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Abstract 21 

Canine pancreatic carcinoma is an uncommon and highly aggressive tumor usually detected 22 

at an advanced stage. This case report describes a dog with exocrine pancreatic adenocarcinoma that 23 

presented with diarrhea, vomiting, abdominal pain, and anorexia. Computed tomography (CT) 24 

revealed pancreatic enlargement with nodular formation in the body and left lobe of the pancreas. 25 

Resection was not feasible because of the tumor location, and an incisional biopsy was performed. 26 
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Histopathology demonstrated large polygonal neoplastic cells arranged in a disorganized manner, 27 

forming clusters and acinar structures, consistent with exocrine pancreatic adenocarcinoma. As no 28 

effective medical treatment exists for this condition, a multikinase immunohistochemical panel was 29 

used to guide therapy. The panel revealed overexpression of the vascular endothelial growth factor 30 

receptor (VEGFR, Score 4+) and activation of the mitogen-activated protein kinase (MAPK/Erk1/2) 31 

pathway (score 3+). Based on these findings, toceranib phosphate was initiated at 2.75 mg on a 32 

Monday, Wednesday, Friday (MWF) schedule. This targeted therapy resulted in a partial response 33 

on ultrasound, with the pancreatic lesion decreasing from 2.63 × 2.89 cm to 1.75 × 1.56 cm after 66 34 

days and further reducing to 1.11 × 1.40 cm at 122 days. From day 213 onward, the lesion was no 35 

longer detected on the follow-up ultrasound. However, complete remission cannot be confirmed 36 

without histopathological reassessment or advanced imaging such as computed tomography. The 37 

patient remains alive with a survival time of 484 days under ongoing monitoring. Despite this 38 

encouraging outcome, further studies are needed to evaluate the efficacy of tyrosine kinase inhibitors 39 

in the managenebt of canine exocrine pancreatic adenocarcinoma. 40 

 41 

Keywords: Pancreatic adenocarcinoma, toceranib phosphate, multikinase panel, precision medicine. 42 

 43 

Introduction 44 

 45 

Canine pancreatic carcinoma is an uncommon (<0.5% of all cancers) and highly aggressive 46 

tumor that is frequently detected in the later stages of the disease (24). According to the World Health 47 

Organization (WHO), approximately 460,000 deaths due to this tumor occur annually, with 130,000 48 

deaths occurring in Europe (10). Most malignant pancreatic tumors are of epithelial origin, with 49 

ductal and acinar carcinomas being the most common in canines and human patients (21). They 50 

predominantly affect older female dogs with a median age of eight to nine years and spaniels are 51 

overrepresented (3, 21).  52 
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The clinical signs are often vague and nonspecific, sometimes mimicking or occurring 53 

alongside pancreatitis, which complicates diagnosis (24). Common symptoms include weight loss, 54 

anorexia, abdominal pain, vomiting, and paraneoplastic alopecia (observed in cats) (14, 22). The less 55 

common symptoms include abdominal distension, abdominal effusions resulting from peritoneal 56 

tumor implantation, and jaundice (14). In dogs, the primary treatment for resectable pancreatic tumors 57 

is surgery with partial pancreatectomy recommended for focal lesions, isolated masses, pseudocysts, 58 

and abscesses (5). However, tumor excision is not advised when neoplasia involves adjacent organs 59 

such as the liver, stomach, or duodenum or in cases of carcinomatosis (5). The effectiveness of 60 

adjuvant chemotherapy for pancreatic carcinoma remains unclear, as its infrequent occurrence and 61 

limited data in the literature complicate decision-making. Although the role of adjuvant chemotherapy 62 

in pancreatic carcinoma remains debatable, it is generally recommended due to the high rates of 63 

metastasis observed in cats, humans, and dogs (23).  64 

Recent studies have explored the use of targeted therapies, such as toceranib phosphate 65 

(Palladia®), for treating pancreatic cancer in dogs. In a retrospective study involving eight dogs, one 66 

patient achieved a partial response, two had stable disease, and one experienced disease progression, 67 

resulting in an overall clinical benefit rate of 75% (16).   68 

This study aimed to report a case of a dog diagnosed with unresectable exocrine pancreatic 69 

adenocarcinoma that achieved prolonged survival with toceranib phosphate (Palladia®) treatment. 70 

The therapeutic approach was guided by a multi-kinase panel, allowing targeted inhibition of the 71 

proliferation and angiogenesis pathways involved in tumor progression. This report highlights the 72 

potential benefits of precision medicine in veterinary oncology, and the role of tyrosine kinase 73 

inhibitors in managing aggressive canine pancreatic tumors. 74 

 75 

Case description 76 

 77 
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The present case involved a client-owned dog, and all diagnostic and therapeutic interventions 78 

were performed with the owner´s informed consent. The study complied with the institutional and 79 

international guidelines for the care and use of animals in clinical research. Ethical approval was 80 

waived, because the case did not involve experimental procedures. A 13-years-old, female spayed 81 

Shih-Tzu dog presented with a clinical history of diarrhea, vomiting, abdominal pain, and anorexia. 82 

A previous study reported giardiasis, which was treated with fenbendazole treatment at another 83 

veterinary center. However, 30 days later, the patient restarted having the same gastrointestinal 84 

symptoms and was referred to a specialized service. On clinical examination, the patient exhibited 85 

abdominal pain, tachypnea, and 7% dehydration, with a temperature of 39.8 °C. Ultrasound 86 

examination revealed gastritis, colitis, bilateral adrenal hyperplasia, hepatomegaly, a splenic nodule 87 

consistent with myelolipoma, and a hyperechoic irregular pancreas with a hypoechoic structure in the 88 

pancreatic body region. In addition, a reactive mesentery was observed near the pancreas, suggesting 89 

pancreatitis. An enzyme-linked immunosorbent assay (ELISA) (Idexx® SNAP test) for Giardia was 90 

performed, and the results were negative. Hematological tests were also performed (Bio-2900 Vet; 91 

Alara), and the blood count showed a left shift (band neutrophils: 1,179 cells/mm³; reference interval 92 

[RI] 0 – 300 cells/mm³) without leukocytosis. The renal and hepatic biochemical panels were within 93 

the species-specific reference range. 94 

The patient was hospitalized and received medication for the described abnormalities. 95 

Enrofloxacin was prescribed at a dose of 10 mg/kg intravenous (IV) once daily for 7 days, maropitant 96 

at a dose of 1 mg/kg subcutaneous (SC), once daily for 5 days, tramadol chloridate at a dose of 97 

4 mg/kg SC three times daily for 5 days, dipyrone (metamizole) at a dose of 25 mg/kg SC three times 98 

daily for 5 days, dexamethasone at a dose of 0.2 mg/kg SC once daily, unique dose, and  fluid therapy 99 

with lactated ringer’s IV at replacement rate for two days. 100 

Subsequently, the patient showed no abdominal pain, stable temperature, active behavior, 101 

good appetite, and no vomiting or diarrhea, and the left shift normalized (0/mm³ band neutrophils, 102 

reference interval RI 0 – 300). A Focused Assessment with Sonography for Trauma (FAST) 103 
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ultrasound showed positive progression of the inflammatory condition of the pancreas, stomach, and 104 

colon. 105 

Ultrasound-guided fine-needle aspiration cytology was performed for a nodular lesion in the 106 

body of the pancreas. Cytological examination revealed a population of moderately atypical epithelial 107 

cells organized in irregular arrangements, three-dimensional clusters, and a disorganized acinar 108 

pattern. On the basis of the observed changes, the primary differential diagnosis was exocrine 109 

pancreatic adenocarcinoma. However, given the inflammatory process associated with the pancreas, 110 

it cannot be ruled out that these changes are due to pancreatitis, as significant inflammatory processes 111 

can induce cellular metaplasia. An abdominal computed tomography (CT) scan showed an enlarged 112 

pancreas with two oval hypodense formations (Fig. 1) located in the body and left lobe of the 113 

pancreas, causing deformation of the lobe and displacement of the gastric outlet path. The lesions 114 

measured approximately 2.63 cm x 2.89 cm x 1.99 cm and 1.97 cm x 1.97 cm x 1.54 cm, respectively. 115 

Thoracic radiography revealed no abnormalities.  116 

Considering the clinical presentation, an incisional biopsy of the pancreas was performed 117 

using the punch technique on both nodules for diagnostic confirmation via exploratory laparotomy. 118 

The pancreas was found to adhere to the stomach and omentum with associated purulent exudates 119 

(Fig. 2). The fluid was sent for bacterial culture and the results were negative.  120 

Histopathological examination revealed large polygonal neoplastic cells with centrally 121 

located, hyperchromatic, round nuclei, and abundant eosinophilic cytoplasm, which were either 122 

vacuolated or contained zymogen granules. The cells were arranged in a disorganized manner, 123 

forming cellular clusters and acinar structures, and the mitotic index was <1 per high-power field 124 

(40x). The diagnosis favored acinar exocrine pancreatic adenocarcinoma. Immunohistochemistry 125 

(IHC) was performed for diagnostic complementation and showed positive staining for cytokeratin 126 

18 (CK18) and cytokeratin 19 (CK19), confirming the epithelial origin of the neoplasm. 127 

Considering the diagnosis and the impossibility of surgical treatment due to the location of 128 

the neoplastic changes, a multikinase panel (Vet Precision®) obtained by IHC was used to assist in 129 
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selecting the targeted therapy. The panel revealed (Fig. 3) overexpression of vascular endothelial 130 

growth factor receptor 2 (VEGFR-2) (score 4+) and the mitogen-activated protein kinase pathway 131 

(MAPK) (score 3+), along with reduced expression of platelet-derived growth factor receptor beta 132 

(PDGFR-β), human epidermal growth factor receptor (HER-2), and epidermal growth factor receptor 133 

(EGFR) (1+). Additionally, c-KIT was not expressed (negative). Based on these results, sorafenib 134 

could be the first-choice therapy because of its potential to inhibit MAPK, VEGFR-2, PDGFR-beta, 135 

and toceranib phosphate could be the second-choice treatment, acting as a VEGFR-2 and PDGFR-136 

beta pathway inhibitor. For financial reasons, toceranib phosphate (Palladia®) was recommended at 137 

a dose of 2.75 mg on a Monday, Wednesday, Friday (MWF) schedule in association with continuous 138 

use of clopidogrel at a dose of 2 mg/kg per os once daily, given the risk of thrombosis due to the 139 

pancreatic tumor. The patient was followed up for 16 months and monitored using ultrasonography. 140 

Based on the Response Evaluation Criteria in Solid Tumors (RECIST) (9), the pancreatic lesion 141 

located in the body of the pancreas showed an initial partial remission, progressing to an apparent 142 

complete remission during follow-up. The baseline CT scan revealed a nodule measuring 2.63 × 2.89 143 

× 1.99 cm, with the largest diameter of 2.89 cm. The first ultrasound, performed 66 days after 144 

initiation of toceranib phosphate (Palladia®), demonstrated a reduction to 1.75 × 1.56 cm (Fig. 4A), 145 

consistent with partial response (PR). At 122 days, the lesion further decreased to 1.11 × 1.40 cm 146 

(Fig. 4B), confirming sustained partial remission. On the third (213 days after treatment) and fourth 147 

ultrasound (346 days after treatment), the nodule in the pancreatic body was no longer visible. 148 

Although these findings meet ultrasound criteria for complete remission (CR), definitive confirmation 149 

requires histopathological reassessment and advanced imaging such as computed tomography (CT). 150 

The left pancreatic lobe is rarely characterized because of gastric gas accumulation, which limits the 151 

evaluation of additional lesions. A follow-up CT was not performed due to financial constraints. At 152 

the time of manuscript preparation, the patient was alive, with a survival duration of 484 days. 153 

 154 

Discussion 155 
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 156 

Exocrine pancreatic carcinoma is considered an aggressive neoplasm with high metastatic 157 

potential, with 78% of dogs presenting with metastatic lesions at the time of diagnosis, primarily in 158 

the liver and regional lymph nodes (20). However, pancreatic carcinomas can be silent, often 159 

presenting with nonspecific clinical signs, most commonly when large (20). This report describes 160 

diarrhea, vomiting, tachypnea, abdominal pain, anorexia, and dehydration, confirming non-specific 161 

conditions.  162 

In cases of hepatic, peritoneal cavity, and regional lymph node involvement, surgery should 163 

generally not be performed (17). Total pancreatectomy or pancreaticoduodenectomy (Whipple’s 164 

procedure) has been described in humans and dogs; however, it is associated with high surgical 165 

morbidity and mortality, with no significant improvement in cure rates, and is not advised (17). 166 

Despite the high metastatic rates, the patient did not show changes consistent with metastasis. Surgery 167 

was not performed because of the tumor's location in the body and the left lateral lobe of the pancreas, 168 

which contraindicated the procedure. Overall, pancreatic neoplasms arise predominantly in the right 169 

limb of the pancreas (6). 170 

In humans, pancreatic carcinoma treatment includes surgery, chemotherapy, radiation 171 

therapy, and targeted therapy, depending on the stage of the disease and whether the mass is resectable 172 

(2, 20). In advanced stages, therapeutic options are limited (2). Palliative chemotherapy with 173 

gemcitabine and paclitaxel is the only approved first-line treatment for patients in good general 174 

condition without significant comorbidities in humans (8). The role of radiation therapy in 175 

unresectable tumors remains controversial and there is no uniform recommendation for its use (8).  176 

Increased expression of various tyrosine kinase receptors and their corresponding activating 177 

ligands has been observed in human pancreatic carcinoma, and this overexpression is associated with 178 

poor clinical outcomes (16). Notably, elevated EGFR levels are associated with advanced disease 179 

stages, reduced survival rates, and increased metastasis (18). Similarly, increased levels of proteins 180 

such as VEGF and its receptor VEGFR, as well as PDGF and its receptor PDGFR, have been 181 
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implicated in tumor progression and resistance to chemotherapy (11, 12). In contrast, tumor 182 

expression showed decreased expression of both EGFR and PDGFR-β, which suggesting a less active 183 

pathway of progression.  184 

Sunitinib is a tyrosine kinase inhibitor (TKI) that targets multiple receptors involved in tumor 185 

growth and angiogenesis, including VEGFR, PDGFR, and c-KIT (25). This drug has been specifically 186 

approved for the treatment of pancreatic neuroendocrine tumors, offering a therapeutic option for 187 

patients with advanced disease that is not amenable to surgery (25). 188 

In veterinary medicine, toceranib phosphate (Palladia®) is a TKI that functions similarly to 189 

sunitinib at the molecular level. Both medications target key receptors involved in tumor growth and 190 

angiogenesis, including vascular endothelial growth factor receptor (VEGFR), platelet-derived 191 

growth factor receptor (PDGFR), and c-KIT (13, 15). By inhibiting these receptors, toceranib blocks 192 

the signaling pathways responsible for the tumor cell proliferation s and the formation of new blood 193 

vessels that nourish the tumor. These actions slow down or halt cancer progression (13, 15).  194 

Recent studies have investigated the expression of tyrosine kinase receptors in canine solid 195 

tumors to guide targeted therapy. One study analyzed 87 canine tumors, including prostatic 196 

carcinomas, soft tissue sarcomas, mammary gland tumors, urothelial bladder carcinomas, and 197 

endocrine tumors. Immunohistochemistry was performed to assess the expression of HER-2, EGFR1, 198 

VEGFR-2, PDGFR-β, c-KIT, and ERK1/ERK2, which could inform personalized treatment 199 

strategies and potential therapeutic responses based on their expression (7). 200 

Another study evaluated the use of toceranib phosphate (Palladia®) as a treatment for canine 201 

exocrine pancreatic carcinoma, highlighting its potential effectiveness in managing aggressive and 202 

typically chemotherapy-resistant cancers (16). The study involved 8 dogs, resulting in an overall 203 

clinical benefit rate of 75%. The median overall survival time for toceranib treatment was 89.5 days, 204 

with a range of 14–506 days, similar to our case report, which also reported a survival time of 484 205 

days after treatment.  206 
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A retrospective study analyzed 23 dogs with a confirmed diagnosis of exocrine pancreatic 207 

carcinoma (20). The median survival time (MST) was only 1 day, with an average of 8 days, largely 208 

due to the high rate of euthanasia shortly after diagnosis. Treatment options were limited, with only 209 

five dogs undergoing surgery, and two of them received adjuvant therapy (chemotherapy and 210 

radiotherapy). None of the patients received toceranib phosphate (Palladia®) as treatment. 211 

This case report showed a significant survival time with no evidence of regional or distant 212 

metastasis during the follow-up. However, this study has several limitations that must be considered. 213 

These include the study design (case report), the owner’s refusal to perform a complete CT scan, and 214 

the absence of histopathological reassessment to confirm complete remission. The exclusive reliance 215 

on abdominal ultrasound for monitoring is another limitation, as its accuracy may be reduced by 216 

gastrointestinal content, small pancreatic size, and echogenicity similar to that of surrounding fat (1). 217 

In dogs with exocrine pancreatic disease, sensitivity can be as low as 56% (19). More recently, 218 

contrast-enhanced ultrasound has shown improved performance, with 100% sensitivity and 80% 219 

specificity for focal pancreatic lesions (4). These findings indicate that the residual or recurrent 220 

lesions may have remained undetected in this case. Although these results are promising, further 221 

studies are necessary to better assess the benefits of TKIs in the treatment of exocrine pancreatic 222 

carcinomas. 223 

This case report demonstrates the potential benefits of targeted therapy with toceranib 224 

phosphate for the management of unresectable exocrine pancreatic adenocarcinoma in a dog. The use 225 

of a multikinase panel to guide treatment decisions enables personalized therapy, leading to a partial 226 

response and prolonged survival. Further studies are needed to validate the efficacy of tyrosine kinase 227 

inhibitors in treating pancreatic carcinoma and to explore their role in improving outcomes in dogs 228 

with this aggressive neoplasm. 229 

 230 
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Figures 332 

 333 

 334 

Figure 1. Two oval hypodense formations located in the body and left lobe of the pancreas causing 335 

deformation of the lobe and displacing the gastric outlet path, as assessed by CT scan of the abdomen. 336 

 337 
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 338 

Figure 2. Exploratory laparotomy findings and pancreatic biopsy. (A) Dense adhesions between the 339 

pancreas and adjacent stomach/omentum. (B) Purulent exudate overlying a pancreatic nodule, from 340 

which incisional punch biopsies were obtained for histopathology. 341 

 342 
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 343 

Figure 3. Ultrasonographic assessment of exocrine pancreatic carcinoma, highlighting an amorphous 344 

nodule with undefined margins, hypoechoic and irregular, measuring 1.75 x 1.56 cm, showing a 345 

partial response. 346 

 347 
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 348 

Figure 4. Immunoexpression of the main positive markers in canine exocrine pancreatic 349 

adenocarcinoma. Mitogen-activated protein kinase (MAPK) showing strong nuclear and cytoplasmic 350 

staining with a score of 3+ in neoplastic cells. Vascular endothelial growth factor receptor-2 (VEGFR-351 

2) with diffuse and intense cytoplasmic staining (score 4+). Platelet-derived growth factor receptor 352 

beta (PDGFR-β) showing weak cytoplasmic and membranous staining with a score of 1+. Epidermal 353 

growth factor receptor-1 (EGFR-1) with weak membranous and cytoplasmic expression (score 1+) 354 

in neoplastic cells. Human epidermal growth factor receptor-2 (HER-2) with weak membranous 355 

staining (score 1+). No immunoexpression was observed for c-KIT (score 0). 356 
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