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ABSTRACT. Primary hepatic neuroendocrine tumors (PHNETSs) are rare in dogs, and limited
information exists about the treatment of these tumors. A 12-year-old castrated male French
bulldog was presented to our clinic with gastrointestinal signs. Diagnostic tests revealed increased
J. Vet. Med. Sci. hepatic enzyme levels, a mass in the hepatic quadrate lobe, multiple intrahepatic nodules, and
83(10): 1554-1558, 2021 enlarged hepatic hilar ymph nodes. The liver mass was diagnosed cytologically as a malignant

. ) epithelial tumor suspected to be of neuroendocrine origin. The dog was treated with single-agent
doi: 10.1292/jvms.21-0254 toceranib phosphate (TOC) and survived 25.1 months after the initial presentation. On necropsy, a
liver mass was found and was subsequently diagnosed as a PHNET on histopathology. To the best
of our knowledge, this is the first report of long-term survival in a dog with PHNET treated with
TOC.
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Primary hepatic neuroendocrine tumors (PHNETS) are relatively rare and account for 2—14% of all primary liver tumors in
dogs [16, 17, 22]. PHNETSs in dogs tend to occur at a slightly younger age than dogs with other primary hepatobiliary tumors
[16, 17]. Thirty-three percent of dogs with PHNETSs have nodular lesions; the remainder have diffuse lesions [16, 17]. PHNETs
in dogs often form lesions in multiple hepatic lobes or have already undergone metastasis at the time of diagnosis; metastases are
commonly found in regional lymph nodes, the peritoneum, and other sites, indicating high biologic behavior [16, 17]. For this
reason, surgical treatment is often not indicated, and no standard treatment has been established.

Toceranib phosphate (TOC) is a multi-targeted receptor tyrosine kinase inhibitor (TKI) approved for use in dogs. TOC was
originally indicated for the treatment of recurrent Patnaik grades 2 and 3 cutaneous mast cell tumors (MCTs) [11] but has also been
shown to be effective against various solid tumors, including neuroendocrine tumors (NET) [1, 8, 12, 20]. This report describes an
overview and the treatment outcomes in a case of canine PHNET with multiple metastases where long-term survival was achieved
with TOC therapy.

A 12-year-old castrated male French bulldog weighing 13.1 kg presented to a primary veterinary clinic with the chief complaint
of anorexia and acute vomiting. The dog had increased serum hepatic enzyme levels, and a liver mass was found on abdominal
ultrasonography. The dog was then referred to the Japan Small Animal Cancer Center, Saitama, Japan, for further evaluation.

On the initial presentation at our center, the physical examination revealed a skin mass on the left trunk (21 mm x 25 mm x 6
mm) and a subcutaneous mass on the left lateral thigh (20 mm x 18 mm x 5 mm). A complete blood count (IDEXX ProCyte Dx
Hematology Analyzer; IDEXX Laboratories, Tokyo, Japan) was within the reference interval, whereas the blood chemistry panel
(FUJIFILM DRI-CHEM 7000V; FUJIFILM, Tokyo, Japan) revealed increased alanine aminotransferase (ALT, 1,042 U/1; R,
17-78 U/1), aspartate aminotransferase (AST, 62 U/l; RI, 17—44 U/1), alkaline phosphatase (ALP, 6,087 U/l; RI, 47-254 U/1), and
gamma-glutamyl transferase (GGT, 40 U/l; RI, 5—14 U/1) activities, and hypercholesterolemia (T-cho, 445 mg/dl; RI, 112312
mg/dl). Thoracic and abdominal radiography revealed no apparent abnormalities. Abdominal ultrasonography (ARIETTA 70;
HITACHI Health Care, Tokyo, Japan) showed a hyperechoic mass measuring 64.9 mm at the longest diameter in the quadrate lobe
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of the liver (Fig. 1A), and an enlargement of the left hepatic lymph node to 11 mm in diameter.

On Day 7, contrast-enhanced computed tomography (CT) was performed using an 80-MDCT scanner (Aquilion Prime TSX-
303 A; Canon Medical Systems, Tochigi, Japan) under general anesthesia. CT scans were acquired at 120 kVp, 350 mA, 0.5 sec
spin time, 0.5 mm slice thickness, 0.813 beam pitch, and 0.5 mm reconstruction interval using a standard algorithm. For contrast
enhancement during CT, 2.5 ml/kg (750 mg/kg) of iopamidol (Oypalomin; Fuji Pharma, Tokyo, Japan) was injected into the
cephalic vein over 10 sec, and scans were acquired at 20, 50, and 120 sec after injection. The acquired CT data were analyzed
using image processing software (OsiriX; Pixmeo SARL, Geneva, Switzerland). CT scans revealed a multilocular mass measuring
67 mm in the longest diameter of the quadrate lobe of the liver. The mass was strongly enhanced in the arterial phase, showed
residual enhancement in the portal phase, and was isointense with the surrounding liver parenchyma in the equilibrium phase
(Fig. 2). In addition, nodules with similar contrast enhancement patterns were detected at two sites in the lateral left lobe (both 3
mm) and one site in the caudate process of the caudate lobe (5 mm). Nodules showing similar contrast enhancement patterns were
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Fig. 1. Cross-sectional ultrasound images of the mass in the quadrate lobe of the liver. (A) On Day 1, the quadrate lobe mass measured 64.9 mm
in the longest diameter. (B) On Day 203, the quadrate lobe mass measured 52.4 mm in the longest diameter, with an about 20% reduction in size
(stable disease).

Fig. 2. Cross-sectional computed tomography scans of the mass in the quadrate lobe of the liver. A multilocular mass lesion with poorly contrast-
enhanced areas inside is seen in the quadrate lobe. (A) A precontrast image. (B) In the arterial phase, the mass lesion is strongly contrast-
enhanced. (C) In the portal phase, contrast enhancement of the mass lesion remains. (D) In the equilibrium phase, the mass lesion is isointense
with the surrounding liver parenchyma.
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also observed in the right (10 mm) and left hepatic (11 mm), pancreaticoduodenal, and splenic lymph nodes, all of which were
suspected to be metastases from the quadrate lobe mass. After completion of CT scanning, ultrasound-guided fine-needle aspiration
(FNA) biopsy was performed on the quadrate lobe mass, and FNA biopsy of the left trunk cutaneous mass and the left femoral
subcutaneous mass. On cytology, the quadrate lobe mass was diagnosed as a suspected NET, while the left trunk cutaneous mass
and the left femoral subcutaneous mass were both diagnosed as MCTs. A ¢-KIT gene mutation analysis of the MCTs showed no
mutations in exons 8, 9, or 11. On the same day, treatment with diphenhydramine (Restamin; Kowa, Aichi, Japan) at 1.55 mg/kg,
PO, q 8 hr and famotidine (Gaster; LTL Pharma, Tokyo, Japan) at 0.77 mg/kg, PO, q 12 hr was started to treat the MCT symptoms.

Based on these findings, the dog was strongly suspected of having PHNET in the quadrate lobe of the liver with multiple
intrahepatic and intra-abdominal lymph node metastases. Two MCTs were also diagnosed on the body surface. The dog was
treated with TOC (Palladia; Zoetis Japan, Tokyo, Japan), a multi-targeted TKI, at 2.56 mg/kg, PO, EOD, starting from Day 22.

At the request of the owner, diphenhydramine and famotidine were discontinued on Day 42, with no obvious changes due to

the suspension of these medications. After TOC therapy was initiated, two adverse events (AEs) were observed and evaluated
according to the VCOG-CTCAE vl.1 [23]. The first AE, Grade 1 neutropenia (2,193 /ul; RI, 3,600—13,100 /ul), was observed on
Day 49. The neutrophil count reached the nadir on the same day. The second AE, Grade 2 depigmentation of the nasal planum
and metacarpal pads, was observed on Day 63. Depigmentation was not associated with pain or pruritus at any site and persisted
until the dog died. After the initiation of TOC, hepatic enzymes gradually normalized, with AST and GGT reaching their reference
intervals on Day 35, ALT and ALP reaching their reference intervals on Days 140 and 203, respectively. The quadrate lobe mass
had shrunk to 52.1 mm by Day 203 (a 20% reduction; Fig. 1B), and the left hepatic lymph node had shrunk to 5 mm by Day 84 (a
55% reduction). These tumor shrinkages were assessed as stable disease (SD) and partial remission (PR) according to the RECIST
criteria [ 14], respectively. Subsequently, the quadrate lobe mass remained as SD. However, the left hepatic lymph node had
enlarged to 22 mm, and a new lesion measuring 43 mm in its longest diameter was identified in the left medial lobe of the liver on
Day 630. Another lesion measuring 49.8 mm in the longest diameter was identified in the left lateral lobe of the liver on Day 748.
Since the patient was in good physical condition and the quadrate lobe mass (the main lesion) remained as SD, TOC therapy was
continued even after developing new lesions. On Day 754, TOC therapy was suspended owing to gastrointestinal signs, including
decreased appetite and vomiting, and symptomatic therapy was started by the referring veterinarian. Nevertheless, the patient died
at home on Day 766. The two MCTs on the body surface did not change in size throughout the TOC treatment period.

With the owner’s permission, an autopsy was performed at the Japan Small Animal Cancer Center on the day of death.
Macroscopic findings included masses of varying sizes in the liver, with particularly large masses in the quadrate lobe and lateral
left lobe (Fig. 3). The hepatic lymph nodes were contiguous with the quadrate lobe mass, and differentiation of these structures was
challenging on gross and histopathologic examinations. These liver masses consisted of atypical cell proliferation in a honeycomb
pattern divided by abundant vascular connective tissue, and the tumor cells stained diffusely positive for the neuroendocrine cell
marker, PGP 9.5. Both masses were histopathologically diagnosed as NETs (Fig. 4). Similar NET lesions had also formed in the
heart base and pancreatic lymph nodes, which were diagnosed as PHNET metastases. Another invasive mass was also found
around the gallbladder, which contained epithelial cells forming a glandular structure and negative for PGP9.5, leading to a
diagnosis of bile duct carcinoma. There were interstitial pneumonia and pulmonary edema in part of the lungs.

Surgical resection is the first-line treatment for PHNETSs in humans [25]. Treatment options in cases not amenable to surgical
resection include transarterial chemoembolization [9], radiofrequency ablation [24], combination chemotherapy with fluorouracil,
cisplatin, and other agents [15], and the somatostatin analog, octreotide [24]. In primary pancreatic NETs in people, vascular
endothelial growth factor (VEGF) plays a major role in promoting angiogenesis [3, 10] and receptor tyrosine kinases (RTKs)
(such as platelet-derived growth factor receptor, c-kit, and VEGF receptor) are widely expressed [4, 5, 7]. For advanced primary
pancreatic NETSs, the efficacy of sunitinib malate, a compound structurally and functionally similar to TOC, has been demonstrated
in a multicenter, randomized, double-blind study [19]. However, it remains to be investigated whether sunitinib malate is effective
against human PHNETSs. In dogs, RTK expression as a target of TOC has been detected in thyroid cancer and anal sac apocrine
gland carcinoma [2, 21], and TOC has been reported to be successful against these tumors [5—8]. Although no studies have
examined RTK expression in canine PHNETSs or other NETs, we hypothesized that the inhibitory effects of TOC on angiogenesis
via RTKs might have caused prolonged suppression of PHNET progression.

A few reports on the treatment and prognosis of PHNETs in dogs have been published. In a report of 10 dogs diagnosed with
hepatic neuroendocrine carcinoma on histopathology, all dogs were euthanized within 8 days of diagnosis [18]. In 2019, Morgan
et al. treated a dog with a primary hepatic neuroendocrine carcinoma with metronomic chemotherapy with cyclophosphamide
combined with doxorubicin, resulting in the suppression of tumor progression for 10 months and survival for 15.5 months [13].
The efficacy of TOC has also been demonstrated in dogs with insulinoma, a functional primary pancreatic NET [1, 6]. Although
the biological behavior of PHNETS in dogs is unclear, in this case, the mass shrank by up to 20% after TOC administration, and the
patient survived for 25.1 months, suggesting that the PHNET might have responded to TOC and resulting in long-term survival.

The limitation of this report is that we did not perform tissue biopsies of the quadrate lobe mass in the liver before using TOC
and could not confirm RTK expression and the changes in expression. In addition, although the dog survived more than 2 years, the
presence of a more indolent form of this disease cannot be excluded.

In the present case, a dog with PHNET with multiple metastases was treated with TOC, resulting in tumor shrinkage and long-
term survival. To further demonstrate the efficacy of TOC against canine PHNET, not only basic molecular biological and genetic
studies of canine PHNET are needed, but also multicenter clinical studies of this relatively rare disease.
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Fig. 3. The gross appearance of the liver on necropsy. A
mass surrounding the gallbladder (black arrowheads), a
mass in the quadrate lobe (white arrowheads), and a mass
in the lateral left lobe (yellow arrowheads) are indicated.

Fig. 4. Photomicrographs showing the histopathologic findings of the hepatic quadrate lobe mass. (A) Tumor cells have poorly demarcated

weakly eosinophilic fine granular cytoplasm and atypical oval nuclei. H&E stain, bar=200 um. (B) Immunostaining for PGP 9.5. Tumor cells are
diffusely positive for PGP 9.5. Bar=50 pm.
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