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Background: Factors indicative of a negative prognosis for appendicular osteosarcoma (OSA) in

dogs are visible metastatic disease, location, and size of lesion. In human medicine maximum

standard uptake value (SUVmax), as measured on a fluorine18 flourodeoxyglucose positron emis-

sion tomography/computed tomography (18F-FDG PET/CT), is prognostic for survival for sev-

eral tumor types.

Objective: Determine if SUVmax is associated with progression-free interval (PFI) and determina-

tion of survival in dogs with appendicular OSA.

Animals: Sixty-two dogs with untreated appendicular OSA that had been staged with 18F-FDG

PET/CT.

Methods: Retrospective analysis of the 18F-FDG PET/CT was performed. Dogs were excluded

from the study if they did not receive definitive intent treatment for their primary OSA and

adjuvant chemotherapy with carboplatin, or had visible metastatic disease on initial imaging. A

region of interest (ROI) was created around the primary tumor to measure SUVmax. Univariable

and multivariable Cox proportional hazards analysis was performed to evaluate for associations

between variables including SUVmax and outcome of PFI and overall survival (OS).

Results: Maximum standard uptake value of the primary tumor was significantly associated with

the OS (P = .04) with adjustment for treatment type and monocyte count. The overall median

survival time (OST) was 284 days (range, 39-1293 days) with the OST of dogs having an SUVmax

of ≥7.4 of 254 days (range, 98-428 days) and dogs with an SUVmax of <7.4 of 680 days (range,

108-811 days, P = .01).

Conclusions and Clinical Importance: Maximum standard uptake value as measured via 18F-FDG

PET/CT is significantly associated with survival in dogs with appendicular OSA with a high SUVmax

being an indicator of a negative prognosis.
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1 | INTRODUCTION

Osteosarcoma (OSA) is an osseous neoplasm that affects the appendicu-

lar skeleton of dogs. It accounts for approximately 85% of all bone

tumors.1,2 Historically, the standard of care treatment has involved

amputation of the affected limb followed by adjuvant chemotherapy.3–5

Recent advancements in surgery and radiation therapy (RT) have

allowed for salvage of the affected limb with reasonable rates of local
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control and similar survival times to amputation.6–9 Definitive treatment

(ie, amputation, surgical limb spare, or high-dose RT) of the primary

appendicular OSA in combination with adjuvant chemotherapy provides

a median survival time (MST) of approximately 10-12 months, with most

dogs dying of metastatic disease.6,8–14

There are multiple prognostic factors that are associated with a

reduction in anticipated survival times in dogs with OSA, including pulmo-

nary metastatic lesions visible on radiographs,15 osseous or lymph node

metastasis,16,17 elevated serum alkaline phosphatase (ALP) activity,18 ele-

vated blood monocyte count,19 and primary tumor location.20–22 Any of

these factors identified on initial staging tests can indicate a change in

prognosis and therefore influence therapeutic decisions. For example, the

MST of dogs with visible pulmonary metastatic disease is reported as only

59 days.15 As prognostic factors that negatively affect outcome can play

such an important role in decision making for both the clinician and the

owner, accurate staging before undertaking definitive treatment is vital.

Fluorine18 flourodeoxyglucose positron emission tomography/

computed tomography (18F-FDG PET/CT) is an imaging modality that

combines the sensitivity of nuclear medicine with the resolution of

advanced 3D imaging. Flourodeoxyglucose is a glucose analog that is

taken up by metabolically active cells. These cells could represent a

normal variant (such as uptake in the heart, salivary glands, and

brain23) or a disease process such as neoplasia or inflammation. As

many cancer cells have an increased need for glucose for uncontrolled

growth, neoplastic lesions have the potential to exhibit increased

uptake of FDG (described as increased avidity).24 Analysis of avidity

on an 18F-FDG PET/CT includes evaluation of a unitless semiquantita-

tive factor called a standard uptake value (SUV). Maximum SUV

(SUVmax) is the most commonly reported value and is indicative of the

highest pixel of metabolic activity in a tumor. Maximum standard

uptake value is proportional to the growth rate of a tumor cell, as

reflected by proliferative measures such as Ki-67 labeling index.25 By

extension, SUVmax might be reflective of the aggressiveness of certain

cancers and SUVmax of a lesion in a variety of tumors (including appen-

dicular OSA,26 lymphoma,27 chondrosarcoma,28 non-small cell lung

cancer,29 and glioblastoma30 in humans) is prognostic for survival.

Fluorine18 flourodeoxyglucose positron emission tomography/com-

puted tomography is a relatively new staging method in veterinary medi-

cine. There are multiple case series evaluating this modality31–33 but only

a few studies have examined the effectiveness of 18F-FDG PET/CT as a

staging method to evaluate for metastasis or concurrent neoplasia.34–37

Larger scale investigation into the utility of 18F-FDG PET/CT staging has

not been previously reported in veterinary medicine.

This study was undertaken to determine if SUVmax, as measured by

pretreatment 18F-FDG PET/CT, has an association with outcome in

dogs presenting for definitive intent treatment of appendicular OSA.

2 | MATERIALS AND METHODS

A retrospective medical record search at the Colorado State Univer-

sity Veterinary Teaching Hospital (CSU-VTH) was performed. Dogs

were included in this study from a population of privately owned pet

dogs that presented to the CSU-VTH for definitive intent treatment

(stereotactic RT [SRT], amputation, or surgical limb spare) of an

appendicular OSA between November 1, 2009 and June 30, 2017.

Other inclusion criteria were cytologically or histologically confirmed

appendicular OSA, 18F-FDG PET/CT that was negative for confirmed

metastatic disease before initiation of treatment, and intent to treat

with a standard of care chemotherapy protocol that consisted of 4-6

doses of carboplatin chemotherapy given every 3 weeks at a dose of

300 mg/m2 IV after local treatment.

Dogs underwent 18F-FDG PET/CT imaging with a Philips Gemini

TF Big Bore 16-slice PET/CT scanner (Philips North America, Andover,

Massachusetts) under general anesthesia according to a protocol previ-

ously reported.38 Dogs were administered 18F-FDG IV at a dose of

170 μCi/kg. After allowing for 1 hour of uptake of 18F-FDG, a whole-

body CT before and after administration of contrast was performed fol-

lowed immediately by a whole-body PET.

Image assessment was originally performed by a board-certified

radiologist or radiology resident on a dedicated Extended BrillianceWork-

station (Philips Medical System, Nederland BV, Best, the Netherlands).

Scans were evaluated for characteristics of the primary lesion and the

presence of any potential metastases or other abnormalities that would

impact treatment decisions utilizing maximum intensity projections and

dorsal, sagittal, and transverse imaging planes of the CT with an 18F-FDG

PET/CT overlay. Primary tumor SUVmax were automatically measured by

region-of-interest (ROI) analysis. Manually defined ROIs were centered

over the primary lesion and expanded in a 3D fashion to encompass the

area of concern. The reported SUVmax was retrospectively collected to

allow for analysis.

For the purposes of this retrospective study the location of primary

lesion, SUVmax of the primary lesion, type of local treatment (amputa-

tion, surgical limb spare, or SRT), ALP levels, and monocyte count at ini-

tial presentation were recorded. In addition, medical records were

evaluated to determine how many had histological analysis of the pri-

mary tumor at or around (within 7 days) the time of the 18F-FDG

PET/CT. Mitotic index (MI) counted in 10 high-power fields was

recorded for analysis. These data were not collected if dogs underwent

any therapeutic intervention between the time of imaging and biopsy.

Medical records were reviewed to determine how many dogs had con-

firmed metastatic disease at the time of 18F-FDG PET/CT imaging.

When available, the date of progression of the primary disease or dis-

ease recurrence, date of development of metastasis and date of death

or euthanasia or last follow-up, and the cause of death or euthanasia

was recorded.

2.1 | Statistical analysis

Continuous data were assessed for normality using skewness, kurtosis,

and Shapiro-Wilk tests. If the data were normally distributed, the mean

and SD were used for description. The median and range were used if

the data were non-normally distributed. Frequencies and percentages

were used to describe any categorical variables.

The progression-free interval (PFI) was calculated as the number of

days from the date of imaging to the date of initial detection of metasta-

sis, local recurrence, or local progression. The overall survival time (OST)

was calculated for all cause and disease-specific survival. For all cause sur-

vival, OST was calculated as the number of days from date of 18F-FDG

PET/CT to death because of all causes. For the disease-specific survival,
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OST was calculated as the number of days from F18-FDG PET/CT to

death because of OSA or treatment. Dogs were censored in the PFI anal-

ysis if they did not have any metastases or local recurrence/progression

documented at the time of last follow-up or at the time of death. Dogs

were censored in the all-cause OST analysis if they were alive at last

follow-up or were lost to follow-up. Dogs were censored in the disease-

specific OST analysis if they were alive at last follow-up or were lost to

follow-up or died because of causes other than OSA or treatment.

Kaplan-Meier methods were used to calculate median PFI and OST

with 95% confidence intervals (CI). Cox proportional hazards regression

analysis was used to evaluate for associations between SUVmax and

other variables (proximal humeral tumor site, ALP, monocyte count, and

treatment type) with outcome variables PFI, all-cause OST, and disease-

specific OST. Additionally, a log-rank test was used to compare survival

in dogs with SUVmax < 7.4 and dogs with SUVmax ≥ 7.4. An SUVmax of

7.4 was used as a cutoff value after it was established as the median

measurement on all dogs. Multivariable Cox proportional hazards regres-

sion was performed to allow adjustment of other variables including

first-order interaction terms and assess association of SUVmax with PFI,

and all cause and disease-specific OST. Variables were entered into the

model if they had a univariate P < .2 or if they could be a confounding

variable. Backward selection was used for model creation with variables

being retained in the model if P < .05.

Statistical significance was set at α = 0.05 and the statistical anal-

ysis was performed by using commercially available software (SAS

software, version 9.4. Cary, North Carolina).

3 | RESULTS

Seventy-seven dogs were identified that met the initial inclusion cri-

teria. Of these, 11 dogs were excluded as carboplatin chemotherapy

was not given and 4 were excluded when metastatic disease was con-

firmed at the time of initial imaging, leaving a total of 62 dogs included

in the statistical analysis. The baseline characteristics of dogs are pre-

sented in Tables 1 and 2.

For all dogs, the median PFI and all-cause OST were 320 and

284 days (95% CI, 219-378 days and 233-420 days, respectively); the

median disease-specific OST was 434 days (95% CI, 279-811 days).

Thirty-one and 15 dogs were censored from PFI and OST analysis,

respectively. The median follow-up time in censored dogs was 304 days

(range, 57-1199 days). Thirty-four of 62 dogs (52%) eventually devel-

oped confirmed metastatic disease and 2/62 dogs (3%) had progression

at the site of their primary lesion.

The median SUVmax was 7.4 (range, 1.8-25.6). Dogs with an SUVmax

of <7.4 had an MST of 680 days (95% CI, 434-* upper end of CI could

not be calculated), whereas dogs with an SUVmax of ≥7.4 had an MST of

254 days (95% CI, 216-428 days) (P = .01; Figures 1 and 2). The maxi-

mum standard uptake value was significantly associated with overall

survival for all causes of death and overall survival cause by disease

(P = .04 and .02, respectively).

There were 26/62 (42%) dogs that had histologic samples of the

primary tumor available for analysis that met the inclusion criteria.

The median MI was 12.0 (range, 0-70). Mitotic index had no correla-

tion with SUVmax (Pearson correlation coefficient = 0.10). Greater MI

was significantly associated with increased risk of death cause by dis-

ease (hazard ratio [HR], 1.04; 95% CI, 1.00-1.09; P = .05) but not sig-

nificantly associated with recurrence or metastatic disease (HR, 1.02;

95% CI, 0.99-1.06; P = .18) or death because of all causes (HR, 1.02;

95% CI, 0.99-1.06; P = 0.21).

The univariate analysis results are presented in Table 1. The ana-

tomic location of the primary tumor (proximal humerus versus any

other location) and the type of treatment were not associated with

any of the outcomes (PFI, all-cause OST, or disease specific). There

were no variables including SUVmax significantly associated with PFI.

Serum ALP activity and blood monocyte count were both significantly

associated with OST for all cause and OST cause by disease.

Multivariable results are presented in Tables 3 and 4. Maximum

standard uptake value of the primary tumor was significantly associ-

ated with the all cause survival (P = .001) with adjustment for treat-

ment type and monocyte count. Monocyte count was independently

associated with death cause by disease and death because of all

causes (HR, 5.8 [95% CI, 1.6-21.5] and 4.4 [95% CI, 1.4-13.7], respec-

tively). Stereotactic radiation therapy resulted in a greater hazard of

death because of all causes compared to amputation (HR, 2.8 [95% CI,

1.3-6.4], P = .01) with adjustment for SUVmax and monocyte count. In

addition, SUVmax of the primary tumor was also significantly associ-

ated (HR, 1.10 [95% CI, 1.03-1.17], P = .007) with death cause by dis-

ease with adjustment for monocyte count.

TABLE 1 Characteristics of study population (n = 62)

(Outcome = PFI)
(Outcome = OST
any cause)

(Outcome = OST
cause by disease)

Variable Category n (%) P value P value P value

Treatment type Amputation 15 (24%) .98 .59 .84

Limb spare 12 (19%)

Stereotactic radiation 35 (57%)

Proximal humeral site Yes 15 (24%) .75 .62 .88

No 47 (76%)

ALP (IU/L) (median, range) 71.5 (15.0-418) .21 .08 .02*

Monocyte count (×103/uL)
(median, range)

0.4 (0.0-1.3) .51 .08 .03*

SUVmax (median, range) 7.4 (1.8-25.6) .24 .04* .02*

Abbreviations: ALP, alkaline phosphatase; OST, overall survival time; PFI, progression-free interval; SUVmax, maximum standard uptake value.
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4 | DISCUSSION

This study has shown that SUVmax of the untreated appendicular OSA

primary lesion in dogs is significantly associated with OST (all cause

and disease specific), despite adjustment for other variables including

treatment type and blood monocyte count before treatment. Increas-

ing SUVmax was associated with increased risk of death because of all

causes and disease-specific death (HR, 1.10 [1.04-1.16] and 1.10

[1.03-1.17], respectively).

Maximum standard uptake value is a measure of FDG uptake and is

reflective of the metabolic requirements and proliferative ability of a

tumor.25 In veterinary medicine, histological grade is consistently prog-

nostic in multiple tumor types, including mast cell tumor, soft tissue sar-

coma, and mammary tumors.39–41 The relationship between grade of a

disease and prognosis in dogs with OSA is unclear.42,43 The more

aggressive a tumor, the higher the SUVmax in humans and ani-

mals.25,27,38,44,45 Although we cannot draw conclusions on grade or

other proliferative indices such as Ki67 in this study as we lack histol-

ogy and immunohistochemistry on many of the primary lesions, we

postulate that higher SUVmax is indicative of a more aggressive form

of OSA, leading to a shorter survival time. Further studies with a

larger number of dogs to prospectively correlate histologic grading

and SUVmax measured from an 18F-FDG PET/CT could be performed

to assess this potential relationship in appendicular OSA. Mitotic

index was not significantly associated with SUVmax in this study. This

is partially because of innate tumor heterogeneity as most OSAs

exhibit a high degree of pleomorphism.47 There is conflicting evi-

dence regarding the relationship between MI and prognosis for

OSAs. There is no relationship to survival of dogs with mandibular

OSA and MI.48 In other cases, MI influences disease-free interval

(DFI) but not survival time of dogs with OSA, which is contrary to

the finding of this study in which increase MI was associated with

disease-specific OST but not DFI or all-cause OST.43 In humans with

malignant gastrointestinal stromal tumors, MI is significantly related

to SUVmax.
49

Maximum standard uptake value was not significantly associated

with PFI. Because of the retrospective nature of this study, the exact

FIGURE 2 Sagittal image from a fluorine18 flourodeoxyglucose

(F18–FDG) positron emission tomography/computed tomography
(PET/CT) of a dog with a radial osteosarcoma (maximum standard uptake
value [SUVmax] of 3.21). Survival time for this dog after 3 fractions of
stereotactic radiation therapy (SRT) was 900 days, at which point the
dog was euthanized because of “old age” as per the owner

TABLE 2 Dog characteristics separated by treatment type

SRT Limb spare Amputation Totals

Number of dogs 35 12 15 62

SUVmax (median, range) 5.8 (1.8-25.6) 7.3 (3.1-20.2) 11.0 (5.5-23.2) 7.4 (1.8-25.6)

OST (median, 95% CI) (number of
censored from evaluation)

284 (216-422) (n = 5) 315 (98-811) (n = 3) 236 (128-857) (n = 4) 284 (233-420) (n = 12)

Monocyte count (/uL)(median, range) 400 (0-1100) 442 (1001300) 65 (27-252) 400 (0-1300)

Serum ALP activity (IU/L) (median, range) 78 (15-418) 63.5 (27-215) 67 (27-252) 82.5 (15-418)

Abbreviations: ALP, alkaline phosphatase; CI, confidence interval; OST, overall survival time; SRT, stereotactic radiation therapy; SUVmax, maximum stan-
dard uptake value.

FIGURE 1 Kaplan-Meier graph of survival time with dogs having a

maximum standard uptake value (SUVmax) <7.4 having an overall
survival time (OST) of 680 days (95% confidence interval [CI] 434-*;
* upper end of CI cannot be calculated) and dogs with an SUVmax ≥ 7.4
having an OST of 254 days (95% CI, 216-428 days) (P = .01)
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medical histories were not available for all dogs, creating limitations to

this portion of the analysis. In addition, there was no standardization

of timing on restaging dogs, with some having regular rechecks and

others having further imaging only when clinical signs developed. As

such, we had only 32/62 dogs with a definitive date on development

of metastasis or progression of local disease.

Analysis revealed that when controlled for SUVmax and pretreat-

ment monocyte count, dogs treated with SRT (35/62) had a 2.8 times

greater hazard of death (because of all causes) compared to dogs trea-

ted with amputation. There were no first-order interactions between

variables that were found to be significant. This finding of increased

hazard of death for dogs undergoing SRT could be because most dogs

treated with SRT procedures are dogs that are unable to tolerate

amputation because of other orthopedic or neurological diseases,

or because of owner perception and biases. These comorbidities

could influence owner perception of quality of life, thus impacting

the timing of euthanasia and survival. Additionally, 1 of the primary

complications of SRT for the treatment of primary appendicular OSA

lesions in dogs is fracture of the affected limb.10 It could be that the

dogs treated with SRT were euthanized if a pathologic fracture devel-

oped, well before signs of metastatic disease, which would likely be

the primary cause of death in the dogs treated with amputation. Only

3/35 dogs treated with SRT were confirmed as having a pathologic

fracture develop, but the cause of death was unknown in 10/35 of

these dogs.

Tumor location was not significantly associated with survival in this

study in spite of some previous studies stating that proximal humeral

lesions have a poorer prognosis.22 Other studies, however, have indi-

cated that location does not impact survival, making the finding in this

study consistent with previously reported outcomes.7 In addition, serum

ALP levels before treatment was not a prognostic factor for survival as

an independent variable in the multivariable analysis. Given the retro-

spective nature of this study, there are some differences in the timeline

for when these values were obtained, with preanesthetic bloodwork

being considered suitable for up to a month before anesthesia for imag-

ing. It is unknown if this may have influenced these results.

Retrospective studies are limited because it is difficult to control

for all variables. In order to keep this study as accurate as possible, we

excluded all dogs that did not pursue some form of definitive treat-

ment, did not receive carboplatin, had confirmed metastatic disease at

the time of imaging, or did not have a definitive cytologic or histologic

diagnosis of OSA. A possible limitation is the lack of histology in all of

the included population. Although several of the dogs had definitive

histology reports from bone samples obtained either before treatment

via a bone biopsy, after amputation, or after euthanasia, there were

multiple dogs that had only a cytologic diagnosis of OSA. Bone biopsy

and cytology have a relatively similar accuracy in diagnosis of bone

lesions in dogs.50 In addition, several of the cytologic samples did have

additional ALP staining, which increases the accuracy of this test. Sen-

sitivity and specificity of ALP staining for OSA is 88% and 94%,

respectively, with possible false-positive results from melanomas with

osteoid production, GISTs, and collision tumors.51 Given the definitive

cytologic diagnosis of sarcoma in the dogs, as well as the increased

prevalence of OSA versus other primary malignant bone tumors,

lesion location, and imaging characteristics, it is likely that the dogs

included in this study had primary appendicular OSA.

It should be stated that the cutoff of 7.4 SUVmax for calculation of

prognosis is the median based on the present data set and cannot be

translated to 18F-FDG PET/CT data obtained at other institutions.

Maximum standard uptake value is a measure based upon the ratio of

radioactivity and injected FDG dose normalized to body weight. It is

variably dependent upon blood pooling, image acquisition timing, and

protocol as well as influenced by software programs. Heterogeneity

TABLE 4 Results of multivariable cox proportional hazards regression

model assessing variables relationship with outcome of death cause
by disease

Variable Hazard ratio (95% CI) P value

SUVmax 1.10 (1.03-1.17) .007

Monocyte count 5.8 (1.6-21.5) .008

Abbreviations: CI, confidence interval; SUVmax, maximum standard uptake
value.

TABLE 3 Results of multivariable cox proportional hazards regression

model assessing variables relationship with outcome of death because
of any cause

Variable Hazard ratio (95% CI) P value

Treatment type Limbsparing 1.8 (0.67-4.9) .24

SRT 2.8 (1.3-6.4) .01

SUVmax 1.10 (1.04-1.16) .001

Monocyte count 4.4 (1.4-13.7) .009

Abbreviations: CI, confidence interval; SRT, stereotactic radiation therapy;
SUVmax, maximum standard uptake value.

FIGURE 3 Sagittal image from a fluorine18 flourodeoxyglucose

(F18–FDG) positron emission tomography/computed tomography
(PET/CT) of a dog with a distal radial osteosarcoma (OSA) (maximum
standard uptake value [SUVmax] of 18.67). Survival time for this dog
was 117 days after a surgical limb spare, at which point the dog was
euthanized because of mentation issues, etiology unknown
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within the tumor itself should also be considered as a confounding

factor.

In conclusion, this retrospective study suggests that SUVmax, as

measured by an 18F-FDG PET/CT performed before treatment, may

be prognostic for survival in dogs with appendicular OSA. This pro-

vides another valid reason for utilizing this staging method in dogs

before making therapeutic decisions.
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