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Purpose: The purpose of this study was to assess the feasibility and efficacy of docetaxel-loaded bead chemo-
embolization in spontaneous prostate cancer in a canine model.
Materials and methods: Five pet dogs with histopathologically proven prostate cancer were referred for pros-
tate artery chemoembolization (PACE). After PACE, all animals were followed, including pharmacokinetic study
and clinical and biological evolution, until death. Pelvic contrast-enhanced computed tomography examination
was performed at one and two months. Animals were subjected to pathological examination after death.
Results: Both prostate arteries were successfully chemoembolized in all dogs. A median dose of 18 mg (Q1,
Q3; 11.8, 20 mg) docetaxel loaded in 3 mL of 50−100 mm super absorbent polymer beads was injected into
each dog. At one month, four of the five dogs were still alive and the median prostate volume was 51% lower
(prePACE median prostate volume, 18.4 mL [Q1, Q3; 12, 32.1 mL] vs. postPACE median prostate volume,
6.2 mL [Q1, Q3; 6.2, 11 mL]). At two months, three dogs died because of disease progression. The two remain-
ing dogs showed a 70% median decrease in prostate volume. Prostate pathological examination showed 73%
of necrosis. No worsening of urinary symptoms was observed. Pharmacokinetic analysis showed limited sys-
temic passage of docetaxel. All dogs died of metastatic spread at nine months.
Conclusion: This study suggests that PACE is feasible and safe for the treatment of spontaneous prostate can-
cer in a canine model and may provide a new approach to treat selected patients with prostate cancer.
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1. Introduction

Prostate cancer is the most frequently diagnosed cancer in devel-
oped countries and more than 1.2 million of prostate cancers are
diagnosed each year [1]. Conventional treatments of localized pros-
tate cancer include radiation therapy, with or without hormonal
therapy, brachytherapy, and radical prostatectomy [2]. Active surveil-
lance is an alternate option for the treatment of localized disease [2].
Prostate artery embolization has been introduced as a minimally
invasive option for the treatment of prostate benign hyperplasia,
with good results in terms of lower urinary tract syndrome and pros-
tate volume reduction [3−5]. Arterial chemoembolization is a well-
established option for the treatment of a variety of primary or
secondary liver cancers [6]. It consists of the intra-arterial delivery of
drug-eluting beads into the tumor arterial network, providing the
cumulative benefit of super-selective arterial occlusion (emboliza-
tion) and drug delivery by the embolic material itself. However, this
approach has received little attention to date for the treatment of
prostate cancer in humans [4]. However, the application of this con-
cept to treat localized prostate cancer needs to be evaluated in pre-
clinical animal models before it can be safely applied in humans.

The purpose of this study was to assess the feasibility, efficacy,
and safety of prostate artery chemoembolization (PACE) for the treat-
ment of spontaneous canine prostate carcinoma.

2. Materials and methods

2.1. Animal selection

This animal study was fully compliant with the European Commu-
nity guidelines for the use of pets for clinical research purposes and

http://crossmark.crossref.org/dialog/?doi=10.1016/j.diii.2021.07.003&domain=pdf
mailto:olivier.pellerin@aphp.fr
https://doi.org/10.1016/j.diii.2021.07.003
https://doi.org/10.1016/j.diii.2021.07.003


O. Pellerin, C. D�ean, P. Reb et al. Diagnostic and Interventional Imaging 102 (2021) 709−715

© 2021 
was approved by the ethics committee (#OCR Internal Ethics Com-
mittee 2017-021). Experimental procedures were conducted at the
ONCOVET − Veterinary Cancer Center (Villeneuve d’Ascq, France).

This study included five consecutive dogs treated between
June 2017 and August 2018. From the current clinical population
of dogs referred to the clinic, the study was proposed for animals
meeting the inclusion and exclusion criteria summarized in
Table 1. All animals underwent a baseline clinical examination,
quality of life evaluation, biological testing, and a whole-body tri-
ple phase computed tomography (CT) examination (Optima, GE
Healthcare). CT images were acquired without and after intrave-
nous administration of iodinated contrast material (iohexol,
300 mg I/mL, OmnipaqueTM 300, GE Healthcare) at a dose of
1.5 mL/kg of body weight during the arterial and venous phases.
CT data were obtained using a 0.625 mm slice thickness. The
diagnosis of prostate cancer was histopathologically confirmed
after analysis of tissue specimens obtained by systematic sextant
biopsies of the prostate for the five dogs.
2.2. Prostate artery chemoembolization

PACE was performed under general anesthesia by an interven-
tional radiologist (O.P.) with 15 years of experience. The bladder was
drained using a 5-Fr Foley catheter. Super selective catheterization of
both prostate arteries was performed under fluoroscopy guidance
(CIOS alpha, Siemens Healthineers) through 4-Fr percutaneous com-
mon femoral artery access. A Terumo a 2.0-Fr. (Terumo) and 0.014-In
Fathome� guide wire (Boston Scientific) was used for navigation and
delivery of the chemoembolic agents. The endpoint of embolization
was occlusion of both prostatic arteries. At the end of the procedure,
the arterial access site was closed with a 7/0 resorbable suture
strings. Animals were monitored under direct supervision of a veteri-
narian until they fully recovered from the anesthesia. Buprenorphine
(0.02 mg/kg) was given for pain or distress every 6 to 8 hours during
the first 12 hours.
2.3. Drug-eluting bead preparation and docetaxel dose

Super absorbent polymer (SAP) (HepaSpheresTM 50-100 mm,
Merit Medical,) were loaded with 30 mg/m2 docetaxel (Taxotere�,
Sanofi-Aventis) to obtain a 3-mL solution. Docetaxel (30 mg/m2) was
retrieved from a vial containing a 20 mg/mL solution and mixed with
(OmnipaqueTM 300) to obtain 3 mL of solution [7]. Then the prepara-
tion was transferred to a vial containing 25 mg dry 50 - 100 mm SAP
and agitated for 10 min, resulting in a gel with low viscosity.
Table 1
Study inclusion and exclusion criteria.

Inclusion criteria
Male dog of any breed and age
Histologically-proven prostate carcinoma
Life-expectancy > 1 month
Surgical treatment declined
Informed consent form signed by the pet owner

Exclusion criteria
Platelet count < 100,000/mm3

Neutrophil count < 1,500/mm3

Severe anemia (Hb < 8 g/dL)
Severe liver failure and/or renal failure
Previous bladder/prostate surgery
Allergy to iodinated contrast agent
Participation in a clinical trial within the last month
Anticancer treatment within 30 days before inclusion (chemotherapy or
radiotherapy)
Altered performance status
Active bacterial infection
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2.4. Animal follow-up

Animals were monitored at discharge, at day 30, and day 60 by
clinical examination including pain and vital signs. Quality of life
score was studied using dedicated questionnaires filled by pet own-
ers and veterinary doctors [8]. Blood sampling was performed at dis-
charge, day 30, and day 60 and liver and renal function, total blood
cell counts, and serum albumin levels were assessed. All adverse
events were reported using the VCOG-CTCAE V1.1 classification [9].
2.5. Response to PACE

The morphological response to PACE was assessed at day 30
and day 60 by calculating the prostate volume in mL, assuming
the volume to be estimated by the following formula:
width £ depth £ height £ 0.52 as generally done in estimating the
volume by prostate imaging [10].
2.6. Docetaxel safety profile

The pharmacological safety profile of PACE was evaluated by
assessing the systemic passage of docetaxel by measuring its concen-
tration in plasma. All dogs underwent peripheral blood sampling at
baseline and 20, 40, 60, 120, 180 and 24 hours after PACE. Plasma
was separated immediately and stored at - 80°C. Docetaxel levels
were measured by high-resolution mass spectrometry [11,12]. The
pharmacokinetic parameters, including plasma concentration over
time (AUC in ng £ min/mL); maximum concentration (Cmax in ng/
mL); docetaxel half-life (t1/2, in min); k elimination rate constant (in
min�1) were calculated using a non-compartmental model and the
trapezoidal rule.
2.7. Pathological evaluation

All dogs were followed as long as ethically possible and were
euthanized when they presented with intractable pain and a major
decline in the quality of life. Autopsy was performed on all animals
and the prostate/bladder bloc harvested for histopathological analy-
sis by a pathologist (F.L.) with 20 years of experience. All samples
were fixed in formalin and embedded in paraffin with hematoxylin
and eosin staining. The histopathological evaluation included an eval-
uation of tumor necrosis and changes in the tumor margin, including
stromal reaction, lymphocytic infiltration, vascular proliferation, and
stasis of the border vessels. Tumor boundaries were defined as the
peripheral fibrous stromal reaction zone. The histological images of 5
to 10 regions of the tumor border were captured at magnifications of
40x and 100x for each tumor sample. The thickness of the tumor bor-
der was measured on the images at a magnification of 40x. The mean
and median of the 5 to 10 regions were then recorded and assessed
using a four-point scale as follows: +++: prominent, ++:
moderate, + mild: and -, none. The tumor viability rate was estimated
by using a whole-slide imaging device (NanoZoomer2.0-HT; Hama-
matsu Photonics,) and was expressed as the percentage of viable
tumor area for each slice.
2.8. Endpoints

The primary endpoint was feasibility of PACE, defined as the abil-
ity to catheterize both prostatic arteries and inject the full dose of
chemoembolic agent loaded with docetaxel.

The secondary endpoints were efficacy and safety of PACE. These
endpoints were assessed by the change in prostate volume observed
at contrast enhanced CT after PACE, histopathological response, and
reporting of toxicity using the VCOG-CTCAE V1.1 classification [9].
). Il est interdit et illégal de diffuser ce document.



Fig. 1. Baseline contrast-enhanced CT image in the axial plane (dog # 1) shows
enlargement of the prostate, with thin enhancing septa (arrows) surrounding central
hypoattenuating areas (stars) with satellite lymph nodes (arrowheads).

Fig. 2. 11-year-old dog (dog # 1) with prostate cancer treated with intra-arterial che-
moembolization. A, Global angiogram in anterior-posterior projection of both internal
iliac arteries shows contrast agent staining into prostate parenchyma (stars). Both
prostate lobes are supplied by enlarged collaterals of the inferior vesical arteries
(arrows). Successively both prostate arteries were catheterized and docetaxel eluted
beads were injected.B, Selective angiogram of left prostate artery in anterior-posterior
projection shows the microcatheter tip distally placed into the prostate artery (arrow).
Angiogram reveals tortuous vessels (arrowheads) associated with marked prostate tis-
sue blush (stars) before chemoembolization.
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2.9. Statistical analysis

Data were reported as medians, 1st and 3rd quartiles. The percent-
age of prostate decrease was the ratio between the prostate volume
before PACE and those after PACE at day 30 and day 60.

3. Results

3.1. Animal characteristics at baseline

Between June 2017 and August 2018, five dogs with a median age
of 10 years (Q1, Q3; 9, 10 years) were included. At baseline, all dogs
were referred to the veterinary clinic for urinary retention and
reduced quality of life. Presence of prostate cancer was suspected on
CT, when an enlargement of the prostate was associated to enhance-
ment of thin septa surrounding a central hypoattenuating zone after
intravenous administration of iodinated contrast material (Fig. 1). CT
also showed metastatic spread as pelvic lymph nodes with or without
small lung nodules in all dogs. Histopathological analysis demon-
strated complete invasion of the gland in all dogs, with vascular and
lymphatic involvement. No hematological nor biochemical abnor-
malities were observed. The baseline characteristics of the dogs are
shown in Table 2.

3.2. Angiographic findings and PACE

Angiography of both internal iliac arteries showed staining of con-
trast material in the prostate, with mild hypervascularization, sug-
gestive of prostate cancer. All prostatic arteries arising from the
anterior branch of the internal iliac artery were enlarged (Fig. 2).
Prostate arteries of all dogs were super-selectively catheterized on
both sides. A median dose of 3 mL (Q1, Q3; 2.5, 3 mL) docetaxel-
loaded SAP was injected in both prostate arteries, accounting for a
median total amount of 18 mg (Q1, Q3; 11.8, 20 mg) docetaxel,
Table 2
Baseline characteristics of the dogs.

Dog number Breed Gender Age (years) Weight (Kg) Quality of li

1 Cross breed Neutered male 11 7.8 20

2 Beagle Neutered male 9 15.5 35
3 French Pointer Neutered male 9 31.2 27
4 Cross breed Neutered male 12 17.3 28

5 Jack Russel Terrier Neutered male 10 7.7 27

* Quality of life score: from 13 for the best to 65 for the worst quality of life.
** Assessed on contrast-enhanced computed tomography.
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representing 90 to 98% of the planned dose. All animals tolerated
well the procedure and no immediate complications were observed.

3.3. One-month follow-up

All dogs were successfully discharged at day 2. Dog # 2 was eutha-
nized at day 25 because of rapid worsening of general status. All four
surviving dogs showed a decrease in their quality of life (median
baseline score 23 vs. 45 at one month). Urinary retention (VCOG-
CTCAE V1.1 grade III) occurred in three dogs during the first month.
All were successfully managed with alfuzozine. One dog experienced
grade I (VCOG-CTCAE V1.1 classification) urinary incontinence during
the first month due to major prostate gland necrosis following PACE
and spontaneously resolved (Fig. 3).

3.4. Midterm post-PACE follow-up

Two of the four dogs were euthanized before day 60 because of
rapid disease progression with lung and bone metastases and major
worsening of their performance status. The two remaining dogs were
euthanized at day 91 and day 145 because of disease progression with
bone and lung metastases and a decrease in their performance status.
The clinical and morphological outcomes are summarized in Table 3.

3.5. CT findings and changes in prostate volume

At 30 days, contrast-enhanced CT showed a median prostate
volume of 6.2 cm3 (Q1, Q3; 6.2, 11 cm3) with a median decrease
fe score* Prostate volume** (mL) Gleason score Metastatic spread

18.41 5 + 5 = 10 2 < 10 mm lung nodules + Pelvic
lymph nodes

32.1 5+ 5 = 10 Pelvic lymph nodes
37.98 5 + 4 = 9 Pelvic lymph nodes
10.97 5 + 5 = 10 2 < 10 mm lung nodules + Pelvic

lymph nodes
12.04 5 + 5 = 10 Pelvic lymph nodes

). Il est interdit et illégal de diffuser ce document.



Fig. 3. 11-year-old dog (dog # 1) with prostate cancer treated with intra-arterial che-
moembolization. The prostate volume decreased by 66% at day 30 and 77% at day 60
following intra-arterial chemoembolization. A, Pelvic CT image in the axial plane
obtained at day 30 following intra-arterial chemoembolization of prostate arteries
shows a broad necrotic area (star) with only the capsule (arrow) remaining. B, Pelvic
CT image in the axial plane obtained at day 60 following intra-arterial chemoemboliza-
tion of prostate arteries shows a large hypoattenuating prostate containing internal gas
(arrowhead) suggestive for extensive necrosis.
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of 47 =%. Dog # 4 showed extensive necrosis of the prostate that
led to grade I urinary incontinence. At day 60, CT showed a 78%
and 65% decrease in prostate volume for the two dogs that were
still alive.

3.6. Docetaxel safety profile

The plasma levels of docetaxel over the entire blood-sampling
period are report in Fig. 4. The highest docetaxel plasma concentra-
tion levels were recorded at 40 minutes after PACE with a Cmax of
83.28 ng (Q1, Q3; 51, 98 ng). The AUC of docetaxel was 29333.42
ng £ min/mL (Q1, Q3; 12304, 41551 ng £ min/mL). The median half
time was 388 min-1 (Q1, Q3; 349, 447 min�1) and the elimination
rate constant was k = 0.0017 min�1 (Q1, Q3; 0.0015, 0.0020 min�1).

3.7. Pathological findings

Only four of the five dogs had a pathological examination after death
after PACE. The organ harvest of Dog # 2 was not performed at the
request of the dog’s owner. Pathological examination showed necrosis
involving a median of 88% (Q1, Q3; 73, 95%) of the prostate volume. His-
topathological examination revealed 1 to 30% of the remaining viable
Table 3
Follow-up and change in prostate volume.

Day 3

Dog # Quality of
life scorez

Urinary complication
gradezz

General status Prostate
volume (m

1 32 3* Stable disease 6.27
2 N.D. N.D. N.D. N.D.
3 50 0 Disease Progression 25.03
4 44 1** Stable disease 6.09
5 49 3* Disease Progression 6.17

Day 6

Dog # Quality of
life scorez

Urinary complication
gradezz

General status Prostate v

1 37 0 Disease Progression 4.1
2 N.D. N.D. N.D. N.D.
3 N.D. N.D. Disease Progression N.D.
4 50 1** Disease Progression 3.8
5 N.D. N.D. Disease Progression N.D.
z Quality of life score: from 13 for the best to 65 for the worst quality of life.
zz VCOG-CTCAE.V1.1 Urinary Grade.
* Urinary retention.
** Urinary incontinence; N.D.: not done.
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tumor, with a low rate of mitosis. Inflammatory reaction and fibrosis
were limited in all dogs (Table 4). No rectal or bladder wall ischemic/
necrotic damage related to PACE were observed. Beads were found in
the intra-prostatic arteries and tumors (Fig. 5). Intravascular beads were
surrounded by fibro-muscular stroma, with a thick rim of epithelioid
macrophages, lymphocytes, and multinucleated giant cells. Intratumor
beads were found in a fibrinous transformation tissue containing epi-
thelioid macrophages and multinucleated giant cells (Fig. 5). No beads
were found in the bladder wall.

4. Discussion

Herein, we report that PACE using docetaxel-eluting beads is able
to induce a significant reduction in prostate volume and necrosis of
most of the gland, with no major complications in canine prostate
cancer.

The canine prostate gland shares many morphological and func-
tional similarities to that of humans [13]. Canine prostatic tumors are
derived from urothelial or ductal cells, and their growth is most often
androgen-independent [14−16]. Comparative pathogenic studies
have shown canine prostate cancer to be similar to hormone-resis-
tant human prostate cancer [17,18].

Three previous studies (two on humans, one on pet dogs) have
tested the treatment of prostate cancer using an intra-arterial approach
[19−21]. Pisco et al. tested chemotherapy and embolization using amix-
ture of chelidonium majus mother tincture and docetaxel followed by
bead embolization in 16 patients with localized prostate cancer as an
alternative to conventional treatment [15]. They were able to show a
short-term biological response but the biological relapse rate at 12
months was 37.5% [19]. In addition, no histopathological analysis was
performed to confirm the biological response. These results are not suf-
ficient to support this approach in clinical application. Mordasini et al.
performed bland embolization before radical prostatectomy for local-
ized prostate cancer in 12 patients [20]. The goal of this trial was to
reduce metachronous tumor recurrence, allowing safer and margin-free
surgery. Despite two patients with complete target lesion necrosis, all
12 patients had secondary cancerous foci or remaining viable target
lesion cancer in the remaining gland. They failed to achieve complete
eradication of prostate cancer [20].

Intra-arterial chemotherapy has already been tested in canine
prostate cancer. Culp et al. reported an increase in local tumor
0

L)
Decrease in
prostate volume (%)

Note

65.9
N.D. Euthanized at Day 25
34.1 Progression of lymph node metastases
44.5 Prostate necrosis
48.8 Progression of lymph

node and lung metastases

0

olume (mL) Decrease in
prostate volume (%)

Note

77.6 Euthanized at Day 91
N.D. Euthanized at Day 25
N.D. Euthanized at Day 41
65.0 Euthanized at Day 145
N.D. Euthanized at Day 46
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Fig. 4. Pharmacokinetic analyze curve. Peak concentration of docetaxel was obtained 40 min after injection, with a median maximal concentration of 83.28 ng (Q1, Q3; 51, 98 ng)
with limited systemic passage over time (AUC, 29333.42 ng £min/mL; Q1, Q3: 12304, 41551 ng£min/mL).

O. Pellerin, C. D�ean, P. Reb et al. Diagnostic and Interventional Imaging 102 (2021) 709−715

© 2021 
response in a comparative study aiming to compare intra-arterial car-
boplatin infusions and intravenous injection, in accordance with the
study results [21]. They showed that dogs treated with the intra-arte-
rial injection exhibited fewer hematological complications.

The oncological challenge of prostate cancer treatment is to
achieve complete eradication with the lowest possible morbidity
(preservation of urinary continence and sexual function). The risk
of leaving metachronous lesions is one of the limitations of focal
treatment. Focal therapy (high-intensity focused ultrasound, irre-
versible electroporation, cryotherapy, and laser) has been
Fig. 5. Histopathological analysis after hematoxylin and eosin staining at a magnifica-
tion of 4 £ and 20 £ . The prostate is massively necrotic after chemoembolization, con-
taining a residual tumor islet. Three microspheres (b) located in a necrotic fibrinous
exudate (star), near viable tumor nodules (T), are shown (Scale bar = 500 mm). The
image at a magnification of 20 £ (Scale bar = 50 mm) shows beads surrounded by epi-
thelioid macrophages and multinucleated giant cells.
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proposed to ablate prostate cancer tissue with limited side effects
[22]. However the major limitation of these approaches is the risk
of metachronous tumor recurrence in the remaining prostatic tis-
sue [23]. The aggressive nature of docetaxel-eluting bead chemo-
embolization paves the way for a new application in the treatment
of prostate cancer.

In our study, no major complications, such as non-target emboli-
zation or hematological events, were observed [24]. Furthermore, the
study shows that this approach has an excellent pharmacological
safety profile, exhibiting very low systemic passage of docetaxel.
These findings suggest low rates of hematological and myocardial
toxicity in future application in human.

Docetaxel was chosen as the drug for PACE because it is a standard
of care for first-line treatment of metastatic hormone-resistant pros-
tate cancer and it has shown superior efficacy compared to other che-
motherapies [25]. The combination of docetaxel with drug-eluting
beads is not completely obvious, as docetaxel is alcohol soluble, as
opposed to other chemotherapeutics, which are mostly water-solu-
ble. Super absorbent polymers are characterized by a spherical shape,
calibration, biocompatibility, and ease of fluid absorption due to its
superabsorbent property. Docetaxel can be loaded onto SAP when it
is dissolved in a nonionic contrast agent [7]. The combination of both
products has been already tested in the context of compassionate
care for locally advanced breast carcinoma and ovarian carcinoma/
breast cancer liver metastases [26−29]. The size of 50 to 100-mm dry
SAP to obtain 200 to 400-mm microspheres after docetaxel loading
was chosen to avoid non-target embolization, as previously proposed
[30,31]. When prepared as described, this results in a gel that is easy
to inject into the microcatheter. The viscous nature of the docetaxel-
SAP allows for safe injection into the prostate arteries, with deep pen-
etration of the eluted beads (observed by histopathology), with a lim-
ited risk of non-target embolization. Furthermore, this approach
makes it possible to achieve a high intratumor drug concentration
and long-lasting delivery. This is associated with low systemic doce-
taxel release. Given the 2 to 30% of residual tumor remaining,
sequential treatment using 1, 2, or 3 PACE sessions four weeks apart
could be proposed.

Docetaxel-PACE has several potential advantages for prostate can-
cer treatment. For patients under active surveillance whose disease
requires better management, docetaxel-PACE can be proposed first,
without precluding later therapy such as surgery or radiation ther-
apy. Patients eligible for focal treatment (high-intensity focused
ultrasound, irreversible electroporation, or cryoablation) can benefit
from docetaxel-PACE to overcome the high rate of metachronous
). Il est interdit et illégal de diffuser ce document.



Table 4
Histopathological analyses of the animals after death.

Dog # Prostate Bladder

necrosis Tumor cells No. of tumor cell
mitoses / 10 fields

Inflammatory
reaction*

Fibrosis* Vascular and lymphatic
tumor emboli*

Presence
of beads*

Invasion by the
prostate tumor*

Wall Necrosis* Presence of beads*

1 95% 2% 1 + + - +++ - - -
2 ND ND ND ND ND ND ND ND ND ND
3 50% 25% 3 ++ ++ +++ ++ ++ - -
4 95% 3% 1 + + + +++ - - -
5 80% 12% 2 + + +++ ++ ++ - -

* Indicates +++ prominent, ++ moderate, + mild, and - none. ND: not done.
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tumor recurrence [32]. Relapse after radiation therapy suggests that
only radical and extensive prostatectomy can be managed safely.

This study had several limitations. First, the late diagnosis of pros-
tate cancer at a metastatic stage, associated with the high degree of
aggressiveness of canine prostate cancer, did not allow to study sur-
vival after PACE. Second, a larger sample of animals would allow an
accurate description of PACE efficacy and toxicity. Human trials
should consider the need for repeat PACE to achieve complete eradi-
cation of the tumor.

In conclusion, this animal study shows that PACE with docetaxel-
eluting beads is feasible and allows achieving up to 70% decrease in
prostate volume with acceptable safety profile.
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