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Retrospective evaluation of toceranib (Palladia) treatment for canine
metastatic appendicular osteosarcoma

Changseok Kim, Arata Matsuyama, Anthony J. Mutsaers, J. Paul Woods

Abstract — This retrospective study evaluated the outcomes of dogs with macroscopic pulmonary metastasis of
appendicular osteosarcoma (OSA) treated with toceranib. Medical records of 20 dogs with macroscopic pulmonary
metastasis of OSA that received toceranib were reviewed. The median dose and duration of toceranib administration
were 2.52 mg/kg (range: 2.12 to 2.72 mg/kg) and 60 days (range: 17 to 231 days). The median progression free
survival (PFS) and overall survival (OS) were 36 days (range: 17 to 231 days) and 90 days (range: 17 to 433 days),
respectively. The clinical benefit rate was 10% (2/20; 1 partial response and 1 stable disease). The longest length
of initial pulmonary nodules had significant impact on both PFS (2 = 0.01) and OS (2 = 0.02). The prognosis for
dogs with metastatic OSA was poor with only 10% of dogs showing clinical benefit from toceranib. These results
suggest that toceranib may not improve outcome in dogs with macroscopic pulmonary metastasis of OSA.

Résumé — Evaluation rétrospective du traitement avec tocéranib (Palladia) pour I’ostéosarcome
appendiculaire métastatique canin. Cette étude rétrospective a évalué les résultats des chiens souffrant de métastase
pulmonaire macroscopique de 'ostéosarcome appendiculaire (OSE) traité avec tocéranib. Les dossiers médicaux
de 20 chiens atteints de métastase pulmonaire macroscopique d’OSE qui ont recu tocéranib ont été évalués. La
dose médiane et la durée de 'administration de tocéranib étaient de 2,52 mg/kg (étendue de 2,12 4 2,72 mg/kg)
et de 60 jours (étendue de 17 4 231 jours). La progression de survie libre (PSL) médiane et la survie totale (ST)
étaient de 36 jours (étendue de 17 4 231 jours) et de 90 jours (étendue de 17 4 433 jours), respectivement. Le taux
de bienfaits cliniques étaient de 10 % (2/20; 1 réponse partielle et 1 maladie stable). Le plus long intervalle avant
apparition des nodules pulmonaires initiaux avait un impact important sur la PSL (2 = 0,01) et la ST (£ = 0,02).
Le pronostic pour les chiens atteints ' OSE métastatique était mauvais et seulement 10 % des chiens ont manifesté
des bienfaits cliniques lors de 'usage de tocéranib. Ces résultats suggerent que le tocéranib pourraient ne pas
améliorer les résultats cliniques chez les chiens souffrant de métastase pulmonaire macroscopique causée par OSE.
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Introduction

O steosarcoma (OSA), the most common primary bone
tumor in dogs, can occur at various locations on the body.
Appendicular OSA is the most prevalent type, however, com-
prising up to 85% of cases (1). The reported median survival
time for dogs with appendicular OSA is 4 to 5 mo with ampu-
tation alone; the addition of adjuvant chemotherapy improves
median survival times to 8 to 12 mo (2). Despite the improved
overall outcome of this disease with chemotherapy, a positive
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response to conventional chemotherapy has not been observed
in dogs with macroscopic pulmonary metastasis of OSA (3-5).
Therefore, a new focus of treatment is shifting from standard
cytotoxic approaches to targeted therapeutics in an attempt to
suppress the growth of metastatic tumor cells (6-13). Among
the various mechanisms associated with the process of tumor
metastasis, tumor angiogenesis is known to play an important
role in the metastatic process and has been a validated thera-
peutic target for various tumors (14).

The involvement of vascular endothelial growth factor
(VEGF) and its receptor (VEGFR) in tumor angiogenesis has
been reported in many studies (15-17). Tumor cells can drive
the migration of VEGFR2 expressing circulating endothelial
precursors (CEPs) from the bone marrow to the tumor micro-
environment through the production of VEGF (18-20). Anti-
VEGF/VEGER therapy has been shown to decrease survival
signaling and mobilization of CEPs to the site of tumor growth
(21). These findings led to further studies with small molecule
receptor tyrosine kinase (RTK) inhibitors such as sunitinib
and sorafenib in preclinical settings. Both drugs were found to
inhibit the proliferation of OSA cell lines i7 vitro and sunitinib
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treatment significantly reduced tumor burden, microvessel
density, and pulmonary metastasis in a human xenograft OSA
mouse model. These results suggested potential use of these
drugs for OSA treatment (22,23).

Vascular endothelial growth factor is detectable in both
human and canine OSA, and has been associated with increased
malignancy and poor prognosis (24-29). Toceranib, a small
molecule RTK inhibitor, has generated interest in veterinary
medicine as a potential treatment option for metastatic OSA.
Toceranib targets several members of the split-kinase family such
as VEGFR, platelet-derived growth factor receptor (PDGFR),
Kit, colony stimulating factor-1 receptor (CSF-1R), and Fms
Related Tyrosine Kinase 3 (Flt-3) (30-32). A previous study
revealed that a 2.4 to 2.9 mg/kg body weight (BW), q48h dose
of toceranib significantly increased plasma VEGE, indicating
VEGFR?2 inhibition, suggesting that this concentration of
toceranib may be considered for the treatment of VEGF-driven
metastatic tumor (33).

In the setting of metastatic canine OSA, a retrospective
multi-institutional study showed that 11/23 (47.8%) dogs
experienced clinical benefit including 1 partial response and
10 stable disease (no progression nor new lesion for at least
10 wk) with toceranib treatment (13). The reported median
duration of treatment for the 11 dogs that experienced clinical
benefit was 24 wk, which suggested potential use of toceranib
for the treatment of macroscopic metastatic OSA. In a recent
randomized prospective clinical trial (12), however, the addi-
tion of toceranib to metronomic piroxicam/cyclophosphamide
therapy following limb amputation and adjuvant carboplatin
chemotherapy failed to show any improvement in the outcome
of dogs with appendicular OSA. This study raised a question
regarding the benefit of toceranib treatment for microscopic
metastatic OSA. The efficacy of toceranib treatment, however,
is difficult to evaluate solely based on these studies because
standardization of treatment and recheck protocols were lacking
in the retrospective study while most dogs were removed from
the prospective study once metastasis was present.

Conclusive data to support the use of toceranib for metastatic
canine OSA has not been established. Therefore, the purpose
of the current study was to evaluate the efficacy of toceranib
treatment for macroscopic pulmonary metastasis of appendicular
OSA in dogs. A secondary goal was to identify prognostic factors
in this subset of the population.

Materials and methods

Case selection

Electronic and hard copy medical records from the Ontario
Veterinary College from October 2011 to June 2016 were
reviewed. Dogs that were cytologically or histologically diag-
nosed with appendicular OSA, had pulmonary metastasis
confirmed by thoracic radiographs, and received toceranib
treatment were included. For response evaluation, only dogs
with follow-up thoracic radiographs were included.

Treatment protocol

Following confirmation of pulmonary nodules by 3-view tho-
racic radiographs, dogs were prescribed toceranib at a target
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Table 1. Variables used for Cox regression analysis of progression
free survival (PFS) and overall survival (OS)

P-values
Number
Variables of dogs PES (oN
Age 20 0.82 0.40
Body weight 20 0.01  0.11
Concurrent metronomic treatment 6 0.94  0.49
Dose of toceranib 20 0.84 0.05
Duration of toceranib treatment 20 0.11 0.03
Longest length of initial pulmonary nodules 20 0.01  0.02
Gender 0.16  0.39
Castrated male
Spayed female 11
Intact female 1
Number of initial pulmonary nodules 0.33  0.72
Low 9
Intermediate 6
High 5
Previous treatment 0.35 0.38
Surgery alone 4
Surgery and carboplatin 10
Surgery, carboplatin, and
metronomic treatment 3
Others 3
Tumor location 0.31 0.44
Thoracic limbs 11

Pelvic limbs

dose of 2.5 mg/kg BW, PO, 3 times per week on Monday,
Wednesday, and Friday (MWEF). Monthly 3-view thoracic
radiographs were recommended to monitor tumor response.
The primary endpoint of toceranib treatment was the time
when evidence of disease progression was observed. All dogs had
baseline complete blood (cell) counts (CBC) and biochemistry
before toceranib treatment. To monitor for toxicity during
toceranib treatment, CBCs were performed every 2 wk for the
first month and repeated monthly; serial biochemistry panels
were performed monthly.

Medical records review. Information recorded included
signalment, thoracic radiography results, histology or cytology
results, primary tumor location, date of diagnosis of pulmonary
metastasis, number and size (recorded as longest length) of pul-
monary metastases, previous treatments, dose and duration of
toceranib treatment, and adverse effects. Follow-up information
was documented including monitoring pulmonary metastases
via radiographs to determine progression-free survival (PFS)
and overall survival (OS) (Table 1). Progression-free survival
was defined as the time from the first toceranib treatment to
progression of the disease or death from any cause. Overall sur-
vival was defined as the time from the first toceranib treatment
to death from any cause. Progression-free survival and OS were
obtained from the medical records or by contacting the referring
veterinarians and/or the owners. Toxicities were graded accord-
ing to the Veterinary Cooperative Oncology Group-Common
Terminology Criteria for Adverse Events criteria (34).

Response to therapy. Modified response evaluation criteria
in solid tumor (RECIST) was used for assessment of response
to toceranib treatment (35). Response to therapy was defined
as: complete response (CR), resolution of all target and non-
target lesions and no new lesions; partial response (PR), at least
30% decrease in the longest diameter of the target lesions, no
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Figure 1. Kaplan-Meier progression free survival (PFS) curve for
dogs with macroscopic pulmonary metastasis of appendicular
OSA treated with toceranib (n = 20). The median PFS was

36 days.

progression of non-target lesions and no new lesions; stable
disease (SD), decrease in the longest diameter of target lesions
of < 30% or increase of target lesions < 20%, no progression
of non-target lesions and no new lesions for at least 10 wk;
or progressive disease (PD), > 20% increase in the longest
diameter of target lesions, progression of non-target lesions and
identification of new lesions. Clinical benefit (CB) was defined
as CR, PR, or SD.

Statistical analysis. Kaplan-Meier survival curves were gen-
erated for median PFS and OS. All 20 dogs were included in
PES analysis while 1 dog still alive at the end of the study was
censored from OS analysis. A Cox proportional hazards univari-
ate analysis was used on variables including signalment, body
weight, primary tumor location, previous treatment, dose and
duration of toceranib treatment, longest length and number of
pulmonary nodules, and concurrent metronomic treatment. In
order to evaluate the impact of previous treatments, dogs were
assigned to 1 of 4 treatment groups for analysis; surgery alone
(n = 4), surgery and carboplatin (z = 10), surgery and carbo-
platin followed by metronomic treatment (7 = 3), and others
[radiation (7 = 1); surgery and doxorubicin (# = 1); no therapy
(7 = 1)]. For further analysis of the number of initial pulmonary
nodules, dogs were assigned to one of 3 groups based on the
number of pulmonary nodules (low < 3, intermediate > 3 to
= 5, high > 5). For all analyses, a P-value < 0.05 was deemed
significant. Statistical software (IBM SPSS Statistics version
23 software for Windows; SPSS, Chicago, Illinois, USA) was
used for statistical analysis.

Results

A total of 29 dogs received toceranib treatment for macroscopic
pulmonary metastasis of appendicular OSA during the study
period. Nine dogs were excluded due to absence of follow-up
thoracic radiographs (# = 6) or non-confirmation of diagnosis by
cytology or histology (7 = 3). The 20 remaining dogs consisted
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Figure 2. Kaplan-Meier overall survival (OS) curve for dogs with
macroscopic pulmonary metastasis of appendicular OSA treated
with toceranib (n = 20). One dog alive at the end of study was
censored (+ mark). The median OS was 90 days.

of 14 breeds including Rottweiler (z = 3), Labrador retriever
(n = 2), doberman pinscher (# = 2), golden retriever (n = 2),
mixed-breed (7 = 2), and 1 each of American pit bull terrier,
Australian shepherd, border collie, cocker spaniel, Scottish deer-
hound, Dogue de Bordeaux, English bulldog, great Dane, and
mastiff. The median body weight was 31.6 kg (range: 13.4 to
61.2 kg), and the median age was 6.8 y (range: 1.7 to 13.2 y).
There were 11 spayed females, 1 intact female, and 8 castrated
males. The primary tumor was located in the humerus (7 = 5),
tibia (7 = 5), femur (7 = 4), radius (7 = 2), scapula (7 = 2), ulna
(n =1), and radius/ulna (z = 1).

The median dose and duration of toceranib were 2.52 mg/kg
BW (range: 2.12 to 2.72 mg/kg) and 60 d (range: 17 to 231 d),
respectively. During the course of treatment, all dogs received
toceranib 3 times/week on MWE. Nineteen of the 20 dogs
received other treatments prior to toceranib treatment: surgery
(limb amputation, 7 = 15; scapulectomy, 7 = 1; acetabulectomy,
n = 1; ulnar ostectomy, 7 = 1), chemotherapy (carboplatin,
n = 13; doxorubicin, 7 = 1; metronomic cyclophosphamide,
n = 3), and/or radiation therapy (# = 2). Of the 13 dogs receiving
carboplatin, 3 dogs also received metronomic cyclophosphamide
following carboplatin before starting the toceranib treatment.
Six dogs were treated with toceranib and concurrent metronomic
treatments (chlorambucil, 7 = 2; cyclophosphamide, 7 = 4), while
2 dogs received concurrent radiation therapy. Two dogs received
follow-up chemotherapy after the toceranib treatment was dis-
continued (doxorubicin, 7 = 1; metronomic cyclophosphamide,
n = 1). Other medications used include pamidronate (7 = 1 before
toceranib; 7 = 4 with toceranib), non-steroidal anti-inflammatory
drugs (7 = 6 with toceranib), and prednisone (7 = 2 with tocera-
nib; 7 = 4 after toceranib).

The most common adverse effects (AE) were gastrointesti-
nal (GI), consisting of grade 3 GI AE in 3 dogs and grade 1
or 2 GI AE in 4 dogs. Three dogs had changes in the dose
of toceranib during the treatment; the dose of toceranib was
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Table 2. Hazard ratios (HRs) and confidence intervals (Cl) of the
variables that have significant impact on progression free survival
(PFS) in Cox regression analysis

Table 3. Hazard ratios (HRs) and confidence intervals (Cl) of the
variables that have significant impact on overall survival (OS) in
Cox regression analysis

95% Cl 95% Cl
Variables HR Lower Upper P-value Variables HR Lower Upper P-value
Body weight 0.951 0915 0.990 0.01 Duration of toceranib treatment 0.985 0.973 0.998 0.03

Longest length of initial pulmonary ~ 1.041 1.008  1.075 0.01
nodules

Longest length of initial pulmonary  1.087 1.014 1.164 0.02
nodules

reduced in 2 dogs (2.61 to 2.24 mg/kg BW and 2.61 mg/kg
BW to 2.23 mg/kg BW) with grade 3 GI AE; the dose was
increased in 1 dog (2.29 mg/kg BW to 2.72 mg/kg BW) due
to the progression of pulmonary metastasis. Grade 1 alanine
aminotransferase (ALT) and alkaline phosphatase (ALP) eleva-
tions were found in 1 and 5 dogs, respectively. Only 1 dog had
grade 3 neutropenia during the course of toceranib treatment.
However, no clinical signs were associated with the neutropenia
and the neutrophil count returned to normal in 2 wk without
any supportive treatment or delay of toceranib treatment. This
dog received a 2.6 mg/kg BW dose of toceranib for 27 d. The
reasons for discontinuation of toceranib were GI AEs (n = 7),
death (7 = 6), progression of pulmonary metastasis (7 = 4), or
lameness (z = 3).

All dogs had pulmonary metastasis confirmed by thoracic
radiographs that were reviewed by a radiologist. The median
time from the diagnosis of OSA to development of pulmonary
metastasis was 113 d (range: 0 to 691 d). Three dogs had pul-
monary metastasis at the time of OSA diagnosis. The median
longest length of pulmonary nodules was 12 mm (range: 5 to
99 mm). Based on the number of initial pulmonary nodules on
radiographs, there were 9, 6, and 5 dogs in low, intermediate,
and high groups, respectively.

Four dogs had postmortem evaluation, which confirmed the
presence of metastatic OSA in the lungs. Three of these dogs
also had metastasis in multiple organs including kidney, pleura,
pericardium, myocardium, small intestine, subcutaneous tissue,
and skeletal muscle.

The median PFES and OS for toceranib treatment were 36 d
(range: 17 to 231 d) and 90 d (range: 17 to 433 d), respectively
(Figures 1 and 2). One dog still alive at the time of analysis was
censored from the OS analysis (day 380). There was 1 PR and
1 SD resulting in a clinical benefit (CB) rate of 10% (2/20). The
duration of CB in the 2 dogs was 56 d for the PR and 288 d
for the SD. Of the prognostic factors evaluated (Table 1), the
longest length of initial pulmonary nodules had a significant
impact on both PFS (2= 0.01, HR = 1.041) and OS (P = 0.02,
HR = 1.087) (Tables 2, 3). Body weight had a significant impact
on PES (P = 0.01, HR = 0.951) (Table 2). The duration of
toceranib treatment had a significant impact on OS (P = 0.03,
HR = 0.985) (Table 3). No statistical significance was found in
the other analyzed variables.

Discussion

The improvement in median survival times of dogs with appen-
dicular OSA by the use of adjuvant chemotherapy has demon-
strated that this is a chemosensitive disease in its early stages.
However, the proportion of dogs cured or with long-term sur-
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vival (> 2-year survival) remains intractably low at ~20% in
spite of the adjuvant use of diverse approaches of chemotherapy
(36,37). Furthermore, most OSA patients die of pulmonary
metastasis, and chemotherapy has not been proven effective to
delay progression of macroscopic metastases after their devel-
opment. Ogilvie et al (3) evaluated single agent chemotherapy
for macroscopic metastatic OSA in 45 dogs and found 1 dog
achieved partial response for 21 d and the remaining dogs had
a median survival time of 61 d without an objective response
(3). They concluded that the chemotherapy agents used in the
study were ineffective for the treatment of measurable meta-
static OSA in the dog. A similar poor prognosis was shown in
retrospective studies by Boston et al (4) and Batschinski et al (5)
in which median survival time was reported as 76 d and 95 d,
respectively. The latter studies corroborated the lack of efficacy
of conventional chemotherapy against macroscopic pulmonary
metastasis of OSA. These outcomes are comparable with the
outcome herein, which suggests that macroscopic metastatic
OSA is resistant to chemotherapy, including the kinase inhibitor
toceranib in this study.

The poor outcome of the present study with 36 d of PES
contrasts with the previous study by London et al (13), which
had a CB rate of 47.8% and a median PFS of 24 wk in the dogs
that experienced CB. A possible explanation for this difference
might be more frequent toceranib treatment in the previous
study. In that study, 10/23 dogs received the drug every other
day, whereas all dogs in the present study were treated on MWF
schedule. Another potential difference between the 2 stud-
ies could be the schedule of the follow-up radiographs. The
schedule of rechecks was not clearly defined in the previous
study and unlikely standardized due to the nature of a multi-
institutional retrospective study. Thus, it is possible that less
frequent rechecks with thoracic radiographs might delay the
detection of progression, which might have falsely increased
the median PFS. It is also important to note that the previous
study solicited the cases by the e-mail-based forum (American
College of Veterinary Internal Medicine Oncology Listserve).
This method might have caused a selection bias in the process
by highlighting the minority of cases that had good responses
to the toceranib treatment.

The longest length of initial pulmonary nodules was a prog-
nostic factor identified for both PFS (2= 0.01, HR = 1.041) and
OS (P = 0.02, HR = 1.087). These results could be explained
by the fact that the longest length of the pulmonary nodules
might correlate with tumor burden in lungs and suggest a more
advanced stage of metastasis. Another factor that may affect
tumor burden in the lungs is the number of pulmonary nodules,
as a heavy tumor burden can be present if the number of small
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nodules is high. However, the number of initial pulmonary
nodules did not have an impact on either PFS or OS in the pres-
ent study, which suggests that the longest length of pulmonary
nodules might be a better representation of the overall tumor
burden in the lungs. However, the lack of correlation between
the number of pulmonary nodules and the outcome of this
study might be the result of type II error due to the small sample
size. The magnitude of the pulmonary metastatic burden in the
dogs from the 2 studies could also have affected the results. This
hypothesis could not be verified at this time since the informa-
tion used to compare the magnitude of pulmonary metastasis,
such as measurements and numbers of pulmonary nodules, was
absent in the previous study. However, given that the addition
of toceranib to metronomic chemotherapy/piroxicam adjuvant
treatment in a previous study did not improve the outcome in
microscopic metastatic OSA, it is possible that the magnitude
of pulmonary metastatic burden might not impact the out-
come with toceranib treatment. In the present study, 6/20 dogs
received concurrent metronomic treatments during the tocera-
nib treatment; however, it was not found to have a significant
impact in the evaluation of prognostic factors.

There were other factors affecting PFS or OS in this study.
Body weight was found to impact PFS (2 =0.01, HR = 0.951).
The reason for this finding is not clear. It is possible that the
dogs’ body condition scores (BCS) affected the toceranib
doses for each patient, as weight-based prescriptions tend to
overexpose obese patients (38). This speculation could not be
confirmed because BCS was not consistently recorded. The
duration of toceranib treatment also had a positive impact on
OS (P =0.03, HR = 0.985). This result should be interpreted
with caution, as dogs with longer survival were likely to have
received toceranib for longer periods of time.

The most common toxicity was GI AE (7/20, 35%), charac-
terized by inappetence, vomiting, diarrhea, or a combination of
these. However, due to the presence of systemic OSA and the
retrospective nature of the study, it is not possible to differenti-
ate these adverse events from signs related to disease progression
although OSA is less likely the cause of the GI signs given the
usual metastatic pattern of OSA (39). Hematologic toxicity was
rare. Grade 3 neutropenia occurred in 1 dog (1/20) and it was
resolved in 2 wk without any further supportive treatments or
drug holidays. No other hematologic toxicities were observed.
This AE profile of common GI and rare hematologic toxicities
is consistent with the previous report of the study evaluating
the efficacy of toceranib in dogs with solid malignancies. In
that study, GI toxicity was commonly seen (diarrhea 51.8%;
anorexia 35.3%; vomiting 18.8%), neutropenia was only seen
in 10.6% of patients (13). This similarity in toxicity profiles
might be explained by the similar toceranib doses that were used
between the previous (median doses between 2.67 to 2.87 mg/kg
BW) and present studies (median dose: 2.52 mg/kg BW).
Alterations in biochemical parameters were noted in 5 dogs
(5/20). The most common biochemical toxicity was grade 1
ALP elevation (4/20) followed by ALT elevation (1/20). The
clinical relevance of these abnormalities was not investigated.
Transient liver enzyme elevations are consistent with the results
of a study in which transient grade 1 ALT elevation was noted
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in 7 dogs (7/40) and grade 1 and grade 3 ALP elevations were
observed in 10 dogs (10/40) and 1 dog (1/40), respectively (33).
No dogs in that study were reported to have developed clini-
cal evidence of hepatotoxicity. Three dogs had their toceranib
treatment discontinued due to progression or new development
of lameness. The lameness might be associated with an adverse
effect of the toceranib treatment as lameness has been reported
to be an adverse effect in previous studies (30,31,33). However,
the lameness in 2 of the dogs was suspected to be due to the
progression of OSA because the lameness occurred in the same
limb that had been previously diagnosed with primary OSA.
The other dog might have had the lameness as a true adverse
effect from the toceranib treatment, but other possibilities such
as metastasis cannot be ruled out as no further evaluation was
performed at that time.

Some limitations exist in the present study because of its
retrospective design with a relatively small number of patients
and absence of standardization of treatments. The statistical
power for this study is weak because each group in the Cox
analysis had limited sample sizes, which increases the chance of
type II error. Due to the small number of patients some valu-
able analyses could not be performed. For example, the effects
of follow-up chemotherapy could not be evaluated because only
2 dogs received follow-up chemotherapy after the toceranib
treatment failed. However, positive effects of follow-up chemo-
therapy are not expected given that no study has demonstrated
chemosensitizer effects of toceranib and the general prognosis of
this disease with conventional chemotherapy is poor. Similarly,
the prognostic value of ALP elevation was not analyzed since
only 2 dogs had ALP elevation before the toceranib treatment.
The lack of complete information in this study also caused
limitations; possible adverse effects including proteinuria and
hypertension might have been overlooked because urinalysis
and blood pressure measurement were not routinely conducted
during the toceranib treatment. A lack of full staging tests
before toceranib treatment and a lack of antemortem biopsy
or postmortem evaluation meant that some of the pulmonary
nodules might not have been due to OSA. Another limitation is
that thoracic radiographs were used to measure the pulmonary
nodules. According to the recommendation from the RECIST
working group, thoracic radiograph measurement of lesions
surrounded by pulmonary parenchyma is acceptable, but not
preferable as the measurement represents a summation of den-
sities. In conjunction with poor identification of new lesions
within the thorax on radiograph as compared with CT, CT is
a preferable modality for detection or measurement of pulmo-
nary nodules. However, availability and cost of CT scan pose
limitations in use of this modality for regular staging tests and
recheck evaluations. The findings with radiographs in this study
might be practical and relevant in many clinical settings. The
other limitation was the various toceranib doses that were used
in this study and the fact that 6/20 dogs received < 2.4 mg/kg
BW on the MWF schedule. A previous study showed dogs dosed
with > 2.4 mg/kg BW toceranib achieved a plasma concentra-
tion predicted to produce effective target inhibition (33). Given
the study result, it is possible that the 6 dogs might not have
achieved sufficient plasma concentrations to show efficacy of
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the treatment. This limitation could be addressed by setting

up a minimum required dose of toceranib of 2.4 mg/kg BW

in future studies.

In conclusion, the outcome of dogs with pulmonary metas-

tasis from appendicular OSA treated with toceranib was similar

to that of dogs treated with conventional chemotherapy, with

short response duration and low CB rate. The prognosis for dogs

with metastatic OSA was guarded in the present study with a

median OS 90 d. This result suggests that single agent toceranib

treatment might not be an effective treatment for macroscopic

pulmonary metastasis of appendicular OSA. The longest length

of initial pulmonary nodules was a prognostic factor identified
for both PFS and MST. Prospective studies using standardized
criteria are warranted to evaluate the efficacy of toceranib for

the treatment of macroscopic pulmonary metastasis in dogs with

appendicular OSA. v

11.
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