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Bladder urothelial carcinoma (UC) it is the fifth most prevalent carcinoma in humans,
nevertheless in children and young adults it’s very rare. It usually occurs in older adults.
Literature on UC in pediatric population is limited and important information (risk factors,
follow-up protocols, etc.) are poorly defined. We present an 11-year-old boy with a
painful macroscopic hematuria. Ultrasound revealed a heterogeneous intravesical mass
without extravesical extension, which was confirmed by computed tomography (CT)
and magnetic resonance imaging (MRI). The first biopsy was compatible with urothelial
papilloma. After 1 year, he returned with a bigger mass. Transurethral resection of the
bladder (TURB) was performed and immunohistochemistry showed low-grade papillary
UC with a high-grade component, with tumor free margin. Tumor had mutations in the
BRAF and KRAS genes. Two and a half years after the resection the patient has no
recurrence. Less than 1% of bladder UC occur in the first two decades of life. Gross
hematuria is a common symptom. Ultrasound is generally the first diagnostic tool. MRl
is also helpful, but cystoscopy allows definitive diagnosis. Transurethral resection of the
bladder (TURB) is the standard treatment, with good results and low recurrence rate, and
it was the treatment of choice for our patient, that remains free of disease. The BRAF and
KRAS gene mutations were never described before in pediatric UC. There are only few
cases in literature of pediatric UC that present a tumor genetic profile; therefore, our case
report adds more information to this very rare disease in children.
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BACKGROUND

Urothelial carcinoma (UC) of the bladder typically occurs in patients in their sixth or seventh
decade of life. It’s a rare entity in children and young adults. Reportedly, they occur in 1-2.4% of the
population younger than 40 years, however only in 0.1-0.4% in the first two decades of life (1-3).

Particularly, urothelial carcinoma accounts for 2.1% of all cancer related deaths. It affects both
genders, with a male-to female ratio of 7:1, based on adult literature (4). However, the literature is
very limited regarding the pediatric population with only about 100 cases reported from 1950 to
2013 (5, 6).
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There is significant debate regarding the prognostic value of
young age at diagnosis, with conflicting reported on literature
(4). In bladder UC, tumors have been described as having a low
grade of malignancy and with little tendency to recur (3, 5, 7). The
histopathology of low grade UC is characterized by it’s orderly
appearance and variation in architectural and/or cytological
features (4). However, the rarity of UC in children makes
conclusions related to etiology, invasive potential, treatment,
and surveillance difficult (6). The aim of this study is to report
a case of urothelial carcinoma of the bladder in an 11-year-
old patient, highlighting the clinical presentation, diagnosis,
treatment, follow up, and tumor genetic profile.

MATERIALS AND METHODS

A retrospective review of the medical records was performed.
Written informed consent was obtained from the parents and
the patient for the publication of this case report, including
the use of images and other relevant information. The study
was approved by the Human Research Ethics Committee of the
University Hospital. All subjects gave written informed consent
in accordance with the Declaration of Helsinki.

For molecular analysis, DNA was extracted from the paraffin
block in an automated way (QIACube). The Next Generation
Sequencing (NGS) was performed on Gene Reader platform
(QIAGEN) for regions and variants of clinical interest of
the genes: KRAS, NRAS, KIT, BRAE, PDGFRA, ALK, EGEFR,
ERBB2, PIK3CA, ERBB3, ESR1, and RAF1. The result was
coverage of 100% of bases with depth above 200x. The
readings were aligned against the UCSC reference genome (hg19)
and processed in Clinical Insight Analyze (QCI-A) software.
The variants found were classified as Pathogenic, Probably
Pathogenic, Benign, Probably Benign, and Uncertain Significance
Variants (USV), according to the criteria of American College of
Medical Genetics.

CASE REPORT

An 11-year-old male presented at the University Hospital with
painful macroscopic hematuria for 3 months. A urinary tract
ultrasound showed a heterogeneous intravesical mass measuring
23 x 21 mm with papillary projections on the surface. Abdominal
and pelvic CT scans with contrast showed a 20 mm mass in the
right posterolateral bladder wall. The CT scan was unable to
determine whether there was tumor extravesical extension, so
the patient underwent an MRI with contrast that showed that
tumor was restricted to the bladder mucosa (Figure 1). There
was no history of passive smoking or industrial exposure due to
proximity of residence.

Abbreviations: UC, urothelial carcinoma; TURB, transurethral resection of
bladder; TCC, transitional cell carcinoma; IRB, Institutional Review Board; CT,
computed tomography; MRI, magnetic resonance imaging; WHO/ISUP, World
Health Organization/International Society of Urological Pathology; UP, urothelial
papilloma; PUNLMP, papillary urothelial neoplasm of low malignant potential;
LGPUC, low-grade papillary urothelial carcinoma; HGPUC, high-grade papillary
urothelial carcinoma; SEER, Surveillance, Epidemiology and End Results.

Cystoscopy demonstrated a vegetative lesion in the right
lateral bladder wall. Incisional biopsy was performed and
histopathology revealed urothelial papilloma. Subsequently the
patient was lost to follow-up and returned after 1 year with
sporadic painless hematuria. A new CT scan with contrast
identified a 29 x 22 mm solitary lesion in the same topography
(Figure 2). The patient underwent a cystoscopic transurethral
resection of the lesion (TURB). The histopathological exam
was compatible with atypical papillary urothelial hyperplasia,
but immunohistochemistry favored the diagnosis of low-grade
papillary urothelial carcinoma, with high-grade component and
without invasion to the subepithelial tissue and muscularis
propria, with free margins (Figures 3A,B). The specimen was
positive for p53 mutation on immunohistochemistry.

On follow-up, ultrasound was performed every 3 months
and cystoscopy every 6 months. Two and a half years after the
resection, the patient is cancer free.

FIGURE 1 | Abdominal MR, in axial section, showing the lesion (indicated by
the white arrow) restricted to the bladder mucosa, close to the right ureteral
ostium.

FIGURE 2 | Abdominal CT scan, in axial section, showing the lesion (indicated
by the black arrow) in the right posterolateral bladder wall.
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HEx400.

FIGURE 3 | (A) Papillary urothelial carcinoma with some degree of cytoarchitectural disorder with moderate atypia. HEx100. (B) Detail of an area of high-grade atypia.

TABLE 1 | Tumor genetic profile.

Gene Allele fraction Function Pathogenicity

BRAF €.1894C>T p.P632S 4.30% loss Likely pathogenic
ALK €.3451-23C>T 4.04% normal Uncertain significance
EGFR €.2184+27G>A 18% normal Uncertain significance
ERBB2 €.35627G>A p.G1176E 4.15% normal Uncertain significance
ERBB3 ¢.947G>A p.G316E 4.11% loss Uncertain significance
ERBB3 c.875-37C>T 4.28% normal Uncertain significance
KIT €.1549C>T p.H517Y 5.10% normal Uncertain significance
KRAS c.97G>A p.D33N 4.14% loss Probably pathogenic
PIK3CA ¢.523C>T p.P175S8 4.36% normal Uncertain significance
PIK3CA C.-77+8441G>A 8.86% normal Uncertain significance
PIKBCA ©.353-65delA 4.43% normal Uncertain significance

The tumor genetic profile presented a pathogenic variant in
the BRAF gene (c.1894C> T p.P632S), a probably pathogenic
variant KRAS (c.97G> A p.D33N), and nine variants of
uncertain significance in the ALK, EGFR, ERBB2, ERBB3, KIT,
and PIK3CA (Table 1).

DISCUSSION

We reported a case of an 11-year-old male patient with UC of the
bladder. This type of cancer is very rare in children and young
adults. However, despite the low frequency of cases [only 0.1-
0.4% of UC occur in the first two decades of life (1-3)], bladder
UC were the predominant bladder cancer occurring in patients
between 13 and 18 years (2).

Regarding clinical features, authors describe the presence
of gross hematuria in 80% of published cases (6). Our
patient presented only with painful macroscopic hematuria,
although painless hematuria is more common (3). A wide
range of other unusual presenting symptoms were reported in
literature [urinary frequency, recurrent cystitis, pyelonephritis,

obstruction, abdominal pain, flank pain, fever, hematospermia,
nephrolithiasis, and emesis (8)]. Incidental bladder mass finding
has also been describe (9).

Risk factors for TCC among the pediatric population are
poorly defined. Fifty percent of TCC in adults is attributed to
tobacco use (8). In pediatrics, one study reports a 16-years old boy
who was a steady smoker (5). A case series revealed three cases of
urothelial carcinoma in children with a history of environmental
exposure to amines (9).

Concerning diagnostic methods, ultrasound is generally the
first choice. Besides its non-invasive nature, it is specific, with
no false positives (3). The use of CT scan should be balanced
in young patient because of the costs and the risks of radiation
exposure (3). MRI could be used as a diagnostic tool (7). In
our case, ultrasound findings were confirmed by CT, but the
definitive answer regarding extravesical extension was possible
with MRI. Cystoscopy allows definitive diagnosis and staging (3)
and, in many cases, also allows treatment (3, 6), as it was in the
presented case.

Histopathological classification of UC, according to the 2004
World Health Organization/International Society of Urological
Pathology (WHO/ISUP) criteria: urothelial papilloma (UP),
papillary urothelial neoplasm of low malignant potential
(PUNLMP), low-grade papillary urothelial carcinoma (LGPUC),
and high-grade papillary urothelial carcinoma (HGPUC). Most
of the small pediatric series describe these tumors as being
characteristically low grade (5, 7, 8). Patients with urothelial
papilloma have a low incidence of recurrence and rarely progress
to develop urothelial carcinoma (10). LGPUC can contain a
high-grade component and a lesion can be classified as a
LGPUC even if the high-grade component comprises <5% (11).
Our patients first histopathological exam was consistent with
urothelial papilloma. However, the lesion he presented 1 year
later was classified as a LGPUC. A doubt remains if the later
lesion was a progression of the disease to a LGPUC (more
probable) or if the first biopsy had insufficient material to
detect LGPUC.
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The treatment of choice for bladder UC is transurethral
resection of the bladder (TURB), with good results and low
recurrence rate (4). Another option is to do an open resection,
but this is reserved for patients with high-grade lesions. For our
patient we elected TURB, and so far he has no recurrence after
two and a half years of follow-up.

Currently there is no defined protocol for follow-up for
pediatric UC. Some authors affirm that cystoscopy is the best
diagnostic tool for detecting any recurrence (7). On the other
hand, the low recurrence rate in papilloma and low grade tumors
may allow following these patients with urinary cytology and
bladder ultrasound alone (6), although urinary cytology has low-
sensibility in detecting low-grade lesions in pediatric patients (5).
The intensity of follow-up should be proportional to the risk of
disease recurrence or progression (3).

Regarding the prognosis, most reported cases of bladder UC
in pediatric population show a low grade malignancy and suggest
an excellent prognosis with low recurrence and progression rates
(2, 5). Two and a half years after surgery, our patient shows no
recurrence. Nevertheless, follow-up for these patients should be
mandatory, as recurrences can be multiple and can occur many
years after the initial diagnosis, sometimes up to seven and a half
years (4, 5).

Very few authors have published about the molecular and
genetic profile of pediatric UC, therefore the analysis we
performed in our patient is of great importance and can help
to shed some light in a yet obscure subject. In adults, the most
common molecular alterations in bladder UC includes fibroblast
growth factor receptor 3 (FGFR3) and PI3K, which are associated
with non-muscle-invasive papillary tumors; and mutations of
tumor suppressor genes including p53, RB, and PTEN associated
with invasive disease (12). Castillo-Martin et al. showed in a
series of three pediatric TCC that there was no mutation in
p53 and all three tumors had a H-RAS mutation, suggesting
the existence of a different molecular pathway of bladder cancer
tumorigenesis among pediatric population (12). In our analysis,
we studied the KRAS gene—which was probably pathogenic.
KRAS mutation are rare in urothelial carcinoma, but seems to
be frequent in urachal carcinoma (13) and has already been
described in inverted urothelial papilloma, urothelial papilloma,
and advanced stage high-grade urothelial carcinoma in adult
population (14, 15).

Also, in our analysis, patient’s tumor presented a likely
pathogenic variant in the BRAF gene. Recently, activating
mutations in the BRAF gene, an important activator of
MAP pathway, have been described in several tumor types
including melanoma, colorectal, and papillary thyroid cancer.

REFERENCES

1. Kutarski PW, Padwell A. Transitional cell carcinoma of the bladder in young
adults. Br ] Urol. (1993) 72:749-55. doi: 10.1111/j.1464-410X.1993.tb16261.x

2. Alanee S, Shukla AR. Bladder malignancies in children aged <18 years: results
from the surveillance, epidemiology and end results database. BJU Int. (2009)
106:557-60. doi: 10.1111/j.1464-410X.2009.09093 .x

One study found BRAF mutation in 18% of urachal carcinoma,
which frequency seems to be similar to that of in colorectal
adenocarcinomas (13). Although Boulalas et al. studied the BRAF
gene mutation in 30 patients with UC and found only in 2
patients this mutation (16).

There are only a few cases described in literature of pediatric
bladder UC, and in a small minority of the described cases
there is availability of tumor molecular and/or genetic profile, as
presented in this paper. Besides that, further genetics studies need
to be performed to assess the importance of KRAS and BRAF
mutations in this disease.

DATA AVAILABILITY STATEMENT

This manuscript contains previously unpublished data. The
name of the repository and accession number are not available.

ETHICS STATEMENT

This study was carried out in accordance with the
recommendations of Human Research Ethics Committee
of the Clinical Hospital- Federal University of Parana; with
written informed consent from all subjects. All subjects gave
written informed consent in accordance with the Declaration of
Helsinki. The protocol was approved by the Human Research
Ethics Committee of the Clinical Hospital- Federal University
of Parand.

AUTHOR CONTRIBUTIONS

MO and DS made study design, data collection, data analysis
and interpretation, and manuscript writing. AF, LO, and BF were
part of the surgical team and made data collection, data analysis,
and interpretation. AA was the surgeon that performed the
surgery and did data collection, data analysis, and interpretation.
MA did revision of the manuscript. AD made critical revisions
and approved final version. NA made English and grammar
corrections, critical revisions, and approved final version. GL
performed the tumor genetic profile analysis. CF did study
design, data analysis and interpretation, manuscript writing,
critical revisions, and approved final version.

ACKNOWLEDGMENTS

We thank Mantis Diagnoésticos Avangados for performing the
tumor genetic panel.

3. Berrettini A, Castagnetti M, Salerno A, Nappo SG, Manzoni G, Rigamonti W,
et al. Bladder urothelial neoplasms in pediatric age: experience at three tertiary
centers. ] Pediatr Urol. (2015) 11:26.e1-5. doi: 10.1016/j.jpurol.2014.08.008

4. Fine SW, Humphrey PA, Dehner LP, Amin MB, Epstein JI. Urothelial
neoplasms in patients 20 years or younger: a clinicopathological analysis using
the World Health Organization 2004 bladder consensus classification. J Urol.
(2005) 174:1976-80. doi: 10.1097/01.ju.0000176801.16827.82

Frontiers in Pediatrics | www.frontiersin.org

September 2019 | Volume 7 | Article 385


https://doi.org/10.1111/j.1464-410X.1993.tb16261.x
https://doi.org/10.1111/j.1464-410X.2009.09093.x
https://doi.org/10.1016/j.jpurol.2014.08.008
https://doi.org/10.1097/01.ju.0000176801.16827.82
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Oda et al.

Bladder Urothelial Carcinoma in a Child

10.

11.

12.

. Rodriguez A,

. Marinoni

. Bujons A, Caffaratti J, Garat JM, Villavicencio H. Long-term follow-up of

transitional cell carcinoma of the bladder in childhood. J Pediatr Urol. (2014)
10:167-70. doi: 10.1016/j.jpurol.2013.08.002

. Hoenig DM, Mcrae S, Chen SHUC, Diamond DA, Rabinowitz R, Caldamone

AA. Transitional cell carcinoma of the bladder in the pediatric patient. J Urol.
(1996) 156:203-5. doi: 10.1016/S0022-5347(01)66000-2

Burday D, Sexton W, Ahmad N, Pow-Sang
JM. Urothelial carcinoma in a child. Arch Esp Urol. (2005)
58:473-5. doi: 10.4321/S0004-06142005000500017

. Chu S, Singer J. Transitional cell carcinoma in the pediatric patient : a review

of the literature. Urology. (2016) 91:175-9. doi: 10.1016/j.urology.2015.12.032
E Destro E Selvaggio G, Riccipetioni G. Urothelial
carcinoma in children: a case series. Bull (2018)
105:556-61. doi: 10.1016/j.bulcan.2018.03.002

Magi-Galuzzi C, Epstein JI. Urothelial papilloma of the bladder: a
review of 34 de novo cases. Am ] Surg Pathol. (2004) 28:1615-
20. doi: 10.1097/00000478-200412000-00010

Pich A, Chiusa L, Formiconi A, Galliano D, Bortolin P, Navone
R. Biologic differences between papillary  urothelial
neoplasms of low malignant potential and low-grade (grade 1)
papillary carcinomas of the bladder. Am ] Surg Pathol. (2001)
25:1528-33. doi: 10.1097/00000478-200112000-00009

Castillo-Martin M, Lorduy AC, Gladoun N, Hyun G, Cordon-Cardo C. H-
RAS mutation is a key molecular feature of pediatric urothelial bladder
cancer. A detailed report of three cases. | Pediatr Urol. (2016) 12:91.el-
7. doi: 10.1016/j.jpurol.2015.08.020

Cancer.

noninvasive

Moédos O, Reis H, Niedworok C, Riibben H, Szendréi A, Szisz MA,
et al. Mutations of KRAS, NRAS, BRAF, EGFR, AND PIK3CA genes
in urachal carcinoma: occurrence and prognostic significance. Oncotarget.
(2016) 7:39293-301. doi: 10.18632/oncotarget.9828

Roy S, Pradhan D, Ernst WL, Mercurio S, Najjar Y, Parikh R,
et al. Next-generation sequencing-based molecular characterization
of primary urinary bladder adenocarcinoma. Mod Pathol. (2017)
30:1133-43. doi: 10.1038/modpathol.2017.33

Isharwall S, Hu W, Sarungbam J, Chen Y, Gopalan A, Fine SW, et al. Genomic
landscape of inverted urothelial papilloma and urothelial papilloma of the
bladder. J Pathol. (2019) 248:260-5. doi: 10.1002/path.5261

Boulalas I, Zaravinos A, Delakas D, Spandidos DA. Mutational analysis of the
BRAF gene in transitional cell carcinoma of the bladder. Int ] Biol Markers.
(2009) 24:17-21. doi: 10.1177/172460080902400103

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2019 Oda, dos Santos, Farias, de Oliveira, Falcdo, Ahn, Amarante,
Losso, Dias, Agulham and Fachin. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution
or reproduction in other forums is permitted, provided the original author(s) and
the copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org

September 2019 | Volume 7 | Article 385


https://doi.org/10.1016/j.jpurol.2013.08.002
https://doi.org/10.1016/S0022-5347(01)66000-2
https://doi.org/10.4321/S0004-06142005000500017
https://doi.org/10.1016/j.urology.2015.12.032
https://doi.org/10.1016/j.bulcan.2018.03.002
https://doi.org/10.1097/00000478-200412000-00010
https://doi.org/10.1097/00000478-200112000-00009
https://doi.org/10.1016/j.jpurol.2015.08.020
https://doi.org/10.18632/oncotarget.9828
https://doi.org/10.1038/modpathol.2017.33
https://doi.org/10.1002/path.5261
https://doi.org/10.1177/172460080902400103~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Bladder Urothelial Carcinoma in a Child: Case Report and Review of Literature
	Background
	Materials and Methods
	Case Report
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


