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Abstract

In human medicine, serum lactate dehydrogenase (LDH) is a well-established prognostic
marker in osteosarcoma, reflecting tumor burden. This study evaluates serum LDH as a
prognostic biomarker in dogs with histologically confirmed appendicular osteosarcoma
undergoing a complete staging work-up. Fifty-two dogs with osteosarcoma were prospectively
enrolled, and LDH levels were assessed at diagnosis, prior to any treatment. Elevated LDH was
observed in 34 (65.4%) dogs. All dogs with distant metastasis had increased LDH levels. A
significant association was observed between elevated LDH and metastasis (P=0.039). To
assess the impact of LDH on survival, a subgroup analysis included 38 dogs without metastasis
that underwent multimodal treatment and had a minimum follow-up of 180 days. Median time
to progression (TTP) and overall survival (OS) were significantly shorter in dogs with elevated
LDH (157 and 169 days, respectively) compared to those with LDH within reference limits
(252 and 387 days, respectively; P=0.035 and P=0.017). On univariable analysis, elevated LDH
was the only variable associated with an increased tumor progression risk (HR=2.26, 95%

CI=1.09-4.69, P=0.029). Additionally, elevated LDH, absence of immunotherapy
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administration and increased serum alkaline phosphatase activity were significantly associated
with a higher mortality risk.

These findings suggest that elevated LDH at diagnosis indicates a more advanced disease stage
and poorer prognosis in dogs with appendicular osteosarcoma. LDH may aid in treatment
planning and prognosis assessment. Further studies should confirm these results and explore its

combination with other biomarkers to refine prognostic evaluation.

Keywords: Canine, Appendicular osteosarcoma, Serum lactate dehydrogenase, Prognosis.

Introduction

Appendicular osteosarcoma is the most prevalent and aggressive bone tumor in dogs. Despite
advances in multimodal treatments, typically involving limb amputation and adjuvant dose-
intense chemotherapy, the prognosis remains poor, with a median survival time of
approximately 8-14 months."? Immunotherapy, now recognized as a promising strategy in the
fight against cancer, has demonstrated efficacy in canine appendicular osteosarcoma, and its
application in veterinary oncology is steadily increasing.’® Regardless of the treatment
approach, the number of dogs that are cured represents a minority.’

In dogs with appendicular osteosarcoma, several prognostic factors have been identified, many
of which align with findings from large retrospective studies in human osteosarcoma. These
factors include age,'” bone location,!! histologic grade,'? histologic subtype,'*!* lymph node
status,'® the development of infection after limb-sparing surgery,'¢ serum alkaline phosphatase

t,>> serum cholesterol

(ALP) activity,'*!2!  blood monocyte and lymphocyte coun
concentration? and the timing of chemotherapy initiation after surgery.?* Among them, a meta-

analyses identified elevated ALP levels and tumor location in the proximal humerus as the only
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two independent negative prognostic factors.?> The identification of new prognostic biomarkers
can assist clinicians in stratifying dogs into risk groups based on their likelithood of disease
progression or tumor-related mortality. By complementing traditional staging assessments,
these biomarkers can help identify dogs that may benefit from more aggressive treatment
strategies, optimize therapeutic outcomes, and, in some cases, prevent unnecessary
interventions in those unlikely to respond.

In human medicine, serum lactate dehydrogenase (LDH) is recognized as a biomarker of tumor
burden, and its prognostic role has been demonstrated in appendicular osteosarcoma.?®2” LDH
is a cytoplasmic enzyme involved in anaerobic glycolysis, catalyzing the conversion of
pyruvate to lactate, and it is synthesized in several cell systems, including skeletal muscle, heart,
kidney, small intestine, liver, lung, pancreas, bone, and hematopoietic cells.?® Hence, its level
can be elevated in various pathologic conditions, including cardiac, hepatic, skeletal muscle,
hemolytic disease and malignancy.” Cancer cells predominantly utilize glycolysis as their
primary energy source, even under normal oxygen conditions, and aberrant expression and
activation of LDH have been closely linked to various cancers, including appendicular
osteosarcoma.?’*%32 Notably, multiple studies have shown a strong association between
elevated LDH and poorer outcomes in human osteosarcoma patients.***® Two meta-analysis
confirmed that elevated LDH is associated with lower event-free survival rates.’**’ Similarly,
animal models, including studies in mice transplanted with human osteosarcoma cells,*’ have
demonstrated the validity of LDH as a prognostic marker.

There is limited evidence regarding LDH and cancer in veterinary medicine, but emerging
studies suggest its potential utility. For instance, a study found that elevated LDH activity at the
time of lymphoma diagnosis in dogs was associated with a shorter duration of survival,
regardless of the clinical stage.*® Additionally, elevated LDH activity following chemotherapy
has been associated with early recurrence in canine lymphoma.** Similarly, in cats, elevated

LDH levels have been correlated with a poor prognosis in lymphomas of various origins.**:*!
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Recently, LDH has been explored as a diagnostic marker for identifying neoplastic effusions in
both dogs and cats.*>*3

The aim of this prospective multicentric study was to investigate whether serum LDH at
diagnosis serves as a prognostic biomarker in dogs with canine appendicular osteosarcoma. We

hypothesized that elevated LDH levels would be associated with a more advanced disease stage

and, for dogs undergoing treatment, would correlate with a poorer clinical outcome.

Materials and Methods

Client-owned dogs with histologically confirmed appendicular osteosarcoma at first
presentation were prospectively enrolled. The study included patients admitted to the
University of Bologna, Pronto Soccorso Veterinario Laudense and Centro Veterinario Torinese
between January 2022 and December 2024.

All owners provided written informed consent allowing the use of their animals' data for
scientific purposes. Since LDH evaluation was part of the biochemical panel routinely used at
the participating institutions and did not require an additional blood draw, ethical approval was
waived for this study. All procedures were conducted in strict compliance with the Italian
National legislation on animal welfare, ensuring that ethical standards for the care and use of
animals in research were upheld.

To be enrolled, dogs were required to undergo a complete staging work-up, including a physical
examination, complete blood cell count (CBC), serum biochemical analysis, 3-view thoracic
radiographs and abdominal ultrasound or a total body computed tomography (TBCT), and a
tumor biopsy confirming osteosarcoma.

For all dogs, total LDH levels were measured at the time of initial diagnosis, prior to any

treatment. Blood samples were collected via jugular venipuncture after a 12-hour overnight
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fast. Serum was separated by centrifugation and immediately processed. The samples were
analyzed by three different diagnostic laboratories, each employing its own reference intervals
for LDH. To account for this variability, LDH values were classified as either normal or
elevated, based on the specific reference intervals of the respective laboratory.

Dogs were excluded from the analysis if they had comorbidities that could increase LDH
levels.?’ Specifically, dogs with cardiac disease, such as dilated cardiomyopathy or mitral valve
disease at stage ACVIM B2 or higher, based on echocardiographic findings, were excluded.
Hepatic disease was ruled out through serum biochemical analysis and/or imaging evidence of
hepatic abnormalities. Primary muscle damage at the time of LDH evaluation was excluded
through orthopedic evaluation and the absence of trauma in the anamnesis, along with serum
creatine kinase (CK) abnormalities. Hemolysis was ruled out through hematologic assessment,
including blood smear evaluation and biochemical markers of hemolysis (e.g., bilirubin).
Treatment recommendations were tailored to the clinical stage of the disease and owners’
preferences. In the absence of distant metastases, the suggested treatment protocol included
limb amputation combined with regional lymphadenectomy, followed by adjuvant
chemotherapy with single-agent carboplatin (administered intravenously every 3 weeks). In
some cases, immunotherapy was incorporated into the treatment plan. Immunotherapy involved
a peptide-based anticancer vaccine administered dermally once a month, for a total of 6
injections.®

For dogs receiving treatment, monitoring for distant metastasis was conducted every 1 to 2
months using 3-view thoracic radiography and abdominal ultrasonography, or sooner if clinical
signs of disease progression emerged. In the event of disease progression, rescue therapy
options were discussed and offered to the owners.

The outcome information, including the date and site of distant progression (if any), the date

and the cause of death (if any) was recorded.
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Chemotherapy-related adverse events (AEs) were documented based on patients’ history
provided by the owners, physical examination and blood analysis. AEs were graded according
to the Veterinary Cooperative Oncology Group Common Terminology Criteria for Adverse

Events (VCOG-CTCAE)* and recorded in the medical records.

Statistical analysis

Descriptive statistics were used in the analysis of dogs and tumor characteristics. Values were
expressed as mean + standard deviation in case of normal distribution, or as median with a range
in case of non-normal distribution.

The relationship between high serum LDH levels and presence of distant metastasis at diagnosis
was assessed with binary logistic regression or the chi-square test.

To assess the impact of LDH on survival, only dogs without distant metastases that underwent
multimodal treatment including amputation and chemotherapy with or without immunotherapy
were included in a subgroup analysis. In addition, inclusion in the subgroup for survival
analyses required a minimum follow-up period of 180 days, unless the dog had died before that
time point.

Time to progression (TTP) was defined as the time from surgery to the first evidence of local
progression or metastasis, or to the date of last follow-up. Cases with no progression were
censored at the date of last follow-up. Overall survival (OS) was calculated from the date of
surgery to death from any cause. Dogs still alive at the last follow-up were censored at that time
point.

Survival estimates were presented as medians with the corresponding 95% confidence intervals
(95% Cls). Survival curves were compared with the log-rank test.

In the subgroup undergoing multimodal treatment, the influence of potential prognostic
variables on tumor progression and death was investigated with Cox's regression analysis.

Covariates significant at univariable analysis were included in a multivariable model. The
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following variables were investigated for prognostic significance: sex, age (<3 vs others),
weight (median used as cut-off), clinical signs duration (<30 days vs others), bone lesion
location (proximal humerus vs others),2> pathologic fracture (yes vs no), histologic subtype
(chondroblastic vs others),'* histologic grade (grade III vs others),'?imaging (TBCT vs thoracic
radiographs and abdominal ultrasound), lymph node metastasis (present vs absent),'> ALP
activity (normal vs elevated),” blood monocyte count (< 0.4x103 cells/uL vs > 0.4x10°
cells/pL),?? blood lymphocyte count (< 1.0x10* cells/uL vs > 1.0x10° cells/pL),?* serum
cholesterol concentration (normal vs elevated),? the timing of chemotherapy initiation after
surgery (<5 days vs other),?* and immunotherapy (yes vs no).®

Statistical analysis was performed with SPSS Statistics v.19 (IBM, Somers, New York).

Significance was set at P <.05.

Cell Line Validation Statement

No cell lines were used in the current study.

Results

Dogs and tumor characteristics

A total of 52 dogs with appendicular osteosarcoma matched the inclusion criteria and were
enrolled. Dogs’ demographics and clinical features are summarized in Table 1. There were 36
(69.2%) purebred and 16 (30.8%) mixed breeds. The most common breeds included Rottweiler
(n=5; 9.6%) and Labrador Retriever (n=5; 9.6%). All other breeds were represented once or
twice. At the time of admission all dogs were lame and the median time interval from the onset

of clinical signs to diagnosis was 40 days (range, 1-240).
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For staging purposes, 48 (92.3%) dogs underwent TBCT, while the remaining 4 (7.7%) were
staged by a combination of 3-view thoracic radiographs and abdominal ultrasound. At the time
of diagnosis, 8 (15.4%) dogs had detectable distant metastasis, including lungs (n =7) and bone
(n=1). Pulmonary metastatic lesions were suspected in all dogs based on imaging, while bone
metastasis was cytologically confirmed in one case.

Dogs’ clinicopathologic data are presented in Table 2. At admission, LDH levels were elevated
in 34 (65.4%) dogs and within reference limits in the remaining 18 (34.6%). All dogs with
distant metastasis at admission had elevated LDH activity (P=0.039). Among the 44 dogs
without distant metastasis at presentation, 26 (59.1%) had elevated LDH activity. No significant
differences were observed in the imaging modalities employed for detecting distant metastases
between dogs with elevated LDH activity and those with LDH within reference limits

(P=0.602).

Treatment protocols

Of the 44 dogs without distant metastases, 38 (86.4%) underwent multimodal treatment
consisting of limb amputation and adjuvant chemotherapy (n=17; 44.7%) and limb amputation
and chemo-immunotherapy (n=21; 55.3%). Among treated dogs, 20 (52.6%) had elevated LDH
activity, and 18 (47.4%) had LDH within reference limits. Additionally, 8 (21.1%) dogs had
elevated ALP, and 30 (78.9%) had ALP within reference limits. Of the 21 dogs treated with
chemo-immunotherapy, 11 (52.4%) had LDH within reference limits, while 10 (47.6%) showed
elevated LDH activity. The proportion of dogs with elevated LDH activity was not significantly
different between those receiving chemotherapy alone and those receiving chemo-
immunotherapy (P = 0.999).

Based on histopathology, there were 23 (60.5%) osteoblastic subtypes, 6 (15.8%)
chondroblastic, 7 (18.4%) fibroblastic, one (2.6%) telangiectatic and one (2.6%) poorly

differentiated osteosarcoma. Histologic grade was available for 32 (84.2%) tumors, with 14
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(43.8%) classified as grade II, 13 (40.6%) as grade I, and 5 (15.6%) as grade III. Nodal
metastases were histologically identified in 3 (7.9 %) dogs.

After amputation (median, 4 days; range, 2-17), LDH levels were reassessed in 17 of the 20
dogs that had elevated values at diagnosis. Normalization of LDH was observed in 11 dogs
(64.7%).

All dogs received a standardized chemotherapy protocol with carboplatin as a single agent,
administered intravenously at 300 mg/m? every 21 days for a median of 4 (range, 1-6) cycles.
The only dog weighing <20 kg received carboplatin at a dose of 240 mg/m? IV every 21 days
for 4 cycles. The median interval between amputation and the initiation of chemotherapy was
4 days (range, 2—75) for dogs receiving chemotherapy alone and 5 days (range, 3—10) for those
undergoing chemo-immunotherapy. Chemotherapy-related AEs were experienced by 7
(18.4%) dogs. Overall, there were 4 episodes of hematologic toxicity (1 grade 2, 1 grade 3 and
2 grade 4) and 3 episodes of gastrointestinal toxicity (1 grade 1, 2 grade 2).

At the onset of distant metastasis, 3 (9.4%) dogs received metronomic chemotherapy consisting
of thalidomide, cyclophosphamide and piroxicam, and one (3.1%) dog was treated with
toceranib and losartan .*!

Regarding the 6 (13.6%) dogs without distant metastasis that did not undergo multimodal
treatment, 3 underwent amputation alone, 2 received no treatment, and one received palliative

radiation therapy.

Survival analysis and prognostic factors

Among the 38 dogs receiving multimodal treatment, 32 (84.2%) experienced disease
progression. Metastatic progression was identified in 20 (62.5%) dogs with lung involvement,
8 (25%) dogs with bone metastases, 2 (6.3%) dogs with subcutaneous metastases, one (3.1%)
dog with concurrent metastases to the bone and lungs, and one (3.1%) dog with metastases

affecting both the bone and subcutis. Bone and subcutaneous metastasis were confirmed by
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cytologic examination, while lung metastases were identified through thoracic radiographs. The
median TTP was 169 days (95% CI, 125-213).

Overall, 28 (73.7%) dogs had died due to osteosarcoma-related causes and 10 (26.3%) were
alive at data analysis closure after a median follow-up of 279 days (range, 200-949). The median
OS was 256 days (95% CI, 139-373). The 1- and 2-year survival rates were 31.6% (12/38) and
10.5% (4/38), respectively.

On univariable analysis, elevated LDH was the only variable associated with an increased risk
of tumor progression (HR=2.26, 95% CI=1.09-4.69, P=0.029). Variables significantly
associated with an increased risk of death included elevated LDH, absence of immunotherapy
administration, and elevated ALP activity. On multivariable analysis, all retained prognostic
significance (Table 3). The median TTP (157 days) and OS (169 days) in dogs with elevated
LDH were significantly shorter compared to those with LDH within reference limits (252 and
387 days, respectively; P=0.035 and 0.017; Figures 1 and 2). Among dogs that received chemo-

immunotherapy, elevated LDH did not significantly affect TTP or OS.

Discussion

In this study we prospectively explored the potential of LDH as a prognostic biomarker in dogs
with appendicular osteosarcoma. We enrolled 52 dogs that underwent complete staging with two
main objectives: first, to evaluate if increased LDH levels at admission can act as a marker for
the presence of metastases, and second, to determine if elevated LDH levels in dogs undergoing
multimodal treatment were associated with poorer prognosis. According to the findings, elevated
LDH levels at osteosarcoma diagnosis may indicate a more advanced disease stage and be

associated with poorer outcomes in treated dogs.
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In this cohort, distant metastases were identified in 8 (15.4%) dogs at diagnosis, a rate consistent
with previous studies.*® The presence of distant metastases is a well-established negative
prognostic factor in osteosarcoma, as it is associated with reduced survival times and limits the
available treatment options .>*"*® Thus, a comprehensive staging to assess metastatic disease is
a critical component of the initial diagnostic work-up. Our study found that elevated LDH levels
at diagnosis were significantly associated with a heavier osteosarcoma burden. Specifically,
although elevated LDH activity was observed in 59% of non-metastatic dogs, all dogs (100%)
with metastatic disease had elevated levels at the time of presentation (P=0.039). This finding
suggests that LDH is a highly sensitive marker for detecting metastatic disease; however, its
specificity is limited, as elevated levels can also occur in non-metastatic cases. This could be
attributed to subclinical pathologic or paraphysiologic conditions in the various organs and
tissues where LDH is synthesized, which remained undetectable at the time of case enrollment.
Another possible explanation is that, in some osteosarcoma cases, chronic lameness associated
with the tumor or the neoplastic invasion of surrounding soft tissues may have led to secondary
muscle damage, contributing to elevated LDH levels. Nevertheless, our finding aligns with
results from human oncology, where increased LDH and ALP levels prior to treatment have been
associated with skeletal metastases.>* Elevated LDH levels may reflect increased tumor
metabolic activity that promotes tumor growth and survival, eventually correlating with tumor
burden and aggressiveness.’>*’ The finding of elevated LDH should serve as a red flag,
prompting the use of more sensitive imaging modalities, such as TBCT, to enhance metastasis
detection and better guide treatment decisions.

Overall, 38 dogs underwent multimodal treatment, and none of them had metastatic disease
detected during the initial staging. In this subgroup, univariable analysis revealed that elevated
LDH activity was the sole factor associated with an increased risk of disease progression; as a

result, a multivariable analysis was not conducted. Conversely, when evaluating variables
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associated with a higher risk of death, elevated LDH, absence of immunotherapy administration,
and elevated ALP activity retained significance in multivariable analysis.

The association between elevated LDH levels and aggressive tumor behavior can be attributed
to aberrant energy metabolism, a hallmark of cancer.’® Rapidly proliferating cancer cells demand
high energy supplies, and chronic tumor-induced hypoxia activates hypoxia-inducible factor 1
(HIF-1), a key regulator of glycolysis and angiogenesis. HIF-1 promotes a metabolic shift to
glycolysis, activating oncogenes that encode critical glycolytic enzymes, including LDH, which
converts pyruvate to lactate.’! Hyperactivation of LDH has been implicated in supplying energy
to cancer cells, promoting the cancer stem cell phenotype, protecting tumor cells from reactive
oxygen species, inhibiting apoptosis, and supporting tumor growth by preventing necrosis in
hypoxic environments.>? Additionally, exogenous lactic acid can enhance tumor cell motility,
facilitating metastasis, and promote angiogenesis through activation of the VEGF signaling
pathway.>

After amputation, LDH levels were reassessed in 17 of the 20 dogs that had elevated values at
the time of diagnosis. Among these, normalization of LDH was observed in 64.7% of cases.
Chemotherapy was initiated a median of 4 days after surgery; thus, it is plausible that muscle
trauma related to surgery had not yet completely resolved, potentially contributing to the
persistent LDH elevation in some dogs. Future studies should aim to reassess LDH after a longer
postoperative interval to better clarify its utility as a biomarker of tumor burden and treatment
response.

Recent evidence suggests that incorporating a peptide-based anticancer vaccine into the standard-
of-care treatment regimen improves survival outcomes in dogs with osteosarcoma.® This finding
was corroborated in the current study cohort, where vaccinated dogs exhibited prolonged survival
times. However, the risk of tumor progression remained unchanged, indicating that while
vaccination may enhance overall longevity, it does not significantly alter the course of disease

progression. Similarly, it has been previously documented that, even in the presence of
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metastases, vaccinated dogs experienced a longer interval between the onset of distant metastases
and cancer-related euthanasia compared to unvaccinated dogs. This effect is hypothesized to
result from slower metastatic progression in vaccinated dogs, likely due to the establishment of
long-lasting immunologic memory.°

In line with the published literature, elevated ALP was significantly associated with an increased
risk of death, confirming its prognostic role. Studies have shown that high pretreatment total ALP
and bone-specific ALP are linked to shorter survival times and disease-free intervals in dogs
undergoing surgery and chemotherapy.!”!%2> Based on these results, we recommend evaluating
both ALP and LDH during staging to more accurately identify high-risk patients.

In this population, 18.4% of dogs experienced chemotherapy-related AEs, including 2 cases of
severe hematologic toxicity. These findings align with existing literature on chemotherapy-
induced toxicities in osteosarcoma treatment, particularly hematologic toxicity, which is
commonly observed in dogs receiving carboplatin-based.™

In this study, other previously reported prognostic variables were not found to be significant,
including proximal humerus location, presence of nodal metastases, histologic subtype and
grade, and monocytosis. While a type Il error may have contributed to this discrepancy due to
the sample size, it is also possible that these factors have a less consistent impact on prognosis
than previously thought. In particular, the prognostic utility of the histologic grade in canine OSA
has already been questioned in a previous study.*® Further studies with larger cohorts are needed
to clarify their prognostic relevance and determine whether their influence varies based on

specific treatment protocols or tumor biology.

This study has several limitations. First, the sample size was relatively small which may have
increased the risk of bias. Second, the LDH level was assessed by measuring the total LDH
rather than individual isoenzymes. Since LDH consists of multiple isoenzymes, total LDH

measurements may not accurately reflect the source of elevation, potentially reducing
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specificity. This could have influenced the association between LDH and tumor progression, as
the increase may be due to factors unrelated to osteosarcoma. A more detailed analysis of
isoenzymes could improve the prognostic accuracy of LDH. Third, although patients with
concomitant diseases that could elevate LDH were excluded from the study, we cannot rule out
the possibility that some may have had occult conditions contributing to elevated LDH levels.
In particular, muscle damage remains a relevant confounding factor despite our exclusion
criteria. Chronic lameness and tumor invasion may cause secondary muscle injury, contributing
to LDH elevation. While CK abnormalities helped screen for overt damage, subclinical
myopathy or minor trauma may have remained undetected. Fourth, the lack of a standardized
definition for elevated serum LDH levels has led to the use of various reference ranges,
potentially introducing heterogeneity among the analysis. Nevertheless, ALP reference ranges

have varied across previous,?%?!

reflecting real-world scenarios in which different oncology
centers rely on different laboratories, each with its own reference intervals and assay
methodologies. Regardless of the reference intervals, a clearer understanding of the prognostic
value of LDH could be achieved by quantifying its increase in multiples of the upper limit of
normal and stratifying cases based on the severity of the elevation. Further studies should
explore whether varying degrees of LDH increase correlate with clinical outcomes. Last, the
majority (55.3%) of dogs also received immunotherapy along with chemotherapy. However,
no significant differences were observed in the proportion of dogs with elevated LDH between

the chemotherapy and chemo-immunotherapy groups. In addition, within each treatment group,

elevated LDH did not significantly influence survival.

In conclusion, we highlight the prognostic value of LDH as a biomarker in clinical practice. In
dogs with appendicular osteosarcoma, elevated LDH at diagnosis may be a predictor of more
advanced tumor burden and worse survival despite treatment. Further research is needed to

validate these findings and assess the potential of LDH in combination with other biomarkers
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to enhance prognostic accuracy. Additionally, future studies should investigate the correlation
between radiologic tumor size, measured through length, surface area, or volumetric
calculations, and circulating LDH concentrations. Establishing this relationship could further
support LDH as a surrogate marker of tumor burden, improving its clinical utility in disease

assessment and treatment monitoring.
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Table legend

Table 1. Demographic and clinical characteristics of 52 dogs.

Variable Value

Sex

Male 21 (40.8%)
Female 31 (59.6%)
Neutering status

Neutered 35(67.3%)
Intact 17 (32.7%)
Age (years)

Median (range) 8 (1-15)
Weight (kg)

Median (range) 33.0 (11.3-61.0)
Breed

Purebred 36 (69.2%)
Mixed 16 (30.8%)
Lameness at diagnosis 52 (100%)
Median (range) duration of clinical signs (days) 40 (1-240)
Affected bone

Humerus 19 (36.5%)




Radius 11 (21.2%)
Femur 10 (19.2%)
Tibia 6 (11.5%)
Ulna 4 (7.7%)
Fibula 1 (1.9%)
Radius and ulna 1 (1.9%)
Pathologic fracture at presentation 9 (17.3%)
Staging method
TBCT 48 (92.3%)
Thoracic radiographs and abdominal ultrasound | 4 (7.7%)
Distant metastasis at diagnosis 8 (15.4%)
511  Abbreviations: TBCT, total body computed tomography.

512

513 Table 2. Clinicopathologic data of 52 dogs.

514
Variable Value
LDH
WRL 18 (34.6%)
Increased 34 (65.4%)
ALP
WRL 40 (76.9%)
Increased 12 (23.1%)

Monocytes number
< 0.4 %107 cells/uL 8 (15.4%)
> 0.4%x103 cells/uL 44 (84.6%)

Lymphocytes number
< 1.0x107 cells/uL 52 (100%)
> 1.0x107 cells/uL 0 (0%)

Cholesterol
WRL 45 (97.8%)
Increased 1 (2.2%)

515  Abbreviations: LDH, lactate dehydrogenase; WRL, within reference limits; ALP, alkaline phosphatase.
516

517  Table 3. Multivariable Cox regression analysis for risk of death in 38 dogs with non-metastatic
518  appendicular osteosarcoma undergoing multimodal therapy. Variables with a significance level

519  of P<0.5 at univariable analysis were included in the model.

Death
Variable

Hazard Ratio (95% CI) P

Elevated LDH 4.1(1.7-10.2) 0.002*




524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

Elevated ALP 520
2.7 (1.2-6.5) 0.020%

activity 521

Absence of immunotherapy 5.8 (2.1-15.9) 0.001322

523

Abbreviations: CI, confidence interval; LDH lactate dehydrogenase; ALP, alkaline phosphatase

*Significant

Figure legends
Figure 1. Kaplan-Meier curves of TTP for dogs with appendicular osteosarcoma with elevated
LDH (solid line; median, 157 days) or LDH within reference limits (WRL) (dashed line;

median, 252 days) after multimodal treatment (P=0.035). Tick marks represent censored cases.

Figure 2. Kaplan-Meier curves of OS for dogs with appendicular osteosarcoma with elevated
LDH (solid line; median, 169 days) or LDH within reference limits (WRL) (dashed line;

median, 387 days) after multimodal treatment (P=0.017). Tick marks represent censored cases.



