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Soft tissue sarcomas (STSs) are a heterogenous 
group of mesenchymal tumors that represent up 

to 20% of all skin and subcutaneous tumors in the 
dog.1–3 These typically solitary tumors include fibro-
sarcoma, peripheral nerve sheath tumors, perivascu-
lar wall tumors, liposarcoma, myxosarcoma, and un-
differentiated sarcomas. They are commonly found in 
middle- to older-aged dogs, with large breeds being 
over-represented.1,2 STSs share common character-
istics including slow growth, local invasiveness, and 
a decreased tendency for metastatic spread. They 
grow along paths of least resistance and infiltrate 
surrounding tissues and fascial planes via finger-like 
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projections, which makes tumor recurrence after sur-
gical resection common; rates range from 15% to 75% 
based on histologic grade.1,2 Risk factors for local tu-
mor recurrence include high histologic grade, large 
tumor size, and incomplete surgical margins.1,2

The majority of STSs are found on the distal ex-
tremities, making complete surgical resection with 
the recommended wide surgical margins difficult to 
achieve.3,4 To overcome surgical limitations in these 
areas, eliminate residual microscopic disease, and 
therefore minimize recurrence, postoperative ra-
diation therapy can be employed once the surgical 
wound has healed and sutures removed. While there 

OBJECTIVE
To evaluate the outcome and effects of single high-dose radiation therapy with the aid of liquid fiducial markers in 
dogs following resection of soft tissue sarcomas (STSs).

ANIMALS
36 client-owned dogs.

METHODS
Dogs with a histologic diagnosis of a grade II or III STS that underwent liquid fiducial guided single fraction, 20-Gy 
stereotactic radiation therapy following surgical excision of an STS between May 2017 and March 2019 were pro-
spectively enrolled in this study. Data collected from the medical records included patient signalment, tumor-related 
information, treatment details, and outcome. Kaplan-Meier survival analysis was performed for overall survival time 
(OST) and disease-free interval (DFI). The median OST and DFI were not reached, so restricted mean OST and DFI 
were also calculated.

RESULTS
36 dogs were included in the study. All dogs underwent radiation therapy a mean of 36.1 days (range, 20 to 59 days) 
after surgery. Acute and delayed radiation toxicity effects occurred in 80.5% and 36.1% of dogs, respectively, all of 
which affected the skin. Tumor recurrence was noted in 24.3% of dogs with a median time to recurrence of 272 days 
(range, 14 to 843 days). The restricted mean OST was 1,556 days (range, 1,383 to 1,728 days) and restricted mean 
DFI was 1,330 days (range, 1,101 to 1,559 days).

CLINICAL RELEVANCE
The results of this study showed that administering a single 20-Gy fraction of radiation in combination with a liquid 
fiducial marker to treat marginally or incompletely resected STS in the absence of gross disease resulted in similar 
OST and DFI compared to other previously reported radiation protocols.
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is no established consensus regarding total dose, full 
course fractionated protocols with cumulative doses 
up to 63 Gy have been recommended to better con-
trol recurrence following incomplete surgical mar-
gins and have been shown to result in a median time 
to tumor recurrence of 798 days.2 While the use of 
conventionally fractionated radiation therapy allows 
the delivery of higher total doses, which leads to the 
intended death of neoplastic cells, irradiation of nor-
mal tissue leads to more late tissue effects such as 
tissue fibrosis, necrosis, or loss of function.2

To allow for the more precise use of higher 
doses per fraction, stereotactic radiation therapy 
(SRT) has been used. SRT minimizes the volume of 
normal tissue receiving an increased radiation dose, 
decreases the total number of anesthetic episodes, 
and is more convenient for owners. SRT requires a 
precisely defined target to direct the beam of radia-
tion to the appropriate anatomic location, something 
that has been previously achieved through the use of 
metal vascular clips or other traditional metal fidu-
cial markers. Recently, a novel liquid fiducial marker 
(BioXmark; Nanovi A/S) has been described for use 
in people with breast, esophageal, head and neck, 
lung, and bladder tumors and also in animals with 
oral tumors. This liquid fiducial marker is biocompat-
ible and gradually absorbed over approximately 6 
months, is positionally stable in the body for up to 
3 months, results in minimal artifact on imaging, and 
allows identification of a consistent target for each 
radiation treatment.5,6

The first objective of this prospective study was 
to evaluate the outcomes and effects of a single high 
dose of radiation on dogs following narrow or incom-
plete excision of grade II and III STSs. The second ob-
jective was to evaluate the utility of a liquid fiducial 
marker in accurately defining a stereotactic radiation 
treatment location, in the absence of gross disease, 
in dogs following narrow or incomplete resection of 
STS. We hypothesized that a single high dose of ra-
diation following narrow or incomplete surgical exci-
sion of a grade II or III STS would result in favorable 
outcomes with minimal complications and tumor 
recurrence and that a liquid fiducial marker would 
better define the planned treatment location in the 
absence of a gross tumor.

Methods
Study design and data collection

This was a prospective study. Dogs from 6 Pet-
Cure Oncology locations with a histologic diagno-
sis of a narrowly (< 3 mm)7 or incompletely excised 
grade II or III STS were prospectively enrolled into 
this study. Each dog was treated with a standard-
ized protocol incorporating a single postoperative 
liquid fiducial guided 20-Gy fraction of SRT over 
the study period, May 2017 to March 2019. This pro-
tocol was developed and approved by the PetCure 
Oncology scientific advisory board, an independent 
review board with oversight on all clinical research 
protocols. Dogs had to have complete medical  

records which included patient signalment (age, 
breed, sex, and body weight), tumor information 
(location, histologic type and grade, and previ-
ous treatments), radiation treatment plan details, 
adjuvant treatment, and outcome. Follow-up data 
collected from the medical records and through 
communications with referring veterinarians and 
owners included information pertaining to ad-
verse effects of radiation, response to treatment, 
tumor recurrence, date of detected tumor recur-
rence, additional treatments, survival time, and 
cause of death. Adequate follow-up was defined 
as information in the medical record pertaining to 
tumor progression and patient survival time for ≥ 6 
months unless tumor progression or patient death 
occurred sooner. Dogs were excluded if their sur-
gical scars were not linear, the scar was due to a 
reconstructive procedure, there was lateral skin 
movement of > 0.5 cm, and the biopsy results indi-
cated complete resection of the tumor. Dogs that 
received postoperative chemotherapy were not 
excluded from the study.

Treatment planning and SRT
Prior to entry into the study, patients were 

evaluated to ensure they were appropriate can-
didates for the fiducial marker administration on 
the basis of their surgical scar characteristics. To 
be included, the surgical scar needed to be linear 
with minimal lateral movement as judged by the 
attending clinician. Patients with reconstructive 
scars, skin grafts, or > 0.5 cm lateral or craniocau-
dal skin movement with respect to the initial sur-
gical scar location were excluded from the study. 
Additionally, all patients were fully staged for 
their STSs and underwent standard baseline diag-
nostic testing including CBC, serum biochemical 
profile, urinalysis, and either 3-view thoracic ra-
diographs or CT. Animals with significant comor-
bidities were excluded.

The region of the prior surgery was shaved to 
allow more accurate delineation of the surgical 
scar. The liquid fiducial (PetXmark; Nanovi A/S) 
was drawn up in microdose syringes (Microdose; 
Vlow Medical BV) to accurately deliver 10 μL of 
the liquid fiducial and injected at 1-cm incre-
ments to a maximum depth of 0.5 cm along the 
scar, including an additional 1 cm at each end; 
the liquid fiducial marker was administered at the 
time of initial planning CT scan following surgery. 
Following injection, 5 to 10 minutes were allowed 
to pass before the patient was immobilized to 
prevent excess manipulation of the site before 
the liquid fiducial marker could solidify. Once this 
time had passed, a standard clamshell immobi-
lizer was created and a radiation therapy plan-
ning CT was performed. The bottom portion of 
the clamshell consisted of a self-hardening ther-
moreactive foam (Alpha Cradle; Smithers Medical 
Products Inc), and the top half was made using 
a standard thermoplastic mask (Proform thermo-
plastic; Civco Radiotherapy). All patients in the 
study had a permanent immobilizer created.
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A 3-D plan was generated for each patient using 
planning software (Varian Eclipse version 15.6; Varian 
Medical Systems Inc). The fiducial markers were con-
toured, then an interpolation algorithm was applied to 
create a roughly tubular structure. This was defined as 
the clinical tumor volume, and a 0.5- to 1-cm expan-
sion was applied to define the planning target volume 
(PTV); the appearance of the liquid fiducial marker 
on CT and 3-D CT reconstruction radiation planning 
for a clinical patient are shown (Figures 1 and 2).  

The amount of PTV expansion was chosen by the 
planning radiation oncologist on the basis of patient 
anatomy and the amount of lateral movement that 
could be exerted on the scar. After the PTV expansion 
was applied, 3 mm were cropped from the surface in 
an effort to spare full-thickness skin. Both target vol-
ume and organ-at-risk metrics were evaluated in all 
patients. The target volume metrics were defined as 
95% dose to 95% of the PTV, with a gradient measure  
< 1 cm and a conformity index between 95 and 110. 
The primary organ at risk of interest was skin, for 
which the point dose maximum was defined as < 26 
Gy and the volumetric constraint was set at < 10 cc 
at 23 Gy. Either portal dosimetry or a QA plan (Map-
CHECK; Sun Nuclear Corp) was generated and vali-
dated prior to scheduling the patient for treatment.

Patients were anesthetized, immobilized, and 
their positioning was confirmed using cone beam CT 
prior to delivering the radiation dose using a linear ac-
celerator (Trilogy, Halcyon, or 21EX [based on hospital 
location]; Varian Medical Systems Inc). All treatment 
fields were delivered using volumetric modulated arc 
therapy techniques in an effort to minimize anesthetic 
time during treatment. Once the radiation dose was 
delivered, patients were transferred to recovery and 

Figure 1—A—A clinical patient presenting following in-
complete excision of a soft tissue sarcoma on the right 
lateral crus. B—Two liquid fiducial marker sites can be 
seen side by side as hyperattenuating spherical opaci-
ties (orange arrows) and show minimal scatter artifact. 
C—A 3-D CT reconstruction of the planned treatment 
site shows the liquid fiducial marker as seed points 
(blue), which can then be interpolated to define a clini-
cal tumor volume (CTV) in the absence of gross disease. 
D—The final treatment plan can be seen where the CTV 
(orange) overlies the liquid fiducial seed points (blue). 
The planning target volume (pink) is seen overlying the 
CTV and allows for the sparing of normal skin receiving 
excess radiation exposure.

Figure 2—A 3-D 
CT reconstruction 
treatment plan 
showing a 95% 
dose cloud with 
skin sparing for 
the dog described 
in Figure 1.
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then discharged when safe to do so. Rechecks were 
scheduled at 2 weeks and then as needed. All pet 
owners were provided with clear and specific instruc-
tions to prevent or minimize self-trauma in the weeks 
and months after radiation therapy delivery.

Histopathology review
H&E-stained sections of each biopsy were sub-

mitted for independent histopathological review by 
a board-certified pathologist (RD), who was blinded 
to the original diagnosis and grade. Biopsies were 
confirmed as soft tissue sarcomas and provided a 
standardized histologic grade using the grading sys-
tem described by Kuntz et al.8

Outcome
Acute toxicity (AT) and delayed toxicity (DT) 

effects of SRT were scored on the basis of criteria 
previously described by LaDue and Klein,9 and any 
treatments required to address these effects were 
recorded. In addition to toxicity effects, any compli-
cations that were potentially secondary to the ad-
ministration of the liquid fiducial marker were noted. 
Clinical outcomes were defined as alive if dogs were 
still living at the time the study concluded, lost to 
follow-up, death due to tumor if the tumor or related 
treatment led to death or euthanasia, and death not 
due to tumor if the dogs died or were euthanized for 
causes unrelated to the tumor or direct treatment 
of the tumor. Dogs in the death not due to tumor 
group had their cause of death recorded. Tumor re-
currence, time to tumor recurrence from SRT date, 
and the method of diagnosis used to determine re-
currence were recorded along with any additional 
treatments used to address tumor recurrence.

Statistical analysis
Kaplan-Meier survival analysis was performed for 

overall survival time (OST), and disease-free interval 
(DFI). OST was defined as the number of days from the 
start of SRT to the day of death, and dogs alive at the 
end of the study period or lost to follow-up were cen-
sored. DFI was defined as the number of days from the 
start of SRT to the day of documented tumor recurrence, 
and dogs that were alive at the end of the study period, 
were lost to follow-up, or died without evidence of tu-
mor recurrence were censored. Following survival curve 
analysis for OST and DFI, analysis comparing the effect 
of grade on both parameters was performed using the 
Gehan-Wilcoxon analysis. The median OST and DFI were 
not reached, so restricted mean OST and DFI were also 
calculated. Restricted mean was defined as the area un-
der the survival curve up to the end of final follow-up 
and can be interpreted as the average survival time or 
life expectancy during the duration of the study.10 Statis-
tical analyses were performed using statistical software 
(NCSS 2022 version 22.0.5; NCSS LLC).

Results
Seventy-nine biopsies of canine masses were 

received. Seven biopsies received a diagnosis oth-
er than STS (including osteosarcoma, melanoma, 

granulation tissue, and ruptured sebaceous and hair 
follicle tumors). Of the 72 of the cases that were re-
ceived, 33 were designated as grade I STSs and 1 
had complete surgical margins and as such did not 
meet the inclusion requirements for the study. Thirty 
were designated as grade II, with 8 designated as 
grade III soft tissue sarcomas. Two dogs with grade 
II STSs were excluded from the study, one because 
of inadequate follow-up and the other because it re-
ceived conventionally fractionated radiation therapy 
instead of SRT.

Thirty-six dogs with STS diagnosed on the basis of 
histopathology following surgical excision and treatment 
with a single 20-Gy fraction of radiotherapy were in-
cluded in the study; tumor locations are noted (Table 1).  

Location No. of patients (n = 36)

Antebrachium 6
Carpus 4
Elbow 3
Tarsus 3
Thorax 2
Forepaw 2
Pelvis 2
Shoulder 2
Stifle 2
Thoracic limb—unspecified 2
Axilla 1
Cervical 1
Mammary chain 1
Mandible—gingiva 1
Sciatic nerve 1
Supraspinatus tendon 1
Trunk 1
Zygomatic arch 1

Table 1—Soft tissue sarcoma tumor locations.

Mitotic count information was available for all dogs. 
The overall median mitotic count was 10/10 hpf 
(mean, 15.1/hpf; range, 1 to 87/10 hpf). The median 
mitotic count for grade II STS was 7.5/10 hpf (mean, 
9.32/hpf; range, 1 to 32/10 hpf) and for grade III 
STS was 21.8/hpf (mean, 37.1/10 hpf; range, 14.5 
to 87/10 hpf). The mean age and body weight at 
the time of treatment was 9.01 years (range, 2 to 
15 years) and 25.4 kg (4.77 to 45.3 kg). Of the 36 
dogs, 22 (61.1%) were castrated males, 13 (36.1%) 
were spayed females, and 1 (2.8%) was an intact 
male. Concurrent diseases noted in the medical re-
cords included valvular heart disease (n = 3), hepa-
topathy (2), hypothyroidism (2), and 1 of each of the 
following: Cushing disease, diet-responsive diarrhea, 
inflammatory bowel disease, mast cell tumor, mul-
ticentric lymphoma, perianal fistula, thyroid nodule, 
and soft tissue sarcoma at an unrelated site.

Surgical margins based on histopathology report 
were available for all dogs and indicated narrow excision 
in 11 (30.6%) dogs and incomplete excision in 25 (69.4%) 
dogs. Within the group of dogs with narrow surgical 
margins, 8 (72.7%) dogs had a grade II STS and 3 (27.3%) 
dogs had a grade III STS. Within the group of dogs with 
incomplete surgical margins, 19 (76%) dogs had a grade 
II STS and 6 (24%) dogs had a grade III STS. All dogs with 
known incomplete or narrow surgical excision under-
went radiation therapy with a mean duration between 
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surgery and SRT of 36.1 days (range, 20 to 59 days). All 
dogs were administered the liquid fiducial marker as de-
scribed and received a single fraction of 20 Gy.

AT effects occurred in 29 of the 36 (80.5%) dogs, all 
of which affected the skin. Nineteen dogs had a score 
of 1, 4 dogs had a score of 2, and 6 dogs had a score of 
3. AT scores of 1 and 2 did not require any medical in-
tervention. Of the dogs with AT scores of 3, treatment 
included wound debridement (n = 1), antibiotic thera-
py (2), and no treatment (2) and the medical record did 
not specify whether additional therapy was provided 
for 1 dog. DT effects occurred in 13 of the 36 (36.1%) 
dogs, all of which affected the skin at a median time of 
255.5 days (mean, 282.2 days; range, 196 to 524 days). 
Twelve dogs had a toxicity score of 1, and 1 dog had a 
score of 3. Dogs with DT scores of 1 did not require any 
medical intervention. The dog with a score of 3 devel-
oped a full-thickness necrotic wound at the treatment 
site 233 days following radiation therapy and required 
wound debridement followed by a rotational skin flap 
to close the defect, which then went on to heal without 
any additional complications. In addition to adverse ra-
diation effects, 2 dogs had a suspected skin reaction to 
the liquid fiducial marker based on inflammation at the 
injection site. One dog was treated with antibiotics and 
pain medication and the other dog was treated with 
pain medication alone which led to resolution of signs.

The median follow-up time was 812 days (mean, 
770.5 days; range, 141 to 1,599 days). At the end of the 
study period, 13 dogs were alive, 22 were deceased, and 
1 was lost to follow-up. Four dogs were noted to have 
died as a result of STS, although no formal necropsy was 
performed in any of these animals. Seventeen dogs died 
of causes unrelated to STSs, including euthanasia be-
cause of poor quality of life due to impaired mobility in 4 
dogs, hemoperitoneum secondary to a ruptured splenic 
mass in 2 dogs (1 hemangiosarcoma and 1 splenic my-
elolipoma), and 1 each of the following: ruptured un-
classified liver mass, disseminated mast cell disease, 
gastric mast cell tumor, unclassified metastatic adrenal 
neoplasia, aspiration pneumonia, unclassified meta-
static liver neoplasia, lymphoma, severe pancreatitis, 
and unclassified subcutaneous neoplasia. Additionally, 2 
dogs were deceased due to unknown causes and did not 
undergo necropsy to confirm a cause; these 2 dogs were 
excluded from statistical analysis.

Tumor recurrence was noted in 9 of 36 (25%) dogs 
with a median time to recurrence of 272 days (range, 14 
to 843 days). Six of 28 (21.4%) dogs with grade II STS had 
local recurrence, while 3 of 8 (37.5%) dogs with grade III 
STS had local recurrence. Local recurrence rates did not 
differ significantly on the basis of tumor grade (P = .63). 
Tumor recurrence was definitively diagnosed on the basis 
of histopathology (n = 3) or cytology (3). Tumor recur-
rence was suspected on the basis of clinical evaluation 
but not definitively confirmed in an additional 3 dogs. Of 
the dogs with tumor recurrence, 1 dog was treated with 
chlorambucil and piroxicam, 1 dog had a pelvic limb am-
putation due to tumor recurrence on the left hock, and 
1 dog had tumor recurrence on the distomedial aspect 
of the antebrachium, which was debulked, but this dog 
was eventually euthanized due to tumor progression and 
impaired mobility. Five dogs had no treatment pursued 

after tumor recurrence. No information regarding addi-
tional treatment was reported in 1 dog.

Postoperative chemotherapy was administered to 
4 of 36 (11.1%) dogs due to recurrence of the tumor or 
metastatic disease with 1 dog diagnosed with grade II 
STS and 3 dogs with grade III STS. The dog with grade 
II STS received lomustine (Gleostine) at 26 days post–
radiation therapy for tumor recurrence. Of the 3 dogs 
with grade III STS, 1 received metronomic therapy with 
chlorambucil (Leukeran) and piroxicam (Feldene) at 
675 days postradiation for recurrence and the other 2 
received doxorubicin (Adriamycin) at 14 and 87 days 
postradiation due to metastatic disease.

The restricted mean OST was 1,556 days (range, 
1,383 to 1,728 days); however, median survival time was 
not reached (Figure 3). There was an 85% likelihood that 
a dog would survive 1,012 days. The restricted mean DFI 
was 1,330 days (range, 1,101 to 1,559 days); however, 
median DFI was not reached (Figure 4). There was a 70% 
likelihood that a dog would have a DFI of 843 days.

Figure 4—Kaplan-Meier survival curve for disease-free 
interval for the dogs described in Figure 3. The restrict-
ed mean disease-free-interval was 1,330 days (range, 
1,101 to 1,559 days); however, median survival time 
was not reached. See Figure 3 for the key.

Figure 3—Kaplan-Meier survival curve for overall survival 
time for 36 client-owned dogs with STS treated with a 
single 20-Gy fraction of SRT. The restricted mean over-
all survival time was 1,556 days (range, 1,383 to 1,728 
days); however, median survival time was not reached. 
Steps on the curve represent the death of ≥ 1 dog, tick 
marks represent dogs that were censored, and the shad-
ed area represents the 95% CI at each time point.
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Discussion
The results of this study show that when using a 

single high-dose radiation fraction (20 Gy) in combi-
nation with a liquid fiducial marker to treat margin-
ally or incompletely resected STSs, there was a mean 
OST of 1,556 days and mean DFI of 1,330 days with 
a 70% likelihood of patients reaching 843 days before 
experiencing local recurrence of the tumor. In addi-
tion, while acute and late toxicity effects were seen 
in 81% and 35.1% of dogs, respectively, they were 
limited to the skin only and the majority of these ef-
fects were minimal and self-limiting or only required 
medical management. Median values for OST and 
DFI were not reached; therefore, it is difficult to di-
rectly compare the results reported here to previous 
studies. When compared to studies evaluating the 
use of SRT,11 conventionally fractionated radiation 
therapy (CFRT),12 and hypofractionated radiation 
therapy,7,13,14 median OST was longer compared to 
each of the 3 previously reported therapies, and DFI 
was longer than SRT and hypofractionated radiation 
therapy but similar to that of CFRT. A study by Kung 
et al7 in 2016 evaluated the use of hypofractionated 
radiation therapy and found that grade was a prog-
nostic indicator, with patients diagnosed with grade 
III STS having a median OST of 940 days. There were 
8 dogs in the current study that were diagnosed with 
grade III STS: 1 was lost to follow-up, 4 were alive 
at the end of the study period, and 3 died of causes 
unrelated to their tumor at 141, 727, and 1,167 days 
after treatment. The mean OST of the 7 dogs that 
completed the study was 880 days (range, 196 to 
1,323 days). It is important to note that 3 of these 
dogs underwent adjunctive chemotherapy, which 
may have contributed to a prolonged survival time. 
These findings are similar to those of Kung et al7 and 
suggest that if patients are treated early and with a 
single large dose of radiation at the appropriate lo-
cation, even dogs with high-grade STSs can have a 
long DFI; however, the addition of postradiation che-
motherapy may have contributed to our longer sur-
vival times rather than radiation therapy alone.

The overall recurrence rate in this population of 
36 dogs was 25% (9/36), with a mean time to recur-
rence of 384 days. When looking at the dogs in our 
population with incomplete margins specifically, the 
recurrence rate increased to 36%, which is slightly 
higher than the recurrence rate found in a recent 
meta-analysis by Milovancev et al.15 After reviewing 
the literature, these authors found that 33.3% of in-
completely excised STS recurred and it was strongly 
suggested that microscopically complete surgical 
margins significantly reduced risk for local tumor re-
currence in canine STSs. While the current study did 
not specifically evaluate risk factors for tumor recur-
rence or tumor progression, previous studies have 
found that an increased mitotic index, higher grade, 
and increased duration of radiation therapy were risk 
factors for tumor recurrence.12,16 While the mean mi-
totic count for the dogs in this study with grade II 
STS was 9.39 and 37.1 for grade III STS, 6 of 9 dogs 
with recurrence were those with grade II tumors.

Reporting of histopathologic findings includ-
ing margins, grade, and tumor classification has 
been found to be extremely variable. A study by 
Livaccari et al17 found that while histologic margins 
were described in 91.6% of reports, only 59.6% of 
those reports used objective measurements to de-
termine margins. That study also found that histo-
logical classification of STS was only stated in 50% 
of reports, which was similar to the current study, 
in which 64% of reports did not specify the type of 
STS. In addition, a recent systematic review18 iden-
tified that 56.6% of studies evaluating STS and MCT 
reported that histologic margins were reported as 
either complete or incomplete. Margins are an im-
portant factor when excising STSs and are important 
in determining how to proceed with postoperative 
recommendations including making recommenda-
tions for additional surgery, radiation therapy, or 
chemotherapy. Given the findings of these studies, 
histologic margins should ideally be reported using 
standardized, objective measurements rather than 
subjective or dichotomous reporting.

Dogs in the current study had an 81% and 35.1% 
occurrence of acute and DT scores, respectively, all 
limited to the skin. Of the dogs experiencing AT, 80% 
(24/36 dogs) had AT scores of 1 or 2, which required 
no treatment. Among those with AT scores of 3, only 
1 dog required wound debridement. These findings 
are similar to previous reports in which a majority of 
patients undergoing SRT,11 CFRT,12 and hypofrac-
tionated radiation therapy14 for STS had self-limiting 
ATs with AT scores of 1 or 2. Of the dogs with DT in 
this study, 92.3% (12/13) had a DT score of 1 and 
required no treatment. One dog had a DT score of 
3 and required wound debridement and a rotational 
skin flap to close the defect. The occurrence of DT re-
ported here was slightly higher compared to a recent 
study by Crownshaw et al12 in which 21.9% of pa-
tients developed signs of DT following CFRT. These 
findings along with those of previous studies show 
that while AT and DT may occur in a large portion 
of patients after SRT, many of these patients require 
minimal to no intervention. In the cases of dogs with 
higher AT or DT scores that require additional surgi-
cal intervention such as wound debridement or re-
constructive surgeries, it is important to recognize 
that healing may be compromised due to radiation 
therapy and this must be considered when formulat-
ing a treatment plan.

The traditional clinical approach among vet-
erinary radiation oncologists has been to avoid SRT 
when gross disease is not present, since there is no 
clearly definable treatment target. This is in contrast 
to the treatment of brain metastases in humans for 
which SRT is used to treat postsurgical resection 
cavities where microscopic disease is left behind. 
Two human studies found that when SRT was used 
to treat microscopic disease within resection cavi-
ties, the 12-month local control rates were 79%19 and 
82%.20 With the addition of a liquid fiducial marker, 
injection of the marker along the scar line allowed 
for proper radiation planning by providing a target. 
Liquid fiducial markers have been used safely and 
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successfully in people receiving CFRT or SRT for tu-
mors of the bladder,21 breast,22 esophagus,23,24 and 
lung.25,26 While its use in animals has been limited at 
this point, a feasibility study5 in dogs with oral tu-
mors including fibrous hyperplasia, acanthomatous 
ameloblastoma, osteosarcoma, and myxosarcoma 
showed that injection of 10 μL of liquid fiducial was 
easily identified on CT scan and improved gross tu-
mor volume contouring. The liquid fiducial marker 
used in this study, PetXmark, is a liquid, iodine-
based, and nonmetallic formulation with ethanol and 
sucrose derivates. This marker offers several benefits 
including limited imaging artifact when identified on 
CT or MRI, positional stability over a minimum dura-
tion of 3 months, fast and easy application, and the 
ability to develop a clinical tumor volume for target-
ing of SRT in the absence of gross disease. This all 
translates to an easily used and identifiable fiducial 
marker that will be present throughout the duration 
of radiation therapy and allows for SRT in the ab-
sence of gross disease.

The use of the liquid fiducial marker in the dogs 
in this study allowed treatment of the affected area 
with a single high dose of radiation with good local 
disease control and minimal complication. This is an 
important finding as it offers an alternative to CFRT 
for owners who cannot pursue CFRT for logistic or 
financial reasons. In addition to owner factors, this 
alternative course of treatment limits the need for 
general anesthesia to 2 episodes: one to place the 
liquid fiducial followed by a planning CT scan and an-
other to treat the tumor. This is an important consid-
eration given that most patients undergoing radia-
tion therapy are older and may have comorbidities 
that would otherwise increase the risk associated 
with multiple anesthetic episodes.

There were several limitations to the current 
study. First, the sample size was small. Second, even 
though the median duration of follow-up in these 
dogs was 714 days, neither median OST nor DFI was 
reached. Third, the dogs in this study had an uncertain 
resection cavity as SRT was targeted to a surgical scar 
rather than a known tumor cavity. This limitation may 
have resulted in over- or underestimating the actual 
location of tumor cells. Finally, animals with recon-
structive scars and/or excessive motion associated 
with their scars were excluded. While this allowed as-
sessment of the utility of liquid fiducial on a known 
area of resection with little motion, it may have intro-
duced selection bias. Future studies evaluating the 
use of this liquid fiducial marker intraoperatively to 
mark the tumor bed at the time of surgery may help 
minimize the uncertainty regarding the precise loca-
tion of the tumor cavity and facilitate use in dogs with 
reconstructive surgery or in high motion areas.

In conclusion, the results of this study show that 
administering a single 20-Gy fraction of radiation in 
combination with a liquid fiducial marker to treat 
marginally or incompletely resected STS in the ab-
sence of gross disease resulted in similar OST and 
DFI compared to other previously reported radiation 
protocols. This course of treatment minimizes owner 
cost and the need for a patient to undergo multiple 

anesthetic episodes while achieving good local tu-
mor control. Future studies evaluating the use of 
this liquid fiducial marker at the time of surgery are 
needed to determine whether it allows better defini-
tion of the resection cavity and can facilitate direct 
treatment of the surgical site.
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