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The purpose of this retrospective study was to provide additional data on the use of
toceranib in a wide variety of tumor types in small breed dogs, especially < 8 kg (ex-
cept 5 dogs). This was a retrospective study of 31 dogs with malignant tumors treated
with a 2.5 mg/kg median dose of toceranib (Palladia; Zoetis, USA) on a Monday-
Wednesday-Friday schedule. Clinical benefit was observed in 13 of 15 dogs (86.7%, 3
with complete response, 4 with partial response, 6 with stable disease) with gross dis-
ease. Distant metastasis, response to treatment, and treatment setting were signifi-
cantly associated with survival time. Negative prognostic factors were multiple che-
motherapy and distant metastasis (affecting progression-free survival [PFS]), surgery,
regional enlarged lymph nodes, underlying disease, and toxicity (affecting median sur-
vival time [MST]). Positive prognostic factors were epithelial and round cell tumor (af-
fecting PFS), epithelial tumor, microscopic disease, no evidence of disease response,
and stable disease (MST). In conclusion, a clinical benefit from toceranib treatment
was noted in most of the dogs with gross disease in our study. This study suggested
that the toceranib is probably selective treatment to various tumor types in small
breed dogs.
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Introduction

Toceranib phosphate, a small molecule tyrosine kinase inhibitor, is commonly
used in veterinary oncology. Receptor tyrosine kinases (RTKs) are good candi-
dates for targeted molecular treatment as they play important roles in cell survival
and proliferation and are dysregulated in a diverse range of malignancies through
overexpression, activating mutations, and autocrine activation loops [1]. Toceran-
ib inhibits both normal and mutated RTKs by competitive inhibition of adenos-
ine triphosphate binding, which is need to phosphorylation and downstream sig-
naling. The targets of toceranib are split-kinase family elements such as the FMS-
like tyrosine kinase-3, KIT, vascular endothelial growth factor receptor 2, and
platelet-derived growth factor receptor B, in a similar manner to sunitinib malate,
another small-molecule inhibitor of RTKs [2,3]. Toceranib has not only antitu-
mor but also antiangiogenic effects, and therefore has the potential to treat vari-
ous tumor types [1,4-6].

Toceranib was approved by the Food and Drug Administration for the treat-
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ment of canine mast cell tumors (MCTs) in 2009. Its safety and
activity were first assessed in a Phase 1 clinical trial involving a
total of 57 dogs with a variety of tumors [5]. In this study, 31
dogs had an objective response (54.4%; 6 with complete re-
sponse [CR], 10 with partial response [PR], and 15 with stable
disease [SD]), demonstrating the potential biological activity of
toceranib. The highest response rate was observed in 22 dogs
with MCTs (59.1%, 13/22), including 11 dogs with KIT muta-
tions (90.9%, 10/11) and sarcomas, carcinomas, melanomas,
and myeloma also responded to the treatment [5]. Various re-
ports have described the evaluation of toceranib [7,8]. Apart
from MCTs [6,9], off-label uses have been described in a vari-
ety of tumors, including those of epithelial origin (apocrine
gland anal sac adenocarcinoma [AGASA] [10,11], squamous
cell carcinoma [SCC] [12], hepatocellular carcinoma [13], nasal
carcinoma [11], thyroid carcinoma [14], and mammary gland
tumor [15]), mesenchymal origin (osteosarcoma [OSA]
[11,16,17], gastrointestinal stromal tumor [GIST] [18], and
melanoma [5]), and round cell origin (lymphoma [19]). In one
study that reported toceranib’s use in the treatment of solid tu-
mors (AGASA, OSAs, thyroid carcinoma, and head and neck
carcinoma), a clinical benefit was observed in 63/85 (74.1%)
dogs [11].

Studies evaluated prognostic factors for the application of to-
ceranib to general tumors were not enough and no cases were
previously applied to majority of small breed dogs. Therefore,
the purpose of the following retrospective study was to provide
additional data on the use of toceranib in a wide variety of tu-
mor types in small breed dogs, especially < 8 kg (except 5
dogs). This study describes the responses of toceranib treat-
ment to various tumors, which has been reported for the first
time in republic of Korea.

Materials and Methods

Case selection and treatment procedures

The client-owned dogs in this study were treated at the Vet-
erinary Medical Teaching Hospital College of Chungnam Na-
tional University or local referral veterinary clinics in Korea be-
tween January 2016 and September 2020. Medical charts with
the owner’s consent to the use of patient information prior to
medical care were used in this study. Authors declare no IA-
CUC or other approval was needed for our study. We identified
dogs that received diagnoses of malignant tumors by reviewing
the medical records, from which we also recorded signalment
(age, sex, and breed), physical examination, complete blood
count (CBC), serum biochemistry profile, urinalysis, diagnos-
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tic imaging, histopathological assessment, toceranib dose and
schedule (interval and duration), concomitant medications,
and follow-up information including adverse events (AEs) and
response to treatment. Lymph node (LN) assessment was per-
formed in all patients through ultrasonography (US) and dis-
tant metastasis was evaluated by computed tomography (CT).
In addition, the basal conditions of all patients were recorded
before the treatment began. Dogs were excluded from the study
(n = 7; 6 epithelial origin and 1 mesenchymal origin) if they
were treated with toceranib for less than 28 days because it is
difficult to assess the effects in short courses of treatment, as
has been previously reported in solid tumors (except round cell
populations) [1,16].

Re-evaluations, including physical examination, CBC, serum
biochemistry, and urinalysis, were performed within a month
of starting toceranib (usually within two weeks). Tumors were
restaged based on direct measurement of gross mass or imag-
ing (radiography, US, or CT) and this continued up to every 3
months periodically until toceranib ceased.

Toceranib (Palladia; Zoetis, Florham Park, NJ, USA) was ad-
ministrated at a dose of 2.4 to 2.9 mg/kg which causes sufficient
target inhibition and the treatment schedule was on a Monday-
Wednesday-Friday basis in most dogs. In some cases, the dose
and schedule were adjusted depending on patient’s condition
[20]. In the case of symptoms of toxicity (lethargy, weight loss,
inappetence, diarrhea, vomiting, fever, syncope), toceranib was
discontinued until side effects improved, and then re-adminis-
tration began with a dose reduced by 0.5 mg/kg.

Most of dogs (20/31) with surgical removal of tumor burden
or biopsy were confirmed by histopathological examination.
The surgical margin, mitotic count, and vascular invasion of
tumor were evaluated for each malignant tumor according to
the histopathology report. Some dogs (11/31) were tentatively
diagnosed by cytology based on fine needle aspiration in most-
ly MCTs (6 of 11). Toceranib was administrated first by the
choice of owner who was burdened with surgery or intravenous
injection of antitumor drug or by the presence of distant me-
tastasis or to prevent recurrence after surgery. Vinblastine and
prednisolone with or without lomustine were used as the first
dugs for MCT treatment and replaced or combined with tocer-
anib due to side effects, no treatment response or recurrence of
tumor. Also, electrochemotherapy was applied to gross tumor
(relapsed or not) with toceranib. At the time of treatment, 10
dogs had other existing underlying diseases.

Response to therapy
The response to therapy was assessed in 31 dogs using diag-
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nostic images (radiographs, US, or CT) and direct measure-
ment of the tumor diameter if possible. The responses of gross
(macroscopic) tumors in dogs without surgical intervention or
with recurrence of resected tumor were defined as CR (com-
plete regression of the target tumor, no new lesions), PR (partial
regression of the target tumor, >30% decrease in the longest
diameter of the target tumor, no new lesions), progressive dis-
ease (PD, > 20% increase in the longest diameter of the target
tumor, progression of nontarget lesions and new lesions), or SD
(SD, decrease of the target tumor of less than 30% or increase
of the target tumors of less than 20%, no progression of nontar-
get lesions and no new lesions for at least 10 weeks) [21]. The
responses of tumors in dogs with microscopic disease after sur-
gical intervention were defined as no evidence of disease (NED,
at initiation of treatment, no relapse) or PD (metastasis or re-
currence of tumor that has been surgically removed or presence
of new lesions).

Progression-free survival (PFS) was defined as the time from
the initiation of toceranib to PD or death from any cause. The
median survival time (MST) was defined as the time from ini-
tiation of toceranib to death from any cause. If the dog was
alive at the time of writing this manuscript, the survival time
was calculated using the last date recorded in the medical notes.

PFES and MST were assessed in the total population (31 dogs)
by reviewing the medical records. Clinical benefit was deter-
mined by response to treatment and was defined as CR or PR
of any duration, or SD for at least 10 weeks in dogs with gross
disease.

Assessment of AEs

All dogs receiving toceranib were evaluated by physical ex-
amination, CBC, serum biochemistry, and urinalysis before
treatment and then at intervals that gradually increased from 2
weeks to 1 to 3 months if AEs were not found. All AEs were
classified by the attending clinician according to the Veterinary
Co-operative Oncology Groups common terminology criteria
for AEs (VCOG-CTCAE vl1.1) [22]. Multiple selection was al-
lowed for each dog. For gastrointestinal AEs, supportive care
included antiemetics, antidiarrheal agents, and gastric pro-
tectants. When neutropenia occurred, prophylactic antibiotics
were prescribed until the next evaluation.

Statistical analysis

The Kaplan-Meier method was used to examine PFS and
MST according to the studied characteristics of the dogs. Medi-
an PFES could not be estimated as tumors recurred in nine dogs
(29.0%). Therefore, mean PFS was used. Cox regression analy-
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sis was performed to determine factors affecting the recurrence
of tumor or death after initiation of toceranib treatment. Vari-
ables were selected by a backward elimination method. All sta-
tistical analyses were performed using IBM SPSS Statistics for
Windows, version 25.0 (IBM Corp., USA). A p-value of < 0.05
was considered statistically significant.

Results

Study population

Thirty-one dogs with tumors were treated with toceranib ei-
ther alone or in combination with metronomic chemotherapy,
surgery, or both for the study period. The population included
21 female dogs (18 spayed) and 10 male dogs (8 castrated).
Fourteen different breeds were presented (Table 1). The medi-
an age was 13 years (range, 6 to 18 years) and the median body
weight was 5 kg (range 2.3 to 42 kg). The types of tumor char-
acterized in the study population consisted of epithelial tumors
(n = 12), mesenchymal tumors (n = 10), and round cell tu-
mors (n = 9). The majority of the dogs (51.6%) were treated
with toceranib in the absence of evidence of mass after surgical
resection of a tumor. The remaining dogs (48.4%) were treated
in the presence of primary tumor, metastasis, recurrent tumor,
or a combination thereof. Metastasis located in distant organs
was present in only 3 dogs (9.7%) at initiation of toceranib, but
14 dogs (45.2%) had enlarged LNs around the target tumor.
Detailed patient characteristics are presented in Table 2.

Overview table with following information for each dog en-
rolled in the study was described in the supplement.

Table 1. Summary of breeds included in this study (n = 31)

Breed Number of dogs Percentage (%)
Maltese 8 25.8
Shih Tzu 5 16.1
Mixed 5 16.1
Yorkshire Terrier 2 6.5
Miniature Pinscher 2 6.5
Miniature Schnauzer 1 3.2
Golden Retriever 1 3.2
Labrador Retriever 1 3.2
Welsh Corgi 1 3.2
Bichon Frise 1 3.2
Jindo 1 3.2
Beagle 1 32
Poodle 1 32
Pug 1 32
3/11
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Table 2. Patient characteristics and additional tumor information (n = 31)

Type of tumor

Parameter Epithelial (n = 12) Mesenchymal (n = 10) RCT(h = 9) A3 e 2]
Sex

Intact female 2 1 0 3(9.7)

Spayed female 8 5 5 18 (58.1)

Intact male 0 1 1 2 (6.5)

Castrated male 2 3 3 8(25.8)
Surgery

Yes 9 7 3 19 (61.3)

No 3 6 12 (38.7)
Margin (n = 19)

Complete* 3 0 6(31.6)

Incomplete 3 13 (68.4)
Mitotic figure (n = 19)

< 10 (/10 high per field) 7 4 2 13 (68.4)

> 10 (/10 high per field) 2 3 1 6(31.6)
Disease setting

Gross 7 15 (48.4)

Micro 7 7 2 16 (51.6)
Distant metastasis

Present’ 1 3(9.7)

Absent 12 8 28 (90.3)
Regional enlarged LN

Yes' 6 5 14 (45.2)

No 6 17 (54.8)
Chemotherapy

Sole 9 4 21(67.7)

Multiple® 3 2 5 10 (32.3)
Underlying disease

Yes 2 10 (32.3)

No 7 21(67.7)

RCT, round cell tumor; LN, lymph node.
*Complete margin was defined by the histopathology report.

*Metastasis includes regional lymph nodes or lungs, confirmed by histopathology and computed tomography.
*Enlarged lymph nodes (mesenteric, superficial etc.) suspected of metastasis were detected around the tumor.
*Multiple chemotherapy means using not only toceranib but also prednisolone, non-steroidal anti-inflammatories, or other medication.

Treatments

The median dose of toceranib used in treated dogs was 2.5
mg/kg (range, 2.2 to 3 mg/kg). Most dogs (87.1%, 27/31) were
administered toceranib three days per week (Monday—Wednes-
day-Friday), but one dog was administered toceranib every
second day and three dogs two days per week (Monday-Thurs-
day).

Nineteen dogs (61.3%) underwent surgery before initiation
of treatment. In four of these dogs, regional enlarged LNs re-
moved during surgery were confirmed to have metastases by
histopathology. An additional ten dogs had regional enlarged
LNs suspected to have metastases after CT or US. Three dogs
(9.7%) had distant metastasis of lungs or abdominal carcino-
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matosis. Histopathologic details such as margin and mitotic
count were well characterized (Table 3). There was no vascular
invasion of tumor in any of the dogs examined.

Of the 31 dogs in the study population, 21 were treated solely
with toceranib and 10 were treated with other chemotherapies
during toceranib treatment. Other chemotherapy agents in-
cluded electrochemotherapy with bleomycin (0.3 mg/kg), in-
tratumor injection (n = 3; SCC, intraperitoneal liposarcoma,
MCT), vinblastine (n = 3; MCTs), carboplatin (n = 1; SCC),
prednisolone (n = 5; four MCT, one MGT), and non-steroidal
anti-inflammatory drugs (n = 2; SCC, MGT).

https://doi.org/10.14405/kjvr.2021.61.e10
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Treatment outcome

Clinical benefit was observed in 13 of 15 dogs (86.7%; 3 with
CR, 4 with PR, 6 with SD) with gross disease. The remaining
two dogs (13.3%) had PD (Table 3). Of the 13 dogs for which
toceranib treatment showed benefit, 11 presented prolonged
clinical benefit (median 35 days; range, 7 to 490 days) from ces-
sation of toceranib to death or last date reported. 2 dogs in
these groups were expired during toceranib treatment; 1 had
PR, which then turned to PD, and 1 with SD died due to dete-
rioration from toceranib-related side effects. The 16 dogs
(51.6%) with microscopic disease were defined as having NED
at the initiation of toceranib treatment. Seven dogs with NED
had PD during toceranib treatment or after discontinuation of
toceranib.

In the 31 treated dogs, the toceranib-related mean PFS and
median MST were 471 and 199 days, respectively, based on the
Kaplan-Meier product of survival time (Fig. 1). Distant metas-
tasis was significantly associated with PES (p < 0.05). Response
to treatment and treatment setting (macro- or micro-scopic)
were significantly associated with MST (p < 0.001 and p < 0.05,

respectively). The median MSTs for dogs with CR, PR, SD, and
PD were 311, 133, 187, and 156 days, respectively. The mean
PES and median MST were 440 and 290 days, respectively, for
dogs that underwent surgery and 450 and 154 days, respective-
ly, for dogs that did not undergo surgery. The mean PFS and
median MST were 315 and 199 days, respectively, for dogs with
mesenchymal tumors, 588 and 311 days, respectively, for dogs
with epithelial tumors, and 421 and 156 days, respectively, for
dogs with round cell tumors. The mean PFS and median MST
were 410 and 290 days, respectively, for dogs with microscopic
disease, compared with 463 and 169 days, respectively, for dogs
with gross disease. The mean PFS and median MST were 389
and 169 days, respectively, for dogs that received multiple che-
motherapeutic drugs, compared with 463 and 289 days, respec-
tively, for dogs that received toceranib alone. The mean PFS
and median MST were 90 and 187 days, respectively, for dogs
with distant metastasis, compared with 493 and 220 days, re-
spectively, for dogs with no distant metastasis. The mean PFS
and median MST were 224 and 169 days, respectively, for dogs
with regional enlarged LNs, compared with 553 and 289 days,

Table 3. Clinical benefits of toceranib administration in 15 dogs with gross disease

Clinical benefit

No clinical benefit

CR PR SD, greater than 10 weeks SD, less than 10 weeks PD
All dogs with gross disease (n = 15) 3 4 6 0 2
Disease setting at treatment initiation
Primary gross disease (n = 12) 1 3 6 0
Recurrence after surgery (n = 3) 2 1 0 0
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
10 —r1 Overall 1.0 —I1 Overall
.01 _l = Censored .01 _L = Censored
! )
0.8 0.8
©
2 =
!3— = B o+ — ~
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Fig. 1. (A) Kaplan-Meier progression free survival curve based on the time of toceranib initiation (mean 471 days, range 370-571); (B)
Kaplan-Meier median survival time curve based on the time of toceranib treatment initiation (median 199 days, range 89-309). All censored

dogs are marked with a cross.
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respectively, for dogs which did not have regional enlarged
LNs. The mean PFS and median MST were 425 and 187 days,
respectively, for dogs with underlying disease, compared with
413 and 289 days, respectively, for dogs without underlying dis-
ease. The mean PFS and median MST were 469 and 289 days,
respectively, for dogs with symptoms of toxicity to toceranib,
compared with 388 and 199 days, respectively, for dogs without
toxicity to toceranib (Table 4).

Prognostic factors

Multiple factors were assessed for their influence on progno-
sis using a multivariable Cox proportional hazard model for
PES (Table 5) and MST (Table 6). Multiple chemotherapy and
distant metastasis (in PFS) and surgery, regional enlarged LN,
underlying disease, and toxicity (in MST) negatively affected
prognosis. Conversely, epithelial and round cell tumors and

Table 4. Progression-free survival (PFS) and median survival time (MST) based on the Kaplan-Meier method

Kaplan-Meier method (d)

Variable Number of dogs PFS* MST
Mean SE 95% Cl Median SE 95% Cl

Total 31 470.8 51.3 (370.3,571.3) 199.0 56.3 (88.6,309.4)
Sex

F/SF 21 417.7 46.3 (326.9, 508.4) 220.0 69.1 (84.5, 355.5)

M/CM 10 417.8 91.2 (239.1, 596.6) 187.0 34.0 (120.4, 253.6)
Surgery

Yes 19 439.7 64.1 (314.0, 565.4) 290.0 56.9 (178.5, 401.5)

No 12 450.1 49.1 (353.8, 546.4) 154.0 23.0 (109.0, 199.0)
Type of tumor

Mesenchymal 10 315.4 63.6 (190.8, 439.9) 199.0 6.0 (187.3,210.7)

Epithelial 12 558.7 62.7 (435.8,681.7) 311.0 132.8 (50.7, 571.3)

RCT 9 420.8 65.6 (292.1, 549.4) 156.0 224 (112.2,199.8)
Tx setting

Micro 16 4100 69.3 (274.2, 545.8) 290.0 64.3 (163.9, 416.1)

Gross 15 463.1 414 (382.0, 544.2) 169.0 25.7 (118.6,219.4)
Tx response

PD 9 - - - 156.0 23.7 (109.5, 202.5)

SD 6 - - - 187.0 36.1 (116.1,257.9)

PR 4 - - - 133.0 32.0 (703, 195.7)

CR 3 - - - 31.0 - -

NED 9 - - - 656.0 0.0 -
Chemotherapy

Multiple 10 388.6 66.5 (258.3,518.9) 169.0 45.0 (80.8,257.2)

Sole 21 463.2 63.9 (337.9,588.4) 289.0 81.1 (130.1, 447.9)
Distant metastasis

Yes 3 90.3 395 (13.0,167.7) 187.0 0.0 -

No 28 493.0 52.4 (390.2, 595.7) 220.0 65.4 (91.8,348.2)
Regional enlarged LN

Yes 14 2241 39.0 (147.7, 300.6) 169.0 1.0 (147.5, 190.5)

No 17 552.6 535 (447.7, 657.6) 289.0 57.9 (175.5, 402.5)
Underlying disease

Yes 10 4245 90.1 (247.9,601.1) 187.0 395 (109.5, 264.5)

No 21 412.8 47.7 (319.3, 506.4) 289.0 54.9 (181.4,396.6)
Toxicity

Yes 14 469.1 454 (380.1, 558.2) 289.0 733 (145.4,432.6)

No 17 3884 74.6 (242.1,534.7) 199.0 51.3 (98.5,299.5)

SE, standard error; Cl, confidence interval; F, female; SF, spayed female; M, male; CM, castrated male; RCT, round cell tumor; Tx, treatment; PD, progressive
disease; SD, stable disease; PR, partial response; CR, complete response; NED, no evidence of disease; LN, lymph node.
*Median PFS could not be estimated as nine dogs (29.0%) had tumor recurrence. Therefore, mean PFS was used.
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duration of toceranib (in PFS) and epithelial tumors, micro-
scopic disease, NED, SD, and duration of toceranib (in MST)
positively affected prognosis.

In dogs that underwent surgery, none of the examined fac-
tors were significantly associated with MST (Table 7).

Adverse events

AEs occurred in 14/31 (45.2%) of the dogs treated with toc-
eranib. The categories, grades (1 to 3), and incidence rate per
category of these AEs are described in Table 8. There were no
grade 4 or 5 AEs observed in any dogs. The majority of the AEs
was grade 1 (54.0%) and categorized as biochemical (39.7%) or
gastrointestinal (28.6%) AEs. Most of the gastrointestinal AEs
(8/14) were classified as low grade (grades 1 to 2) and were
managed quickly by supportive therapy with discontinuation of
toceranib. In 6/14 (42.9%) dogs, toceranib administration was
discontinued due to AEs (3 biochemical: increased blood urea
nitrogen and creatinine; 2 hematologic: 1 neutropenia and 1
anemia; 1 gastrointestinal).

Discussion

This retrospective study describes the responses of toceranib
treatment to various tumors, which has been reported for the
first time in republic of Korea. The biological effect of toceranib
on various types of tumors was evaluated in mostly small breed
dogs. Most of the treated dogs with gross disease (48.4% of the
total cohort) presented with clinical benefit (86.7%). This treat-
ment response is consistent with previous studies [10,11,18].
Most previous reports tested the effect of toceranib on one type
of tumor while our study supports the use of toceranib in vari-
ous types of tumor. There have been few studies of the relation-

ship between tumor type and prognosis, but our study shows
that epithelial tumors have a low recurrence rate and a high
survival rate. In the previous studies assessing toceranib, clini-
cal benefits have mainly been shown in epithelial tumors (‘-car-
cinoma’) and MCTs [1,6,10,11,13,14,18]. Conversely, few stud-
ies have reported effects on mesenchymal tumors such as GIST,
OSA, injection site sarcoma, and histiocytic sarcoma, and these
studies were limited by small populations [11,18,23-25]. Muta-
tions in ¢-KIT, an important factor which is the target of

Table 6. Prognostic factors based on Cox proportional hazard model
for median survival time (MST)

Lt MST
Variable
HR 95% Cl p-value

Surgery 91.62 (1.17,7,149.10)  0.04*
Type of tumor

Epithelial 0.02 (0.00, 0.62) 0.03*

RCT 0.30 (0.02, 3.50) 0.33
Tx setting 0.00 (0.00,0.05) < 0.01*
Tx response

SD 0.00 (0.00,0.05) < 0.01*

PR 0.09 (0.00, 3.18) 0.19

CR 0.00 (0.00, 1.91) 0.07

NED 0.02 (0.00, 0.41) 0.01*
Regional enlarged LN 6.86 (1.05, 44.87) 0.04*
Duration of administration 097 (0.95, 1.00) 0.03*
Underlying disease 17.27 (2.00, 149.06) < 0.01**
Toxicity 22.07 (1.85, 263.21) 0.01*

HR, hazard ratio; Cl, confidence interval; RCT, round cell tumor; Tx,
treatment; SD, stable disease; PR, partial response; CR, complete response;
NED, no evidence of disease; LN, lymph node; PD, progressive disease.
Reference category: surgery (no = 0), type of tumor (mesenchymal = 0),
Tx setting (gross = 0), Tx response (PD = 0), Regional enlarged LN (no = 0),
underlying disease (no = 0), toxicity (no = 0).

*p < 0.05, *p<0.01.

Table 5. Prognostic factors based on Cox proportional hazard model for progression-free survival (PFS)

. PFS
Variable
HR 95% Cl p-value

Surgery 69.06 (0.86, 5,560.44) 0.06
Type of tumor

Epithelial 0.02 (0.00, 0.68) 0.03*

RCT 0.01 (0.00, 0.61) 0.03*
Chemotherapy 42.66 (1.83,991.88) 0.02*
Distant metastasis 663.52 (2.87,153,515.22) 0.02*
Regional enlarged LN 4.88 (0.48, 49.67) 0.18
Duration of administration 097 (0.95, 1.00) 0.02*
Toxicity 0.1 (0.01,2.03) 0.14

HR, hazard ratio; Cl, confidence interval; RCT, round cell tumor; LN, lymph node.
*Reference category: surgery (no = 0), type of tumor (mesenchymal = 0), chemotherapy (sole = 0), distant metastasis (no = 0), regional enlarged LN (no

= 0), toxicity (no = 0).
*p < 0.05.
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small-molecule tyrosine kinase inhibitors in veterinary medi-
cine, have been found in MCTs (grades 1 to 3) in dogs, and in
GIST and mammary gland tumor (grades 2 to 3) in dogs and
humans [15,26-28]. In our study, dogs with epithelial tumors
with sufficient clinical evidence had the highest representation
(12 of 31 dogs, 38.7%) and showed clinical benefit from tocer-
anib treatment, including two dogs with CR.

Using a Cox regression analysis, we identified that NED or
SD response to treatment had a significantly positive effect on
prognosis (in MST). Unexpectedly, CR and PR did not have a
significant effect on prognosis, despite the clinical benefit of to-

Table 7. Prognostic factors based on Cox proportional hazard model
for median survival time (MST) in the group that underwent surgery

Variable* MST

HR 95% Cl p-value
Mitotic count 1.02 (0.98, 1.07) 0.33
Margin 0.20 (0.02, 2.26) 0.19
Distant metastasis 0.00 (0.00, -) 0.99
Regional enlarged LN 2.01 (0.35, 11.46) 0.43

HR, hazard ratio; Cl, confidence interval; LN, lymph node.
*Reference category: margin count (incomplete = 0), distant metastasis
(no = 0), regional enlarged LN (no = 0).

ceranib. A previous report showed that PR and SD were posi-
tive factors of prognosis [9]. Since our study involved 31 dogs
and was limited to three centers, a direct comparison with pre-
vious retrospective studies may not be appropriate. However,
the following points may explain why the effect of PR on prog-
nosis found in our study differed from that in other studies. In
our study, a total of four dogs (one with SCC, and three with
MCT, stage 3) that experienced PR all died of each tumor, and
their median MST was 133 days. Of these, the first responded
to secondary toceranib treatment after several trials with other
chemotherapies, but had recurrence two weeks before death
and the patient’s condition was deteriorated quickly. The sec-
ond dog also experienced recurrence two weeks before death
from a distant metastasis (carcinomatosis). The third dog ini-
tially showed PR, but the tumor continued to increase, and
leading to PD. The fourth was already in a state of relapse after
surgery when toceranib was initiated. Therefore, the dogs that
experienced PR all showed rapid relapse and deterioration of
patient’s condition even though a clinical benefit from the
treatment was recorded. Overall, the fact that our study had
conditions differing from the earlier report needs to be fully
considered and interpreted.

Table 8. Adverse events (AEs) in dogs treated with toceranib (45.2% of the total study cohort)

Category Term Number® Incidence rate’ (% in dogs with observed AEs)
Grade 1 Grade 2 Grade 3

Constitutional Lethargy 1 2 . 6.3(3.1)
Weight loss 1 . .

Gastrointestinal Inappetence 2 3 1 28.6(12.9)
Diarrhea 2 3
Vomiting 2 2

Hematologic Neutropenia 6 1 20.6 (9.3)
Lymphopenia . .
Anemia 5 1 .

Biochemical Increased ALT activity 2 2 1 39.7(17.9)
Increased ALP activity 1 2
Increased BUN 4 . 3
Increased Creatinine 4 3 1

Renal Proteinuria 1 1 1.4)

Cardiovascular Syncope 1 1.4)
Hypertension 1

Dermatologic Alopecia 1 3.2(1.4)
Hyperpigmentation 1 . .

Total (number) 34 19 10

Total (%) 54.0 30.2 15.8 100.0 (45.2)

ALT, alanine aminotransferase; ALP, alkaline phosphatase; BUN, blood urea nitrogen.

*Number includes overlap selection.

‘Incidence rate was defined as percentage of occurrence on the category among all adverse events and after that percentage in the brackets indicates

occurrence on dogs in which AEs were observed.
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In our study, dogs that underwent surgery had a worse prog-
nosis than those that did not, and dogs with microscopic dis-
ease had a better prognosis than those without. In a previous
report, the effect of surgery on prognosis was not statistically
significant [10]. In our study, of the dogs that underwent sur-
gery, 16/19 initiated toceranib treatment in a microscopic dis-
ease setting and recurrence occurred in three dogs after sur-
gery, resulting in gross disease (3/19).

Considering the result that the microscopic condition had a
significant positive effect on the prognosis, these dogs relapsed
after surgery had poor MST, even if clinical benefit (two with
CR and one with PR) was observed. So, surgery was considered
a negative factor of prognosis in our study.

In dogs with regional enlarged LN and distant metastasis, the
prognosis (MST) was poor. Previous studies have shown results
consistent with this finding [10,17,18,29]. Conversely, in one
report related to grade 2 MCTSs, the survival time between dogs
with and without regional LN metastasis was no significant dif-
ference. However, prolonged survival time was observed in
dogs in which metastatic LNs were removed [30]. Our study
identified regional enlarged LN was removed in only 4 of 14
dogs.

The median dose of toceranib used in treated dogs was 2.5
mg/kg (range, 2.2 to 3 mg/kg). According to existing reports,
low doses of 2.5 to 2.9 mg/kg every other day are well tolerated
without grade 3 or 4 AEs, compared with dosing at 3.25 mg/kg
every other day [20]. In our study, 10 dogs had existing under-
lying diseases (three with heart failure, one with chronic kidney
disease, four with both heart and kidney disease, and two with
chronic pancreatitis). Depending on these concomitant diseas-
es, main side effects were occurred and therefore biochemistry
AEs was the most common (39.7%), unlikely to another re-
ports. Gastrointestinal AEs were the second most common
type of AEs, and these were effectively managed in grades 1 to
2 through drug holidays, supportive medicine, and dose adjust-
ments to avoid drug withdrawal. The dogs that died from se-
vere side effects developed worsening chronic kidney disease,
severe pancreatitis, or anemia and did not recover.

There were several limitations of our study. Not only was the
overall population size small, but the numbers in the subgroup
analyses were also small. These findings should be further con-
firmed in a large number of small breed dogs. As this study had
a retrospective design, it was impossible to match baseline
characteristics such as sex, biochemistry, and underlying dis-
eases. Additionally, toceranib affecting the tumor microenvi-
ronment (TME) in various tumor types may be assessed by
molecular biology in other ways, such as Western blots or im-

https://doi.org/10.14405/kjvr.2021.61.e10

munohistochemistry [31].

In conclusion, a clinical benefit of toceranib treatment was
noted in the majority of the 15 dogs with gross disease in our
study (86.7%). In the 31 treated dogs, the toceranib-related
mean PFS was 471 days and the median MST was 199 days.
Complex chemotherapy and distant metastasis (PFS), surgery,
regional enlarged LN, underlying disease, and toxicity (MST)
were negative prognostic factors. Our results provide additional
information about the clinical efficacy of toceranib and suggest
that the toceranib is probably selective treatment to various tu-
mor types in small breed dogs. Further study is required to
evaluate its clinical activity in a large number of small breed
dogs.
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