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Prostate cancer (PC) is the most frequent cancer in men but uncommon in dogs.
In veterinary medicine, there is no consensus for standard-of-care treatment of PC,
even combined therapies offer limited success with a guarded prognosis (≤ 1 year). As
urinary obstruction is a frequent reason for euthanasia in dogs with PC, better local
tumour control is warranted. Gold nanoparticles (AuNP) have potential for biomedical
applications and can be produced via “green synthesis” incorporating plant
nutraceuticals.
In a pilot study of 4 dogs (3 purpose-bred and 1 diagnosed with PC), we
demonstrated that green synthesized AuNP can be safely delivered to the prostate
gland via a minimally invasive technique and that functionalized AuNP are generally
well-tolerated. While in the early stages, our results suggest that this novel approach
may be worthy of further research and development with potential future clinical
applications for both dog and human patients with prostate tumours.
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1 Chapter One: Introduction and Review of the Literature
1.1 Urogenital Neoplasia
The canine urogenital system functions for reproduction (genitals) and waste
removal (urinary tract). Neoplasms of the urogenital system are rare in dogs, however
the most commonly diagnosed tumours occur in the prostate in males, vagina in
females and urinary bladder in both sexes (Sapierzyński et al. 2007). Canine urogenital
carcinomas include transitional cell (urothelial) carcinomas (TCC or more recently
referred to as UC), adenocarcinomas, and solid carcinomas of the kidneys, urinary
bladder, urethra, ureters, vagina, vulva, or prostate. Carcinomas in dogs involving the
bladder and urethra occur at a similar rate to humans accounting for approximately 2%
of all reported cancers in veterinary medicine, while prostate carcinomas (PC) account
for approximately 1% of reported cases (Valli et al. 1995; Knapp et al. 2000; Knapp and
McMillan 2013; Knapp et al. 2014).
Dogs can act as relevant models for human bladder and prostate cancers as the
naturally occurring, spontaneously developed tumours in the bladder and prostate of
dogs and humans share similar clinical, histopathological, and molecular characteristics
(Cornell et al. 2000; Knapp et al. 2000; Fiontello et al. 2019). Moreover, causative
factors can be explored, as dogs are exposed to the same external and environmental
factors, such as chemical toxins and second-hand smoke, as their owners (Garden et
al. 2018). There have also been promising results of canine UC (bladder and prostate)
studies that have informed clinical trials in human medicine (Mutsaers et al. 2003).
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In veterinary medicine, for dogs diagnosed with urogenital cancers, the treatment
options across cancer types are similar and include local disease control (surgery
and/or radiation therapy (RT)) and systemic control (chemotherapy and/or non-steroidal
anti-inflammatory drugs (NSAIDs)). Survival is largely influenced by the growth rate of
the tumour, its location within the urogenital system and extent of metastasis. It is
generally accepted that patients with metastasized cancers or those with tumours
having prostate or urethral involvement (specifically the trigone region) have worse
outcomes (Cornell et al. 2000; Mutsaers et al. 2003; Allstadt et al. 2015; Clerc-Renaud
et al. 2021). The efficacy of current treatments for prostate tumours is poor with
significant side effects, therefore, there is a need for more research and the
investigation into novel therapeutics. The goal of new therapies for PC should be to
improve tumour response outcomes and survival, while complimenting the current
treatments of surgery, radiation, chemotherapy.

1.2 Prostate Carcinoma
1.2.1 Prevalence and Etiology
The prostate is a semi-ovaloid accessory sex gland in dogs, located within the
pelvic cavity of mature dogs and within the caudal abdominal cavity of immature dogs
(Leis-Filho and Fonseca-Alves 2018). After sexual maturity, the prostate increases in
size and following castration and subsequent testosterone hormonal changes, the
prostate decreases in size (Smith 2008; Leis-Filho and Fonseca-Alves 2018). The two
2

individual lobes of the prostate are subdivided by the prostatic urethra and have
independent vasculature via the right and left prostatic arteries (585-902um in diameter)
(Brook et al. 2013; Leis-Filho and Fonseca-Alves 2018). There are two types of
descending vessels (40-60um in diameter) from each of the prostatic arteries, one
which branches into a fine capillary network and the other supplies the parenchyma of
the prostate (Brook et al. 2013). Additionally, the prostate is covered by fibromuscular
tissue creating a prostatic capsule (Figure 1.1 and Figure 1.2) (Smith 2008).

Figure 1.1: Pelvic blood supply in the male dog showcasing the prostatic arterial branch and
independent vasculature to the right and left lobes. Adapted from: Fossum 2007.
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Figure 1.2: Depiction of male bladder, prostate and urethra with tumour localized to a single lobe.
The prostate is semi-ovaloid with its individual lobes bisected by the prostatic urethra. Adapted
from CancerResearchUK.org.

While non-neoplastic diseases of the prostate (benign prostatic hyperplasia
(BPH), prostatitis, prostatic abscess and prostatic cysts) are common diagnoses in
veterinary clinical practice, the overall incidence of PC is rare (1% of all cancers in
dogs) (Valli et al. 1995; Knapp et al. 2000; Teske et al. 2002; Knapp and McMillan 2013;
Knapp et al. 2014). The majority of PC are described as prostate adenocarcinomas
(PAC) or prostate urothelial carcinomas (PUC), however cases of squamous cell
carcinoma, lymphoma and hemangiosarcoma have also been reported (MacLachan
and Kennedy 2002; Leroy et al. 2004). PAC and PUC develop from different cells within
the prostate, PAC from the glandular cells and PUC from the cells lining the urethra
4

(LeRoy and Northrup 2009). Regardless of their origin (glandular or urethral), prostate
tumours are locally invasive with a high rate of metastasis.
Common metastatic sites include the regional lymph nodes, bladder, lungs and
bone (lumbar, pelvis and spine), although metastasis in other organs including the
spleen, liver and brain have been reported (Cornell et al. 2000; LeRoy and Northrup
2009). Metastasis is relatively common both at diagnosis and end of life. Lung
metastases have been reported in greater than 40% of dogs with glandular PC at
diagnosis (Bell et al. 1991), and up to 80% of dogs have signs of metastasis at time of
death (Cornell et al. 2000). In dogs, the propensity for PC to metastasize to bone is
poorly understood.
Skeletal metastatic lesions in dogs occur at a similar rate of 22% to that reported
in men with PC (Cornell et al. 2000). Younger dogs are considered to be twice as likely
to develop skeletal metastasis and have subsequently have worse outcomes (Cornell et
al. 2000). Interestingly, in humans, the mandibular metastasis of PC has been reported
as ~1% of all oral malignancies (D’Silva et al. 2006), however, as radiographs and
examination of the jaw is not routine during treatment or post-mortem, incidence of oral
metastasis in humans may be more common (Cai et al. 2016). At this time, only a single
report of PC metastasis to the posterior mandible (6 year old, MN, Labrador Retriever)
has been published in veterinary medicine (Michalak et al. 2021).
There is limited knowledge regarding the etiology of PC in dogs. Typically, PC
occurs in older male dogs aged 8-10 years (Cornell et al. 2000; Bryan et al. 2007).
While UC (bladder +/- prostate involvement) is more prevalent in Shetland Sheepdogs,
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Beagles, West Highland White Terriers and Wire Hair Fox Terriers (Knapp et al. 2000;
Knapp 2013), there is no recognized breed predisposition for dogs with PC. Prostate
tumours have been most commonly reported in large or giant-sized breeds (Bryan et al.
2007; LeRoy and Northrup 2009). Mixed breed dogs may also be at a greater risk of
developing PC (Bryan et al. 2007).
Prostate tumours can occur in both sexually intact and castrated dogs. There
have been multiple studies investigating the association between castration and PC
development, however no true consensus has been reached. This lack of a relationship
suggests that the cause of PC in dogs may not be exclusively related to the trophic
influence of testicular hormones (Obradovich et al. 1987; LeRoy and Northrup 2009
While castration may not increase the risk of developing PC, castrated dogs are more
likely to have aggressive PC with higher rates of metastasis than intact dogs (Teske et
al. 2002). Moreover, at diagnosis a higher incidence of lung metastasis has been
reported in castrated males (Bell et al. 1991). Additional causative factors for developing
PC in dogs are unknown, although there may be both genetic and environmental
components (Lawrence and Saba 2020).
1.2.2 Clinical Signs
Dogs with PC typically present with clinical signs similar to non-cancerous
diseases of the prostate and may be treated with antibiotics and/or anti-inflammatories
for these non-neoplastic diseases, which can result in partial resolution of clinical signs
but overall, delays the diagnosis of PC (Waters and Bostwick 1997; Leroy and Northrup
2009). Unfortunately, upwards of 80% of PC cases are not diagnosed until the disease
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has advanced locally and metastasized (Nickel and Teske 1992; Cornell et al. 2000;
Leroy and Northrup 2009).
Clinical signs of PC can also overlap those of other urogenital cancers. Dogs with
PC may present with dysuria, hematuria, stranguria and tenesmus due to the enlarged
prostate compressing the urethra and/or colon (Cornell et al. 2000; Leroy and Northrup
2009). With the compression and/or extension of the tumour into the urethra or ureters,
complete or partial urinary obstruction and subsequent kidney changes may also occur
(Cornell et al. 2000; Lawrence and Saba 2020). On rectal palpation, a firm and irregular
prostate may be present however, rectal palpation should not be used as a primary
diagnostic measure, as the accuracy is roughly 50% due to the inability to consistently
reach and evaluate the tumour (Nickel and Teske 1992). In addition, the prostate can be
difficult to palpate in giant breed dogs. If PC has extended into the bladder and
abdomen, it may be possible to palpate the mass abdominally (LeRoy and Northrup
2009). Enlargement of the sublumbar lymph nodes may also be evaluated via rectal or
abdominal palpation (Lawrence and Saba 2020). Advanced cases of PC may present
with signs of non-specific systemic illness including, but not limited to, distended and
painful abdomen, lethargy, anorexia, dehydration, weight loss, enlarged lymph nodes,
coughing, exercise intolerance, shuffling gait, hind limb pain and ataxia (Cornell et al.
2000; LeRoy and Northrup 2009; Lawrence and Saba 2020).
1.2.3 Diagnosis
Like most cancers, staging tests should be initiated for dogs with suspect PC.
This testing allows clinicians to establish the extent of disease, estimate patient
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prognosis, develop a treatment plan and ultimately monitor the response of the tumour
to therapy. Initially, diagnostics should include a physical examination and laboratory
testing (complete blood count (CBC), serum biochemistry and urinalysis).
Abdominal ultrasound and thoracic radiographs are used to visualize the lower
urogenital tract and any metastatic sites (Cornell et al. 2000; Bradbury et al. 2009).
Transrectal ultrasonography, often used in human medicine, allows for the evaluation of
the prostate (specifically the prostatic urethra) and locoregional lymph nodes without
interference from the pelvic bones (Aigner et al. 2010). Transrectal ultrasonography
should be considered as an alternative imaging modality in dogs with PC (Culp et al.
2019). On abdominal ultrasound, the prostate can be viewed as an enlarged, irregular,
heterogeneous soft tissue mass, with or without mineralization (Cornell et al. 2000;
Bradbury et al 2009). In castrated dogs, mineralization is predicative of PC with a
sensitivity of 84% and specificity of 100% whereas in intact dogs, mineralization can be
associated with PC, prostatic cysts, BPH or prostatitis (Bradbury et al. 2009). If any limb
or back pain is present, radiographs of these areas should be performed, as PC
commonly metastasizes to the skeletal system (Bell et al. 1991; Cornell et al. 2000;
Leroy and Northrup 2009; Bradbury et al. 2009). Cross sectional imaging, such as
computed tomography (CT) or magnetic resonance imaging (MRI), are informative but
not routinely performed due to the expense and general anesthesia requirement
(Pasikowska et al. 2015), combined with the poor prognosis of PC and lack of effective
treatments (Levy et al. 2014).
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A confirmed PC diagnosis requires a tissue sample from the abnormal prostate.
While there is agreement that urine cytology or a fine needle aspirate (FNA) (ultrasound
guided) of the mass may distinguish between PC and benign prostatic diseases, it has
recently been suggested that cytologic evaluation (FNA, prostatic massage or direct
impression smears during surgery) can accurately differentiate up to 80% of cases
between PUC and PAC based on the features of urothelial cells. Due to the small
sample size (n=5) of dogs with neoplasia in this study, further investigation is warranted
(Powe et al. 2004). Additional methods not evaluated by Powe et al. for cytology sample
collection may include ejaculation, catheterization, prostatic wash and biopsies
(percutaneous, transrectal or surgical) (Lawrence and Saba 2020).
Histopathology is the only reliable way to differentiate between PUC and PAC
(Cornell at al. 2000; Leroy and Northrup 2009). Disease originating from glandular cells
(PAC) has not been reported to seed to surrounding tissues on manipulation, unlike
urothelial cells (PUC), however a definitive diagnosis is not available until after cellular
examination, and therefore caution (including the use 22 gauge or smaller needles)
should be taken when obtaining samples (Nyland et al. 2002; Vignoli et al. 2007).
Immunohistochemistry can also be used to confirm the cell of origin, however some
PAC have been shown to express markers of urothelial and/or ductal origin, keratin 7
and arginine esterase among others, therefore PAC diagnosis based on
immunohistochemistry remains problematic (Leroy et. al 2004; Packeiser et al. 2020).
Based on histological growth patterns, there are 6 subtype categories for PC:
papillary, cribriform, solid, small acinar/ductal, signet ring and mucinous (adapted from
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the World Health Organization (WHO) Classification of Tumours: Pathology and
Genetics of the Urinary System and Male Genital Organs) (Palmieri et al. 2014). While
PC subtype classification is beneficial in human medicine for treatment and follow-up,
the influence of subtype on prognostication of dogs with PC has not yet been evaluated.
Furthermore, this classification system, as proposed by Palmieri et al., requires
specialized staining including evaluation of high-grade prostatic intraepithelial neoplasia
(HGPIN) and proliferative inflammatory atrophy (PIA), as well as a large tissue biopsy
representative of the entire tumour, as primary PC tumours have considerable
morphologic heterogeneity (45%) (Palmieri et al. 2014). There is limited consensus as
to the relevance of HGPIN as a diagnostic or precursory marker for PC as it is
detectable in dogs with and without evidence of PC. In elderly dogs with no evidence of
PC, HGPIN was found in 6/199 dogs (3%) (Aquilina et al. 1998) and 6/11 dogs (55%)
(Waters 1999). In the prostate gland of dogs with confirmed PC, HGPIN was detected in
18/25 (72%) (Aquilina et al. 1998), 5/76 (7%) (Cornell et al. 2000) and 7/20 (35%)
(Madewell et al. 2004). Regardless, advanced staining techniques and a large tissue
sample may not be readily available for all clinical cases.
1.2.4 Human Comparative Aspects
Dogs are the only other large mammal aside from humans that naturally develop
PC, likely due to the morphological and functional similarities of the prostate gland
(Fonseca-Alves et al. 2013; Palmieri et al. 2014). In men, PC is the most frequent
cancer but in dogs, it is relatively rare (Valli et al. 1995; Knapp et al. 2000; Teske et al.
2002; LeRoy and Northrup 2009; Knapp and McMillan 2013; Knapp et al. 2014). In
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humans, multiple risk factors for the development of PC have been identified, including
obesity, old age (50-75 years), being of African descent, a family history of the disease,
inherited gene mutations (HOXB13 and BRCA2), diets high in dairy products, low levels
of vitamin E or selenium, exposure to tobacco, pesticides or cadmium, high levels of
androgens and a history of prostate complaints including prostatitis (Canadian Cancer
Society 2021). In contrast, aside from disease occurrence in older dogs of larger
breeds, no additional risk factors have been established for canine PC (Bell et al. 1991;
Cornell et al. 2000; Leroy and Northrup 2009).
The use tumour-specific biomarkers, such as prostate specific antigen (PSA) and
prostatic acid phosphatase (PAP) are routinely used as a common test for diagnosis
and recurrence in humans, with PSA having a higher sensitivity (Filella et al. 1990). In
the dog prostate, canine prostate-specific arginine esterase (CPSE) is the primary
secretory protein and has a high homology to PSA in humans (Chapdelaine et al. 1984;
Dube et al. 1986). PAP is also found in the prostate tissue and blood of dogs, however
while PAP in dogs is biochemically similar to PAP in humans, it is found in significantly
lower (100x) concentrations (Dube et al. 1986). While these serine protease markers
(CPSE and PAP), may hold promise as diagnostic tests for general prostate diseases in
veterinary medicine (Gobello et al. 2002; Alonge et al. 2017; Holst et al. 2017) and a
commercial test is available for CPSE (Speed CPSE ELISA, Virbac BVT, France), the
relationship between CPSE, PAP and PC dogs is poorly understood.
In most cases, human PC is low-grade with slowly progressive behaviour
(Bullock and Andriole 2002), whereas PC in dogs is highly aggressive at diagnosis,
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metastasizes rapidly and has a poor prognosis (Northrup and Leroy 2009). Most earlystage human PC is highly dependent upon androgens as growth factors (Bullock and
Andriole 2002). In dogs, PC is more analogous to the subset of advanced, hormonenon-responsive high-grade disease in humans, with the commonality of bone
metastases (lumbar vertebrae and pelvis) and androgen-independent nature of the
disease (Simmons et al. 2014; LeRoy and Northrup 2009).
1.2.5 Prognosis
The prognosis of dogs with PC, specifically PAC is poor. Prostate tumours are
located in a difficult location for surgical removal and are highly malignant with
aggressive local invasion and wide-spread metastasis. Many dogs, 81% in a study of 72
dogs, may be euthanized at time of diagnosis (Cornell et al. 2000). A conservative
survival estimate for dogs with PC and left untreated is a few months, as a 76%
mortality rate has been reported within 10 days of diagnosis (Cornell et al. 2000; Bell et
al. 1991; Sorenmo et al. 2003). When treated with combination therapies (NSAID,
chemotherapy and RT), the median overall survival has been recently reported at 11
months (3.5-18 months) (Clerc-Renaud et al. 2021). Ideally aggressive therapy with
both local and systemic modalities is indicated for dogs with PC.
1.2.6 Treatment
Treatment that can be directed to a specific disease location, such as the
prostate, is considered to be localized therapy. Commonly used local treatments in
veterinary medicine are surgery and RT (Figure 1.3). In contrast, systemic therapies
which affect the whole body, include chemotherapy (Figure 1.3) wherein drugs enter the
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bloodstream and perfuse through the body with a diluted portion reaching the affected
cancer area. There is currently no consensus for standard of care treatment for dogs
diagnosed with UC; at minimum treatment with a NSAID is recommended.

Figure 1.3: Current treatment modalities for PC in dogs. Surgery and RT are both local treatments
although consequence to the bladder and neighboring tissues may occur, more prevalent with RT.
Chemotherapy is a systemic treatment with either oral or intravenous (IV) drug delivery and may
cause detriment to healthy tissues throughout the body.

1.2.6.1 Surgery
Surgery is a local treatment (Figure 1.3) and options for dogs with prostate
tumours include partial or complete prostatectomy and/or implantation of a permanent
urinary catheter or urethral stent and/or castration (Basinger 1989; Leroy and Northrup
2009). Castration of intact dogs may also decrease the degree of stranguria and
tenesmus associated with PC (Leroy and Northrup 2009).
Commonly obstruction of the urethra or ureters and subsequent urine retention
may occur due to local tumour progression. Obstruction is a medical emergency that
has severe consequences if left untreated. In these instances, surgical placement of a
cystostomy tube or urethral stent provides rapid relief. It has been reported that
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complications associated with these procedures occur in 42-84% of dogs and include
recurrent bladder infections, urinary leakage, accidental tube removal and necessity of
repeat surgeries if the tumour progresses locally (Weisse et al. 2006; Beck et al. 2007).
The survival rates of dogs with PC after stenting have not yet been explored (Weisse et
al. 2006).
In human medicine, partial or complete prostatectomy are common surgical
procedures for treatment of PC and BPH. Prostatectomies are not widely practiced in
dogs due the high incidence of urinary incontinence (33-100% of cases) and
postoperative morbidity (Basinger 1989; Goldsmid and Bellenger 1991; Leroy and
Northrup 2009). Additional complications of canine prostatectomy include colonic
necrosis and reoccurring urinary tract infections (Hardie et al. 1984; Vlasin et al. 2006).
Recently, complete prostatectomy combined with adjuvant therapies has reported
prolonged survival with lower complication rates (permanent postoperative urinary
incontinence rate of 34.8%) than previously reported (n=25). The median overall
survival time (OST) was 231 days (range, 24-1255 days), with 1 and 2-year survival
rates in 32% and 12% of cases (Bennett et al. 2018). Partial (intracapsular)
prostatectomy (n=11) was associated with a lower rate of postoperative complications
than observed following complete removal of the gland (n=10) (Vlasin et al. 2006). Postsurgically, the dogs that underwent partial prostatectomy survived 5.63-fold longer when
compared to dogs that had a total prostatectomy (median 130 days compared to 17
days). When the prostate tumour was incompletely excised (partial prostatectomy),
dogs were euthanized due to tumour progression, recurrence or metastasis (Vlasin et
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al. 2006). Prostatectomy (combined with adjunct therapies) may be useful for treatment
of early localized disease. Careful case selection plays a significant role in postoperative outcome (Vlasin et al. 2006; Leroy and Northrup 2009; Bennett et al. 2018).
1.2.6.2 Radiation Therapy
Radiation therapy is a local treatment (Figure 1.3), wherein the tumour is
exposed to an external radiation beam via transcutaneous application or intraoperatively
(the tumour is surgically exposed, and RT completed prior to closure) (Withrow et al.
1989; Fidel 2009). RT affects tumour cells directly through damage to the
deoxyribonucleic acid (DNA) structure (inducing DNA breaks) and/or indirectly via the
formation of free radicals and apoptosis of cancer cells (LaRue and Gordon 2001; Fidel
2009). Protocols for RT in veterinary medicine can be informed from (and subsequently
inform) the use and success of similar protocols in the treatment of cancer in humans
(Rostom et al. 1996; Poirier et al. 2004; Choy and Fidel 2016). Unfortunately, RT is
most effective for small tumours near no major organs, which does not fit with PC
presentation.
There is little published information about the efficacy of RT for PC in dogs.
Intraoperative RT was introduced in the late 1980s but given that a large single dose of
radiation is required with significant radiation toxicity, the side effects of this therapy
often resulted in euthanasia (Walker et al. 1987). Early studies of intraoperative RT of
the prostate and regional lymph nodes in dogs reported median OST with localized and
metastatic disease to be 180 and 80 days, respectively. Two of the dogs (n=10) had
surgical complications during the procedure resulting in their deaths (Turrel 1987). A
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combination of surgical debulking and intraoperative RT negatively impacted survival
(15-121 days) when compared to intraoperative RT alone (Turrel 1987; Withrow et al.
1989).
External beam RT has been reported to reduce the size of prostate tumours
resulting in an improved quality of life and relief of urinary clinical signs (hematuria,
stranguria, dysuria) (Johnston et al. 2000; Poirier et al. 2004; Fujita et al. 2010). The
maximum survival reported in this external beam study was 152 days (Johnston et al.
2000). In a limited study, using high dose low-fractionated RT (32-36 Gy total), partial
response was observed in one dog while the other two cases had stable disease. Local
invasion showed improvement after therapy and the periods of remission were 3, 7 and
12 months (Fujita et al. 2010). In a study of 19 dogs with UC, 10 dogs had tumours
located in their prostate and underwent RT of a total dose range 54-58 Gy over 20
treatments (Nolan et al. 2021). Most dogs received adjuvant therapy (NSAID and
chemotherapy). The median OST was 21 days for all 19 dogs with primary disease of
the urinary bladder (Nolan et al. 2012). Recently, in a larger 51 dog study, using
combination therapies (NSAID, chemotherapy and RT) a median OST of 11 months
was reported for dogs with prostate tumours (Clerc-Renaud et al. 2021). Treatment with
RT may be best used to help alleviate clinical signs associated with the prostate tumour
and pain from skeletal metastases (Johnston et al. 2000; Poirier et al. 2004; Fujita et al.
2010).
Side effects of RT result from its inability to distinguish between healthy tissue
and cancerous cells. Early side effects of RT are self-limiting, while more severe late
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side effects may not develop for months or years following treatment (LaRue and
Gordon 2001; Fidel 2009). Side effects of RT after prostate targeting may include
urinary and fecal incontinence, cystitis, stranguria and/or colitis (Walker et al. 1987;
LaRue and Gordon 2001; Anderson et al. 2002; Poirier et al. 2004; Leroy and Northrup
2009; Choy and Fidel 2016). Cutaneous hyperpigmentation within the radiation field has
also been reported (Poirier et al. 2004). A thickened and fibrotic bladder resulting in
hydroureter, hydronephrosis and incontinence post-RT has also been described
(Withrow et al. 1989; Poirier et al. 2004).
1.2.6.3 Chemotherapy
Chemotherapy is a systemic treatment (Figure 1.3). Like RT, chemotherapeutic
drugs are unable to differentiate between cell types, affecting cancer cells as well as
impacting the growth and division mechanisms of normal, healthy cells (Hirsch 2006;
Chun et al. 2007; MacDonald 2009). This lack of specificity results in side effects,
although these rarely cause permanent damage, as healthy cells are able to quickly
recover (Hirsch 2006). Fatal side effects can result from specific drugs like doxorubicin
(cardiotoxicity) and cisplatin (pulmonary edema in cats, renal toxicity in dogs)
(MacDonald 2009).
Conventional chemotherapy protocols are often referred to as maximally
tolerated dose (MTD) chemotherapy with the goal to maximize tumour cell death (Chun
et al. 2007). Common chemotherapeutics delivered IV for urogenital cancers include
mitoxantrone, doxorubicin and vinblastine (Mutsaers et al. 2003; Allstadt et al. 2015).
More recently, metronomic chemotherapy protocols have been introduced wherein
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lower doses (of a drug or combination of drugs) are scheduled at frequent intervals over
longer periods of time (Mutsaers 2009). The goal of low-dose metronomic
chemotherapy (LDM) is to produce an anti-angiogenic and/or immunomodulatory effect
(Mutsaers 2009; Gaspar et al. 2018) and studies have shown that this approach may be
as effective as conventional MTD with less adverse side effects (Emmenegger et al.
2004; Gaspar et al. 2018). LDM protocols typically include oral cyclophosphamide,
alone or in combination with other anti-cancer drugs (Mutsaers 2009; Penel et al. 2012;
Mitchell et al. 2012). Toceranib phosphate (Palladia®) has also demonstrated efficacy
as a component of an oral LDM regimen with cyclophosphamide (Mitchell et al. 2012).
The chemotherapy drug type and associated treatment protocol is dependent on
the cancer type, stage of disease, general health of the pet and an owner’s tolerance to
side effects (MacDonald 2009). Chemotherapy may be administered as a single agent
or concurrently in a multi-drug regimen. Chemotherapy drugs are replaced by an
alternative if there is evidence of tumour progression and/or toxicity from the original
protocol (Chun et al. 2007; Mutsaers 2009). Longer survival times of dogs with
urogenital cancers is correlated with use of multiple different chemotherapy agents
throughout treatment of their disease (Allstadt et al. 2015).
The role of medical therapy has been well established for treatment of UC in
dogs (Knapp et al. 2014; Allstadt et al. 2015), however the role NSAIDs, chemotherapy
and targeted drugs has not been well defined via clinical trials for the treatment of
prostate tumours. Although a systemic treatment with chemotherapy may be logical
based on its application for UC, there is no current standard of care (at minimum
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NSAID) for dogs with PC. In a retrospective study of 35 dogs with PC, those treated
with NSAIDs, piroxicam (n=14) or carprofen (n=2), had subjective improvement in their
quality of life and significantly prolonged survival, median OST 210 days compared to
21 days of dogs not treated with NSAIDs (Sorenmo et al. 2004). In another study of 25
dogs, the majority responded to treatment with piroxicam and mitoxantrone within 30
days, and while 74% had improvement of clinical signs, the median OST was 155 days
(Hazzah et al. 2013). There may be no added benefit of combining piroxicam and
mitoxantrone (Hazzah et al. 2013), when compared to NSAID monotherapy (Sorenmo
et al. 2004). In evaluation of mitoxantrone and carboplatin in combination with
piroxicam, for the treatment of UC, 58% of included dogs had prostatic involvement.
These dogs (n=14) had significantly shorter survival time when compared to dogs with
trigonal, urethral or apical bladder tumours (109 days compared to 190, 300 and 645
days, respectively) (Allstadt et al. 2015). In another study, dogs (n=32) receiving
NSAIDs combined with chemotherapy (mixed protocols including carboplatin,
mitoxantrone, cyclophosphamide, chlorambucil, toceranib phosphate) for UC treatment
experienced significantly longer median OST of 106 days compared to 51 days for dogs
(n=31) receiving only NSAIDs. Additionally, combined therapies resulted in a two-fold
increase in the median tumour progression-free interval than with NSAID monotherapy
(Ravicini et al. 2018). Clinical signs and subjective quality of life were reported to
improve in 33% of patients following treatment with combined therapies (Ravicini et al.
2018), which is lower than described in previous studies of dogs with PC and bladder
UC (Hazzah et al. 2013; Allstadt et al. 2015).
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The use of bisphosphonates should be employed as palliative treatment for dogs
with skeletal metastasis from PC (approximately 22% of cases (Cornell et al. 2000)).
Bisphosphonates relieve bone pain and reduce the risk of pathologic fracture,
strengthening the damaged bone (Body and Mancini 2002; Fan et al. 2005).
Pamidronate, a bisphosphate drug, has been used in prospective studies for dogs with
primary and secondary malignant bone lesions. In a study of 33 dogs, a small number
(n=2) had secondary bone lesions from primary UC and PC. Interestingly, after
receiving pamidronate, with no combined cytotoxic therapy, significant reductions in
bone resorption were reported following analysis of the bone resorption marker (urine
peptide-bound N-telopeptide cross-links of type I collagen) (Fan et al. 2005). There may
also be an added benefit to combining chemotherapy treatment with bisphosphonates.
In human PC cell line in vitro studies, this combination of bisphosphonates and
chemotherapy, produced a synergistic effect, increasing apoptosis (Ullen et al. 2005;
Neville-Webbe et al. 2005). In canine cell lines, bisphosphonates in combination with
doxorubicin or vinblastine, have shown an increased effectiveness for certain malignant
cancers (Hafeman et al. 2012). The combination of bisphosphonates and chemotherapy
agents has not yet been evaluated in canine PC lines, however with the in vitro data
reported in human PC cell lines, it is likely an additive effect would also be observed.
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1.3 Novel Therapeutic Approaches
1.3.1 Interventional Oncology
Interventional oncology (IO) can be considered as a fourth treatment modality, in
addition to surgery, chemotherapy and RT (Soulen and Geschwind 2016). Interventional
techniques are especially useful for tumours that present a therapeutic challenge being
nonresectable, chemotherapy-resistant and/or RT-resistant (Weisse 2015; Culp 2016).
By using minimally invasive techniques in combination with advanced
instrumentation, IO can support diagnosis of suspected cancer and/or disease
treatment (Erinjeri et al. 2019). While IO has many advantages, its disadvantages
include the required technical expertise, specialized imaging equipment and
consumable cost of the various catheters and guidewires. The ideal equipment for IO
allows for real-time imaging and patient access for the clinician, while also ensuring that
only a low radiation dose is delivered to all those involved (patient, technical team and
clinicians) (Cornelis and Solomon 2016; Culp 2020). In veterinary medicine, fluoroscopy
is most favored for IO procedures, however ultrasound is commonly used for implant
placement or percutaneous tumour ablation (Culp 2016; Culp 2020). Minimally invasive
procedures, when compared to traditional open surgical procedures, have smaller
incisions, decreased pain, shortened anesthesia times and a shorter length-of-stay in
hospital.
In human medicine, in situ IO techniques for successful tumour treatment include
thermal ablation, chemo – or radioembolization, electroporation and high-intensity
focused ultrasound (Erinjeri et al. 2019). In veterinary medicine, reported IO local
21

cancer therapies include intra-arterial chemotherapy (IAC), thermal ablation, chemo – or
radioembolization and palliative stenting for obstructions (such as those in UC or PC).
Vasculature tumour therapies via IO deliver therapeutics directly to the tumour using the
blood supply that feeds it, thereby increasing the specificity of the cancer therapy. In
addition, intra-arterial drug delivery can be a mechanism for other therapies such as
phototherapy (Moore et al. 2008), embolization and chemoembolization (Culp 2016;
Culp and Burton 2018). Vasculature approaches require significant experience and
technical skill to expose the artery (femoral arteries in the hind legs or carotid arteries in
the neck), insert a catheter under fluoroscopic guidance and advance the catheter to
achieve placement within the arterial supply of the tumour (Culp et al. 2015; Culp 2016;
Culp 2020).
1.3.1.1 Intra-arterial Chemotherapy
Unlike traditional chemotherapy (oral or IV) wherein the effective concentration is
diluted (Chun et al. 2007; MacDonald 2009), IAC allows selective delivery of a
maximum amount of drug directly to the vascular supply of the tumour (Culp 2016).
Through intra-arterial delivery, the maximum intra-tumoural drug concentration can
range from 10-50-fold more than reported in systemic IV chemotherapy (Dyet et al.
2000). In addition, by combining IAC with embolization (chemoembolization),
chemotherapy can be delivered and held within the vasculature of the tumour. This can
be completed through the use of an embolic agent (conventional) or specialized
chemotherapy impregnated beads (drug-eluting bead chemoembolization) (Chabrot and
Boyer 2014; Culp 2016).
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Administering chemotherapeutic drugs directly to the tumour reduces systemic
toxicities. In a comparison study of IAC (n=11) and traditional IV (n=15) carboplatin in
dogs with lower urinary tract tumours, there was no significant difference in the
development of neutropenia, thrombocytopenia, diarrhea or vomiting. Dogs that
received IAC had significantly less incidence of anemia, lethargy and anorexia (Culp et
al. 2015). Post treatment, patients receiving IAC carboplatin had a greater decrease in
tumour dimensions and a higher partial response rate of 36%, compared to 13% in dogs
that received IV carboplatin (Culp et al. 2015). Utilizing intra-arterial delivery for a
combination treatment of NSAID and chemotherapy may further improve treatment
efficacy (Weisse et al. 2011). In dogs with UC (n=9), stable disease or better was
reported in 86% of female dogs and 29% of male dogs after receiving NSAID
meloxicam and chemotherapy via intra-arterial delivery (Weisse et al. 2011).
In human medicine, IAC may be used in combination with RT (Korogi et al. 1995;
Regine et al. 2001). This combination is effective, perhaps because many
chemotherapeutic agents can act as radiation sensitizers, making the tumour more
responsive to the effects of RT. In veterinary studies, the combination of RT and IAC
has been evaluated in dogs with osteosarcoma and UC (McCaw and Lattimer 1988;
Withrow et al. 1993). The combined approach of IAC cisplatin and RT was evaluated in
a limited study of two dogs with UC, both had a reduction in tumour size and improved
urinary signs with minimal toxicity and side effects (McCaw and Lattimer 1988). In a
larger study of 52 dogs with appendicular osteosarcoma, the additive effect of IAC
cisplatin and RT was evaluated with 9 dogs receiving IAC alone and the remaining
23

(n=43) treated with IAC and varying doses of RT. In all dogs, both chemotherapy and/or
RT was generally well-tolerated, although delayed side effects to healthy tissues (bone
and muscle) were reported in some dogs receiving the highest dose of RT (36 and
40Gy) (Withrow et al. 1993). While IAC may have its advantages over traditional IV
chemotherapy, anesthesia is required in veterinary medicine (unlike in human medicine)
and with added equipment costs, delivery of chemotherapy via the vasculature may
have limited use in practice (Culp 2020).
1.3.1.2 Arterial Embolization
Embolization involves a device or material that interrupts blood flow, this can
occur naturally or be induced. In tumour vessel embolization, tumour-specific ischemia
(restricted blood flow) is established and eventually leads to tumour cell death and
tumour size reduction (Culp 2016). There are both temporary and permanent
embolization agents, including polyvinyl alcohol and tris-acryl gelatin microspheres,
coils, and glue (Vaidya et al. 2008). Side effects, if they occur, are due to non-targeted
embolization and subsequent ischemia and necrosis of tissues (Jeon et al. 2009).
Embolization is a versatile modality that can be completed on its own (bland
embolization) or in combination with therapeutic agents and/or drugs (Chabrot and
Boyer 2014; Culp 2016). Additionally, although rarely used in veterinary medicine,
preoperative tumour embolization may minimize the loss of blood during surgical
resections (Culp 2020). In chemoembolization, chemotherapy and an embolic agent or
chemotherapy impregnated beads are delivered and subsequently retained within the
tumour (Chabrot and Boyer 2014; Culp 2016). The hypoxia created by embolization
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alters vessel permeability and cell membrane function, resulting in higher
concentrations of chemotherapy within tumour cells (Gbolahan et al. 2017).
Embolization may also be paired with external RT or through radioembolization which is
a relatively new procedure, wherein radioactive particles are delivered and retained
within the tumour (Chabrot and Boyer 2014; Culp 2016). Radioembolization has not yet
been investigated in veterinary medicine (Culp 2016).
Embolization as a treatment modality has been most studied in hepatic tumours
in both human and veterinary patients (Cave et al. 2003; Weisse et al. 2002;
Facciorusso et al. 2015). The prostate with its bi-lobed anatomy and independent
vasculature, both in dogs and humans, make it an ideal candidate for intra-arterial
delivery. In human medicine, embolotherapy is an established treatment with prostatic
arterial embolization (PAE) readily offered for the treatment of BPH (Carnevale et al.
2013; Pisco et al. 2013).
In veterinary studies of hormone-induced BPH in 16 pigs, prostate volume was
reported to be significantly reduced (P < .001) following the PAE procedure (n=8) with
no observed adverse effects to sexual function and/or breeding ability compared to the
control group (Sun et al. 2008). In a similar study with 10 dogs, prostates were
hormone-exposed for three months resulting in a mean 572% glandular growth prior to
the PAE procedure (Sun et al. 2011). There were no complications associated with the
PAE procedure in the treatment group (n=7). Interestingly, at endpoint 1 month following
PAE, 40% of dogs had shrinkage of the prostate while 30% had an increase in prostate
size. At necropsy, the dogs with increased prostate size had a large cavity within the
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prostate thought to be due to PAE ischemia (Sun et al. 2011). The authors suggest that
with a longer timeframe (>1 month), the fluid within these cavities would have been
reabsorbed. Slight adhesion between the prostate and rectum was also noted in 20% of
dogs that underwent PAE (Sun et al. 2011). In another dog study (n=8), prostate
volumes continually decreased post-PAE until end point (6 months) (Li et al. 2017).
Adverse effects included hydronephrosis, ureterectasis and ureteral stenosis. In
addition, 12.5% of dogs had similar prostate cavities as described in other studies (Sun
et al. 2011; Li et al. 2017). The validity of prostate enlargement as an indication of
successful PAE has not yet been confirmed, it may be that the size of the embolic agent
used for the procedure affects the development of this enlargement (Brook et al. 2013).
Encouraged by successful outcomes in induced-BPH pig and dog models (Sun
et al. 2008; Jeon et al. 2009; Sun et al. 2011; Li et al. 2017), PAE has been evaluated to
treat PC in canine patients (Culp et al. 2015; Culp and Burton 2018). Following PAE
treatment for PC in a pilot study (n=5), all dogs had resolution of clinical signs, and at 1month post-PAE a decrease in prostate tumour volume was observed (Culp et al.
2015). A follow-up study in 20 dogs with PC reported that post-PAE, initial clinical signs
of tenesmus and stranguria resolved in 77% and 90% of dogs, respectively. All dogs
had a reduction in prostate volume at 1-month post procedure, with a median percent
volume decrease of 39.4% (Culp and Burton 2018).
1.3.2 Nanoparticles
Attractive for biomedical applications and evaluated for their use in both human
and veterinary medicine, nanoparticles (NP) have a large functional surface and carrier
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capacity. This carrier capacity makes NP an ideal scaffold to bind, absorb and carry
other compounds such as drugs, probes and proteins (de Jong 2008; Wahajuddin and
Arora 2012). In addition, NP can be produced from a variety of both biological and
chemical source materials (phospholipids, lipids, polymers, carbon, metals) and have
applications in imaging and treatment of disease (de Jong 2008; Wahajuddin and Arora
2012). Overall, NP are defined to be <100nm in size, however drug delivery engineered
particles may be larger (de Jong 2008; Khan et al. 2017). To increase specificity and
uptake into cells, such as cancer cells, additional coatings or compounds may be added
to NP (de Jong 2008; Wahajuddin and Arora 2012). The challenges of clinical
applications of NP include their biodistribution, biocompatibility and long-term toxicity (of
metals) dependent on their clearance and accumulation in bodily tissues. The most
commonly used NP in biomedical research are made up of iron oxide (Fe3O4 or
Fe2O3) and colloidal gold.
Gold nanoparticles (AuNP) have a long history, with the first report published in
1857 (Faraday 1857) and applications in drug delivery, imaging, and radiation
enhancement (Boisselier and Astruc 2009; Aborig et al. 2019). Inherent properties of
plain or unmodified AuNP include their ability to disrupt cell adhesion (Wei et al. 2007),
alter the cytokine profile of cells having an immunotherapeutic effect (Arvizo et al.
2011), and inhibit angiogenesis and the subsequent proliferation of cancer cells
(Boisselier and Astruc 2009; Arvizo et al. 2011). Furthermore, AuNP can be synthesized
in many shapes to increase their functionality, with spherical or rod shapes being most
common (Boisselier and Astruc 2009; Tong et al. 2009). Overall, AuNP are relatively
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easy to prepare, have high biocompatibility and low toxicity, have high x-ray attenuation
and are able to become functionalized (hold within or be coated with various
compounds) (Hainfield et al. 2006; Popovtzer et al. 2008; Boisselier and Astruc 2009;
Hainfield et al. 2011; Mieszawska et al. 2013).
In animal models, AuNP have been evaluated for their efficacy as a PC
therapeutic. Tumours have both abnormal (leaky) vasculature and a hypoxic gradient
which enables NP to have a greater permeability and retention (Wicki et al. 2015).
Clinically significant tumour regression (82%) was reported in immune-deficient mice
with prostate tumour xenografts after the introduction of glycoprotein-functionalized
AuNP. The AuNP treatment group (n=7) was also observed to have only transient
weight loss when compared to the substantial weight loss experienced in the tumourbearing control group (n=7) (Chanda et al. 2010). In a safety study with 4 dogs, AuNP
were administered either by IV infusion or intratumoural injection with no reported
complications (Kannan et al. 2010). Unfortunately, as the overall goal was to gauge the
delivery feasibility of AuNP rather than their efficacy, there is no clinical AuNP outcome
data as all dogs received adjunctive treatment with radiation or chemotherapy. Gum
arabic-coated radioactive (50Gy (n=2) or 105 Gy (n=7)) AuNP were delivered via
ultrasound (n=1) or CT (n=8) guidance directly to the prostate tumour (25-gauge spinal
needles, 2-8 injections) (Axiak-Bechtel et al. 2014). Following intra-tumoural injection,
there was no systemic uptake of AuNP and an average of 53% of the injected dose was
retained in the prostate with loss of particles to the bladder and urethra. After 30 days,
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25% of dogs had 30-55% tumour volume reduction and stable disease was seen in 50%
of dogs (Axiak-Bechtel et al. 2014).

1.4 Computed Tomography
The use of CT in veterinary medicine was first documented in the 1980s (Fike et
al. 1981). At least 10-20 years prior, this advanced imaging diagnostic tool had been
available and readily used in human medicine (Brooker 1986; Kalendar 2006; van Beek
and Hoffman 2008). In contrast to standard radiographs, which also use accelerated
electrons (x-ray beams) to produce an image, CT is able to produce cross-sectional
images (or slices) which when combined can reconstruct a three-dimensional image
with a x,y and z-axis. CT imaging also allows for greater temporal and spatial resolution,
when compared to radiographs, as the superimposition of anatomical structures or
artifact over the area of investigation is reduced (Kalendar 2006; Keane et al. 2017).
Each slice is divided into volume elements (voxels) and the attenuation (density)
is calculated from the amount of x-ray detected from its corresponding tissue voxel. The
attenuation coefficient, also referred to as a CT number, is the amount of x-ray beam
that is absorbed or scattered by the tissues (Fike et al. 1981; Lusic and Grinstaff 2013;
Keane et al. 2017). Attenuation is measured in Hounsfield Units (HU) and represented
in ‘shades-of-grey’ on the CT image, with higher density tissues like bone appearing
bright white. Most CT scanners are reference calibrated with water, its CT number being
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0 HU (Hounsfield 1973). In comparison, air has a density of -1000 HU (Lusic and
Grinstaff 2013).
Bodily components of higher densities will better absorb x-rays and be brighter
on the visual representation (Table 1.1). It can be difficult to detect subtle changes
within soft tissues as they have similar CT numbers. In clinical practice contrast agents,
iodine or barium, are frequently used as they have a high atomic number (53 and 56,
respectively) and provide enhanced differentiation between structures (iodinated
contrast 100-600 HU) (Lusic and Grinstaff 2013).
Table 1.1: Attenuation values for bodily structures commonly reported in Veterinary Medicine
(Complied from: Stickle and Hathcock 1993; Lev and Gonzalez 2002; personal communication, Dr
S Nykamp).
Bodily
Structure
Lung

Attenuation
Value (HU)
-200 to -845

Air
Brain

-1000
30 to 40

Bone and
Mineral
Blood
Spleen

100 to 1000

Color on CT
Image
Dark gray to
black
Black
Grey and light
grey
White

20
35-55

Light grey
Grey

Bodily
Structure
Fat

Attenuation
Value (HU)
-30 to -150

Kidney
Muscle

30 to 40
50 to 70

Color on CT
Image
Dark gray to
black
Light grey
Grey

General soft
tissue
Liver
Prostate

40 to 60

Grey

40 to 60
20 to 60

Grey
Grey

The major components of a CT scanner include the source of the X-ray, the
amount of current generated, the number of detectors and their electronics, the system
for data transmission and the image acquisition software for pre- and post-processing
(Kalendar 2006). Over time there have been many advancements to imaging
technology. First generation CT scanners required considerable time (up to 300
seconds per single slice), whereas today’s machines can acquire multiple image slices
rapidly (330 milliseconds per slice) (Kalendar 2006; Power et al. 2016). The reduction in
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acquisition time and increase in CT capability allows for imaging of whole organs or the
entire body in 5-20 seconds with millimetre resolution (Kalendar 2006; Saunders and
Ohlert 2011). The shortened time for scanning is largely due to the design of the newer
machines wherein the gantry, which houses the X-ray tube, rotates 360◦ around the
patient and directs its beam towards stationary detectors in the machine housing
(Kalendar 2006; van Beek and Hoffman 2008; Lusic and Grinstaff 2013; Keane et al.
2017). Additionally, multislice CT scanners can acquire 4, 8 or 16 slices simultaneously
accelerating the time for image acquisition (Kalendar 2006). Quicker imaging times are
ideal in veterinary medicine, as it necessitates a shorter duration of general anesthesia
for the patient. With advancements to imaging technology, care has also been taken to
reduce unnecessary radiation exposure by adding tube collimators, which shape the xray fan before it reaches the patient and further defines the dose profile of x-ray based
on the slice thickness (Saunders and Ohlerth 2011).
As a non-invasive diagnostic tool, CT is a robust instrument for investigation into
diseases and disorders. CT is an ideal modality for the evaluation of soft tissue
structures or vasculature abnormalities (Fike et al. 1981; Lusic and Grinstaff 2013;
Keane et al. 2017), bone and growth disorders (Keane et al. 2017) and can also be
used for interventional procedures such as CT-guided or assisted biopsies,
embolization or cryoablation (Schwarz and Puchalski 2011).
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1.5 Research Study
1.5.1 Rationale
At this time, there is no universally accepted standard of care treatment in
veterinary oncology for dogs with PC and limited therapeutic efficacy reported in the
literature. The prognosis of dogs with PC, even with aggressive combined treatments, is
poor. Most often palliative measures, rather than curative, are employed for the
treatment of dogs with PC.
The use of IO techniques can be of benefit to tumours that are nonresectable,
chemotherapy-resistant or RT-resistant, such as PC in dogs. Using imaging to visualize
the tumour and its vasculature, therapeutics can be delivered directly to the tumour,
thereby increasing the specificity and maximizing the local effectiveness of cancer
treatment. In addition, IO techniques are minimally invasive, which are of benefit to the
patient. The microvascular and bi-lobed nature of the prostate makes it a prime
candidate for interventional modalities.
Individually, PAE and AuNP have been evaluated for their use in human and
veterinary medicine but have not yet been studied in a joint approach. In combining
these procedures, the delivery (and retention) of therapeutics directly within the local
tumour environment may be possible, having an optimal therapeutic impact. Tumours
are known to have abnormal vasculature and a hypoxic gradient, by creating ischemia
with an embolic agent and increased hypoxia, the cell membrane function is altered and
there can be increased permeability of materials (drugs, NP, etc) into the tumour cells.
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Combining the success of PAE to reduce prostate tumour size, the natural anticancer properties of AuNP and their functionalization with a known nutraceutical
Epigallocatechin Gallate (EGCG); targeted delivery of Epigallocatechin Gallate Gold
nanoparticles (EGCG-AuNP) +/- PAE to prostate tumours could be a novel therapeutic.
As naturally-occurring PC in dogs is a relevant model for the disease in humans, preclinical studies may have potential future clinical applications for the treatment of both
dog and human patients with prostate tumours.
1.5.2 Objectives and Hypothesis
The primary objectives of this research project were to investigate the combined
approach of PAE and AuNP delivery. Specific objectives were:
-

Asses the frequency of local treatment failure as a cause of death in dogs with
UC by reviewing medical records of treated cases at OVC

-

Develop a protocol and explore of the feasibility of prostatic arterial catherization
and EGCG-AuNP delivery in dogs

-

Document the short-term (1-week) toxicity and tolerability of PAE and EGCGAuNP with clinical monitoring, including serial bloodwork (complete blood counts
and serum biochemistry) and urinalysis

-

Investigate EGCG-AuNP distribution within and outside of the prostate gland 1week following injection via serial CT scans and inductively coupled plasma
mass spectrometry (ICP-MS) of serially collected urine and serum samples
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The hypothesis for the retrospective evaluation was that failure to control local disease
(primarily urinary obstruction) would frequently lead to euthanasia in this population. In
addition, male dogs would be more frequently euthanized due to local disease than
females.
In the pilot study, the hypothesis was that PAE and EGCG-AuNP intra-arterial injection
into the prostate of dogs would not result in adverse effects during the study period. In
addition, the combination of PAE and EGCG-AuNP would retain the EGCG-AuNP
longer in the prostate when compared to EGCG-AuNP injection alone. Finally, in the
clinical patient, following EGCG-AuNP injection there may be a decrease in the size of
the prostate tumour.
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2 Chapter Two: Long term outcome of urothelial carcinoma
treatment in 67 dogs (2011-2020)
2.1 Abstract
Urothelial carcinoma (UC) is the most common form of urinary bladder cancer in
dogs and has often been managed medically, with relatively recent expansion of local
treatment options to include radiation therapy and/or surgery. The purpose of this study
was to investigate the cause of death in treated UC cases that had long-term follow up.
Sixty-seven dogs with confirmed UC treated with chemotherapy and/or radiation therapy
were retrospectively evaluated. A combined approach involving chemotherapy and
radiation therapy was used in 43% of cases. Regional or distant metastasis were
present in 13% of dogs at diagnosis and 54% of dogs at euthanasia. The median time
to tumour progression (local and/or metastatic) for all dogs was 102 days (range 15 to
917 days).
All dogs were deceased at conclusion of the study, with 7% of dogs lost to follow
up. The majority (75%) of dogs were euthanized due to UC. The median overall survival
time was 306 days (range 17-1351 days), with 30% of dogs surviving greater than 1
year. Male dogs with prostate involvement (13/35) had significantly worse outcomes, on
average being euthanized 4-fold sooner than males with no prostate involvement.
Euthanasia was performed due to local progression (58%), metastatic disease (38%) or
unknown (4%). Of those euthanized due to local disease, 83% had complete or partial
urinary obstruction with 63% caused by urethral involvement, predominantly in castrated
males (64%). A small proportion (5%) of dogs euthanized due to metastatic disease,
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were also considered to be obstructed at the time of euthanasia. Prognosis for dogs
with UC is poor and it is a difficult disease to manage at home in its end-stages, 96% of
dogs required multiple emergency visits, most often for obstruction. This study confirms
the metastatic rates for canine UC reported historically and affirms the impact of longterm local control on outcome, as most cases were euthanized due to local disease
progression. Future improvements in local therapies have the potential to extend long
term outcome for canine UC patients.

2.2 Introduction
Carcinomas involving the bladder and urethra in dogs account for approximately
2% of reported cancers in veterinary patients (Valli et al. 1995; Knapp et al. 2000). Dogs
with UC typically present with non-specific lower urinary tract clinical signs including
stranguria, hematuria, polyuria and polydipsia (pu/pd) (Norris et al. 1992; Knapp et al.
2000; Mutsaers et al. 2003; Henry 2003). Advanced cases of UC may present with
signs consistent with local progression (bladder rupture, distended and painful
abdomen, urinary obstruction) and/or metastasis (enlarged lymph nodes, lameness,
respiratory difficulty, significant weight loss) (Mutsaers et al. 2003; Henry 2003; Henry et
al. 2011).
Most frequently, UC is diagnosed in both the bladder and urethra (> 50% of cases
(Valli et al. 1995; Knapp et al. 2000). Tumours may also develop and/or progress locally
into the bladder, urethra, prostate, ureters and kidneys (Valli et al. 1995; Knapp et al.
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2000; Henry 2003). Local progression may cause urinary obstruction, compromising the
bladder’s ability to excrete urine and/or result in hydronephrosis. The majority of UC
tumours (>90% of cases) have intermediate-high grade behaviour (Valli et al. 1995),
infiltrating multiple layers of the bladder wall, including the muscularis, and are highly
metastatic (Henry 2003). At the time of diagnosis 10%-17% of dogs with UC have
metastasis (Norris et al. 1992; Knapp et al. 2000; Knapp et al. 2014) and that number
grows to greater than 50% at time of death (Valli et al. 1995; Knapp et al. 2000; Knapp
et al. 2014). Historical outcome regarding metastatic rates at diagnosis and death, as
well as cause of death have not been updated in the recent literature, despite an
increased awareness of the disease.
Local treatment for dogs with UC includes surgery with complete or partial
cystectomy, RT or less frequently laser ablation (Knapp et al. 2000; Mutsaers et al.
2003; Cerf and Lindquist 2012). Partial cystectomy is favored over complete
cystectomy, as there is a lower incidence of patient morbidity but has a higher risk of
incomplete margins (Peacock 1984; Cornell 2000; Boston and Singh 2014).
Symptomatic palliative local treatment with urinary catheterization or urethral stenting
may be utilized when pathologic urinary obstruction occurs (Knapp et al. 2000;
Mutsaers et al. 2003; Cerf and Lindquist 2012). Laser ablation is less commonly utilized
due to its expense, challenging technique, need for repeated treatments, and
controversial efficacy (Upton et al. 2006; Cerf and Lindquist 2012). External beam RT
includes both hypo and hyper fractionated protocols and is generally well tolerated with
an improvement of clinical symptoms (Withrow et al. 1989; Norris et al.1992; Poirier et
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al. 2004; Marconato et al. 2012; Choy and Fidel 2016). Radiation therapy has similar
outcomes to surgery and when all RT protocols are considered together, median
survival times range from 4 to 21 months with longer survival outcomes achieved in
combination with a NSAID +/- chemotherapy (Walker et al. 1987; Withrow et al. 1989;
Poirier et al. 2004; Nolan et al. 2012; Choy and Fidel 2016; Clerc-Renaud et al. 2021).
Systemic treatment with a combination of NSAID and chemotherapeutic agent(s)
is typically the standard of care for symptomatic UC. NSAIDs (piroxicam and
meloxicam) and chemotherapy (mitoxantrone, carboplatin, doxorubicin, vinblastine,
chlorambucil). These treatments have been clinically evaluated on their own and in
combined drug approaches (Chun et al. 1997; Henry et al 2003; Boria et al. 2005;
Arnold et al. 2011; Mitchell et al 2012; Robat et al. 2013; Schrempp et al. 2013; Rippy et
al. 2016). Combined and/or rescue chemotherapy protocols may prolong survival time
in patients with UC. In a retrospective study of 50 dogs, those who received three or
more chemotherapy agents experienced longer median OST than dogs who received
one or two agents, 402 days compared to 190 days, respectively (Allstadt et al. 2015).
Overall, UC is considered to have a poor response to chemotherapy, with objective
response rates to most chemotherapeutic protocols below 20% (Mutsaers et al. 2003;
Knapp et al. 2014; Rippy et al. 2016). A combination of cytoreductive surgery (partial
cystectomy) and medical management (chemotherapy and/or NSAID) may provide a
survival advantage over surgery alone (Walker et al. 1987; Knapp et al. 2000).
While there is some variation in survival times based on treatment protocols
pursued, regardless of treatment, dogs with UC are generally euthanized due to their
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disease (either local or metastatic) within one year. Without treatment, the majority of
dogs succumb to complications associated with local disease progression (Knapp et al.
2000; Mutsaers et al. 2003). When the primary tumour is treated, metastatic disease
occurs frequently, exceeding 50% of reported cases (Norris et al.1992; Valli et al. 1995;
Knapp et al. 2000; Mutsaers et al. 2003; Knapp et al. 2014). This study presents a
single institution outcome evaluation for dogs treated for UC. The hypothesis was that
failure to control local disease (primarily urinary obstruction) would frequently lead to
euthanasia in this population. In addition, male dogs would be more frequently
euthanized due to local disease than females.

2.3 Materials and Methods
2.3.1 Case Selection
Medical records from the Ontario Veterinary College Health Sciences Centre
Companion Animal Hospital (OVC HSC) from January 1, 2011 to March 3, 2020 were
reviewed for dogs with a confirmed histologic or cytological diagnosis of UC. A baseline
abdominal ultrasound (at the OVC HSC or specialty referral hospital) prior to treatment
that reported tumour extent and location was required for inclusion. Initial treatment with
RT (Varian Clinac iX Linear Accelerator), chemotherapy and/or surgery was performed
at the OVC HSC, and follow-up treatment(s) (surgery or chemotherapy) were performed
at the OVC HSC or by the referring veterinarian.
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2.3.2 Medical Records Review
Data collected from the medical record included patient signalment, presenting
complaints, clinical signs, treatment history, treatment toxicity, response to therapy and
date of disease progression. Clinical staging, including radiographic and
ultrasonographic reports, were reviewed for information including tumour location and
disease progression. The cause of death, reason for euthanasia and date of
death/euthanasia was determined from the medical record or post-mortem reports
(when available). For additional follow-up, referring veterinarians were contacted via
telephone or email.
Dogs were stratified into 4 treatment groups: chemotherapy with one drug type,
sequential chemotherapy (two or more drug types), RT alone or a combination of RT
and chemotherapy during course of treatment. This latter group included patients that
received first line chemotherapy followed by RT, first line chemotherapy concurrent with
RT and RT as a salvage procedure following tumour progression after chemotherapy.
Data regarding use of a NSAID was included but not specifically evaluated as a
treatment category.
Time to tumour progression (TTP) was defined as time (in days) from the first UC
treatment to the time when progressive disease (local and/or metastatic) was first noted
on radiography or ultrasonography. Overall survival time (OST) was defined as the time
(in days) from the first date of treatment to death or euthanasia by any cause.

40

Cause of death was categorized to 4 groups: UC local disease (urinary
obstruction or local disease progression), UC metastatic disease, UC unknown (from
lack of specific medical data but confirmed euthanasia due to disease), and non-UC
related (diseases considered unrelated to UC or lost to follow-up (LTF)).
2.3.3 Statistical Analysis
The Kaplan-Meier method was used for calculation of median TTP and OST and
Hall-Wellner Confidence Bands and Homogeneity Tests were completed. Commercially
available statistical software (SAS, release 3.8, SAS Institute Inc, Cary, NC) was used
for analysis. T-tests were also completed to compare gender differences (TTP and
OST) and OST outcomes based on tumour location. A p-value less than 0.05 was
considered to be statistically significant.

2.4 Results
Sixty-seven dogs met the criteria for inclusion in the study Median age at the time
of diagnosis was 10.37 years (range 4-14 years). There were 31 spayed females, 1
intact female, 33 neutered males and 2 intact males. Dogs included thirty-six different
breeds broken down into: Mixed Breed (n=11), West Highland Terrier (n=8), Shetland
Sheepdog (n=5), Beagle (n=3), Yorkshire Terrier (n=3), Lhasa Apso (n=2), Standard
Schnauzer (n=2), Staffordshire Terrier (n=2), Boston Terrier (n=2), Jack Russell Terrier
(n=2), Scottish Terrier (n=2) and 1 each of Silken Windhound, Bearded Collie, Border
Collie, Rough-coated Collie, Coonhound, Welsh Corgi, Coton du Tulear, Dogue de
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Bordeaux, American Eskimo, Maltese, Bernese Mountain Dog, Germain Shorthaired
Pointer, Portuguese Hunting Dog, Pug, Labrador Retriever, Golden Retriever, Shih Tzu,
Kerry Blue Terrier, Vizsla, Portuguese Water Dog and Weimaraner.
2.4.1 Diagnosis
Presenting complaint included hematuria (46%), stranguria (31%), recurrent UTIs
(19%), incontinence (15%), polyuria/polydipsia (12%), obstruction causing inability to
urinate (7%), cystic calculi in bladder (4%), weight loss (3%) and inappetence (1%). In
17 cases, UC was confirmed via a single cytology collection method: urine sediment
(n=10), FNA of lymph nodes (n=3), FNA of prostate (n=2), prostatic wash (n=1) and
FNA of the bladder (n=1). In 41 cases, histology using a single collection method was
diagnostic: catheter biopsy (n=23), cystoscopy (n=12), surgical tumour reduction or
removal (n=4), and biopsy at the time of cystotomy for bladder stones (n=2). To ensure
confidence in the diagnosis of UC, a combined approach to testing was used in some
cases: traumatic catheter biopsy (histology) and cystoscopy (histology) (n=4), urine
sediment (cytology) and traumatic catheter biopsy (histology) (n=2), traumatic catheter
biopsy (histology) and cystotomy (histology) (n=2) and urine sediment (cytology) and
cystoscopy (histology) (n=1). None of the included UC cases were diagnosed using a
commercially available urinary antigen test or CADET bRAF DNA test.
On abdominal ultrasound, tumour location was described as originating from the
trigone (n=14), apex (n=11), mural (n=11), multiple primary tumours within the urinary
bladder and prostate (n=10), urethra (n=8), prostate (n=7) and neck (n=6). At diagnosis
and/or first staging appointment, 9 of the 67 dogs (13%) had metastasis to the medial
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iliac lymph node (MILN) (n=4), lungs (n=3), cutaneous nodules and lungs (n=1) and
spleen, MILN and lungs (n=1). Of the 35 male dogs, 13 dogs (37%) had involvement of
the prostate either at diagnosis or with disease progression.
2.4.2 Treatment Type
There were 34 dogs that received only chemotherapy (with a single drug type
n=16, and two or more drug types n=18), 4 dogs had RT alone and 29 dogs had both
radiation and chemotherapy. First line chemotherapy followed by RT (n=17), first line
chemotherapy concurrent with RT (n=4) or RT as a salvage procedure following failed
chemotherapy (n=8) (Table 2.1).
A proportion of dogs (24%) received chemotherapy prior to coming to OVC for
RT and returning to their referring veterinarian for follow up treatment including
additional chemotherapy and appointments. From the medical record, dogs that first
received RT had intent to continue with chemotherapy, while dogs that underwent a first
line chemotherapy regime moved to RT as a salvage procedure due to disease
progression or negative effects of the chemotherapeutic. In 6 dogs, RT and
chemotherapy (mitoxantrone (n=1), toceranib phosphate (n=1), chlorambucil (n=1) and
vinblastine (n=3)) were given concurrently.
Following chemotherapy administration, nausea, and vomiting (n=19),
inappetence (n=18) and lethargy (n=18) were the side effects most frequently reported.
In addition, neutropenia (n=15) and diarrhea were observed. Following RT, side effects
were generally self-limiting including inappetence (n=10), vomiting (n=8), diarrhea (n=8),
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erythema (n=5) and lethargy (n=5). Late side effects of urinary incontinence (n=7) were
also observed. Side effects due to RT may have been observed in more dogs, as the
medical records documenting cases during RT were poorly documented. Medications
provided for chemotherapy and RT side effects included metronidazole (n=20),
metoclopramide (n=19), famotidine (n=14), omeprazole (n=7) and maropitant citrate
(n=6).
Of the 67 treated dogs, 54 (81%) were prescribed the NSAID meloxicam (n=47)
or piroxicam (n=7). Tramadol was also prescribed to 26 (39%) dogs receiving treatment.
Eight dogs had surgical or interventional procedures in their treatment plans including;
partial cystectomy (n=4), carbon dioxide laser ablation (n=1), partial prostatectomy
(n=1), formalin instillation into the bladder (n=1), or investigational clinical trial therapy
with intra-arterial chemotherapy (n=1).
Table 2.1: Treatment Protocols for all Dogs. ‘>’ denotes switch of drug or treatment type, ‘+’
denotes drug or treatment type given concurrently. ‘*’ denotes dogs that received chemotherapy
prior to coming to OVC for RT and returning to their referring veterinarian for follow up treatment
including additional chemotherapy and appointments.
Group
Single Chemotherapy

Protocol (In Order)
Mitoxantrone
Carboplatin
Toceranib phosphate
Vinblastine
Chlorambucil

Sequential Chemotherapy

Mitoxantrone > carboplatin

Mitoxantrone > toceranib
phosphate
Mitoxantrone > vinblastine
Mitoxantrone > chlorambucil
Mitoxantrone > pamidronate
disodium + toceranib phosphate
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Number of Dogs
11
3 (1 dog discontinued treatment
after 1 dose due to low platelets)
3
1
1
4 (1 dog received a single
treatment of IAC carboplatin as
part of clinical trial)
4
4
1
1

RT Alone

Mitoxantrone > vinblastine >
chlorambucil
Toceranib phosphate >
chlorambucil
Toceranib phosphate +
pamidronate disodium
Vinblastine > mitoxantrone

1

Curative (20 fractions)

3 (1 dog was euthanized due to
severe obstruction prior to full
course of treatment)
1

Palliative (4 fractions)
RT and Chemotherapy

Curative (20 fractions) and
Chemotherapy
RT > mitoxantrone
RT > chlorambucil
Vinblastine + RT

Vinblastine > RT
Mitoxantrone > vinblastine > RT >
carboplatin > chlorambucil
Mitoxantrone > vinblastine > RT +
toceranib phosphate
RT > mitoxantrone > mitoxantrone
(second round) > vinblastine
RT > vinblastine > formalin
instillation (US clinic)
RT > vinblastine > toceranib
phosphate
Palliative (4 fractions) and
Chemotherapy
RT > Mitoxantrone

Mitoxantrone > RT
Mitoxantrone + RT

RT > doxorubicin

Mitoxantrone > toceranib
phosphate > vinblastine >
carboplatin > chlorambucil + RT
Pamidronate disodium + RT >
cyclophosphamide > toceranib
phosphate
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1
1
1

10
2
1
1 (full RT course was not
completed as there was
complete obstruction due to
tumour +/- inflammation from
RT, moved onto chemotherapy)
1
1
1
1
1
1*
19
6 (1 dog did not complete full
recommendation of mitoxantrone
treatments due to side effects)
2
1 (concurrent hepatoma
diagnosed prior to UC, also
treated during RT)
1 (concurrent soft tissue
sarcoma diagnosed prior to UC,
also treated during RT)
1 (treatment switched from
toceranib phosphate due to poor
tolerance, not progression of
UC)
1

RT > mitoxantrone > vinblastine >
carboplatin > toceranib phosphate
RT > mitoxantrone > vinblastine >
toceranib phosphate
Chlorambucil > toceranib
phosphate + RT
Mitoxantrone + RT > toceranib
phosphate
Mitoxantrone > vinblastine > RT
RT > mitoxantrone > pamidronate
disodium
RT > mitoxantrone > vinblastine

1
1
1*
1* (only 1 fraction of RT was
given to reduce inflammation)
1*
1*
1*

2.4.3 Clinical Outcome and End of Life
Disease progression monitoring via abdominal ultrasound and/or thoracic
radiographs was performed at regular intervals in 93% of dogs with a median TTP of
102 days (range 15 to 917 days) following initial treatment. There was no significant
difference (p=0.19) in the overall TTP and no significant difference (p=0.74) in local TTP
of male and female dogs. Multiple emergency visits either to OVC HSC, referring
veterinarian or other specialty hospitals were documented in 96% of dogs, most often
for obstruction (n=64).
OST between treatment groups and sex was not statistically significant, with pvalues of 0.18 and 0.48, respectively. The median OST was 287 (17-1995) days, with a
37% 1-year survival (Figure 2.1). Censoring this cohort to dogs that were euthanized
due to UC, the median survival time was 306 (17–1351) days, with a 30% 1-year
survival. There was no significant difference (p=0.91) in the OST between dogs that
were euthanized due to UC with or without trigonal involvement. Male dogs euthanized
due to UC with involvement of the prostate had significantly (p=0.003) worse outcomes
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than those with no prostatic involvement, median OST 72 (18-252) days vs 300 (511351) days, respectively.

Figure 2.1: Kaplan-Meier OST (p=0.18) for dogs with urothelial carcinoma treated with single
chemotherapy (n=16), combination chemotherapy (n=18), RT alone (n=4) and RT and
chemotherapy (n=29). The median time survival time was 287 (17-1995) days for all cases, and 306
(17-1351) days once censored for only dogs that were euthanized due to UC.

All dogs were deceased at conclusion of data collection for this study. Minimum
follow-up time for dogs not euthanized at initial presentation was 17 days (range 171996 days). Necropsy was performed on 8 of the 67 dogs. Metastasis was confirmed in
33 of the 67 dogs (13 females and 23 males with 9 dogs having metastasis at
diagnosis) (Table 2.2). Many dogs (39%) had multiple sites of metastasis. Three dogs
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were suspected to have metastases based on the survey of referring veterinarians but
were unable to be confirmed with diagnostic imaging, 22 dogs were of unknown disease
stage status and 9 dogs had no evidence of metastasis on imaging. During treatment,
hydronephrosis (n=6, 9%), hydroureter (n=4, 6%) or both (n=8, 12%) was observed. At
diagnosis, or during treatment, additional tumours were diagnosed in 15 dogs in the
liver and spleen (26% and 33%, respectively). Unless confirmed by biopsy or necropsy
(1 case), additional tumours were considered unrelated to the primary tumour.
Table 2.2: Locations of confirmed metastases in 33/67 dogs (including 9 dogs with metastasis at
diagnosis). Confirmation was obtained either by FNA, diagnostic imaging or necropsy results.
Metastatic Location
MILN
Lung
MILN and Lung
Bone (humerus)
Aortic LN
Lungs and prostate
MILN and abdomen
MILN and bone (humerus)
Abdominal LN and bone (humerus)
MILN and sacral LN
MILN and gastric LN
Abdominal LN and bone (humerus)
Bone (humerus) lungs, liver and cutaneous
masses
Bone (unspecified), lungs and eye
Liver, adrenal gland, lungs and heart
Lungs, hepatic LN and iliac LN

Number of Dogs
13
5
2
1
1
1
1
1
1
1
1
1
1
1
1
1

Euthanasia was due to UC-related (n=50), non-UC related (n=9) and unknown
(n=8) (Table 2.3). The deaths related to UC were further classified as local disease
progression (n=29), metastasis (n=19) and unknown (n=2). Non-UC-related included
mobility issues (n=2), concurrent diseases (such as hepatocellular carcinoma and
masses within spleen and liver (etiology unconfirmed but present prior to UC)) (n=2),
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chronic kidney disease (pre-UC) (n=1), unknown respiratory arrest (suspect secondary
to mitoxantrone) (n=1), cognitive changes (n=1), sepsis (suspect secondary to IAC
and/or clinical trial solution) (n=1) and euthanasia due to suspect gastric ulceration
(n=1).
Table 2.3: Euthanasia in 67 dogs treated for UC.
Reason
UC- Related
Non-UC Related
Unknown

Number of Dogs
50 (75%)
9 (13%)
8 (12%)

UC Local Disease
UC Metastasis
UC Unknown

29 (58%)
19 (38%)
2 (4%)

UC Local Disease
UC Local – Obstructed
UC Local – Not-obstructed

29
20 (69%)
9 (31%)

UC Metastasis
UC Mets – Obstructed
UC Mets – Not-obstructed

19
1 (5%)
18 (96%)

Dogs that were euthanized due to UC, regardless of treatment type had first
progression sites locally (65%), metastatic (22%) and both (12%). The median time to
local and metastatic disease progression was 89 and 111 days, respectively. When
comparing dogs that were euthanized due to local and metastatic UC, there was a
significant difference (p=0.0051) in the local TTP (Figure 2.2).
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Figure 2.2: Kaplan-Meier TTP (p=0.0051) for dogs euthanized due to local (n=29) and metastatic
(n=19) UC regardless of treatment type. Cases that did not have a first progression locally (n=11)
have been censored.

Of the 29 dogs with local disease progression, 83% of dogs (14 males and 10
females) were euthanized due to partial or complete urinary obstruction (Table 2.1).
One of the dogs (5%) euthanized due to UC metastases was also obstructed at time of
euthanasia (Table 2.1, Figure 2.3). In dogs euthanized due to local disease and
subsequent urinary obstruction, the obstruction was caused by progression of disease
into the urethra (54%), ureters (most commonly the left ureter) (33%), both the urethra
and ureters (8%) and multiple masses in the bladder (4%). By sex, urinary obstruction
was caused by ureters, urethra, or both in 29%, 64% and 7% of male castrated dogs
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and 40%, 40% and 10% of spayed females. Renal degeneration, dilation or failure was
observed 42% of the obstructed dogs. Of the 24 dogs with partial or complete urinary
obstruction, 13 dogs had confirmed metastases, 1 dog had suspected metastasis, 8
dogs were of unknown metastatic status and 2 dogs were confirmed to have no
evidence of metastasis (1 dog on imaging and 1 on necropsy).

Figure 2.3: Comparison of dogs (n=50) euthanized due to UC and considered to be obstructed at
time of euthanasia (n=25).
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To assess the potential impact of cause of euthanasia (local versus metastatic
disease) Kaplan Meier plots were constructed to compare outcome between the groups,
regardless of treatment type (Figure 2.4). There was no significant difference (p=0.34)
between the OST of dogs euthanized due to local or metastatic disease with median
OST of 185 (17-1351) days and 345 (18-841) days, respectively.

Figure 2.4: Kaplan-Meier OST (p=0.34) for dogs euthanized due to local (n=29) and metastatic
(n=19) UC, regardless of treatment type. The median OST for dogs euthanized due to local disease
was 185 (17-1351) days and for metastatic disease was 345 (18-841) days.

The most frequent reasons for euthanasia included inappetence (n=20), inability
to urinate (obstruction) (n=18), abdominal pain (n=18) and lethargy (n=16) (Table 2.4).
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Table 2.4: Presenting complaints as per client assessment at end-of-life appointment for 50 dogs
euthanized due to local and metastatic UC.
Presenting Complaint
Abdominal pain
Inability to urinate (obstruction)
Distended bladder
Inappetence
Lethargy
Stranguria
Hematuria
Weight loss
Decreased quality of life
Non-ambulatory
Lameness
Depression
Respiratory difficulty
Nausea
Incontinence
Pu/pd
Not sleeping
Coughing
Intermittent fever
Anxiety
Renal Failure
Progressive disease (diagnosed
on previous imaging)

Dogs Euthanized due to Local
Disease
52%
59%
14%
41%
31%
38%
31%
24%
21%
3%
3%
7%
7%
21%
14%
10%
10%
31%

Dogs Euthanized due to
Metastatic Disease
16%
5%
42%
37%
11%
26%
21%
21%
26%
16%
16%
11%
11%
11%
5%
5%
5%
26%

2.5 Discussion
The 67 dogs included in this study had signalment including breed and age
consistent with earlier UC studies (Norris et al.1992; Knapp et al. 2000; Poirier et al.
2004; Knapp and McMillan 2013). The majority of cases (96%) were castrated or
spayed, which provides further confirmation that an absence of sex hormones increases
predisposition to the development of UC. The male to female ratio of the included dogs
was 1:1.09, which is lower than a recently published urogenital cancer study of 2.18:1
(Clerc-Renaud et al. 2021), and more consistent to previous multi-dog UC retrospective
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studies with ratios of 0.5:1 - 1:2 (Norris et al. 1992; Valli et al. 1995; Knapp et al. 2000
and Knapp and McMillan 2013). On clinical presentation, the primary complaints of
hematuria (46%) and stranguria (31%) in the present study were similar to previous
(Norris et al.1992; Knapp et al. 2000; Poirier et al. 2004; Knapp and McMillan 2013).
Confirmation of UC diagnosis was completed primarily (75%) by means of
histology and samples collected via catheter biopsy or diagnostic/surgical procedure
(cystoscopy, cystotomy or tumour-reduction/removal). FNA of UC tumours or metastatic
sites was performed in only 9% of cases, differing from previous studies where this was
the main diagnostic method (91% of 115 dogs) (Norris et al.1992). This is likely due to
increased recognition of the propensity of these tumours to seed following such
manipulations (Nyland et al. 2002; Vignoli et al. 2007). In our cohort of dogs, abdominal
seeding following FNA was confirmed in 1 case (17%). Urine cytology was performed in
31% of dogs yielding diagnostic results in 25% of cases. Dogs that had urine cytology
that was not definitive for UC vs urinary tract infection, or between UC and PAC
warranted further testing by histology (catheter biopsy or cystoscopy). There has been a
study that suggested a shift towards less-invasive urine cytology for general evaluation
of bladder and prostatic diseases (including neoplasia) based on the agreement
between histology and urine cytology for 80% of cases (Powe et al. 2004). However due
to the small sample size of dogs with neoplasia in this study, more investigation is
needed.
Immunohistochemistry with uroplakin III can also be used to confirm UC, as it is a
highly specific and sensitive marker, however when the samples are small (cytoscopic)
54

there is a relatively low sensitivity (Ramos-Vara et al. 2003). In addition, the
differentiation between UC and PAC is problematic as some PAC have been shown to
express markers of urothelial and/or ductal origin (keratin 7 and arginine esterase
among others) (Leroy et. al 2004; Packeiser et al. 2020).
At diagnosis, 13% of dogs had evidence of metastases, reflecting the highly
metastatic nature of the disease and consistent with the range of 10-17% reported in
previous studies (Norris et al. 1992; Knapp et al. 2000; Knapp et al. 2014). The large
number of dogs in this cohort reflects the importance of early diagnosis and the
necessity to have an economical, less-invasive means to assess dogs that may of older
age and/or breeds (Scottish and West Highland Terriers, Shetland Sheepdogs and
Beagles) that are at high risk of asymptomatic disease. The V-BTA test is a urine
screening test that measures a glycoprotein antigen complex in urine and has been
associated with bladder cancer in human patients (V-BTA test, Alidex, Redmond,
Washington, USA). This test can be translated to canine patients with a 90% sensitivity
and 78% specificity (Borjesson et al. 1999). Another test, the CADET BRAF Mutation
Detection Assay (CADET BRAF Assay, Sentinel Biomedical, Raleigh, NC, USA) is a
blood test that detects a common genetic mutation in dogs with UC with 75-85%
sensitivity and a >99% specificity (Decker et al. 2015; Mochizuki et al. 2015).
The choice of treatment protocol may be influenced by a pet owner’s ability to
afford therapies, tolerability to side effects, the treatment types offered at a facility
(chemotherapy at a general practice versus RT at a referral institution) and clinician
preference. In the 50 dogs that were euthanized due to UC, there was no significant
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difference in OST of treatment groups. Most treatment protocols used NSAIDs (81%)
reflecting the mainstay of this medication for UC treatment. In addition, 94% of dogs had
systemic chemotherapy which may be due to the current practice for treatment of UC
and/or influences listed above.
Dogs with UC have a poor prognosis, of the 67 dogs treated for and euthanized
due to UC (n=50, 75%) (rather than concurrent disease or LTF), only 20 dogs (30%)
had a survival time greater than 1 year. Within the bladder, UC was most often located
in the trigone (30%).There was no significant difference in OST between dogs with and
without trigonal involvement, in contrast with current literature (Cornell et al. 2000;
Mutsaers et al. 2003; Allstadt et al 2015; Clerc-Renaud et al. 2021). This could be due
to ultrasound interpretation although more likely that a number of dogs with trigonal
involvement were not included in this calculation as they were euthanized due to nonUC-related (n=4) or unknown (n=1) reasons.
There were 37% of male dogs with some involvement of the prostate either at
diagnosis or disease progression. This is within the range reported in the literature, 1366% (Valli et al. 1995; Knapp et al. 2000; Clerc-Renaud et al. 2021. Furthermore, this
study confirmed that male dogs with prostate involvement have worse outcomes, as this
cohort (37%) were euthanized due to UC on average 4- fold sooner than males without
prostate involvement. Interestingly, the longest survival time (1996 days) was a male
dog with a prostate tumour with extension into the apex and trigone of the bladder. He
had received chemotherapy (mitoxantrone (3 doses) then carboplatin (2 doses) for
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treatment. On necropsy, there was no evidence of metastasis and this dog was
euthanized due to age-related mobility issues rather than UC.
In previous studies, it has been reported that greater than 50% of cases have
metastasis at end of life (Valli et al. 1995; Knapp et al. 2000; Knapp et al. 2014).
Removing dogs that had metastases at diagnosis (9 dogs), 40% of cases in this study
developed metastatic disease (64% males) following treatment. This metastasis rate is
lower than the expected ≥50% seen in previous studies but may be partially due to the
lack of post-mortem evaluation in this cohort of dogs. The predominant number of
castrated males with metastasis aligns with the literature that castration may enhance
the metastatic rate of prostate tumours (including those of urothelial origin) (Teske et al.
2002). However, with only 2 intact males of unknown metastatic status, a conclusion
cannot be drawn from the present study. In addition, more than half of the castrated
males with metastatic disease had evidence of prostate involvement (a prognostic factor
for worse outcome).
Metastases was most often seen to the lungs (36%), MILN (58%) and bone (18%).
The number of dogs in this study with lung metastasis was similar to the 17-48%
previously reported (Norris et al. 1992; Valli et al. 1995; Knapp et al. 2000). It is possible
that the frequency of lung metastasis may be higher, despite regular thoracic
radiographs for staging in most dogs, as small lung lesions may have gone undetected.
Necropsy found lung metastasis in 3 dogs not previously reported on imaging. Nodal
metastasis (specifically MILN) occurred more frequently than previously reported,
however the range (9-40%) in the literature is quite broad (Valli et al. 1995; Knapp et al.
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2000; Knapp et al. 2014; Clerc-Renaud et al. 2021). The rate of bone metastasis is
slightly higher than the 0-14% previously reported in both retrospective and prospective
studies (Norris et al. 1992; Knapp et al. 2000; Charney et al. 2017). Interestingly, the
incidence of UC spread to the bone, most often the humerus, was evenly distributed
between male and female dogs whereas bone metastasis is expected to be increased
in males as prostate tumours readily metastasize to the skeleton (Cornell et al. 2000).
Concurrent primary tumours were present in the liver and spleen (either present at
diagnosis or during treatment) in 22% of dogs. This may be attributed to the older age
(>10 years) of the dogs or that individuals with one tumour type are more likely to
develop further tumours. This finding is consistent with previously reported data (7-22%)
(Valli et al. 1995; Knapp et al. 2000; Knapp et al. 2014).
In its end stages, UC is a difficult disease for clients to manage at home,
necessitating multi-medication strategies, frequent veterinary visits for possible catheter
placements (due to urinary obstruction), diapers for increased urinary and/or fecal
incontinence, home-made diets and ramps or mobility devices. Almost all cases (96%)
in this study necessitated multiple emergency visits either to OVC HSC, referring
general practice, or other specialty hospitals during treatment, most often for
obstruction-related complaints. At the end-of-life appointment, dogs euthanized due to
local disease most often presented with inability to urinate (59%), painful abdomen
(52%) and inappetence (41%) while, dogs euthanized due to metastatic disease
commonly presented with inappetence (42%) and lethargy (37%). Interestingly, 10% of
dogs were non-ambulatory (local (3%) and metastatic (21%)) at their final appointments.
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Despite the moderate rate of metastasis, local disease progression was most
frequently (58%) the reason for euthanasia. There was no significant difference in the
OST between dogs that were euthanized due to local disease vs metastasis regardless
of treatment, however there was a significant difference in the TTP of local disease in
these two groups. The literature reports that when treated for UC, dogs are more likely
to succumb to metastasis than local disease progression (Norris et al.1992; Knapp et al.
2000; Mutsaers et al. 2003). More recently and in agreement with this study, the
importance of local control of tumour progression has been reported in a study of 51
dogs with 75% of cases euthanized due to local progression, however only 2 dogs had
documented urinary obstruction (Clerc-Renaud et al. 2021).
In dogs confirmed to have progressive local disease, 83% were euthanized due to
partial or complete urinary obstruction with the obstruction most often located in the
urethra (63%). Urethral obstruction was more common in males (71%) than females
(50%), and 40% of males had some prostate involvement throughout their disease. The
anatomy of males (smaller urethra than females) may largely influence urinary,
specifically urethral obstructions. Male dogs while more likely to develop an obstruction,
did not have a local TTP that was significantly different than the female dogs.
Approximately half of the cohort of dogs euthanized due to urinary obstruction had
kidney issues including dilation of the renal pelvis, degeneration or complete failure,
possibly caused by intermittent partial or complete obstruction, however this may also
be incidental as these were older dogs aged 8-13 years. While evidence of metastases
was noted in 90% of the obstructed dogs, ultimately death was attributed to local
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disease. Interestingly, 1 of the dogs confirmed and euthanized due to metastatic
disease was also obstructed (bilateral ureter with renal degeneration) at euthanasia and
had been for some time based on the post-mortem examination.
This is the first study with comprehensive reporting of local disease progression
and obstruction causes in dogs with UC. Overall, these findings further illustrate the
need to continually improve treatment for these patients and focus more on local
control. In addition, clients should be counselled regarding diagnostic screening tools
and monitoring for early signs of urinary obstruction for proactive management,
especially in high-risk breeds.

2.6 Limitations
This study has several limitations that relate to its retrospective nature, including
the small number of cases, lack of standardized follow-up and incomplete medical
records. Dogs not seen at OVC HSC post-treatment and/or those that changed
veterinary care from initial referring veterinarian were considered LTF. Every effort was
made to contact all clinics involved in the veterinary care of patients, but some records
were unavailable due to length of time elapsed or a clinic’s transition to new
management software. Despite this limitation, a very high proportion of cases had good
to excellent follow up information (92%). During statistical analysis, the LTF (7%)
records were censored from the time of last known contact. Another limitation is the
number of clinicians involved in patient assessment, treatment protocol decisions,
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restaging intervals, and care. This variability affected case management
recommendations and it is also likely that there was variability in interpretation of
ultrasonography and radiography for tumour locations and sizes, as not all assessments
were performed by the same individual.
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3 Chapter Three: Pilot Study for the Evaluation of Arterial
Embolization and Gold Nanoparticle Injection for
Localized Prostate Tumours in Dogs
3.1 Introduction
In dogs, PC is relatively rare (1% of all cancers), although it is the most
frequently reported cancer in men (Valli et al. 1995; Knapp et al. 2000; Teske et al.
2002; LeRoy and Northrup 2009; Knapp and McMillan 2013; Knapp et al. 2014). The
etiology of the disease is relatively unknown, with a higher frequency reported in older
males, 8-10 years, of large and giant-sized breeds (Bell et al. 1991; Cornell et al. 2000;
Leroy and Northrup 2009). The disease in dogs is challenging to diagnosis and PC is
most often diagnosed following metastasis (>40% of cases) (Bell et al. 1991). In
addition, PC is difficult to effectively treat as the tumour develops in a difficult location
for surgical removal and is highly malignant with aggressive local invasion and widespread metastasis with up to 80% of dogs having signs of metastasis at time of death
(Cornell et al. 2000).
Current treatments for PC in veterinary medicine may include a NSAID,
chemotherapy (most typically mitoxantrone) and/or RT (Turrel 1987; Johnston et al.
2000; Poirier et al. 2004; Sorenmo et al. 2004; Fujita et al. 2010; Hazzah et al. 2013;
Knapp et al. 2014; Allstadt et al. 2015; Ravicini et al. 2018). TTP and OST vary,
however even with aggressive combined therapies of NSAID, chemotherapy and RT,
the prognosis is poor (median OST 11 months, range 3.5-18 months) (Clerc-Renaud et
al. 2021). At this time, there is no universally accepted standard of care treatment in
veterinary oncology for dogs with PC and little corroborating literature.
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Local cancer treatments using IO techniques via the tumour vasculature are of
growing interest in veterinary medicine and include IAC and embolization (bland,
chemo- or radioembolization) (Culp 2016; Culp and Burton 2018). These minimally
invasive techniques combine surgical skill and imaging modalities to deliver
therapeutics directly to the tumour using its vasculature, thereby increasing the
specificity of the cancer therapy. By creating tumour-specific ischemia through
deposition of embolic agents within the selected arteries feeding the tumour, the
restricted blood flow eventually leads to tumour cell death and tumour size reduction
(Culp 2016). In addition, once vessels are occluded, therapeutic agents and/or drugs
can be administrated directly to the tumour (Chabrot and Boyer 2014; Culp 2016).
In human medicine, embolization of the prostate is an established treatment for
BPH (Carnevale et al. 2013; Pisco et al. 2013). There have been a number of pig and
dog studies that have also reported successful outcomes for BPH using PAE (Sun et al.
2008; Jeon et al. 2009; Sun et al. 2011; Li et al. 2017) and PAE has been transitioned to
treat PC in a limited number of dogs (n=25) reporting resolution of clinical signs (70100% of dogs) and a decrease in prostate tumour volume (median 39.4%) (Culp et al.
2015; Culp and Burton 2018).
The prostate in dogs is a semi-ovaloid gland encapsulated by fibromuscular
tissue with independent vasculature to each of its two lobes via the right and left
prostatic arteries (Leis-Filho and Fonseca-Alves 2018), making it a prime candidate for
interventional modalities. Furthermore, this independent vasculature allows for single
lobe targeted treatment while the other lobe can act as a control.
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Nanoparticles are attractive for biomedical and clinical applications as they can
be produced from a variety of materials, have a large functional surface, and can act as
a scaffold to bind, absorb and carry other compounds. The challenges associated with
use of NP include their biodistribution, biocompatibility and long-term toxicity (of metal)
dependent on their clearance and accumulation in bodily tissues. There are a multitude
of ways to synthesize AuNP. Regardless of production technique, an AuNP solution
should be red-purple in color because of its unique surface plasmon resonance (SPR)
and the fluctuation of the electrons on the NP surface (Faraday 1857). Dependent on
the size of the particle, the wavelength of light absorbed and reflected by SPR changes.
As such, solutions of smaller particles will be a darker red colour while solutions of
larger particles will be more purple (Dong et al. 2019).
Standard approaches via physical or chemical means to produce AuNP involve
the use of carcinogenic solvents and have been associated with contamination and high
toxicity (Ramalingam 2009). Using ‘green synthesis’, a non-toxic and environmentally
benign biological method, plant extracts can be incorporated to size and stabilize the
AuNP (Ramalingam 2009; Aborig et al. 2019). Nutraceutical plant extracts are of
interest in green synthesis, as they can amplify the anti-inflammatory, antioxidant and
anti-cancer capacity of the AuNP (Nambiar et al. 2018). Several different nutraceuticals
have been investigated for green synthesis of AuNP (Shukla et al. 2008; Nune et al.
2009; Das et al. 2011; Levchenko et al. 2011; Parida et al. 2011; Sneha et al. 2011;
Shukla et al. 2012; Singh et al. 2012; Nambiar et al. 2018; Aborig et al. 2019).
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Curcumin, the main curcuminoid found in turmeric, and EGCG, a catechin in
green tea have been heavily researched for their use as nutraceuticals (Nambiar et al.
2018). EGCG has both anti-oxidant (cancer prevention) and pro-oxidant (cancer cell
death) action in many different cancer types (Lecumberri et al. 2013), with a selectivity
for inducing apoptosis only in neoplastic cells (Mukhtar and Ahmad 2000; Lecumberri et
al. 2013). The combination of EGCG and anticancer drugs has also been shown to be
advantageous (Lecumberri et al. 2013; Cao et al. 2016). In addition, EGCG has shown
competency as a radio-sensitizer (Hu et al. 2011; Kang et al. 2019) and may have
potential as a protectant against chemotherapy (Khan et al. 2009) and RT side effects
(Pajonk et al. 2006; Hu et al. 2011; Peng et al. 2011; Kang et al. 2019).
Valuable for this study and future work, EGCG has been reported to have a high
affinity for human PC cells (Gupta et al. 2000; Shukla et al. 2012; personal
communication, M Aborig). At concentrations, similar to what may be absorbed by
drinking green tea, EGCG has been reported to reduce the proliferation of human
prostate cancer cells in vitro by 45%-90% (Paschka et al. 1998). Both in vivo and in vitro
studies have been performed. In a transgenic adenocarcinoma mouse prostate model
(TRAMP), which mimics the development and progression of human PC, EGCG has
been reported to significantly increase the apoptotic index (2.12 6 0.1 vs. 27.7 6 3.2% in
control vs. treated mice) inhibiting tumour growth and invasion. Additionally, the mice
undergoing EGCG treatment, with the equivalent amount of EGCG that would be
ingested by drinking six cups of green tea per day by an average adult human, had no
evidence of metastasis. This was in contrast with the control group who at necropsy had
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PC lesions in the lymph (95%), lungs (65%), liver (40%), and bone (25%) (Gupta et al.
2001). Using a radioactive isotope of gold combined with EGCG, an in vitro assay with
PC-3 cells reported significant uptake or endocytosis of EGCG-AuNP (radioactive) into
the tumour cells. This was attributed to the affinity of EGCG to bind to Laminin 67R
receptors, which are over expressed in prostate tumor cells (Shukla et al. 2012). When
the Laminin 67R receptor was blocked, (saturation or pre-incubation with MLUC5
antibody or laminin), there was a significant reduction (85%) in the amount of gold within
the PC-3 cells (Shukla et al. 2012). When the same radioactive EGCG-AuNP was
injected intra-tumoral into the PC-xenograft immune deficient mice, 70% of the injected
dose remained within the prostate tumours for up to 24 hours and there was a reduction
in tumour volumes of 80% after 28 days (Shukla et al. 2012). It is unclear from the
available literature whether the Laminin 67R receptor may have a similar presence in
dogs with PC.
Overall, AuNP are relatively easy to prepare and by functionalizing nanoparticles
with nutraceuticals, these microscopic particles have enormous potential. In human and
veterinary medicine, PAE and AuNP have been evaluated individually but have not yet
been studied in a joint approach to directly deliver (and retain) AuNP within the local
tumour environment having a maximum impact. The objectives of this study were to
explore the feasibility, toxicity and tolerability of the minimally invasive PAE and EGCGAuNP procedure in healthy, adult male beagles (Study A) and a dog with a clinical
prostate tumour (Study B).
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The hypothesis was that PAE and EGCG-AuNP intra-arterial injection into the
prostate of dogs would not result in adverse effects during the study period. In addition,
the combination of PAE and EGCG-AuNP would retain the EGCG-AuNP longer in the
prostate when compared to EGCG-AuNP injection alone. And finally, in the clinical
patient, following EGCG-AuNP injection there may be a decrease in the size of the
prostate tumour.

3.2 Materials and Methods
The study was performed in accordance with the Canadian Council for Animal
Care and Use Guidelines and was approved by the University of Guelph Animal Care
Committee (Animal Use Protocol #4010).
3.2.1 Animals
3.2.1.1 Study A: Animal Procurement (Normal, healthy dogs) and Care
Three mature, castrated male purpose-bred beagles were obtained from a
research colony (Intervivo, Fergus, Ontario) and housed at the Central Animal Facility,
University of Guelph for a period of 2 weeks. Procedures on the first dog (Beagle 1)
were performed 2 months prior to the second and third dogs (Beagles 2 and 3). The
mean age of the dogs was 6.98 years, and they had a mean weight 12.9kg at the start
of study. All dogs were deemed healthy based on physical examination, bloodwork
(CBC and serum biochemistry) and urinalysis.
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The housing environment was maintained at approximately 22°C with a 12-hour
light to dark cycle. Dogs were provided with enrichment items (jump boards and chew
toys) and exercised for 30 minutes to 1 hour each day. The dogs were individually
housed in kennel-style runs with trays underneath for urine collection. Dogs were fed
once daily (Purina Pro Plan Savor Chicken and Rice Formula, Vevey, Switzerland) at
approximately 4PM with water provided ab libitum. Dogs were acclimated to the facility
and research team members for ~1 week prior to any procedures.
3.2.1.2 Study B: Case Selection (Clinical Patient) and Care
A client-owned male, castrated dog (Boston Terrier, 12 years old, 11.4kg) with a
confirmed prostate tumour diagnosis was prospectively enrolled in this study. His
medical history included PUC localized to the prostate with bladder wall thickening and
no signs of lung metastasis. In addition, he had a medical history of intervertebral disk
disease (T11-T12), suspect focal seizures and degenerative valvular disease (stage
B2). In the year since diagnosis of PUC, treatments of mitoxantrone (8) and carboplatin
(7) chemotherapy with the OVC HSC Oncology service were performed. Failing medical
management, an alternative solution was explored to slow the progression of disease.
At the time of case inclusion, clinical signs related to the prostate tumour
included stranguria, however large volumes of urine with little to no blood present were
able to be passed. Baseline CBC, serum biochemistry and urinalysis were completed
prior to any procedures. This dog was housed individually at the OVC HSC, Companion
Animal Hospital. Food (hamburger and Gastrointestinal Wet Food (Royal Canin,
Guelph, ON, Canada) and water were provided ad libitum.
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3.2.2 Gold Nanoparticle Preparation
EGCG (≤95% purity, E4143–Aldrich, St. Louis, MO, USA) and Gold (III) chloride
trihydrate (HAuCl4·3H2O, 520918-Aldrich) were used for the preparation of EGCGAuNP. The green synthesis protocol followed previously published work (Nambiar et al.
2018; Aborig et al. 2019).
For this study, a 1.5mg/ul concentration solution of EGCG-AuNP was prepared.
EGCG acts as both a reducing and stabilizing agent, the amount added during the
synthesis process affects the size (and color) of the produced particles. Immediately
after synthesis, the formation of EGCG-AuNP was confirmed via ultraviolet visibility with
the SpectraMax Molecular Devices M5 plate reader (San Jose, CA, USA). Formation of
EGCG-AuNP was indicated by a single absorbance band between 500–600nm (Aborig
et al. 2019). Measurements of the hydrodynamic sizes, particle size distributions and
zeta potentials were evaluated using the Malvern Zetasizer Nano-ZS (Malvern
Instruments Ltd, Malvern, UK). In previous preparations of EGCG-AuNP, the size and
shape had been evaluated with transmission electron microscopy (TEM) via the Philips
CM10 (Phillips Medical Systems, Amsterdam, Netherlands) at 60kV. TEM
measurements include only the size of the gold core, prepared EGCG-AuNP are
estimated at approximately 15nm while the hydrodynamic size (including gold core,
coating and ions on the surface from the water in solution) is 20-25nm (personal
communication, M Aborig).
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Particles were freshly prepared for each procedure (Figure 3.1) and delivered to
the University of Guelph within 24 hours of each IO procedure. EGCG-AuNP were
stored in a light protected container at approximately 4°C until use.

Figure 3.1: Prepared EGCG-AuNP solution. The color is attributed to the oscillating electrons on
the surface of the particles (SPR) and their absorption and reflection of light wavelengths.

3.2.3 Pre-operative Imaging
All dogs underwent a routine contrast-enhanced CT scan of the abdomen under
heavy sedation for Study A: Beagles ((hydromorphone (0.1mg/kg intramuscular (IM)),
dexmedetomidine (5ug/kg IM) and reversed with atipamezole (5ug/kg IM)) and general
anesthesia for Study B: clinical case ((fentanyl (155ug IV), midazolam (2.5ug/kg IV) and
propofol (2mg IV), IV fluids (Plasmalyte-148, 5ml/kg/hr IV)) and maintained on
isoflurane (1-3% inhalant)). Dogs were positioned in dorsal recumbency and scanned
from the mid-thorax extending caudal past the pelvis. CT images were acquired with a
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16-slice detector (GE Brightspeed CT scanner, GEHealthcare, Milwaukee, Wisconsin)
using a 0.625 mm slice thickness and standardized protocol in helical mode, 0.8
seconds rotation time, collimator pitch of 1, 120kV and 200 mAs.
CT images were analyzed using Horos Imaging Software (v1.1.7, OpenSource
Licence; Version 3 [LPGL-3.0]). Attenuation values of the prostate were determined by
measuring the HU of each lobe in transverse plane. The region of interest (ROI) were
drawn close to the prostate borders in order to provide a full capture of the lobe. ROI
and subsequent HU were measured in each individual transverse slice throughout the
entirety of the prostate scan. The width and height of the prostates were measured on
the transverse section image with the largest diameter of the prostate. Vertical and
horizontal lines were drawn through the intraprostatic urethra using a similar
methodology to previous studies (Lee et al. 2015; Kuhnt et al. 2017; Kuhnt et al. 2020).
Beagles 2 and 3 had their CT scan 4 days prior to the technical procedure whereas both
Beagle 1 and the clinical case had scans immediately prior to their IO procedure under
the same anesthesia.
In addition to the CT scans described above, pre-operative imaging for the
clinical case also included a routine standard of care contrast-enhanced CT scan with
angiography and a contrast-Enhanced Doppler ultrasound. The ultrasound protocol was
adapted from a published report by Russo et al. 2009. For the ultrasound, the dog was
placed in dorsal recumbency and once the prostate was visualized, 1mL of SonoVue
(Sulphur hexafluoride microbubbles; Bracco Imaging S.p.A., Milan, Italy) followed by a
fast flush of 3mL saline was injected via the cephalic catheter. In real-time, digital
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recordings were acquired using Canon Aplio 300 1-6 MHz curvilinear probe with coded
harmonic capability prior to and following each injection to observe the flow of the
contrast medium in the prostate.
3.2.4 Interventional Oncology Technical Procedures
The IO technical procedures for Study A were conducted at the Comparative
Clinical Research Facility, University of Guelph and Study B was completed in the OVC
HSC. All dogs were induced and maintained with similar anesthesia protocols and
monitored throughout the procedure via non-invasive oscillometric cuff and temperature
probe. Additional monitoring for the clinical case included electrocardiogram, end tidal
carbon dioxide and oxygen saturation.
Each dog was placed in lateral recumbency, then draped with the ventral and
lateral neck clipped and prepared with sterile technique. The fluoroscopic unit (BV
Endura, Phillips Medical Systems, Amsterdam, Netherlands) was positioned over the
entirety of the dog. The arterial access technique was adapted from the carotid artery
selection procedure described by Culp et al. 2015. A 2-4cm incision was made on the
right side of the neck with the subcutaneous tissues and fascia dissected to allow for
clear visualization and isolation of the carotid artery.
Suture was placed (3’0) and an 18-guage over-the-needle catheter introduced to
the carotid artery and the needle portion removed. A 150cm length, 0.035in hydrophilic
weasel guide wire (Infinity Medical, California, USA) was inserted into the catheter and
once in the vessel, the catheter was removed. Over the guide wire, a Cath Lab
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Introducer Kit 5Fx11cm (CLI introducer and vessel dilator (Infinity Medical, California,
USA) were placed. The introducer was sutured to the skin and the dilator removed over
the guide wire. With vascular access in place, a 4Fr 65cm Berenstein catheter (Infinity
Medical, California, USA) was introduced into the vascular access sheath and the guide
wire-catheter combination advanced to the level of the caudal aorta. A mixture of 50%
saline and 50% contrast (Isovue-300, Bracco Imaging Canada, Montreal, Quebec,
Canada) was drawn into a 5mL syringe and attached to the Berenstein catheter to
visualize the vascular anatomy under fluoroscopic guidance.
Selection of the prostatic artery was achieved through the use of 185cm length,
0.014in mosquito wire (Infinity Medical, California, USA) and 2.8- 2.4F straight
microcatheter (Merit Medical, Utah, USA). Via the 3-way 1050psi Medallion® Stopcock
(Merit Medical, Utah, USA), injections proceeded as described in Table 3.1 with
Embosphere 300-500um beads (Merit Medical, Utah, USA) and/or EGCG-AuNP or
Carboplatin (10mg/mL, 10mg/kg). In the third Beagle and the clinical case, following the
left lobe injection, catheters were backed up towards the main prostatic arch and
advanced to the right lobe for the second injection. After injections were completed, the
guidewires and catheters were removed, and the carotid artery ligated (2’0). Prior to
recovery, a double lumen jugular catheter (SA7FD20 Kit, MILA International, Kentucky,
USA) was placed in the first beagle and clinical case, and a subcutaneous jugular port
(Le Port CompanionPort™, Norfolk Medical, Illinois, USA) in the second and third
beagle. The ports were used as a refinement to sampling protocol as the first beagle
had dislodged early in the monitoring period.
73

Approximately 1 hour after agent injection (embolization or EGCG-AuNP) and
under the same anesthesia, dogs underwent follow-up imaging. The beagles had a CT
scan and the clinical case had a contrast-enhanced ultrasound, with the same protocols
as previous. Beagles were recovered using Atipamezole (5ug/kg IM) and both the
Beagles and clinical case were given Metacam (0.2 mg/kg subcutaneous or 1.1mg IV)
and Cefazolin (20 mg/kg IV), once awake.
Table 3.1: IO injected agents (in order) for beagles and clinical case.
Animal
Beagle 1
Beagle 2
Beagle 3

Clinical Case

Right Lobe
2mL EGCG-AuNP
(1.5mg/mL)
2mL Embosphere (300500um) beads
2mL Embosphere (300500um) beads and 2mL
EGCG-AuNP
(1.5mg/mL)
5.5mL Carboplatin
(10mg/mL, 10mg/kg)
and 1mL EGCG-AuNP
(1.5mg/mL)

Left Lobe
-

Rationale
Control for AuNP

-

Control for PAE

2mL EGCG-AuNP
(1.5mg/mL)

Experimental with both
interventions

5.5mL Carboplatin
(10mg/mL, 10mg/kg)
and 1mL EGCG-AuNP
(1.5mg/mL)

AuNP in tumour
environment

3.2.5 Clinical Monitoring
Clinical monitoring between the Beagles and clinical case varied slightly based
on the procedures already set in place by the OVC HSC.
3.2.5.1 Study A: Beagles
In the immediate time period post-IO procedure, assessments (temperature,
pulse and respiration rate (TPR) were conducted at hourly intervals up to 8 hours postprocedure. Daily physical examination, TPR and any eliminations were recorded. Urine
trays were emptied as required and samples pooled into 24-hour collection bottles and
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frozen at -80°C. Blood was collected daily from the jugular access site, centrifuged at
standard protocol (450g for 10 minutes after sitting 30 minutes post-draw) and serum
aliquots frozen at -80°C. Standard luer lock syringes (jugular catheter) and 22G Huber
needles (vascular port) were used for collection. The catheter/port line was initially
aspirated with a 3mL syringe and discarded (heparin lock +/- blood). Undiluted blood
was then collected in a 12mL syringe and transferred to blood tube(s). The catheter or
port was flushed with a Heparin-Saline solution when the draw was complete. Repeat
CBC and serum biochemistry profiles were performed on Days 1 and 7. Additional
testing (blood or urine) was completed if any concerns were noted in the dog or on the
previous test results.
For subsequent CT imaging at minimum Day 1 (with additional at 1 hour
(Beagles 2 and 3), Day 2 and 7 if radiodense areas were observed) following the
procedure, dogs were sedated using hydromorphone (0.1mg/kg IM), dexmedetomidine
(5ug/kg IM) and reversed with atipamezole (5ug/kg IM). Post-procedure additional
analgesic medications (Metacam 0.1mg/kg oral and/or Hydromorphone 0.1mg/kg IM)
were provided as needed. Dogs were returned to the research colony at the conclusion
of the study.
3.2.5.2 Study B: Clinical Case
Following the IO procedure, the clinical case was housed in the ICU of the
Companion Animal Hospital and monitored at a minimum every 2 hours for the initial
24-hour period. Monitoring included TPR and additional blood gas assessments as per
ICU protocol. Urine was collected when possible either passively (syringed from
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housing space) or actively if able to walk outside). Testing of urine and blood followed
the same timeline as the purpose-bred dogs (Study A) with additional testing (blood or
urine) completed as needed. If stable after 24 hours, the dog would be transferred to
hospital wards housing and monitoring reduced to 2-4 times daily. The dose and type of
analgesics, while in hospital, were determined by the clinician on duty. After the 48
hours, the jugular catheter would be removed and any incisions rebandaged (as
needed) for discharge to client’s care.
Clients were expected to return 7-10 days (dependent on schedule) following the
IO procedure for recheck examination, suture removal and repeat imaging. Repeat CT
scans (Days 1, 2 and 7-10) and contrast-enhanced ultrasound (1-2mL injection of
SonoVue, 3mL injection of saline at 1 hour, Days 1, 2 and 7-10) would follow the same
sedative and scan protocol as in the baseline imaging.
3.2.6 Inductively Coupled Plasma Mass Spectrometry
Inductively coupled plasma mass spectrometry (ICP-MS) is a mass spectroscopy
technique used to quantify the concentration of gold (within the EGCG-AuNP) in the
collected urine, serum and tissue samples. ICP-MS was completed at the Toxicology
Unit, Animal Health Laboratory, University of Guelph. Prior to patient sample analysis,
the digestion and methodology for ICP-MS was optimized through the use of serum and
urine (female, spayed, 8-year-old, German Shorthair Pointer) spiked with fresh EGCGAuNP (1.5mg/mL and 3.0mg/mL). The same protocol for digestion was used for all
samples.
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Stored (-80°C) urine and serum underwent a controlled thaw and were vortexed
to mix before transferring 0.1mL of sample (serum or urine) to a plastic, single-use
16mL tube (Fisher Scientific, Massachusetts, USA). To this tube, 1mL of diluent (2%
nitric + 0.5% hydrochloric acid solution) and 0.5mL of 30% hydrogen peroxide was
added. The tube was then placed in a sand bath at 80°C. After 15 minutes, the tube
was removed and allowed to cool at room temperature. Once cool, an additional 8.4mL
of diluent was added and vortexed to mix. The sample was then ready for analysis on
the single quadrupole 7900 ICP-MS (Agilent, California, USA) with a prepFAST 4 DXCi
autosampler (Elemental Scientific, Nebraska, USA). The total dilution of samples was
1:100.
The calibration curve was generated using

197Au

(gold) and corrected for plasma

conditions using 209Bi (bismuth) as an internal standard. The instrument was operated in
standard mode with no collision cell gas. The limit of detection (LOD) for gold in the
EGCG-AuNP was determined to be 30 parts per billion (ppb). With each analysis batch,
a method blank was included as a control for any contamination. In addition, samples
were run in duplicate to ensure reproducibility of results. The acceptable criterion for
reproducibility was 15% RPD (relative percent deviation = |[value rep 1] - [value rep 2]| /
average [rep 1, rep 2]).
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3.3 Results
3.3.1 Study A: Bloodwork and Urine
Prior to the procedure, the CBC and biochemistry for all beagles was generally
unremarkable. Beagle 1 had no values of note on serum biochemistry and a lower than
normal value of plateletcrit (0.06 [0.14-0.47%]) and platelets (41 [117-418x109xL]) on
CBC. Beagle 2 had mild elevation in creatine kinase (CK) (317 [40-255U/L]), a decrease
in calcium (2.18 [2.5-3.0mmol/L]), total protein (53 [55-74g/L]) and urea (2.1 [3.59.0mmol/L]) on serum biochemistry and no values outside of the reference range on
CBC. Beagle 3 had a decrease in calcium (2.47 [2.5-3.0mmol/L]) and globulin (20 [2142g/L]) on serum biochemistry and no values outside of the reference range on CBC.
Baseline urinalysis was unremarkable. During the immediate time period postprocedure, samples were collected at 24 hours (CBC and serum biochemistry; Beagle
1, 2, 3), 48 hours (serum biochemistry; Beagle 2, 3) and 72 hours (CBC and serum
biochemistry; Beagle 3). At the conclusion of the study (Day 7), samples were collected
for CBC and serum biochemistry. Results were generally unremarkable and are
described in Tables 3.2, 3.3 and 3.4.
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Table 3.2: CBC Results for Study A: Beagles. Bolded values indicate those outside of normal reference range.

Study
Day

Day 0

Beagle 1
1 (24
hours)

7

Day 0

Beagle 2
1 (24
hours)

7

Day 0

Beagle 3
1 (24
3 (72
hours)
hours)

7

Parameter

Unit

Reference
Range

Plateletcrit

%

0.14-0.47

0.06

0.10

0.47

0.27

0.19

0.36

0.21

0.16

0.16

0.28

TS Protein

g/L

55-75

68

51

68

72

72

66

66

63

56

65

absolute lymps

x 10 ^9/L

0.8-5.1

1.20

1.04

0.85

0.88

1.12

0.74

1.03

1.32

1.44

0.85

absolute monos

x 10 ^9/L

0.0-1.1

0.57

0.48

0.94

0.39

0.61

0.40

0.43

0.56

0.46

0.37

absolute neuts

x 10 ^9/L

2.9-10.6

4.47

5.24

6.38

3.91

8.36

4.28

3.83

7.52

5.55

4.82

hct

L/L

0.39-0.56

0.44

0.23

0.41

0.50

0.53

0.43

0.45

0.43

0.38

0.43

mch

pg

21-25

23

23

23

24

23

23

23

23

22

23

mchc

g/L

321-360

345

337

319

344

326

325

340

333

326

329

mcv

fL

66-75

68

68

71

69

71

72

67

69

69

69

mpv

fL

7-14.

14.9

11.6

15.9

11.2

10.3

10.4

9

9.2

9.3

9

plts

x 10 ^9/L

117-418

41

88

294

237

188

350

229

168

168

309

rbc

x 10
^12/L

5.8-8.5

6.4

3.4

5.9

7.3

7.4

6.1

6.7

6.2

5.6

6.2

wbc

x 10 ^9/L

4.9-15.4

6.3

6.9

8.5

5.5

10.2

5.7

5.4

9.4

7.6

6.1

79

Table 3.3: Serum Biochemistry Results for Study A: Beagles. Bolded values indicate those outside of normal reference range.

Study Date
Parameter

Unit

AG ratio

null

ALP

U/L

ALT
Steroid
induced
ALP
Amylase
Anion

U/L
U/L

CK
Ca
CalOsmo
Cholestero
l
Cl
Co2
Conjugate
d Bilirubin
Creatinine
Free
Bilirubin
GGT
Globulin

U/L
mmol/
L
U/L
mmol/
L
mmol/
L
mmol/
L
mmol/
L
mmol/
L
umol/
L
umol/
L
umol/
L
U/L
g/L

Beagle 1 - Depp
Day 0
Day 1 Day
(24h)
7

Beagle 2 - Roscoe
Day 0
Day 1 Day 2
(24h)
(48h)

Day
7

Day 0

Beagle 3 - Weasley
Day 1 Day 2 Day 3
(24h)
(48h)
(72h)

Day
7

Reference
Range
0.7-1.8

1.81

1.69

1.46

1.41

1.50

1.18

1.27

1.80

1.35

1.17

1.32

22-143
19-107

41
47

164
38

81
31

50
31

313
64

196
39

114
28

37
20

131
20

120
19

84
13

1.2
0
66
19

0

6

3

0

17

10

7

8

11

11

7

7

0-84
299-947

528

890

1008

462

484

471

503

381

514

646

506

410

13-24

23

18

20

20

24

29

23

21

23

22

18

23

40-255

244

712

151

317

316

355

216

118

269

219

122

2.42

2.19

2.43

2.18

2.31

1.98

2.07

2.47

2.20

2.34

2.22

95
2.0
0

291

287

290

286

287

286

291

290

288

287

281

290

5.39

3.89

5.23

5.08

6.16

4.98

5.79

4.31

3.93

4.64

3.71

4.3
4

112

112

110

114

108

108

111

110

109

110

106

109

16

20

20

16

18

13

19

19

18

17

23

20

1

1

1

0

1

0

1

0

0

0

1

0

49

42

47

7

58

35

24

52

48

52

36

39

1

0

1

1

0

0

0

1

0

0

0

1

0
21

1
16

2
24

0
22

4
22

0
22

1
26

3
20

0
23

1
29

3
22

3
25

2.50-3.0

3.60-10.20
104-119
15-25
0-1
20-150
0-3
0-7
21-42
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Glucose
Hemolysis
K
Lipase
Lipemia
Mg
Na
NaK ratio
Phos
Total
Bilirubin
Total
Protein
Urea
albumin

mmol/
L
null

3.3-7.3

mmol/
L
U/L
null

3.8-5.4
25-353

mmol/
L
mmol/
L
null
mmol/
L
umol/
L
g/L

0.7-1.0
140-154
29-37
0.90-1.85
0-4
55-74

mmol/
L
g/L

3.5-9.0
29-43

4.8

6.4

5.2

4.6

5.0

4.5

3.9

5.4

4.8

5.1

5.1

4.2

Mild

NEG

NEG

Mod.

NEG

Mild

Mild

NEG

Mild

Mild

NEG

NE
G

4.2

3.8

4.4

4.0

4.6

4.6

4.7

4.2

4.2

4.2

3.7

4.6

43

55

51

128

51

38

73

39

46

64

67

NEG

NEG

NEG

NEG

NEG

NEG

Mild

NEG

NEG

Mild

NEG

40
NE
G

0.8

0.7

0.8

0.7

0.8

0.9

0.7

0.7

0.8

0.8

0.8

0.6

147

146

146

146

145

145

148

146

146

145

143

147

35

39

34

37

32

32

31

34

35

35

39

1.30

1.15

1.55

1.01

0.65

1.12

1.15

1.25

0.96

1.47

1.38

32
1.2
7

2

1

2

1

1

0

1

1

0

0

1

1

59

43

59

53

55

48

59

56

54

63

51

55

4.5

2.1

4.9

2.9

3.6

3.0

3.5

5.4

3.4

4.2

2.9

3.8

38

27

35

31

33

26

33

36

31

34

29

30
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Table 3.4: Urinalysis Results for Study A: Beagles

Study
Date
Parameter

Unit

Clarity

null

Beagle 1
Baseline

Beagle 2
Baseline

Baseline

Beagle 3
Day 2 (48
hours)

Day 3 (72
hours)

Slightly
cloudy

Clear

Slightly
cloudy

Slightly
cloudy

Slightly
cloudy

Colour

null

Yellow

Yellow

Yellow

Yellow

Yellow

Glucose

null

Negative

Negative

Negative

Negative

Negative

Ketones

null

Negative

Negative

Negative

Negative

Negative

Multistix
protein
RBCs

/100 x

1+

Negative

Negative

Negative

Negative

>100

Occasional

1-4

occasional

30-50

WBCs

null

6-10

None Seen

occasional

2-5

1-3

amorphous

null

bacteria

null

bilirubin

/100 x

1+

Negative

Negative

Negative

Negative

blood

/100 x

2+

Negative

Negative

Trace

1+

fat

/100 x

Occasional

2+

fine
granular
cast
pH

null
occasional

Occasional

null

7.0

7.0

6.0

7.0

6.5

source

/400 x

Free flow

Other

Free flow

specific
gravity
squamous
epi
urobilinogen

/400 x

1.058

1.019

1.044

1.015

1.024

1-3

0-1

1-2

Occasional

3.2

3.2

3.2

3.2

3.2

8.5

6.5

70.0

11.0

40

vol

/100 x

Occasional
Occasional

null
/100 x
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Other

3.3.2 Study A: IO Procedure
Uneventful and smooth induction was completed in all beagles, the IO procedure
and recovery continued uneventful with no complications. Additional propofol (4.2mL)
was needed to maintain the anesthetic plane in Beagle 1. Temperature of all dogs
remained stable throughout the procedure, with a warming blanket used for recovery.
The total anesthesia time was on average 2.92 hours (4, 3 and 1.75 hours in Beagles 1,
2 and 3, respectively). For visualization of vasculature under fluoroscopic guidance, a
total of 120ml contrast was used in Beagle 1, 110mL in Beagle 2 and 120mL in Beagle
3. The fluoroscopy unit was used for an average time of 0.71 hours (range 22-59
minutes). The prostate was noticeably opacified on fluoroscopy imaging (Figure 3.2)
once PAE was completed. The procedure time for the minimally invasive procedure
from first cut to closure (including placement of jugular access) was an average of 2.21
hours (2.67, 2.42 and 1.58 hours in Beagle 1, 2 and 3, respectively). Injection volumes
and order is described in Table 3.1.
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Figure 3.2: Roadmap and super-selective arteriography via fluoroscopy of Beagle 2 and 3. Beagle
2 – the prostatic artery enhanced by contrast (A) and embolized prostate (B) are indicated by the
arrows. Beagle 3 - arterial roadmap (C) and contrast bloom in embolized and EGCG-AuNP injected
prostate (D).
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3.3.3 Study A: Clinical Monitoring
All Beagles had subtle weight gain during the observation period but remained
stable (13.2–13.9kg, 13.5-14kg and 11.9-12 kg, respectively). Body temperature stayed
within the normal range of 37.5-40°C (average 38.45°C). Daily pulse and respiration
rates were normal (pulse range 68-128bpm; respiration range 16-40). Mucous
membranes were always pink and moist. Daily attitude assessments were recorded as
bright, alert and responsive (BAR) with periods of reduced activity while recovering from
the technical procedure and CT sedation.
There were no concerns noted in Beagle 1 or 2 following the IO procedure.
Beagle 2 was mildly more vocal and had episodes of shivering immediately following
the procedure (up to 24 hours) during physical exam and TPR monitoring. Additional
analgesics were provided. In contrast to the first two beagles, post-procedure the third
Beagle exhibited a hunched posture, vocalization, and lethargy. Overnight on Day 2,
Beagle 3 was presented to the OVC Emergency Service and hospitalized for concerns
of abdominal pain, straining to defecate, excessive panting (respiration rate 40),
tachycardia (pulse 120bpm) and nausea. No free fluid and no abnormalities were noted
on AFAST ultrasound. His packed cell volume was 50 and total solids 5.2, no other
abnormalities were detected on QUATS. Beagle 3 was given fluid therapy,
buprenorphine (0.3 mg/mL IV) and anti-nausea medication (maropitant citrate 10mg/mL
IV) continuing this treatment for 36 hours. Following a bowel movement (constipated for
72 hours), the condition of Beagle 3 improved dramatically and he was returned to the
Central Animal Facility for the remainder of the study.
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3.3.4 Study A: Imaging
Serial CT scans (Figure 3.3) were completed at baseline and Day 1 for all
beagles. Additional CT scans were performed at 1 hour (Beagle 2 and 3) and Days 3
and 7 (Beagle 3) following IO procedure. In the baseline scans, prostate sizes
measured 1.02cm x 0.81cm, 1.08cm x 0.93cm, 1.34cm x 1.11cm and had mean
attenuation of 43.95, 40.61 and 38.79 HU in Beagles 1-3, respectively. When the
individual lobes were analyzed, there was a significant difference between the HU
measurements of the right and left lobes (p value = 0.0038) with a greater density
consistently observed in the right lobe. The prostate size of Beagle 1 and 2 on Day 1
post-procedure were 1.01cm x 0.81cm, and 1.125cm x 1.054cm. The prostate of Beagle
3 measured 1.38cm x 1.21cm at Day 1, 1.74cm x 1.42cm at Day 2 and 1.37cm x
1.33cm at 6 days.
Immediately following the IO procedure, when compared to baseline scans,
there were hyperdense areas in the kidneys (all dogs), colon (Beagle 1), urethra (all
dogs), bladder and prostate (Beagle 2 and 3). The hyperdense areas within the prostate
were 0.02cm2 in Beagle 1, 0.05cm2 in Beagle 2 and 1.45cm2 in Beagle 3 with a mean
496 (range 210-833 HU), mean 355 (range 115-766) HU and 609 (range 107-1162) HU,
respectively. The hyperdense areas of the bladder were an average 1066.67 HU for all
dogs. On Day 2, there were no hyperdense areas in the bladder. The hyperdense area
previously seen in the prostates of Beagle 1 and 2 were no longer present and
dramatically reduced to only a small diffuse area (mean 112 HU) contained within the
right lobe of the prostate in Beagle 3. A hypodense area (mean -344.03 HU) was
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observed within the prostate in Beagle 3 immediately on Day 1 (0.14cm 2), on Day 2
(0.16cm2) and up to Day 6 (0.03cm2) in the distal right lobe. Aside from the hyper- and
hypodense areas, there were no other abnormalities.
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Figure 3.3: Transverse CT images for Study A, all scans are in the same orientation as indicated in
(A). Beagle 1 - Baseline (A) and Day 1 (24 hours) (B) after IO procedure, Beagle 2 - Baseline (C), 1
hour (D) and Day 1 (24 hours) (E) after IO procedure and Beagle 3 - Baseline (F), 1 hour (G), Day 1
(24 hours) (H), Day 2 (48 hours) (I) and 6 days (J) after IO procedure.
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3.3.5 Study B: Bloodwork and Urine
Prior to the procedure, CBC and biochemistry in the clinical case was generally
unremarkable with mild elevations in urea (10.5 [3.5-9.0mmol/L]) and alkaline
phosphatase (ALP) (192 [22-143U/L]) and elevation in steroid induced isoenzyme (154
[0-84U/L]) on the biochemistry profile and mild thrombocytosis (platelets (423 [117418x10^9/L])) on CBC. Baseline urinalysis demonstrated inadequate hyposthenuria
(1.017) with 2+ protein, 2+ blood, as well as the presence of leukocytes, red blood cells
and bacteria (2+). No additional urine samples were sent to the laboratory for urinalysis
following the IO procedure. A urine sample from Day 2 was cultured and results
included Escherichia coli at a level of 7.0x10^2cfu/mL. The culture was susceptible to all
common antimicrobials, with an intermediate response to Tetracycline.
Following the IO procedure, samples were collected on Days 1 and 2 (CBC and
serum biochemistry). Results are described in Tables 3.5 and 3.6. On Day 1, there were
marked increases in CK (5205 [40-255U/L]), amylase (1126 [299-947U/L]) and lipase
(825 [25-353U/L]) and decreases in globulin (16 [21-42g/L]) and total protein (46 [5574g/L]) on serum biochemistry. Changes on CBC included a decrease in lymphocytes
(0.73 [0.8-5.1x10^9/L]), hematocrit (0.28 [0.39-0.56L/L]), mean corpuscular hemoglobin
concentration (311 [321-360g/L]), platelets (423 [117-418x10^9/L]) and red blood cells
(3.8 [5.8-8.5x10^12/L]) and increases to neutrophils (22.94 [2.9-10.6x10^9/L]) and white
blood cells {24.5 [4.9-15.4x10^9/L]). A rare band neutrophil was observed on the
differential. On Day 2, creatinine (286 [20-150umol/L]) and urea (20.9 [3.5-9.0mmol/L])
were increased while decreases in ALP (149 [22-143U/L]), steroid induced ALP (67 [089

84U/L]), amylase (761 [299-947UL]) and CK (2675 [40-255U/L)]) brought values closer
to or within the reference range. Decreases below normal included calcium (2.21 [2.503.0mmol/L]), globulin (14 [21-42g/L]), total protein (33 [3.5-9.0g/L]) and albumin (19 [2943g/L]) on serum biochemistry. A severe decrease in neutrophils (0.59 [2.910.6x10^9/L]), platelets (99 [117-418x10^9/L]) and white blood cells (1.8 [4.915.4x10^9/L]) were reported on the Day 2 CBC. Mean corpuscular hemoglobin
concentration was stable although still lower than the reference range (311 [321360g/L]). No platelet clumps were observed in the differential.
Table 3.5: CBC for Clinical Case. Bolded values indicate those outside of normal reference range.

Study Day
Parameter

Unit

Plateletcrit
TS Protein
absolute lymps
absolute monos

%
g/L
x 10 ^9/L
x 10 ^9/L

Reference
Range
0.14-0.47
55-75
0.8-5.1
0.0-1.1

absolute neuts
hct
mch
mchc
mcv
mpv

x 10 ^9/L
L/L
pg
g/L
fL
fL

2.9-10.6
0.39-0.56
21-25
321-360
66-75
7-14.

plts
rbc
wbc

x 10 ^9/L
x 10 ^12/L
x 10 ^9/L

117-418
5.8-8.5
4.9-15.4
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Day 0

Clinical Case
Day 1
Day 2
(24 hours)
(48 hours)

0.43
74
1.25

0.19
60
0.73

0.14
46
0.36

0.8
9.23
0.39
24
326
74

0.73
22.94
0.28
23
311
74

0.09
0.59
0.27
24
311
76

9.9
432
5.3

12.3
153
3.8

13.8
99
3.5

11.4

24.4

1.8

Table 3.6: Serum Biochemistry for Clinical Case. Bolded values indicate those outside of normal
reference range.

Parameter

Unit

AG ratio
ALP
ALT

null
U/L
U/L

Steroid
induced ALP
Amylase
Anion
CK
Ca
CalOsmo

U/L
U/L
mmol/L
U/L
mmol/L
mmol/L

Cholesterol
Cl
Co2
Conjugated
Bilirubin
Creatinine
Free Bilirubin

mmol/L
mmol/L
mmol/L
umol/L

GGT
Globulin
Glucose
Hemolysis
K
Lipase

U/L
g/L
mmol/L
null
mmol/L
U/L

Lipemia
Mg
Na
NaK ratio
Phos
Total Bilirubin

null
mmol/L
mmol/L
null
mmol/L
umol/L

Total Protein
Urea
albumin

g/L
mmol/L
g/L

umol/L
umol/L

Clinical Case
Day 1 (24
hours)

Day 2 (48
hours)

Study Date

Baseline

Reference
Range
0.7-1.8
22-143

1.75
192

1.88
178

1.36
149

19-107

27

66

65

0-84
299-947
13-24
40-255
2.50-3.0

154
861
20
121
2.53

110
1126
19
5205
2.13

67
761
24
2675
2.21

3.60-10.20
104-119
15-25

304
6.44
111
23

304
5.15
110
24

312
4.3
115
16

0-1
20-150

0
144

1
118

1
286

0-3
0-7
21-42
3.3-7.3

0
6
20
6.6
NEG
4.3

1
1
16
7.6
MILD
3.5

2
2
14
3.4
NEG
4.9

0.7-1.0
140-154
29-37
0.90-1.85

159
MILD
0.7
150
35
1.36

825
NEG
0.7
149
42
1.25

190
NEG
0.9
150
31
1.53

0-4
55-74
3.5-9.0
29-43

0
55
10.5
35

2
46
12.5
30

3
33
20.9
19

3.8-5.4
25-353
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3.3.6 Study B: IO procedure
Induction, the IO procedure and recovery in the clinical case was uneventful with
no complications. Fentanyl and Dopamine were provided via IV and an additional two
boluses of Fentanyl (55mg IV), halfway and in the last hour of the procedure for
analgesia. Temperature remained stable throughout the procedure with a warming
blanket used for recovery. Glycopyrrolate (0.122mg IV) was given halfway through the
procedure to correct for bradycardia. The total anesthesia time was 4.75 hours
(including the pre-operative CT). The time for the minimally invasive IO procedure from
first cut to closure (including placement of jugular access) was 2 hours with 50mL of
contrast used for visualization of vasculature under fluoroscopic guidance. Injection
volumes and order is described in Table 3.1. There was 50mL of blood loss recorded
during the procedure.
3.3.7 Study B: Clinical Monitoring
The patient had weight gain during the 2-day observation period (11.4kg to
12.5kg). His body temperature ranged from 33-40.1°C. Daily pulse rates were elevated
from normal (range 92-140 bpm) with rates above 130bpm recorded shortly prior to
cardiac arrest. Respiration rates were normal (respiration range 12-43). Mucous
membranes were pale pink and he was of adequate hydration. Approximately 6 hours
after the IO procedure, the patient was distressed (vocal and anxious) with hematuria,
stranguria and tenesmus. The ICU clinician initiated treatment with trazadone (50mg
oral) and hydromorphone (0.01-0.05 mg/kg IV). The hydromorphone was discontinued
due to increased sedation and the dog was transitioned back to buprenorphine
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treatment (0.02mg/kg IV). On day 1 following the procedure, he was quiet though alert
and responsive with continued hematuria and anorexia. Gastro-intestinal supportive
medications (maropitant (1mg/kg IV), famotidine (1mg/kg IV) and metoclopramide
(1mg/kg IV) were initiated. The jugular catheter was also noted to be dislodged and
subsequently removed by ICU staff.
In the next 36-48 hours, the dog’s condition declined rapidly. In the early
morning, he became acutely non-ambulatory and tetra paretic with spontaneous
knuckling in the thoracic limbs with stiff and extended pelvic limbs. This episode lasted a
few minutes before the dog became more alert, however the ataxia continued. Daily
attitude assessments were recorded as dull mentation and minimally responsive. His
temperature was pyrexic at 40.1°C. Blood gases reported lactate and potassium values
of 4.8 and 3.3, respectively. A fluid bolus and ampicillin (2.2mg/kg IV) were given.
Repeat blood gases showed improvement in potassium (3.9) but progressive
hyperlactatemia (7.2mmol/L), acidosis (7.276) and hypoglycemia. Enrofloxacin
(1.0mg/kg IV) was initiated. Within the next few hours, hypotension and ventricular
premature complex were observed. Vasopressors (vasopressin and norepinephrine)
and lidocaine (20-50mg/kg/min CRI) were initiated. Severe hypotension persisted and
48 hours following the IO procedure, the dog experienced an episode of severe
bradycardia and cardiac arrest.

93

3.3.8 Study B: Imaging
In the baseline CT for the clinical case, the prostate was enlarged (2.1cm x
2.3cm) and slightly irregular with several mineral densities. Within the prostate, the
right-side appeared to be more affected than the left. Both centrally and peripherally,
there was strong contrast enhancement. The reminder of the prostate had multiple
cavitated regions and did not enhance. The size and appearance were similar as
previously described in an ultrasound report 1 month prior. Following cardiac arrest in
ICU, the body was placed in a cooler and a full-body CT scan performed (4 days
following procedure, 2 days following death) in lateral positioning. On this scan, the size
of the prostate was difficult to measure due to large amounts of hypodense areas in
both the prostate and bladder. Similar hypodense areas were present throughout the
abdominal cavity. Mineralization was observed in the gall bladder and hepatic ducts. CT
scans of the clinical case are presented in Figure 3.4.
On the baseline contrast-enhanced ultrasound with SonoVue, in early phase
there was strong diffuse enhancement of the prostate vessels within 15 seconds and in
the delayed phases, central and peripheral contrast enhancement (Figure 3.5). In
addition, the individual lobes of the prostate were distinct and able to be visualized. At 1
hour following EGCG-AuNP and IAC carboplatin, the contrast-enhanced ultrasound was
repeated with the prostate being diffusely hyperechoic and with no contrast. New
findings of gas within the prostate were reported. On Day 1, there was no change (with
similar gas and a lack of contrast) and a new finding of bladder hemorrhage.
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Figure 3.4: Transverse sectioned CT images of clinical case. Baseline contrast-enhanced scan in
dorsal positioning (A) and post-mortem scan in lateral positioning cropped and rotated (B).

Figure 3.5: Baseline contrast enhanced ultrasound with early phase contrast (5-10 seconds after
injection of SonoVue) with enhanced prostate vessel contrast (indicated by arrows) (A). In delayed
phase, microbubbles disperse and enhance the central region of the prostate (B).
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3.3.9 Post Mortem Examinations
Euthanasia and post-mortem (PM) examinations were not part of the intended
experimental study. However, if possible, necropsy was to be performed at date of
death. Beagle 3 was euthanized 99 days following the IO procedure and the clinical
case arrested 2 days after the procedure. PM examinations were performed on both.
3.3.9.1 PM for Beagle 3
A male, neutered Beagle was presented for PM. The jugular port side had visible
scarring with the vein in good condition distal to the port site. The heart had a subtle
globoid appearance with auricles of equivalent size and normal atria. The muscles
ratios of the left and right ventricle appeared normal. Histologically, there was extensive
fibrin deposition over the aortic valve predominantly at the junction between valve and
myocardium and the entire structure of the valve was composed of necrotic tissue, fibrin
and enmeshed neutrophils. There were numerous fine cocci bacterial colonies (such as
Streptococcus) within the fibrin. Neutrophils were present at the junction between valve
and myocardium and extended into the myocardium including the fatty tissues. The
lungs contained many neutrophils in circulation but were otherwise normal. The liver
was diffuse with a mottled tan appearance and possible focal changes. On histological
diagnosis, there were marked sinusoidal dilation of the centrilobular regions. The spleen
appeared enlarged but normal in colour with many neutrophils present.
The urinary bladder appeared normal both on gross and histological examination.
The prostate was incised and dark fluid/material evident on cross-section (Figure 3.6).
In the half section submitted for histology, the diameter of the lobe was 1cm and there
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was a 1mm thick black region of discolouration of the fat overlying the prostate. In this
region, there were large numbers of macrophages that contained multiple
intracytoplasmic black approximately 1μm granules. Additionally, there were large
numbers of lymphocytes and approximately 200 to 500μm spaces surrounded by
multinucleated giant cells. The spaces were filled with a finely stippled, brown, matrixlike material.

Figure 3.6: Necropsy images for Beagle 3. Distal aspect of prostate in situ (A), proximal aspect of
prostate in situ (B) and prostate and bladder ex vivo with prostate bisected into individual lobes
(C).

3.3.9.2 PM for Clinical Case
A male, neutered, Boston terrier was presented for PM. Areas were shaved on
the right and left chest with ecchymoses. The right jugular vein was distended to 0.7cm
diameter by firm, clotted blood firmly attached to the endothelium and extends from the
site of the surgical incision to the cranial vena cava (approximately 5.0cm). On the cut
surface, the outer rim of the clot was red-tan with a gelatinous and red-black center. The
carotid artery was uniformly 0.2cm diameter.
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The meninges were cloudy with obscure vascular detail, more prominent on the
right hemisphere. No lesions were observed in the spinal cord and the cause of
neurological signs not apparent. There was approximately 240mL of turbid yellow fluid
with clots of yellow fibrin in the abdomen. Multiple, up to 4.0cm wide tough adhesions
were present between the omentum, mesentery, and body wall. There was a 3.0cm x
2.0cm x 1.0cm soft, mottled red-tan mass (thymic cysts) present in the cranial
mediastinum at the thoracic inlet. The cardiac silhouette was globose with 20% of the
myocardium (most prominent left ventricle) affected by multiple mottled tan-brown foci.
The atrioventricular valves were both thickened by multiple firm, white, smooth nodules
with the right measuring 0.2-0.3cm and the left markedly thickened to 0.4-0.5cm.
Histological diagnosis confirmed severe, biventricular, regionally extensive, myocardial
degeneration and severe myxomatous valvular degeneration of the AV valves.
Approximately 50mL of cloudy, red-tinged fluid was aspirated from the pleural
cavity. There was no evidence of metastatic disease on the lungs, however multifocal
pulmonary thromboemboli and focal pleural fibrosis were present. The mottled red-tan
liver was large (3.8% of body weight) with abundant fibrin coating the diaphragmatic and
abdominal capsular surface. The common bile duct was patent. Within the gall bladder
mucosa, there were multifocal pinpoint, raised foci affecting less than 10% of the
surface area. There was a soft 0.5cm white nodule embedded the tail of the spleen.
The urinary bladder was flaccid, mostly empty and mottled tan-black with
numerous gas bubbles. Throughout, most prominent on the right side, the blood vessels
of the bladder were prominent, tortuous, and distended by black material. There was no
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evidence of bladder perforation. Bladder changes are depicted in Figure 3.7. The
prostate was enlarged to 5.0cm x 2.0cm x 2.0cm by a multinodular, firm tan mass
consistent with prostate carcinoma on histological examination. Additionally, in the
prostate, there were areas of abundant fibrin and neutrophils with minimal histiocytic
response and no granulation tissue. Prostate coloration is shown in Figure 3.6. Bacteria
was isolated from the urinary bladder, filter organs and jugular catheter site.
Enterococcus faecium was isolated from all three cultured tissues (2+ from urinary
bladder, 3+ from liver/spleen and 1+ from the right jugular vein), Klebsiella pneumoniae
was isolated from the urinary bladder and liver/spleen (both 1+) and Pediococcus
acidilactici from the urinary bladder and right jugular vein (both 1+)
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Figure 3.7: Ex vivo necropsy images for the clinical case. Kidneys, bladder and prostate (A),
bisected kidneys, bladder and prostate (B), bladder with prominent black veining and gas bubbles
(indicated by forceps) (C) and incised bladder (D).
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3.3.10 ICP-MS
The number of samples available for ICP-MS by numerous factors including dog
(Beagle 1 pulled out his jugular catheter 24 hours following procedure and Beagle 2 was
difficult to collect blood from with low pressures), sampling method (Beagle 1 was not
housed in urine collection pen) and the length of observation period (rapid decline in
clinical case). The amount of gold detected in each sample is described in Table 3.7.
In the serum, within 15 minutes of the injection of EGCG-AuNP a gold value of
327ppb was detected in Beagle 3. In the clinical case, gold was detected in the serum
at 1 hour (208ppb). All other available timepoints were below the limit of detection
(30ppb). In the urine, 1 day following the procedure, 142ppb of gold was detected in the
clinical case. All other available timepoints for all dogs were below the limit of detection
(30ppb).
Platinum was also evaluated in the clinical case in counts per second (cps) and
serum levels were 37cps at baseline with an increase to 1334886 and 79612 cps at 15
minutes and 1 hour following IAC carboplatin. The levels of platinum in the urine of the
clinical case also increased from baseline, 1 hour and Day 1 following IAC (30894,
432404 and 6026403 cps, respectively).
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Table 3.7: ICP-MS of Serum and Urine Samples. Amount of Gold detected in parts per billion (ppm). The limit of detection is <30ppb.
Study
Date
Animal
Beagle 1
Beagle 2
Beagle 3
Clinical
Case

Day 0

15 min

1 hour

Day 1
(24h)

<30
<30
<30
<30

N/A
N/A
327
N/A

N/A
N/A
<30
208

<30
<30
<30
N/A

Day 2
Day 3
Day 4
Day 5
(48h)
Amount of Gold Detected (ppb) in Serum
<30
N/A
N/A
N/A
N/A
N/A
N/A
N/A
<30
<30
<30
<30
N/A
N/A
N/A
N/A

Beagle 1
Beagle 2
Beagle 3
Clinical
Case

<30
<30
<30
<30

<30
<30
<30
<30

<30
<30
<30
N/A

N/A
<30
<30
142

Amount of Gold Detected (ppb) in Urine
N/a
N/A
N/A
N/A
<30
<30
<30
<30
<30
<30
<30
<30
N/A
N/A
N/A
N/A
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Day 6

Day 7

Day 8

N/A
N/A
<30
N/A

N/A
N/A
<30
N/A

<30
N/A
<30
N/A

N/A
<30
<30
N/A

<30
<30
<30
N/A

<30
<30
<30
N/A

3.4 Discussion
3.4.1 Tolerability of IO Procedure
The bloodwork for all dogs was generally unremarkable. Mild dilution effects
were observed in the CBC and serum biochemistry, indicative of the fluid therapy given
during the procedure. This was reflected in the lowered red blood cell, hematocrit,
hemoglobin and protein parameters at Day 1 which normalized by Day 7 (in the
Beagles). In the clinical case, mild to moderate, non-responsive anemia (with a
concurrently decreased serum protein) was observed with the degree of anemia
stabilizing on Day 2.
Platelet changes observed in Beagle 1 (increase post-procedure and continue to
increase out of range) contradicted those seen in Beagles 2 and 3 (decrease postprocedure then increase to above baseline) and the clinical case (decrease postprocedure and continued decrease). Platelet clumping was not observed in any of the
dogs. The cause of platelet changes seems unrelated to either procedure and is most
consistent with animal variation. Beagle 1 also had a moderate decrease (by half) of his
red blood cell count post-procedure, which was not observed in the other dogs, this
again could be due to animal variation or fluid dilution.
Neutrophils and white blood cells remained increased compared to baseline in all
dogs post-procedure remaining within the reference range for the beagles but in the
clinical case, values were outside of normal with a marked decline below baseline Day
1, 15.6 and 6.3-fold respectively. In addition, there was an indication of mild toxicity (a
rare band neutrophil with mildly increased cytoplasmic basophilia) observed on Day 1.
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On Day 2, the clinical case was severely neutropenic with very poorly preserved
neutrophils exhibiting marked toxicity characterized by cytoplasmic basophilia,
vacuolation, prominent döhle bodies and occasional nuclear swelling. These changes
made it difficult to accurately categorize some cells between band and mature
neutrophils. Whether this toxicity can be attributed to the EGCG-AuNP, IAC Carboplatin
or infection is unknown. All dogs had some form of jugular access in place, the jugular
port procedure (Beagles 2 and 3) required more tissue manipulation to form the pocket
for the device. When compared to values observed in Beagle 1, this could account for
the increased white blood cells due to inflammation. Additionally, Beagle 2 developed a
large hematoma swelling at the implantation site. Overall, there is no consistent
conclusions from the blood test results and it is difficult to compare the pathologies of
the beagles to the clinical case.
Initially, the mild (4-fold) increase in serum ALP reported in the first beagle was
thought to be EGCG-AuNP related but after completing intra-arterial access procedures
on the 4 dogs, an ALP increase was not consistently observed and changes could be
attributed to the IO procedure including anesthetics and use of contrast, normal animal
variation or acute pancreatitis. There was a moderate increase of steroid-induced ALP
in the beagles Day 1 after the IO procedure and a decrease seen in the clinical case. In
the beagles, this may be physiologic and associated with a corticosteroid increase due
to stress. Beagle 2 had stress vocalizations and uneasiness in the first day following
procedure while Beagle 3 had an ALP increase during his period of constipation and
abdominal discomfort. Steroid-induced ALP was above normal reference range for all
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monitoring time points (baseline, Day 1, and Day 2) of the clinical case. No other liver
parameters, such as ALT, GGT, bilirubin were abnormal at any time point for any dog.
Lipase changes were unremarkable in the 3 beagles and within reference range,
however in the clinical case a 5-fold increase was observed on Day 1 and returned
close to baseline by Day 2. This could be associated with acute pancreatitis or the
manipulation of viscera during the IO procedure. A moderate increase in serum
amylase was observed in all dogs. Similar to the ALP values, Beagles 1 and 2
continued to have increased amylase during the observation period while the values of
Beagle 3 increased slightly then normalized. This increase then return to baseline was
also seen in the clinical case. This could again be connected to the IO procedure
including anesthetics, use of contrast, acute pancreatitis, or normal animal variation.
CK values following the IO procedure for all dogs were outside of the normal
reference range. The clinical case had the greatest increase (43-fold) with lesser
changes observed in Beagles 1 and 3 (3.5-fold and 2.3-fold, respectively). The CK
increase demonstrated by all dogs is most likely a result of recumbency and length of
procedure (average 3.38 hours) and the extent of vascular trauma due to catheter
manipulation (average 2.17 hours). In the clinical case, the anesthesia event was
extended to a total time of 4.75 hours as the pre-operative CT was included, and the
sequence of events was dependent on hospital staff and space availability.
Urea values in the EGCG-AuNP injected dogs (Beagles 1 and 3) decreased on
Day 1 then returned to normal. Beagle 3 had continued variation in urea values on
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subsequent days which may be because of the dilutional effect of fluid therapy during
his time in ICU. Unlike the beagles, urea values in the clinical case continued to
increase Day 1 and 2 following the IO procedure. This acute uremia and azotemia could
be due to unintended obstruction of the ureters by the either the carboplatin, EGCGAuNP, or their aggregates resulting in a degree of sudden kidney injury. Overall, the
effect or lack of effect of the EGCG-AuNP on the urea parameter cannot be concluded
from these results.
Limited conclusions as the effect of EGCG-AuNP injection and/or PAE can be
drawn from the urinalysis results as the testing following the procedure was inconsistent
and urinary impact (hematuria) was observed only in Beagle 2 and the clinical case. For
Beagle 3 (right lobe PAE + EGCG-AuNP and left lobe EGCG-AuNP) while in ICU, there
was slight blood and a decrease in the specific gravity on urinalysis whereas bladder
hemorrhage (on ultrasound) and hematuria was observed in the clinical case (right and
left lobe IAC + EGCG-AuNP). In a previous study it was suggested that embolization of
the prostate in dogs with beads sized 300-500um, as used in this study, should be
avoided due to outflow obstruction and impediment of urinary flow (Brook et al. 2013). In
the beagles that received PAE (Beagles 2 and 3), there was no noticeable decrease in
urinary output or stranguria. Bladder hemorrhage has been reported following PAE
(Jeon et al. 2009), however the clinical case did not have an embolic agent injected and
hemorrhage may be attributed to the IAC carboplatin, EGCG-AuNP and/or infection.
There is limited correlation between the adverse effects observed in Beagle 3
and the clinical case. While Beagle 3 was removed from the research facility needing
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ICU hospitalization, his condition improved dramatically after a bowel movement.
Undisclosed prior to the study, this dog had a history of constipation following serial
sedations with dexmedetomidine (personal communication, Animal Care Technician).
His clinical signs of concern were not indicative of reaction to the experimental
procedures but rather secondary to the repeat sedations. The clinical case had a rapid
decline 24 hours post-procedure and despite interventions from the ICU team, his
deteriorating condition culminated in cardiac arrest.
3.4.2 Imaging
Baselines scans of the beagles were normal with prostates sized (mean 1.15cm
x 0.95cm) in the expected range of mature, castrated dogs (Kuhnt et al. 2017; Kuhnt et
al. 2020). In comparison, the prostate of the clinical case was enlarged with areas of
necrosis consistent with the previously diagnosed PUC. The average attenuation of the
prostate in all dogs on baseline scans (41.2) were isodense to the pelvic muscles and
within range (26.8-61.9 HU) of previously published reports (Kuhnt et al. 2017; Kuhnt et
al. 2020).
In prior studies, the prostate has been described as generally homogenous with
no significant difference between the mean attenuation values for the right and left lobes
(Kuhnt et al. 2017; Kuhnt et al. 2020). This is contrary to results of this study in that a
greater density was consistently observed in the right lobe compared to the left in the
baseline beagle CT scans. Previous studies had used CT scan slices of 2mm (Kuhnt et
al. 2017; Kuhnt et al. 2020) which can result in greater averaging and loss of fine
details, whereas more slices of a thinner size 0.675mm were used in this study. Further
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investigation in a larger number of dogs is warranted as this could be the first report of
consistent differences in prostate lobe density in the dog.
Immediately following the IO procedure, hyperdense areas were noted on the CT
scans for all dogs, which resolved (Beagles 1 and 2) and reduced (Beagle 3) following
Day 1. This was attributed to the wash out period of the IsoVue contrast and is a
common occurrence in procedures where iodinated contrast is used. IV contrast is
almost exclusively excreted by the kidneys. At the 1 hour CT in Beagles 1-3, there was
a substantial amount (75%) of hyperdense fluid distal in the bladder and present in the
kidneys. The accumulation and fluid-contrast level seen in the bladders is expected as
the IV contrast will layer based on densities, with the iodinated contrast having a higher
specific gravity than urine. This effect is typical of hollow organs and most frequently
reported (in human medicine) as fluid-contrast levels in the urinary bladder, stomach,
and occasionally gallbladder (Chan et al. 2016). All dogs received similar volumes of
contrast (110-120mL) however, the extent of contrast seen on the CT scans was not the
same. When compared to Beagle 1, a larger area of contrast was observed in Beagles
2 (localized to right lobe of prostate) and 3 (entire prostate with some extension into
bladder). The increased area of contrast specific to the prostate may have resulted from
the extended amount of catheter manipulation with PAE or the location at which the
contrast was injected. There is a learning curve for the prostatic artery access
technique, and it is possible that in the second and third beagles larger amounts of
contrast could have been injected into the area surrounding the prostate, as intended,
rather than into the general abdominal and pelvic areas (as in the first dog).
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On initial review of the CT images, the hyperdense areas remaining in the right
prostate lobe of Beagle 3 were thought to be EGCG-AuNP. Following further
investigation in cadaver issues and tube studies (Chapter 4), the EGCG-AuNP
1.5mg/mL particles used in this study had an average attenuation of 33-88HU, which is
a similar to the attenuation of the prostate tissue in the study dogs (38.34 HU) and in the
reported range of prostate tissue (26.8-61.9 HU) (Kuhnt et al. 2017; Kunht et al. 2020).
As such, the hyperdense areas in the prostate of Beagle 3 are presumably contrast
agent (+/- EGCG-AuNP) retained in the lobe by the embolic beads. It may be that
EGCG-AuNP when delivered to the prostate via the prostatic artery readily moves into
body circulation and/or once EGCG-AuNP is released into the capillary network and
parenchyma of the prostate, the particles become too dispersed to be differentiated on
CT imaging.
The hypodense area (primarily in the right lobe) observed on the scans of Beagle
3 following the IO procedure, is consistent with a gas-filled space. In a previous study of
induced-BPH treated with PAE, 30% of dogs had an increase in prostate size up to end
point (1 month) following dual-lobe PAE. On gross examination, these enlarged
prostates had large areas of cavitary necrosis centrally in each lobe with atrophied
glands, inflammatory cell infiltration, fibrosis (Sun et al. 2011) and embolization material
(Jeon et al. 2009). There was a moderate increase in the prostate size of Beagle 3
(1.34x1.11cm to 1.74x1.42cm) by Day 2, however this returned similar to the baseline
size by Day 6 (1.37cm x 1.33c), while the enlarged prostates in previous studies were
consistent over 1-6 month periods (Jeon et al. 2009; Sun et al. 2011). In addition, the
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hypodense area in the right prostate lobe of Beagle 3 decreased over the 6 day
observation period and was more diffuse than that observed on the MRI figures
published by Jeon et al. 2009 and Sun et al. 2011. There was no cavitation of the
prostate observed in the post mortem examination (3 months following procedure).
While there may be a degree of cavitary necrosis within the prostate during this study, a
more probable explanation is that during the catheter manipulation in the IO procedure
of the third beagle, air was inadvertently introduced and trapped in the prostate.
Repeat CT scans were unable to be completed in the clinical case until after
death where gas within the prostate and bladder was deemed secondary to the
interventional procedure. In the contrast-enhanced ultrasounds, at baseline there was
partial perfusion of the prostate consistent with some areas of necrosis and expected
based on the diagnosis of PC. In repeat ultrasounds at 1 hour and 1 Day following IAC
carboplatin and EGCG-AuNP, the lack of contrast perfusion into the prostate and its
vasculature may have been because the contrast could not be detected within the
existing gas or there was a lack of blood supply within the prostate at those time points.
This lack of perfusion could be due to an embolization effect either by the aggregation
of EGCG-AuNP within the abnormal tumour vasculature (contrary to the normal
prostates in the beagles) or a reaction between the carboplatin and EGCG-AuNP.
Additionally, the bladder hemorrhage on Day 2 and consistent hematuria since the IO
procedure, might have been from the procedure or secondary to a bladder infection.
Focal hemorrhage of the bladder following PAE has previously been reported (Jeon et
al. 2009).
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3.4.3 ICP-MS
Prior animal studies (mice and rats – Li et al. 2018; Dong et al. 2019; Aborig et
al. 2019) document the biodistribution of AuNP, via radio tracer, ICP-MS, inductively
coupled plasma atomic emission spectrometry or inductively coupled plasma optical
emission spectrometry, within body tissues after intraperitoneal, intravenous, intratumoural and tail vein injection. The size of the AuNP directly influences their
pharmacokinetics and biodistribution, smaller AuNP (<15nm) may persist longer in the
vasculature while larger (50nm) accumulate in the liver and spleen (Zhang et al. 2009;
Li et al. 2018; Dong et al. 2019). Following intraperitoneal injection of EGCG-AuNP (2025nm) in mice, the same EGCG-AuNP preparation used in our pilot study, particles
were found most often in the liver, spleen, stomach, heart and kidneys 1-7 days after
injection (Aborig et al. 2019). Blood circulation was not explored and was listed as a
limitation of this study (Aborig et al. 2019). The detection of AuNP has not previously
been described in larger animals or urine.
Gold detection in the urine by ICP-MS was able to be quantified only in the
clinical case at 24 hours following injection (142ppb), all other dogs and timepoints were
below the LOD (<30ppb). While protocols for urine digestion and gold recovery were
designed specifically for this study (control urine spiked with EGCG-AuNP), there is a
margin of error as the spike recoveries were successful for serum however low (>50%)
for urine (personal communication, J Charters). As the spike recoveries (with a known
amount) produced similar results to the pilot study, it is more likely that there were too
many interactions in the argon plasma for best detection, rather than the pilot samples
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being too dilute or a subset of the larger sample. Furthermore, it was difficult to
determine a detection limit as the baseline reading of the blank sample would fluctuate.
At the Toxicology unit, gold is regularly used within the machines to keep mercury in
solution. Mercury is a ‘sticky’ element, and as such, all analyzed toxicology samples
day-to-day within the unit contain some amount of added gold (typically 1ppm or
1000ppb) (personal communication, J Charters).
An increase in the amount of gold within blood circulation following the IO
procedure was expected, however detectable gold was observed only in Beagle 3 (at 15
minutes; 327ppb) and the clinical case (at 1 hour; 208ppb). This lack of quantification
could be due to the rapid elimination of EGCG-AuNP from the body, poor recovery of
gold from the serum samples during digestion or the instrumentation itself.
ICP-MS was also used to detect the levels of platinum (carboplatin) in the urine
and serum of the clinical case. Interestingly, the concentration of platinum in the serum
severely increased after 15 minutes, then dropped (although still 2000x more than
baseline) at 1 hour after chemotherapy administration. Administered via IV, carboplatin
has a 2.5 hour half-life and remains relatively unchanged, eventually being excreted in
the urine (Chen et al. 2013). The urine concentration of platinum in the clinical case
increased severely 1 and 24 hours following IAC, which fits with the exclusive
elimination of carboplatin by the kidneys. Although gold was unable to be quantified, the
results from the platinum analysis are similar to what was expected for the EGCG-AuNP
and provides valuable information regarding the movement of agents once introduced to
the prostate via intra-arterial delivery.
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3.4.4 PM Examinations
While neither euthanasia or PM were intended as a result of the experimental
study, the necropsies completed on Beagle 3 and the clinical case provide valuable
information. Beagle 3 had been experiencing an persistent and progressive cardiac
murmur with recent pyrexia that was unresponsive to antibiotic therapy. The cause of
death was heart failure from focal myocardial necrosis with aortic septic valvular
thrombosis and unrelated to the study procedure. Interestingly, when the prostate was
bisected, the dark fluid that was present resembled the EGCG-AuNP solution. There
was also a pigmented region (pigment laden macrophages, numerous lymphocytes and
some granulomas) outside the capsule of the prostate that was also a dark
purple/brown color. This pathology is comparable to previous reports of prostates in
dogs that have undergone PAE wherein 12 weeks following the procedure, multifocal
fibrosis with inflammatory cell infiltration and embolic material within the vessels has
been reported (Jeon et al. 2009).
Further analysis of the stored tissue and additional in vivo studies are necessary,
but this result could mean that once injected and retained by embolization beads, the
EGCG-AuNP solution can remain present up to 3 months following the procedure.
There was no obvious evidence of EGCG-AuNP (or darkened areas) elsewhere in the
body. Proximal portions of the prostate and additional organ samples (lung, liver,
kidney, pancreas, spleen and bladder) were collected and have been stored (-80°C)
and in formalin for future analysis via ICP-MS or other means.
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The clinical case declined rapidly 24 hours following the IO procedure with the
cause of death determined as whole-body sepsis. The previously history of cardiac
valvular degeneration (left and right atrial valve thickened) was sufficient to have
contributed to the episode of cardiac arrest. In addition, the pulmonary edema may
indicate early cardiac compromise or be a consequence of sepsis. Necropsy confirmed
the CT findings of gas within the prostate and urinary bladder as emphysematous
cystitis in the bladder. In addition, the novel mineralization in the gall bladder and biliary
tree were due to mild emphysematous cholecystitis in the gall bladder. Enterococcus
faecium, Klebsiella pneumoniae and Pediococcus acidilactici, all common
gastrointestinal commensal opportunistic pathogens, were isolated from the prostate,
bladder, gall bladder and filter organs. Of initial concern was sepsis from the jugular
catheter, however if the catheter had been the primary site of infection, skin
commensals (including Staphylococcus epidermidis, Clostridium species and
Escherichia coli) would presumably have been more likely found in the analysis of the
pooled organs (personal communication, Dr E Borkowski). The pattern of inflammation
in the urinary bladder was not consistent with a primary cystitis, reinforcing that these
bacteria likely came from either the urethra or prostate. The prominent black blood
vessels in the bladder can be attributed to the EGCG-AuNP solution and may be
indicative of unintended injection or reflux of particles into the urinary bladder.
The prostate was enlarged consistent with the UC diagnosis with an additional
area of diffuse acute necrosis. Based on the pathologic findings, the necrotic lesion was
relatively new and most likely within the period following the procedure. As such, the
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instillation of EGCG-AuNP, IAC Carboplatin or their combination may have contributed
in some way to this acute necrosis. Because of the short time period following the
procedure, it is difficult to propose what this could mean for future cases, however we
can infer that by killing cancer cells/tissue this therapy may have had an intended
beneficial effect. Samples of the prostate, bladder, kidneys, liver, stomach, heart, spleen
and lungs were collected and have been stored (-80°C) and formalin for future analysis
via ICP-MS or other means.
There are few reports in the literature of combined EGCG and carboplatin. More
commonly, EGCG in combination with another platinum-based chemotherapy agent,
cisplatin has been studied (Khan et al. 2009; Lecumberri et al. 2013; Chen et al. 2020).
Interestingly, a gelatin-based nanoparticle loaded with cisplatin and EGCG has shown
promise for treatment of human lung cancer in vitro (Chen et al. 2020). AuNP have also
been evaluated with both carboplatin and cisplatin, although cisplatin is most favored in
the literature as it is more commonly used in human medicine. Both platinum agents
have been observed to have a synergistic effect and limited toxicity when combined with
AuNP (Charest et al. 2020; Gonzales-Lopez et al. 2020). In one of these studies, it was
reported that without the addition of polyethylene glycol (PEG) to solubilize and stabilize
the bond between platinum chemotherapy and AuNPs, there was precipitation and large
agglomerates formed (Gonzales-Lopez et al. 2020). If a combination of IAC
chemotherapy and instillation of EGCG-AuNP will be used in future cases, any possible
reactions between these counterparts should be further considered.
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3.5 Limitations
Limitations of this pilot study relate to its experimental design, small sample size
(n=4) and use of animals as a cancer research model. Collection of samples (urine and
blood) was not uniform for all dogs and there are limited conclusions that can be drawn
from the reported results. Furthermore, the ICP-MS results should be considered
qualitative measurements rather than quantitative due to the nature of the
instrumentation at the Toxicology lab. Major limitations may be related to the EGCGAuNP solution itself, in that EGCG-AuNP when compared to the gold standard (AuCl4−)
used for ICP-MS, is less stable and may have a penchant to aggregate and fall out of
solution during the atomization process affecting results. In addition, different
preparations of EGCG-AuNP were used for the initial ICP-MS protocol development and
each IO procedure. Furthermore, without confirmation of EGCG-AuNP on imaging, it is
difficult to accurately describe the movement and retention of the injected nanoparticles
within the body.

3.6 Conclusion
PAE +/- EGCG-AuNP injection via the carotid artery is a feasible procedure
although considerable technical skill is required. As the IO team became more
comfortable with the protocol, the procedure time was reduced at minimum by 1 hour.
The final dog of Study A had both lobes of the prostate injected and the IO procedure
was completed in the shortest period.
116

Dogs are a relevant model for naturally-occurring prostate cancer in humans and
pre-clinical studies of new diagnostics and therapeutics. Overall, green synthesized
EGCG-AuNP can be safely delivered to the prostate gland via a minimally invasive
technique and these functionalized gold nanoparticles are generally well-tolerated in
dogs. As CT imaging can be considered a important component of tumour staging and
monitoring, along with its value to assess the vascular supply prior to IO procedures
(Culp 2020), a constraint of the current formulation of EGCG-AuNP is that the particles
are unable to be differentiated on CT imaging within the prostate of a live animal. In this
study, the EGCG-AuNP may still be within the prostate but too finely dispersed within
the capillary network and parenchyma to be visible on imaging or alternatively, the gold
is no longer within the gland but into body circulation and/or excreted. The addition of
PAE retains injected materials (contrast +/- EGCG-AuNP) in the prostate for an
extended period of time (at least 6 days) which has potential applications for not only
EGCG-AuNP but chemo- or radioembolization. Furthermore, up to 3 months following
the EGCG-AuNP injection and PAE procedure, there was evidence of a colored solution
(similar to the gold solution) in the prostate tissue at necropsy. While in the early stages,
our results suggest that the novel approach (PAE and EGCG-AuNP) may be worthy of
further research and development with potential future clinical applications for the
treatment of both dog and human patients with prostate tumours.
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4 Chapter Four: Troubleshooting Gold Nanoparticle
Visualization in Phantom and Cadaver Models
4.1 Introduction
Gold nanoparticles have been investigated for many biomedical applications
including cancer therapies as AuNP are biocompatible with a low toxicity and may have
prolonged circulation times within the body (when compared to iodinated contrast) (Au
et al. 2013; Cai et al. 2007). Moreover, gold has both a high electron density and high
atomic number (19.32g/cm3 and 79, respectively) (Popovtzer et al. 2008). When
compared to iodine, gold delivers a 2.7-fold greater contrast per unit weight (Hainfield et
al. 2006).
There are several reports both in vitro and in vivo, in the literature documenting
AuNP as an alternative contrast agent for CT imaging. In a cell line study with human
head and neck squamous cell carcinoma cells, the addition of 2.5mg/mL gold nanorods
(mean length 45nm and mean diameter of 15nm) had an additive effect on the
attenuation and differentiation of tissues yielding values of 168 and 172 HU (Popovtzer
et al. 2008), higher than typically expected of soft tissue (0-50 HU). Commercial AuNP
products, such as those produced by Nanoprobes Inc (New York, USA) which are
1.9nm in diameter and at concentrations of 270mg/cm3, when delivered IV have shown
promise in enhancing the vasculature, kidneys and tumours in mice (n=60) when
compared to visualization with traditional iodine-based agents (Hainfield et al. 2006).
Targeted 15nm AuNP (to the HER2 human epidermal growth factor receptor 2) were
injected into immunodeficient athymic nude mice that had been induced to develop
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oestrogen-dependent breast tumours. The HER2-AuNP had poor penetration within the
breast tumours and accumulated mainly on the periphery of the mass. On microCT
(45kV), the tumour periphery had 22-fold higher attenuation (21.8 HU) than the
surrounding muscle tissue. In addition, the use of HER2-AuNP enabled discovery of
otherwise undetectable small, 1.5mm thick tumours (Hainfield et al. 2011).
As there is a large amount of literature supporting AuNP as tool for imaging
enhancement and it would be expected that AuNP is visible on CT, the objective of this
study was to further investigate the attenuation properties of the green synthesized
EGCG-AuNP as there was limited visualization in the pilot study (Chapter 3). The
hypothesis is that 1.5mg/mL EGCG-AuNP are unable to be differentiated from soft
tissue and as such, in pilot study EGCG-AuNP were either no longer present or too
dispersed within the prostate gland to be visible on imaging. By modifying the particles,
through addition of iodine which has a proven radiopacity or a more concentrated
solution with more gold, the particles will be more visible and able to be differentiated on
CT imaging.

4.2 Materials and Methods
4.2.1 Gold Nanoparticles
EGCG-AuNP were prepared as described in Chapter 3. Varying concentrations
(1.5mg/mL and 3.0mg/mL) were provided for evaluation. A solution of PEG-Iodinated
EGCG-AuNP (PEG-IOD-EGCG-AuNP) was also supplied as iodinated contrast is often
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used in imaging procedures. Particles were freshly prepared and dropped off to the
University of Guelph within 2-3 days of each study. Particles were stored at 4℃ in a light
protected vial until use.
4.2.2 Study A
Various diluted volumes of 1.5mg/mL EGCG-AuNP, saline and contrast were
prepared in standard 1.5mL microtubes (Fisher Scientific, Massachusetts, USA) as
described in Table 4.2. Tubes were placed in a rack within a larger container of water
and scanned using the GE Brightspeed CT Scanner (GEHealthcare, Milwaukee,
Wisconsin). CT images were acquired with a 16-slice detector using a 0.625mm slice
thickness and standardized protocol in helical mode, 0.8 seconds rotation time,
collimator pitch of 1,120kV and 200mAs. Scans were also repeated at a lower energy,
80kV. Images for analysis were picked at the midpoint of each tube. CT images were
analyzed using RadiANT Imaging Software (v2020.2, Trial License, Pozan, Poland).
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Table 4.1: Dilutions of EGCG-AUP, saline and of iodinated contrast (Isovue-300, Bracco Imaging
Canada, Montreal, Quebec, Canada) used for Study A
EGCG-AuNP
Volume (mL)

Description

Saline
Volume
(mL)

Contrast
Volume (mL)

Contrast

-

1.5

-

Saline
Diluted 50% contrast with saline
EGCG-AuNP (1.5mg/mL)

1.5

0.75
-

1.5
0.75
-

0.75
0.75

0.75
-

0.75

0.375

0.375

0.75

Diluted quarter concentration EGCG-AuNP
(0.375mg/mL) with saline

0.375

-

1.125

Quarter concentration EGCG-AuNP
(0.375mg/mL) and contrast (diluted with
saline)

0.188

0.188

1.124

Eighth concentration EGCG-AuNP
(0.1875mg/mL) diluted with saline

0.188

-

1.312

Eighth concentration EGCG-AuNP
(0.1875mg/mL) and contrast (diluted with
saline)

0.094

0.094

1.312

Full concentration EGCG-AuNP (1.5mg/mL)
and contrast (50:50)
Diluted 50% EGCG-AuNP with saline
Half concentration EGCG-AuNP
(0.75mg/mL) and contrast (diluted with
saline)

4.2.3 Study B
A preparation of 1.5mg/mL EGCG-AuNP was aliquoted into a standard 1.5mL
microtube (Fisher Scientific, Massachusetts, USA) and a 20mL clear glass scintillation
vial (Fisher Scientific, Massachusetts, USA) and scanned using the same protocol as
Study A. Additionally, the 20mL vial was placed into a standard CT phantom (Figure
4.1), provided by Grand River Hospital(Kitchener, Canada), and re-scanned with
comparators for true water, solid water, liver, adipose, lung, bone (bone, inner and
cortical bone), titanium, CB2-30%, CB2-50% and AI 6061. These samples are
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customary to include in phantom scanning. CT images were analyzed using Horos
Imaging Software (v1.1.7, OpenSource License; Version 3 [LPGL-3.0]).

Figure 4.1: CT phantom set up on treatment couch of scanner.

4.2.4 Study C and D
Twelve male mongrel hounds were euthanized at approximately 1.5 years of age
for a different primary research study focused on the hind limbs. All dogs were released
by the primary study investigators approximately 15-20 minutes following euthanasia
with intravenous pentobarbital (100mg/kg) and collection of relevant tissues. The
EGCG-AuNP and PEG-IOD-EGCG-AuNP were removed from the refrigerator within 1
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hour of the first injection and stored in a light-protected cooler until needed. A small
incision was made in the abdomen and an IV Insyte-W catheter (18G x 1.25inch, BD,
New Jersey, USA) was placed into the splenic artery (3 dogs) or vein (3 dogs) (Table
4.3). An injection of heparin (1mL, 1 unit/mL) was used to prevent clotting. The cadaver
abdomens were loosely sutured and transported to the radiology room.
In the radiology room, the dogs were placed in dorsal positioning. Each cadaver
was completed prior to moving to the next cadaver, in sequence spleen injection and
removal followed by prostate injection and removal was performed. The spleens were
injected with a volume of material and flushed with 1mL of saline under fluoroscopy (BV
Endura, Phillips Medical Systems, Amsterdam, Netherlands) (Figure 4.3). When
vascular access to the spleen was difficult to obtain, or catheters became dislodged in
transport, the spleen was directly injected multiple times (2 dogs) (Table 4.2). Following
injections, the splenic vasculature was clamped using zip ties and the organ removed
from the cadaver.
The abdomen was further opened caudally to access the prostate. Zip ties were
used to tie off at the base of the prostate and between the prostate and bladder. Under
fluoroscopy, the target lobe(s) of the prostate were directly injected with 2mL of material
(Table 4.3) using a 25G butterfly needle (BD, New Jersey, USA) and short T-set
extension (MILA international INC, Kentucky, USA) (Figure 4.3). The line was then
flushed with 1mL of saline. Following injections, the prostate was removed from the
cadaver. Three prostates were not injected, one was flash frozen and the other two
used as imaging controls.
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Figure 4.2: In situ injection of EGCG-AuNP or PEG-IOD-AuNP via direct (A), arterial (B) and venous
(D) into cadaver spleens.

Figure 4.3: In situ preparation of cadaver prostate for injection (A) and the initiation (B) and
completion (C) of EGCG-AuNP direct injection
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Table 4.2: Injection type and volumes for cadaver prostates (Study C and D). *Prostate and
bladder from 179002 was flash frozen in -80℃ freezer (no injection). Prostates and bladders from
179010 and 179622 were imaged then placed in formalin and sliced for histology cassettes (no
injection).
Study

C

D

Dog ID

Weight
(kg)

177947

28.7

177475

23.4

178188

24.9

177874
179452

21.8
26.8

178170

25.2

179002
179010

26.9
26.1

179622

24.6

179583

26.5

Spleen
(Injection Type (Number of
Injections), Volume and Material)
Direct (2)
2mL
EGCG-AuNP
+ methylene
blue
Artery (1)
2mL
PEG-IODEGCG-AuNP
+ methylene
blue
Artery (1)
2mL
Mix ( ½ and
½) +
methylene
blue
Vein (1)
2mL
EGCG-AuNP
Vein (1)
2mL
PEG-IODEGCG-AuNP
Artery (1)
2mL
Mix ( ½ and
½)
Direct (3)
6mL
EGCG-AuNP
Vein (1)
4mL
PEG-IODEGCG-AuNP
Direct (2)
4mL
Mix ( ½ and
½)
-

177042

29.7

-

-

-

179109

24.9

-

-

-

Prostate
Right Lobe
(2mL)
EGCG-AuNP
+ methylene
blue
PEG-IODEGCG-AuNP
+ methylene
blue
Mix ( ½ and
½) +
methylene
blue
EGCG-AuNP
PEG-IODEGCG-AuNP
Mix ( ½ and
½)
*
*

Prostate
Left Lobe
(2mL)
-

-

-

*
*

*

*

IsoVue
Contrast
IsoVue
Contrast
EGCG-AuNP

IsoVue
Contrast
EGCGAuNP
EGCGAuNP

For Study C, CT scans were performed (120kV) (Figure 4.4) and following the
scans, the organs were stored in both -80℃ and formalin for future work. For Study D,
following injection, the prostate and bladders were scanned with same parameters and
set-up as in Study A, then stored at 4℃. Repeat scans occurred daily (for 1 week), then
weekly for a 5-week period following the injection. CT images were analyzed using
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Horos Imaging Software (v1.1.7, OpenSource Licence; Version 3 [LPGL-3.0]). Following
conclusion of the 5-week period, samples were frozen at -80.

Figure 4.4: Presentation of ex vivo prostate and bladder for CT imaging (Study C and D). Set-up on
the treatment couch of scanner (A) and orientation within the container (B).

4.2.5 Study E
A male, intact mixed breed dog cadaver (previously frozen) was used for this
study. Following a room temperature thaw for 3 days, the cadaver was placed in ventral
position and a 4x4inch section shaved cranial to the pelvis. Locating the left epaxial
muscle by means of spinous processes, a 20G needle (BD, New Jersey, USA) was
inserted perpendicular and 2mL of 1.5mg/mL EGCG-AuNP injected. Duplicate injections
were performed on the cadaver’s right side, with 3mg/mL EGCG-AuNP. Skin was held
tented following the injections for 5 seconds.
The cadaver was then placed in dorsal positioning and a 4-inch incision made
midline proximal to the testicles. The prostate was visualized with the aid of a Belfour
retractor and the right lobe injected with 2mL of 3mg/mL EGCG-AuNP using a 20G
needle (BD, New Jersey, USA). The abdomen was loosely closed with suture (3’0).
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Approximately 15 minutes following the prostate injection, CT scans were
performed with the cadaver in dorsal position with the large dog abdominal protocol
under similar parameters as Study A. In addition, syringes of remaining nanoparticles
were placed in in the scan field (Right – 3mg/mL, Left – 1.5mg/mL). Following the initial
scan, the prostate and bladder were removed (as previous) and scanned again ex-vivo.
CT images were analyzed using Horos Imaging Software (v1.1.7, OpenSource Licence;
Version 3 [LPGL-3.0]). The prostate was halved into individual lobes and quartered for
future use, stored at -80℃ freezer. The bladder was halved lengthwise and stored at 80℃. The cadaver was packed with sponges, sutured closed (3’0 and 1’0) and returned
to the cooler for future use.

4.3 Results
4.3.1 Study A
Microtubes containing a 1.5mg/mL EGCG-AuNP had a mean attenuation of
38.19HU at 120kV and 39.645 at 80kV. When diluted with saline at half, quarter and
eighth concentrations, the mean attenuation at 120kV and 80kV was 24.06HU,
28.14HU, 13.55HU, 18.56HU, 9.57HU, 12.24HU, respectively. The mean attenuation of
saline at 120kV was 7.78 HU and at 80kV was 11.61 HU. The values of all tubes are
described in Figure 4.5. The ROI area was 0.15cm2 with locations propagated at the top
and bottom of each microtube.
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Figure 4.5: Attenuation values for microtubes scanned with standard protocol (120kV)) at midpoint
scan for each tube, ROI of 0.15cm2 propagated at the top and bottom of each microtube.
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4.3.2 Study B
The mean attenuation of the 1.5mg/mL EGCG-AuNP solution in the microtube
and glass vial were 60.46 HU (range 45-74 HU, standard deviation 4.87 HU) and 33.57
HU (range 22-48 HU, standard deviation 4.22 HU), respectively. The surrounding water
was -5.263 HU (Figure 4.6).

Figure 4.6: Microtube (A) and scintillation vial (B) in transverse view on CT image with ROI area of
0.49cm2.

In the CT phantom, the mean of the EGCG-AuNP was 96.41 HU with a standard
deviation of 59.23. The range was -50 to 250 HU. All other reference materials (Figure
4.7) and their attenuation values are described in Table 4.4.
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Figure 4.7: Location of Comparator Samples within CT Phantom, labelled as in Table 4.4.

Table 4.3: Attenuation measurements for CT Phantom
Number in
Image
1
2
3
4
5
6
7
8
9
10
11
12
13
14

Sample Type

Mean (HU)

EGCG-AuNP
True water
Solid water
Liver
Adipose
Lung (a)
Lung (b)
Bone
Inner bone
Cortical bone
Core titanium
CB2-30%
CB2-50%
AI 6061

96.408
11.56
-0.874
91.22
-94.14
-497.75
-694.64
2121.30
209.92
1218.39
3071
446.13
758.48
1886.21

Standard
Deviation (HU)
59.28
51.38
46.35
56.00
57.31
59.19
57.89
57.49
60.94
70.34
0
71.42
63.18
68.11
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Minimum (HU)

Maximum (HU)

-50
-112
-102
-48
-239
-659
-839
-4
82
1036
3071
288
632
1743

250
132
121
290
56
-342
-565
359
352
1380
3071
612
916
2037

4.3.3 Study C
All injections (EGCG-AuNP and PEG-IOD-AuNP) were unable to be viewed with
fluoroscopy. There was no evidence of either the EGCG-AuNP or PEG- IOD-AuNP on
the CT images of the spleens (Figure 4.8). In addition, the PEG-IOD-AuNP were
indistinguishable in the prostates. In the EGCG-AuNP injected prostates, there were
hyperdense areas (mean 80 HU) (Figure 4.8). On visualization, the dark black/purple
colour attributed to be EGCG-AuNP solution was distributed caudally within the lobe.
When the organs were incised for storage, the bladder in 50% of the methylene blue
and/or EGCG-AuNP injected prostates contained fluid of the similar color as the injected
material (Figure 4.8).
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Figure 4.8: Sagittal view of spleens injected with EGCG-AuNP and PEG-IOD-AuNP (A), transverse
view with arrows indicating hyperdense areas of prostate (only right lobe injected) (B), extend of
spread of EGCG-AuNP and methylene blue in the right lobe of prostate (left lobe with no
injection), arrow indicates initial injection point (C).

4.3.4 Study D
The injections of contrast were visible while the EGCG-AuNP injections were
unable to be viewed with fluoroscopy. In cadaver 179583 (prostate A), the initial
contrast injection into right lobe crossed midline and pooled slightly into the abdominal
cavity visible on fluoroscopy. On sagittal view (Figure 4.9), contrast can be easily seen
dispersed throughout the lobe unlike EGCG-AuNP, which on the transverse view
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prostates (Figure 4.10) can be seen only in small focal hyperdense areas corresponding
the direct injection site.
On Day 0 following injection, prostate A had a mean 873.68 HU (standard
deviation 1034.68 HU, range -132-3071 HU), prostate B had a mean 152.97 HU
(standard deviation 276.91 HU, range -2-1894 HU), and prostate C had a mean 43.04
HU (standard deviation 12881 HU, range -2-109 HU). The focal injection sites of
prostate C had a mean 88.13 HU, increased from what was seen in Study B. The mean
HU of the hyperdense areas did not change significantly during the study. There was no
evidence of leakage of either contrast (via CT confirmation) or EGCG-AuNP (color
outside of the prostate or bladder) during the 5 week period, however the organ tissue
became increasingly flaccid and grey with a strong odor.
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Figure 4.9: Sagittal view of injected prostates for 4 weeks (Week 5 scan is unable to be located on
the server). Prostate A (right and left lobe injected with 2mL Isovue), Prostate B (right lobe
injected with 2mL Isovue and left lobe with 2mL EGCG-AuNP 1.5mg/mL) and Prostate C (right and
left lobe injected with 2mL EGCG-AuNP 1.5mg/mL).
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Figure 4.10: Transverse view of prostate injected with 2mL EGCG-AuNP (1.5mg/mL) in both the
right and left lobe for 4 weeks (Week 5 scan is unable to be located on the server).

4.3.5 Study E
In the CT imaging of the cadaver, there was an area of hyperdense concentration
on the right side in the fascia dorsal to the epaxial muscle at the distal location (Figure
4.10). The proximal injections were unable to be visualized in the CT scan. On review,
the scan field was too narrow and should have been extended more cranially to capture
all injection sites. On the left side of the cadaver, there is a small 0.03mm2 hypodense
area (-147.20 HU, range -238 to -66 HU) in the fascia. Whereas, on the right side HU of
the hyperdense areas of 3mg/mL EGCG-AuNP had a mean of 217.33 HU. On the left
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side which had 1.5mg/mL EGCG-AuNP injected, the area near the injection site is
72HU isodens to the surrounding fascia.

Figure 4.11: Fascia injections in cadaver with ROI points at/near injection sites and spread of
EGCG-AuNP. The right side was injected with 3mg/mL EGCG-AuNP and the left side with
1.5mg/mL.

In the right prostate lobe, the dark solution was distributed caudally with staining
visible on the outside of the gland. The left lobe was not injected and did not have any
discoloration. The prostate and bladder were scanned in situ (Figure 4.12). A
hyperdense band (mean 202.67 HU) was visible in transverse view of the prostate in
the right lobe. Additionally, there was a hyperdense area in the bladder of 135 HU. The
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right lobe was analyzed further using Horos 3D volume rendering (Figure 4.12). The
volume of the complete right lobe was 5.21mL and the observed hyperdense band had
a volume of 0.07mL.

Figure 4.12: In situ transverse view of the prostate and bladder with ROI points (A), the volume
rendering for the right prostate lobe (B) and the volume rendering of the hyperdense band (C).

137

Following the scans, the prostate and bladder were removed from the cadaver.
The cavity was checked with clean sponges and there was no EGCG-AuNP present,
however the purple/black color could have been diluted with blood as further dissection
was needed to remove the prostate and bladder. On the ex vivo scans (Figure 4.12),
there was a hyperdense area (mean 332 HU) where the injection was made and
visually corresponds to area of pooling observed on the surface of the prostate gland.
Additionally, there were mildly diffuse hyperdense areas (mean 99.5 HU) throughout the
proximal right lobe (Figure 4.13).

Figure 4.13: Sagittal view of the prostate and bladder (A) and transverse view of the prostate with
ROI (B). Right lobe was injected with 2mL 3mg/mL EGCG-AuNP) and bladder with ROI.
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After CT imaging, the prostate and bladder were halved and further quartered for
storage. There were some pigmented areas in the urethra and small spots (1-2) in the
left lobe at approximately the midpoint of the prostate gland. In the bladder, there was a
considerable amount of colored liquid, it appeared to be the same consistency of the
EGCG-AuNP injected and was reminiscent of Study B (Figure 4.8).
Syringes with remaining EGCG-AuNP produced values of 117HU and 23HU for
the 3.0mg/mL and 1.5mg/mL EGCG-AuNP (Figure 4.14).

Figure 4.14: Transverse view of syringes with EGCG-AuNP with ROI (A) and localizer scan of
cadaver with syringes (B).

4.4 Discussion
The prepared EGCG-AuNP had a gold core size of 15nm and a hydrodynamic
size (gold core, coating and ions on the surface from the water in solution) of 20-25nm
(personal communication, M Aborig). It would be expected that EGCG-AuNP would be
discernable on CT imaging as an AuNP of that size (15-20nm) should contain a large
number of gold, approximately 100 000 gold atoms (Popovtzer et al. 2008) combined
with the high atomic number (79). It is critical for CT visualization that there is enough
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gold per unit volume (voxel) (Popovtzer et al. 2008), however there is limited consensus
in the literature regarding the relationship between size and attenuation of AuNP.
Smaller AuNP (4-20nm) have been considered more ideal as they have increased
surface area when compared to larger particles (Xu et al. 2008), while larger AuNP
(13.2-30nm) have increased contrast because of the ionizing interactions between the
x-rays and gold atoms (Dou et al. 2016). X-ray attenuation has also been reported to be
independent of AuNP size (5-76nm) (Ross et al. 2014). By way of imaging tubes and
cadaver prostates (Studies A-E), we have solidified that 1.5mg/mL EGCG-AuNP are
unable to be differentiated from prostate tissue being of comparable attenuation values.
This correlates with the results described in Chapter 3.
In contrast to the live patients that had EGCG-AuNP delivered to their prostates
by arterial injection, the directly injected cadaver prostates had hyperdense areas that
can be attributed to the injection site. Interestingly, the extent of colored EGCG-AuNP
solution dispersed through the lobe was not equivalent to the hyperdense, focal areas
seen on CT. Spleens were specifically chosen for injections as they have both arterial
and venous access and are encapsulated by connective tissue. In addition, spleens
have a similar echogenicity to the prostate gland. Cadaver spleens had EGCG-AuNP
delivered via the splenic artery, splenic vein, and direct injection to the parenchyma.
There were no hyperdense areas observed in any of the spleens including any focal
injection sites (as in the prostate), this may be due to the tissue properties of each
organ. The spleen being a filter organ is more loosely connected and spongiform,
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allowing for greater dispersal of the EGCG-AuNP solution, whereas the prostate is a
more firm organ.
PEG-IOD-EGCG-AuNP (Study C) were unable to be detected on CT or
fluoroscopy, presumably during the synthesis process an inadequate amount of iodine
was incorporated into the particles for visualization. In addition, EGCG and iohexal have
a similar structure and may compete for binding sites limiting the amount of each
substance incorporated into particle (personal communication, Dr S Wettig). The PEGIOD-EGCG-AuNP were 2-3 times larger than the EGCG-AuNP (personal
communication, M Aborig), which may also affect their ability to be visualized on CT.
The stability study (Study D) reinforced that via direct injection into the prostates
there is a hyperdense focal injection site and that this site remains visible for a period of
up to 5 weeks. The iodinated contrast was dispersed evenly throughout the injected
lobes and this increased diffusion may be due to its decreased viscosity when
compared to EGCG-AuNP. Over the 5-week period, there was no visible leakage of
either solution, therefore the entire 2mL initially injected was contained in the individual
lobe(s) (or prostate) for the full period.
In the literature, variations of AuNP have been referenced to have attenuation
values ranging from 12-200 HU (Hainfield et al. 2006; Popovtzer et al. 2008; Xu et al.
2008; Hainfield et al. 2011; Dong et al. 2019). It has also been proposed that 1mg/mL of
gold is able to produce a CT image contrast of 16.3 HU (within soft tissue) (Hainfield et
al 2011). Extrapolating this to the 1.5mg/mL and 3mg/mL EGCG-AuNP used for these
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studies (Study E), an additive effect (as proposed by Hainfield et al.) was not observed
with the lower concentration and more pronounced than this formula in the higher
concentration of particles. In the fascia injections, there was a 3-fold increase in the
attenuation value of the tissue injected with 3mg/mL EGCG-AuNP. Conversely, on the
left side of the cadaver, there was no evidence there had been any alteration aside from
a hypodense area which was likely due to a small amount of air within the syringe
having been imparted into the tissue layer on injection.
Similar to the previous cadaver prostates in Study C, there was a hyperdense
focal banding (2.5-fold higher than prostate tissue) in the prostate injected with 3mg/mL
EGCG-AuNP (Study E). There may have been some subcapsular spread, although
additional replicates would be necessary to confirm. For this cadaver, the right prostate
lobe measured 5.21mL with the hyperdense gold area measuring 0.07mL. This leaves
the majority of the 2mL injection (1.93mL) unaccounted for on imaging. With direct
injection, there is less reliance on the tissue vasculature unlike the IO procedure which
relies on arterial delivery and vasculature dispersal within the prostate. It may be that
lost gold solution was too dispersed within the interstitial space (similar to the vascular
bed dispersion proposed in the live animals) of the prostate to be visible on imaging
and/or that the EGCG-AuNP solution was no longer in the prostate. While there was
purple colored solution, like the EGCG-AuNP, throughout the length of the bladder,
approximately ¼ (0.5mL) was recovered on aspiration. It is difficult to determine if the
additional 1.36mL of EGCG-AuNP solution was still within the prostate without
additional testing (TEM, ICP-MS, etc). For future clinical trials, it may be ideal to
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measure prostate size on the baseline scan prior to any injection to prevent backflow
but also ensure adequate instillation of particles within the lobe. It will also be crucial to
determine the amount of EGCG-AuNP needed for a therapeutic response with the
tumour environment with additional in vitro studies in canine PC cell lines, as this has
only been indirectly explored only in human PC cell lines. With any administration
amount, care must be taken to avoid toxicity to the patient.
Overall, the higher concentration of 3mg/mL EGCG-AuNP produced a higher
contrast CT image (range 117-332 HU) when compared to the 1.5mg/mL concentration
(range 33-88 HU). This result is comparable to previous reports of x-ray attenuation
increasing as the concentration of gold increases (Xu et al. 2008). It could be assumed
that if the concentration of gold was further increased, it would be even easier to
differentiate these particles and subsequent tissues on CT imaging. Unfortunately, at
higher concentrations like 5mg/mL, EGCG-AuNP particles also increase in size ~25nm
and readily aggregate (personal communication, M Aborig).
As the goal of IO procedures is to deliver therapeutics directly to the tumour via
the vasculature, the inability of higher concentrations of EGCG-AuNP to stay in solution
would be detrimental to minimally invasive arterial delivery and has potential to cause
negative consequences such as necrosis and thrombosis in the patient. PEG coatings
have been documented to increase stability and flocculation of AuNP increasing their in
vivo blood circulation time (Au et al. 2013; Dong et al. 2019; Cai et al. 2007; Dou et al.
2016). It is possible that a higher concentration EGCG-AuNP when combined with a
PEG coating may be ideal for both differentiation in CT imaging and patient safety.
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4.5 Limitations
Limitations of this studies include the small sample size and the timeline at which
experiments were completed. Each study utilized a different preparation of EGCGAuNP and while these should be consistent, there is an observed difference in the
attenuation values between preparations and more stringent quality control measures
should be in place for future work.

4.6 Conclusion
Ultimately the inability to visualize EGCG-AuNP on CT imaging may be related to
the physics of the particles. Lower concentrations of EGCG-AuNP are unable to be
differentiated from the tissue(s) of interest, while higher concentrations may pose
serious risk to the patient. If the primary goal for future research is to both deliver and
monitor localized particles intra-arterially to the prostate tumour and provide potential for
future therapies such as radio-sensitization, although AuNP have many inherent
advantages, additives such as PEG for stabilization or a change in materials (EGCGiron-based particles) for more ideal imaging may be best suited.
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5 Chapter Five: Summary and Future Directions
The objective of the retrospective study of dogs treated with UC was to evaluate
the frequency at which dogs are euthanized due to local disease (primarily urinary
obstruction), regardless of treatment option. A secondary objective was to assess the
difference between male and female dogs euthanized due to UC, specifically local
progression. While there was a moderate rate of metastasis (40% of cases), local
disease was most frequently (58%) the reason for euthanasia. Furthermore, male dogs
with prostate involvement had significantly worse outcomes, on average being
euthanized 4- fold sooner than males without prostate involvement. As the inclusion
criteria for this retrospective was dogs diagnosed with UC only, it would be interesting to
further evaluate the prognostication of prostate tumours in general (PC – both PUC and
PAC).
The pilot study aimed to establish the feasibility of PAE and green synthesized
EGCG-AuNP as an alternative treatment for dogs with prostate tumours and its
potential as a therapeutic in human medicine. While the particles and embolization were
generally well-tolerated in the study dogs, it is difficult to establish the true potential of
this therapy with the small number of dogs and inability to document retention and/or
bodily circulation of EGCG-AuNP, either visually from the CT scans or via ICP-MS.
As this study failed to consistently find significant variation between EGCG-AuNP
and bodily tissues, it raises the question of why our EGCG-AuNP demonstrate both
variable and lower attenuation values when compared to AuNP reports in literature.
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Future work should include increased quality control measures to ensure that all
prepared particle solutions are consistent for safe introduction into clinical patients.
Additionally, if combinations of particles and drugs (such as IA carboplatin as in
Study 3) are to be utilized, any interactions between the two should be elucidated in
vitro prior to use in a clinical patient. Acute necrosis was observed in the prostate
following the IO procedure, this could be considered success of the IAC carboplatin
and/or EGCG-AuNP injection or secondary to a reaction between the injected agents,
however it is difficult to confirm in the limited 48 hour timeframe. Furthermore, higher
concentrations of EGCG-AuNP such as 3-5mg/mL, which may be visualized on CT,
should be evaluated in vitro with canine PC cell lines to determine ideal therapeutic
dose and rigorous safety studies (rodent and/or purposed bred dogs) should be
completed due to aggregation concerns. And finally, clarification as to the ultimate goal
of particle therapy (embolization, chemoembolization or EGCG-AuNP + RT) should be
established, as the use of PEG for stabilization or a change in materials (EGCG-ironbased particles) may be warranted.
It may also be worthwhile exploring dual energy CT, whereby the patient is
scanned at both high and low x-ray spectra (typically 140kV/80kV) as this can generate
additional information about tissue composition. Preliminary work has been completed,
scanning varying concentrations of EGCG-AuNP and contrast at both high (120kV) and
low (80kV) energies (Figure 5.1). There was a significant difference (p=0.01) between
the attenuation of EGCG-AuNP at full, half, quarter and eighth concentrations within the
microtubes. Further investigation is warranted to see if this difference would also be
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demonstrated in combination with soft tissue. Moreover, EGCG-AuNP may be best
scanned at a lower energy voltage (40-60kV), as the attenuation of gold has been
reported to be maximal at 120kv (Mieszawska et al. 2013). The typical range for
diagnostic imaging is 60-140kV. In an isolation study, similar to those performed in
Chapter 4 and this preliminary work, AuNP coated with methoxy–polyethylene glycol–
thiol chains in 200uL microtubes had a greater density than iodine-based contrast agent
when scanned at 40kV but was of comparable attenuation at the other CT voltages
studied (60 and 140 kV) (Au et al. 2013). When applied to a mouse model, this same
study and others have reported long-lasting enhancement of vasculature with AuNP for
up to 24 hours when scanned at 60kV (Au et al. 2013; Cai et al. 2007).
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Figure 5.1: Preliminary work with attenuation values for microtubes scanned at high energy
(120kV) and low energy (80kV) at midpoint scan for each tube, ROI of 0.15cm2 propagated at the
top and bottom of each microtube.

A comprehensive understanding of anatomy is necessary for any IO procedure,
in contrast to current literature wherein the individual prostate lobes of a dog are
considered homogenous (Kuhnt et al. 2017; Kunht et al. 2020), this study documented
that with thinner CT slices (0.675mm), there is a significant difference in the attenuation
of prostate lobes with the right lobe being more dense. As this could be the first report of
the differences in prostate lobe density in dogs, exploring a larger population is
essential for confirmation. In addition, this investigation into the prostate anatomy of
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dogs could report information regarding size and vascularity, which would be helpful for
future planning to ensure that there is adequate delivery of therapeutic (EGCG-AuNP
and/or embolic agent and/or IAC). With growing interest in IO applications for both noncancerous and cancerous prostate diseases, this future work could be beneficial to
many research teams, not just our own.
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