reports have shown a prevalence of 1.35% to 1.6% of urothe-
lial carcinomas inpatients younger than45years andof0.03% in
those younger than 19 years.1,2 Transitional cell carcinoma of
the bladder (TCCB) in pediatric patients is typically of meso-
dermal origin,with amale predominance (3:1), a 39white race,
fold risk, usually with a favorable prognosis and a tendency not
to recur compared with adult TCCB.1,2 The reported overall
survival (OS) at 5 years is of 95% in the pediatric population.3

BecauseTCCBisrare inthepediatricpopulation,moststudies
have been small case series, and consensus is still lacking
regarding protocols for diagnosis, treatment and follow-up.
The risk factors and etiology are poorly understood to date.4–6

The present six-case series aims to expand the number of
cases of TCCB reported with a long-term follow up and
discuss the current state of the art in the management and
follow-up of these patients.

Methods

After obtaining approval from the Institutional Review Board
(under number: 135–2019), and with the informed consent

forms fully signed, patient datawere collected retrospectively
from our database. Patient anonymity was guaranteed. The
clinical data of 6 patients with TCCB who underwent trans-
urethral resection of bladder tumor (TURBT) were obtained
between 2004 and 2019. In total, 6 patients, 4 female and 2
male, were diagnosedwith TCCB at 15 years of age or younger.
We reviewed patient data for demographics, medical history,
extension studies, ultrasound (US) images, histologic features,
tumor grade (2016 World Health Organization) classification
of tumorsof theurinary system,and thepathologic stageusing
the 2017 American Joint Committee on Cancer (AJCC) staging
system, 8th edition.7Wealso reviewed the patients’ records to
collect data on follow-up visits, including endoscopic evalua-
tions of the lower urinary tract (LUT), and US images to
determine recurrence-free survival (RFS) and OS.

Results

During the study period, 6 patients with a median age of
12.1�2.2 yearswere identified. Themedian follow up of was
61 months, and none of the patients had recurrence. In total,
3 presented with hematuria, 2, with abdominal pain, and 1
was an incidental finding during an abdominal US. None of
the patients presented involvement of the lamina propria
(stage Ta: non-invasive papillary carcinoma). Three patients
were diagnosed with low-grade transitional cell carcinoma
(LGTCC), microscopic evaluation is depicted in ►Fig. 1, one
with Urothelial Proliferation of Uncertain Malignant Poten-
tial (UPUMP), one patient with Papillary urothelial neoplasm
of low malignant potential (PUNLMP), ►Fig. 2 shows US
images, cystoscopic and microscopic evaluation. Another
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Resumen Introducción Carcinoma de células transicionales de vejiga (CCTV) es una patología
rara en la población pediátrica, su etiología, historia natural y epigenetica son
pobremente entendidos. El objetivo de este articulo es describir 6 casos de CCTV en
pacientes pediátricos, discutir el estado del arte en el manejo y seguimiento de los
pacientes.
Métodos Los datos clinicopatologicos de 6 pacientes con CCTV sometidos a resec-
ción transuretral de tumor vesical (RTU-TV) se analizaron de nuestra base de datos
institucional. Los datos fueron recolectados y analizados de manera retrospectiva. Se
realizo una revisión de la literatura y solo los artículosmas relevantes fueron analizados.
Resultados Un total de 6 pacientes (4 mujeres, 2 hombres) fueron tratados en
nuestra institución entre el 2004 y el 2019. La media de edad fue 12 años y los síntomas
mas frecuentes fueron hematuria macroscópica (3 casos), dolor suprapúbico (2 casos)
y en un caso fue un hallazgo incidental durante una ultrasonografía pélvica. El
seguimiento a largo plazo (mediana de seguimiento de 61 meses) no mostro
recurrencia en ningún paciente.
Conclusión CCTV se presenta infrecuentemente en la población pediátrica, Anom-
alías genéticas y epigeneticas han sido propuestas como causas predisponentes al igual
que la exposición a carcinogénicos. Los casos reportados tienden a tener un buen
pronostico y la gran mayoría son no musculo invasivos al momento del diagnostico.
Protocolos de seguimiento no están claramente definidos igual que víasmoleculares en
la tumorogenésis y marcadores pronósticos.
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with urothelial papilloma that despite being a benign neo-
plasm of the bladder and the recommendation to avoid
labeling these patients as having cancer, we decided to
reported it given that its clinical presentation was the
same as the other patients.►Table 1 summarizes the clinical
and demographic characteristics of the population.

The RFSwas of 100% at a median follow-up of 61 months;
1 patient was followed up for 120 months. The OS was of
100%; given the benign nature of this disease in children, our
results are similar to those of previously-reported series of
TCCB.

Discussion

Transitional cell carcinoma of the bladder is rare in the
pediatric population, and the clinical features and prognosis
are different from those of the adult population. The risk
factors in the general population are extensively described,
and can be divided into genetic and occupational or environ-
mental exposure factors.2 The genetic predisposing factors
include Lynch SyndromeandCowdendisease. Nevertheless, to
our knowledge, none of these genetic predisposing factors
have been cited as risk factors in pediatric cases.2,8,9

Fig. 1 Papillary transitional cell carcinoma of the bladder. Papillae lined by urothelium-like cells and nests of epithelial cells, pale granular
cytoplasm, and large nucleoli.

Fig. 2 (A and B) Ultrasound revealing an intravesical lesion with nodular, regular borders dependent of the left posterior wall. (C) 10X microscopic
evaluation showing papillary urothelial neoplasm of low malignant potential with arrangement of cells within papillae with minimal architectural
abnormalities and minimal nuclear atypia. Cystoscopy revealing a papillary, pedunculated 1-cm lesion at the left lateral wall of the bladder.
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Occupationalandenvironmental factorsarenotwelldescribed
in pediatric patients, given that it is unusual that they are
exposed to them. Among those described, there are aniline
dyes, aromatic amines, radiation, cyclophosphamide, chronic
bladder irritation, and Schistosoma haematobium infection.10

The present long-term follow-up of these 6 cases of patients
younger than 15 years adds to the current literature more
insight about the natural history of TCCB and about how this
tumor has a very different biological behavior in children
compared with adults.11

The largest series to date was reported by Stanton et al13,
with 59 patients younger than 30 years. They reported a
male to female ratio of 1.8:1. The most common symptom
was gross hematuria in 31 patients, followed by abdominal
pain in 8 patients. Considering this heterogeneous symp-
tomatology and the difficulty of the US being highly sensi-
tive for these conditions, concern should be raised for
clinicians evaluating the pediatric population, as TCCB
might be a challenging condition to diagnose. Still regarding
the study by Stanton et al13 at the diagnosis, 49 cases were
of non-invasive carcinomas, and 10 were invasive (beyond
the lamina propia). The follow up was available for 41
patients, with a mean time of 77 months. Of the non-
invasive cases of TBCC, only 1 progressed, and the patient
died of the disease, and 10 patients had local tumor recur-
rence. Of the 10 cases of invasive TBCC, 3 died of the
disease, and 5 were alive with metastases.12 The present
series, with a median follow-up of 62�46 months and no
invasive tumors at diagnosis, has shown better OS and RFS.
To date, no molecular predictive markers have been
described.

The second largest series was the study by Saltsman et al,
who reported 34patientswith TBCCyounger than 25 years.12

At presentation, 76% of the patients complained of hematu-
ria. In total, 39 cases were non-invasive, and 3 cases were
invasive.12 The present series reports patients younger than
15 years of age at diagnosis, and this might explain the
possible better prognosis compared with the 2 aforemen-

tioned series, in which only 3 patients (in each series) were
younger than 15 years.12,13

There is lacking information about clinical practice
guidelines and clinical consensus for the surveillance and
follow-up of TCCB in pediatric patients. Stanton et al and
Saltsman et al.12,13 performed a median number of 5
cystoscopies per patient as part of their follow-up protocol.
The interval between cystoscopies varied significantly, but
they were generally performed every 6 months for the first
year, and every 12 months thereafter.12,13 Kim et al5 fol-
lowed their 21 pediatric patients with TCCB with US and
computed tomography (CT) scans without cystoscopy, and
all patients were recurrence-free at 89 months. Urine
cytology is a little invasive method with high sensitivity
and specificity in cases of high-grade (HG) TBCC; however
the sensitivity decreases to 6% to 38% in low-grade (LG)
tumors in adult patients. Since most cases of TCCB in young
patients are well-differentiated, urine cytology might not
the best tool, and has not been recommended for diagnosis
or follow-up.2 Our recommendation is to follow up the
patients with US and cystoscopy every 6 months for the first
2 years, and with US only every 12 months thereafter. If
there is any suspicion of recurrence on the US images,
cystoscopy must be performed.

Genetic predisposition plays a key role in understanding
TCCB in pediatric patients, and the disease should be inter-
preted as a different entity compared with adult TCCB. It has
a unique tumor biology not yet fully understood.8,14,15 Some
authors have suggested that mutations in fibroblast growth
factor receptor 3 (FGFR3), tumor protein p53 (TP53) and
deletions of chromosome 9 are frequent in adults.15–18

Williamson et al15 and Wild et al16 assessed the patients
in their studies with TCCB with UroVysion (Abbott Labora-
tories, Abbott Park, IL, US) fluorescent in situ hybridization
(FISH), showing that mutations of the FGFR3 and PT53 in
patients younger than 19 years are rare or absent, supporting
the hypothesis that TCCB has different molecular path-
ways when compared with transitional cell carcinogenesis.

Table 1 Clinical and demographic data of pediatric patients with transitional cell carcinoma of the bladder

Patient Age
(years)

Gender Symptom Diagnosis Location Pathology Stage
(pT)

Recurrence Follow-up
(months)

1 11 F Suprapubic
pain

US Left posterior
wall

LG, TCC Ta No 120

2 13 F Right iliac
fossa pain

US Right posterior
wall

LGTCC Ta No 96

3 14 M Hematuria US Anterior wall PUNLMP Ta No 52

4 11 F None
(incidental
finding)

US Left lateral wall LGTCC Ta No 6

5 9 M Hematuria US Left lateral wall Urothelial
papilloma

Ta No 36

6 15 F Hematuria US Left lateral wall UPUMP Ta No 56

Abbreviations: F, female; LGTCC, low-grade transitional cell carcinoma; M, male; pT, Pathological Stage; PUNLMP, papillary urothelial neoplasm of
lowmalignant potential; TCC, transitional cell carcinoma; UPUMP, urothelial proliferation of uncertainmalignant potential; Ta, non-invasive papillary
carcinoma; US, ultrasound.
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The role of microsatellite instability (MSI) and mismatch
repair proteins (MRPs) remains controversial. In some
studies, the authors did not find any MSI or MRP loss while
in others a pronounced MSI was found in TCCB in pediatric
patients.17,18 Mongiat-Artus et al17 also assessed MSI in
17 young patients with TCCB using quasimonomorphic
mononucleotide repeats (BAT-25, BAT-26, NR-21, NR-24,
NR-27), and found only 1 patient with MSI, confirming
that instability is rarely involved in pediatric TCCB.

Epigenetic events in TCCB have been described by Owen
et al,19 who analyzed 76 cases of TCCB and proposed that
some carcinogenic events occur at the epigenetic level rather
than at the genetic level. The tumors in the youngest age
group (younger than 19 years) had the lowest incidence of
global hypermethylation, with a methyl index of 37.5%
versus 62.5% (in patients aged between 20 and 45 years)
and 50% (in patients aged 46 years or older). Younger
patients had a significantly lower rate and concentration
of methylation at the adenomatous polyposis coli (APC), B-
cell lymphoma 2 Bcl2, O-6-methylguanine-DNA-alkyltrans-
ferase (MGMT) and E-cadherin promoters than in the older
groups; the concentration of APC and MGMT methylation
increased with age.19 The epigenetic silencing of tumor
necrosis factor receptor superfamily member 25 (TNFRSF25),
which is a cellular receptor that regulates apoptosis when
bound by a tumor necrosis factor (TNF) related ligand and
correlates with tumor progression to advanced disease, has
been a target of therapeutic interest, and it has been
proposed that cell pretreatment with a histone deacetylase
inhibitor, leading to increased histone acetylation and de-
creased TNFRSF25 hypermethylation, improved the apopto-
tic response to TNF.19 The loss of cyclin D2 plays a role in
TCCB carcinogenesis and this molecule was methylated in all
age groups in the study by Owen et al.19 Cyclin D2 is
responsible for sequestrating the procell cycle kinases Cy-
clin-dependent kinase 4 CDK4 and Cyclin-dependent kinase
6 CDK6, preventing cell-cycle transition from G1 to the S-
phase; therefore, loss of this cyclin attenuates the immune
checkpoint, leading to uncontrolled proliferation.19

Conclusion

Transitional cell carcinoma of the bladder in pediatric
patients remains a rare and poorly understood disease. The
oncogenesis of this tumor in young patients has not yet been
completely elucidated; however, there has been a huge
progress in the understanding of the biologic, epigenetic
and genetic mechanisms of this disease. Despite some large
series that have been reported, there is still lack of consensus
regarding the standard of care for these patients and follow-
up protocols. We developed our own follow-up schedule
based on our experiencewith large series. Given the rarity of
this disease, every effort should be made to address these
patients not only at the clinical level but also at the genetic,
biologic and molecular levels.
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