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Abstract:

Periarticular histiocytic sarcoma (PAHS) is the most common synovial tumor in dogs and is
characterized by aggressive local disease with a high rate of distant metastasis. Previously, an
association between PAHS and prior joint disease has been demonstrated in the Bernese
Mountain Dog breed and suggested in the Rottweiler. We hypothesized that this association
would be present in other breeds and investigated this via a retrospective, case-controlled
analysis. Cases were dogs diagnosed with PAHS of the stifle or elbow. Controls were age,
breed and sex-matched dogs without a diagnosis of histiocytic sarcoma. Diagnosis of prior joint
disease was determined based on review of medical records and direct veterinarian and owner
communications. Data were evaluated using logistic regression, two-sampled t-tests, and chi-
squared analysis. Our study population consisted of 28 cases and 46 controls, including Flat-
Coated, Golden and Labrador Retrievers, Rottweilers, English Bulldogs, Shih Tzus, Australian
Shepherds, Staffordshire Terriers, and mixed breed dogs. Dogs with PAHS were more likely to
have prior joint disease in the tumor-affected joint compared to the control population (OR =
13.42, p<0.0001, 95% Cl=4.33-48.63). 88.2% of dogs with stifle PAHS had prior joint disease
in their tumor-affected joint, most commonly cranial cruciate ligament rupture. This study
confirms that the previously noted association between prior joint disease and PAHS in Bernese
Mountain Dogs also applies to other breeds. Additional studies are needed to further

investigate for a causal relationship.
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Introduction:

Canine histiocytic sarcoma (HS) is a malignant neoplasm of dendritic cell or macrophage origin™
% and can be divided into localized, disseminated, and hemophagocytic variants based on
biological behavior. Localized HS has been reported to occur in a variety of tissues including
liver, spleen, lungs, eyes, CNS, and skin.*® Periarticular tissues are a frequent location for
development of HS® and it has been suggested that this form of the disease may follow a more
indolent course than other types of HS.” Periarticular histiocytic sarcoma (PAHS) was
determined to be the most common canine joint tumor by Craig et al, and can be difficult to

differentiate from other joint tumors using cytology or histopathology alone.®

Breed predispositions to HS have been reported in the Bernese Mountain Dog, Flat Coated
Retriever and Rottweiler®'® and there is an inherited risk in Bernese Mountain Dogs, suggesting
the possibility of genetic risk factors. Other investigated potential risk factors for HS in dogs
include environmental exposures, previous medical history, and prior orthopedic disease.'* ' In
a retrospective study of Bernese Mountain Dogs, orthopedic disease was determined to be a
predisposing factor associated with the development of HS. Dogs with prior orthopedic disease
were 2.5 times more likely to develop HS than those without. Interestingly, dogs in the same
study treated with prescription anti-inflammatory medications were at a lower risk for
development of HS.™ In another study, Bernese Mountain Dogs were found to be 5.4 times
more likely to develop PAHS in a previously diseased joint compared to a healthy joint." An
association in Rottweilers between prior joint disease and PAHS was suggested by Craig et al;
62% of Rottweilers with PAHS of the stifle were found to have previous cranial cruciate ligament

rupture in the tumor-affected joint.® There are also individual reports in dogs of other breeds

(Flat Coated Retriever, Golden Retriever) developing PAHS in a previously diseased joint."® "’
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The purpose of this study was to determine if the association between joint disease and PAHS
identified in the Bernese Mountain Dog is also present in dogs of other breeds, which may or
may not be otherwise predisposed to HS. We hypothesized that dogs with PAHS would be
more likely to have had prior joint disease compared to a control population. Secondary
objectives were to describe the types of joint disease associated with development of HS and

characterize the time between diagnosis of joint disease and PAHS.

Materials and Methods:

Medical records of patients presenting to the University of Tennessee (UT) and the University of
Minnesota (UMN) Veterinary Medical Centers and histopathology submissions to the UT
Anatomic Pathology Diagnostic Laboratory between January 2001 and July 2014 were
evaluated for a diagnosis of HS affecting the stifle or elbow. Patients with a definitive or
probable diagnosis of HS, based on cytology or histopathology (+/- CD18
immunohistochemistry), were initially included. For patients with a ‘probable’ diagnosis, tissue
was reviewed by a single board certified veterinary pathologist (LC) and CD18
immunohistochemistry was performed. Cases that were considered “probable” and did not
have tissue available for review and cases with only a cytologic diagnosis available were
excluded. All included cases ultimately had a definitive diagnosis of PAHS based on
histopathology +/- CD18. We included dogs with PAHS affecting the elbow or stifle only, since
these are the most common locations of PAHS® and are also common locations of specific
orthopedic diseases in dogs, including cruciate disease and elbow dysplasia. “Osteoarthritis”
and “degenerative joint disease” were excluded as prior diagnoses since these are prevalent in
the adult and elderly canine population,® are frequently underdiagnosed,’® and because
diagnosis can be difficult.?>%' Given that there are recognized differences in underlying etiology

between common orthopedic diseases affecting the stifle and elbow, (i.e. degenerative and
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inflammatory changes leading to cruciate disease and joint incongruity leading to elbow

22,23

dysplasia and secondary inflammation), we were also interested to see if there was a

difference in joint disease-PAHS association between these different sites.

Control patients were identified, with the aim of finding two controls for each case to maximize
statistical power. Records of patients who presented to UMN or UT between January 2001 and
July 2014 with presenting complaints other than HS were evaluated to find age, breed, and sex
matched controls. The population of dogs presenting through the community practice service
for vaccines or wellness exams was initially searched for controls. If appropriately matched
controls were not identified in this population, the search was expanded to dogs presenting for
other reasons including dermatologic disease, ocular abnormalities, or lymphoma. PAHS cases
presenting to UMN were matched to controls presenting through UMN and PAHS cases
presenting to UT or with pathology submissions through UT were matched to controls from UT.
When more than two perfectly matched controls were identified, the patients presenting in the
same year as the case and with the lowest medical record numbers were used as the controls.
When an exact age-matched control could not be identified, the control patient closest in age to
the case (starting with 1 year older) was selected. In the rare instance an intact male or female
dog of the same age and breed as the case could not be identified, a spayed or neutered dog of

the same sex, breed, and age (+/- one year) was used as the control.

Additional information was obtained for both cases and controls via review of medical records
sent from referring veterinarians and phone/email communications with owners. Data collected
included signalment, weight at time of diagnosis, presence and type of previous joint disease
(including method of diagnosis and surgical treatment, when applicable), and date of PAHS and
joint disease diagnoses. Patients were considered to have prior joint disease if they had a

specific diagnosis of prior joint surgery, joint injury (including fracture, ligament rupture, and
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trauma with joint swelling), joint incongruity or dysplastic change diagnosed on imaging or
necropsy, or joint inflammation (including immune mediated polyarthritis and septic arthritis).
For cases with both joint disease and PAHS, time interval between the two diagnoses was
calculated. Patients with an unknown exact date of joint disease onset were excluded from this
calculation. Dogs were excluded from both case and control groups when their complete
medical records were unavailable, when contact with the owner was not possible, or when

owners had incomplete recollection of medical history.

Univariable logistic regression models were constructed to examine the relationship between
prior joint disease and PAHS within the entire population as well as the stifle and elbow groups
separately. The associations between patient demographics and tumor status were evaluated
using Fisher’s exact tests (for categorical variables breed and sex) or two-sample t tests (for
numeric variables age and weight) to ensure there were not significant differences between the
PAHS and control groups. Significance was identified at p <0.05. Data analysis was conducted

in JMP Pro 12/01 for Windows from SAS Institute Inc. (Cary, NC).

Results:

After exclusion of patients with incomplete medical records (13), 34 dogs with PAHS remained.
Three cases with only a cytologic diagnosis were excluded, and three additional cases with a
“probable” diagnosis of PAHS were excluded because they did not have tissue available for
pathology review, leaving 28 cases. Breeds included were Golden Retriever (6), Rottweiler (6),
Labrador Retriever (6), Flat Coat Retriever (2), Mixed Breed Dog (3), English Bulldog (2), and
one each of Australian Shepherd, Shih Tzu, and Staffordshire Terrier. Median age at the time
of PAHS diagnosis was eight years (range 4-16 years) and the median weight was 34.5

kilograms. There were 14 males (2 intact, 12 neutered) and 14 females (1 intact, 13 spayed).
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46 age, breed, and sex matched controls were identified. The majority of control patients
presented for annual wellness exams or vaccines. Other reasons for presentation included
lymphoma, dermatologic conditions, or ocular abnormalities. Median age in the control group
was eight years (range 4-17 years) and the median weight was 29.8 kilograms. There were 23
males (4 intact, 19 neutered) and 23 females (all spayed). Patient demographics (sex and
breed distribution, age, and weight) were compared between the PAHS and control groups.

There were no statistically significant differences (Table 1).

All cases were diagnosed by histopathology and CD18 was used to confirm the diagnosis in all
but two of the cases. 17/28 (60.1%) cases were confirmed to have previous joint disease in the
tumor-affected joint. In comparison, 5/46 (10.9%) of the control patients had previously
diagnosed joint disease. The odds of having prior joint disease in the tumor-affected joint were
13.42 times greater in cases than in controls (95% Cl= 4.33-48.63, p<0.0001). The most
common type of previous joint disease was cranial cruciate ligament rupture, followed by
various forms of elbow dysplasia and patellar luxation. Other diagnoses included immune
mediated polyarthritis, trauma/fracture, and septic arthritis (Table 2). The median interval
between joint disease diagnosis and PAHS diagnosis was 2.1 years (range two months-four
years). When breeds were evaluated separately, incidence of prior joint disease varied, but was
especially common in the Rottweiler breed: 6/6 (100%) Rottweilers were confirmed to have

previous disease in their tumor-affected joint (Figure 1).

2/11 (18.2%) dogs with elbow PAHS and 15/17 (88.2%) dogs with stife PAHS were diagnosed
with previous joint disease in the tumor-affected joint. The association between PAHS and prior
joint disease was significant for the stifle (OR = 64.00, 95% CI: 11.72-578.32, p<0.0001) but not

for the elbow (OR = 1.89, 95% CI: 0.20-18.01, p=0.27) (Table 2).
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Discussion:

Dogs in this study with PAHS were more likely to have had prior joint disease in their tumor-
affected joint when compared to the control population. The odds ratio of 13.42 (95% Cl= 4.33-
48.63, p<0.0001) suggests there is a strong relationship between joint disease and
development of PAHS; the existence of this association has been demonstrated previously in

Bernese Mountain Dogs' *°

and this study confirms the relationship exists in dogs of other
breeds as well. Not all of the breeds reported in the current study have been previously
suggested to be predisposed to HS. Bernese Mountain Dogs were not specifically excluded
from this study, and it is interesting that none met the inclusion criteria during the study
timeframe. Between the two sites, there were 19 Bernese Mountain Dogs diagnosed with
suspected or confirmed histiocytic sarcoma, but none with confirmed PAHS affecting the stifle or
elbow. In most of these cases, the disease was visceral and/or disseminated, with localized HS
affecting the subcutis or lung in 6 cases. Localized histiocytic sarcoma, including PAHS, may
be less common than disseminated disease in the Bernese Mountain Dog;24 the fact that no
PAHS cases were confirmed in this breed in our study may reflect this. In another study
comparing dogs with PAHS versus other locations of HS, 1/19 dogs with PAHS (5%) were
Bernese Mountain Dogs, compared with 4/31 with non-PAHS (13%),” and with greater numbers

over a longer study period, it is likely we would have identified Bernese Mountain Dogs with

PAHS.

Though a causal relationship between prior joint disease and the development of HS cannot be
concluded from findings of this study alone, we suggest that inflammation associated with joint
disease may contribute to PAHS development. It is now well-established that inflammation is a

risk factor for cancer in humans.? Dogs with previous cruciate disease, degenerative joint
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disease, and rheumatoid arthritis have been shown to have an increased number of antigen

presenting cells in their synovial membranes®® #’

and it has been demonstrated that dogs with
cruciate rupture have ongoing synovitis and osteoarthritis, even after surgical repair.22>° While
the etiology of cruciate disease is likely multifactorial and is poorly understood, inflammation has
been suggested as a predisposing factor®’ and synovitis has been recognized early in the
course of cruciate rupture, prior to clinically detectable joint instability.*? It is possible that
synovitis, causing release of inflammatory mediators, leads to degradation of the cruciate
ligament and predisposes patients to pathologic rupture. Inflammation could therefore
predispose to both cruciate rupture and PAHS. A recent report by Ruple et al demonstrated
Bernese Mountain Dogs receiving prescription anti-inflammatory medications had a lower risk of
HS development, suggesting that inflammation may play a role in HS development in this
breed." How the known genetic risk for HS in the Bernese Mountain Dog impacts the effect of
inflammation in promoting HS development is not yet known. Further prospective study of the
effect of inflammation on HS development in dogs without a genetic predisposition may help to

elucidate the roles of genetics versus inflammation and studies of chemoprevention in dogs at

risk for HS may help to determine whether inflammation represents a modifiable risk factor.

When separated by joint, the odds of having had prior joint disease were 64 times greater for
dogs with PAHS of the stifle compared to controls, but the association was not significant in the
elbow group. It is possible that the different etiologies underlying stifle disease and elbow
disease contributed to this finding. Most of the dogs in this study with stifle disease had cruciate
ligament rupture, while the most common elbow disease diagnosis was some form of elbow
dysplasia. Elbow dysplasia is related to joint incongruity and is generally regarded as genetic or
developmental in etiology.?® Inflammation as a driving factor for joint disease may be more
prevalent in dogs with stifle disease compared to elbow disease, leading to the stronger

association with PAHS observed in the stifle group. The relatively small number of dogs with
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prior diagnoses other than cruciate disease prevented accurate evaluation of the association
between PAHS and specific types of prior joint disease. However, the difference when entire
elbow and stifle groups were compared, and the known differences in etiologies of common joint
diseases between these two locations, suggests that the underlying etiology of the joint disease

may affect PAHS risk.

In our study, we did not find a significant association between prior joint disease and PAHS
affecting the elbow, in contrast to previous studies in Bernese Mountain Dogs." It is possible
that the lack of significant association in the elbow group was exaggerated by difficulty in
diagnosing elbow disease. Four dogs in this study were diagnosed with cruciate rupture based
on physical exam alone. Since specific diagnosis of elbow disease tends to require imaging,

often advanced imaging or arthroscopy,®**

it is likely there were additional dogs with elbow
disease that were undiagnosed. Three dogs in the elbow group had limping in their tumor-
affected limb, noted in the medical record or described by the owner, starting at least one year
prior to PAHS diagnosis. These dogs were presumed to have OA and additional diagnostics
were not performed. Since these patients did not have a specific joint disease diagnosis, they
were not considered to have prior joint disease. If there is a true association between PAHS
and prior elbow disease that is not as strong as that in the stifle joint, we may not have been
able to detect it in our study (type Il error), and evaluating larger numbers of dogs may find an

association. Alternatively, it may be that the known genetic predisposition in Bernese Mountain

Dogs influenced the association between joint disease in general and PAHS in that breed."

When breeds were evaluated separately, there were subjective differences between the
incidences of prior joint disease. Rottweilers were especially likely to have prior joint disease
(100%). It is possible the etiology of PAHS may vary between breeds of dogs. For example,

some breeds, including the Rottweiler, may be predisposed to PAHS because they are
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predisposed to underlying joint disease.*® In other breeds, including the Flat Coat Retriever and
Bernese Mountain Dog, with known genetic predispositions to HS," the etiology of PAHS may
be more hereditary in nature. The population in this study was too small to accurately

investigate differences in etiology of PAHS between breeds.

This study has several limitations. Its retrospective nature precluded standardized methods of
diagnosis and follow up for most patients, and results are limited by a small study population,
especially in the elbow PAHS group. Four PAHS patients were diagnosed with joint disease at
the time of tumor diagnosis or at the time of necropsy. These include two dogs diagnosed with
joint disease (one patient with elbow dysplasia, and one patient with both patellar luxation and
cruciate rupture) on radiographs at the time of presentation for PAHS, one patient with a
cruciate rupture diagnosed on physical exam at the time of tumor diagnosis, and one patient
found to have a chronic cruciate rupture on necropsy following PAHS diagnosis. Elbow
dysplasia and patellar luxation are believed to be largely congenital or developmental in

nature® %’

and were therefore assumed to be true prior joint disease, occurring before
development of PAHS in these two patients. For the dogs diagnosed with PAHS and cruciate
rupture concurrently, it is more difficult to prove their cruciate rupture occurred first. The patient
diagnosed on necropsy was described to have osteophytes and eburnation of the femoral
condyles, suggesting chronicity of joint instability. The patient diagnosed with cruciate rupture
on physical exam had been limping in the tumor-affected leg for two years prior to PAHS
diagnosis, also suggesting chronic joint disease. While unlikely to significantly alter findings, it
is also possible that diagnosis of prior joint disease was missed in a small number of control
patients if their potential joint disease never became significant enough to warrant specific
diagnostics or necropsies were not performed. The selection of the control group from patients

presenting for wellness exams, dermatologic or ophthalmologic disease, or lymphoma was done

in an attempt not to bias towards dogs with a history of prior joint disease. However, this may
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have resulted in a bias against dogs with a history of prior joint disease, since we did not include
dogs referred to the surgery services for orthopedic disease specifically. The magnitude of this

potential overestimation is unknown, but results should be interpreted with this in mind.

In a previous study by Klahn et al, PAHS was described to have a prolonged duration of clinical
signs compared to other forms of HS; a mean time to diagnosis from onset of clinical signs was
126 days for dogs with PAHS compared to 30 days for dogs with other forms of HS.” It is likely
that many dogs with PAHS are initially misdiagnosed or presumed to have osteoarthritis or
degenerative joint changes, given the comparatively slow progression of signs associated with
PAHS. The patients in the present study were only considered to have prior joint disease when
imaging or findings at physical exam or surgery confirmed a specific diagnosis. “Osteoarthritis”
and “degenerative joint disease” were excluded as prior joint disease diagnoses in hopes of
eliminating patients who truly had undiagnosed PAHS as a cause of their lameness. The
median time from joint disease diagnosis to PAHS diagnosis was 2.1 years, but two patients
were diagnosed with their joint disease within 6 months of PAHS diagnosis. Both were dogs
diagnosed with cruciate ruptures based only on cranial drawer found on physical exam. While it
would be unlikely to significantly affect the results, it is possible these patients were
misdiagnosed with cruciate ruptures and their lameness was, in fact, related to PAHS instead.

It is also possible that PAHS could lead to inflammation within the joint, actually causing cruciate

rupture secondary to the tumor.

Obesity is a known predisposing factor for joint disease including cruciate rupture'® and has
been reported as a risk factor for canine transitional cell carcinoma,®® canine mammary

%.3% and a variety of human neoplasias.”’ Case and control populations were compared

cancer,
in terms of weight distribution and no significant difference was found. It would have been more

informative to compare body condition score between the two groups to ensure obesity was not
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contributing to development of PAHS, however this was not consistently available in medical

records.

In conclusion, this study confirms there is a relationship between prior joint disease and PAHS,
particularly in dogs with cranial cruciate ligament rupture. Further study is needed to evaluate

the potential causal role of inflammation in the development of PAHS.
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Table 1: Comparison of patient demographics and prior joint disease between case and control
populations. Fisher’s exact tests were used to compare categorical data and two sample t tests
were used to compare continuous data. Using univariate analysis, the only significant
difference between PAHS and control populations was in incidence of prior joint disease. PAHS
cases were 13.42 times as likely as the control population to have previous joint disease, in the

tumor-affected joint.

PAHS Patients

Control Patients

Number 28 46
Sex Fisher's exact test p=0.72
Male Intact 2 (7.1%) 4 (8.7%)
Male Castrated 12 (42.9%) 9 (41.3%)
Female Intact 1 (3.6%) 0 (0.0%)
Female Spayed 13 (46.4%) 3 (50.0%)
Age Two sample t test p= 0.56
Median 8 years 8 years
Range 4-16 years 4-17 years
Mean 8.75 years 8.33 years
Breed Fisher's exact test p= 0.67
Rottweiler 6 (21.4%) 8 (17.4%)
Golden Retriever 6 (21.4%) 9 (19.6%)
Labrador Retriever 6 (21.4%) 12 (26.1%)
Mixed Breed Dog 3 (10.7%) 6 (13.0%)
Flat Coated Retriever 2 (7.1%) 4 (8.7%)
English Bulldog 2 (7.1%) 2 (4.3%)
Australian Shepherd 1(3.6%) 2 (4.3%)
Shih Tzu 1(3.6%) 2 (4.3%)
Staffordshire Terrier 1(3.6%) 1(2.2%)
Weight Two sample t test p= 0.20
Median 34.5 kg 29.8 kg
Mean 34.2 kg 30.5 kg
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Table 2: Joint disease diagnoses in PAHS and control groups. Note that one patient in the stifle
PAHS group and two in the stifle control group had two separate joint disease diagnoses. Odds
ratios were calculated using univariate analysis with prior joint disease as the dependent
variable.

PAHS (n=28) Controls (n=46)
Patients with prior stifle disease 15/17 (88.2%) 3/27 (11.1%)
OR = 64.0 (95% ClI: 11.7-578.3), p<0.0001
Cranial Cruciate Ligament Rupture 12 3
TPLO Repair 4 0
FLO Repair 1 0
Not Repaired 6 2
Unknown Repair Method 1 1
Medial Patellar Luxation 2 0
Other* 2 2
Patients with prior elbow disease 2/11 (18.2%) 2/19 (10.5%)
OR =1.9 (95% CI: 0.2-18.0), p=0.56
Fragmented Medial Coronoid Process 0 1
Elbow Dysplasia 1 0
Other* 1 1
Total patients with prior joint disease 17/28 (60.7%) 5/46 (10.9%)
OR =13.42 (95% ClI: 4.33-48.63), p<0.0001
*Immune mediated polyarthritis (2), septic arthritis with arthrocentesis, joint swelling,
trauma with elbow joint swelling and arthrocentesis, OCD lesion with arthroscopy
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Figure 1: PAHS cases with and without a prior joint disease diagnosis, arranged by breed
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