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Primary renal neoplasia is rare in humans and dogs, with renal cell carcinoma
(RCC) being the most common form of this cancer. As RCC is often diagnosed
at an advanced stage, pulmonary metastasis is frequently observed. Tyrosine
kinase inhibitors (TKIs) are the standard adjuvant treatments for metastatic RCC
in humans. Similarly, in veterinary medicine, recent trials have employed TKls
for early-stage RCC patients who underwent complete surgical resection and
showed no distant metastasis. However, the use of TKls has not yet been reported
commonly in cases of advanced RCC with metastasis. This case study presents
the first clinical outcomes of TKI therapy in a dog with incompletely resected
RCC and metastasis. A 5-year-old spayed female Chihuahua was referred to
our hospital with a right renal mass and multiple pulmonary nodules suspected
to be metastases. A portion of the renal mass was surgically removed, and
histopathological examination revealed RCC with a high mitotic index. Adjuvant
chemotherapy was administered, owing to incomplete resection with suspected
pulmonary metastasis. An anticancer drug response prediction test was conducted
using patient tissues. Since toceranib showed the most favorable responsiveness,
it was selected as a therapeutic agent. Toceranib was orally administered at a
dosage of 2.27 mg/kg every 48 h. Regular medical records for potential adverse
effects were obtained, including systemic blood pressure, complete blood
count, serum biochemical examination, and urinalysis. After 2 weeks of toceranib
therapy, partial remission of pulmonary nodules continued for 2 months. The
patient did not experience any adverse effects of the anticancer drug during the
4-month follow-up period. However, the patient died from an unidentified cause
6 months after the initial detection of the renal mass. This report describes the use
of toceranib in dogs with RCC. In the present case, the patient showed an initial
response to chemotherapy, and despite the presence of several poor prognostic
factors, the dog survived beyond the expected 3-month lifespan to 6 months.
Notably, no adverse events were observed during treatment.
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1. Introduction

Primary renal neoplasia is not commonly found in dogs, with a
prevalence of 0.3-1.5% among all canine primary neoplasms (1).
Renal cell carcinoma (RCC) constitutes approximately 49-65% of all
primary renal neoplasms (2). The commonly reported signs of renal
neoplasia in dogs include weight loss, lethargy, hematuria, polydipsia,
polyuria, and hematuria (3). RCC is often identified at an advanced
stage of the disease, with 18-48% of cases showing radiographic
findings suggestive of pulmonary metastasis on thoracic imaging (1).
Nephrectomy is considered the primary treatment option for RCC in
dogs and has been reported to result in longer survival periods
compared to cases where only medical therapy is administered (3).

Tyrosine kinase inhibitors (TKIs) are small molecules that bind to
receptor tyrosine kinases (RTKs) and inhibit the phosphorylation of
downstream target proteins (4). In veterinary medicine, TKIs have
been developed as therapeutic options for mast cell tumors that
cannot be removed surgically in dogs (4). Toceranib phosphate, a TKI,
is widely employed in veterinary oncology and has been approved as
a targeted therapeutic agent by the Food and Drug Administration (5).
Compared with surgery alone, the use of toceranib phosphate as
adjuvant chemotherapy for adenocarcinoma, including RCC, in dogs
has been shown to increase the median time to progression compared
with surgery alone (6). In human medicine, TKIs are the standard
treatment for metastatic RCC (mRCC), and their effectiveness has
been demonstrated (7-9). Therapy for mRCC involves targeting the
vascular endothelial growth factor and the mammalian target of
rapamycin pathways (10). In the present case, a dog with an
incompletely resected RCC and suspected pulmonary metastasis
underwent nephrectomy followed by adjuvant chemotherapy with
toceranib. This report discusses the clinical presentation, diagnostic
process, treatment approach, and applications of toceranib in the
management of RCC in a canine.

2. Case description

A 5-year-old spayed female Chihuahua, weighing 2.2kg, was
referred to our institution for evaluation of a right renal mass and
multiple pulmonary nodules detected during a medical check-up for
anorexia at a local animal hospital. The owner reported that the
patient showed sudden decrease in appetite and energy level. The
patient also exhibited occasional open mouth breathing and increased
respiratory rate. Physical examination revealed normal vital signs,
including body temperature, pulse rate, respiratory rate, and
blood pressure.

Complete blood count (CBC) showed no remarkable findings.
The serum biochemical profile showed hyperglobulinemia (4.6 g/dL;
reference range, 2.5-4.5g/dL), elevated aspartate aminotransferase
(99 U/L; reference range, 0-50 U/L) and gamma-glutamyl transferase
(37U/L; reference range, 0-7U/L) as well as hyperlactatemia
(6.23mmol/L; reference range, 0.5-2.5mmol/L), and elevated
C-reactive protein (7.9 mg/dL; reference range, 0.1-1mg/dL).

Abbreviations: RCC, renal cell carcinoma; mRCC, metastatic renal cell carcinoma;
TKI, tyrosine kinase inhibitor; MI, mitotic index; VCOG-CTCAE, veterinary

cooperative oncology group-common terminology criteria for adverse events.
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Thoracic radiography images showed multiple pulmonary
nodules of different sizes ranging from 5 to 11 mm, with a maximum
size of 11.4x8.8mm (Figures 1A, 2A). Abdominal radiography
revealed a soft tissue opacity between the 13th thoracic vertebra (T13)
and the third lumbar vertebra (L3) in the lateral view (Figure 1B).
Additionally, abdominal ultrasound revealed a heterogeneous mass,
53.8x37.9mm in size, arising from the cranial pole of the right kidney
with a vigorous blood flow response on E-flow (Figure 1C). A portion
of the caudal aspect of the right kidney retained its normal structure,
whereas the remainder underwent tumor transformation. The other
organs and adjacent lymph nodes were unremarkable.

The patient was deemed unsuitable for a computed tomography
examination due to its condition and the risk posed by anesthesia.
Thus, we proceeded to perform right nephrectomy. Intraoperatively,
the renal mass was observed to have adhered extensively to the caudal
vena cava, indicating significant involvement of the tumor in the
vessel. Owing to this extensive adhesion, incomplete resection was
performed without including the tumor within the caudal vena cava.
Tumor invasion into the ipsilateral adrenal gland was grossly identified
intraoperatively; therefore, the adrenal gland was resected.
Additionally, blood vessels connecting the tumor to the liver were
identified and suspected to function as feeding vessels (Figure 3A).
The excised tissue samples were subjected to histopathologic
evaluation (Figure 3B), which confirmed that the renal mass
represented papillary RCC with incomplete excision margins
(Figure 4A). Considering that a tumor, node, and metastasis (TNM)
staging system has not been established for RCC in dogs, the patient’s
TNM stage was determined to be TANOM1 using the human TNM
staging system (11). Histopathological examination revealed high
malignancy with dense chromatin, prominent nucleoli, and numerous
mitotic figures (66 in 10 high-power fields; Figure 4B). Approximately
45-55% of the mass comprised multifocal tumor necrosis invading the
surrounding parenchyma, characterized by pyknotic cells and nuclear
fading. The surrounding renal parenchyma exhibited compression
with moderate interstitial clear spacing, mild tubular dilation, and
multifocal lymphocyte aggregation.

To determine the most effective anticancer drug for this patient,
we performed an in vitro ATP-based anticancer drug response
prediction test using a cell viability assay. Following surgery, the
patient’s tumor sample was harvested and lysed using collagenase II
(Life Technologies, Carlsbad, CA, United States), hyaluronidase, and
Ly27632 (Sigma-Aldrich, St. Louis, MO, United States) at 37°C. After
filtration through a 70-pm cell strainer (BD Biosciences, San Diego,
CA, United States), the tumor sample was dissociated into single cells.
These cells were cultured in Advanced Dulbecco’s modified Eagle’s
medium/F12 supplemented with 10% fetal bovine serum, 10 mM
N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid, along with
GlutaMAX™ (Thermo Fisher Scientific, Waltham, MA, United States),
and Zellshield® (Minerva Biolabs, Berlin, Germany). Subsequently,
the cells (1x10") were seeded in 96-well plates and incubated
overnight at 37°C in a 5% CO, humidified atmosphere. The medium
was replaced with a gradient of chemotherapy drug concentrations.
After 24h, cell viability was assessed using the CellTiter-Glo®
Luminescent Cell Viability Assay (Promega, Madison, WI,
United States), following the manufacturer’s instructions. The results
demonstrated that among sorafenib, imatinib, doxorubicin,
carboplatin, and toceranib (Palladia®, Zoetis, Florham Park, NJ,
United States), toceranib showed the most potent cytotoxic effect
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FIGURE 1

Preoperative imaging of the pulmonary nodules and abdominal mass. (A) Thoracic radiographic image shows the presence of numerous pulmonary
nodules with diameters ranging from 5 to 11 mm, which are distributed extensively throughout the lung field. Identifiable pulmonary nodules are
indicated by white arrows. (B) Abdominal radiographic image shows a soft tissue opacity in the region of the right kidney (white arrowheads).

(C) Abdominal ultrasound image shows a large (53.8 X 37.0 mm), heterogenous mass (yellow arrowheads) arising from the cranial pole of the right
kidney. The right kidney is accompanied by an active vascular response on E-flow (yellow arrow). LL, left lateral view.

(Supplementary Figure S1). In contrast to carboplatin, which did not
induce cell death even at a high concentration of 100 pM, toceranib
displayed stronger antitumor efficacy, even at the lowest concentration
of 6 uM, compared to other chemotherapeutic agents.

Thus, 1 month after the surgery, toceranib administration was
initiated at 2.27 mg/kg orally every 48h, in accordance with the label’s
minimum dosage recommendation. The dose was adjusted with
consideration for possible adverse effects and potential future dose
escalation. The medical recheck intervals for adverse drug events,
tumor recurrence, and metastasis were once per week for the first
2 weeks, followed by every 2 weeks for 4 weeks and monthly thereafter.
At the 2-week follow-up examination, no adverse effects were
observed following assessments of systemic blood pressure
measurement, CBC, serum chemistry profile, coagulation profile, and
urinalysis, based on the veterinary cooperative oncology group-
common terminology criteria for adverse events (VCOG-CTCAE)
criteria (12). Serial changes in the pulmonary nodules following the
administration of toceranib are shown in Figure 2. Pulmonary
nodules, suspected to be metastases of renal cell carcinoma, exhibited
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a decrease in size and opacity on thoracic radiography, accompanied
by blurring of their borders (Figure 2B). The owner reported that the
dog was active and exhibited normal eating, drinking, urination, and
stable breathing.

At the 2-month check-up, the patient was observed to have
consistently maintained a good condition. The owner reported that
the patient appeared to be pain-free, displaying high energy levels and
a strong appetite. No remarkable findings were observed concerning
the tumors or adverse effects of toceranib. On thoracic radiography,
most of the pulmonary nodules exhibited partial remission and had
diminished in size (Figure 2C). Abdominal ultrasonography revealed
no additional findings suggestive of RCC metastasis.

At the 4-month check-up, in comparison to the thoracic
radiograph from 2months ago, there was no further regression
observed in the existing pulmonary nodules; they appeared similar.
Nevertheless, there were no signs of recurrence in those that had
previously shown remission, and no additional nodules were detected
(Figure 2D). Similarly, no adverse effects related to chemotherapy
were observed according to the VCOG-CTCAE criteria (12).
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FIGURE 2

Changes in the pulmonary nodules on thoracic radiographs from before toceranib administration to 2 weeks, 2 months, and 4 months after treatment
initiation. Pulmonary nodules with well-defined borders are indicated by white arrows, whereas regressed nodules are indicated by yellow dashed
arrows. (A) Prior to toceranib administration, multiple pulmonary nodules with soft tissue opacity are observed throughout the generalized lung field.
The pulmonary nodule with the largest size measures 11.4 X 8.8 mm. (B) In a thoracic radiograph obtained 2 weeks after toceranib administration, the
previously identified pulmonary nodule with the largest size is no longer visible in the lateral view. The largest measurable diameter of the remaining
nodule is approximately 9 mm. (C) In a thoracic radiograph obtained 2 months after toceranib administration, another pulmonary nodule initially sized
8.4 x7.7mm is no longer detected. The majority of the pulmonary nodules exhibit partial remission and a diminished size. (D) In a thoracic radiograph
obtained 4 months after toceranib administration, no further remission is observed in the existing pulmonary nodules. Indications of newly detected
nodules or the recurrence of previously diminished pulmonary nodules are also not found.

FIGURE 3

Gross morphological features of right renal mass in a dog with RCC. (A) Intraoperative finding of a highly vascularized renal mass with blood vessels
connecting to the liver and potentially functioning as feeding vessels (arrow). Numerous tortuous vessels are found to have surrounded the capsule of
the mass. (B) Surgically removed mass of size 50 x 65 mm, with a lumpy bumpy parenchyma, an indistinct corticomedullary junction, and an irregular
margin; findings suggest a fully tumorous transformation with total loss of normal structure. RCC, renal cell carcinoma.

However, 1 week before the scheduled 5-month check-up, the patient  detection of the renal mass and subsequent surgery and 5 months after
experienced severe fatigue, vomiting, and diarrhea and died at home  the administration of toceranib. A necropsy was not performed
without a definitive cause. This occurred 6 months after the initial ~ because of the owner’s refusal.
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FIGURE 4

Histopathological features of the right renal mass in a dog with a papillary RCC. (A) Histological section showing a papillary RCC. The tumor consists of
densely packed, well-defined, and non-encapsulated neoplastic polygonal cells arranged in a palisading pattern. The neoplastic cells form ducts,
papillary projections, and lobules on a fine fibrovascular stroma. H&E staining: magnification, 100x; scale bar, 100 pm. (B) The tumor cells exhibit dense
chromatin and 1-4 prominent nucleoli (dashed arrow) with variably distinct cell borders, moderate-to-scant eosinophilic cytoplasm, and regional
vacuolization. Moderate anisocytosis and anisokaryosis are observed with a high number of mitotic figures (arrows; 66 in 10 high-power fields). HGE
staining: magnification, 400x; scale bar, 20 pm. RCC, renal cell carcinoma; H&E, hematoxylin & eosin.

3. Discussion

RCC exhibits a low response to chemotherapy, and nephrectomy
is recognized as the most effective treatment option for dogs (3).
Surgery contributes to prolonging the survival time in dogs with
RCC. However, the role of adjuvant chemotherapy in prolonging
survival time has not been fully established (3). Although adjuvant
chemotherapy, including administration of conventional
chemotherapeutic agents, TKIs, and metronomic chemotherapy,
following surgery has been reported, there has been no significant
extension of the median survival time compared to that in cases where
adjuvant chemotherapy has not been administered (2). Only one study
has reported an extended median survival time in dogs with RCC who
received toceranib as adjuvant chemotherapy after surgery compared
to those who underwent surgery alone (6).

The mitotic index (MI) is a significant prognostic indicator for dogs
with various types of cancers, including mast cell tumors, melanomas,
mammary carcinomas, and soft tissue sarcomas (2). Additionally, MI is
strongly associated with the tumor grade of certain canine mast cell
tumors (13). It has also been identified as a reliable prognostic factor in
dogs with RCC, with reported survival durations of 40 months in cases
with MI< 10, and 15months in cases with MI ranging from 10 to 30 (1).
The median survival has been reported to be 4-6 months with MI >30
(1, 2). In the present case, histopathological examination revealed an MI
of 66, indicating a significant degree of malignancy.

Carvalho et al. observed a significantly shorter median survival time
in dogs with mRCC than in those without metastasis at the time of
diagnosis (2). Additionally, dogs with completely resected RCC without
metastasis have been reported to have a survival period of 3-4 months
without adjuvant chemotherapy (14, 15). However, no data are available
on the survival period of dogs with mRCC who have undergone
incomplete renal mass resection. Therefore, we anticipated that our
patient’s prognosis would not be favorable, even with chemotherapy, and
estimated the survival time as less than 3 months after considering the
incomplete resection performed, presence of suspected pulmonary
metastasis, and the high MI. However, the patient survived for up to
6months from the time of the initial detection of the renal mass.
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For the anticancer drug response prediction test, we chose
sorafenib, imatinib, doxorubicin, carboplatin, and toceranib based on
their previous application history in humans and dogs. Among these
five conventional and targeted chemotherapy agents, toceranib
exhibited the most potent cytotoxic effects, hence, the decision to
administer toceranib was based on its optimal efficacy. We closely
monitored the patient’s response to toceranib and for any potential
side effects. However, no toceranib-associated side effects, including
anorexia, vomiting, diarrhea, gastrointestinal bleeding, hypertension,
proteinuria, or the recently reported nephrotic syndrome (5, 16, 17),
were noted. The owner reported that the patient remained in good
condition and did not exhibit any pain response.

The suspected pulmonary metastatic lesions in our case were not
confirmed through a histopathological examination due to the owner’s
financial concerns. Thus, we could not definitively determine whether
the pulmonary nodules were primary lung tumors or a product of the
RCC metastasizing to the lungs. Nevertheless, pulmonary metastasis
of the RCC was considered the most probable scenario, considering
the high likelihood of these carcinomas metastasizing to the lungs.
Furthermore, regression of the multiple nodules was evident on regular
thoracic radiography. Additionally, after toceranib administration, the
owner observed a significant improvement in the patient’s appetite and
vitality. During regular follow-up, the number and size of multiple
nodules suspected to be pulmonary metastases on thoracic radiography
reduced, suggesting a positive response of the RCC to toceranib.
Moreover, continuous monitoring for liver metastasis using abdominal
ultrasonography did not reveal any metastasis to other organs within
the abdominal cavity, despite the presence of blood vessels connecting
the renal mass to the liver. Furthermore, no recurrence was observed
despite the patient’s history of incomplete renal mass resection.

Toceranib is a multitarget TKI with inhibitory activity against
various receptors, such as the vascular endothelial growth factor
receptor, platelet-derived growth factor receptor, and Kit receptor
(18). Thus, the drug may exhibit both an anti-angiogenic and
antitumor potential (18). In our patient, the anti-angiogenic effects
of toceranib might have contributed to the absence of additional
metastasis within the abdominal cavity despite incomplete resection
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of the RCC. Moreover, the reduction in the sizes of the suspected
metastatic pulmonary nodules could be attributed to these anti-
angiogenic properties. Although TKIs have been widely utilized for
the treatment of RCC in humans, their application in dogs with RCC
is less common (19). For the treatment of mRCC in humans, several
TKIs that specifically target the vascular endothelial growth factor
signaling pathway have been approved as first-and second-line
treatments, including sorafenib and sunitinib (20). The use of TKIs
as targeted therapies has notably enhanced the survival rates in
human patients with RCC (21). However, achieving a complete
response to medical therapy in humans with mRCC is challenging.
Three recognized clinical patterns are associated with the
development of resistance in mRCC (22). A small percentage of
patients show resistance to therapy from the beginning, whereas
others experience initial tumor regression, followed by disease
progression after a short period. However, some patients show an
early positive response to treatment and maintain stable disease for
an extended period (23).

Acute gastrointestinal disorder and drug resistance were
speculated as the primary causes of our patient’s sudden death.
Considering the reported cases of death from TKI-associated
gastrointestinal ulceration or perforation (24-26), the potential of
these complications as the acute causes of death cannot be ruled out,
even though the patient exhibited no gastrointestinal adverse effects
consistent with toceranib toxicity during regular check-up. Death
could have also occurred due to reduced drug response caused by
drug resistance, a phenomenon commonly observed in human mRCC
cases. Despite the initial partial remission of the suspected metastatic
pulmonary nodules during the first 2 months of treatment, no further
improvement in the responsiveness was observed.

In veterinary medicine, the treatment options for highly malignant
mRCC are challenging to determine owing to the rarity of these tumors
and the limited number of previous studies. Consequently, clinicians
encounter difficulties while selecting optimal chemotherapy for mRCC
owing to the lack of sufficient evidence. Some reported carcinoma cases
support the therapeutic effectiveness of toceranib as adjuvant
chemotherapy with minimal side effects (6, 27-29). Regarding mRCC,
only one recent case report has described the use of toceranib following
nephrectomy with the aim of slowing the progression of metastatic
lesions (30). This treatment led to a notable reduction in the size of lung
masses, suspected to be metastatic lesions on computed tomography;,
and extended the patient’s survival time (30). Toceranib elicited a
favorable response from the presumed metastatic pulmonary lesions in
both the referenced case and in our case. Furthermore, in our case,
taking into consideration the incomplete resection of the primary
tumor, it effectively prevented any additional recurrences. Based on its
high antitumor effect, indicated by both our anticancer drug response
test as well as previous case reports, toceranib could be considered a
treatment option for mRCC with favorable responsiveness.

To our knowledge, this is the first reported veterinary case of
toceranib treatment in a canine with incompletely resected RCC and
suspected pulmonary metastasis. The patient initially had a positive
clinical outcome without any significant adverse effects. This case
report provides valuable information on the clinical outcomes of
toceranib therapy and the prognosis of incompletely resected RCC, a
rare presentation in veterinary medicine. Further veterinary research
on standard medical strategies and resistance to TKIs in canine RCC
is warranted.

Frontiers in Veterinary Science

10.3389/fvets.2023.1287185

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The requirement of ethical approval was waived by Konkuk
University Center for Research Ethics for the studies involving animals
because this study is a case report, and only retrospective information
about the patient was utilized. No separate experiments or sampling
were conducted for the purpose of this report. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent was obtained from the
owners for the participation of their animals in this study. Written
informed consent was obtained from the participant/patient(s) for the
publication of this case report.

Author contributions

D-EL: Writing - original draft. C-HN: Writing - review & editing.
H-YY: Writing - review & editing. KB: Writing — review & editing.
K-AY: Formal analysis, Writing — review & editing. J-HK: Writing -
review & editing.

Funding

The author(s) declare financial support was received for the research,
authorship, and/or publication of this article. This work was supported by
the National Research Foundation of Korea grant funded by the Korean
Government (MSIT) (NRF-2021R1A2C2008112).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material
The supplementary material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fvets.2023.1287185/

full#supplementary-material

frontiersin.org


https://doi.org/10.3389/fvets.2023.1287185
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2023.1287185/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2023.1287185/full#supplementary-material

Leeetal.

References

1. Edmondson EF, Hess AM, Powers BE. Prognostic significance of histologic features
in canine renal cell carcinomas: 70 nephrectomies. Vet Pathol. (2015) 52:260-8. doi:
10.1177/0300985814533803

2. Carvalho S, Stoll AL, Priestnall SL, Suarez-Bonnet A, Rassnick K, Lynch §, et al.
Retrospective evaluation of COX-2 expression, histological and clinical factors as
prognostic indicators in dogs with renal cell carcinomas undergoing nephrectomy. Vet
Comp Oncol. (2017) 15:1280-94. doi: 10.1111/vco.12264

3. Bryan JN, Henry CJ, Turnquist SE, Tyler JW, Liptak JM, Rizzo SA, et al. Primary
renal neoplasia of dogs. J Vet Intern Med. (2006) 20:1155-60. doi:
10.111 I/j.193971676.2006.tb00715.x

4. Frezoulis P, Harper A. The role of toceranib phosphate in dogs with non-mast cell
neoplasia: a systematic review. Vet Comp Oncol. (2022) 20:362-71. doi: 10.1111/vc0.12799

5. Bavcar S, Argyle DJ. Receptor tyrosine kinase inhibitors: molecularly targeted drugs
for veterinary cancer therapy. Vet Comp Oncol. (2012) 10:163-73. doi:
10.1111/j.1476-5829.2012.00342.x

6. Yamazaki H, Tanaka T, Mie K, Nishida H, Miura N, Akiyoshi H. Assessment of
postoperative adjuvant treatment using toceranib phosphate against adenocarcinoma in
dogs. J Vet Intern Med. (2020) 34:1272-81. doi: 10.1111/jvim.15768

7. Escudier B, Eisen T, Stadler WM, Szczylik C, Oudard S, Siebels M, et al. Sorafenib
in advanced clear-cell renal-cell carcinoma. N Engl ] Med. (2007) 356:125-34. doi:
10.1056/NEJMo0a060655

8. Motzer R], Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, Rixe O, et al.
Sunitinib versus interferon alfa in metastatic renal-cell carcinoma. N Engl ] Med. (2007)
356:115-24. doi: 10.1056/NEJMoa065044

9. Motzer R], Michaelson MD, Rosenberg J, Bukowski RM, Curti BD, George DJ, et al.
Sunitinib efficacy against advanced renal cell carcinoma. J Urol. (2007) 178:1883-7. doi:
10.1016/j.juro.2007.07.030

10. Ljungberg B, Albiges L, Abu-Ghanem Y, Bedke J, Capitanio U, Dabestani S, et al.
European Association of Urology guidelines on renal cell carcinoma: the 2022 update.
Eur Urol. (2022) 82:399-410. doi: 10.1016/j.eururo.2022.03.006

11. Egner JR. AJCC Cancer staging manual. JAMA. (2010) 304:1726. doi: 10.1001/
jama.2010.1525

12. LeBlanc AK, Atherton M, Bentley RT, Boudreau CE, Burton JH, Curran KM, et al.
Veterinary cooperative oncology group-common terminology criteria for adverse events
(VCOG-CTCAE v2) following investigational therapy in dogs and cats. Vet Comp Oncol.
(2021) 19:311-52. doi: 10.1111/vc0.12677

13. Romansik EM, Reilly CM, Kass PH, Moore PE, London CA. Mitotic index is
predictive for survival for canine cutaneous mast cell tumors. Vet Pathol. (2007)
44:335-41. doi: 10.1354/vp.44-3-335

14. Kobayashi N, Suzuki K, Murakami H, Kagawa E, Aoki I, Nagashima Y.
Chromophobe renal cell carcinoma with sarcomatoid transformation in a dog. J Vet
Diagn Investig. (2010) 22:983-7. doi: 10.1177/104063871002200624

15. Petterino C, Luzio E, Baracchini L, Ferrari A, Ratto A. Paraneoplastic leukocytosis
in a dog with a renal carcinoma. Vet Clin Pathol. (2011) 40:89-94. doi:
10.1111/j.1939-165X.2011.00296.x

Frontiers in Veterinary Science

07

10.3389/fvets.2023.1287185

16. Tjostheim SS, Stepien RL, Markovic LE, Stein TJ. Effects of toceranib phosphate
on systolic blood pressure and proteinuria in dogs. J Vet Intern Med. (2016) 30:951-7.
doi: 10.1111/jvim.13951

17. Remerowski SM, Herrera CL, Donnelly LL. Toceranib phosphate-associated
nephrotic syndrome in a dog: a case report. BMC Vet Res. (2021) 17:146. doi: 10.1186/
512917-021-02850-9

18. London CA. Tyrosine kinase inhibitors in veterinary medicine. Top Companion
Anim Med. (2009) 24:106-12. doi: 10.1053/j.tcam.2009.02.002

19. Kane RC, Farrell AT, Saber H, Tang S, Williams G, Jee JM, et al. Sorafenib for the
treatment of advanced renal cell carcinoma. Clin Cancer Res. (2006) 12:7271-8. doi:
10.1158/1078-0432.CCR-06-1249

20. Hsieh JJ, Purdue MP, Signoretti S, Swanton C, Albiges L, Schmidinger M, et al.
Renal cell carcinoma. Nat Rev Dis Primers. (2017) 3:17009. doi: 10.1038/nrdp.2017.9

21. Motzer R], Hutson TE, Tomczak P, Michaelson MD, Bukowski RM, Oudard S,
et al. Overall survival and updated results for sunitinib compared with interferon alfa in
patients with metastatic renal cell carcinoma. J Clin Oncol. (2009) 27:3584-90. doi:
10.1200/JC0O.2008.20.1293

22. Fisher R, Gore M, Larkin J. Current and future systemic treatments for renal cell
carcinoma. Semin Cancer Biol. (2013) 23:38-45. doi: 10.1016/j.semcancer.2012.06.004

23. Rini BI, Flaherty K. Clinical effect and future considerations for molecularly-
targeted therapy in renal cell carcinoma. Urol Oncol. (2008) 26:543-9. doi: 10.1016/j.
urolonc.2008.03.012

24. Sheppard-Olivares S, Bello NM, Johannes CM, Hocker SE, Biller B, Husbands B,
et al. Toceranib phosphate in the management of canine insulinoma: a retrospective
multicentre study of 30 cases (2009-2019). Vet Rec Open. (2022) 9:27. doi: 10.1002/
vro2.27

25. Prebble AR, Weishaar KM, Thamm DH, Leary D, LaRue SM, Martin T, et al.
Increased incidence of gastrointestinal toxicity in canine cancer patients treated with
concurrent abdominal radiation therapy and toceranib phosphate. Vet Comp Oncol.
(2022) 20:142-53. doi: 10.1111/vc0.12756

26. Inoue T, Kinoshita H, Komai Y, Kawabata T, Kawa G, Uemura Y, et al. Two cases
of gastrointestinal perforation after radiotherapy in patients receiving tyrosine kinase
inhibitor for advanced renal cell carcinoma. World ] Surg Oncol. (2012) 10:167. doi:
10.1186/1477-7819-10-167

27. Heaton CM, Fernandes AFA, Jark PC, Pan X. Evaluation of toceranib for treatment
of apocrine gland anal sac adenocarcinoma in dogs. J Vet Intern Med. (2020) 34:873-81.
doi: 10.1111/jvim.15706

28. Kim SW, Choi JW, Kim JM, Yoon HY, Bae K, Yoon KA, et al. Case report: toceranib
as adjuvant chemotherapy in a dog with incompletely resected combined hepatocellular-
cholangiocarcinoma. Front Vet Sci. (2023) 9:963390. doi: 10.3389/fvets.2022.963390

29. Choi L, Choi JY, Yoon HY, Bae K, Yoon KA, Kim JH. Adjuvant therapy with
toceranib for hepatocellular carcinoma and cholangiocarcinoma in a Pomeranian. Vet
Med. (2023) 68:83-9. doi: 10.17221/49/2022-VETMED

30. Damian G, Di Bella A. Metastatic renal cell carcinoma in a dachshund with
prolonged survival time. Vet Rec Case Rep. (2022) 10:¢500. doi: 10.1002/vrc2.500

frontiersin.org


https://doi.org/10.3389/fvets.2023.1287185
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1177/0300985814533803
https://doi.org/10.1111/vco.12264
https://doi.org/10.1111/j.1939-1676.2006.tb00715.x
https://doi.org/10.1111/vco.12799
https://doi.org/10.1111/j.1476-5829.2012.00342.x
https://doi.org/10.1111/jvim.15768
https://doi.org/10.1056/NEJMoa060655
https://doi.org/10.1056/NEJMoa065044
https://doi.org/10.1016/j.juro.2007.07.030
https://doi.org/10.1016/j.eururo.2022.03.006
https://doi.org/10.1001/jama.2010.1525
https://doi.org/10.1001/jama.2010.1525
https://doi.org/10.1111/vco.12677
https://doi.org/10.1354/vp.44-3-335
https://doi.org/10.1177/104063871002200624
https://doi.org/10.1111/j.1939-165X.2011.00296.x
https://doi.org/10.1111/jvim.13951
https://doi.org/10.1186/s12917-021-02850-9
https://doi.org/10.1186/s12917-021-02850-9
https://doi.org/10.1053/j.tcam.2009.02.002
https://doi.org/10.1158/1078-0432.CCR-06-1249
https://doi.org/10.1038/nrdp.2017.9
https://doi.org/10.1200/JCO.2008.20.1293
https://doi.org/10.1016/j.semcancer.2012.06.004
https://doi.org/10.1016/j.urolonc.2008.03.012
https://doi.org/10.1016/j.urolonc.2008.03.012
https://doi.org/10.1002/vro2.27
https://doi.org/10.1002/vro2.27
https://doi.org/10.1111/vco.12756
https://doi.org/10.1186/1477-7819-10-167
https://doi.org/10.1111/jvim.15706
https://doi.org/10.3389/fvets.2022.963390
https://doi.org/10.17221/49/2022-VETMED
https://doi.org/10.1002/vrc2.500

	Case report: Adjuvant therapy with toceranib for an incompletely resected renal cell carcinoma with suspected pulmonary metastasis in a dog
	1. Introduction
	2. Case description
	3. Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

