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Abstract

Background: Metastasis of appendicular osteosarcoma is most common to the lungs
and is generally considered a terminal event in dogs. Behavior and prognosis associ-
ated with cutaneous or subcutaneous metastases (CSM) is poorly defined.

Objective: Describe the population and gather prognostic information regarding
appendicular osteosarcoma with CSM in dogs.

Animals: Twenty dogs with appendicular osteosarcoma and CSM.

Methods: Retrospective case series. Medical records were searched to identify dogs
diagnosed with appendicular osteosarcoma that developed CSM. Demographic data,
order of metastatic events, and CSM clinical features were evaluated. Kaplan-Meier
survival curves were constructed and log-rank tests were used to compare survival
between groups of dogs.

Results: In 19 dogs (95%), CSM was an incidental finding. Seventeen dogs (85%) devel-
oped pulmonary metastasis, and 1 dog (5%) developed bone metastasis. No other met-
astatic sites were detected before euthanasia. The median CSM-free interval and CSM
survival time were 160 days (range: 0-542 days) and 55 days (range: 5-336 days),
respectively. The median CSM survival time was significantly longer for dogs treated
with surgery and chemotherapy (94 days) or chemotherapy only (64 days) than for
dogs that did not receive these treatments (11 days) (P = .002 and P = .03, respec-
tively). No other factors were associated with survival after diagnosis of CSM.
Conclusion and Clinical Importance: The skin or subcutaneous tissue can be the first
osteosarcoma metastatic site detected. After CSM diagnosis, the prognosis is grave
with median survival <2 months. Although this finding could have been biased by

case selection, treatment with surgery and chemotherapy may improve outcome.
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1 | INTRODUCTION

Osteosarcoma (OSA) is the most common primary bone tumor in dogs
and is frequently metastatic.! The pulmonary parenchyma and other
skeletal sites are the most common metastatic locations. At the time
of death, approximately 90% of dogs have gross pulmonary metasta-
ses, and 34%-46% of dogs have metastasis to other bones.>™ Less
commonly, there is metastasis to the lymph nodes (4% of cases) or
abdominal organs (0%-4% of cases).>>” Regardless of the metastatic
site(s), the prognosis for dogs with metastatic (stage lll) OSA is
guarded.®2 Median survival varies between 2 and 4 months after diag-
nosis of stage IIl OSA.2>7-13

The skin and subcutaneous tissues are a metastatic site uncom-
monly reported in the veterinary literature.*'**> In 3 different stud-
ies, 4% (19/470), 6% (3/50), and 11% (2/19) of dogs with OSA
developed metastasis to the skin or subcutaneous tissues.***> How-
ever, no specific details were provided regarding the cutaneous or
subcutaneous metastases (CSM).

To the authors' knowledge, 6 cases of dogs with CSM from appen-
dicular OSA with details regarding treatment and survival have been
published.®*21%-18 Three dogs were diagnosed with appendicular OSA
and CSM either concurrently or within 4 weeks of the primary diagno-
sis.2618 All these dogs received some form of anticancer therapy
(including amputation, chemotherapy, bisphosphonates, or a combina-
tion of these treatments) and were euthanized within 2 months. 118
The 3 other dogs developed CSM later in the course of their appendic-
ular OSA treatment.>2 Two dogs are reported that developed wide-
spread metastatic disease, which included the subcutaneous tissues,
14 and 40 months after the initial diagnosis of OSA, respectively.?
One dog was euthanized at the detection of CSM, and the other died
3 months later of an unknown cause.*? In a recent report, a dog devel-
oped a dermal sarcoma (suspected OSA on histopathology) a year after
the initial diagnosis of appendicular OSA.® This dog had previously
developed metastasis to the lungs, ischium, and vertebra, and was
euthanized 5 months after detection of the CSM after developing addi-
tional metastasis to the liver.®

There is currently a paucity of information in the veterinary litera-
ture regarding CSM of appendicular OSA. The goal of this study was
to describe the population, clinical characteristics, and gather prog-
nostic information regarding appendicular OSA with CSM in dogs. We
hypothesized that, similar to what has been reported for other meta-

static locations, CSM is associated with a grave prognosis.

2 | MATERIALS AND METHODS

2.1 | Dog selection

This was a multi-institutional retrospective study performed at Ore-
gon State University, Colorado State University, the University of
Wisconsin-Madison, the University of Georgia, and Washington State
University. Electronic medical records from client-owned dogs were
searched between January 1, 2006, and April 1, 2018, to identify dogs

N
diagnosed with appendicular OSA that developed metastasis to the
skin or subcutaneous tissues. Dogs were eligible for the study if they
fulfilled the following criteria: primary appendicular OSA confirmed
via cytology or histopathology; cutaneous or subcutaneous metastasis
of OSA confirmed via cytology or histopathology; and adequate
follow-up (ie, date of amputation or first OSA-related treatment; type
and schedule of all subsequent OSA-related treatment; time to devel-
opment and location of the first metastatic event; time to develop-
ment and clinical characteristics of CSM; type, schedule, and response
to all CSM-related treatment; cause of progressive disease after diag-
nosis of CSM; and date and cause of death). Confirmation of the
primary OSA and CSM was performed by a board-certified pathologist
in all cases. For cytological evaluation of OSA, alkaline phosphatase
(ALP) staining was recorded when available but was not required.
Full staging tests at diagnosis or curative-intent treatment were not
inclusion criteria but were recorded when available. If data regarding
outcome were missing in the medical record, the dog owner or
primary care veterinarian were contacted to gather additional infor-
mation. Cutaneous or subcutaneous lesions were considered meta-
static if diagnosed concurrently or after the diagnosis of primary
appendicular OSA. Dogs diagnosed with isolated cutaneous or subcu-
taneous OSA were considered to have extraskeletal OSA and were
not included in the study.

For selected cases, medical records were reviewed for the following
information: breed, sex, neuter status, age and weight at diagnosis,
abnormalities on physical examination, hematology and serum bio-
chemistry at OSA diagnosis, primary appendicular OSA location, details
of treatment if performed, date and location of first metastatic event
and all subsequent metastatic events, date and cause of death, and
result of autopsy, if available. Information collected regarding the CSM
were number, size, location (head/neck, trunk, or limbs), cutaneous
versus subcutaneous, inflammation or pain associated, method of
detection (incidental finding on physical examination versus imag-
ing), result of cytology or histopathology, time to development from
primary OSA, interval between first metastatic event and CSM,

treatment undertaken for CSM, and survival after diagnosis of CSM.

2.2 | Statistical analysis

Metastasis-free interval (MetFl) was defined as the interval between
the date of amputation or first OSA-related treatment (if no amputation
was performed, the date of the first radiation therapy (RT) or chemo-
therapy treatment was used) and the date of first metastatic event,
regardless of the first metastatic site detected (CSM or non-CSM).
Cutaneous metastasis-free interval (CMetFl) was defined as the interval
between the date of amputation or first OSA-related treatment and the
date of first CSM detected. Overall survival time (OST) was defined as
the interval between the date of amputation or first OSA-related treat-
ment and the date of death from any cause. Metastasis-survival time
(MetST) was defined as the interval between the date of diagnosis of
the first metastatic event and the date of death from any cause.
Cutaneous/subcutaneous metastasis-survival time (CMetST) was

defined as the interval between the date of CSM diagnosis and the
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date of death from any cause. Because all dogs died of causes
directly related or presumed to be related to OSA, there were no
censored observations in this study.

Kaplan-Meier analysis with 95% confidence interval was per-
formed for survival by the presence of increased serum ALP activity
(n = 9) versus ALP activity within reference range at diagnosis
(n = 11), proximal humerus location of primary OSA (n = 5) versus
other locations (n = 15), >1 CSM (n = 8) versus only 1 CSM (n = 12),
and treatment undertaken for CSM. For the latter, 3 treatment groups
were considered: surgery + chemotherapy (n = 4), chemotherapy only
(n = 9), and other treatments (palliative RT, aminobisphosphonates
[ABPs], oral analgesics, or no treatment; n = 7). Due to the small num-
ber of dogs with relative monocytosis (n = 2) and increased serum
cholesterol concentration (n = 3), these variables were not evaluated.
Log-rank tests were used to compare survival between strata and
were adjusted for multiple comparisons by Tukey's test. A significance
threshold of 0.05 was used. Normality tests were performed using
GraphPad Prism (GraphPad Prism for windows, version 7.04; La Jolla,
California). Kaplan-Meier analysis were performed using software
packages SAS (SAS System for PC, version 9.3; SAS Institute, Cary,
North Carolina).

3 | RESULTS

3.1 | Demographic information and primary OSA
diagnosis

Review of medical records initially identified 33 dogs with OSA and a
potential diagnosis of CSM. However, 13 dogs were excluded from
the analysis because CSM cytology was not interpreted by a board-
certified pathologist (n = 6), CSM was consistent with sarcoma via
cytology, but report was not definitive for OSA (n = 4), primary OSA
was in an axial location (n = 2), and primary bone tumor was diag-
nosed as sarcoma via histopathology, but report was not definitive for
OSA (n = 1). Hence, a total of 20 dogs fulfilled all inclusion criteria for
this study.

For the 20 dogs included in this study, median age at diagnosis
was 8 years (range, 2.5-12.8 years). Dogs included 10 (50%) castrated
males, 8 (40%) spayed females, and 2 (10%) intact males. The breeds
represented were Labrador Retriever (n = 5, 25%), Golden Retriever,
Doberman and mixed-breed (2 each, 10%). Breeds represented by
1 dog were Flat Coated Retriever, Irish Wolfhound, Boxer, Saint-
Bernard, German Shepherd, Collie, American Pitbull, Greyhound, and
Vizsla (1 each, 5%). The median body weight at the time of diagnosis
was 38.9 kg (range, 28-62 kg). None of the dogs had any history of
neoplastic or nonneoplastic skin disease. Relevant blood work anoma-
lies at the time of diagnosis included increased serum ALP activity and
cholesterol concentration (above reference range of referral laboratory)
in 9 and 3 dogs, respectively, as well as relative monocytosis
(>400 cells/uL) in 2 dogs. No dog had a relative lymphocytosis
(>1000 cells/pL).

The clinical characteristics of the primary appendicular OSA for the

20 dogs are summarized in Table 1. The diagnosis of appendicular OSA

was confirmed by histopathology (n = 18) or cytology and ALP staining
(n = 2). Staging procedures performed at the time of diagnosis of OSA
included thoracic radiography (n = 18), thoracic computed tomography
(CT; n = 1), and lymph node biopsy (n = 6). In 1 dog, no staging test was
performed at the time of diagnosis. Abdominal imaging, scintigraphy, or
positron emission tomography/CT was not performed on any cases.
Based on the available information, 2 dogs (10%) had metastasis at the
time of primary OSA diagnosis: either CSM alone (n = 1) or CSM and
pulmonary metastasis (n = 1). Lymph node histopathology was not con-
sistent with metastatic disease in any of the 6 cases in which it was
performed.

Fifteen dogs received curative-intent treatment and 5 dogs
received palliative treatment for the primary appendicular OSA
(Table 1). Adjuvant chemotherapy after amputation or stereotactic
radiation therapy (SRT) included carboplatin alone (n = 10), carboplatin
and pamidronate or zoledronate (n = 2), carboplatin and HER2 listeria
vaccine (n = 1), carboplatin and metronomic cyclophosphamide (n = 1),
and carboplatin and liposome-encapsulated muramyl tripeptide phospha-
tidylethanolamine (L-MTP; n = 1). Palliative chemotherapy included
administration of carboplatin (n = 1) and toceranib phosphate and cyclo-

phosphamide (n = 1).

TABLE 1 Characteristics and treatment of primary appendicular
OSA for 20 dogs that developed CSM
Baseline OSA characteristics Number (%) of dogs
Location
Proximal humerus 5(25)
Distal radius 4(20)
Distal femur 4 (20)
Distal tibia 3(15)
Proximal femur 2(10)
Proximal tibia 2 (10)
Metastasis at diagnosis
Absent 18 (90)
Present 2 (10)
Lung + CSM 1(5)
CSM only 1(5)
Treatment for primary OSA
Curative intent 15 (75)
Amputation + adjuvant treatment 14 (70)
SRT + adjuvant treatment 1(5)
Palliative 5(25)
RT + chemotherapy/TKI 2 (10)
RT alone 1(5)
ABPs/NSAIDs/opioids/gabapentin 2(10)

Abbreviations: ABPs, aminobisphosphonates; CSM, cutaneous or
subcutaneous metastases; NSAIDs, nonsteroidal anti-inflammatory drugs;
OSA, osteosarcoma; RT, radiation therapy; SRT, stereotactic radiation
therapy; TKI, tyrosine kinase inhibitor.
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3.2 | Metastatic events

The first metastatic event detected was pulmonary metastasis in
7 dogs (35%) and CSM in 7 dogs (35%, 4 of which had thoracic radio-
graphs or CT scan performed within a 2 days and documented the
absence of pulmonary metastasis at the time of CSM diagnosis). In
6 dogs (30%), metastasis to the lungs and CSM was detected concur-
rently. No other sites were noted as the first metastatic event.

The chronological order of all metastatic events is illustrated in
Table 2. Among the 7 dogs that developed CSM as the first metastatic
event, 4 dogs (57%) subsequently developed pulmonary metastasis,
whereas 3 dogs (43%) had no other metastatic site detected. Among
the 6 dogs with CSM and pulmonary metastasis detected concur-
rently as the first metastatic event, none had another metastatic site
detected before euthanasia.

Overall, in addition to CSM, 17 dogs (85%) developed pulmonary
metastasis and 1 dog (5%) developed bone metastasis (mid-ulna) dur-
ing the course of disease. No other metastatic sites were detected

while dogs were alive.

3.3 | Clinical features of cutaneous and
subcutaneous metastasis

The majority of CSM were incidental findings and initially detected on
physical examination (n = 14) or by the dog owner at home (n = 5). In
1 case, the means of CSM detection was not reported. No CSM were
detected by imaging alone. The final diagnosis of CSM was obtained
by cytology of the masses in 19 dogs (95%, including ALP staining in
11 dogs) and biopsy of 2 CSM in 1 dog (5%).

The clinical characteristics of the CSM are described in Table 3.
Fifty-eight CSM were described for the 20 dogs. Twelve dogs (60%)
had only 1 CSM detected, while 8 dogs (40%) had >1 CSM detected.
The median number of CSM per dog was 1 (range, 1-21). The size
of the CSM was reported in the medical record for 26 of 58 (45%)
masses. The median longest dimension was 20 mm (range, 5-100 mm).
Only 1 dog had CSM-associated inflammation (ulceration), clearly
reported in the medical record. No CSM were reported as being painful

at initial detection.

TABLE 2 Order of metastatic events for 20 dogs that developed
CSM from an appendicular osteosarcoma

Chronological order of metastatic sites Number (%) of dogs
Lung/CSM 6(30)

Lung — CSM 6(30)

Lung — CSM/bone 1(5)

CSM — lung 4(20)

CSM only 3(15)

An arrow was used to indicate metastatic sites which developed 1 after
another, while a slash represents metastatic sites detected simultaneously.
Only metastatic events detected while dogs were alive are represented.
Abbreviation: CSM, cutaneous or subcutaneous metastases.

After diagnosis of CSM, 9 dogs (45%) were treated with palliative
chemotherapy (gross disease setting), 4 (20%) were treated with sur-
gery and adjuvant chemotherapy, 2 (10%) were treated with ABPs
and oral analgesics, and 1 (5%) was treated with palliative RT. In
4 (20%) dogs, no treatment was pursued to address the CSM.

For the 9 dogs that received chemotherapy in a gross disease
setting, the median number of chemotherapeutic agents received per
dog was 2 (range, 1-2). These included metronomic cyclophosphamide/
chlorambucil (n = 4), toceranib phosphate (n = 3), doxorubicin (n = 3),
carboplatin (n = 2), vinorelbine (n = 1), and an investigational c-Met
inhibitor (n = 1). Among these dogs, 2 also received ABPs, 1 received a
last dose of HER2 listeria vaccine, and 1 dog received L-MTP. No
objective response was noted for any of these agents. Stable disease
was reported in 2 dogs, both of which had an initial recorded measure-
ment of the CSM. One had stable disease for 109 days after treatment
with doxorubicin + zoledronate. The other dog had stable disease
for 25 days after treatment with an investigational c-Met inhibitor.
Six dogs were classified as having progressive disease based on a >30%
increase in the size of the CSM initially recorded. The last dog did not
have CSM size initially recorded, but it was reported in the medical
record that the size of CSM increases and that additional cutaneous
lesions had appeared 23 days after vinorelbine. Therefore, this dog was
also classified as having progressive disease.

All 4 dogs treated with surgery had complete excision of the CSM,

and all received adjuvant chemotherapy which included doxorubicin

TABLE 3 Clinical characteristics of 58 CSM in 20 dogs with
primary appendicular osteosarcoma

CSM characteristics Number (%) of CSM
Depth

Cutaneous 6 (10)

Subcutaneous 31 (54)

Not reported 21 (36)
Location

Head/neck 14 (24)

Trunk/ventrum 38 (66)

Limb 6(10)
Texture

Firm/very firm 49 (84)

Soft 1(2)

Not reported 8 (14)
Inflammation

Present 1(2)

Absent 14 (24)

Not reported 43 (74)
Pain

Present 0(0)

Absent 14 (24)

Not reported 44 (76)

Abbreviation: CSM, cutaneous or subcutaneous metastases.
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single agent (n = 2), doxorubicin + toceranib phosphate + L-MTP (n = 1),
and oral cyclophosphamide (n = 1). One dog was euthanized 56 days
after surgery due to severe pain at night, and without recurrence of
CSM. No further staging procedures were performed, and necropsy was
declined by the owner. One dog developed progression of previously
diagnosed lung metastasis and several new CSM 45 days after
surgery. One dog developed previously undiagnosed pulmonary
metastasis 78 days after surgery. One dog developed previously
undiagnosed pulmonary metastasis and several new CSM 270 days
after surgery.

One dog was treated with palliative RT directed at the CSM, was
not noted to experience a clinical response, subsequently developed
pulmonary metastasis, and was euthanized 48 days after diagnosis
of CSM.

3.4 | Case outcomes

The median MetFl for all dog included in this study was 94 days (range,
0-373 days), the median MetST was 97 days (range, 5-334 days), and the
median OST was 187 days (range, 5-707 days, Figure 1). Necropsy was
performed in 5 dogs (25%). Results showed metastasis to the lungs in all
5 dogs, kidneys in 3 of 5 dogs, skin or subcutaneous tissues in 3 of 5 dogs,
liver in 2 of 5 dogs, brain in 1 of 5 dogs, and tracheobronchial and mesen-
teric lymph nodes in 1 of 5 dogs. The necropsy report did not mention
metastasis to the skin or subcutaneous tissue in 2 dogs, although these
2 dogs had confirmed gross CSM at the time of euthanasia.

The median CMetFl was 160 days (range, 0-542 days) and the
median CMetST was 55 days (range, 5-336 days, Figure 2). Three dogs
(15%) were euthanized for a cause directly related to CSM: 1 dog had
2 CSM which ruptured, were bleeding, and became necrotic; 1 dog due
to continued growth of at least 7 CSM; and 1 dog due to a large and
ulcerated CSM on the dorsum. The other dogs were euthanized due to

1.0 1

0.8

0.6

0.4

Survival Probability

0.2

decrease in quality of life, energy, and appetite (n = 10) or progressive
metastatic disease in the lungs or bone (n = 5). For 2 dogs, the cause of

euthanasia was not apparent from the medical record.

3.5 | Prognostic factors

No case was censored for this analysis, as all dogs died of OSA-related
causes, and the time of death was known in all cases. The only vari-
able significantly associated with survival from the initial diagnosis of
OSA was the location of primary OSA. The median OST was signifi-
cantly shorter when the primary OSA was located in the proximal
humerus (90 days; range, 5-253 days) versus other locations (244 days;
range, 153-332 days) (P = .003).

The only variable significantly associated with survival from the
diagnosis of CSM was the treatment plan. The median CMetST for
dogs in which CSM were treated with surgery + chemotherapy or che-
motherapy alone (69 days; range, 29-336 days) was significantly longer
than the median CMetST for dogs that did not receive these treat-
ments (11 days; range, 5-48 days, Figure 3; P < .001). More specifically,
the median CMetST for dogs treated with surgery and chemotherapy
(94 days; range, 56-336 days) or chemotherapy only (64 days; range,
29-171 days) was significantly longer than for dogs that did not
receive these treatments (11 days; range, 5-48 days) (P = .002 and .03,

respectively).

4 | DISCUSSION

The aim of our retrospective study was to describe CSM in a group of
dogs with appendicular OSA and gather prognostic information. Based
on our results, CSM of primary appendicular OSA can occur as a first
metastatic event, without concurrent detection of pulmonary metastasis.

The time interval between initial OSA diagnosis and the development of

FIGURE 1 Kaplan-Meier curve and

001

95% confidence limits for survival from

the initial diagnosis of appendicular

T T
0 200 400

Survival from Primary OSA Diagnosis (days)

{3 95% Confidence Limits|

' osteosarcoma for 20 dogs that developed
600
cutaneous or subcutaneous metastases.
The median overall survival time was
187 days (range, 5-707 days)
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CSM is variable, but once CSM is detected, the prognosis is grave.
Although this could have been biased by case selection, surgical
resection and finding chemotherapy was associated with an improved
survival. Overall, the best treatment approach to CSM from OSA in dogs
remains to be determined.

The median age (8 years), weight (38.9 kg), male:female ratio (1.5:1),
and most common breeds represented in this study are in concordance
with dog's characteristics described in previous reports of appendicular
OSA in dogs.»**>*? Primary tumor location was slightly more commonly
in the hind limb (n = 11) in our population, while previous reports have
indicated forelimb locations to be most common.?? The relevance of this
finding is unknown; however, it is likely related to bias from the small

number of cases included in this report.

Survival from Diagnosis of CSM (days)

The only prognostic factor in this study found to be associated
with the OST was the location of the primary tumor. Dogs with a
proximal humerus OSA lived significantly shorter than dogs with a
primary tumor in other bones (OST = 90 versus 244 days), consistent
with other reports.2>2! Conversely, an increase of serum ALP activity,

2223 was not found to be associated

a negative prognostic indicator,
with the OST in this study, likely due to the small number of dogs
included.

When examining the first metastatic event, dogs in this study
were evenly distributed between those that had pulmonary metastasis
first detected (n = 7), those that had CSM first detected (n = 7), and
those with concurrent pulmonary and CSM detected (n = 6). All the

dogs with pulmonary metastasis first detected subsequently
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developed CSM after a median of about 5 months (160 days). Of the
7 dogs that had CSM first detected, 4 had thoracic radiographs or CT
scan performed within 2 days, which documented the absence of pul-
monary metastasis at the time of CSM diagnosis. These 4 dogs eventu-
ally developed pulmonary metastasis after a median of 3 months
(91 days). On the other hand, 3 dogs with CSM detected as the first
metastatic event did not develop other known metastatic sites. This
should be interpreted cautiously as no information was available in the
medical record of these dogs regarding thoracic or abdominal imaging
performed at the time of CSM detection.

In addition to the noted CSM, dogs in this study only had detected
metastasis to the lungs or bone before euthanasia. However, based
on the information available in the medical record, many dogs did not
have a full neurological or ophthalmic evaluation, or abdomen or bone
imaging performed during their disease course. Therefore, it is cer-
tainly possible that other sites of metastasis were present but not
detected. In the 5 dogs that underwent necropsy examination, previ-
ously undetected metastases to the kidney, liver, brain, and lymph
node were noted.

A majority of humans affected with CSM from OSA are reported
to have had other sites of metastasis (lung, bone, lymph nodes, pleura,
liver, central nervous system, etc.) detected concurrently or within
6 months.2432 Considering the 6 previously reported cases of CSM
from OSA in dogs, 2 had CSM diagnosed at the initial diagnosis with
no other concomitant metastatic sites,’®*” and 4 had CSM diagnosed
1,18 6, 7,12 and 192 months after the first metastatic event (pulmo-
nary in all cases). All but 1 dog were then diagnosed with widespread
metastasis within 4 months of the diagnosis of CSM.6121618 ypike
previous reports, dogs in our study were not diagnosed with wide-
spread metastatic disease shortly before or after the diagnosis of CSM.

In our study population, the median CMetF| was over 5 months
(160 days), but the CMetFI varied considerably between dogs, from
0 days up to 18 months (542 days). In humans, the time between the
initial diagnosis of OSA and the detection of skin metastasis is also
quite variable and ranges from Odays to 24 years.24-27:29.30.33-35
In the 6 previously reported dogs, the CMetFI ranged from O days to
40 months.®'21¢18 Given the unpredictable timeline of when CSM
might develop, any new cutaneous or subcutaneous mass should be
investigated in dogs with appendicular OSA, regardless of the time
elapsed since the initial diagnosis.

Dogs in our study had varying treatments for CSM. When separat-
ing dogs into different groups based on treatment, the sample size
was small. Therefore, comparisons of treatment groups via log-rank
testing should be interpreted with caution. It is worth noting that
none of the 10 dogs treated with chemotherapy or RT for gross CSM
had a clinical response according to the RECIST criteria.*® Further-
more, the 4 dogs treated with surgery and adjuvant chemotherapy
had a CMetST of 3 months (94 days), which was significantly longer
than dogs that did not receive such specific treatments to address
CSM (11 days). The median CMetST for dogs treated with surgery
and adjuvant chemotherapy was not significantly different from the
CMetST of dogs treated with chemotherapy alone (64 days). The lon-
gest surviving dog lived for 11 months (336 days) after diagnosis of

CSM, and this dog had been treated with surgical removal of a single
CSM followed by doxorubicin, toceranib phosphate, and L-MTP. Ideally,
additional studies including a larger number of dogs should be per-
formed to investigate the most effective treatment for CSM from OSA.

In humans with CSM from OSA, the treatments pursued vary
widely. Due to the frequent occurrence of widespread metastatic dis-
ease concurrent with CSM, chemotherapy is often recommended.
Protocols have included high-dose methotrexate, ifosfamide, doxoru-
bicin, trimetrexate, bleomycin, cyclophosphamide, actinomycin-D, and
cisplatin®>2728; however, systemic treatment alone has had limited
efficacy in most reports. Considering the previously published cases
of dogs with CSM, only 1 report described a curative-intent surgical
resection (3 cm margins) of all cutaneous masses.'” In other reported
cases, cutaneous metastases were either not removed or biopsied
only for diagnostic purposes.®?1¢18 Systemic treatment in these
dogs varied, and it is not clear from these reports if any dog experi-
enced a response to treatment.&121¢-18

The prognosis for dogs with metastatic OSA is poor with a median
survival of 76 days and a 1-year survival rate of 6.6%.2 In this study,
the median MetST was approximately 3 months (97 days), and the
median CMetST was less than 2 months (55 days). Therefore, this
report indicates that dogs with appendicular OSA that develop CSM
have a similarly grave prognosis as dogs that develop other sites of
metastasis. Nevertheless, only 3 dogs (15%) were euthanized for a
cause directly related to development or progression of CSM. Most
dogs were euthanized due to progressive metastasis to the lungs or
bone, or noted general decline. The prognosis for humans with CSM
from OSA is also guarded due to rapid progression of the disease and
poor response to conventional chemotherapies. 2425303337

In our study, 66% of CSM were noted over the trunk and ventrum,
while the head and neck region were affected in 24% of cases. In
humans, skin metastasis from OSA seems to most commonly affect
the scalp.?42528-30.323537-40 N sjte of predilection was apparent
from the 6 cases previously reported in dogs, as CSM were noted

1617, over the thigh,‘(”18 hip, larynx, and

throughout the entire body
tarsus®® or interscapular and dorsal lumbar areas.’® The least com-
mon location for CSM in our study was the limbs, representing only
10% of all CSM events.

In this study, CSM were most commonly firm, solitary masses, and
were rarely associated with pain, inflammation, or ulceration. The sub-
cutaneous tissue seemed to be affected more frequently than the der-
mis. On the other hand, most reports in people of CSM from OSA

describe dermal, firm, erythematous, and painful lesions.24243741 Of

the 6 reported cases in dogs, 4 cases had subcutaneous masses?1¢:18
and 2 had dermal masses.®'” One report noted that the CSM were
firm but not painful or inflamed.?” Based on our study, CSM from
OSA in dogs might be less associated with inflammation and pain
compared to lesions noted in humans.

Limitations of this study include its retrospective nature and inclusion
of cases from multiple hospitals without standardization of treatment
protocols. Included dogs received inconsistent staging diagnostics, and
the majority did not have a necropsy performed. Thus, it is possible that

some metastatic events were missed. Finally, all dogs in this study were
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euthanized, and, therefore, the date of death was partially owner-
dependent. Consequently, it is possible that rather than a true impact of
therapeutic interventions, dogs that did not receive specific treatment
for CSM had decreased survival due to pet owners electing euthanasia
after discovering metastasis had occurred.

In conclusion, CSM in dogs with appendicular OSA can be the first
metastatic site detected and can precede metastases to the lungs. In
our study, CSM were more commonly solitary and occurred across
the body with a possible predilection for the trunk and ventrum.
The subcutaneous tissues appeared affected more commonly
than the dermis. In addition, CSM is associated with a grave prognosis.
In human medicine, it is recommended to investigate any skin lesion
in a patient with OSA to rule out metastasis, regardless of the cancer
status.*?> Based on our findings, these recommendations should also

apply to dogs with OSA.
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