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Simple Summary: Prostate carcinoma remains a therapeutic challenge in veterinary medicine.
Current treatment focuses on locoregional control ideally while minimizing morbidity, as well as
systemic therapy for the management of distant disease progression. Below, the current treatment
modalities, including the role of interventional oncology in the management of prostate carcinoma
therapy in dogs, are reviewed. Additionally, the role of dogs as a translational model for research
in people is acknowledged, as well as the consideration of using therapeutic strategies commonly
utilized for people for dogs.

Abstract: Prostate carcinoma is one of the most common cancers worldwide in men, with over
3 million men currently living with prostate carcinoma. In men, routine screening and successful
treatment schemes, including radiation, prostatectomy, or hormone therapy, have allowed for high
survivability. Dogs are recognized as one of the only mammals to spontaneously develop prostate
neoplasia and are an important translational model. Within veterinary medicine, treatment options
have historically been limited in efficacy or paired with high morbidity. Recently, less invasive
treatment modalities have been investigated in dogs and people and demonstrated promise. Below,
current treatment options available in dogs and people are reviewed, as well as a discussion of current
and future trends within interventional treatment for canine PC.

Keywords: stent; embolization; radiotherapy; prostatectomy; interventional radiology

1. Introduction

Most tumors arising from the prostate are histopathologically characterized as prostate
adenocarcinoma or urothelial carcinomas (UC), although other types have been reported [1].
Prostate carcinoma (PC) may arise from acinar epithelium urothelium lining the prostatic
urethra or ductal epithelium, and it remains challenging to distinguish prostate-origin car-
cinoma from urothelial carcinoma arising from the urethral or prostatic ducts and invading
the prostate secondarily. Histopathologically, both UC and PC demonstrate a heterogenous
appearance, and histologic differences do not appear to be correlated with clinical outcomes
in dogs [1–3]. Additional histopathological investigation in canine PC and hyperplasia sug-
gested that different cell populations are susceptible to neoplastic transformation (ductal
cells) compared to hyperplastic age-related steroid-responsive change (basal cells). This
finding is also supportive of the noticeable risk of castrated dogs for PC compared to intact
male dogs [4,5].

Most PCs are diagnosed in older castrated male dogs [2–5]. In general, PC is not
identified until later stages of the disease when clinical signs such as dysuria, hematuria,
dyschezia, hind limb pain, or ataxia are noted with urogenital signs preceding gastroin-
testinal and systemic signs typically [6,7]. Metastatic disease is most frequently diagnosed
in the lung, lumbar spine/pelvis, or lumbar lymph nodes [2,3]. Pulmonary metastatic rate
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at the time of diagnosis ranges from 8 to 50% [5,8], while local metastasis, such as lymph
node and bone, ranges from 15 to 72% [5,9], and gross metastasis is reportedly >80% at the
time of death [3,5].

2. Diagnosis

The diagnosis of PC in men often consists of chemical marker assay screening such
as prostate-specific antigen (PSA), as well as prostate biopsy [10]. Currently, there are no
such screening tools able to identify benign or malignant diseases of the canine prostate
or distinguish between malignant prostatic or urothelial cell origin, which creates an
inherent challenge to diagnosing canine PC [1]. Recently, BRAF gene mutations have been
discovered in a majority of canine PC and UC [11], which are associated with pro-oncogenic
properties and can also be detected in urine samples in dogs with BRAF mutation containing
UC or PC [12]. Imaging, including ultrasound, computed tomography (CT), or radiographs,
may be performed. Changes such as mineralization, regional lymphadenopathy, loss of
parenchymal architecture, and prostate capsule integrity are consistent with canine PC. The
mineralization of the prostate gland in neutered dogs is strongly associated with neoplasia;
however, this finding in intact dogs is less conclusive [13]. Radiographs or CTs may identify
bone lesions consistent with distant metastasis or mineralization in the region of the
prostate [2,14]. Cytologic diagnosis acquired by ultrasound-guided fine-needle aspiration,
diagnostic catheterization, or urine sediment cytology are reported. There appears to be a
strong correlation between cytologic diagnosis and histopathologic diagnosis [15], although
the manner by which cytology is acquired is important. Diagnostic catheterization appears
to be highly sensitive and specific for UC/PC cytology, and utilization of pathologist review
may help improve the sensitivity and specificity of this diagnostic [16]. Importantly, the
seeding of the abdominal wall following fine-needle aspiration or percutaneous biopsy
of UC/PC was described [17,18], and caution should be used when considering this
diagnostic method.

3. Current Treatments
3.1. Medical Management

The medical treatment of PC in dogs includes the use of non-steroidal anti-inflammatory
drugs and chemotherapy. The expression of cyclooxygenases (Cox)-1 and -2 was evaluated
in PC in dogs. Cox-1 was detected in normal and neoplastic prostatic epithelial cells, while
Cox-2 was exclusively identified in tumor cells, and both were identified in the majority of
tumors (94% and 88%, respectively) for which they were evaluated. While Cox-1 and -2
positive tumors do not appear to have significantly different clinical courses compared to
negative tumors, it does justify the use of NSAIDS in these patients; the clear superiority of
one NSAID over another has not been established [9]. Importantly, the anti-tumor effects
of Cox inhibitors are likely multifactorial, although they may act on Cox-dependent or
-independent pathways [9]. The median survival time (MST) in dogs receiving NSAIDS
vs. no treatment was 6.9 mo compared to 0.7 mo, which was significant [9]. In contrast
to NSAIDS, the antitumor effects of chemotherapy in the treatment of PC appears to be
generally poor. A retrospective study evaluating mitoxantrone paired with piroxicam in
dogs with PC objectively identified no partial or complete response, although most owners
perceived improvement in urination and/or defecation. In this population, MST for all
dogs was 155 days [8]. A more recent prospective open-label phase III randomized study
compared mitoxantrone to carboplatin administered every 3 weeks with piroxicam con-
currently in dogs with lower urinary tract tumors, including PC. There was no significant
difference in treatment arms, but similarly, prostatic involvement appeared to negatively
impact survival with a median survival of 109 days compared to urethral, trigonal, or
apically located tumors (300, 190, and 645 days, respectively) [19]. The authors suggest
that the addition of chemotherapy may prolong survival in dogs based on their results
compared to historical published data, despite not having a piroxicam-only treatment
arm. A similar suggestion was made following retrospective evaluation of PC treated
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with NSAIDS with or without chemotherapy, which found that dogs treated with NSAIDS
and chemotherapy had significantly longer MST and time to progression (106 d, 76 d,
respectively) compared to NSAIDS alone (51 d and 44 d, respectively) [6]. While this is
compelling, there is a lack of prospective randomized controlled trials (RCT) dictating the
difference in outcomes between NSAIDS alone and in conjunction with chemotherapy,
which softens the recommendation to apply the two concurrently. In patients for which
chemotherapy is available and is likely to be well tolerated, concurrent application can
be considered.

3.2. Surgery

In people, definitive intent treatment options for PC in men include surgery or radio-
therapy, with surgery possibly being preferred over radiotherapy for impact on overall and
PC-specific mortality in patients [20]; differences in bowel and genitourinary symptoms
may be inconsistent between the two, however [21]. In dogs, prostatectomy was evaluated.
A study comparing dogs with PC treated with NSAIDS with or without chemotherapy (e.g.,
toceranib, carboplatin, 5-fluorouracil, and chlorambucil) had a median survival time of
90 days following diagnosis. This was compared to dogs who underwent surgical treatment
{total prostatectomy (TP) or total prostatocystectomy (TPC)} with a median survival time
of 337 days; dogs survived significantly longer in the TP group (>500 days) compared to
the TPC group (83 d). In that study, most patients (80%) experienced urinary incontinence
following surgery [22]. In another report of TP with various reconstructive surgeries de-
scribed in dogs with PC, MST was 231 days, and permanent incontinence was reported in
one-third of dogs [23]. While surgery is a viable option, it remains moderately morbid and
reasonably complicated, with a high risk of urinary incontinence. Therefore, the need for
alternative loco-regional therapies is clear.

3.3. Radiation

Curative intent external beam or brachytherapy was performed on men with high cure
rates and mixed side effects compared to surgery, with some evidence suggesting improved
urinary and sexual effects [24]. It was also used as an adjunct with prostatectomy [24].
Image-guided intensity-modulated radiotherapy (IMIG-RT) was described as a first-line
or salvage procedure, with or without chemotherapy, in dogs with lower urinary tract
carcinomas [7,25–28]. In studies evaluating the risk of acute radiation effects associated
with pelvic irradiation with curative intent, external beam radiation gastrointestinal com-
plications (specifically colitis) were encountered most commonly (38–75%) [26,27]. Studies
similarly evaluating late complications for dogs receiving a definitive intent irradiation
of pelvic region tumors identified one or more complications in 39–56% of patients, with
necrotic drainage/ulceration of the skin and subcutaneous tissues within the radiation
field, chronic colitis, strictures, and osteopenia being most commonly reported [26,27].
Interestingly, the perineal location was specifically identified as a riskier location for the
development of complications, as was a larger radiation field. Therefore, irradiation in the
region of the lower urinary tract is considered a lower risk in the scheme of pelvic RT [26].
A retrospective study evaluating the role of radiation therapy with or without concurrent
chemotherapy in lower urinary tract carcinomas reported an event-free survival (EFS) of
260 days and an overall survival time (OST) of 510 days. All dogs were retrospectively
categorized into three treatment groups, including dogs undergoing first-line concurrent
chemoradiotherapy (1), first-line chemotherapy > 1 mo prior to initiating radiotherapy
who did not have evidence of tumor progression (2), and dogs receiving radiotherapy
as salvage following locoregional failure (3). Fifty-one dogs with primary genitourinary
urothelial carcinoma were included and further categorized into bladder (19), prostate
(17), and urethral (4), and eleven were multifocal within the urinary tract. Dogs with
prostate involvement were not separately evaluated for factors such as acute or late side
effects, although overall median survival times in dogs with prostate involvement was
341 days, which was significantly worse than for dogs without prostate involvement. Acute
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radiation effects were predominantly mild but were reported in 65% of treated dogs and
included acute colitis most commonly, followed by acute dermatitis and genitourinary ef-
fects. Importantly, there was a 31% risk of permanent urinary incontinence, and late effects,
including urethral stricture, were documented but uncommon. In all dogs, the median
time to local progression was 343 days and was reported in 59% of dogs. Locoregional
failure rates per group were 56%, 50%, and 75% for groups 1, 2, and 3 [25]. In a separate
study that retrospectively evaluated the late effects of intensity-modulated image-guided
radiotherapy (IMIG-RT) for genitourinary carcinomas in dogs, including PC and UC, late
effects were only identified in 19% of dogs, which included grade 3 [29] genitourinary and
gastrointestinal events. Acute effects occurred in the majority of patients with gastrointesti-
nal (colitis) being most common, followed by integumentary and urinary tract effects. In
this study, median EFS and OST was 317 and 654 days each, and the location of tumor did
not appear to significantly affect outcome. Of the owners who completed standardized
post-treatment questionaries, 60% perceived improved quality of life while 30% reported
unchanged [28]. A more recent study solely evaluated definitive intent intensity-modulated
radiation therapy for PC with or without concurrent chemotherapy. The median EFS and
OST for all dogs were 220 and 563 days, respectively [7]. Within the treated population,
the median time to local progression was 241 d, and 56% of patients had documentation of
metastatic disease at a median of 108 days. In this population, the presence of symptoms
at time of diagnosis negatively impacted survival, and EFS was shorter in patients with
metastatic disease at diagnosis compared to those who did not have metastatic disease.
Patients with the involvement of additional uroepithelia sites beyond the prostate did not
have significantly different OST or EFS. Importantly, 60% of patients had grade 1–2 [29]
acute toxicity documented while the estimated rate of late effects at 12 and 18 mo was
8% and 22% [7]. Metastatic disease was the most common reason for euthanasia, which
suggests that aggressive local treatment should be paired with systemic treatment as well.
Despite evidence demonstrating prolonged OST and EFS with systemic therapy, overall
prognosis remains guarded with most animals succumbing to metastatic disease.

4. Interventional Oncology Approaches to Prostate Carcinoma

Interventional oncology (IO) is the treatment of cancer using image-guided minimally
invasive techniques. Available IO options include both definitive- and palliative-intent
treatments. In veterinary medicine, IO techniques are particularly exciting due to the
optimization of quality of life with a lowered morbidity. While still emerging in veterinary
medicine, prospective and retrospective investigations of outcomes in dogs undergoing
these treatments have started to guide the role of IO in the treatment of PC.

4.1. Prostate Artery Embolization

Prostate artery embolization (PAE) is a minimally invasive technique involving the
delivery of embolic material into the arterial blood supply that feeds the prostate. The
prostate is a bilobed structure with independent blood supply per lobe. In most dogs, the
internal pudendal artery branching from the internal iliac gives rise to the main prostatic
artery. The prostatic artery also provides a smaller terminal branch, the caudal vesical artery,
that courses towards the distal ureter and urethra and provides some supply. Distally,
the prostate artery provides the small middle rectal artery as well as the three smaller
terminal cranial, middle, and caudal prostate arteries [30]. To adequately embolize the
prostate, the selection of the left and right prostate artery is attempted and, in all published
descriptions, femoral or carotid artery access was elected. In people, PAE was investigated
for the amelioration of lower urinary tract signs associated with benign prostate hyperplasia
(BPH) in men due to its minimally invasive nature [31,32]. It was found to be technically
safe, with good long term outcomes for the reduction of adverse symptoms and prostate
volume [31,32]. Additionally, there has been some investigation into PAE for prostate
bleeding associated with PC or for a tumoricidal effect in patients with localized PC. While
technically successful in a majority of cases, there was evidence of the incomplete and
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non-sustainable control of PC [33,34]. The control of bleeding in men with advanced
PC appears generally successful [35], although PAE is not considered a standard first
line treatment for PC in men. Prior to translation in people, the embolization of canine
prostates following the induction of BPH in a research setting was reported. In two early
studies, PAE performed with microspheres in research dogs with induced BPH was found
to be technically safe and feasible [36,37]. In a similar study evaluating the delivery of
polyethylene glycol microspheres sized 400 +/− 75 µm in a spontaneous BPH model in
intact beagles, a significant reduction in prostate volume was noted at 2- and 4-weeks
post-embolization. A histopathological exam revealed diffuse glandular atrophy and
interstitial fibrosis, although the partial or complete recanalization of all prostate arteries
was demonstrated 1 mo following initial embolization [38].

Prostate artery embolization with embolic beads in dogs with spontaneous PC was
also evaluated. It was found to be technically successful, and all dogs had a reduction
in prostate volume after PAE with a median decrease in prostate volume of 39.4% as
measured on CT 1 mo following treatment. Additionally, the clinical signs of stranguria,
tenesmus, and lethargy were significantly less common 30 days after PAE compared to
before [14]. Drug-loaded beads (DEB) with docetaxel were investigated for use in a canine
model of spontaneous prostate carcinoma and evaluated at day 30 and day 60 following
embolization [39]. Three of five dogs were unable to make it to the endpoint of study due
to rapid disease progression, although CT demonstrated a decrease in prostate volume
in all dogs and no major complications were noted. While this treatment substantially
reduced the tumor volume, it did not eradicate it, and additional investigations regarding
dose and delivery are necessary. It is unknown how effective DEB-PAE or bland-PAE is
when compared to radiotherapy or surgery; however, it does appear to be substantially less
morbid without the association of significant genitourinary or gastrointestinal side effects.
Additionally, it appears to be effective at reducing prostate and tumor size with varied
effects on quality of life and symptoms. While worth consideration, it appears that systemic
tumor progression occurs in the face of local tumor control, and further investigation into
managing local and distant disease progression continues to be essential.

Exciting advances in PAE include the development of radioembolization with 90Y
microspheres (TheraSphere; Boston Scientific; Marlborough, MA, USA). The beta-particle
emission from radioactive decay results in a more focused distribution of energy delivery
into surrounding tissues, with the majority deposited within 5 mm of the emitting parti-
cle. This has many potential advantages regarding the avoidance of acute and late-term
radioeffects. A study evaluating the feasibility, safety, and absorbed dose distribution of
prostate 90Y radioembolization in a canine model of induced BPH was recently completed.
Animals were divided into groups based on escalated dose and delivered radioembolic,
and dogs served as their own controls as only one prostate lobe underwent treatment.
Positron emission tomography/MRI was subsequently performed to evaluate the absorbed
dose and volume change. The bladder and rectal wall were exposed to tolerable doses of
radiation based on microdosimetry, and a significant volume decrease was noted in all
dogs, which correlated positively to an escalated dose. No adverse events were detected in
the follow up period. Additionally, there was no non-target tissue damage when tissues
were harvested and evaluated microscopically [40]. While seemingly safe with a limited
side effect profile, additional research into radioembolization for the treatment of PC
is essential.

Currently, there remains limited published experience with PAE in people and dogs,
although it remains a compelling treatment option. Unanswered questions include the
advantage of chemotherapy with embolic compared to bland or radioembolization, as well
as long-term outcomes compared to other treatment modalities (surgery, radiotherapy) in
dogs. The pairing of embolization with concurrent therapies such as IA or IV chemotherapy
or external beam radiation and the efficacy of repeat embolization is unknown. While these
questions require additional effort to be answered, the clinical role of PAE in dogs with
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naturally occurring PC is justified and, while technically challenging, appears to be feasible
and minimally invasive with a very low rate of procedure-associated complications.

4.2. Intra-Arterial Chemotherapy

There has been some published experience on the utility of chemotherapy with canine
PC. Intra-arterial chemotherapy is of notable interest for PC due to the increased drug
concentration within the tumor following intra-arterial administration, while also sparing
systemic exposure and reducing adverse events (Figure 1). There has been increased focus
on bladder cancer and intra-arterial chemotherapy. An early investigation in a rabbit model
of bladder cancer evaluated outcomes following IA or IV infusion once a week for three
weeks of carboplatin and pirarubicin. All bladder tumors in the IA group decreased in size
or disappeared entirely [41]. In people, there appears to be some evidence that IA infusions
of cisplatin may decrease bulky tumors and improve outcomes in patients without metas-
tasis for bladder carcinoma [42]. Pairing IA chemotherapy and radiation concurrently as
a primary treatment or in the neoadjuvant setting also demonstrated success in improv-
ing rates of response while minimizing systemic toxicity for bladder carcinoma [43,44].
Previously, IA chemotherapy (cisplatin) paired with radiation therapy for the treatment
of urinary bladder carcinoma in two dogs led to a reduction in tumor size in both and
was well tolerated [45]. While encouraging, there is a lack of randomized controlled trials
to establish these treatments in canine lower urinary tract carcinomas. In a more recent
retrospective study [46], intra-arterial chemotherapy alone was compared to intravenous
chemotherapy regarding local short-term effects against spontaneously forming lower
urinary tract tumors in dogs. Dogs with prostatic or urothelial carcinomas who received
IV or IA carboplatin and an NSAID were included. Ultrasonographic appearance of the
tumor prior to and following two doses of IA chemotherapy revealed a significant change
in the longest unidimensional measurement, which was not noted in the IV chemother-
apy group. While this was retrospectively performed, it is suggestive of some increased
benefit to the use of the super-selected delivery of chemotherapy into lower urinary tract
carcinomas. An additional prospective study performed to evaluate serum concentration
of chemotherapeutics evaluated the IA and IV treatment of lower urinary tract tumors
with mitoxantrone, doxorubicin, or carboplatin. The area under curve (AUC) for the serum
drug concentration-time was significantly lower after IA mitoxantrone compared to IV,
while peak serum concentrations of IA carboplatin were significantly lower compared
to equivocal IV and AUC values. Doxorubicin-delivered IA or IV did not demonstrate
measurable differences in AUC or peak serum concentrations. While these findings appear
mixed, the heterogenous population of treated tumors and patients as well as various fac-
tors impacting tumor uptake of chemotherapy were not controlled or specifically evaluated
for, and additional controlled studies may be helpful [47]. Ultimately, there appears to be
some evidence that IA carboplatin has low systemic exposure and may be effective against
lower urinary tract tumors including PC in dogs. This treatment should be considered
as a safe and technically feasible treatment with some evidence of increased effectiveness
against a resilient tumor.
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Figure 1. (A). Lateral digital subtraction angiogram at the level of the prostatic artery demonstrating
extensive neovascularization of the prostate, urethra, and trigone (carat) in a dog with progressive pro-
static carcinoma. (B). Lateral fluoroscopic view of the same dog during administration of intra-arterial
chemotherapy, admixed with contrast (carat), into the prostatic artery via microcatheter (asterisk).



Vet. Sci. 2024, 11, 169 8 of 13

4.3. Palliative Stenting for Urethral and Ureteral Obstruction
4.3.1. Urethral Stenting

The local progression of PC can lead to urethral or ureteral obstruction, for which
urethral or ureteral stenting is possible. The transurethral placement of permanent urethral
stents to treat malignant urethral obstruction in dogs has been described [48]. Balloon ex-
panded metallic stents or self-expanding metallic stent placement was described, although
self-expanding stents may be preferred and are almost exclusively used at the authors’
institutions. The procedure is minimally invasive, and the procedural time tends to be
short. In the original report of urethral stents for malignant obstruction, death was not
related to urethral obstruction in all dogs for which stents were placed and nine of twelve
dogs were continent or mildly incontinent after stent placement, while the remaining three
were severely incontinent (2) or had an atonic bladder (1) in one study. Major complications
included stent dislodgement in one dog, although none of the dogs had reported tumor
in-growth [48]. A second study retrospectively evaluating a larger population of dogs
undergoing palliative urethral stent placement showed a high rate of technical success, al-
though 26% of all dogs (5/19 females and 6/23 males) were severely incontinent following
stent placement [49]. Interestingly, stent length, diameter, and location were not associated
with incontinence or stranguria. Ultimately, 95% of dogs were euthanized following stent
placement for reasons unrelated to urethral obstruction [49]. Clinically, urethral stents are
an excellent option for resolving the life-threatening condition of obstructive neoplasia in
the bladder, urethra, and/or prostate. While urinary incontinence is a risk of this procedure,
it appears to severely affect a minority of patients.

Temporary stents are placed less frequently and typically as a bridging therapy until
permanent stents can be placed. These are often rubber or polyurethane and can be
temporarily managed by an owner at home [50]. In one study, temporary urethral stents
placed for benign or malignant etiologies were successfully placed and well tolerated
but led to urinary incontinence in all dogs they were placed in, if they spanned from
bladder to urethral orifice, and were associated with complications such as bacteriuria and
stent migration [51]. While reasonable as a temporary solution, these are generally not
considered adequate as a long-term solution.

4.3.2. Ureteral Stenting

In people, a ureteral stent placement to relieve ureteral obstruction has been utilized for
the palliation of urologic malignant disease. Stents are typically preferred over nephrostomy
tubes for improved tolerability, although polymeric and metallic stents had mixed success
in maintaining patency following placement in patients [52]. While there are various
different devices available, metallic stents generally resist external compressive forces better
than polymeric stents. Patency at the time of placement appears to be very high [52–54],
and overall stent failure over 12 months following placement remains tolerable [52,53].
Compared to metallic stents, polymer stents may have comparable patency at 6 months
and significantly diminished patency and associated quality of life at 12 months [55]. In
contrast to metallic stents, which may be allowed to indwell for longer, polymer stents may
be exchanged as frequently as every 3 months, which can be perceived negatively by a
patient [55,56].

In dogs with ureteral stents that are placed for benign or malignant ureteral obstruc-
tion, stent exchange is often not financially possible or planned for. Additionally, the
long-term outcome in dogs following stent placement for malignant obstruction is often
poor; therefore, prolonged patency may be less important. In dogs, percutaneous antegrade
ureteral stent placement is advocated for relief of malignant ureteral obstruction [50]. Due
to the decreased visibility or access to the ureterovesicular junctions, these are most often
placed percutaneously and antegrade (Figure 2), which is technically challenging and re-
quires substantial experience with ultrasound-guided and fluoroscopic-guided procedures.
Reported complications of this procedure include the inability to successfully place stents
percutaneously requiring conversion, the migration of a stent, the disruption of the upper
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urinary tract, or tumor seeding at skin puncture sites [57,58]. While comparably little is
known on how the type of stent device may play a role in immediate and long-term patency
in dogs and metallic ureteral stents have not been reported in veterinary patients, the long-
term indwelling time of metallic stents may align well with the inability to perform stent
exchange in veterinary medicine and could be considered as a future point of investigation
in dogs.
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Figure 2. (A). Fluoroscopic image of percutaneous renal pelvic access (obliqued, head left) with a
needle (asterisk) for diagnostic pyelogram and for antegrade placement of a wire spanning into the
bladder and exiting the urethral orifice for fluoroscopic guided percutaneous ureteral stent placement
for obstructive urothelial carcinoma. (B). Fluoroscopic image of through-and-through wire (carat),
long access sheath (asterisk), and second wire (plus) coiled within the renal pelvis that spanned the
site of ureterovesicular junction obstruction. (C). Fluoroscopic image of ureteral stent (asterisk) in
place alongside through-and-through wire (carat) spanning the urinary tract.

5. Concluding Remarks

At this time, there remains a lack of robust trials comparing treatment modalities
and long-term outcomes in dogs diagnosed with prostate carcinoma. As such, the role
of interventional oncology in the treatment of prostate cancer is still being investigated.
Importantly, the practitioner must consider each patient independently while weighing
disease burden, stage, and external patient and owner factors. IO techniques remain
minimally morbid, with percutaneous access (PAE, intra-arterial chemotherapy, ureteral
stenting) or natural orifice access (urethral stenting, ureteral stenting), which is hugely
advantageous. While long-term data for dogs undergoing prostate artery embolization or
intra-arterial chemotherapy is limited, locoregional effectiveness based on tumor volume
reduction was documented in both [14,46], which is encouraging. IA chemotherapy may
demonstrate improved effectiveness in bulky disease compared to IV administration,
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although the long-term control of distant disease progression is unknown and there may be
a role for both for disease management [19,46]. Additionally, while no data exist comparing
embolization to radiotherapy or surgery, the less invasive nature and high tolerability
makes embolization an exciting treatment option for the local prostatic disease. Urethral
and ureteral stenting can be used in the treatment of progressive obstructive disease within
the lower urinary tract which may mitigate life-limiting complications that are frequent
to prostate carcinoma locoregional progression [48–51,58]. Lower urinary tract stenting
appears to be well tolerated and is considered a good option in the palliation of this disease.
When considering these treatments, owner finances as well as available resources (e.g.,
fluoroscopy) and procedural experience will play an important role in what can be offered.
Additionally, thorough the evaluation of disease burden to identify the appropriateness of
treatments is essential and may include ultrasound, computed tomography angiography,
cystoscopy, and/or cystourethrography.

In conclusion, canine PC remains a diagnostic and therapeutic treatment challenge
with guarded long-term prognosis. Despite this, the translation of therapies such as
stenting for malignant obstruction and prostate artery embolization to clinical canine PC
is encouraging. While surgery and radiotherapy remain valid as locoregional therapies,
the inability to obtain consistently good long-term outcomes without a moderate risk of
side-effects may limit the tolerance of the associated morbidity of some of these treatments.
The role of interventional oncology in the palliative setting (percutaneous or transurethral
stenting procedures) or in the direct treatment of PC in dogs (embolization, intra-arterial
chemotherapy) is an exciting field that deserves ongoing focus in the future. While ongoing
research is needed, there are encouraging therapeutic developments that may allow the
optimization of the treatment of PC in dogs and people.

Author Contributions: Conceptualization and original draft preparation: E.A.G.; conceptualization
and reviewing and editing: W.T.N.C. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Leroy, B.E.; Nadella, M.V.P.; Toribio, R.E.; Leav, I.; Rosol, T.J. Canine Prostate Carcinomas Express Markers of Urothelial and

Prostatic Differentiation. Vet. Pathol. 2004, 41, 131–140. [CrossRef] [PubMed]
2. Leroy, B.E.; Northrup, N. Prostate Cancer in Dogs: Comparative and Clinical Aspects. Vet. J. 2009, 180, 149–162. [CrossRef]

[PubMed]
3. Cornell, K.K.; Bostwick, D.G.; Cooley, D.M.; Hall, G.; Harvey, H.J.; Hendrick, M.J.; Pauli, B.U.; Render, J.A.; Stoica, G.; Sweet, D.C.;

et al. Clinical and Pathologic Aspects of Spontaneous Canine Prostate Carcinoma: A Retrospective Analysis of 76 Cases. Prostate
2000, 45, 173–183. [CrossRef] [PubMed]

4. Leav, I.; Schelling, K.H.; Adams, J.Y.; Merk, F.B.; Alroy, J. Role of Canine Basal Cells in Postnatal Prostatic Development, Induction
of Hyperplasia, and Sex Hormone-Stimulated Growth; and the Ductal Origin of Carcinoma. Prostate 2001, 48, 210–224. [CrossRef]
[PubMed]

5. Bell, F.W.; Klausner, J.S.; Hayden, D.W.; Feeney, D.A.; Johnston, S.D. Clinical and Pathologic Features of Prostatic Adenocarcinoma
in Sexually Intact and Castrated Dogs: 31 Cases (1970–1987). J. Am. Vet. Med. Assoc. 1991, 199, 1623–1630. [CrossRef] [PubMed]

6. Ravicini, S.; Baines, S.J.; Taylor, A.; Amores-Fuster, I.; Mason, S.L.; Treggiari, E. Outcome and Prognostic Factors in Medically
Treated Canine Prostatic Carcinomas: A Multi-Institutional Study. Vet. Comp. Oncol. 2018, 16, 450–458. [CrossRef] [PubMed]

7. Walz, J.Z.; Desai, N.; Asselt, N.V.; Poirier, V.J.; Hansen, K.; Selmic, L. Definitive-Intent Intensity-Modulated Radiation Therapy
for Treatment of Canine Prostatic Carcinoma: A Multi-Institutional Retrospective Study. Vet. Comp. Oncol. 2020, 18, 381–388.
[CrossRef] [PubMed]

https://doi.org/10.1354/vp.41-2-131
https://www.ncbi.nlm.nih.gov/pubmed/15017026
https://doi.org/10.1016/j.tvjl.2008.07.012
https://www.ncbi.nlm.nih.gov/pubmed/18786842
https://doi.org/10.1002/1097-0045(20001001)45:2%3C173::AID-PROS12%3E3.0.CO;2-R
https://www.ncbi.nlm.nih.gov/pubmed/11027417
https://doi.org/10.1002/pros.1100
https://www.ncbi.nlm.nih.gov/pubmed/11494337
https://doi.org/10.2460/javma.1991.199.11.1623
https://www.ncbi.nlm.nih.gov/pubmed/1778750
https://doi.org/10.1111/vco.12400
https://www.ncbi.nlm.nih.gov/pubmed/29806232
https://doi.org/10.1111/vco.12561
https://www.ncbi.nlm.nih.gov/pubmed/31811693


Vet. Sci. 2024, 11, 169 11 of 13

8. Hazzah, T.N.; Kass, P.H.; Brodsky, E.M.; Elpiner, A.K.; Silver, M.L.; Buote, N.J.; Post, G.S. Evaluation of Mitoxantrone with
Piroxicam as First Line Therapy for Carcinomas of the Prostate in Dogs. J. Appl. Res. Vet. Med. 2013, 11, 16–24.

9. Sorenmo, K.U.; Goldschmidt, M.H.; Shofer, F.S.; Goldkamp, C.; Ferracone, J. Evaluation of Cyclooxygenase-1 and Cyclooxygenase-
2 Expression and the Effect of Cyclooxygenase Inhibitors in Canine Prostatic Carcinoma. Vet. Comp. Oncol. 2004, 2, 13–23.
[CrossRef]

10. Prostate Cancer Treatment (PDQ®)—NCI. Available online: https://www.cancer.gov/types/prostate/hp/prostate-treatment-
pdq (accessed on 28 January 2024).

11. Decker, B.; Parker, H.G.; Dhawan, D.; Kwon, E.M.; Karlins, E.; Davis, B.W.; Ramos-Vara, J.A.; Bonney, P.L.; McNiel, E.A.; Knapp,
D.W.; et al. Homologous Mutation to Human BRAF V600E Is Common in Naturally Occurring Canine Bladder Cancer—Evidence
for a Relevant Model System and Urine-Based Diagnostic Test. Mol. Cancer Res. 2015, 13, 993–1002. [CrossRef]

12. Mochizuki, H.; Shapiro, S.G.; Breen, M. Detection of BRAF Mutation in Urine DNA as a Molecular Diagnostic for Canine
Urothelial and Prostatic Carcinoma. PLoS ONE 2015, 10, e0144170. [CrossRef] [PubMed]

13. Bradbury, C.A.; Westropp, J.L.; Pollard, R.E. Relationship between Prostatomegaly, Prostatic Mineralization, and Cytologic
Diagnosis. Vet. Radiol. Ultrasound Off. J. Am. Coll. Vet. Radiol. Int. Vet. Radiol. Assoc. 2009, 50, 167–171. [CrossRef] [PubMed]

14. Culp, W.T.N.; Johnson, E.G.; Giuffrida, M.A.; Palm, C.A.; Skorupski, K.A.; Burton, J.H.; Rebhun, R.B.; Willcox, J.L.; Kent, M.S.;
Rodriguez, C.O.; et al. Procedural Description and Prospective Evaluation of Short-Term Outcome for the Use of Prostatic Artery
Embolization in Dogs with Carcinoma of the Prostate. J. Am. Vet. Med. Assoc. 2021, 259, 1154–1162. [CrossRef] [PubMed]

15. Powe, J.R.; Canfield, P.J.; Martin, P.A. Evaluation of the Cytologic Diagnosis of Canine Prostatic Disorders. Vet. Clin. Pathol. 2004,
33, 150–154. [CrossRef] [PubMed]

16. McAloney, C.A.; Evans, S.J.M.; Hokamp, J.A.; Wellman, M.L.; White, M.E. Comparison of Pathologist Review Protocols for
Cytologic Detection of Prostatic and Urothelial Carcinomas in Canines: A Bi-Institutional Retrospective Study of 298 Cases. Vet.
Comp. Oncol. 2021, 19, 374–380. [CrossRef]

17. Higuchi, T.; Burcham, G.N.; Childress, M.O.; Rohleder, J.J.; Bonney, P.L.; Ramos-Vara, J.A.; Knapp, D.W. Characterization and
Treatment of Transitional Cell Carcinoma of the Abdominal Wall in Dogs: 24 Cases (1985–2010). J. Am. Vet. Med. Assoc. 2013, 242,
499–506. [CrossRef] [PubMed]

18. Nyland, T.G.; Wallack, S.T.; Wisner, E.R. Needle-Tract Implantation Following Us-Guided Fine-Needle Aspiration Biopsy of
Transitional Cell Carcinoma of the Bladder, Urethra, and Prostate. Vet. Radiol. Ultrasound 2002, 43, 50–53. [CrossRef] [PubMed]

19. Allstadt, S.D.; Rodriguez, C.O.; Boostrom, B.; Rebhun, R.B.; Skorupski, K.A. Randomized Phase III Trial of Piroxicam in
Combination with Mitoxantrone or Carboplatin for First-Line Treatment of Urogenital Tract Transitional Cell Carcinoma in Dogs.
J. Vet. Intern. Med. 2015, 29, 261–267. [CrossRef] [PubMed]

20. Wallis, C.J.D.; Saskin, R.; Choo, R.; Herschorn, S.; Kodama, R.T.; Satkunasivam, R.; Shah, P.S.; Danjoux, C.; Nam, R.K. Surgery
Versus Radiotherapy for Clinically-Localized Prostate Cancer: A Systematic Review and Meta-Analysis. Eur. Urol. 2016, 70, 21–30.
[CrossRef] [PubMed]

21. Yu, C.; Yao, J.; He, Y.; Huang, J.; Chen, M.; Qian, M.; Lou, D.; Zhou, Z.; Chen, F. Effects of Surgery versus Radiotherapy in Patients
with Localized Prostate Cancer in Terms of Urinary, Bowel, and Sexual Domains. Cancer Med. 2023, 12, 18176–18188. [CrossRef]

22. Iizuka, K.; Ishigaki, K.; Seki, M.; Nagumo, T.; Tamura, K.; Sakurai, N.; Terai, K.; Asano, K. Comparison of Outcomes between
Medical and Surgical Treatment in Dogs with Prostatic Adenocarcinoma: A Retrospective Study. BMC Vet. Res. 2022, 18, 36.
[CrossRef] [PubMed]

23. Bennett, T.C.; Matz, B.M.; Henderson, R.A.; Straw, R.C.; Liptak, J.M.; Selmic, L.E.; Collivignarelli, F.; Buracco, P. Total Prostatectomy
as a Treatment for Prostatic Carcinoma in 25 Dogs. Vet. Surg. VS 2018, 47, 367–377. [CrossRef]

24. Gay, H.A.; Michalski, J.M. Radiation Therapy for Prostate Cancer. Mo. Med. 2018, 115, 146–150. [PubMed]
25. Clerc-Renaud, B.; Gieger, T.L.; LaRue, S.M.; Nolan, M.W. Treatment of Genitourinary Carcinoma in Dogs Using Nonsteroidal

Anti-inflammatory Drugs, Mitoxantrone, and Radiation Therapy: A Retrospective Study. J. Vet. Intern. Med. 2021, 35, 1052–1061.
[CrossRef] [PubMed]

26. Arthur, J.J.; Kleiter, M.M.; Thrall, D.E.; Pruitt, A.F. Characterization of Normal Tissue Complications in 51 Dogs Undergoing
Definitive Pelvic Region Irradiation. Vet. Radiol. Ultrasound Off. J. Am. Coll. Vet. Radiol. Int. Vet. Radiol. Assoc. 2008, 49, 85–89.
[CrossRef] [PubMed]

27. Anderson, C.R.; McNiel, E.A.; Gillette, E.L.; Powers, B.E.; LaRue, S.M. Late Complications of Pelvic Irradiation in 16 Dogs. Vet.
Radiol. Ultrasound 2002, 43, 187–192. [CrossRef] [PubMed]

28. Nolan, M.W.; Kogan, L.; Griffin, L.R.; Custis, J.T.; Harmon, J.F.; Biller, B.J.; Larue, S.M. Intensity-Modulated and Image-Guided
Radiation Therapy for Treatment of Genitourinary Carcinomas in Dogs. J. Vet. Intern. Med. 2012, 26, 987–995. [CrossRef]
[PubMed]

29. Ladue, T.; Klein, M.K. Veterinary Radiation Therapy Oncology Group Toxicity Criteria of the Veterinary Radiation Therapy
Oncology Group. Vet. Radiol. Ultrasound Off. J. Am. Coll. Vet. Radiol. Int. Vet. Radiol. Assoc. 2001, 42, 475–476. [CrossRef]

30. Evans, H.E.; De Lahunta, A. Miller’s Anatomy of the Dog, 4th ed.; Elsevier: St. Louis, MO, USA, 2013.
31. de Assis, A.M.; Moreira, A.M.; de Paula Rodrigues, V.C.; Yoshinaga, E.M.; Antunes, A.A.; Harward, S.H.; Srougi, M.; Carnevale,

F.C. Prostatic Artery Embolization for Treatment of Benign Prostatic Hyperplasia in Patients with Prostates > 90 g: A Prospective
Single-Center Study. J. Vasc. Interv. Radiol. JVIR 2015, 26, 87–93. [CrossRef]

https://doi.org/10.1111/j.1476-5810.2004.00035.x
https://www.cancer.gov/types/prostate/hp/prostate-treatment-pdq
https://www.cancer.gov/types/prostate/hp/prostate-treatment-pdq
https://doi.org/10.1158/1541-7786.MCR-14-0689
https://doi.org/10.1371/journal.pone.0144170
https://www.ncbi.nlm.nih.gov/pubmed/26649430
https://doi.org/10.1111/j.1740-8261.2009.01510.x
https://www.ncbi.nlm.nih.gov/pubmed/19400462
https://doi.org/10.2460/javma.20.06.0324
https://www.ncbi.nlm.nih.gov/pubmed/34727073
https://doi.org/10.1111/j.1939-165X.2004.tb00365.x
https://www.ncbi.nlm.nih.gov/pubmed/15334350
https://doi.org/10.1111/vco.12682
https://doi.org/10.2460/javma.242.4.499
https://www.ncbi.nlm.nih.gov/pubmed/23363282
https://doi.org/10.1111/j.1740-8261.2002.tb00443.x
https://www.ncbi.nlm.nih.gov/pubmed/11866046
https://doi.org/10.1111/jvim.12533
https://www.ncbi.nlm.nih.gov/pubmed/25619518
https://doi.org/10.1016/j.eururo.2015.11.010
https://www.ncbi.nlm.nih.gov/pubmed/26700655
https://doi.org/10.1002/cam4.6395
https://doi.org/10.1186/s12917-021-03103-5
https://www.ncbi.nlm.nih.gov/pubmed/35033065
https://doi.org/10.1111/vsu.12768
https://www.ncbi.nlm.nih.gov/pubmed/30228707
https://doi.org/10.1111/jvim.16078
https://www.ncbi.nlm.nih.gov/pubmed/33634516
https://doi.org/10.1111/j.1740-8261.2007.00322.x
https://www.ncbi.nlm.nih.gov/pubmed/18251301
https://doi.org/10.1111/j.1740-8261.2002.tb01668.x
https://www.ncbi.nlm.nih.gov/pubmed/11954816
https://doi.org/10.1111/j.1939-1676.2012.00946.x
https://www.ncbi.nlm.nih.gov/pubmed/22624845
https://doi.org/10.1111/j.1740-8261.2001.tb00973.x
https://doi.org/10.1016/j.jvir.2014.10.012


Vet. Sci. 2024, 11, 169 12 of 13

32. Carnevale, F.C.; Moreira, A.M.; de Assis, A.M.; Antunes, A.A.; Cristina de Paula Rodrigues, V.; Srougi, M.; Cerri, G.G. Prostatic
Artery Embolization for the Treatment of Lower Urinary Tract Symptoms Due to Benign Prostatic Hyperplasia: 10 Years’
Experience. Radiology 2020, 296, 444–451. [CrossRef]

33. Pisco, J.; Bilhim, T.; Costa, N.V.; Ribeiro, M.P.; Fernandes, L.; Oliveira, A.G. Safety and Efficacy of Prostatic Artery Chemoem-
bolization for Prostate Cancer-Initial Experience. J. Vasc. Interv. Radiol. JVIR 2018, 29, 298–305. [CrossRef]

34. Mordasini, L.; Hechelhammer, L.; Diener, P.-A.; Diebold, J.; Mattei, A.; Engeler, D.; Müllhaupt, G.; Kim, S.-K.; Schmid, H.-P.; Abt,
D. Prostatic Artery Embolization in the Treatment of Localized Prostate Cancer: A Bicentric Prospective Proof-of-Concept Study
of 12 Patients. J. Vasc. Interv. Radiol. 2018, 29, 589–597. [CrossRef]

35. Tapping, C.R.; Crew, J.; Proteroe, A.; Boardman, P. Prostatic Artery Embolization (PAE) for Prostatic Origin Bleeding in the
Context of Prostate Malignancy. Acta Radiol. Open 2019, 8, 2058460119846061. [CrossRef]

36. Sun, F.; Sánchez, F.M.; Crisóstomo, V.; Díaz-Güemes, I.; López-Sánchez, C.; Usón, J.; Maynar, M. Transarterial Prostatic
Embolization: Initial Experience in a Canine Model. Am. J. Roentgenol. 2011, 197, 495–501. [CrossRef] [PubMed]

37. Jeon, G.S.; Won, J.H.; Lee, B.M.; Kim, J.H.; Ahn, H.S.; Lee, E.J.; Park, S.I.; Park, S.W. The Effect of Transarterial Prostate
Embolization in Hormone-Induced Benign Prostatic Hyperplasia in Dogs: A Pilot Study. J. Vasc. Interv. Radiol. 2009, 20, 384–390.
[CrossRef] [PubMed]

38. Lucas Cava, V.; Sánchez Margallo, F.M.; Báez Díaz, C.; Dávila Gómez, L.; Lima Rodríguez, J.R.; Sun, F. Prostatic Artery
Embolization with Polyethylene Glycol Microspheres: Evaluation in a Canine Spontaneous Benign Prostatic Hyperplasia Model.
CVIR Endovasc. 2020, 3, 44. [CrossRef] [PubMed]

39. Pellerin, O.; Déan, C.; Reb, P.; Chaix, C.; Floch, F.; Tierny, D.; Sapoval, M. Prostate Artery Chemoembolization in Prostate Cancer:
A Proof of Concept Study in Spontaneous Prostate Cancer in a Canine Model. Diagn. Interv. Imaging 2021, 102, 709–715. [CrossRef]
[PubMed]

40. Mouli, S.K.; Raiter, S.; Harris, K.; Mylarapu, A.; Burks, M.; Li, W.; Gordon, A.C.; Khan, A.; Matsumoto, M.; Bailey, K.L.; et al.
Yttrium-90 Radioembolization to the Prostate Gland: Proof of Concept in a Canine Model and Clinical Translation. J. Vasc. Interv.
Radiol. JVIR 2021, 32, 1103–1112.e12. [CrossRef] [PubMed]

41. Hoshi, S.; Mao, H.; Takahashi, T.; Suzuki, K.; Nose, M.; Orikasa, S. Internal Iliac Arterial Infusion Chemotherapy for Rabbit
Invasive Bladder Cancer. Int. J. Urol. Off. J. Jpn. Urol. Assoc. 1997, 4, 493–499. [CrossRef]

42. Jacobs, S.C.; Menashe, D.S.; Mewissen, M.W.; Lipchik, E.O. Intraarterial Cisplatin Infusion in the Management of Transitional Cell
Carcinoma of the Bladder. Cancer 1989, 64, 388–391. [CrossRef]

43. Mokarim, A.; Uetani, M.; Hayashi, N.; Sakamoto, I.; Minami, K.; Ogawa, Y.; Ochi, M.; Matsuoka, Y.; Hayashi, K.; Nomata, K.
Combined Intraarterial Chemotherapy and Radiotherapy in the Treatment of Bladder Carcinoma. Cancer 1997, 80, 1776–1785.
[CrossRef]

44. Miyata, Y.; Nomata, K.; Ohba, K.; Matsuo, T.; Hayashi, N.; Sakamoto, I.; Uetani, M.; Sakai, H. Efficacy and Safety of Systemic
Chemotherapy and Intra-Arterial Chemotherapy with/without Radiotherapy for Bladder Preservation or as Neo-Adjuvant
Therapy in Patients with Muscle-Invasive Bladder Cancer: A Single-Centre Study of 163 Patients. Eur. J. Surg. Oncol. EJSO 2015,
41, 361–367. [CrossRef] [PubMed]

45. McCaw, D.L.; Lattimer, J.C. Radiation and Cisplatin for Treatment of Canine Urinary Bladder Carcinoma. Vet. Radiol. 1988, 29,
264–268. [CrossRef]

46. Culp, W.T.N.; Weisse, C.; Berent, A.C.; Reetz, J.A.; Krick, E.L.; Jackson, D.E.; Kass, P.H.; Clifford, C.A.; Sorenmo, K.U. Early
Tumor Response to Intraarterial or Intravenous Administration of Carboplatin to Treat Naturally Occurring Lower Urinary Tract
Carcinoma in Dogs. J. Vet. Intern. Med. 2015, 29, 900–907. [CrossRef] [PubMed]

47. Kirsch, M.; Weisse, C.; Berent, A.; Clifford, C.; Leibman, N.; Wittenburg, L.; Solomon, S.B.; Lamb, K. Pilot Study Comparing
Serum Chemotherapy Levels after Intra-Arterial and Intravenous Administration in Dogs with Naturally Occurring Urinary
Tract Tumors. Can. J. Vet. Res. 2019, 83, 187–196. [PubMed]

48. Weisse, C.; Berent, A.; Todd, K.; Clifford, C.; Solomon, J. Evaluation of Palliative Stenting for Management of Malignant Urethral
Obstructions in Dogs. J. Am. Vet. Med. Assoc. 2006, 229, 226–234. [CrossRef] [PubMed]

49. Blackburn, A.L.; Berent, A.C.; Weisse, C.W.; Brown, D.C. Evaluation of Outcome Following Urethral Stent Placement for the
Treatment of Obstructive Carcinoma of the Urethra in Dogs: 42 Cases (2004–2008). J. Am. Vet. Med. Assoc. 2013, 242, 59–68.
[CrossRef]

50. Palm, C.A.; Canvasser, N.E.; Culp, W.T.N. Stenting of Malignant Urinary Tract Obstructions in Humans and Companion Animals.
Vet. Sci. 2021, 9, 13. [CrossRef] [PubMed]

51. Lulich, J.P. Evaluation of Temporary Urethral Stents in the Management of Malignant and Nonmalignant Urethral Diseases in
Dogs. Vet. Sci. 2022, 9, 63. [CrossRef]

52. Hori, T.; Makino, T.; Kawahara, T.; Urata, S.; Miyagi, T. Effectiveness of Double-J Metallic Mesh Ureteral Stents for Malignant
Ureteral Obstruction: A Retrospective Study. In Vivo 2023, 37, 806–810. [CrossRef]

53. Miyazaki, J.; Onozawa, M.; Takahashi, S.; Maekawa, Y.; Yasuda, M.; Wada, K.; Maeda, Y.; Masaki, T.; Yamaguchi, A.; Suzuki, M.;
et al. The Resonance®Metallic Ureteral Stent in the Treatment of Malignant Ureteral Obstruction: A Prospective Observational
Study. BMC Urol. 2019, 19, 137. [CrossRef] [PubMed]

54. Hsu, J.-S.; Huang, C.-Y.; Liu, K.-L.; Chow, P.-M. Risk Factors for Primary Failure of Metallic Ureteral Stents: Experience from a
Tertiary Center. J. Endourol. 2021, 35, 912–918. [CrossRef] [PubMed]

https://doi.org/10.1148/radiol.2020191249
https://doi.org/10.1016/j.jvir.2017.10.013
https://doi.org/10.1016/j.jvir.2018.01.766
https://doi.org/10.1177/2058460119846061
https://doi.org/10.2214/AJR.10.5947
https://www.ncbi.nlm.nih.gov/pubmed/21785100
https://doi.org/10.1016/j.jvir.2008.11.014
https://www.ncbi.nlm.nih.gov/pubmed/19157906
https://doi.org/10.1186/s42155-020-00130-5
https://www.ncbi.nlm.nih.gov/pubmed/32886265
https://doi.org/10.1016/j.diii.2021.07.003
https://www.ncbi.nlm.nih.gov/pubmed/34391716
https://doi.org/10.1016/j.jvir.2021.01.282
https://www.ncbi.nlm.nih.gov/pubmed/33839262
https://doi.org/10.1111/j.1442-2042.1997.tb00292.x
https://doi.org/10.1002/1097-0142(19890715)64:2%3C388::AID-CNCR2820640208%3E3.0.CO;2-7
https://doi.org/10.1002/(SICI)1097-0142(19971101)80:9%3C1776::AID-CNCR12%3E3.0.CO;2-2
https://doi.org/10.1016/j.ejso.2014.07.043
https://www.ncbi.nlm.nih.gov/pubmed/25312685
https://doi.org/10.1111/j.1740-8261.1988.tb01777.x
https://doi.org/10.1111/jvim.12594
https://www.ncbi.nlm.nih.gov/pubmed/25900646
https://www.ncbi.nlm.nih.gov/pubmed/31308591
https://doi.org/10.2460/javma.229.2.226
https://www.ncbi.nlm.nih.gov/pubmed/16842042
https://doi.org/10.2460/javma.242.1.59
https://doi.org/10.3390/vetsci9010013
https://www.ncbi.nlm.nih.gov/pubmed/35051097
https://doi.org/10.3390/vetsci9020063
https://doi.org/10.21873/invivo.13145
https://doi.org/10.1186/s12894-019-0569-y
https://www.ncbi.nlm.nih.gov/pubmed/31881875
https://doi.org/10.1089/end.2017.0611
https://www.ncbi.nlm.nih.gov/pubmed/29325432


Vet. Sci. 2024, 11, 169 13 of 13

55. Chen, Y.; Liu, C.; Zhang, Z.; Xu, P.; Chen, D.; Fan, X.; Ma, J.; Xu, Y. Malignant Ureteral Obstruction: Experience and Comparative
Analysis of Metallic versus Ordinary Polymer Ureteral Stents. World J. Surg. Oncol. 2019, 17, 74. [CrossRef] [PubMed]

56. Pavlovic, K.; Lange, D.; Chew, B.H. Stents for Malignant Ureteral Obstruction. Asian J. Urol. 2016, 3, 142–149. [CrossRef] [PubMed]
57. Hosoya, K.; Takagi, S.; Okumura, M. Iatrogenic Tumor Seeding After Ureteral Stenting in a Dog with Urothelial Carcinoma. J. Am.

Anim. Hosp. Assoc. 2013, 49, 262–266. [CrossRef]
58. Berent, A.C.; Weisse, C.; Beal, M.W.; Brown, D.C.; Todd, K.; Bagley, D. Use of Indwelling, Double-Pigtail Stents for Treatment of

Malignant Ureteral Obstruction in Dogs: 12 Cases (2006–2009). J. Am. Vet. Med. Assoc. 2011, 238, 1017–1025. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/s12957-019-1608-6
https://www.ncbi.nlm.nih.gov/pubmed/31039812
https://doi.org/10.1016/j.ajur.2016.04.002
https://www.ncbi.nlm.nih.gov/pubmed/29264182
https://doi.org/10.5326/JAAHA-MS-5865
https://doi.org/10.2460/javma.238.8.1017

	Introduction 
	Diagnosis 
	Current Treatments 
	Medical Management 
	Surgery 
	Radiation 

	Interventional Oncology Approaches to Prostate Carcinoma 
	Prostate Artery Embolization 
	Intra-Arterial Chemotherapy 
	Palliative Stenting for Urethral and Ureteral Obstruction 
	Urethral Stenting 
	Ureteral Stenting 


	Concluding Remarks 
	References



