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Objective: To determine if a repeat intraarticular (IA) injection of a tin-117m colloid
radiosynoviorthesis (RSO) agent can be safely given in the same joint 12 months after an
initial injection for treatment of canine elbow osteoarthritis (OA), and to evaluate the pain
reduction effect of the repeat injection.

Methods and Materials: Nine client owned dogs with grade 1 or 2 elbow OA were given
an IA injection of tin-117m colloid in both elbows, one of which had been treated <12
months earlier with the same RSO device. Treatment safety was evaluated by joint fluid
analysis at baseline (BL) and at 180 days after treatment, and by urinalysis, CBC, and serum
chemistry analysis of diagnostic samples obtained at BL and 180 days. Radiographs,
computed tomography, and MRI scans were obtained at BL and 180 days to determine if
disease progression differed in elbows given one versus two injections. Clinical response to
treatment was assessed subjectively by dog owner responses to the Canine Brief Pain
Inventory (CBPI) survey at BL, 90 and 180 days, and objectively by investigator-
conducted force plate (FP) analysis of dogs at BL, 90, and 180 days.

Results: All post-treatment urinalysis, CBC and clinical chemistry results were within
normal ranges. Joint fluid analysis showed a significant (P=0.0411) reduction in the percen-
tage of monocytes at 180 days, consistent with the tin-117m colloid mode of action of
apoptosis of pro-inflammatory macrophages at the injection site. There was no significant
difference in OA progression in elbows given one or two injections. The treatment success
rate was 55.5% (5/9) on day 90 as determined either by CBPI responses or FP analysis, and
66.6% (6/9) on day 180 as determined by FP analysis.

Conclusion: The tin-117m colloid can be safely given as a repeat injection 12 months after an
initial injection, and can potentially provide a durable therapeutic response in dogs with elbow OA.
Keywords: osteoarthritis, canine elbow, radiosynoviorthesis, radionuclide, Canine brief pain
inventory, force plate

Introduction

Treatment of osteoarthritis (OA) in companion animals typically employs
a multimodal approach, with no single therapy representing a definitive standard
of care or treatment modality. The therapeutic goal focuses on relieving pain,
inflammation, and clinical signs using an assortment of agents, including non-
steroidal anti-inflammatory drugs (NSAIDS), hyaluronic acid injections, piprants,
cocorticosteroids, nutraceuticals, and regenerative therapies. In veterinary medicine,
radiosynoviorthesis (RSO) is an emerging OA therapy that is unique because it
selectively targets the synovium for alleviating the clinical signs of joint disease.

Received: 23 October 2021
Accepted: 9 December 2021
Published: 17 December 2021

Veterinary Medicine: Research and Reports 2021:12 325-335 325
© 2021 Donecker et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
BY N

terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing
the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-5080-8732
mailto:jdonecker@exubrion.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Donecker et al

Dove

Synovitis is the initial lesion in degenerative joint
disease (DJD) and its OA end stage.lf3 Acute or chronic
synovitis triggers a pernicious inflammatory process
leading to cartilage degradation and loss.*”” The normal
synovium is devoid of inflammatory cells. However,
early-onset synovitis results in significant over-
expression of pro-inflammatory mediators and cytokines,
infiltration of inflammatory cells, production of degrada-
tive enzymes, synovial neo-vascularization, and
increased expression of the inflammatory biomarker
C-reactive protein, as well as marked hyperplasia and
permeability of the synovial lining."*>7"'? In the joint
micro-environment, synovitis becomes a potent driver of
OA changes including cartilage loss, osteophyte forma-
tion, bone remodeling, and joint space narrowing. Studies
in dogs have shown that synovitis is a consistent and
prominent feature of symptomatic but pre-radiographic
joint pathology, occurring well before significant osteoar-

occur.!1#

thritic changes Large-scale, prospective
human studies have shown that even low-grade synovitis
is associated with progression of cartilage lesions and
more severe baseline chondropathy, more severe OA
progression, and progression to joint replacement.'> "’
The inflammatory cascade also sensitizes synovial neu-
rons, eliciting a pain response superimposed on the joint
degradation process.'®'?

The RSO mode of action is macrophage apoptosis and
localized ablation of inflamed synovial cells, resulting in
some scarring and reduced vascularity. This is the result of
IA injection of a radionuclide, an isotope that emits ionizing
radiation, which penetrates the two-to-three cell thickness of
the synovial membrane. This approach has several note-
worthy advantages. By limiting its therapeutic activity to
the synovium and avoiding systemic distribution or effects,
RSO enables extra-articular co-therapies to be used without
restriction, including those with systemic effects such as
NSAIDS. When used as a localized co-therapy, RSO can
potentially reduce reliance on daily NSAIDS with their
known potential for toxicities.’>*' When administered at
the outset of or early in the OA pathway, RSO potentially
limits, delays, or prevents irreversible osteoarthritic pathol-
ogy. Radiosynoviorthesis also has a relatively long duration
of activity so that its analgesic and anti-inflammatory effects
can persist for weeks or months after a single IA
injection.”?%*

Radiosynoviorthesis originated in Europe, where it
has a history of success for outpatient treatment of OA

as well as rheumatoid arthritis and psoriatric arthritis in

human patients.”>*>?7 For example, a review of five
studies of rhenium-186 reported a 40-78% reduction in
OA symptoms lasting 6-18 months in treated joints
(n=133) of human patients.>® Early types of RSO used
high-energy, beta-emitting radionuclides such as
yttrium-90 (°°Y), rhenium-186 ('*°Rh), and erbium-169
(**°Er), which have a relatively wide tissue penetration
range of 50-5000 um and a relatively short half-life (t,,)
of 3-10 days.”**>?’ While these radionuclides have
been widely used in clinical practice, they have two
limitations: variable degrees of soft tissue penetration,
which risks irradiation of non-target tissue, and short
half-lives, which create storage and logistical problems
and may deliver irradiation of insufficient duration for
optimum effect.

The radionuclide ''"™Sn (tin-117m) embedded in
a homogeneous colloid is a novel RSO designed for 1A
administration to treat synovial inflammation and mitigate
OA in dogs.****?*3! In contrast to the high-energy beta
radiation emitted by earlier RSO agents, tin-117m emits
low-energy conversion electrons, which have a short, non-
diminishing, well defined tissue penetration range of ~300
pm (0.3 mm), approximating the synovial thickness, and
a ty, if 14 days.*>?*3%3! These properties give tin-117m
radio-emissions a precise range of penetration that avoids
exposing non-synovial tissues to radiation, and a duration
of effect that spans several half-lives (approximately 42—
90 days), sufficient to exert a sustained therapeutic effect
for up to a full year.?’

Earlier studies in client-owned dogs with elbow OA
demonstrated that tin-117m reliably avoids treatment-
associated adverse effects and provides significant analge-
sia lasting up to 12 months following a single IA
injection.”®?* In one study, the investigators reported
a 89.5% (17/19) positive treatment success rate in dogs
with grade 1 and 2 elbow OA as determined by force plate
analysis. In a study of dogs with more advanced grade 3
elbow OA, the success rate varied from 66.7% to 72.%
depending on the post-treatment interval, which ranged
from 90 to 365 days.”* The study reported here is an
extension of an earlier study that evaluated clinical effec-
tiveness of tin-117m in dogs with grade 1-2 elbow OA.?'
Our objective was to determine if a repeat injection of tin-
117m can be safely given in the same joint a year after the
original IA dose, and if a favorable clinical response was
observed six months after administration of the repeat

injection (18 months after the original IA injection).
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Materials and Methods
Study Animals

Ten client owned dogs (N=8 male, 2 female) residing with
their caretakers were enrolled in the study. Dogs ranged in
age from 3.75-12.0 yrs (mean 7.5 yrs) and in weight from
14.7-47.5 kg (mean, 32.1 kg). All dogs were previously
diagnosed with naturally occurring, clinically apparent
grade 1 or 2 elbow OA, and participated in an earlier
study evaluating the clinical response to IA injection of
tin-117m colloid into the elbow joint.>' Owners provided
written consent for experimental RSO treatment of their
dogs and participation in the 12-month repeat injection
study. Dogs were managed in accordance with the
Institutional Care and Use Committee (IACUC) welfare
protocols at their respective centers. The University of
Missouri College of Veterinary Medicine study reference
number is 49062 and the Louisiana State University (LSU)
School of Veterinary Medicine study reference number is
44181. The amendment to IACUC protocol #16-008 to
conduct this re-injection study was reviewed and approved
by the LSU School of Veterinary Medicine Clinical
Protocol Committee and by the LSU Institutional Animal
Care and Use Committee.

Therapeutic Device

The radio-therapeutic device was a sterile, homogeneous
colloid of tin-117m in ammonium hydroxide solution with
a pH of 6.5-9.0, supplied as a 24 mCi (74-148 MBq)/mL)
sterile suspension packaged in single-patient vials
(Synovetin OA®, Exubrion Therapeutics, Buford, GA).
Each dose had a potency of 1.75 mCi (64.75 MBq) for an
IA dose administered to a 22.7 kg (50 Ib) dog. Individual
dosages were calculated based on the dog’s body surface
area adjusted relative to a 22.7 kg dog. Prior to administra-
tion, the vial was gently shaken for approximately 10 sec-
onds to ensure proper mixing of the tin-117m colloid, and
then administered by IA injection with a 22-guage needle.
The procedure was performed during general anesthesia
while the dog was in lateral or dorsal recumbency depend-
ing on the clinician’s preference. A detailed description of
the anesthesia protocol and injection procedure has been

previously described.**>!

Study Sites

The study was conducted at two centers, the School of
Veterinary Medicine at Louisiana State University, and the
College of Veterinary Medicine at the University of

Missouri. The primary investigator at each site performed
all diagnostic evaluations, clinical assessments of pain,
and ensured compliance with the study protocol and ani-
mal welfare guidelines.

Study Design

The study was an extension of an earlier, pilot study where
dogs with bilateral grade 1-2 elbow OA were treated with
IA injection of tin-117m colloid in one of the affected
joints.*' The tin-117m dosage in the pilot study varied
from 1.0 to 2.5 mCi per injection. In the follow-up study
described in this report, dogs were given an injection of
the same therapeutic device at the recommended dosage of
1.75 mCi in both elbows, one of which had been pre-
viously treated <12 months earlier. This format allowed
comparison of elbows that had been treated once or twice
in each dog.

Dogs that received the recommended tin-117m dose
were classified as per-protocol (PP) animals. Dogs that
received a dose >20% greater or less than the recom-
mended dose were designated as intent-to-treat (ITT) ani-
mals. Diagnostic samples for purposes of safety evaluation
were obtained at the pre-treatment baseline (BL) and at
180 days after treatment. All testing of diagnostic samples
was performed by an independent laboratory. A nuclear
scintigraphy scan of each treated joint was performed
within 24 hours and 90 days after treatment to confirm
in situ retention of the tin-117m colloid and to determine if
there was distribution of the radionuclide beyond the
synovial target tissue. Disease progression in treated
elbows was evaluated by various diagnostic imaging meth-
ods performed at BL of the original grade 1-2 elbow OA
study, at BL of the repeat-injection study, and 180 days
thereafter. Pain assessments in the repeat-injection study
were performed on-site at BL, 90, and 180 days by clin-
icians and clients.

Disease Progression

Disease progression in treated joints was determined by
three imaging methods performed under general anesthesia
at BL and at 180 days: radiographs, computed tomography
(CT), and magnetic resonance imaging (MRI). All diag-
nostic images were evaluated by a board-certified radiolo-
gist. The presence of grade 1 or 2 elbow OA at BL was
radiographically confirmed in each treated elbow. Elbows
were assigned a disease progression score at the 180-day
time point. A score of —1 (worse), 0 (no change), or +1

(improved) was determined based on osteoarthritic
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changes from BL as indicated by joint space changes and
presence of erosions, bony fragments, sclerosis ankylosis,
osteochondrosis dissecans (OCD) lesions, or periarticular
osteophytes.

Radiography was performed with dogs placed in two
positions, lateral recumbency with the x-ray centered on
the medial epicondyles of the elbow, and sternal recum-
bency with the x-ray centered over the elbow joint and
angled 20 degrees from vertical. Computed tomography
and MRI scans of treated elbows were performed to iden-
tify elbow OA lesions not evident on radiographic
evaluation.

Magnetic resonance imaging was performed to iden-
tify pre-existing conditions not evident on radiographs.
Following induction of anesthesia, dogs were placed in
either dorsal or sternal recumbency, whichever provided
the most stable positioning on the imaging table. The
elbow joints were encircled with an imaging coil, which
receives the signal from the tissue. The dog’s position
was maintained using a vacuum-locked positioning
device. The dog was then moved into the imaging
volume of the MRI scanner using the incorporated
table. Once the dog was in position within the scanner,
2-5 scanning sequences lasting from 4-8 minutes each
were obtained. The scan sequences chosen were opti-
mized for evaluation of the joint structures including
subchondral bone, cartilage, supporting ligaments and
synovium. The continuous MRI variables used to mea-
sure disease progression were cranial joint pouch width,
caudal joint pouch width, cranial synovial body width,
and caudal synovial body width. Categorical MRI vari-
ables were medial coronoid process fragmentation pre-
sence, radial ulnar subchondral joint erosion, and the
disease progression rating from BL or previous visit.
Categorical variables assessed by CT to measure disease
progression included medial coronoid process fragments,
radial ulnar joint erosion, presence of OCD lesions in
the humerus or proximal radius, sclerosis of the semi-
lunar notch, width of the humeral ulnar or humeral
radial joint, presence of periarticular osteophytes, and
disease progression rating. A four-point scoring system
was used to grade OA lesions such as osteophyte for-
mation using the following scale:

Grade 0 = absence of lesions

Grade 1 = minor lesion severity

Grade 2 = moderate lesion severity

Grade 3 = severe lesion severity

Safety Assessment

Blood samples were collected from each dog by venipunc-
ture to obtain complete blood count and serum chemistry
values. Urinalysis was performed for a 20—30 mL sample
obtained from each dog by free catch or ultrasound-guided
cystocentesis. Joint fluid aspiration of a 0.5-1.0 mL sam-
ple from both elbows of each dog was performed imme-
diately before tin-117m injection and 180 days after
treatment to evaluate cellular and protein composition of
the joint fluid samples.

Nuclear scintigraphy was performed for each dog at
BL and 90 days after injection. An Anger camera colli-
mator was positioned for a one minute period on each
treated joint and the dog’s abdomen immediately after IA
injection of tin —117m colloid and at 90 days post treat-
ment. Lymph nodes and the liver were scanned for each
dog to determine if extra-articular uptake of colloid
occurred at these sites.

Pain Assessment

Joint pain in the study animals was measured by two
methods, dog owner subjective assessments of pain sever-
ity and pain interference with normal activity, and an
objective force plate analysis performed by the study
investigators. Dog owners completed a CBPI survey at
BL, 90 and 180 days. The CBPI instrument has been

32735 and consists

validated for canine OA and cancer pain,
of two components, a four-item pain severity score (PSS)
and a six-item pain interference score (PIS). Numerical
PSS scores were assigned on a scale ranging from 0
indicating no pain to 10 indicating extreme pain. The
scale for the PIS (pain interference scale) is 0, indicating
no interference, to 10, indicating complete interference
The CBPI success rate was defined as an improvement
of >1.0 in the PSS score or Improvement of >2.0 in the
PIS score. Because the study animals were client owned
and did not reside at the study center, clinical exams to
assess pain or treatment safety were performed only at 90-
day intervals from BL to 180 days.

Force plate analyses were conducted at BL, 90, and 180
days for dogs in the PP population. Investigators at both
study sites used the same commercially available FP soft-
ware (Acquire version 7.3, Sharon Software, Inc., Dewitt,
MI) and gait analysis platform (Model OR6-WP-1000,
Advanced Medical Technology, Newton, MA). Each dog
underwent five successive FP trials at each time point,
with the data analyzed for peak vertical force (PVF) and
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mean vertical impulse (MVI) as previously described.®' If
the change in PVF or MVI was found to be >5% greater than
at BL for either forelimb at either the 90 or 180 day time
point, the RSO treatment was considered to be successful.

Statistical Analysis

Data analyses were performed with statistical analysis
software (SAS, version 9.4, SAS Institute Inc, Cary,
NC). For those variables that were assessed for each
elbow, the elbow was the experimental unit. For those
variables that could only be evaluated for the whole ani-
mal, the dog was the experimental unit. For determination
of treatment success, tests of statistical significance were
completed at a two-sided alpha level of 0.05. Safety vari-
ables were evaluated at a two-sided alpha level of 0.10.
Within-group P-values for the changes from BL to day 180
were generated by either the paired #-test or Wilcoxson
signed rank test, depending on the distribution of data. For
the CBPI assessments, comparisons were made for mean
values obtained at BL and Days 90 and 180. No hypoth-
esis testing was performed for the CBPI or FP results.

Results

Study Population

Of the 10 dogs originally enrolled, nine received the
intended IA dose of tin-117m colloid and were considered
PP animals. One dog that received a delivered dose that
was >20% below the intended dose (1.65 mCi vs 2.19
mCi) was considered an ITT animal. Safety of the tin-
117m device was evaluated for all 10 dogs. Pain was
assessed only in the nine PP dogs.

Safety Assessment

There were no local or systemic adverse events associated
with tin-117m injection in any of the study dogs. Joint fluid
cellular composition in treated elbows at 180 days varied
from BL as shown in Table 1. There was an increased
percentage of joint fluid neutrophils and lymphocytes, and
a significant (P=0.0411) decrease in the percentage of mono-
cytes. There were some significant variations compared to
BL in some CBC and clinical chemistry values in ITT dogs
(Table 2), but none of the mean values for these parameters
was outside the diagnostic reference range. There were no
statistically significant differences in urinalysis parameters
from BL to day 180, and none of the mean urinalysis values
were outside the reference range.

Table | Mean Variations from Baseline in Joint Fluid Cellular
Composition in Dogs* 180 Days After Repeat Injection with Tin-
I17m Colloid

Cell Type Mean % Change from BL (£SEM) P-value
Neutrophils 21.00 (£9.17) 0.0839
Lymphocytes 5.50 (+2.70) 0.0977
Monocytes —23.50 (+8.59) 0.0411

Note: *Includes dogs in the intent-to-treat population (N=10).
Abbreviations: BL, baseline; SEM, standard error of the mean.

Table 2 Mean Variations from Baseline in Blood Count and
Clinical Chemistry Values in Dogs* 180 Days After Repeat
Injection with Tin-117m Colloid

Parameter Mean % Change from | P-value
BL (+SEM)

Neutrophils 6.44 (£2.49) 0.0322
Lymphocytes —7.33 (£1.84) 0.0040
Total protein (g/dl) —0.24 (%0.12) 0.0720
Calcium (mg/dl) —0.27 (+0.00) 0.0092
Alkaline phosphatase (U/L) 12.11 (£5.72) 0.0671
Alanine transaminase (U/L) —0.56 (£3.92) 0.8908
Glucose (mg/dl) =111 (£1.73) 0.538I
Creatinine (mg/dl) —0.05 (x0.03) 0.2969
Urea nitrogen (mg/dl) —0.67 (+£0.96) 0.5060

Note: *Includes dogs in the intent-to-treat population (N=10).
Abbreviations: BL, baseline; SEM, standard error of the mean.

Nuclear scintigraphy confirmed the presence of >99%
of tin-117m colloid in all 20 treated joints of the ITT
population within 24 hrs after IA injection. At 90 days
after injection, scintigraphy showed the colloid was still
retained in situ in all dogs. There was no uptake in drain-
ing lymph nodes in eight dogs at either time point. There
was minor accumulation in the draining lymph nodes of
two dogs, one on day 1 and another on day 90. The dog
that had minor lymph node colloid presence on day 1 also
had slight accumulation in the liver on day 90. Colloid
presence was not detected in other abdominal organs of
any treated dog.

Disease Progression
Disease progression from BL to day 180 in treated elbows
of dogs in the PP group as determined by the three
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Table 3 Summary of Disease Progression Outcomes Determined by Diagnostic Imaging of Canine Elbow Joints 180 Days After

Injection with Tin-117m

Imaging Method & No. IA Injections IA Osteoarthritis Progression in Treated Elbows
Improved No Change Worse

Radiograph*

| Injection 0/7 (0%) 4/7 (57.1%) 3/7 (42.9%)

2 Injections 0/9 (0%) 4/9 (44.4%) 5/9 (55.6%)
CT*

| Injection 0/8 (0%) 4/8 (50.0%) 4/8 (50.0%)

2 Injections 0/10 (0%) 7110 (70.0%) 3/10 (30.0%)
MRI*

| Injection 1/8 (12.5%) 3/8 (37.5%) 4/8 (50.0%)

2 Injections 0/9 (0%) 3/9 (33.3%) 6/9 (66.7%)
All Images

| Injection 1/23 (0.4%) 11/23 (47.8%) 11/23 (47.8%)

2 Injection 0/28 (0%) 14/28 (50.0%) 14/28 (50.0%)

Notes: *Radiographs and MRI scans were obtained for 9 dogs in the per-protocol (PP) population. CT scans were obtained for 10 dogs in the intent-to-treat population.
Abbreviations: CT, computed tomography; IA, intraarticular; MRI, magnetic resonance imaging.

imaging modalities (radiograph, CT, and MRI) is summar-
ized in Table 3. For elbows that received two IA tin-117m
injections, radiographic analysis showed a significant
(P<0.05) increase in mean OA severity from BL of the
original grade 1-2 study to day 180 of the repeat-injection
study (an 18-month period). For elbows that received one
tin-117m injection, the difference in mean OA severity
from the repeat-injection BL to day 180 (a 6-month per-
iod) was non-significant.

There was little difference in the incidence of disease
progression in elbows that received one or two IA injec-
tions of tin-117m colloid. Disease progression was shown
in 11/23 (47.8%) images of elbows that received one IA
injection versus 14/28 (50.0%) images of elbows that
received two IA injections. Only one imaging study
showed improvement in osteoarthritic lesions, an MRI
scan of an elbow that was treated with a single TA dose

of tin-117m colloid. All other images showed no change in
OA progression in elbows given one or two IA injections.

Computed tomography results showed a significant
increase (P=0.0169) in severity of periarticular osteo-
phytes from the BL of the original grade 1-2 study
to day 180 of the current study (Table 4). For example,
the incidence of grade 1 osteophyte formation at the ori-
ginal grade 1-2 study BL declined from 44.4% (8/18
elbows) to 5.6% (1/18) at 180 days, while the incidence
of severe, grade 3 osteophyte formation increased from
5.6% (1/18) prior to treatment to 27.7% (5/18) at 180 days.

Pain Assessment

The mean CBPI scores reported by owners of dogs in the PP
population showed reductions in pain severity and pain inter-
ference at the 90 and 180-day time points compared to BL
(Table 5). The mean PSS and PIS both declined by >1.0 point

Table 4 Computed Tomography Evaluation of Periarticular Osteophyte Severity in Elbow Joints of Dogs at Baseline and 180 Days

After Intraarticular Injection with Tin-117m Colloid

Study Interval Periarticular Osteophyte Severity (No. Elbow Joints, %)

Grade | Grade 2 Grade 3
Pre-treatment* 8/18 (44.4%) 9/18 (50.0%) 1/18 (5.6%)
180 days post-2"? injection 1/18 (5.6%) 12/18 (66.7%) 5/18 (27.7%)

Note: *Baseline of original grade 1-2 study prior to intraarticular injection.
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Table 5 Clinical Assessments of Pain in Dogs* Receiving Repeat Elbow Joint Injections of Tin-117m Colloid

Assessment Baseline 90 Days 180 Days
CBPI mean PSS 2.83 (x1.96) 1.78 (£1.78) 1.92 (+1.88)
CBPI mean PIS 3.32 (£2.56) 2.24 (£2.13) 2.00 (+2.87)
No. dogs with CBPI PSS 2| reduction from BL NA 5/9 (55.5%) 4/9 (44.4%)
No. dogs with CBPI PIS 22 reduction from BL NA 3/9 (33.3%) 2/9 (22.2%)
CPBI success rate NA 5/9 (55.5%) 4/9 (44.4%)
Force Plate success rate! NA 5/9 (55.5%) 6/9 (66.6%)

Notes: *Includes dogs in the per-protocol population (N=9). fIndicates =5% improvement from BL in peak vertical force or vertical impulse in the treated elbow.
Abbreviations: BL, baseline; CBPI, canine brief pain inventory; NA, not applicable; PIS, pain interference score; PSS, pain severity score.

at 90 days and remained lower than BL by 0.9—-1.1 points at
180 days. The CBPI success rate was 55.5% (5/9 dogs) at 90
days and 44.4% (4/9) at 180 days. One of the nine PP dogs
had a PSS score that increased from BL (by 0.75 points at 90
days). Another dog had a PIS score that increased from BL
(by 0.83 points at 90 days and 1.33 points at 180 days). Thus,
while 5/9 PP dogs met the CBPI criteria for treatment suc-
cess, only two dogs had an increased pain score at either the
90- or 180-day time points.

Force plate results (Table 5) measured by the study inves-
tigators for the PP dogs showed >5% improvement in PVF or
MVI in 5/9 dogs (55.5%) at 90 days and 6/9 dogs at 180 days
(66.6%) after RSO treatment. Table 6 shows FP symmetry
indices for eight PP dogs comparing the PVF and M VI ratios.
The indices were calculated as the ratio of FP values for
elbows treated twice divided by the values for the elbows
treated once. One PP dog was excluded from the symmetry
index calculation because both elbows received two injections.

Discussion
The possibility of therapeutic overuse leading to adverse side
effects is a concern for any novel treatment, particularly one

involving a radionuclide. This is the first study to evaluate the
extent of adverse sequelae occurring after a repeat dose of
tin-117m colloid in the same joint. The absence of any post-
injection local or systemic side effects in any of the treated
joints or treated dogs was a strong affirmation that tin-117m
colloid is suitable for multi-dose treatment of the same joint,
with an appropriate interval between doses.

Joint fluid analysis showed a nearly 25% (P=0.0411)
percentage reduction in the mean monocyte population in
the ITT dogs (Table 1). Synovitis leads to massive over-
expression of macrophages derived from their monocyte
precursors in synovial tissue as an expression of joint
inflammation in cases of OA."'**° Synovial macrophages
then proceed to mediate osteophyte formation in osteoar-
thritic joints.'**” Macrophages in the inflamed synovium
phagocytize tin-117m colloid particles, where they remain
in situ until macrophage apoptosis occurs, thereby exerting
a therapeutic effect by eliminating the inflammatory
cells.?® Thus, marked reduction in the IA monocyte popu-
lation in treated joints was an indirect confirmation of the
tin-117m colloid mode of action, and an indicator that
RSO mitigates the pro-inflammatory process in the joints

Table 6 Ratio of Force Plate Values for Canine Elbows Given Two versus One Tin-117m Injections

Force Plate Parameter | Test Interval Symmetry Index Ratio Two vs One Injection
Mean (£SEM) Median Range
Peak vertical force BL 0.98 (+ 0.04) 0.99 0.78-1.11
90 days 0.89 (+ 0.04) 0.90 0.72-1.09
180 days 0.87 (+ 0.06) 0.85 0.66-1.10
Vertical impulse BL 0.96 (+ 0.04) 0.97 0.74-1.08
90 days 0.90 ( 0.06) 0.94 0.57-1.13
180 days 0.86 (+ 0.05) 0.86 0.61-1.02

Abbreviations: BL, baseline; SEM, standard error of the mean.
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of treated dogs. The fact that significant monocyte reduc-
tion persisted at the 180-day time point after RSO treat-
ment indicates that tin-117m colloid has a durable
therapeutic effect lasting six months or more. This
extended therapeutic response was not unexpected.
Recent studies in human patients with knee OA reported
a sustained clinical benefit at 12 months after RSO treat-
ment with yttrium-90.*%3°

A recent study in laboratory animals using an artifi-
cially induced arthritis model provided a convincing
demonstration that (1) insufficient apoptosis of inflamma-
tory macrophages and osteoclasts in joints with advanced
arthritis contributes to persistent joint inflammation and
pervasive joint destruction, and (2) joint-specific apoptosis
of inflammatory cells can restore normal joint function and
enable bone erosion repair.*’ The investigators found that
each major component of the arthritic inflammatory envir-
onment was positively correlated with a superabundance
of CD68+ synovial macrophages and synovial hyperplasia
in test animals. Investigators treated arthritic joints with
targeted delivery of celastrol, a cytotoxic chemotherapy
drug that selectively induced apoptosis of synovial macro-
phages and osteoclasts. Used as the sole therapy in rats
with advanced arthritis, the joint-specific inflammatory-
cell apoptosis significantly (P<0.0011) reduced the number
of osteoclasts and inflammatory synovial macrophages
compared to normal control joints. While the study eval-
uated a different therapy than RSO, it confirmed that OA
therapy should target synovial inflammation as the princi-
pal lesion in DJD, and it demonstrated that apoptosis of
synovial inflammatory cells is a therapeutic concept that is
both effective and practical.

The scintigraphy results showed virtually complete
in situ retention of the tin-117m colloid, with scant dis-
persal to the lymphatic system or liver of two of 10 ITT
dogs. This result indicated that uptake of the RSO agent is
almost entirely limited to the synovial target tissue and
posed little if any periarticular or extra-articular safety
risk. This finding is consistent with earlier studies demon-
strating high synovial retention (ie, >99%) of the tin-117m
homogeneous colloid.**?° While the carefully controlled
size of the colloid particles in the tin-117m RSO device is
small enough to be phagocytized by synovial macro-
phages, it is too large to escape the joint confines.?®
Normal clinical chemistry, CBC, and urinalysis results
for all ITT dogs were further confirmation that the tin-
117m colloid does not pose a systemic safety risk.

Results across multiple imaging modalities indicated
that approximately half the treated elbow joints underwent
some degree of joint remodeling and OA disease progres-
sion over the 180-day study period. Disease progression
was similar whether one or two IA doses of tin-117m were
administered, 47.8% and 50.0% respectively, indicating
that the repeat RSO injection had no effect, either positive
or negative, on the extent or speed of joint remodeling.
Periarticular osteophyte severity in some dogs increased
significantly (P<0.05) from BL of the original grade 1-2
study to 180 days (ie, 18 months after the first tin-117m
injection) as measured by CT, an imaging method with
greater sensitivity than radiographs for osteophyte and
loose body detection.*!

The possibility that tin-117m colloid can modify OA
disease progression has been suggested.”* The fact that
there was no change in OA progression in approximately
half the treated joints in PP dogs over a six-month period
(Table 3) would support this hypothesis. However, once
joint remodeling and arthritic changes occur, reversal of
this pathology is not possible. Thus, any potential for
RSO-mediated disease modification assumes treatment
early in the OA pathogenesis when synovitis is the sole
lesion and before onset of radiographic changes and pro-
gression to irreversible chronic disease. This likely
explains why approximately half the treated limbs experi-
enced some degree of post-RSO disease progression.

Although disease progression occurred in some dogs
during the six-month study period, it had little correlation
to limb function as determined by CBPI or FP pain assess-
ments, a key finding of the study. Although not limb-
specific, dog owners’ subjective CBPI pain assessment
indicated that treatment was successful at 90 days in
slightly more than half (5/9, 55.5%) of the PP dogs.
Importantly, only two of the nine PP dogs had increased
90- or 180-day CBPI pain scores. The fact that all of the
other PP dogs had stable or improved CBPI pain scores for
the duration of the study indicates that the RSO treatment
with tin-117m colloid has an extended analgesic benefit
lasting as long as six months. This conclusion is supported
by results of the objective FP analysis showing improved
weight bearing as well as treatment success rates of 55.5%
(5/9) at 90 days and 66.6% (6/9) at 180 days. The positive
CBPI and FP results were obtained despite radiographic
evidence of OA disease progression in some dogs. This
outcome suggests that suppression of joint inflammation
rather than mitigation of joint remodeling is the principal
factor in pain reduction. In fact, human studies using

https:

332

Dove!

Veterinary Medicine: Research and Reports 2021:12


https://www.dovepress.com
https://www.dovepress.com

Dove

Donecker et al

sensitive, contrast-enhanced MRI have found that synovi-
tis and inflammatory cell infiltration are highly correlated
with pain severity in cases of OA.'®** In the Multicenter
Osteoarthritis Study (MOST), patients with extensive knee
joint synovitis had 4.8 times the odds of mild pain (vs no
pain) and 9.2 times the odds of severe knee pain compared
to individuals without synovitis, with the amount of pain
correlating to the extent of the synovitis.** In contrast,
a large number of MOST patients without radiographic
evidence of OA had knee pain concurrent with synovitis.
Experts have noted that structural, radiographic evidence
of OA is poorly correlated with pain symptoms.'®

A limitation of the study was the small number of dogs
evaluated. This was due primarily to the difficulty of
maintaining dog owner participation for the 12-month
duration of the original grade 1-2 study followed for an
additional six-month study period for the repeat-injection
study. In addition, using a placebo or control group was
impractical since dog owners would have to be advised for
ethical reasons if a patient was treated with a radionuclide.
Given these factors, the study is suitably described as
observational rather than experimental in design. The
joint fluid analysis did not compare the cytology results
with synovial biopsy or electron microscopy of tissue
samples. This would be a suitable topic for further study.
Histopathologic evidence of synovitis in the test animals
was not determined, and would have contributed to more
definitive conclusions on the therapeutic effect of RSO.
Study animals did not reside at the test sites, limiting the
frequency of post-treatment clinical exams to 90-day inter-
vals. However, dog owners consistently reported absence
of adverse treatment effects in elbows that were injected
either once or twice with tin-117m.

As other investigators have noted, there are an assort-
ment of factors that cause variances in FP results.***** The
5% threshold for clinically relevant FP improvement is

35,45 and

consistent with standards used in other studies,
is an objective indicator of pain reduction in more than
half of the RSO-treated dogs. In our analysis, FP data was
not compared for the twice-treated vs contralateral limb
but analyzed for the dog as the unit of variance.

An important aspect of RSO with the tin-117m colloid is
that it can be used either as an effective stand-alone treat-
ment or in a multimodal regimen. As clinical experts have
noted, there is a critical need for agents other than NSAIDS
for treatment of DJD in dogs.*® Evidence in this and earlier
studies indicates that tin-117m can provide significant clin-
ical benefit when used as a sole therapy.”>**?*3! Using tin-

117m colloid with other treatment modalities is always an
option; the device has no contraindications for use as a co-
therapy. Radiosynoviorthesis is the only OA modality that
selectively targets the synovium as the primary lesion in
DID. It is one of the few treatments with a long-term
therapeutic effect following an initial dose.

Radiosynoviorthesis is a localized, conservative ther-
apy, potentially precluding the need for more aggressive
treatment options including joint replacement or chronic
pharmacotherapy with NSAIDS or other agents with
known toxicities. Radiosynoviorthesis has a high margin
of safety and a rapid onset of effect. In view of its record
of safety and clinical effectiveness in this and other stu-
dies, veterinarians are justified in considering the use of
RSO with tin-117m colloid as a component of their treat-
ment protocol for canine elbow OA, one of the most
common arthritides of dogs. A comprehensive review of
RSO as a medical procedure has recently been published
by the International Atomic Energy Agency.’

Study results for the six-month period after repeat 1A
injection with tin-117m colloid revealed that the 10 dogs
in the ITT group were free from clinical or laboratory
diagnosed adverse effects, the primary finding of this
study. This indicated that a repeat dosage of tin-117m
colloid in the same joint at a one-year interval has minimal
safety risks. Stable radiographic and other imaging results
in some dogs indicate that repeat IA injection of tin-117m
colloid can potentially delay OA progression during a one-
year post-treatment period, and may extend the therapeutic
effects of RSO in a subset of dogs with grade 1-2 elbow
OA. Pain reduction results in tin-117m colloid-treated
dogs at 90 and 180 days indicate that RSO can improve
the quality of life of dogs with elbow OA.
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