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1 SUMMARY 

Naturally occurring canine osteoarthritis (OA) is associated with a progressive increase in chronic pain 
and increasing activity limitations, due to pain, over time.  This 12-month study of naturally occurring 
OA in client-owned dogs, many of which were treated medically previously, is to differentiate between 
locally treated Synovetin OA™ elbow joints from their baseline visit, that continue to degenerate over 
time.  From this perspective, treated joints that improve or remain the same during the study conduct 
are considered to have experienced a favorable outcome and are designated as a treatment success.  
Overall effectiveness, i.e., treatment success, is defined by whether the dog has either improved or 
not declined, using the Canine Brief Pain Inventory (cBPI) over time.  Lastly, safety is established by 
serial lab work results, i.e., complete blood count, blood chemistry, urine and joint fluid analyses, over 
the duration of the study, after exposure to Synovetin OA™. 

In this prospective, multi-site, controlled, single-arm investigation of safety and effectiveness, 15 
companion dogs (27 elbows) diagnosed with Grade 3 OA in at least one elbow, underwent an intra-
articular injection of one or two joints and were followed at Day 90, Day 180, Day 270 and Day 365 at 
one of two veterinary hospitals.  Elbows were given a single treatment of Synovetin OA™, a 
homogeneous colloid of 117mSn, a unique radionuclide developed to treat inflammatory diseases like 
OA.  Each elbow served as its own baseline control for those variables that could be independently 
assessed, and the baseline assessment served as the control for those variables that could be 
evaluated only in the whole animal, e.g., gait. 

Effectiveness data analyzed the Per Protocol (PP) population, defined by the absence of major 
protocol deviations.  For effectiveness, tests of statistical significance were completed at an alpha level 
of 0.05, 2-sided. 

The overall length of follow-up for the Intent to Treat (ITT) population was an average of 317 + 24 days 
(range 98 - 373 days) and the mean for the PP population was 315 + 26 days (range 98 - 373 days). 

Effectiveness evaluations included cBPI by the caretaker and Clinician-Assessed Lameness.  Various 
imaging techniques were employed, i.e., radiographs, magnetic resonance (MR), and computed 
tomography (CT), depending upon the veterinary site. 

With respect to effectiveness parameters, the Canine Brief Pain Inventory (cBPI) (Appendix B), is a 
whole body assessment by the caretaker developed to measure changes in OA pain following a 
systemically administered drug.  This survey was chosen as a measure of success in evaluating chronic 
pain associated with OA.  If the caretaker was able to detect an improvement in their dog’s pain or 
level of activity under these conditions, in which one or two elbows were treated one time (versus on-
going systemic treatment), then this was considered a success. 

The cBPI scoring subsets, the pain severity score (PSS), pain interference score (PIS) and quality of life 
(QoL) score, were assessed by the caretaker prior to each visit.  Improvement was assessed by 
comparing each post-baseline visit to baseline and comparing each visit to the most recent visit.  Two 
definitions of success were defined: 
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• Improvement of 1 or more for the PSS and improvement of 2 or more for the PIS (validated 
cBPI User Guide defined) 

• Improvement of 1 or more for the PSS or improvement of 2 or more for the PIS, with no 
worsening of the other. 

When cBPI success was defined as improvement of 1 or more for the PSS and improvement of 2 or 
more for the PIS, at least half of the dogs showed success at Days 90, 180, 270 and 365 compared to 
baseline; compared to baseline, Day 270 provided the largest percentage (70.0%) of successes.  When 
the alternate definition of cBPI success was used, i.e., defined as improvement of 1 or more for the 
PSS or improvement of 2 or more for the PIS with no worsening of the other, a majority of the dogs 
showed success at each visit (Days 90, 180, 270 and 365; Day 270 compared to baseline provided the 
largest percentage (90.0%) of successes.  Regardless of how success was defined, the validated cBPI 
User Guide definition was used to make the final cBPI success determination for each dog participating 
in this study. 

Additionally, the baseline cBPI values for some subjects were such that they could not have attained 
the prescribed mathematical reduction, as defined in the cBPI User Guide.  With the small sample size 
of this study, the arithmetic inability to improve, creates the appearance of less improvement than 
what might have occurred had subjects with more severe disease been enrolled. 

The Clinician-Assessed Lameness Evaluation was based on a 6-point scale with Grade 0 = no lameness 
to Grade 5 = continuous non-weight-bearing lameness.  Assessments took place during walking and 
during trotting at baseline, Day 90, Day 180, Day 270 and Day 365.  The worse value (largest) of the 2 
assessments at each time point was also analyzed.  Regardless of how it was evaluated, i.e., lameness 
at walk, at trot or "worse" score, the mean improvement compared to baseline was statistically 
significant (p<0.05) at Day 90 only.  Regardless if the assessment took place during walk or during trot, 
the mean improvement from previous visit was not statistically significant at any visit. 

To further support these results, the cBPI findings were validated when success was defined for 
Clinician-Assessed Lameness Scoring, and statistical agreement was found between Clinician-Assessed 
lameness success and cBPI success.  For the standard definition of cBPI success and success for 
lameness at a walk, there was agreement between the two measures (p>0.05) for all comparisons to 
baseline and most comparisons to previous visit.  For the standard definition of cBPI success and 
success for lameness at a trot, there was agreement between the two measures for Days 90, 180 and 
270 compared to baseline but not for Day 365 compared to baseline. 

For the alternative definition of cBPI success and success for lameness at a walk, there was agreement 
between the two measures (p>0.05) for Day 90 and Day 180 comparisons to baseline but not for Days 
270 and 365 compared to baseline.  For the alternative definition of cBPI success and success for 
lameness at a trot, there was agreement between the two measures for Days 90 and 180 compared to 
baseline but not for Days 270 and 365 compared to baseline. 

The high degree of agreement between the two assessments of the success of treatment (cBPI and 
Clinician-Assessed Lameness) indicates that both dog caregivers and clinicians were able to evaluate 
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and corroborate changes in the treated dog’s lameness.  Also, the cBPI survey was able to document 
the daily caretakers’ ability to see smaller incremental improvements in the patients’ lameness during 
the entire year. 

Baseline, Day 180 and Day 365 follow-up assessments also consisted of labwork evaluations to 
monitor safety over the study, which included joint fluid, urinalysis, complete blood count (CBC) and 
serum chemistry.  Independent laboratory bloodwork, urinalysis and joint fluid assessments did not 
reveal safety concerns over the 365 day study duration in which follow-up visits occurred.  The joint 
fluid, CBC and chemistry parameters were reviewed by Exubrion Therapeutics'  Chief Veterinary 
Officer and no safety-related laboratory findings were exhibited over the study that were related to 
the use of Synovetin OA™, demonstrating a good safety profile for the device under the prescribed 
conditions for use. 

External exposure measurements were taken on Day 0 after treatment, Day 1 and Day 90 to provide 
guidance regarding release criteria.  Based on the measurements, a simple spreadsheet-based 
calculator was developed for calculating distance-time determinations. 

This investigation supports the following conclusions: 

• Synovetin OA™ provides treatment for canine OA.  In this study, subjects who were diagnosed 
with Grade 3 OA in at least one elbow benefited by either not worsening or improving over 
365 days with a progressive degenerative disease. 

• No device-related safety concerns were observed with treatment of 117mSn (Synovetin OA™) 
colloid treatment over the study related to the use of Synovetin OA™, demonstrating a good 
safety profile for the device under the prescribed conditions for use. 
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3 GLOSSARY OF TERMS AND ABBREVIATIONS 

Term Meaning 
Beta Particle A high-energy electron emitted from the nucleus of a radioactive atom; beta 

particles typically have a wide tissue penetration range of 50-5,000 µm that 
diminishes over distance, making uniform dosing difficult and possibly 
necessitating shielding during transport and handling. 

Colloid A mixture of insoluble microparticles (particles 1 and 1,000 µm) that remain 
distributed in suspension without precipitating or settling to the bottom; 
non-toxic colloids are used for binding radionuclides to prevent them from 
escaping the intra-articular space into systemic distribution. 

Conversion Electrons A low-energy electron released from an atomic shell as a result of 
radioactive decay, resulting when gamma radiation emitted by the nucleus is 
transferred to the electron; conversion electrons are monoenergetic in 
contrast to beta particles. 

Grade 1 - 2 
Osteoarthritis 

Radiographic evidence of grade 1 or 2 osteoarthritis (periosteal new bone 
growth) < 5 mm on proximal anconeal process, sclerosis or deformation of 
medial coronoid process, and/or sclerosis of the semilunar notch, 
with/without soft tissue swelling, no osteophytes or enthesophytes evident 
on the radial head of humeral condyles, no radiographically evident free 
bony fragments in joint in at least one elbow. 

Grade 3 Osteoarthritis Periosteal new bone growth greater than 5 mm on proximal anconeal 
process, and/or sclerosis or deformation of medial coronoid process, and/or 
sclerosis of the semilunar notch, with or without soft tissue swelling,  
osteophytes more than 5mm evident on the radial head or humeral condyles 
with no radiographically evident free bony fragments in joint in at least one 
elbow. 

Homogeneous Tin-
117m Colloid (HTC) 

A novel preparation of the radionuclide tin-117m suspended in a colloid; HTC 
is well suited for intra-articular administration to treat synovial inflammation 
caused by traumatic injury, OA, and other arthritides. 

Intent to Treat (ITT) None of the subjects are excluded and all enrolled subjects are analyzed. 
Per Protocol (PP) A subset of the ITT population, defined by the absence of major protocol 

deviations, are analyzed. 
Radiocolloid A radionuclide-labeled colloid suitable for intra-articular injection. 
Radionuclide An unstable isotope of an atom that emits radiation released from the 

atomic nucleus.  Some radionuclides exist naturally but those with research 
and therapeutic applications are usually produced artificially: a radioisotope. 

Tin-117m (117mSn) An artificially produced radionuclide of tin with medical applications for 
localized treatment and imaging.  117mSn has a half-life of 14 days.  Two 
principal forms of the energy that it emits are (1) conversion electrons that 
have a short penetration range in tissue (~300 µm), and (2) imageable 
gamma radiation, which enables monitoring of local distribution in tissue.  
117mSn is metastable, indicated by the “m” suffix, meaning that it is a 
radioisotope with an energetic nucleus and a relatively longer half-life and 
therefore distinct from highly unstable radionuclides with shorter half-lives. 

Veterinary Clinician Currently licensed veterinarian. 
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4 INTRODUCTION 

Dogs are often afflicted with osteoarthritis (OA).  There is a relatively high incidence of OA in the 
elbow joint, especially in highly active and working/service dogs.  This type of OA, while frequently 
associated with fragmentation of the medial coronoid process, is not due to overt joint instability but 
rather joint inflammation associated with free cartilage fragments.  Relatively good surgical 
procedures are available for stifle joint stabilization in dogs but surgical procedures to limit 
progression of OA in the elbow joint are essentially nonexistent.  Attempts to implant elbow joint 
prostheses in dogs have resulted in only limited success.  Development of an extended duration intra-
articular treatment for OA, such as that described in this protocol, would benefit dogs afflicted with 
this disease. 

In this investigation, companion dogs who were diagnosed with Grade 3 OA in at least one elbow, 
were consented and underwent intra-articular injection in at least one elbow, were followed at Day 
90, Day 180, Day 270 and Day 365 post treatment.  The injected device, 117mSn (Synovetin OA™) 
colloid, dose was administered based on the dog's weight. 

4.1 Study Details 

Study initiation date 26-Jun-2017 

Final follow-up visit 25-Jul-2018 

Study standard Study outcomes were compared to baseline and the most recent 
previous visit, where applicable 

Test article 117mSn (colloid), named Synovetin OATM 

Test species, sex and strain Dog, both genders, various breeds 

 

4.2 Objectives 

Synovetin OA™ is intended for alleviation of pain associated with synovitis in canine osteoarthritis 
following failure of medical management.  The study investigated the use of 117mSn colloid (Synovetin 
OA™), a radioactive tin conjugate for intra-articular (IA) treatment of Grade 3 elbow osteoarthritis 
(OA) in dogs.  The purpose of the study was addressed by the following 2 specific primary objectives: 

1. Document the effect of an IA Synovetin OA™ injection, per the pre-specified dose and 
directions, on naturally occurring canine Grade 3 elbow OA in a specialty veterinary clinic 
environment. 

2. Document the duration of change in lameness and/or pain in client dogs with Grade 3 elbow 
OA following IA treatment of Synovetin OA™. 
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In addition, a secondary objective was assessed: 

1) Document gamma photon emissions post-treatment with Synovetin OA™ to produce 
safety guidelines for the veterinary clinic staff and the treated dogs’ caregivers post 
discharge. 
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5 Materials and Methods 

5.1 Test Article 

Name Synovetin  

Formulation OA™ Formulation 

117mSn (tin) colloid in ammonium hydroxide solution.  It is supplied as 2-4 mCi 
(74-148 MBq)/mL suspension for intra-articular injection. 

Manufacturer Theragenics Corporation®* 
5203 Bristol Industrial Way 
Buford, GA  30518 
* under the direction of Serene, LLC 

Lot Numbers Used  • 2378-1 
• 2378-2 
• 2383 
• 2414 
• 2417 
• 2419 
• 2422 
• 2423 
• 2424 

• 2426 
• 2427 
• 2432 
• 2433 
• 2464-1 
• 2464-2 
• 2384 
• 2385 

Storage Conditions The 117mSn colloid is stored in the shipping container at controlled room 
temperature, 20°C (68°F) with excursions between 10°-30°C (50°-86°F) 
permitted, until ready for use. 

 
The investigational article is a radio-therapeutic device comprising a colloidal, sterile suspension with a 
pH between 6.5 and 9.0 where at least 90% of the particles have a size between 1.5μm and 20μm 
(HORIBA light scatter instrument). 
 
117mSn is a unique radionuclide without the disadvantages of high-energy beta-emitting radionuclides 
(see Table 1). 
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Radionuclide Half-life 
(days) 

Maximum energy 
(keV) 

Maximum tissue 
penetration 

(mm) 

Therapeutic 
emission 

Diagnostic 
emission    

(keV) 
 

Yttrium-90 2.7 2,280 11.0 beta None 

Rhenium-186 3.7 1,070 4.4 beta gamma (137) 

Erbium-169 9.4 350 1.1 beta None 

Tin-117m 14 158 0.3 conversion 
electrons 

gamma (159) 

keV = kiloelectron volt 

Table 1.  Comparison of physical properties of therapeutic radionuclides commonly used for 
arthroscopic treatment16 

 
Instead of high-energy beta particles with a wide tissue penetration range (50-11,000 µm), 117mSn 
emits conversion electrons, a low-energy particle with a short, non-diminishing penetration range of 
approximately 300 µm in tissue (Figure 1). 

 

 

Figure 1.  The diagram compares the radiation dose range of conversion electrons emitted by 117mSn 
(300 µm, green zone) with beta-radiation emitted by radionuclides such as yttrium-90 
and erbium-169 (up to 11,000 µm, blue zone).  The ultra-narrow, discrete radiation 
range of 117mSn enables more precise dosimetry and limits exposure to non-intended 
adjacent tissues. 

 
The 117mSn emits monoenergetic conversion electrons (significant energies 127-158 keV; emission 
probability 113%) and imageable gamma radiation (159 keV, 86% abundant).  Accompanying low 
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energy emissions are Auger electrons (<21 keV) and X-rays (<29 keV).  117mSn has a half-life of 14 days, 
providing an ideal duration of effect spanning several half-lives to achieve therapeutic results and to 
enable short-term stability during storage and handling.  With disintegration, 117mSn decays by 
isomeric transition to 117Sn, a stable (non-radioactive) isotope. 

 

To illustrate, Figure 2 shows >99% dose retention in the joint of a dog three days following intra-
articular injection with homogeneous 117mSn colloid (HTC).  No other radionuclide with these favorable 
properties of 117mSn exists. 

 

 

Figure 2.  Scintigraphy of a 117mSn colloid injected canine elbow shows retention in synovial tissue 
with minimal uptake in the draining lymph node three days after administration.  
Retention at this time point was measured at >99% in synovial tissue, indicating a 
continuous therapeutic effect consistent with the 14-day half-life of 117mSn.              
(Image courtesy of Jimmy C. Lattimer, DVM, MS, DACVR, Radiology and Radiation 
Oncology, University of Missouri) 

 

5.1.1 Vehicle 

Synovetin OA™ is a 117mSn colloid in a sterile aqueous suspension.  Excipients include Cl-, I-, NH4
+, 

NH4Cl, NH4I, trace Sn salts. 
 

5.1.2 Preparation of Test Article 

Synovetin OA™ is provided in a 3 mL vial within a special lead shipping container, which provides 
radiation shielding while in transit.  The internal shipping glass vial is single use. 

The product was stored in the shipping container until needed for use. 
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1. Immediately prior to treatment delivery and, prior to removing the shrink-wrap, the container 
was gently shaken for approximately 10 seconds to ensure proper mixing of the device. 

2. The shrink-wrap was removed from the container. 
3. The container lid was removed, but the internal glass vial was not removed from the 

container. 
4. The red flip cap was removed from the vial. 
5. While holding the lead foil wrapped glass vial at an approximate 45 degree angle, the delivery 

needle was inserted through the vial septum to withdraw the device treatment dose. 
6. The requisite volume for an individual elbow, i.e., the treatment dose +/- 10% (see Table 2), 

was drawn into the shielded syringe.  If two elbows were treated, then the procedure was 
repeated with a second shielded syringe. 

7. The treatment dose was assayed in the dose calibrator and, adjusted if necessary, so the 
activity was 90-110% of the prescribed amount.  (See Table 2.) 

8. The device suspension was re-suspended by gentle shaking if more than 10 minutes elapsed 
since being drawn into the shielded syringe. 

9. After administration, each syringe was assayed and the residual activity in the syringe 
recorded. 

 
Following use of the 117mSn colloid, the red flip cap was replaced on the glass vial, and then the lid on 
the lead container, which was subsequently secured with tape.  The vial was marked with a date 5 
months, i.e., ten physical half-lives, in the future, as a tentative disposal date.  After 5 months, the 
stock vial was rinsed.  After rinsing, the vial was measured with a hand held rate meter (G-M detector) 
for remaining activity.  If the vial activity was not distinguishable from background radiation, it could 
be disposed of as regular trash.  All waste disposals were documented according to the user's 
radioactive materials license and Federal or State regulations.  The shielded syringe or syringes used 
for device delivery were placed in a shielded sharps containers containing radionuclides of similar half-
lives (two weeks) and disposed of according to local, state and federal regulations. 

 

5.2 In Vivo Test System 

5.2.1 Animals 

All dogs treated in this investigation were companion animals, residing in their caretakers’ households.  
Follow-up visits were conducted at the veterinary hospital where the 117mSn colloid treatment 
occurred.  The animals continued to reside with their caretakers at the end of their study participation.  
The caretakers/owners signed a consent agreeing to participation prior to any study-related 
procedure.  The study protocols were approved by the Institutional Animal Care and Use Committee 
at their respective institutions.  
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The enrollment criteria for inclusion in the study were: 

• Age: at least 1 year with radiographic evidence of closed radial, ulnar and humeral epiphyses. 
• Weight: at least 10 lbs. 
• Lameness:  clinically evident weight-bearing lameness, defined as Grade 1+ on the Lameness 

Scoring System, locatable to one or both elbows.  However, clinical lameness associated with 
the shoulder or carpus is an exclusion. 

• NSAID Medication:  may or may not be receiving NSAID medication.  However, must still be 
lame regardless of NSAID history. 

• Radiographic Evaluation:  radiographic evidence of Grade 3 elbow OA in at least one elbow, 
defined as: 

o Severe OCD lesions found radiographically should be excluded. 
o Periosteal new bone growth on the proximal border of the anconeal process greater 

than 5 mm and blurring and indistinctness of the proximal coronoid process or 
absence of the medial coronoid process. 

o Sclerosis of the semilunar notch and coronoid process with or without fragment. 
o Sharp osteophytes on proximal radial head and periarticular osteophytes of the distal 

humeral condyle. 
 With or without humeral enthesophytes. 
 No evidence of ankylosing as defined as periarticular new bone, subsequently 

causing a narrowing of the joint space. 
 Each elbow OA is to be graded individually. (Appendix 2)  Note only one joint 

must be graded as a 3 and the contralateral elbow may be Grade 1-3 OA.  If 
the contralateral elbow is Grade 0 OA (normal) and not painful, then the 
unaffected joint will not be injected. 

• MRI/CT:  evidence of osseous OA changes. 
• Consent:  client signs consent, indicating agreement for treatment and follow-up evaluations 

through 12 months post treatment. 
• Canine Brief Pain Inventory (cBPI):  Grades of 3+ for questions 1 and 5.  (Appendix B). 

 

The exclusion criteria were: 

• Comorbidities:  no evidence of any comorbid condition likely to preclude a one year survival 
post-enrollment, e.g. neoplasia, heart failure, kidney failure etc. 

• Bone Neoplasia:  no clinical or radiographic evidence of bone neoplasia. 
• Septic Arthritis:  excluded. 
• Recently Ruptured Synovial Cyst communicating with the Articular Cavity:  excluded. 
• Pregnancy:  Pregnant or lactating females with suckling puppies or females likely to become 

pregnant within 3 months of treatment were excluded. 
• Hypersensitivity: Dogs with known hypersensitivity to the active substance or to any of the 

excipients.  Excipients include Cl-, I-, NH4
+, NH4Cl, NH4I, trace Sn salts. 
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5.2.2 Assignment to Study 

Patients were considered enrolled into the study when the following occurred: 

• The consent was signed; and 
• An IA injection of Synovetin OA™ was attempted in at least one elbow. 

5.2.3 Housing 

When subjects were not at the veterinary hospital, the dogs resided in their caretaker's household. 

However, when the subjects were at the veterinary hospital and exposed to anesthesia, their post-
anesthesia recovery consisted of being placed in a clean, dry, quiet environment within the radiation 
isolation unit, where the dogs could be observed closely.  All food/water bowls and any other physical 
hazards were removed from the cage until the dog was able to stand and move around.  The cage 
environment was kept clean and dry at all times.  Supplemental heat (heating pad) and intravenous 
fluids (lactated Ringer’s solution) were provided as necessary.  Temperature, pulse, mucous 
membrane color, capillary refill time, respiratory rate, toe pinch response and toe/tail pinch response 
were monitored until the dog was semi-conscious (not yet sternally recumbent).  If laterally 
recumbent, the dog was repositioned from side to side frequently.  While the dog was semi-conscious, 
monitoring continued as described, at least once every hour.  When the dog regained consciousness 
(sternally recumbent, but unable to stand), pulse, mucous membrane color, capillary refill time and 
respiratory rate were monitored at least every 6 hours.  When the dog could stand and move around, 
but was still not eating and drinking normally, alertness/activity and food/water consumption was 
monitored at least twice daily until normal activity/alertness and food/water consumption resumed. 

Imaging procedures and joint aspiration are considered to be relatively painless and post-procedural 
analgesics were not thought to be necessary.  However, occasionally, subjects with OA exhibited 
increased lameness following anesthesia, due to positioning and/or inactivity, while anesthetized.  
This usually disappeared within minutes to hours.  Throughout anesthesia recovery, the dogs were 
monitored for signs of pain, such as increased heart rate, increased respiratory rate, vocalization, 
salivation and restlessness.  If these signs were observed and/or lameness increased after these 
procedures, 0.02 mg/kg buprenorphine was administered subcutaneously and repeated every 6 hours, 
as needed. 

The animals continued to reside with their caretakers at the end of their study participation. 

5.2.4  Diet/Nutrition and Drinking Water 

This investigation on companion dogs did not require any special diet, medication, supplement or 
activity, other than the required Day 90, Day 180, Day 270 and Day 365 follow-up visits. 
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5.2.5 Justifications 

The study was conducted on 15 client dogs who were diagnosed with naturally-occurring elbow 
osteoarthritis.  All dogs received a minimum of one Synovetin OA™ injection and, due to the likely 
presentation of the disease, most dogs received Synovetin OA™ injections in both elbows, i.e., 27 out 
of 30 elbows were treated.  There was no placebo control. 

Dogs are often afflicted with OA.  There is a relatively high incidence of OA in the elbow joint in this 
species.  The OA of the elbow joint, while frequently associated with fragmentation of the medial 
coronoid process, is not due to overt joint instability but rather joint inflammation associated with free 
cartilage fragments.  Relatively good surgical procedures are available for stifle joint stabilization in 
dogs but surgical procedures to limit progression of OA in the elbow joint are essentially nonexistent.  
Attempts to implant elbow joint prostheses in dogs have resulted in only limited success.  Therefore, 
an intra-articular treatment for OA, such as that described in this investigation, would benefit dogs 
afflicted with elbow OA.  It also serves as a first step toward applying this treatment modality for use 
in humans with OA. 

OA is a common disease that causes chronic pain and ambulatory difficulty in humans, dogs and other 
animals.  Commonly-used nonsteroidal and steroid pharmacologic agents have been shown to reduce 
OA pain, but extended use may damage organs, e.g., liver and kidneys, without retarding progression 
of the disease.  With the local treatment of an intra-articular injection of 117mSn colloid to the elbow 
joint, exposure of this agent to organs and other tissues in the body are limited.  Since 117mSn colloid is 
designed to act on the cellular inflammatory mediators present in the joint, deleterious effects of 
nonsteroidal and steroid pharmacologic agents on the joint cartilage and other supporting structures 
could be avoided also.  It is thought that suppression of inflammatory mediators in the joint would 
also impede or slow the rate of disease progression, and delay or avoid the need for surgical 
intervention and artificial joint implantation.  To our knowledge, directly clinically relevant models of 
chronic OA pain do not exist.  Therefore, assessing the effects of intra-articular injection of 117mSn 
colloid on naturally-occurring canine OA is best accomplished through the use of client companion 
dogs.  While the "investigational setting" for each companion dog is more variable than if conducted in 
a more controlled environment, the relevancy of the "home setting" for a companion dog and 
continuity of the companion caretakers as observers over time, is a favorable trade-off. 

Previous animal model:  Rodent experimental models of OA were used in previous studies conducted 
by Serene LLC, the parent company of Exubrion Therapeutics, Inc. During this carefully staged 
investigational process, no significant safety concerns were observed.  These findings have led 
Exubrion Therapeutics to conduct this study on the intended animal population, i.e., naturally-
occurring elbow OA in dogs. 

Control:  While sham injection of the Synovetin OA™ vehicle was considered, there were several 
significant obstacles to the introduction of a placebo control.  Exubrion Therapeutics solicited opinions 
from key investigators, all of whom have extensive veterinary practice experience, regarding the 
viability of the placebo control option and received the following excerpted feedback: 

• Unnecessary suffering of placebo treated dogs:  While clients are willing to subject their dog to 
temporary discomfort, e.g., injection or restraint, in the study, each investigator cited their 
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client's likely unwillingness to participate in a study in which their dog would potentially not 
receive any treatment for 12 months, the study duration.  Dogs entering this study have been 
observed to be experiencing lameness and pain secondary to Grade 3 osteoarthritis and would 
likely continue to suffer with symptoms associated with a progressive disease process for the 
12 month study duration.  Therefore, it is not reasonable to expect clients to agree to 
participation in a placebo controlled study. 

• Lack of Improvement:  Clients are willing to have their animals (in this case dogs) in studies in 
which there is a reasonable chance for their animal's condition to be improved by the 
investigated treatment.  However there is no such possibility of improvement when the dog is 
treated with a placebo for a progressive disease. 

• NRC Requirement:  The falsification of the use of a radioisotope is not permitted by the 
Nuclear Regulatory Commission (NRC).  Therefore, the caretaker is not able to be masked to 
the sham treatment of their dog to create a placebo group. 

• Placebo Effect:  The well-documented placebo effect in humans does not have relevance in 
the dog, the intended study population for this study. 

• Lengthy Study Progress:  Difficult recruitment was often the reason cited by key investigators.  
Additionally, lengthy study recruitment periods pose significant challenges due to factors 
including personnel changes, modifications of investigational procedures and changes in 
osteoarthritis treatment or approaches, which have potential to diminish data integrity. 

• Suitable Control:  Ensuring thorough documentation of the dog's baseline condition serves as 
an appropriate control for this investigation. 

 



EXUBRION:  The Use of 117m Sn (t in)  Colloid (Synovetin OATM) for Treatment          Study #: C-22017 
of Naturally Occurring Grade 3 Elbow Osteoarthritis in Client Dogs 
 

30-Dec-2019                       Confidential                          Page 20 of 52 

5.3 Experimental Design  

5.3.1 Treatment Dose Determination 

Patient dogs were treated with a 1.75 mCi 117mSn colloid (Synovetin OA™) dose normalized by body 
weight based on a standard dose to a 50lb dog.  Dosing was determined by Table 2 below.  For 
example a dog weighing 25 lbs. was treated with an IA dose of 0.95 mCi in the affected elbow(s). 

Dog Weight (lbs.) Synovetin OA™ Dose (mCi) 

10 – 19 lbs. 0.60 ± 10% 

20 - 29 lbs. 0.95 ± 10% 

30 - 39 lbs. 1.24 ± 10% 

40 - 49 lbs. 1.51 ± 10% 

50 - 59 lbs. 1.75 ± 10% 

60 - 69 lbs. 1.97 ± 10% 

70 - 79 lbs. 2.19 ± 10% 

80 - 89 lbs. 2.39 ± 10% 

90 - 99 lbs. 2.59 ± 10% 

100 - 109 lbs. 2.78 ± 10% 

110 - 119 lbs. 2.97 ± 10% 

120 - 129 lbs. 3.13 ± 10% 

130 - 139 lbs. 3.31 ± 10% 

140 lbs. or greater ** 3.50 ± 10% 

**Dose was capped at 3.5 mCi/joint (elbow) when weight exceeded 140 lbs. with the 
total body dose not exceeding 7.0 mCi, i.e., two elbows. 
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Table 2.  To simplify dose calculation, a Dose Table provided a standard reference for dose 
determination, based on the dog's weight. 

 

5.3.2 Study Procedures and Assessments 

Baseline assessments were obtained prior to the dog's participation in the study, defined as within 30 
days of 117mSn colloid treatment. 

The following procedures were conducted during the study: 

• Collection and Analysis of 
o Blood at baseline (within 30 days prior to treatment, Day 180 and Day 365 for CBC and 

Chemistry) 
• Cephalic, saphenous or jugular venipuncture – 5 ml 

 
o Urine at baseline (within 30 days prior to treatment), daily during post-treatment 

hospitalization, Day 180 and Day 365 for urinalysis 

• Free catch or ultrasound-guided cystocentesis – 20-30 ml 

Urine was collected using free catch (mid-stream) when possible.  If free catch urine 
sampling was not possible, then urine was collected using ultrasound guided 
cystocentesis.  For centesis, the dog was placed in dorsal recumbency.  After clipping a 
small portion of the hair over the caudal ventral abdomens, the skin was briefly 
prepped using an antiseptic and isopropyl alcohol.  The urinary bladder was imaged 
using an ultrasound probe with a frequency appropriate for the size of the dog.  Using 
the ultrasound as a guide, a 22G x 1 – 1½ inch needle was inserted through the 
abdominal wall and the ventral wall of the urinary bladder, after which approximately 
5 – 10 ml of urine was withdrawn into a syringe.  This procedure caused only 
momentary discomfort (no greater than that associated with a venipuncture) and 
sedation was not required. 
 

o Joint fluid aspiration on treatment day (Day 0) with 117mSn colloid injection,  
Joint fluid aspiration on Day 180 and Day 365 for laboratory analysis 
• Joint fluid aspiration – 1 – 1.5 ml (each) 

While anesthetized, the dog was positioned in lateral recumbency (target joint 
uppermost).  The hair overlying the elbow joint was clipped.  The skin over the elbow 
was surgically prepped by scrubbing with povidone iodine or chlorhexidine, starting 
with the injection site and working outward without tracking over the previously 
scrubbed areas.  The elbow was draped with a sterile drape.  With the elbow flexed to 
90 degrees, a sterile 22G x 1 ½ inch diamond tipped spinal needle was inserted caudo-
laterally between the lateral condyle of the humerus and the triceps tendon, then 
directed downward and slightly medially along the cranio-lateral aspect of the 
olecranon into the supratrochlear foramen of the humerus.  After positioning the 
needle, up to 0.5 – 1.0 ml of the joint fluid was withdrawn with a sterile syringe.  After 
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aspiration of the joint fluid, the syringe was removed and the needle left in place.  
Another sterile syringe containing the 117mSn colloid was attached to the needle.  Table 
2 provided the dose.  The colloid was injected slowly into the joint, followed by 
approximately 0.3 ml of air to clear as much of the colloid from the syringe and needle 
as possible.  The needle was withdrawn from the joint without disconnecting from the 
syringe.  Direct pressure was applied to the injection site for 2 minutes to prevent 
leakage of the radioisotope or blood. 

 
• Imaging was performed via: 

o Radiographic Imaging at baseline (within 30 days prior to treatment) and Day 365 for 
radiographs at both veterinary hospitals 

Standard clinical procedure was used to obtain radiographs of the elbows.  For 
radiographic examination of the elbow, the dog was placed in lateral recumbency with 
the x-ray beam centered on the medial epicondyles of the elbow.  After the lateral 
radiograph had been taken, another radiograph was taken with the dog in sternal 
recumbency and the x-ray beam centered over the elbow joint and angled 20 degrees 
from vertical.  Any images that were incorrectly positioned were repeated. 
 

o Computed Tomography (CT) Imaging at baseline (within 30 days prior to treatment) and 
Day 365 

CT of the elbow was performed under general anesthesia.  The dog was positioned in 
dorsal recumbency with the forelimbs extended cranially.  The bilateral elbows were 
scanned in 0.63mm slice thickness using a 4 slice or 16 slice helical GE Lightspeed 
computed tomography unit or equivalent equipment.  The scan duration was less than 
1 minute and the entire procedure was approximately 20-25 minutes (Gulf Coast 
Veterinary Specialists or approximately 10 minutes (LSU) for positioning and image 
quality control.  Images were acquired using a bone algorithm and stored on a picture 
archiving and communication system (PACS) for later viewing and assessment. 

 
o Magnetic Resonance (MR) Imaging at baseline (within 30 days prior to treatment), Day 

180 and Day 365 

The purpose of the baseline MRI was to identify any pre-existing conditions in the 
elbow joints that were not obvious on radiographic examination.  Standard practices, 
such as the one described, were observed.  Following induction of anesthesia, the dog 
was 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 
were performed.  The scan sequences chosen was optimized for evaluation of the 
joint structures including subchondral bone, cartilage, supporting ligaments and 
synovium. 
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o Nuclear Scintigraphy of the treated joint after 117mSn colloid treatment at both veterinary 
hospitals at Day 1 and Day 90 

The dog was positioned either directly on top of the Anger camera collimator or on a 
Plexiglas table overlying the collimator.  Using manual restraint, the anatomic region 
of interest was placed directly over the camera.  Counts were obtained from this area 
for a predetermined period of time (typically 1 minute).  The dog was then 
repositioned to examine other areas of interest.  Finally, the dog was positioned in 
lateral recumbency and scans obtained of the elbow(s) and abdomen.  Typically, the 
entire study was completed within 10 minutes.  Following completion of the scan the 
dog was returned to the radiation isolation ward.  Note: Most dogs did not require 
sedation for this procedure: if sedation was required, then dexmedetomidine or 
acepromazine was administered intravenously prior to scintigraphy. 

• External Exposure Rate Measurement of detectable radionuclide levels near, approximately 5 
cm and 100 cm, from the dog's treated joints and associated with urine samples on Day 0 
(treatment day), Day 1 and Day 90 at both veterinary hospitals. 
 

• History and Physical at baseline (within 30 days prior to treatment), Day 1, Day 90, Day 180, 
Day 270 and Day 365 at both veterinary hospitals 

o Clinical Exam 
o History and Physical 
o Medications 

 
• Force Plate Analysis (including video of dog walk and trot) at baseline (within 30 days prior to 

treatment), Day 90, Day 180, Day 270 and Day 365 at both veterinary hospitals 

Both sites used the same model force plate and commercially available kinetic force 
analysis software.  Kinetic gait analysis was performed on a force platform (Model # 
OR6-WP-1000, Advanced Medical Technology Inc, Newton, MA, USA).  Data logging 
(100 Hz, Acquire version 7.3, Sharon Software Inc, Dewitt, MI, USA) was triggered by a 
force of 5 N on the force platform.  Five successful trials at a velocity of 1.0–2.5 m/sec 
and acceleration of 0.9 to −0.9 m/sec2 were recorded for each limb at each time 
point.  Mean vertical impulse (IMP), total vertical force during the limb step cycle 
(function of time), peak vertical force (PF) and maximum vertical force measured for 
the limb during the step cycle, were recorded.  All variables were normalized to body 
weight and used for statistical analyses.  Comparisons within each dog were with 
baseline, so that significant values indicate a difference from baseline. 

 
• Assessment Tools 

o Canine Brief Pain Inventory (cBPI) at baseline (within 30 days prior to treatment), Day 90, 
Day 180, Day 270 and Day 365.  (Appendix B) 

The cBPI is an owner/caretaker completed questionnaire that measures the severity 
and impact of chronic pain in dogs.  It has been validated for dogs with OA and bone 
cancer. 
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o Lameness Scoring System by Clinician at baseline (within 30 days prior to treatment), Day 
90, Day 180, Day 270 and Day 365 at both veterinary hospitals 

For the examination, the degree of lameness was scored during walk and trot on a 
scale from 0 to 5, according to the following definitions: 

• Grade 0:  No lameness, walks normally 

• Grade 1: Slight lameness 

• Grade 2: Obvious weight-bearing lameness 

• Grade 3: Severe weight-bearing lameness 

• Grade 4: Intermittent non-weight-bearing lameness 

• Grade 5: Continuous non-weight-bearing lameness 

 

o Video Lameness Scoring by Clinician at baseline (30 days prior to treatment), Day 90, Day 
180, Day 270 and Day 365 at both veterinary hospitals 

For the lameness examination, the dog was digitally recorded at the walk and trot, 
after which video lameness was to be assessed by two independent observers.  Both 
the identity of the dog and the time point at which the video was recorded were 
masked to the observers.  The degree of lameness was scored on a scale from 0 to 5, 
according to the following definitions: 

• Grade 0:  No lameness, walks normally 

• Grade 1: Slight lameness 

• Grade 2: Obvious weight-bearing lameness 

• Grade 3: Severe weight-bearing lameness 

• Grade 4: Intermittent non-weight-bearing lameness 

• Grade 5: Continuous non-weight-bearing lameness 
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5.4 Study Observations and Measurements  

5.4.1 Effectiveness Data Analyses 

For those variables that were independently assessed for each elbow, the elbow was the experimental 
unit.  For those variables that could only be evaluated for the whole animal, the dog was the 
experimental unit.  For effectiveness, tests of statistical significance were completed at an alpha level 
of 0.05, 2-sided.  All data presentations were generated using SAS version 9.4. 

 

5.4.1.1 Canine Brief Pain Inventory (cBPI) (Per Protocol Population) 

The validated cBPI assessment tool has been used to assess changes in pain, activity and quality of life.  
For each visit, the pain severity score (PSS) was calculated as the mean of questions 1 through 4.  The 
pain interference score (PIS) was calculated as the mean of questions 5 through 10. 

Improvement was assessed by comparing each post-baseline visit to baseline and comparing each visit 
to the most recent visit.  Two definitions of success were defined: 

   ●   Improvement of 1 or more for the PSS and improvement of 2 or more for the PIS (cBPI User 
Guide defined) 

   ●   Improvement of 1 or more for the PSS or improvement of 2 or more for the PIS, with no 
worsening of the other  

Success was presented as the number and percentage of dogs meeting each criteria for baseline 
compared to Day 90, Day 180, Day 270 and Day 365 and for each visit compared to the most recent 
visit.  Regardless of how success was defined, the validated cBPI User Guide definition was used to 
make the final cBPI success determination for each dog participating in this study. 

 

5.4.1.2 Clinician Assessment of Lameness (Per Protocol Population) 

Lameness was assessed during walk and trot based on a 6-point scale with Grade 0 = "No lameness" to 
Grade 5 = "Continuous non-weight-bearing lameness."  The worse value (largest) of the 2 
assessments, i.e., walk or trot, at a particular follow-up visit was also analyzed.  

Descriptive statistics (number of dogs, mean, standard error of the mean (SEM), minimum, 1st quartile, 
median, 3rd quartile and maximum values) were presented for baseline, 90 Day, 180 Day, 270 Day and 
365 Day and for the change from baseline to each visit, and for the change from the previous visit to 
the current visit.  Within group p-values were generated by the paired t-test. 
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5.4.1.3 Video Assessment of Lameness (Per Protocol Population) 

Videos of the dogs at walk and at trot were captured during the Force Plate Assessments.  However, 
based on the results of the previously conducted Grade 1-2 Study, it was determined that video 
lameness analyses were not productive and not pursued for this study.  These data  are archived per 
Section 6.5. 
 

5.4.1.4 Agreement of cBPI Success and Clinician-Assessed Lameness (Per Protocol Population) 

The two cBPI success definitions were compared to the clinical lameness assessments of walk and trot 
for each dog.  Lameness success was defined as an improvement from baseline of one or more.  Two-
by-two tables for success/failure were constructed for each visit.  McNemar’s test of agreement was 
applied to each.  P-values ≥ 0.05 indicate agreement. 

 

5.4.1.5 Force Plate Analysis (Per Protocol Population) 

These data were not analyzed and are not included in this report, but are archived per Section 6.5.  It 
should be noted the majority of the baseline force plate data were destroyed during flooding in 
September 2017 and all subsequent force plate evaluations were unable to be obtained at Gulf Coast 
Veterinary Services. 

 

5.4.1.6 Radiographic Imaging Analysis (Per Protocol Population) 

Both elbows were scored at baseline on the elbow dysplasia scale from 0 to 4, with 

• Grade 0 = "normal, no radiographic evidence of elbow OA," 
• Grade 1 = "minimal bone change along anconeal process of ulna (less than 2mm)," 
• Grade 2 = "additional bone proliferation along anconeal process (2-5 mm) and subchondral 

bone changes (trochlear notch sclerosis)," 
• Grade 3 = "well developed degenerative joint disease with bone proliferation along anconeal 

process being greater than 5 mm," and 
• Grade 4 = "radiographic evidence of a severely damaged elbow." 

 

Scoring was also performed at each visit relative to the initial score and the immediate previous 
examination as -1=worsening, 0=static and 1=improvement.  A more detailed description is located in 
Appendix F. 
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5.4.1.7 Computed Tomography (CT) Imaging Analysis (Per Protocol Population) 

The CT scan for each patient was evaluated for the following characteristics: The presence or absence 
of a medial coronoid process fragment or fragments, erosion of the ulnar side of the radial ulnar joint 
at the level of the medial coronoid process, presence or absence of osteochondrosis dissecans lesions 
in the humerus and proximal radius, the degree of sclerosis of the semilunar notch, the presence of 
bony fragments other than the medial coronoid process, the width of the humeral ulnar joint, the 
width of the humeral radial joint and the presence or absence of periarticular osteophytes.  

For non-measurement, i.e., categorical, characteristics such as the presence or absence of bony 
fragments or radial ulnar joint erosion a grade of 0-3 based on a subjective assessment of the severity 
of the changes was assigned.  0 was designated as indicating the absence of these findings where 3 
designated the presence of severe changes with 1 and 2 indicating mild and moderate severity 
respectively.  Each elbow was evaluated from a composite image. 

The serial axial images were reformatted to generate sagittal and frontal plain views of the elbow 
joints.  The degree of medial coronoid fragmentation was identified on the axial view at the level of 
the medial coronoid process.  The presence or absence of erosion of the ulna at the radial ulnar joint 
was evaluated at this level, as well as the presence of OCD lesions.  Measurements of the humeral 
ulnar joint and the radial ulnar joint were made.  The original baseline measurements derived from 
MR imaging analysis, and some of the re-injection baseline measurements were used in place of the 
CT imaging for the seven dogs treated at MU, due to absence of the relevant CT data.  A detailed 
description of the measurement methodology is located in Appendix F. 

The data for the categorical variables were analyzed using the Sign Test, to compare baseline to post-
treatment scores with each animal and treated elbow.  A more detailed description of the analyses is 
located in Appendix F. 

 

5.4.1.8 MRI Scan Magnetic Resonance (MR) Imaging Analysis (Per Protocol Population) 

MRI studies were performed at both institutions.  Different sequences were performed at each site 
owing to the difference in equipment between sites.  However at least one sagittal T2 imaging 
sequence, 1 proton density imaging sequence and 1 high-resolution volume data set acquired in the 
axial plane were acquired at each site.  Patients were imaged in sternal recumbency with the limbs 
extended cranially. 

Images were evaluated by the Principal Investigator using the EFilm viewing software.  The high-
resolution axial plane sequences were reformatted using an oblique reformatting technique to align all 
sagittal reformat images with the shaft of the humerus.  The oblique reformatting technique was then 
used to generate frontal plane images through a plane and projecting the medial epicondyles of the 
humerus and the lateral collateral fossa of the humerus.  Evaluations were also made from sagittal 
plane T2 and sagittal proton density images. 

The following structures were either measured or evaluated:  the width of the cranial joint pouch in 
the cranial to caudal direction, the width of the caudal joint pouch in the same plane, the width of the 
cranial synovial body in the sagittal plane, the width of the caudal synovial body in the sagittal plane, 
the thickness of the medial collateral ligament and joint capsule from the frontal plane projections, 
the humeral radial joint with, the presence or absence of an ununited anconeal process presence or 
absence of a fragmented medial coronoid process, the presence or absence of a radial ulnar joint 
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erosion, the presence or absence of sclerosis in the humerus adjacent to the ulna, sclerosis in the 
humerus adjacent to the radial joint surface, sclerosis of the proximal radial epiphysis adjacent to the 
humerus, the degree of sclerosis below the semilunar notch cortex and a subjective progression 
rating.  Both elbows were evaluated in a similar fashion.  A detailed description of the measurement 
methodology is located in Appendix F. 

The pre- and post-treatment data for the continuous variables were analyzed using repeated 
measures ANOVA with dog/leg as the replicate and time as the main effect.  Least-squares means 
were calculated for each time point.  The data for the categorical variables were analyzed using the 
Sign Test, to compare baseline to post-treatment scores with each animal and treated elbow.  A more 
detailed description of the analyses is located in Appendix F. 

 

5.4.1.9 Agreement between Clinical Results and Imaging Results  (Per Protocol Population) 

 

Clinical success was defined previously by whether the dog had either improved or not declined, when 
compared with cBPI and/or Force Plate baseline assessments.  When a discrepancy occurred between 
the cBPI and Force Plate results, then the more objective measure, Force Plate, determined clinical 
success.    

Two-by-two tables for success/failure were constructed for each dose group and visit.  McNemar’s 
Test of Agreement was used to compare the success/failure agreement between the clinical success as 
assessed by cBPI and/or Force Plate Analysis, and the success for each imaging method, where 
progression of OA is defined as “failure” and lack of progression (improvement in score or no change 
in score) is defined as “success.”  A more detailed description of the analyses is located in Appendix F. 
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5.4.2 Safety Data Analyses 

5.4.2.1 Joint Fluid Results (ITT Population) 

Baseline, Day 180 and Day 365 follow-up assessments consisted of labwork evaluations to monitor 
safety over the study, which included joint fluid analysis.  An independent laboratory performed the 
joint fluid assessments over the Day 365 study duration when hospital follow-up visits occurred.  The 
joint fluid parameters were reviewed by Exubrion Therapeutics' Chief Veterinary Officer for safety-
related concerns with respect to Synovetin OA™ treatment. 

 

5.4.2.2 Urinalysis Results (ITT Population) 

Baseline, Day 180 and Day 365 follow-up assessments consisted of labwork evaluations to monitor 
safety over the study, which included urinalysis.  An independent laboratory performed the urinalysis 
over the Day 365 study duration when hospital follow-up visits occurred.  The urinalysis parameters 
were reviewed by Exubrion Therapeutics' Chief Veterinary Officer for safety-related concerns with 
respect to Synovetin OA™ treatment. 

 

5.4.2.3 CBC and Chemistry Results (ITT Population) 

Baseline, Day 180 and Day 365 follow-up assessments consisted of labwork evaluations to monitor 
safety over the study, which included complete blood count (CBC) and serum chemistry.  An 
independent laboratory performed the bloodwork assessments over the Day 365 study duration when 
hospital follow-up visits occurred.  The CBC and chemistry parameters were reviewed by Exubrion 
Therapeutics' Chief Veterinary Officer for safety-related concerns with respect to Synovetin OA™ 
treatment. 

 

5.4.3 Additional Observations 

5.4.3.1 Radiation Exposure 

The External Exposure Rate Measurements of detectable radionuclide levels near the dog's treated 
joint(s) on Day 0 (treatment day) and Day 90 after 117mSn colloid treatment was used to create a simple 
spreadsheet-based calculator for calculating distance-time determinations. 

 

5.4.3.2 Data Collection & Study Conduct 

It should be noted that while elements of Good Laboratory Practices (GLP) were observed during the 
investigation, not all aspects of GLP were followed during the study conduct.  To address this situation, 
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a risk-based monitoring plan was executed and source document verification was conducted on those 
variables determined to be critical prior to data analysis. 

Additionally, the Colorado Pain Score was collected at both sites at baseline, Day 90, Day 180, Day 270 
and Day 365.  Due to the inconsistencies in collection, these data were determined to not be critical 
variables and were not source document verified per the risk-based monitoring plan.  Moreover, these 
data were not analyzed and are not included in this report, but are archived per Section 6.5. 
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6 RESULTS 

Detailed results and tables are available in the Statistical Analysis Report, located in Appendices C and 
F.  Please see these documents for specific analyses. 

6.1 Animals Treated and Treatment Administered 

Between the two veterinary hospitals that participated in this re-injection study, 15 companion dogs 
were treated, via intra-articular injection of 117mSn colloid into one or two elbows, and followed for 
365 days.  See Figure 3. 

 

Figure 3.  Enrollment occurred at two veterinary sites.  27 elbows of 15 dogs were treated with 
Synovetin OA™ in accordance with Table 2. 

 

Signalment information is presented in Table 3, showing a wide range of ages and breeds treated. 

  



EXUBRION:  The Use of 117m Sn (t in)  Colloid (Synovetin OATM) for Treatment          Study #: C-22017 
of Naturally Occurring Grade 3 Elbow Osteoarthritis in Client Dogs 
 

30-Dec-2019                       Confidential                          Page 32 of 52 

 Study # Treatment Date Age at 
Treatment 

(approximate) 
(Y/M) 

Sex Baseline 
Weight 

(kg) 

Breed 

Jonah 2-1G1 26-Jun-2017 7Y/2M M/N 28.9 Labradoodle 
Briggs 2-2G2 26-Jun-2017 3Y/3M M/N 31.8 Labrador Retriever 
Katie 2-3G3 27-Jun-2017 11Y/3M F/S 39.0 Labrador Retriever 
Gracie 2-4L1 29-Jun-2017 12Y/11M F/S 19.8 Australian Blue 

Heeler 
Junior 2-5G4 10-Jul-2017 12Y/8M M/N 44.3 Akita Mix 
Cassie 2-6G5 10-Jul-2017 11Y/7M F/S 39.8 Labrador Retriever 
Dixie 2-7G6 11-Jul-2017 1Y/6M F/S 45.7 European 

Bloodhound 
Grits N 
Gravy 

2-8L2 11-Jul-2017 8Y/0M M/I 24.7 Labrador Retriever 

Lou 2-9G7 12-Jul-2017 10Y/6M M/N 28.2 Labrador Retriever 
Penny 2-10G8 12-Jul-2017 9Y/10M F/S 23.2 Pitbull Mix 
Reznor 2-11G9 13-Jul-2017 9Y/11M M/I 33.7 Labrador Retriever 
Carley 2-12G10 17-Jul-2017 5Y/5M F/S 27.7 Weimaraner 
Winston 2-13G11 17-Jul-2017 9Y/5M M/N 32.9 Golden Retriever 
Buster 2-14G12 18-Jul-2017 7Y/5M M/N 27.3 Mixed Breed 
Smudge 2-15L3 18-Jul-2017 6Y/2M F/S 26.5 German Shepherd 

Table 3. Study number, date of birth, sex and breed of enrolled dogs. 

 

Each enrollment was assessed with respect to the following criterion:  the delivered dose in 
comparison to the intended dose (see Table 4).  If the 117mSn colloid injected treatment dose was >20% 
(under or over) of the dose determined on Table 4, then the subject was excluded from the Per 
Protocol (PP) analysis.  All 15 dogs (27 elbows) were analyzed with respect to the Intent-to-Treat (ITT) 
criteria, however, 1 dog (2-1G1) was excluded from the Per Protocol (PP) analysis (Figure 4), resulting 
in 14 dogs (25 elbows) analyzed for the PP population. 
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Figure 4 shows enrollment by site and Intent-to-Treat (n=15) vs. Per Protocol (n=14) study 
populations. 
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117mSn colloid dosing was determined by the dog's weight (see Table 2). 

Name Study # Elbow Intended Dose 
 

(mCi) 

% Delivered 
Dose/Intended Dose  

(by volume)  

Jonah 2-1G1 
Left 1.97 71.0 * 

Right 1.97 71.0 * 

Briggs 2-2G2 
Left 2.19 105.1 

Right 2.19 99.4 

Katie 2-3G3 
Left 2.39 100.1 

Right 2.39 101.6 

Gracie 2-4L1 
Left 1.51 85.8 

Right 1.51 84.7 

Junior 2-5G4 
Left 2.78 100.0 

Right 2.78 100.0 

Cassie 2-6G5 
Left 2.39 100.0 

Right 2.39 100.0 

Dixie 2-7G6 
Left 2.59 100.0 

Right 2.59 100.0 

Grits N Gravy 2-8L2 
Left 1.75 106.4 

Right 1.75 104.2 

Lou 2-9G7 
Left 1.97 100.0 

Right 1.97 100.0 

Penny 2-10G8 
Left 1.75 100.0 

Right Not Done N/A 

Reznor 2-11G9 
Left 2.19 100.0 

Right Not Done N/A 

Carley 2-12G10 
Left 1.97 100.0 

Right 1.97 100.0 

Winston 2-13G11 
Left Not Done N/A 

Right 2.19 100.0 

Buster 2-14G12 
Left 1.97 98.5 

Right 1.97 100.0 

Smudge 2-15L3 
Left 1.97 94.6 

Right 1.97 98.6 

Table 4 lists the intended and delivered dose for each individual dog.  Overall, 14 (93.3%) dogs/25 
(92.5%) elbows received the intended dose; 1 (6.7%) dog/2 (7.4%) elbows received > 20% below 
the intended dose.  An asterisk indicates the delivered dose deviated by 20% or more from the 
intended dose and the dog (2-1G1) was excluded from the Per Protocol analysis population. 
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Each subject's study-related experience is captured in an Individual Dog Report, these 15 reports are 
located in Appendix D.  Specific findings for each effectiveness and safety assessment are tabulated 
and graphed and each report summarizes the dogs’:  

     ●  Physical exams - significant findings and observations 

     ●  Medications taken 

     ●  117mSn colloid Lot number and treatment dose 

     ●  Adverse Event assessment 

    ●  Scintigraphy findings 

     ●  Radiograph Imaging 

     ●  Magnetic Resonance (MR) Imaging 

     ●  Computed Tomography (CT) Imaging 

     ●  Labwork summary 

     ●  cBPI survey results by individual question and by Pain Severity Score (PSS), Pain Interference 
Score (PIS) and overall Quality of Life (QoL) 

     ●  Lameness 

     ●  Clinician-Assessed Lameness 

     ●  Force Plate Assessment 

     ●  Summary, including treatment success determination, based on cBPI. 

 

An overall treatment success of 80.0% (12/15) was calculated for the Intent-to-Treat study population.  
Treatment success is depicted by site for the Intent-to-Treat study population in Figure 5. 
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Figure 5 shows an overall 80.0% (12/15) treatment success for the Intent-to-Treat population  
 (TS = Treatment Success, TF = Treatment Failure) 

 

When each enrollment was assessed with respect to dose administration, it was determined that 14 
dogs were included in the Per Protocol (PP) population, i.e., the 117mSn colloid injected treatment dose 
was within 20% of the intended dose, shown in Table 4.  An overall treatment success of 78.6% 
(11/14) was calculated for the PP study population.  Treatment success is depicted by site for the PP 
study population in Figure 6. 
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Figure 6 shows an overall 78.6% (11/14) treatment success for the Per Protocol population.  The 
Intent-to-Treat population is shown for reference, but has a gray overlay.                                          
(TS = Treatment Success, TF = Treatment Failure) 

 

6.2 Effectiveness Assessments 

Effectiveness data were analyzed for the Per Protocol (PP) population.  Each enrollment was assessed 
with respect to the delivered dose in comparison to the intended dose (see Table 4).  The PP 
population consisted of 14 dogs and 25 elbows. 

For effectiveness, tests of statistical significance were completed at an alpha level of 0.05, 2-sided. 
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6.2.1 Canine Brief Pain Inventory (cBPI) (Per Protocol Population) (Statistical Report Table 
1 located in Appendix C) 

Improvement of 1 or more for the PSS and improvement of 2 or more for the PIS (validated cBPI User 
Guide defined) 

Although the authors of the cBPI assessment tool have validated a reduction of > 1 in the pain severity 
score(PSS) and > 2 in the pain interference score (PIS) are the criteria for "successful treatment" 
designation, this assessment tool is typically used for systemic treatment modalities.  In this particular 
study, only two elbows were treated on a treatment date and the same criteria for treatment success 
may not be applicable and the client may actually see an improvement in their treated dog which may 
not be considered successful by cBPI standards. 
 
Because of the local treatment of two elbows, i.e., non-systemic treatment, in this study, two 
definitions of success were defined: 

• Improvement of 1 or more for the PSS and improvement of 2 or more for the PIS 
(validated cBPI User Guide defined) 

• Improvement of 1 or more for the PSS or improvement of 2 or more for the PIS. 
 

At least half of the dogs showed success at Days 90, 180, 270 and 365 compared to baseline; when 
compared to baseline, Day 270 provided the largest percentage (70.0%) of successes.  Success was not 
generally seen when compared to the previous visit (i.e., Day 180 vs. Day 90, etc). 

Improvement of: Comparison  Outcome 

 

 

PSS >=1 and PIS 
>=2 

Baseline to Day 90 Success 7/14 (50.00%) 

 Failure 7/14 (50.00%) 

Baseline to Day 180 Success 6/12 (50.00%) 

 Failure 6/12 (50.00%) 

Baseline to Day 270 Success 7/10 (70.00%) 

 Failure 3/10 (30.00%) 

Baseline to Day 365 Success 6/11 (54.55%) 

 Failure 5/11 (45.45%) 

Day 90 to Day 180 Success 1/12 (8.33%) 

 Failure 11/12 (91.67%) 

Day 180 to Day 270 Success 4/10 (40.00%) 

 Failure 6/10 (60.00%) 

Day 270 to Day 365 Success 0 

  Failure 10/10 (100.00%) 

Table 5 demonstrates when the validated cBPI definition of success, i.e., improvement of 1 or more 
for the PSS and improvement of 2 or more for the PIS were met.  Improvement was 
assessed by comparing each post-baseline visit to baseline and comparing each visit to 
the most recent visit. 
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Improvement of 1 or more for the PSS or improvement of 2 or more for the PIS 

When the alternate definition of cBPI success was used, i.e., defined as improvement of 1 or more for 
the PSS or improvement of 2 or more for the PIS with no worsening of the other, a majority of the 
dogs showed success at each visit (Days 90, 180, 270 and 365; Day 270 compared to baseline provided 
the largest percentage (90.0%) of successes.  A majority of dogs showed success when comparing Day 
270 to Day 180, but not when comparing Day 180 to Day 90, or comparing Day 365 to Day 270. 

 
Improvement of: Comparison  Outcome 

 

 

PSS >=1 or PIS 
>=2 

Baseline to Day 90 Success 10/14 (71.43%) 

 Failure 4/14 (28.57%) 

Baseline to Day 180 Success 9/12 (75.00%) 

 Failure 3/12 (25.00%) 

Baseline to Day 270 Success 9/10 (90.00%) 

 Failure 1/10 (10.00%) 

Baseline to Day 365 Success 9/11 (81.82%) 

 Failure 2/11 (18.18%) 

Day 90 to Day 180 Success 5/12 (41.67) 

 Failure 7/12 (58.33%) 

Day 180 to Day 270 Success 6/10 (60.00%) 

 Failure 4/10 (40.00%) 

Day 270 to Day 365 Success 1/10 (10.00%) 

  Failure 9/10 (90.00%) 

 

Table 6 demonstrates when the cBPI definition of success, i.e., improvement of 1 or more for the 
PSS or improvement of 2 or more for the PIS were met, with no worsening of the other.  
Improvement was assessed by comparing each post-baseline visit to baseline and 
comparing each visit to the most recent visit. 

 

6.2.2 Clinician Assessment of Lameness (Statistical Report Tables 2a, 2b & 2c located in 
Appendix C) 

The Clinician-Assessed Lameness Evaluation was based on a 6-point scale with Grade 0 = no lameness 
to Grade 5 = continuous non-weight-bearing lameness.  Assessments took place during walking and 
during trotting at baseline, Day 90, Day 180, Day 270 and Day 365.  The worse value (largest) of the 2 
assessments at each time point was also analyzed. 
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Parameter Time point  n Mean SEM 
Within Group 

P-value* 

 

Lameness at Walk 

Baseline Baseline 14 2.14 0.18  

Day 90 Value 14 1.29 0.30  

Change 14 -0.86 0.27 0.0081 

Day 180 Value 12 1.58 0.36  

Change1 12 -0.5 0.34 0.1661 

Change2 12 0.33 0.19 0.1039 

Day 270 Value 10 1.6 0.34  

Change1 10 -0.4 0.34 0.2695 

Change2 10 0.3 0.21 0.1934 

Day 365 Value 11 2.18 0.26  

Change1 11 0.18 0.30 0.5527 

Change2 10 0.6 0.34 0.1114 

 

Lameness at Trot 

Baseline Baseline 13 2.15 0.15  

Day 90 Value 13 1.31 0.31  

Change1 13 -0.85 0.25 0.0053 

Day 180 Value 11 1.91 0.28  

Change1 11 -0.18 0.18 0.3409 

Change2 11 0.73 0.24 0.0119 

Day 270 Value 10 1.90 0.35  

Change1 10 -0.2 0.33 0.5554 

Change2 10 0/0 0.26 1.0000 

Day 365 Value 11 2.36 0.24  

Change1 11 0.27 0.19 0.1921 

Change2 10 0.50 0.27 0.0957 

 

Worse Score 

Baseline Baseline 14 2.29 0.16  

Day 90 Value 14 1.5 0.29  

Change1 14 -0.78 0.21 0.0028 

Day 180 Value 12 2.08 0.31  

Change1 12 -0.17 0.21 0.4382 

Change2 12 0.67 0.22 0.0128 

Day 270 Value 10 2 0.33  

Change1 10 -0.20 0.29 0.5086 

Change2 10 0.10 0.23 0.6783 

Day 365 Value 11 2.45 0.21  

Change1 11 0.27 0.19 0.3750 

Change2 10 0.50 0.27 0.0957 

* Within group p-values were generated by the paired t-test. 
1 Change from baseline 
2 Change from previous visit 

Table 7.  The three tables within Table 7 demonstrate the Clinician-Assessed Lameness by each 
assessment, lameness at walk, lameness at trot or the worse of the scored parameter.  A 
negative change was considered an improvement in the lameness score. 
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For lameness at a walk, the mean improvement compared to baseline was statistically significant 
(p<0.05) at Day 90, but not at Days 180, 270 and 365.  The mean improvement from previous visit was 
not statistically significant at any visit (Table 7). 

For lameness at a trot, the mean improvement compared to baseline was statistically significant 
(p<0.05) at Day 90, but not at Days 180, 270 and 365. The mean improvement from previous visit was 
not statistically significant (p>0.05) at any visit (Table 7). 

For “worst” lameness score (the greater of lameness at a walk or lameness at a trot), the mean 
improvement compared to baseline was statistically significant (p<0.05) at Day 90, but not at Days 
180, 270 and 365.  The mean improvement from previous visit was not statistically significant at any 
visit (Table 7). 

 

6.2.3 Agreement of cBPI Success and Clinician-Assessed Lameness (Statistical Report 
Tables 3a & 3b located in Appendix C) 

The cBPI findings were corroborated when statistical agreement was found between Clinician-
Assessed lameness success and cBPI success.  For the standard definition of cBPI success and success 
for lameness at a walk, there was agreement between the two measures (p > 0.05) for all comparisons 
to baseline and comparisons to previous visit.  The comparison of Day 270 to Day 365 could not be 
made because no dogs met the success criteria for cBPI (Table 8). 

For the standard definition of cBPI success and success for lameness at a trot, there was agreement 
between the two measures for Days 90, 180 and 270 compared to baseline but not for Day 365 
compared to baseline.  There was agreement for Day 270 compared to Day 180.  The comparison of 
Day 180 to Day 90 could not be made because no dogs met the success criteria for the lameness 
assessment and the comparison of Day 270 to Day 365 could not be made because no dogs met the 
success criteria for cBPI (Table 8). 

For the alternative definition of cBPI success and success for lameness at a walk, there was agreement 
between the two measures (p > 0.05) for Day 90 and Day 180 comparisons to baseline but not for 
Days 270 and 365 compared to baseline; for comparison to previous visit there was agreement 
between the two measurements only for Day 365 compared to Day 270 (Table 8). 

For the alternative definition of cBPI success and success for lameness at a trot, there was agreement 
between the two measures for Days 90 and 180 compared to baseline but not for Days 270 and 365 
compared to baseline.  There was agreement for Day 270 compared to Day 180 and for Day 365 
compared to Day 270.  The comparison of Day 180 to Day 90 could not be made because no dogs met 
the success criteria for the lameness assessment (Table 8).  
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 Lameness at Walk Lameness at Trot 

Improvement 
of: Comparison 

cBPI 
Success/ 
Failure Success Failure p-value* Success Failure p-value* 

PSS >=1 and PIS 
>=2 

Baseline to Day 90 Success 7/15(46.67%) 1/15 (6.67%) 0.1025 6/14 (42.86%) 2/14 (14.29%) 0.4142 

Failure 5/15 (33.33%) 2/15 (13.33%)  4/14 (28.57%) 2/14 (14.29%)  

Baseline to Day 180 Success 3/13 (23.08%) 3/13 (23.08%) 0.7055 2/12 (16.67%) 3/12 (25.00%) 0.3173 

Failure 4/13 (30.77%) 3/13 (23.08%)  1/12 (8.33%) 6/12 (50.00%)  

Baseline to Day 270 Success 3/11 (27.27%) 4/11 (36.36%) 0.7055 4/11 (36.36%) 3/11 (27.27%) 0.3173 

Failure  3/11 (27.27 1/11 (9.09%)  1/11 (9.09%) 3/11 (27.27%)  

Baseline to Day 365 Success 4/12 (33.33%) 3/12 (33.33%) 0.0833 2/12 (16.67%) 5/12 (41.67%) 0.0253 

Failure   5/12 (41.67%)   5/12 (41.67%)  

Day 90 to Day 180 Success  1/13 (7.69) 1.0000  1/12 (8.33%) -- 

Failure  1/13 (7.69) 11/13 (84.62%)   11/12 (91.67%)  

Day 180 to Day 270 Success 1/11 (9.09%) 4/11 (36.36%) 0.1797 2/11 (18.18%) 3/11 (27.27%) 0.6547 

Failure  1/11 (9.09%) 5/11 (45.45%)  2/11 (18.18%) 4/11 (36.36%)  

Day 270 to Day 365 Success  1/11 (9.09%) 0.5637  1/11 (9.09%) 1.0000 

Failure  2/11 (18.18%) 8/11 (72.73%)  1/11 (9.09%) 9/11 (81.82%)  

PSS >=1 or PIS 
>=2 

Baseline to Day 90 Success 9/15 (60.00%) 2/15 (13.33%) 0.6547 8/14 (57.14%) 3/14 (21.43%) 0.6547 

Failure 3/15 (20.00%) 1/15 (6.67%)  2/14 (14.29%) 1/14 (7.14%)  

Baseline to Day 180 Success 4/13 (30.77%) 5/13 (3846%) 0.4795 2/12 (16.67%) 6/12 (50.00%) 0.0588 

Failure 3/13 (23.08%) 1/13 (7.69%)  1/12 (8.33%) 3/12 (25.00%)  

Baseline to Day 270 Success 6/11 (54.55%) 4/11 (36.36%) 0.0455 5/11 (45.45%) 5/11 (45.45%) 0.0253 

Failure   1/11 (9.09%)   1/11 (9.09%)  

Baseline to Day 365 Success 4/12 (33.33%) 6/12 (50.00%) 0.0143 2/12 (16.67%) 8/12 (66.67%) 0.0047 

Failure   2/12 (16.67%)   2/12 (16.67%)  

Day 90 to Day 180 Success 1/13 (7.69) 4/13 (30.77%) 0.0455  4/12 (33.33%) -- 

Failure   8/13 (61.54%)   8/12 (66.67%)  

Day 180 to Day 270 Success 2/11 (18.18%) 5/11 (45.45%) 0.0253 4/11 (36.36%) 3/11 (27.27%) 0.0833 

Failure   4/11 (36.36%)   4/11 (36.36%)  

Day 270 to Day 365 Success  1/11 (9.09%) 05637  2/11 (18.18%) 0.5637 

Failure  2/11 (18.18%) 8/11 (72.73%)  1/11 (9.09%) 8/11 (72.73%)  

* P-values derived by McNemar's test for Agreement. P-values >=0.05 indicate agreement. 

Note: Lameness Success=Improvement of 1 or more 

Table 8 demonstrates the statistical agreement between the cBPI assessments and the Clinician-
Assessed Lameness evaluations, supporting and corroborating the validity of the two 
measurements. 
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6.2.4 Force Plate 

Baseline Force Plate was performed at both veterinary sites, however, flooding at Gulf Coast 
Veterinary Specialists resulted in equipment damage and no follow-up force plate assessments were 
performed at this site.  Therefore, follow-up force plate data was collected at Louisiana State 
University on the three subjects enrolled at this site.  Due to the small number of subjects with follow-
up assessments, a decision was made to not perform statistical analysis on this small sample size. 

 

6.2.5 Radiographic Imaging Analysis (Statistical Report Table 2 located in Appendix F) 

A majority of the 25 eligible elbows at Day 365 showed a progression (worsening) of the condition 
(p<0.01).  Therefore, regardless of the cBPI outcome, radiographic indices of OA worsened over the 
course of the study period. 

 

6.2.6 Computed Tomography (CT) Imaging Results (Statistical Report located in 
Appendix F) 

The following CT variables were assessed: 

• Presence or absence of a medial coronoid process (MCP) fragment or fragments,  
• Erosion of the ulnar side of the radial ulnar (RU) joint at the level of the medial coronoid 

process, 
• Presence or absence of osteochondrosis dissecans lesions in the humerus and proximal radius, 
• Degree of sclerosis of the semilunar notch (SLN), 
• Presence of bony fragments other than the medial coronoid process, 
• Width of the humeral ulnar joint, 
• Width of the humeral radial joint 
• Presence or absence of periarticular osteophytes and  
• Disease progression. 

 

For the categorical variables (MCP Fragments, Periarticular Osteophytes, Radial-Ulnar (RU) Joint 
Erosion and Sclerosis of SLN), there were no significant differences between baseline scores and 
scores at Day 365.  The majority of scores for any other variable at the post-treatment time point did 
not change from baseline. 
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6.2.7 Magnetic Resonance (MR) Imaging Results  (Statistical Report Table 1 located in 
Appendix F) 

The following MRI variables were analyzed: 

• Continuous Variables 

 Cranial joint pouch width 

 Caudal joint pouch width 

 Cranial synovial body width 

 Caudal synovial body width 

• Categorical Variables 

 MCPF (Medial Coronoid Process Fragmentation) presence 

 RU (Radial Ulnar subchondral) Joint Erosion 

 Progression rating (from baseline) 

 Progression rating (from previous visit). 

 

For Cranial Joint Pouch Width, the time main effect was significant (p<0.01) and the contrasts 
comparing baseline to Day 180 and baseline to Day 365 were tested.  The least squares mean value at 
Day 180 was significantly (p<0.01) lower than the mean at baseline  – 0.811 at Day 180 compared to 
0.936 at baseline.  The mean value at Day 365 was significantly lower (p<0.05) than the mean at 
baseline – 0.840 at Day 365 compared to 0.936 at baseline (Tables 9 and 10). 

 

Time Least Square 
Means 

Baseline 0.936 

Day 180 0.811 

Day 365 0.840 

Table 9.  Least Square Means of Cranial Joint Pouch Width at baseline and follow-up time points, 
Day 180 and Day 365. 

 

Cranial Joint Pouch Width ANOVA Mean Square p-value 

Baseline vs. Day 180 0.1563 0.0017 

Baseline vs. Day 365 0.0848 0.0172 

Day 180 vs. Day 365 0.0079 0.4519 

Table 10.  Analysis of Variance for Cranial Joint Pouch Width, the only continuous variable 
demonstrating statistical significance. 
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For the remainder of the continuous variables (Caudal Joint Pouch Width, Caudal Synovial Body Width 
and Cranial Synovial Body Width), there were no significant differences between time points (time 
main effect not significant; p>0.05) and the comparisons between time points were not made. 

 

For the categorical variables (Medial Coronoid Process Fragment (MCPF) Present, Radial-Ulnar (RU) 
Joint Erosion and Ununited Anconeal Process (UAP) Present), there were no significant differences 
between baseline scores and scores at either Day 180 or Day 365.  The majority of scores for each 
variable at each post-treatment time point did not change from baseline. 

 

6.2.8 Agreement between Clinical Results and Imaging Results  (Statistical Report 
Table 3 located in Appendix F) 

Clinical success was defined previously by whether the dog had either improved or not declined, when 
compared with cBPI baseline assessments.  For the variables, Clinical Success and Change seen in 
Radiographs, there was significant (p<0.01) lack of agreement between the two variables; more dogs 
exhibited clinical success/radiological failure than showed clinical failure/radiological success.  
Therefore, changes in radiographic images over time did not correspond to treatment outcome (Table 
11). 

Clinical Outcomes vs.  
Radiological Progression Changes 

Treatment Failure Treatment Success Total 

Treatment Failure 3 0 3 

Treatment Success 7 1 8 

Total 10 1 11 

Table 11.  McNemar’s Test of Agreement between Clinical Success and Radiological Changes.  P = 
0.0082; Frequency missing values = 3. 

For the other imaging variables (CT success, MRI Day 180 success and MRI Day 365 success), there was 
apparent agreement between Clinical Success and each of the imaging variables (p>0.05).  However, 
the total sample size for each of these comparisons was very small, between 10 and 12 dogs with both 
clinical and imaging variables, so it is possible that lack of agreement might have been shown if the 
sample sizes were larger. 
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6.3 Safety Assessments 

Safety assessments were performed on the entire population, i.e., the Intent-to-Treat (ITT) population 
consisting of 15 dogs and 27 elbows. 

6.3.1 Joint Fluid Results  

Independent laboratory joint fluid assessments did not reveal safety concerns over the 365 day study 
duration in which in hospital follow-up visits occurred.  The joint fluid parameters were reviewed by 
Exubrion Therapeutics' Chief Veterinary Officer and no values raised safety-related concerns with 
respect to Synovetin OA™ treatment. 

6.3.2 Urinalysis Results  

Independent laboratory urinalysis did not reveal safety concerns over the 365 day study duration in 
which in hospital follow-up visits occurred.  The urinalysis parameters were reviewed by Exubrion 
Therapeutics' Chief Veterinary Officer and no values raised safety-related concerns with respect to 
Synovetin OA™ treatment. 

6.3.3  CBC and Chemistry Results 

Independent laboratory bloodwork assessments did not reveal safety concerns over the 365 day study 
duration in which in hospital follow-up visits occurred.  The CBC and chemistry parameters were 
reviewed by Exubrion Therapeutics' Chief Veterinary Officer and no values raised safety-related 
concerns with respect to Synovetin OA™ treatment. 

6.4 Adverse Events 

Investigators assessed and reported if Adverse Events (AEs) occurred at any time between Synovetin 
OA™ treatment (Day 0) and the Day 365 follow-up visit.  If an AE occurred, then investigators reported 
the: 

• Onset and resolution of the AE; 
• Relationship of the AE to the Synovetin OA™ device, administration or imaging procedures or 

pre-existing co-morbidities; 
• Follow-up actions taken, if needed. 
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The reported AEs are summarized in Table 12. 

Subject AE Description AE 
Reported 

Treatment AE Related to 
Synovetin 

OA™ Device 
Administra-

tion 
Procedure 

Imaging 
Procedure 

Pre-
existing 

Co-
morbidity 

2-4L1 "Subject does not seem 
unwell." 
Labwork:  Chem 
Day 180: elevated liver 
enzymes, cholesterol and 
MG 
Day 365:  elevated liver 
enzymes, CK, BUN, 
cholesterol , MG; 
decreased bicarbonate 

Day 180 
and Day 

365 

 Medications:  
Denamarin, Amoxi 
(300mg)/ Clav (75mg), 
Ursodiol; 
 Abd Ultrasound; 
 Internal Medicine 

Consultation 
 Similar baseline Chem 

labwork results 
(elevated liver 
enzymes, cholesterol 
and MG) 

No No No Yes 

2-7G6 Right forelimb lameness; 
possibly from jumping off 
the back of truck 

Day 365  Follow-up with 
primary veterinarian; 
AE occurred at end of 
study 

No No No No 

2-8L2 Labwork:  Chem 
Day 180: elevated ALP, 
BUN and Cl 
Day 365: elevated ALP, 
globulin, BUN and Cl 

Day 180 
and Day 

365 

Similar baseline Chem 
labwork results 
(elevated ALP, CK, 
globulin, BUN and low 
albumin) 

No No No Yes 

2-10G8 Labwork:  
Day 180: Chem: elevated 
BUN, creatinine & SDMA; 
UA:  1+ blood, elevated 
WBCs and RBCs, marked 
rods and cocci present, 
2+crystals seen 
Day 365: Chem: elevated 
SDMA and globulin 

Day 180 
(Chem & 

UA) 
 and  

Day 365 
(Chem 
only) 

▪ Baseline Chem 
labwork results 
(elevated SDMA and 
globulin) 

▪ Unremarkable UA 
results at baseline 

No No No Yes 

2-11G9 Labwork:  UA 
Day 180:  elevated WBCs 
and moderate rods 
present 
Day 365:  Slightly 
elevated WBCs; rare rods 
and cocci present 

Day 180 
and Day 

365 

 Similar baseline UA 
labwork results 
(elevated WBCs, rare 
rods present and 2+ 
protein) 

No No No Yes 

2-
12G10 

Labwork:  UA 
Day 180:  3+ blood and 
protein, 1+ bilirubin 
elevated RBCs 
Day 365:  3+ blood, 
elevated WBCs and RBCs, 
rare cocci present 

Day 180 
and Day 

365 

 Similar UA results at 
baseline, Bloody urine 
occurring several 
times per month since 
1 yr old; 
 Antibiotics prescribed 

No No No Yes 

Table 12 summarizes the AEs reported during the study follow-up period, through Day 365. 



EXUBRION:  The Use of 117m Sn (t in)  Colloid (Synovetin OATM) for Treatment          Study #: C-22017 
of Naturally Occurring Grade 3 Elbow Osteoarthritis in Client Dogs 
 

30-Dec-2019                       Confidential                          Page 48 of 52 

None of the AEs were reported to be related to the Synovetin OA™ device and no subjects were 
admitted for veterinary care to address any AE. 

 

6.5 Exposure Observations 

After the dogs were treated with 117mSn colloid, exposure assessments were made with respect to the 
injected elbows (at 5cm (right and left) and 100cm (right, left and equidistant in front) and urine 
collected (Appendix E).  The background readings were more variable on various days, but especially 
on Day 0 (1218.5 + 2783.1 µR/hr) for a number of reasons, including that measurements were taken in 
the radiation isolation area where there is often at least one other animal or “dirty” cage (usually 
radioactive iodine) in the room. 

Please see report provided in Appendix E.  This report has been used to provide guidance for release 
criteria. 

6.6 Record Retention 

Source documentation will be retained at the respective veterinary hospital where the records 
originated, until transferred to Exubrion Therapeutics, Inc. for storage and archiving.  
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7 DISCUSSION 

Naturally occurring OA is associated with a progressive increase in chronic pain and increasing activity 
limitations, due to pain, over time.  This was a 12-month study of naturally occurring OA in client 
owned dogs, many of which had been treated medically previously.  Status on-study visits (Day 90, 
Day 180, Day 270 and Day 365 after treatment) was compared to the baseline visit.  As the natural 
course of the disease is continued degeneration, treated dogs that improved experienced a favorable 
outcome.  Overall effectiveness was assessed using the cBPI assessments.  Lastly, safety was 
established by serial lab work results, i.e., complete blood count, blood chemistry, urine and joint fluid 
analyses, over the duration of the study, after exposure to Synovetin OA™. 

 

cBPI 

Typically, elbow dysplasia is a bilateral condition.  The conventional validated cBPI assessment tool has 
been used to assess changes in pain, activity and quality of life, following on-going systemic therapy.  
The authors of the cBPI assessment tool have indicated a reduction of > 1 in the pain severity score 
(PSS) AND > 2 in the pain interference score (PIS) are the criteria for "successful treatment" 
designation, however, this assessment tool is typically used for systemic treatment modalities.  In this 
particular study, two elbows were treated and the same criteria for a systemic treatment success may 
not be applicable for a one time local treatment of both elbows. 

In this Study of Synovetin OA™ in 15 dogs diagnosed with Grade 3 OA the overall treatment success 
rate of the per protocol group based on the published defined cBPI results was 78.6% (11/14).  The 
treatment success using the conventional validated cBPI User Guide definition of "Improvement of 1 or 
more for the PSS and improvement of 2 or more for the PIS," resulted in the highest success rate (70%, 
7/10) at Day 270, compared to baseline.  When the validated cBPI definition was broadened 
to"Improvement of 1 or more for the PSS or improvement of 2 or more for the PIS, with no worsening 
of the other" the success rate, compared to baseline, increased to 71.4% (10/14) at Day 90, 75.0 % 
(9/12) at Day 180, 90.0% (9/10) at Day 270 and 81.8% (9/11) at Day 365. 

Regardless of the small sample size, the percentage of subjects categorized as a treatment success 
generally increased with duration of study follow-up. 

 

Lameness 

In this study, lameness was intended to be systematically assessed via two methodologies:  in-person 
Clinician-Assessed Lameness by a study clinician during a physical examination; and remotely 
conducted Video-Assessed  Lameness by two independent observers viewing a video recording. 
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The in-person study clinician lameness was assessed during walk and trot based on a 6-point 
categorical scale with Grade 0 = "no lameness" to Grade 5 = "continuous non-weight-bearing 
lameness" and this assessment took place during each in-person visit, i.e., baseline, Day 90, Day 180, 
Day 270 and Day 365.  Regardless of the subject's activity or how it was evaluated, i.e., lameness at 
walk, at trot or "worse" score, the mean improvement compared to baseline was statistically 
significant (p<0.05) at Day 90 only.  Regardless if the assessment took place during walk or during trot, 
the mean improvement from previous visit was not statistically significant at any visit. 

Based on the Grade 1-2 Study results, the in-person Clinician-Assessed Lameness appeared to provide 
a more reliable lameness score, under the conditions of the study.  Moreover, based on the results of 
the previously conducted Grade 1-2 Study, it was determined that Video-Assessed Lameness analyses 
were not productive and were not pursued for this Study.  However, the video data are archived per 
Section 6.5. 

 

Agreement of cBPI Success and Clinician-Assessed Lameness  

Although the cBPI survey and Clinician-Assessed Lameness scoring were conducted by different 
individuals using different assessment tools, ultimately, the tools are directed toward measuring 
impaired activity or movement.  Therefore, perhaps it is not surprising the statistical assessment of 
cBPI and Clinician-Assessed Lameness yielded p-values ≥ 0.05 for many of the comparisons from 
baseline to each visit, indicating agreement.  These findings support and corroborate the results when 
success was defined for clinical lameness, and statistical agreement was found between Clinician-
Assessed lameness success and cBPI success.  Agreement of treatment duration between the two 
assessments could not be assessed in this analysis. 

The high degree of agreement between the two assessments of the success of treatment (cBPI and 
Clinician-Assessed Lameness) indicates that both dog caregivers and clinicians were able to evaluate a 
consistent improvement in the treated dog’s lameness.  Also, the cBPI survey was able to document 
the daily caretakers’ ability to see smaller incremental improvements in the patients’ lameness during 
the entire year. 

 

Imaging Data 

Extensive studies were performed over the one year study using various imaging modalities, i.e., 
Radiography, Computed Tomography and Magnetic Resonance Imaging. 

It is often thought that radiographic changes have a poor correlation with OA clinical status, especially 
in the mid-range of the disease process.  For radiographic evaluations performed in this investigation, 
it is therefore, probably not surprising that radiographic indices have not tracked along with OA 
disease progression. 
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The Sign Test was used for the CT analyses, in which one of three values, i.e. -1/0/+1, is assigned when 
comparing baseline to post-treatment values.  Because the "0" values do not have meaning in this 
statistical test, only the negative and positive numbers are analyzed; this approach works particularly 
well with categorical data.  Unfortunately, none of the CT variables were statistically significant over 
time.  The small sample size is a likely factor in this outcome. 

Magnetic Resonance was another imaging tool used in this Study and it showed statistically significant 
changes in the Cranial Joint Pouch Width when comparing the Day 180 and the Day 365 MR images to 
baseline.  The statistically significant reduction in the Cranial Joint Pouch Width from baseline over 
time to the Day 180 and the Day 365 follow-up time points is consistent with a reduction in joint 
effusion.  In general, the Cranial Joint Pouch Width MRI variable tends to be smaller in magnitude than 
the Caudal Joint Pouch Width, which is why small changes in magnitude for this variable may have 
been more easily detected. 

When the other imaging variables, i.e., CT success, MRI Day 180 success and MRI Day 365 success, 
were compared to cBPI treatment outcome, there was a lack of disagreement between Clinical 
Success and each of the imaging variables (p>0.05).  However, it is not clear if genuine agreement 
exists or if these findings result from a small sample size.  In this study, the 10 and 12 dogs with both 
clinical and imaging variables available for analysis might be too small to be meaningful. 
 

Safety Data 

These favorable laboratory results continue to demonstrate a lack of clinically significant safety 
concerns related to the use of 117mSn colloid (Synovetin OA™) over the duration of the study.  
Therefore, the use of 117mSn colloid (Synovetin OA™) demonstrated a good safety profile for the device 
under the prescribed conditions for use.  In depth reviews of each subject's health profile during the 
investigation are located in Appendix D. 
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8 CONCLUSIONS 

The use of 117mSn colloid to treat Grade 3 OA has been proven feasible.  This investigation supports the 
following conclusions: 

• Synovetin OA™ provides treatment for canine OA.  In this study, subjects who were diagnosed 
with Grade 3 OA in at least one elbow benefited by either not worsening or improving over 
365 days with a progressive degenerative disease. 

• No device-related safety concerns were observed with treatment of 117mSn (Synovetin OA™) 
colloid treatment over the study related to the use of Synovetin OA™, demonstrating a good 
safety profile for the device under the prescribed conditions for use. 

 

9 APPENDICES 

Appendices A - F are provided in separate folder. 
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