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Cancer of the urinary bladder is a neoplasm with considerable importance in veterinary medicine, given its high

incidence in several domestic animal species and its life-threatening character. Bladder cancer in companion

animals shows a complex and still poorly understood biopathology, and this lack of knowledge has limited

therapeutic progress over the years. The development and validation of Transitional cell carcinoma (TCC)

molecular markers is of great importance for scientists and clinicians alike. Somatic and hereditary BRAF

mutations received much attention and can now be detected via multiple types of tests, sometimes in useful

combinations with CNA tests. Urine-based tests for detecting BRAF may allow the early detection of post-treatment

relapse.

transitional cell carcinoma  urothelial carcinoma  histology  therapeutic marker  prognosis

biomarker  BRAF  dog

1. Prevalence and Aetiology

Urinary bladder cancer represents about 2 percent of all reported canine malign neoplasms , and it is rare in

cats . The majority of canine bladder tumours are malignant and of epithelial origin . Transitional cell

carcinoma (TCC), also referred to as urothelial carcinoma (UC) is the most frequent canine urinary bladder tumour

. The aetiology of the canine disease is thought to be multifactorial. Several risk factors have been proposed to

play a role, such as exposure to older topical insecticides for flea and tick control, obesity, female sex, herbicides

and breed predisposition (e.g., Scottish Terrier, West Highland White Terrier, Shetland Sheepdog, Beagle and

others) .

Urinary bladder tumours are also frequently observed in cattle grazing on pastures infested by toxic ferns

(mainly  Pteridium  spp.) (reviewed by Gil da Costa et al., 2012 ) and have been reported in other ruminant

species . The aetiology of bladder cancer in ruminants is much clearer than in companion animals. Grazing on

poisonous ferns has been identified as a decisive risk factor since the mid-1900s . The occurrence of bladder

tumours in cattle is closely related to the geographical distribution of toxic ferns and originates in a syndrome

known as bovine enzootic haematuria. Bladder lesions have also been reproduced experimentally in multiple

laboratory animal models, by administering the fern or its toxin ptaquiloside . Ptaquiloside is a DNA-

alkylating agent, which causes point mutations, as well as structural and numeric chromosomal aberrations 

. This toxin also has immunotoxic properties, contributing to reducing immune surveillance against newly arising
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neoplasms . Other ferns containing ptaquiloside (e.g.,  Pteris  spp. and  Dryopteris  spp.) or structurally

related illudane toxins (for a review of illudane toxins, see Gil da Costa et al., 2013 ) do occur and have been

reported to cause bladder cancer in cattle in various locations worldwide . Bracken consumption has been

proposed to facilitate a persistent abortive infection of the bovine bladder by bovine papillomavirus (BPV) types 1,

2, 13 and 14 . These Delta BPV types are hypothesised to contribute to bladder carcinogenesis, by

activating the platelet-derived growth factor receptor beta (PDGFR-β) through their oncoprotein E5 .

2. Histology and Grading

The urothelium is a hierarchically organised tissue, comprising basal, intermediate and umbrella cells, and the

development of urothelial cancers progressively subverts this normal hierarchical structure . Data obtained from

human patients and from laboratory animals have helped trace different types of urothelial carcinoma to specific

cell populations of origin and different differentiation pathways . Although the pathogenesis of canine

bladder cancer is less clear, it seems that numerous genetic changes involving key genes are shared between

human and dogs, reflecting a conserved mechanism of pathogenesis . Current laboratory models of bladder

cancer, based on rats and mice, are out of the scope of the present work, but several comprehensive reviews have

been recently published .

About 90 percent of all urinary bladder tumours in dogs are epithelial and malignant, and 50 to 90 percent of these

will metastasise. Urinary bladder carcinomas include transitional cell carcinoma, squamous cell carcinoma,

adenocarcinoma and undifferentiated carcinoma (Table 1) . Among primary epithelial neoplasms of the urinary

bladder, TCC represents 75 to 90 percent in dogs . More than 50 percent of overall malignant tumours show

involvement of both the bladder and the urethra . Benign epithelial tumours are rare, and only 10 percent of

canine urinary bladder tumours are of mesenchymal origin, with smooth muscle neoplasms being the most

common .

Table 1. Primary bladder tumours in dogs, types and percentages (the most common tumours reported are shown;

adapted from Meuten and Meuten, 2016 ).
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Primary Canine Urinary Bladder Tumours

Epithelial      

Malignant (%) Benign (%)

Transitional cell carcinoma 75–90 Papilloma 2

Undifferentiated carcinoma 6    

Adenocarcinoma 4 Adenoma 0.2

Squamous cell carcinoma 3    
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Canine transitional cell carcinomas are classified based on their growth patterns (Table 2). They can be divided

into papillary (papillary or cauliflower exophytic growths projected into the lumen) and non-papillary (plaques, flat

nodules or masses), and into infiltrating or non-infiltrating tumours . The consistent observation is that the

majority (90 percent) of canine TCC shows an infiltrating growth pattern . Papillary infiltrating TCC is one of the

most common variants and likely to metastasise. The non-papillary and infiltrating type is the second or the most

common variant in dogs, depending on the study, and shows a high tendency to metastasise .

Table 2. Classification of canine TCC subtypes based on growth pattern (adapted from Meuten and Meuten, 2016

).

In cattle, the histological features of bladder tumours are quite different, with 51.2% of purely epithelial tumours,

17.4% of purely mesenchymal tumours and 31.4% of coexisting epithelial and mesenchymal tumours, and

numerous benign tumours (papillomas, haemangiomas, etc.) .

Primary Canine Urinary Bladder Tumours

Mesenchymal      

Malignant   Benign  

Leiomyosarcoma 2 Leiomyoma 2

Sarcoma 1.5    

Rhabdomyosarcoma 1.3    

Haemangiosarcoma 1 Haemangioma 0.2

Fibrosarcoma 1 Fibroma 1
[2]

[2]
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Canine Transitional Cell Carcinoma Classification

Papillary infiltrating

Often multiple and may cover large regions of the mucosa. Form papillary or exophytic growths that project into
the lumen of the bladder. Invade the stalk and wall of the bladder, lamina propria, and muscle layers and may
be transmural. Mild to marked cellular atypia. Likely to metastasise.

Papillary non-infiltrating

Do not invade the stroma of their own stalk, do not go beyond the lamina propria, so unlikely to metastasise.
Differentiation from papilloma is subjective and based on criteria such as overall size, cellular atypia, small
branches off the main lesion, among others. Non-invasive tumours may be adjacent to invasive TCC, and
additional sections should be searched for invasion.

Non-papillary infiltrating

Form plaques and flat nodules, which can cover large regions of the mucosa. Surfaces are often ulcerated,
tumour infiltrates into muscle layers, so high tendency to metastasise. Marked histological and cytological
variability.

Non-papillary non-infiltrating

Rare. Additionally, defined as carcinoma in situ; confined to the epithelium and do not form papillae. Neoplastic
epithelium more intensely eosinophilic than non-neoplastic cells; cells may be dysplastic to mildly anaplastic.
Loss of intercellular cohesion. Usually located adjacent to invasive carcinoma; if seen, additional section
analysis recommended to look for invasion.

[42]
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Over the years, several different grading systems for urothelial carcinomas in humans have been proposed and

applied to veterinary tumours, looking for a better approach on the evaluation of the tumours’ biologic behaviour 

. Meuten and Meuten (2016) proposed a more simplified classification of TCC into low or high grade (Figure S1,

Supplementary Material could be found in https://www.mdpi.com/2306-7381/9/3/107#supplementary). The majority

of canine TCC are invasive, high grade and at an advanced stage when diagnosed . In affected dogs, high-grade

tumours seem to be more common in terriers than in non-terrier breeds .

3. Diagnosis

3.1. Clinical Signs and Differential Diagnosis

Clinical signs in dogs with TCC are usually nonspecific, many of which, such as dysuria, haematuria and

pollakiuria, are commonly observed with urinary tract disease . Concurrent urinary tract infections (UTI) are

often present . Tumour growth can lead to obstruction of the ureters or urethra and invasion and disruption of the

normal functioning of the urethral sphincter . On physical examination, a thickening of the urethra and of the

trigone region of the bladder and enlargement of iliac lymph nodes may be found and, occasionally, a mass in the

bladder or a distended bladder . Urinary tract obstruction can occur prior to the development of lethal metastasis

and is a common cause of death in dogs with TCC . However, a normal physical examination does not exclude

the presence of a TCC . Differential diagnoses of canine TCC comprise other neoplasia, chronic cystitis,

polypoid cystitis, fibroepithelial polyps, granulomatous cystitis/urethritis, calculi, among others .

In cattle, haematuria and weight loss are the main symptoms of bladder cancer and often present as part of the

previously mentioned syndrome, known as bovine enzootic haematuria .

3.2. Diagnostic Procedures and Staging

Diagnostic procedures for TCC should include a complete blood cell count, serum biochemistry profile, urinalysis,

urine culture (to rule out lower urinary tract infection) and cancer staging .

Definitive diagnosis of TCC can be established via histopathologic examination of tumour tissue and/or cytology of

a representative sample . Biopsies can be collected by means of cystotomy, cystoscopy and traumatic

catheterisation, invasive procedures that usually involve general anaesthesia . Cytological samples may be

obtained by direct or ultrasound-guided percutaneous mass fine-needle aspirate or traumatic catheterisation .

The risk of tumour implantation or seeding/dissemination throughout other tissues following diagnostic or

therapeutic procedures has been reported, especially after surgical manipulation of the tumour . Even

though reports are scarce, these should be carefully interpreted. Where possible, less invasive techniques should

be favoured.

A less invasive technique consists of performing a cytology from urine sediment. If tumour cells are present, a

diagnosis can be achieved . However, negative results do not rule out TCC. In one study, malignant cells were
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seen in only 30% of dogs with lower urinary tract tumours . Thus, cytological results must be interpreted with

caution, especially upon the presence of inflammation of the urinary tract, and correlation with clinical data is

essential for reaching a diagnosis.

Clinical staging of canine TCC includes thoracic and abdominal radiography, abdominal ultrasonography and

specific urinary tract imaging . Computer tomography (CT) has increasingly been used to aid in diagnostics

and staging, particularly for more accurately evaluating the urethra and to detect metastases .  Figure S2

(Supplementary Material, could be found in https://www.mdpi.com/2306-7381/9/3/107#supplementary) shows the

TNM (tumour, node, metastasis) classification for clinical staging of canine bladder cancer . The TNM stage at

diagnosis for TCC has shown to be strongly related to prognosis. More advanced TNM stage at the time of

diagnosis was significantly associated with shorter survival . Tumours located in the urethra were also

associated with shorter survival time than ones in the bladder . TCC has rarely been curable; however, with

current therapies, many dogs will achieve stable disease for several months after diagnosis .

3.3. Recent Advances in Diagnostic Techniques for UC

As mentioned above, clinical presentation of canine TCC is comparable to several other (and far more common)

urinary tract disorders. Consequently, the diagnosis of TCC is often delayed, allowing the tumour to grow, infiltrate

and metastasise . In fact, most TCCs are currently not diagnosed until they reach an advanced stage and thus

present poor prognosis . As such, effective (and preferably less invasive) methods for the early identification of

UC are needed, which could improve responses to treatment and survival rates among affected dogs . In

particular, because TCC tumour cells and metabolites may be shed into urine, this body fluid is likely to present

tumour-specific molecules that could be used as biomarkers for tumour detection using easily accessible samples

collected through non-invasive techniques . Over recent years, several potential biomarkers for canine TCC

have been investigated for diagnostic/screening or prognostic purposes, and a few of them are currently available

for commercial use.

These and other potential biomarkers are summarised in Table 3 and detailed below.

Table 3. Current and potential markers for clinical applications in canine transitional cell carcinoma.
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Biomarker Sample Method
Diagnostic Utility,
Commercial
Availability

Utility as a
Prognostic
and/or
Therapeutic
Target

Power of the Test

Sensitivity Specificity

BRAF mutation Tissue,
urine,
blood

Determination
of cBRAF  mutation
status in DNA retrieved
from cells, using
ddPCR analysis or
other molecular
methods.

Highly sensitive test for
detecting TCC cells
bearing
the BRAF mutation.
Could be used as a first,
non-invasive screening
test.

BRAF
mutation was
not a
predictor for
histological
grade, nor for
survival.

67–88%
(TCC, tissue)
83–100%
(TCC, urine)

100%
(TCC, tissue
and urine)
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Biomarker Sample Method
Diagnostic Utility,
Commercial
Availability

Utility as a
Prognostic
and/or
Therapeutic
Target

Power of the Test

Sensitivity Specificity

Commercially available
for dogs, for use in free-
catch urine samples—
CADET  BRAF mutation
detection assay.
Provides qualitative
results (positive vs.
negative for V595E) and
quantitative data of
tumour-derived mutation
load in urine DNA.
Reported to detect TCC
in free-catch urine
samples up to several
months before
development of clinical
signs.
The test is not affected
by the presence of blood
or bacteria in the urine.
~20% of tumours of
canine TCC and PC
patients do not possess
the mutation, which
limits the sensitivity of
the ddPCR assay to
~80%.
A more recent test that
detects chromosomal
copy number variation
can be added
in BRAF mutation-
negative patients,
increasing combined
sensitivity to ~95%
(CADET  BRAF-PLUS).

Measuring
levels of
BRAF
mutation in
urine or blood
samples may
be useful for
monitoring
treatment
response and
relapse.
Potential
target for
treatment.

BTA Urine Rapid latex
agglutination dipstick
colorimetric test for
qualitative detection of
tumour analytes in
urine. The test uses
antibodies to detect a
urinary bladder tumour-
associated glycoprotein
complex.

Useful as a screening
test to rule out TCC,
especially in dogs at
high risk of developing
TCC.
False positive test
results reported in dogs
with non-neoplastic
urinary tract disease,
e.g., in the presence of

N.A. 88–90% 35–41% in dogs
with non-
malignant
urinary tract
disease; 84–
94% in healthy
dogs or
unhealthy dogs
due to non-
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Biomarker Sample Method
Diagnostic Utility,
Commercial
Availability

Utility as a
Prognostic
and/or
Therapeutic
Target

Power of the Test

Sensitivity Specificity

significant glycosuria,
proteinuria, and pyuria
or haematuria. Presence
of lower urinary tract
malignant tumours other
than TCC may yield
positive results.
Discrepancies with
results may be observed
over time, while reading
the test.
Commercially available
—V-BTA Test. Results
are either positive or
negative.
Not recommended as a
confirmatory/definitive
diagnostic test for
urinary tract TCC in
dogs, and should not be
indiscriminately used in
every patient presenting
clinical signs of urinary
tract disease.

urinary tract
diseases

bFGF Urine ELISA urine test for
human and canine
bFGF. A quantitative
sandwich enzyme
immunoassay
technique has also
been developed using
an antibody for canine
bFGF.

Urine bFGF could be
useful as a diagnostic
tumour marker, helping
to distinguish dogs with
UTI from those with
TCC.
Commercially available
(for research use, only):
Quantikine  HS ELISA,
Human FGF basic
Immunoassay, Canine
BFGF ELISA Kit,
Nori  Canine FGF Basic
ELISA Kit.

Quantification
of urine
bFGF could
be useful as
a non-
invasive
indicator of
treatment
response.

N.S. N.S.

Chromosomal
CNAs

Tissue,
urine

Assessment of
urothelial cell
ploidy/DNA copy
number status in biopsy
sections and in urine
sediment by FISH.

Non-invasive method for
canine TCC diagnosis.
Potentially high-
sensitivity and high-
specificity FISH-based
method/assay for the
detection of canine TCC

N.A. N.S. N.S.
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Biomarker Sample Method
Diagnostic Utility,
Commercial
Availability

Utility as a
Prognostic
and/or
Therapeutic
Target

Power of the Test

Sensitivity Specificity

diagnosis utilising low-
volume, free-catch urine
specimens. Expensive
and high effort
method/labour intensive,
expertise, time-
consuming, increased
cost, which may limit its
application as routine
diagnostics in a clinical
environment.
Not commercially
available for canine
TCC. Available for in
vitro diagnostic use in
human samples. A
multicolour FISH-based
assay for detection of
aneuploidy for
chromosomes 3, 7, 17,
and loss of the 9p21
locus through FISH in
urine specimens—
UroVysion Bladder
Cancer Kit.

Tissue,
urine

Multiplexed ddPCR
assay for the detection
and quantification of
DNA copy number
imbalances/changes
characteristic to canine
TCC.

Accurate, high-
throughput method for
evaluation of copy
number changes in dogs
with TCC. In this study,
changes in copy number
were not detected in
33% of urine DNA
samples from dogs with
TCC, which was
probably due to the
presence of
inflammatory cells.
Thus, additional
techniques to improve
sensitivity in those
samples may be
required. In such cases,
FISH will still provide a
more accurate
evaluation.

N.A. N.S. N.S.
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Biomarker Sample Method
Diagnostic Utility,
Commercial
Availability

Utility as a
Prognostic
and/or
Therapeutic
Target

Power of the Test

Sensitivity Specificity

Commercially available
for dogs, for use in free-
catch urine samples:
CADET  BRAF-PLUS.
Can be used
in BRAF mutation-
negative patients. Could
be added to
CADET  BRAF,
increasing combined
sensitivity to ~95%.

Microsatellite
instability

Urine PCR study of a panel of
22 microsatellite DNA
sequences from
exfoliated urothelial
cells and blood cells;
comparison of
microsatellites
genotypes.

The technique added
little value as a
diagnostic test for TCC
in dogs.
High rate of false
positives (32%, 12 of
38).

N.A. 55% (48% *) 68% (76%, vs.
V-BTA)

* When compared with results of V-
BTA from the same study.

MicroRNAs Tissue,
cell
lines

QPCR of specific
miRNAs involved in the
pathophysiology of
TCC in humans.

MiR-34a, miR-16, miR-
103b and miR-106b
could be useful
diagnostic biomarkers
for the identification of
dogs with TCC.
More studies are
required, with a larger
sample.

N.A. N.S. N.S.

Blood,
urine

MiR-103b and miR-16
are potential non-
invasive diagnostic
biomarkers for TCC;
particularly for
distinguishing LUTD and
TCC in canine urine
samples.
Urine tests seem to be
superior in
distinguishing TCC from
LUTD.

N.A. N.A. N.S.

Telomerase Canine
TCC
cell

PCR-based telomeric
repeat amplification
protocol for

Telomerase activity may
be useful in diagnosing
canine TCC in urine

N.A. 91% 89%

®

®
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Biomarker Sample Method
Diagnostic Utility,
Commercial
Availability

Utility as a
Prognostic
and/or
Therapeutic
Target

Power of the Test

Sensitivity Specificity

line,
urine

detection/measurement
of telomerase activity.

samples in a clinical
context. Results of the
assay are either
telomerase-positive or
telomerase-negative.
Urine samples
containing other
telomerase-positive cells
may yield false-positive
results (e.g., presence
of activated lymphocytes
in dogs with bacterial
cystitis). False-negative
results may occur with
unappropriated urine
samples storage.

Diagnostic sensitivity/specificity of
the TRAP assay applied to clinical
canine urine samples.

Calgranulins Urine Species-specific
radioimmunoassays to
measure urine
concentrations of
canine calgranulins
S100A8/A9 and
S100A12.

Results presented as
normalised to urine
specific gravity levels
(S100A8/A9 ) and as
S100A8/A9-to-S100A12
ratio (UcalR). Provides
quantitative results.
S100A8/A9  could be
a good a screening test
for TCC/PC in dogs,
especially in those
where a UTI has been
ruled out as a cause of
clinical signs of lower
urinary tract disease
(due to a moderate rate
of false positives
observed for dogs ≥6
years of age with UTI).
UcalR can help
differentiate patients
with a UTI from those
with TCC/PC, even
though a moderate false
negative rate was seen
in dogs ≥ 6 y.o. with a
UTI.
A combination of
S100A8/A9  and
uCalR improved
diagnostic accuracy for

N.A. 96%
S100A8/A9  *
91%
UcalR **

66%
S100A8/A9  *
60%
UcalR **

* For detection of TCC/PC in dogs ≥
6 y.o.; ** to distinguish dogs with
TCC/PC from dogs with UTI in dogs
≥ 6 y.o.
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Biomarker Sample Method
Diagnostic Utility,
Commercial
Availability

Utility as a
Prognostic
and/or
Therapeutic
Target

Power of the Test

Sensitivity Specificity

the detection of canine
TCC/PC.
Test levels are not
affected by haematuria.

Proteomics Urine Characterisation of the
canine urinary
proteome by using
liquid chromatography
tandem mass
spectrometry and
immunoblot.

A protein signature was
identified, that could
distinguish between
healthy patients and
those with TCC or UTIs.
A statistical model using
a biomarker multiplex for
categorising samples as
TCC or non-TCC was
developed, predicting
the presence of disease
with 90% confidence.
Potential relevance of
the identified proteins as
biomarkers for the
diagnosis of TCC in
dogs. Preliminary study,
high-throughput
technique. A more direct
assay will be useful for
clinical diagnosis.

N.A. N.S. N.S.

Metabolomics Urine Nuclear magnetic
resonance
spectroscopy-based
metabolite profiling
analysis.

Six metabolites showed
significantly higher
levels in dogs with TCC
compared to controls:
urea, choline,
methylguanidine, citrate,
acetone and β-
hydroxybutyrate. Good
sensitivity to predict the
healthy control and
disease samples.
Potential for early
detection of bladder
cancer. Preliminary
study, high-throughput
technique.

N.A. 86% 78%

Lipidomics Tissue Imaging analysis to
examine lipidome/lipid
profiles, using
desorption electrospray

Differentiation of canine
cancerous bladder
tissue and cutaneous
metastasis from

N.A. N.S. N.S.
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Biomarker Sample Method
Diagnostic Utility,
Commercial
Availability

Utility as a
Prognostic
and/or
Therapeutic
Target

Power of the Test

Sensitivity Specificity

ionisation mass
spectrometry.

noncancerous canine
bladder tissue samples.
Different lipid
distributions between
healthy and diseased
tissues.
DESI-MS imaging could
be useful in diagnosing
TCC by using a
multimarker approach
based on the lipid
profiles and intensities
of tissue samples.
Further studies are
required with larger
populations and
additional control
groups, i.e., with other
lower urinary diseases.
Still requires invasive
techniques for tissue
collection.

Urine Analysis of lipid profiles
using liquid
chromatography-mass
spectrometry.

Unique lipid profiles
were found among dogs
with TCC, dogs with
UTI, and healthy dogs.
Specific statistical
analyses allowed their
differentiation.
Concentrations of the
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gene.
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of nuclear survivin as an
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the development,
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therapeutic target.
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predicting
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malignancy
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therapeutic
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N.S. N.S.

VEGFR2,
PDGFR-β, c-
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lines
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VEGFR2, PDGFR-β, c-
KIT.

PDGFR-β could play a
role in canine TCC
tumourigenesis.

PDGFR-β
and VEGFR2
might be
involved in
mediating
clinical
response of
TCC to
toceranib.

N.S. N.S.

Granzyme B,
CD3

Tissue IHC and PCR assay for
CD3 and granzyme B.

N.A. Granzyme
B  tumour-
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Presence of
granzyme
B  tumour-
infiltrating
cells might be
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P63, Ki67, β-
catenin

Tissue IHC for p63. P63 could potentially be
used as a clinical
marker for diagnosing
canine TCC.
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predicting
prognosis in
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UP III
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CK 20
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urothelial differentiation
used in dogs. It was
considered the marker
of choice in canine
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specific
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expression
and tumour
classification,
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neoplastic
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infiltration.
COX-2:
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COX-2
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COX-2
specific
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have been
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