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Background: KIT inhibitors, such as toceranib (TOC), and vinblastine (VBL) have not been prospectively compared in

the treatment of macroscopic mast cell tumors (MCTs). Also, it is unknown whether VBL or TOC is superior for treating

MCT without c-kit mutations.

Hypothesis/Objectives: To determine the value of KIT genotyping and localization in treatment decisions for dogs with

macroscopic MCT. We hypothesized that c-kit mutated MCT would have a better response to TOC than VBL.

Animals: Eighty-eight client-owned dogs with macroscopic MCT.

Methods: Prospective, randomized trial. Dogs were randomized to TOC (2.75 mg/kg EOD) or VBL (2.5 mg/m2

weekly 9 4 then EOW) by KIT localization and c-kit mutation status using an adaptive randomization scheme.

Results: Sixty dogs were allocated to TOC and 28 to VBL. Of the dogs receiving TOC, 20% had c-kit mutations, com-

pared to 30% receiving VBL (P = 0.74). Overall response rates were 46% (TOC) and 30% (VBL) (odds ratio = 1.56 [0.62–
3.92]; P = 0.28). Median progression-free survival (PFS) for dogs receiving VBL was 78 days (7–1,521) and for TOC 95.5

(14–990); hazard ratio (HR) = 1.34 [0.72–2.50]; P = 0.36. Median overall survival (OS) was 241.5 days (10–1,521) for the

VBL group and 159 (20–990) for the TOC group; HR = 0.80 ([0.45–1.41]; P = 0.44).

Conclusions and Clinical Importance: Neither PFS nor OS was significantly different between treatment groups. As the

proportion of dogs with c-kit mutations was not different between treatment groups in this population of dogs, c-kit muta-

tion status did not predict treatment response.
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Mast cell tumors (MCTs) are the most common
malignant cutaneous tumor in dogs, representing

16–21% of tumors.1 Aggressive surgery remains the
mainstay of treatment for most MCTs in dogs; how-
ever, many dogs present with disease unsuitable for
resection owing to size, location, or dissemination.

Improvements in medical treatment for these dogs are
needed. “Individualized” treatment for these dogs,
based on predictors of treatment response, would be
useful in maximizing treatment efficacy while minimiz-
ing cost and adverse effects (AEs).

Most MCTs in dogs express the receptor tyrosine
kinase (RTK) KIT, and 13–50% of MCTs in dogs harbor
internal tandem duplications in the juxtamembrane
region, resulting in constitutive activation.2–4 Mutations
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are associated with higher grade, more aggressive behav-
ior, and inferior outcome.3,5,6 Activated RTKs have the
potential to enhance tumor aggressiveness via multiple
mechanisms, including increased cell proliferation, apop-
tosis avoidance, migration, invasion, and angiogenic
growth factor production.7 Multiple cancer models in
humans have shown diminished activity of traditional
cytotoxic therapies like chemotherapy and radiation ther-
apy due to protection against apoptosis,8–10 and activated
KIT could likewise help protect MCT in dogs from drugs
such as vinblastine (VBL).

Clinical trials of 2 KIT inhibitors, toceranib
phosphatea (TOC) and masitinib, have been reported in
dogs with measurable MCT.11,12 In both studies, objec-
tive response rates (ORR) were approximately 40%,
and tumors with c-kit activating mutations had an
increased ORR. A more recent retrospective study of
masitinib in dogs with macroscopic MCT reported an
ORR of 82%; neither KIT localization nor c-kit muta-
tion status was assessed in these tumors.13

KIT subcellular localization has been evaluated by
immunohistochemistry (IHC), and a correlation between
aberrant KIT localization and activating mutations was
found.3 This finding is presumably due to activated KIT
molecules being removed from the cell membrane and
internalized more rapidly than inactivated KIT.14 Aber-
rant KIT localization can also occur without a detectable
c-kit mutation, implying alternate means of constitutive
activation such as gene duplication or autocrine/para-
crine production of KIT’s ligand, stem cell factor. It is
thus possible that KIT localization could provide more
accurate information regarding activation status, and
thus sensitivity to KIT inhibitors, than sequencing infor-
mation alone.

Previous studies suggest that cytotoxic chemotherapy
used in macroscopic MCT, typically employing the drugs
prednisone, VBL, and/or lomustine, has similar ORR to
KIT inhibitors.15–19 In dogs treated with lomustine alone,
ORR was 42% in a retrospective study but only 1% in a
prospective, randomized trial.15,16 The response with com-
bination prednisone/VBL was 47%, and with lomustine/
VBL 57%.17,19 Furthermore, an inferior outcome was
recently reported in dogs whose MCTs harbor c-kit muta-
tions or aberrant KIT localization versus wild-type dogs
when treated postsurgically with prednisone/VBL6; how-
ever, this study evaluated outcomes after combined surgery
and chemotherapy, and thus, ORR was not assessed.

The primary objective of this study was to determine
the predictive value of rapid PCR-based c-kit genotyp-
ing and immunohistochemical KIT localization in dogs
with macroscopic MCT treated with prednisone and
TOC or VBL. Our hypothesis was that MCT with a
c-kit mutation would have a superior response to TOC
compared to VBL.

Materials and Methods

Study Design

This study was designed as a 2-arm, multicenter, open-label,

phase III clinical trial. Dogs were enrolled from February 2011

through May 2015 at the Colorado State University (CSU) Veteri-

nary Teaching Hospital, University of Wisconsin-Madison Veteri-

nary Care (UWVC), The Ohio State University Veterinary

Medical Center (OSU-VMC), Veterinary Referral Center of Color-

ado (VRCC; Englewood, CO), and Red Bank Veterinary Hospital

(RBVH; Tinton Falls, NJ). The clinical trial was approved by each

participating site’s Institutional Animal Care and Use Committee

(IACUC) and/or Clinical Review Board. In order to be eligible for

enrollment, dogs were required to have at least 1 measurable

(>1.0 cm diameter) MCT lesion with a diagnosis confirmed by

either histopathology or cytology, age ≥1 year, adequate organ

function as indicated by standard laboratory tests (specifically,

serum transaminases ≤3 times upper normal limit, normal serum

bilirubin, serum creatinine ≤1.5 times upper normal limit, neu-

trophils >2,000/lL, platelets > 75,000/lL, and hematocrit >25%),

and performance status of 0 or 1 (according to the modified

ECOG performance scheme).20 The owner provided written,

informed consent before enrollment. Dogs were excluded from the

study if they had received prior medical treatment for MCT other

than corticosteroids, if pregnant or likely to become pregnant, if

participating in another clinical trial, if scheduled for any elective

procedure or medical treatment during the study period, if they

had concurrent malignancy (other than MCT) or another serious

systemic disorder incompatible with the study, if not going to be

available for the duration of the trial or were felt to be unsuitable

by the principal investigator for any other reason, or if there was

anticipated poor owner compliance.

All dogs were required to have a complete blood count, serum

chemistry profile, regional lymph node aspirates, thoracic radio-

graphs, and abdominal ultrasound within 7 days of study enroll-

ment. Before randomization, incisional biopsy and needle

aspiration of one accessible MCT were performed. Biopsy and

aspirate samples were shipped to CSU for analysis.

Tumor Biopsies

The biopsy sample was obtained via an incisional biopsy using

a ≥6-mm Keyes-type punch biopsy for standard histologic grading

as well as immunohistochemistry for KIT localization (patterns I–
III) determination. Immunohistochemical staining was performed

by standard techniques on an automated stainer.b Briefly, 4-lm
sections were cut and mounted on positively charged slides. The

sections were deparaffinized and then rehydrated with descending

alcohol concentrations to buffer. Heat-induced epitope retrieval

with EDTA buffer (pH 8.0) for 30 minutes was followed by

endogenous peroxidase blocking with 3% hydrogen peroxide and

incubation with the primary antibody at room temperature for

10 hours. The primary antibody used was a polyclonal rabbit anti-

human c-kit (CD117) antibody at a dilution of 1:500.c A predi-

luted, universal biotinylated secondary antibody and a DAB MAP

detection kitd were utilized to detect the immunoreactive com-

plexes. The slides were then counterstained with Mayer’s hema-

toxylin and evaluated by light microscopy. The predominant KIT

protein staining pattern, as described in Kiupel et al.,21 was

assigned by a single pathologist (EJE). Histologic grade was deter-

mined based on the Patnaik grading scheme.22 Owners and investi-

gators were blinded to the KIT localization results.

Tumor Fine Needle Aspirates

The needle aspirate samples were subjected to PCR for c-kit

mutation detection. Internal tandem duplications in exon 8 and

exon 11 were detected using primers designed to amplify the areas

of reported mutation (Table 1). Together, these 2 primer pairs

detect 80% of the activating mutations reported in the c-kit

gene.23 DNA was obtained by scraping cells from cytology
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preparations and with a commercially available kit.e Purified DNA

was amplified on a thermal cyclerf by the following protocol: 94°
for 5 minutes, 95° for 15 minutes, 60° for 1 minute, 40 cycles. The

PCR products were analyzed on a capillary electrophoresis

machineg through the Proteomics and Metabolomics Facility at

CSU. During development of this assay, it was determined that at

least 10% of the cells in the preparation must be mast cells for

detection of c-kit mutation. Therefore, samples were inspected for

mast cell composition before use. Owners and investigators were

blinded to the results of the c-kit mutation analysis.

Randomization

The results of the KIT localization and c-kit mutation status

were submitted to a single individual (JCE) for treatment random-

ization. Randomization was determined using a Bayesian covari-

ate-adjusted response adaptive (BCARA) design.24 With this type

of randomization scheme, dogs are allocated to one of the study

arms based on the “play-the-winner” rule. Specifically, as more

information regarding efficacy and individual dogs’ KIT localiza-

tion and c-kit mutation status profile become available during the

course of the trial, a newly accrued dog is randomized with a

probability to 1 of the 2 study arms which is proportional to the

predicted response probability. The prediction model was based on

a Bayesian generalized linear model with a logit link function.

Treatment group, KIT localization, and c-kit mutation were

included as predictor variables in this model. Noninformative

prior distribution were used for the intercept and slope parameters

of this model. The predicted response probabilities for each arm

were calculated and then used to calculate the randomization

probability. There was a run-in phase for the first 14 dogs where

dogs were randomized to 1 of the 2 study arms using an equal

probability. Afterward, dogs were randomized using the BCARA

design. Response rates were continuously monitored over the

course of the trial for efficacy and futility. A maximum sample size

of 80 dogs was proposed for the trial which would provide >80%
probability in identifying efficacious treatment-marker (KIT geno-

type/c-kit mutation) combinations based on the results of extensive

Monte-Carlo simulation studies where various assumptions regard-

ing response rates, mutation status rates, accrual patterns, and

stopping parameters were evaluated. Specifically, it was assumed

that the odds ratio (OR) for response rates between study arms

ranges between 1.0 and 4.3 depending on the KIT localization and

c-kit mutation profile.

Treatment

Dogs were randomized to receive either oral TOC (2.75 mg/kg

every other day) or VBL (2.5 mg/m2 IV once weekly 9 4 then

every other week 9 4 treatments). If considerable AEs occurred

from TOC treatment, treatment was discontinued until clinical

signs resolved and then was resumed on a Monday/Wednesday/

Friday schedule. If considerable AEs occurred secondary to VBL,

a 20% dose reduction was applied to all subsequent treatments. A

dose delay of >14 days for either drug would result in removal

from the study. All dogs were treated with prednisone (1 mg/kg

PO every other day), diphenhydramine (2–4 mg/kg PO BID), and

omeprazole (0.7 mg/kg PO q24 hours) while in the study.

Study Schedule

Once randomization was determined, dogs returned to the hos-

pital to start treatment; this visit was considered Day 0 of the

study. Physical examination and body weight was performed, and

target lesions (up to 5) were identified and measured with the long-

est diameter recorded. Toceranib was dispensed, or the first VBL

dose was administered. Rechecks were required weekly for the

next 3 weeks (weeks 1, 2, and 3) and then every other week for 4

visits (weeks 5, 7, 9, and 11) for physical examination, target lesion

measurement, and complete blood count � VBL treatment. Chem-

istry profile was also performed at the week 5 visit. Owners com-

pleted quality of life assessment forms at each visit. Concomitant

medications and AEs were recorded at each visit, and AEs were

prospectively graded according to the Veterinary Comparative

Oncology Group Common Terminology Criteria for Adverse

Events v1.0.20

Response Assessment

Primary response assessment was performed at the week 5 visit

after 4 doses of VBL or 5 weeks of TOC treatment had been

given. The change in the measurements of the dog’s disease was

assessed as compared to the baseline measurements obtained at

Day 0. Responses were determined according to a variant of the

veterinary RECIST criteria25 and were classified as complete

response (CR; disappearance of all target lesions), partial response

(PR; ≥30% decrease in sum of longest diameter of target lesions

compared to baseline), progressive disease (PD; ≥20% increase in

sum of longest diameter of target lesions compared to baseline or

appearance of 1 or more new lesions), or stable disease (SD;

<30% decrease or <20% increase in sum of longest diameter of

target lesions). Dogs were considered to have experienced clinical

benefit if their disease did not meet the criteria for progressive dis-

ease (PD) at week 5. Responses were reported to the person

responsible for randomization (JCE) to be used in the randomiza-

tion scheme, as the responses of previously enrolled dogs influ-

enced the treatment allocation of future dogs.

Dogs were withdrawn from the study if they developed disease

progression, if unacceptable AEs occurred, at the judgment of the

clinician, or at the owner’s request. If dogs had stable disease (SD)

or better at the week 11 visit, they were eligible to continue on the

study. Recheck examinations were performed every 2 weeks, with

complete blood counts performed every 2 weeks in dogs receiving

VBL and every 4 weeks in dogs receiving TOC. Chemistry profiles

were performed every 8 weeks in both study arms. Dogs on the

VBL arm continued treatment until disease progression or 2 treat-

ments beyond complete response (CR). Dogs on the TOC arm

continued treatment until disease progression.

Statistical Analysis

Continuous data were expressed as median and range, and cate-

gorical data as frequencies and percentages. The objective response

rate (ORR) at week 5 was the primary efficacy endpoint, and pro-

gression-free survival (PFS) was a secondary endpoint. The ORR

was defined as the percentage of evaluable dogs experiencing CR

or partial response (PR) as their best response. The PFS was cal-

culated from the date of treatment initiation to the date of PD or

Table 1. PCR primers used to detect mutations in
c-kit in mast cell tumors in dogs.

Exon

Primer

Name Location Sequence

8 Ci7fa Forward GGT GAG GTG TTC CAG CAG

TC

8 Ci8r Reverse CCT TCC CTC GTG CAC ATT A

11 Ce11f Forward CAG TGG AAG GTT GTT GAG

GAG

11 Ci11r Reverse CAT GGA AAG CCC CTA TTT CA
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death from any cause. Dogs were censored if they had not devel-

oped PD at the time of data analysis, or if they were withdrawn

or lost to follow-up before PD development. Continuous variables

were compared between groups of dogs using a two-sample t-test

or Mann-Whitney test depending on data normality. Categorical

variables were compared between cohorts by a chi-square or Fish-

er’s exact test. Comparison of the frequencies of adverse events

between study arms was performed by a Poisson model. The

Kaplan-Meier method was used to estimate and display the distri-

bution of PFS and overall survival (OS). Differences between

potential prognostic subsets and between study arms were com-

pared by the log-rank test. Multivariate analysis was performed

using forward and reverse stepwise Cox regression, incorporating

variables reaching significance on univariate analysis, and forcing

treatment allocation into the model given the a priori hypothesis

being tested. All reported P-values are 2-sided, and P < 0.05 was

used to define statistical significance. All statistical analysis was

performed with commercial software packages.h,i

Results

A total of 94 dogs were enrolled among the 5 institu-
tions. 2 dogs were excluded before randomization: 1
due to complications from the initial biopsy that
required surgical resection of the MCT, and 1 whose
initial biopsy sample did not contain any evidence of
MCT and the owner declined to pursue a second
biopsy. Four dogs were randomized but never started
treatment at the owner’s discretion: 2 dogs never
returned to start treatment after randomization, 1
owner declined to treat because of the randomization
result, and 1 owner had personal issues that precluded
the pet’s treatment. Therefore, a total of 88 dogs were
randomized and started treatment as part of the clinical
trial. Forty-four dogs were treated at CSU, 20 at
VRCC, 13 at UWVC, 10 at OSU-VMC, and 1 at
RBVH. Participant demographics are described in
Table 2. All dogs in both treatment groups had a com-
plete blood count and serum chemistry profile before
enrollment. Staging with thoracic radiographs was per-
formed in 52 (87%) of the dogs treated with TOC and
all dogs treated with VBL (P = 0.05), and all dogs had
an abdominal ultrasound. Regional lymph node aspi-
rates were evaluated in 41 (68%) dogs in the TOC
group and 18 (64%) of the dogs treated with VBL
(P = 0.81). The median VBL dose given throughout the
study was 2.5 mg/m2 (range 1.89–2.56 mg/m2). The
median dose of TOC during the treatment period was
2.61 mg/kg (range 1.61–3.02 mg/kg).

Up to 5 target lesions were identified at the time of
enrollment for response assessment. All target lesions
were evaluable on physical examination and were mea-
sured at each study visit. Mast cell disease characteris-
tics present in both treatment arms is displayed in
Table 3, including tumor grade, metastasis present at
the time of enrollment, and histopathologic/immunohis-
tochemical findings. There was no significant difference
in the number of dogs allocated to TOC or VBL treat-
ment when comparing KIT pattern localization
(P = 0.81) or c-kit mutation status (P = 0.74).

Randomization of the first 14 dogs enrolled in the
study was predetermined to train the randomization

algorithm, with 7 dogs allocated to VBL and 7 to TOC.
After the first 14 dogs, subsequent dogs were allocated
to treatment arms using the BCARA randomization
scheme, with an additional 24 dogs (total 31) to VBL
and 54 dogs (total 61) to TOC. Three dogs assigned to
VBL and 1 to TOC did not start treatment after ran-
domization. At the time of primary response assessment
at week 5, of the VBL-treated group, 1 dog was in a
CR, 7 dogs had a PR, 8 dogs had SD, and no dogs had
PD. Twelve dogs were withdrawn before week 5: Ten
were removed due to disease progression before week 5,

Table 2. Demographics of population of dogs enrolled
into study comparing vinblastine to toceranib in dogs
with mast cell tumors.

Toceranib

(N = 60)

VBL

(N = 28)

P-ValueN (%) N (%)

Breed

Lab 10 (17) 2 (7) 0.94

Boxer 7 (12) 4 (14)

Mixed 8 (13) 2 (7)

Golden Retriever 4 (7) 3 (11)

Boston Terrier 5 (8) 0 (0)

Pug 4 (7) 1 (4)

Staffordshire Terrier 1 (2) 4 (14)

Other 2 (21) 12 (43)

Sex

Female spayed 36 (60) 18 (64) 0.94

Male castrated 21 (35) 9 (32)

Female intact 1 (2) 0 (0)

Male intact 2 (3) 1 (4)

Age (years), mean (SD) 8.7 (3.1) 8.8 (2.4) 0.87

Weight (kg), mean (SD) 26.4 (12.0) 26.7 (11.3) 0.91

Location

Limb 21 (35) 11 (39) 0.48

Trunk 9 (15) 5 (18)

Head/neck 8 (13) 1 (4)

Multiple cutaneous 18 (30) 7 (25)

Lymph node only 4 (7) 3 (11)

Other 0 (0) 1 (4)

Previous treatment

Surgery 15 (15) 9 (32) 0.73

Chemotherapy 0 (0) 0 (0) 0.99

Steroids 7 (12) 2 (7) 0.71

First DX 33 (55) 11 (39) 0.27

Type of recurrence

De novo 9 (33) 8 (47) 0.43

Local 12 (44) 5 (29)

Local + de novo 1 (4) 2 (12)

Local + met 0 (0) 1 (6)

LN met 4 (15) 1 (6)

Possible local 1 (4) 0 (0)

Method of diagnosis

Aspirate 46 (77) 28 (100) 0.004

Biopsy 14 (23) 0 (0)

Day 0 target lesion sum

Measurements (cm)

Median 4.59 4.455 0.53

Mean (SD) 6.95 (5.5) 6.17 (5.37)

Range 1.12-26.8 1.6-25.8

SD, standard deviation; DX, diagnosis; LN, lymph node.
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1 per the owner’s request, and 1 due to a combination
of AEs and PD. In the TOC arm, 7 dogs had a CR, 18
dogs had a PR, 15 dogs had SD, and 6 dogs had PD at the
time of primary response assessment. Fourteen dogs were
withdrawn before week 5: 8 because of disease progression
and 6 at the owner’s request. Dogs withdrawn from the
study per the owner’s request before week 5 were removed
due to a lack of response to treatment (n = 3), because the
owner elected to pursue surgical treatment (n = 2), or
because the owner stopped administering the drug (TOC)
for unknown reasons (n = 2). Therefore, there were 54
TOC dogs and 27 VBL dogs evaluable for assessment of
ORR, CR rate, and clinical benefit rate at the time of pri-
mary response assessment after exclusion of the dogs that
were withdrawn per the owner’s request. There were no
significant differences found in dogs treated with TOC
compared to those treated with VBL in ORR (TOC 46%,
VBL 30%; OR = 1.56 [95% confidence interval 0.62–
3.92]; P = 0.15), CR rate (TOC 13%, VBL 4%; OR = 3.5
[0.41–29.9]; P = 0.19), or clinical benefit rate (TOC 74%,
VBL 59%; OR = 1.25 [0.6–2.62]; P = 0.56) at week 5. A
graphical representation of response at week 5 by KIT
staining pattern and c-kit mutation status in each treat-
ment arm is shown in Figure 1.

Best response while on study treatment was also
assessed in all dogs that started treatment. Of dogs
receiving VBL, 1 had a CR, 11 with PR, 14 with SD,
and 2 with PD. Of dogs receiving TOC, 10 achieved a
CR, 28 had PR, 20 had SD, and 2 had PD. No differ-
ences in ORR (63% for TOC [50–74%]; 43% for VBL
[27–61%]; P = 0.12), CR rate (17% for TOC [9–28%];
4% for VBL [0.2–18%]; P = 0.16), or clinical benefit
rate (97% for TOC [89–99%]; 93% for VBL [77–98%];
P = 0.59) were observed.

Table 3. Mast cell disease characteristics in dogs
enrolled into current clinical trial.

Toceranib

(N = 60)

Vinblastine

(N = 28)

P-ValueN (%) N (%)

Grade

I 0 (0) 0 (0) 0.99

II 47 (78) 23 (82)

III 10 (17) 4 (14)

Unknown 3 (5) 1 (4)

Metastasis 26 (43) 12 (43) 0.99

Metastasis to LN 24 (92) 12 (100) 0.97

Metastasis beyond LN 6 (23) 4 (33) 0.50

KIT localization

Pattern I 21 (35) 9 (32) 0.82

Patterns II/III 36 (60) 18 (64)

c-kit mutation present

Yes 12 (20) 8 (29) 0.42

No 47 (78) 20 (71)

Location of mutation

Exon 8 0 (0) 2 (25) 0.15

Exon 11 12 (100) 6 (75)

LN, lymph node.

Fig. 1. Comparison of response to treatment at week 5 by KIT

staining pattern (A and B) and c-kit mutation status (C and D) in

dogs receiving toceranib or vinblastine for the treatment of macro-

scopic mast cell tumors.
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Adverse events were documented in 25 of 28 (89%)
dogs receiving VBL and 56 of 60 (93%) dogs receiving
TOC. Categories and grades of AEs for the TOC group
compared to the VBL group are displayed in Table 4.
In both treatment arms, >90% of AEs were grade 1 or
2. The overall number of AEs observed in dogs receiv-
ing TOC was significantly higher compared to those

receiving VBL (P < 0.0001). The use of concomitant
medications in both treatment arms is described in
Table S1.

Four dose reductions were required in 4 dogs (14%)
receiving VBL, and 33 dogs (55%) receiving TOC
needed a total of 46 dose adjustments. The number of
dogs requiring dose reductions was significantly lower

Table 4. Adverse events experienced in dogs enrolled into current clinical trial.

Grade

Toceranib Vinblastine

Rate Ratioa P-Value*1 2 3 4 5 1 2 3 4 5

Hematologic 10.4% of all AEs 13.7% of all AEs

Anemia 21 3 7

Neutropenia 17 2 2 4 1

Thrombocytopenia 2 4

Neutrophilia 3

Other leukopenia 5

Other 2

Total 47 5 16 4 1 1.2 0.57

GI 38.3% of all AEs 35.3% of all AEs

Anorexia 32 14 1 5

Vomiting 24 9 1 11

Diarrhea 67 17 1 29 1

Flatulence 4 3 1 1

Nausea 3 2 1

Hematochezia 2 3 1

Other 8 4

Total 140 48 3 52 2 1.7 0.0007

Constitutional 9.8% of all AEs 5.2% of all AEs

Lethargy 24 7 2 8

Fever 2 1 1

Weight loss 8 3 1

Other 1

Total 35 11 3 1 8 2.9 0.0015

Metabolic 19% of all AEs 18.3% of all AEs

Elevated ALP 9 13 8 3 5 3 3

Elevated ALT 9 10 5 2 1 2

Elevated AST 7 3 1

Elevated GGT 2 2 1

Elevated TBili 2 1

Elevated BUN 4 2 1

Hyperglycemia 4 1 1

Elevated CK 2 1 1

Elevated globulin 3

Other 4 1 4

Total 44 29 17 4 14 6 7 1.6 0.021

Miscellaneous 24.2% of all AEs 27.4% of all AEs

Urinary 12 7 1 7 1

Orthopedic 12 9 2 2 4 2

Cardiac 2 1 1 2 1

MCT-related 1 1 1 2 2 1 1

Cutaneous 27 8 2 7 5

Bleeding 3 1

Panting 3

Polydipsia 4

Other 12 5 5 4

Total 76 32 7 2 2 27 14 1 1.3 0.11

Grand total 342 125 30 7 2 117 26 9 0 0 1.6 <0.0001

GI, gastrointestinal; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-gluta-

myl transferase; TBili, total bilirubin; BUN, blood urea nitrogen; CK, creatine kinase.
aRate ratio for total number of AEs (grade 1 to grade 5) between toceranib and vinblastine.

*P-value for comparing total number of AEs (grade 1 to grade 5) between study arms by a Poisson model.
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in the VBL group compared to the TOC group
(P = 0.0004). The dose reductions in the dogs on VBL
were all due to neutropenia. In the dogs on TOC, the
numerical dose was decreased 17 times whereas the dose
frequency was reduced 26 times, and both dose and fre-
quency were adjusted 3 times. The causes for dose
adjustments in the TOC dogs were variable, including
gastrointestinal signs, hematologic changes, constitu-
tional signs, and a combination of signs, among others.

Dose delays were required in 8 dogs (29%) receiving
VBL, with each dog having 1 dose delay. Seven of the
delays were due to neutropenia, and 1 for gastrointesti-
nal upset. The median duration of the delay was 7 days
(range 6–13). Forty-seven dose delays occurred in 31
dogs (52%) treated with TOC, with a variety, and often
a combination, of signs necessitating the delays. The
median duration of delay was 7 days (range 1–16).
There was no difference in number of dogs requiring
dose delays between the 2 treatment groups (P = 0.064).

The median time to withdrawal from the study for
dogs receiving VBL was 59.5 days (range 7–1,000) and
for dogs receiving TOC was 56.5 days (range 10–796).
Of the 28 dogs that received VBL, 14 (50%) were with-
drawn due to PD, 10 (36%) at the owner’s request, 3
(11%) due to an unrelated condition, and 1 (4%) due
to AEs. Of the 60 dogs treated with TOC, 23 (38%)
were withdrawn due to PD, 16 (27%) at the owner’s
request, 5 (8%) due to AEs, 4 (7%) due to death (3 sec-
ondary to complications of their MCT, 1 due to an
unrelated condition), 3 (5%) due to an unrelated condi-
tion, 2 (3%) per the investigator’s judgment, and 1 each
(2%) for owner noncompliance and a combination of
the owner’s request and AEs. Four dogs (7%) were
forced to stop treatment due to a hospital shortage of
TOC. One dog was withdrawn due to the completion of
study data collection, but continued on TOC treatment
off study. Details regarding the characteristics of disease
progression for both treatment arms are provided in
Table S2.

In the 28 dogs that received VBL, the median PFS
time was 78 days (range 7–1,251), compared to
95.5 days (range 14–990) in the 60 dogs in the TOC-
treated group. The hazard ratio (HR) for PFS for VBL
versus TOC was 1.34 (0.72–2.50; P = 0.36) (Fig 2A). A
total of 43 dogs were censored from PFS analysis, 30
that received TOC and 13 VBL. The reasons for censor-
ing included the following: no documented PD at the
time of data analysis (n = 10), euthanized without docu-
mented PD (n = 15), lost to follow-up without PD
(n = 5), and surgical excision of MCT before PD
(n = 13). Median follow-up time for censored dogs was
198 days (range 10–1,521). Median OS time in dogs
receiving VBL was 241.5 days (range 10–1,521) and
159 days (range 20–990) in those receiving TOC. The
HR for OS for VBL compared to TOC was 0.80 (0.45–
1.41; P = 0.44) (Fig 2B). Dogs were censored from OS
analysis if they were alive at the time of data analysis
(n = 21), if they had died due to causes other than
MCT (n = 6), or if they were lost to follow-up (n = 12).
Twenty-five dogs in the TOC arm and 14 in the VBL
arm were censored from survival analysis. Differences in

PFS and OS were compared between treatment groups
for dogs whose tumors were assigned KIT pattern I ver-
sus patterns II/III (Fig 3). A significant improvement in
PFS was found for dogs with KIT pattern I localization
that received TOC compared to those receiving VBL
(HR = 4.71 [1.32–47]; P = 0.02). All other comparisons
were not significantly different. PFS and OS were also
compared for dogs with pattern I localization versus
patterns II/II and mutant versus wild-type c-kit in each
treatment group (Figs 4, 5). In TOC-treated dogs, there
was a significant increase in PFS for dogs with pattern
I localization compared to patterns II/II (HR = 6.95
[1.99–8.83]; P = 0.0002) and wild-type c-kit genes com-
pared to mutant (HR = 2.34 [1.19–7.13]; P = 0.02), as
well as a prolonged OS with pattern I localization ver-
sus patterns II/III (HR = 4.37 [1.91–6.6]; P < 0.0001).
There was no difference found in OS for mutant versus
wild-type c-kit. In the VBL-treated group, no statisti-
cally significant differences were found for any of these
comparisons.

Upon multivariate analysis incorporating histologic
grade, c-kit mutation status, KIT localization and treat-
ment allocation, histologic grade (HR = 2.21 [1.11

Fig. 2. Comparison of progression-free survival (PFS) (A) and

overall survival (OS) (B) for dogs with mast cell tumors receiving

vinblastine (VBL) compared to toceranib (TOC). The hazard ratio

(HR) for PFS for VBL versus TOC was 1.34 (95% confidence

interval 0.72–2.50) and for OS was 0.80 (95% confidence interval

0.45–1.41).
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Fig. 3. Comparison of progression-free survival (PFS) and overall

survival (OS) in dogs whose tumors expressed KIT pattern I local-

ization (A and B) versus patterns II/III (C and D) in dogs receiv-

ing toceranib (TOC) or vinblastine (VBL). A statistically

significant difference between treatments was found in PFS for

tumors with KIT pattern I localization. No other comparisons

were found to be statistically significant.

Fig. 4. Comparison of progression-free survival (PFS) and overall

survival (OS) for pattern I versus patterns II/III (A and B) and

mutant versus wild-type c-kit (C and D) in dogs with mast cell

tumors receiving toceranib (TOC). Dogs whose tumors demon-

strated pattern I localization had significant improvements in PFS

and OS. Dogs with wild-type c-kit had a significant benefit with

regard to PFS but not OS compared to dogs with mutations present.
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–4.42]) and KIT localization (HR = 2.87 [1.27–6.48])
retained significant prognostic value for PFS, and KIT
localization (HR = 3.86 [1.91–7.80]) was the sole prog-
nostic factor for OS.

When evaluating all cases enrolled into the study,
tumor grade was found to be a significant predictor of
outcome, with dogs with grade 2 tumors having signifi-
cantly improved PFS (HR = 3.24 [1.28–8.19];
P = 0.0002) and OS (HR = 2.67 [1.16–6.10]; P = 0.02)
when compared to dogs with grade 3 tumors (Fig 6).
Median PFS for dogs with grade 2 tumors was
592 days compared to 37 days in dogs with grade 3
tumors. The median OS was 356 days in dogs with
grade 2 tumors and 60 days for grade 3.

Progression-free survival was significantly shorter in
dogs with grade 3 tumors compared to grade 2 in both
the TOC arm (37.5 versus 655 days; HR = 5.21 [1.74–
15.6]; P = 0.0042) and the VBL arm (13.5 versus
245 days; HR = 18.15 [5.78–57.0]; P = 0.0065). How-
ever, when comparing PFS for grade by treatment, no
differences were seen for dogs treated with TOC versus
VBL (grade 2: HR = 1.48 [0.67–3.28]; P = 0.33; grade
3: HR = 3.87 [0.77–19.24]; P = 0.10). OS for dogs trea-
ted with TOC was also significantly shorter for dogs
with grade 3 tumors than grade 2 (59.5 versus 315 days;

Fig. 5. Comparison of progression-free survival (PFS) and overall

survival (OS) for pattern I versus patterns II/III (A and B) and

mutant versus wild-type c-kit (C and D) in dogs with mast cell

tumors receiving vinblastine (VBL). There were no statistically sig-

nificant differences in PFS or OS in these groups.

Fig. 6. Comparison of progression-free survival (PFS) (A) and

overall survival (OS) (B) for dogs with grade 2 and grade 3 mast

cell tumors (MCTs). There was a significant improvement in both

PFS and OS in dogs with grade 2 tumors compared to grade 3.
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HR = 5.29 [2.54–11.0]; P = 0.011); this was not different
in dogs treated with VBL (472 versus 432 days;
HR = 1.1 [0.25–4.84]; P = 0.082). No difference in OS
was found for dogs with grade 2 tumors (HR = 1.16
[0.59–2.29]; P = 0.67) or grade 3 tumors (HR = 1.45
[0.35–6.03]; P = 0.61) when comparing the 2 treatment
groups.

Discussion

Toceranib and VBL are effective in treating some
macroscopic MCTs in dogs12,17,19; however, the effica-
cies of these 2 treatments in this setting have not previ-
ously been prospectively compared, especially with
specific tumor characteristics being taken into consider-
ation. Our study compared the benefit of TOC and
VBL in the treatment of dogs with macroscopic MCT,
with treatment allocation performed using an adaptive
randomization scheme guided by the results of rapid
PCR-based c-kit genotyping and immunohistochemical
KIT localization.

The population of dogs included in this clinical trial
was similar to those of previous studies of MCT in dogs,
with usual breeds and tumor locations represented. While
a portion of dogs had had previous surgery for MCT
removal, none had prior chemotherapy and only a small
number had received prednisone. There were no signifi-
cant differences in any demographic characteristics
between the 2 treatment groups, nor in tumor grade or
stage at diagnosis. These data help to support the validity
and applicability of the study results.

Treatment allocation in this study was made based
on the tumor characteristics of KIT localization and
c-kit mutation status. Because of the adaptive random-
ization scheme that was used,21 dogs were assigned to
treatment based on the outcomes of previously enrolled
dogs with similar tumor characteristics. Therefore, if
one treatment was more successful for dogs with a cer-
tain KIT localization pattern or c-kit mutation status,
there would be significantly more dogs with that tumor
characteristic assigned to that treatment arm. However,
as there was no significant difference in the number of
dogs allocated to TOC or VBL treatment when compar-
ing KIT pattern localization or c-kit mutation status, it
is implied that there was no benefit for dogs to be
assigned to one treatment over the other based on indi-
vidual tumor characteristics.

While the number of dogs assigned to each treatment
arm was not statistically different, the number of dogs
allocated to the TOC arm (n = 60) was over twice that
assigned to VBL (n = 28). This is a likely due to the
study design being based on the “play-the-winner” rule,
which allocates dogs to the treatment arm with the
higher response rate at that time in the course of the
study, even if the response rates are only marginally dif-
ferent between the treatment arms. This implies that the
response rates in dogs receiving TOC tended to be
higher than in those receiving VBL, although the differ-
ence was not statistically significant.

Besides a lack of difference in tumor characteristics
between treatment arms, dog outcomes in the 2 arms

were statistically similar. There was no significant differ-
ence found in PFS time or OS time between the dogs
treated with TOC or VBL. In addition, no significant
differences were found in CR rate, ORR, or clinical
benefit rate between the 2 treatment groups at the time
of primary response assessment. Tumor grade was
found to be a significant predictor of outcome, with sig-
nificant improvements in both PFS and OS found in
dogs with grade 2 tumors compared to those with grade
3 tumors in both treatment groups. However, there was
no difference in PFS or OS for dogs treated with TOC
compared to VBL when looking at grade 2 and grade 3
tumors separately.

Despite outcomes in the 2 treatment arms being simi-
lar, there was a significant difference in toxicosis, with
the dogs receiving TOC having an increased number of
adverse events overall, as well as significantly more
events in the categories of gastrointestinal, constitu-
tional, and metabolic AEs. The difference in toxicosis
between the treatments alone could be a reason to
advocate for the use of VBL in these dogs, as AEs can
affect dog’s quality of life and impact the owner both
emotionally and financially.

A significant prolongation in PFS time was found in
dogs whose tumors had KIT pattern I localization that
were treated with TOC in comparison with those trea-
ted with VBL; however, no difference in OS time was
found in this group of dogs, and there was no difference
in PFS time or OS time in dogs whose tumors were
classified as patterns II/III between the treatment
groups. In dogs treated with TOC, those with tumors
that were classified as pattern I had significantly longer
PFS time and OS time than those with tumors with pat-
terns II/III localization. Additionally, dogs whose
tumors expressed wild-type c-kit had a significantly
longer PFS time than those with mutations, although
there was no difference in OS time. There were no dif-
ferences in PFS time or OS time in dogs treated with
VBL with regard to pattern localization or mutation
status. These data suggest that the use of either KIT
pattern localization or c-kit mutation status alone is not
sufficient to make treatment decisions between VBL and
TOC.

The results of this study indicate that KIT pattern
localization and c-kit mutation status are predictive of
response to treatment in dogs with macroscopic MCT
treated with TOC. An interesting finding in this study is
that dogs with c-kit mutations treated with TOC actu-
ally had worse outcomes than dogs with wild-type c-kit,
which is contradictory to what has been reported in
previous studies of KIT inhibitors in MCT in dogs.11,12

However, these previous studies evaluated response to
treatment rather than PFS, and PFS could be a more
clinically relevant endpoint. Results similar to those of
this study were found in a study of dogs with macro-
scopic MCT treated with a combination of hypofrac-
tionated radiation and TOC. In this study, dogs with
tumors that had c-kit mutations had significantly worse
PFS and disease-free rate at 1 year than those without
mutations.26 These findings challenge the previous
reports of decreased efficacy of TOC in dogs with wild-
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type c-kit. KIT pattern localization and c-kit mutation
status did not appear to predict response to treatment
in dogs treated with VBL. In addition, these tumor
characteristics are not helpful in making a treatment
decision between TOC and VBL, as outcomes with the
2 treatments were not significantly different. While PFS
time was improved in dogs with KIT pattern I localiza-
tion receiving TOC, this did not carry over to a benefit
in OS time. This could be because many of the dogs
that failed TOC were rescued with VBL, and vice versa.

In conclusion, this is the first prospective study to
compare the efficacy of treatment with TOC to VBL in
macroscopic MCT in dogs. In addition, to the authors’
knowledge, it is the first study in veterinary oncology to
use an adaptive randomization scheme. The results of
this study suggest that c-kit mutation status and KIT
localization are not predictive of response to treatment
with TOC or VBL in dogs with macroscopic MCT.
Therefore, these diagnostics might not be useful in mak-
ing a treatment decision between TOC and VBL for
these dogs.
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Table S1. Categories of concomitant medications
administered to dogs with mast cell tumors receiving
vinblastine compared to toceranib.

Table S2. Characteristics of disease progression in
dogs being treated with toceranib or vinblastine.
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