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Osteolytic metastases from a pheochromocytoma presenting as multiple limb lameness and joint swelling in a dog: a case report
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Clinical signs due to distant bony metastasis from a malignant pheochromocytoma are rare in dogs, with the majority of reported cases presenting as single-limb lameness. This case report describes a 6-year-old neutered male mixed-breed dog presenting with multiple limb lameness and joint swelling that occurred over 3 weeks. Computed tomography revealed a mass in the right adrenal gland with extensive intrathoracic, intra-abdominal, and skeletal metastases. Because of the poor prognosis, the dog was humanely euthanized. A postmortem examination revealed a primary neoplasm of the right adrenal gland with metastases affecting the contralateral adrenal gland, kidneys, lungs, liver, and bones of the appendicular and axial skeletons. Immunohistochemistry confirmed a metastatic neuroendocrine carcinoma of the right adrenal gland, consistent with a pheochromocytoma. This case is a unique presentation of polyostotic metastases from a pheochromocytoma and emphasizes the importance of including this tumor in the differential diagnosis of dogs presenting with symptoms identical to those of polyarthritis.
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1 Introduction

Pheochromocytomas are endocrine tumors originating from chromaffin cells in the adrenal medulla that secrete the catecholamines epinephrine and norepinephrine (1). Clinical signs are frequently the result of excessive catecholamine secretion and include lethargy, weakness, tachypnea, panting, and/or collapse; however, clinical signs related to a locally invasive, space-occupying mass and distant metastasis also occur, albeit less commonly (1–3). Because these clinical signs are variable and nonspecific, veterinarians may miss the presence of a pheochromocytoma, as evidenced by its frequent identification as an incidental finding (often at necropsy) in 50–60% of dogs (2, 3). An antemortem diagnosis of a pheochromocytoma is challenging and requires a high index of suspicion by the evaluating clinician.

While local invasion of nearby vasculature occurs in up to 50% of cases, distant metastasis is far less common (2, 3). Two retrospective studies (2, 3) found that less than 25% of dogs had distant metastasis; however, these studies and other isolated case reports have described widespread sites of metastasis, including the liver, lungs, kidneys, pancreas, prostate, spleen, heart, gastrointestinal tract, spinal canal, brain, bones (ribs, humeri, calvaria, cervical vertebrae, scapulae, femurs, and tibiae), and peritoneum (2–11). When present, clinical signs of distant metastasis primarily involve the musculoskeletal and nervous systems (2–11). Here, we describe the case of a dog with osseous metastases from a pheochromocytoma that presented with multiple limb lameness and swollen joints, a clinical presentation identical to that of polyarthritis.



2 Case description

A 6-year-old neutered male mixed-breed dog (weighing 24.3 kg) was evaluated for progressive, multiple limb lameness, joint swelling, and weight loss (4.1 kg) that occurred over 3 weeks.


2.1 Pertinent medical history

The dog was initially brought to the referring veterinarian for a weight-bearing right forelimb lameness and hyporexia (Day −21; Day 0 = referral date). The dog’s body temperature was normal (100.1 °F). Symptomatic treatment with capromorelin (3.2 mg/kg PO q24h) and carprofen (5.3 mg/kg PO q24h) was initiated; however, no improvement was observed. The dog re-presented to the same veterinarian 8 days later (Day −13) for intermittent, non-weight-bearing right forelimb lameness and persistent hyporexia. On physical examination, pain was not elicited on long bone palpation nor on joint flexion and extension, and no joint swelling was initially observed. The body temperature was slightly elevated (102.9 °F). Radiographs of the right humerus and antebrachium revealed no apparent bony abnormalities. Due to the concern for an infectious or inflammatory arthropathy, the dog was treated with prednisone (0.4 mg/kg PO q12h) and doxycycline (8.8 mg/kg PO q12h). Capromorelin was continued at the previously prescribed dosage, and the carprofen was discontinued.

Ten days later (Day −3), the dog was referred to an internist due to progressive lameness and swelling of the joints. On physical examination, the dog was still intermittently non-weight-bearing lame on the right forelimb and was now weight-bearing lame on the right hindlimb. Additionally, the right carpus, elbow, and stifle were swollen, and the dog had severe, diffuse muscle wasting, which was most prominent in the hind limbs and epaxial musculature. The dog had lost 4.1 kg since its initial presentation to the referring veterinarian almost 3 weeks prior. The body temperature was high-normal (102.5 °F).

Investigating the cause of the clinical signs included performing an abdominal ultrasound and arthrocentesis of the right carpus, elbow, and stifle. The abdominal ultrasound revealed a right adrenal mass invading the caudal vena cava. While awaiting the joint fluid cytology results, the dog was treated with amoxicillin-clavulanic acid (15.4 mg/kg PO q12h) and enrofloxacin (11.2 mg/kg PO q24h). Prednisone and capromorelin were continued at the previously prescribed dosages. Cytology of the joint fluid returned normal (<100 nucleated cells/μL; 85–90% mononuclear cells, 5–10% small lymphocytes, and <5% non-degenerate neutrophils) in all joints sampled.



2.2 Clinical presentation and investigation

Three days following discharge from the internist (day 0), the dog presented to the Purdue University Veterinary Teaching Hospital because it was unable to rise. On physical examination, the dog was recumbent and only able to stand with assistance. The right carpus, elbow, and stifle were swollen and painful upon palpation, and the previously noted muscle wasting was unchanged. The body temperature was high-normal (101.9 °F). A complete blood count and serum biochemistry profile revealed mild leukocytosis (19.1 × 103/μL, reference interval (RI): 6.0–17.0 × 103/μL) and increased alanine transaminase (ALT 341 IU/L, RI: 3–69 IU/L), alkaline phosphatase (ALP 1271 IU/L, RI: 20–157 IU/L), and γ-glutamyl transferase (GGT 46 IU/L, RI: 5–16 IU/L) activities. While these clinicopathologic alterations were most consistent with glucocorticoid administration, hepatic neoplasia (primary or metastatic) could not be excluded. A blood pressure measurement obtained via Doppler was 175 mmHg, which was suspected to be secondary to pain. A fentanyl constant rate infusion was initiated in an attempt to manage the pain; however, the dog remained painful as evidenced by vocalization following joint palpation and overall patient manipulation.

Given the previous finding of an adrenal mass in conjunction with joint swelling not attributable to inflammatory or infectious arthropathies, a CT scan of the thorax, abdomen, and thoracic and pelvic limbs was performed to investigate the local extent of the mass and for any metastatic disease. Imaging revealed the following abnormalities: (1) a large mass in the right adrenal gland extending into the caudal vena cava (Figure 1A); (2) nodular left adrenomegaly; (3) ill-defined, variably sized nodules and masses in multiple liver lobes; (4) ill-defined, variably sized nodules and masses in all lung lobes; (5) multifocal intra-abdominal lymphadenomegaly (medial iliac, internal iliac, splenic, hepatic, and lumbar aortic); and (6) multifocal regions of osteolysis involving the cervical, thoracic, lumbar, sacral, and caudal vertebrae, ribs, pelvis, right and left scapulae, right and left humeri, distal right and left radius, proximal right ulna, right radial carpal bone, distal right and left femur, and proximal right tibia (Figures 1B–D). Focal soft tissue thickening adjacent to the right carpus, elbow, and stifle was associated with osteolytic lesions in the distal right radius, right radial carpal bone, proximal right ulna, and proximal right tibia, resulting in periarticular swelling instead of true joint swelling (i.e., a true increase in synovial volume). Imaging findings supported primary malignant neoplasia of the right adrenal gland with local vascular invasion and widespread distant metastasis. Because of the extent of the disease in this dog and the associated poor prognosis, humane euthanasia was recommended.
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FIGURE 1
 Computed tomography. (A) Sagittal, post-contrast image showing the right adrenal gland mass (AM) invading the caudal vena cava (CVC, black arrow; invasion, arrowhead). (B) Dorsal, pre-contrast image showing osteolysis in the proximal right tibia (black asterisk). (C) Sagittal, pre-contrast image showing osteolysis in the proximal right ulna (black asterisk). (D) Dorsal, pre-contrast image showing osteolysis in the distal right radius (black asterisk).


During necropsy, gross examination revealed a 13 × 7 × 6 cm yellow-to-tan-to-red, firm, multinodular mass replacing the right adrenal gland. The mass extended into the adjacent caudal vena cava and occluded the lumen (Figure 2A). On cut section, the mass was diffusely mottled, ranging from tan to red to yellow. Multiple other neoplastic masses with a similar gross morphology were identified in the left adrenal gland, renal pelvis of the left kidney, caudate process of the caudate liver lobe, left lateral liver lobe, right cranial and caudal lung lobes, left caudal lung lobe, and the costochondral junctions of the right ribs 1, 4, and 7 and left ribs 4, 5, 7, and 8 (Figure 2B). Based on the gross examination at necropsy, the diagnosis was primary right adrenal gland neoplasia with disseminated metastases.

[image: Panel A shows a detailed anatomical specimen with a prominent lesion, indicated by a black arrowhead, labeled "AM." Panel B depicts a close-up view of tissue with a darkened area highlighted by another black arrowhead, suggesting a pathological feature.]

FIGURE 2
 Necropsy examination. (A) Replacing the right adrenal gland is a 13 x 7 x 6 cm yellow-to-tan-to-red, firm, multinodular mass (AM). The adrenal mass extends into the lumen of the caudal vena cava (arrowhead). (B) Ranging in size from 1–3 cm in diameter at the level of the costochondral junction of the ribs are multiple firm to hard, mottled white to tan to red masses (arrowheads).


Tissues from the following organs were collected and processed for histopathological evaluation: heart, cerebrum, cerebellum, brainstem, lungs, liver, spleen, kidneys, thyroid glands, pancreas, adrenal glands, stomach, duodenum, jejunum, ileum, colon, urinary bladder, femoral bone marrow, right radial carpal bone, right distal radius, and ribs. All sampled tissues were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 4 μm, stained with hematoxylin and eosin, and reviewed by light microscopy.

On histopathologic examination, an unencapsulated, poorly demarcated, densely cellular neoplasm was found within the right adrenal gland, effacing the normal architecture. This neoplasm was composed of polygonal to cuboidal cells supported by a fine fibrovascular stroma. The cells were arranged in clusters and packets, and occasional tubule-like structures, divided by moderate amounts of dense fibrocollagenous tissue (Figure 3A). The neoplastic cells had inconsistently distinct cell borders with moderate to large amounts of an eosinophilic, rarely vacuolated cytoplasm. Nuclei were round to irregular with stippled chromatin and up to three condensed nucleoli. Anisocytosis and anisokaryosis were moderate to marked (Figure 3B). There were 25 mitotic figures in 2.37 mm2 (equivalent to ten 400x high-power fields), including atypical mitotic figures. The majority of the neoplasm had been replaced by marked necrosis and hemorrhage. Multiple nodules and aggregates of neoplastic cells with similar microscopic morphology were identified within and effacing the normal parenchyma and architecture of the left adrenal gland, left kidney, right kidney, lung, liver, and ribs. Variably sized aggregates of neoplastic cells were also present in the medullary spaces of the femoral bone marrow, right radial carpal bone, and right distal radius (Figures 3C,D). Lymphovascular invasion was identified in multiple additional tissues, such as the urinary bladder wall. Based on the morphology of the neoplastic cells, presence of tubule-like structures, and lack of well-differentiated chromaffin cells, a carcinoma was initially suspected.

[image: Histological images divided into four panels labeled A, B, C, and D. Panel A shows an area marked AM with dotted lines. Panel B displays a close-up of cells with visible nuclei. Panel C illustrates a section labeled B and N, showing intricate tissue structure. Panel D highlights another area marked B, focusing on detailed tissue composition. All images are stained, providing contrast between different tissue elements.]

FIGURE 3
 Histopathologic examination. (A) Right adrenal gland. Effacing the normal architecture of the adrenal gland is a nondemarcated and unencapsulated neoplasm (AM; outlined by dotted line). H&E 10x. Scale bar = 182 μm. (B) The neoplastic cells are polygonal to cuboidal and arranged in nests and packets, palisading along a delicate fibrovascular stroma. They have moderate amounts of eosinophilic, finely granular, and occasionally vacuolated cytoplasm, along with large, oval to irregular nuclei containing clumped chromatin and 1–3 small-to-moderate-size nucleoli. H&E 40x. Scale bar = 46 μm (C) Right radial carpal bone (B). Infiltrating, effacing, and surrounding variably sized islands of pre-existing woven bone are large islands and packets of a densely cellular, neoplasm (N). H&E 2x. Scale bar = 910 μm. (D) The neoplastic cells have a similar morphology to that of the right adrenal gland neoplasm and are interwoven with pre-existing bone (B). H&E 40x. Scale bar = 46 μm.


Immunohistochemistry (IHC) was pursued to further classify the tumor, with the relevant IHC procedures used listed in Table 1. Tyrosine hydroxylase, pancytokeratin, synaptophysin, chromogranin A, and thyroid transcription factor-1 (TTF-1) immunohistochemical stains were run in-house at the Purdue University Animal Disease Diagnostic Laboratory on the right adrenal gland, left adrenal gland, lung, liver, and bone tissues. On these same tissues, an α-fetoprotein (AFP) immunohistochemical stain was performed at the Cornell University Animal Health Diagnostic Center. Finally, on all aforementioned tissue aside from bone β-endorphin and metenkephalin immunohistochemical stains were performed at the Michigan State University Veterinary Diagnostic Laboratory.


TABLE 1 Antibodies used for immunohistochemistry.


	Antigen
	Vendor
	Clone
	Dilution
	Incubation time
	Temperature (°F)
	Antigen retrieval
	Detection method

 

 	Tyrosine Hydroxylase 	Millipore 	AB152 	1:500 	24–72 h 	39.2 	HIER-C 	DAB


 	Pancytokeratin 	Dako 	MNF116 	1:400 	30–60 min 	68–72 	HIER-C 	DAB


 	Synaptophysin 	Neomarkers 	SP11 	1:200 	30–60 min 	68–72 	HIER-C 	DAB


 	Chromogranin A 	Neomarkers 	Not Available 	1:100 	30 min 	68–72 	HIER-C 	DAB


 	TTF-1 	Dako 	8G7G3/1 	1:400 	30 min 	68–72 	HIER-C 	DAB


 	ɑ-fetoprotein 	Leica 	C3 	Not Available 	30 min 	68–72 	HIER-C 	DAB


 	β-endorphin 	Dako 	Not Available 	1:50 	12–24 h 	39.2 	HIER-C 	DAB


 	Metenkephalin 	Leica 	Not Available 	1:100 	30–60 min 	68–72 	HIER-C 	DAB





DAB, 3,3′-diaminobenzidine chromogen; HIER-C, heat-induced epitope retrieval-citrate buffer; TTF-1, thyroid transcription factor-1.
 

There was no immunolabeling for tyrosine hydroxylase, TTF-1, AFP, synaptophysin, β-endorphin, or metenkephalin within the neoplastic cells of the right adrenal gland (Figures 4A–F). Approximately 80–90% of the neoplastic cells in the right adrenal gland exhibited weak-to-moderate cytoplasmic immunolabeling for chromogranin A and strong cytoplasmic, mostly submembranous immunolabeling for pancytokeratin (Figures 4G,H). Similar immunolabeling results were found for all immunohistochemical stains in all other examined tissues. These results are summarized in Table 2 and confirm a diagnosis of metastatic neuroendocrine carcinoma of the right adrenal gland. A malignant pheochromocytoma with metastasis was the final diagnosis based on gross findings, microscopic findings, and IHC results.

[image: Photomicrographs labeled A to H show different tissue samples stained to highlight cellular structures. Panels A, B, and C display tissues with light blue staining, showing varying densities of cell nuclei. Panels D, F, G, and H show dark brown staining indicating different protein expressions or cellular components, with varying intensities across the samples. Panel E shows a mix of light and dark brown staining, showcasing different cellular areas. Each panel has a black scale bar for reference.]

FIGURE 4
 Immunohistochemistry, right adrenal gland. No immunolabeling for tyrosine hydroxylase (A), thyroid transcription factor-1 (B), α-fetoprotein (C), synaptophysin (D), β-endorphin (E), or metenkephalin (F) is present in neoplastic cells. There is strong immunolabeling of normal background chromaffin cells for synaptophysin (D). Tyrosine hydroxylase (A), thyroid transcription factor-1 (B), α-fetoprotein (C), and synaptophysin (D), 40x. Scale bars = 50 μm. β-endorphin (E) and metenkephalin (F), 20x. Scale bars = 100 μm. Approximately 80–90% of neoplastic cells demonstrate weak to moderate cytoplasmic immunolabeling for chromogranin A (G) and strong cytoplasmic, submembranous immunolabeling for pancytokeratin (H). There is strong immunolabeling of normal background chromaffin cells for chromogranin A (G). Chromogranin A (G) and pancytokeratin (H), 40x. Scale bars = 50 μm.



TABLE 2 Summary of immunohistochemistry results.


	Antigen
	Right Adrenal Gland
	Left Adrenal Gland
	Lung
	Liver
	Bone

 

 	Tyrosine Hydroxylase 	Negative 	Negative 	Negative 	Negative 	Negative


 	Pancytokeratin 	Strong 	Strong 	Moderate to Strong 	Moderate to Strong 	Moderate to Strong


 	Synaptophysin 	Negative 	Negative 	Negative 	Negative 	Negative


 	Chromogranin A 	Weak to Moderate 	Weak 	Strong 	Moderate to Strong 	Moderate to Strong


 	TTF-1 	Negative 	Negative 	Negative 	Negative 	Negative


 	ɑ-fetoprotein 	Negative 	Negative 	Negative 	Negative 	Negative


 	β-endorphin 	Negative 	Negative 	Negative 	Negative 	Not Available


 	Metenkephalin 	Negative 	Negative 	Negative 	Negative 	Not Available





TTF-1, thyroid transcription factor-1.
 




3 Discussion

Clinical manifestations of distant metastatic disease in dogs with malignant pheochromocytomas are rarely reported in the veterinary literature, largely as isolated case reports (2–11). Among the reported cases of pheochromocytomas with osseous metastasis, the musculoskeletal and nervous systems are the most commonly affected, with clinical signs including epistaxis (2), pathologic fracture (4, 11), single-limb lameness (6, 7, 10), cervical pain (4), tetraparesis (8), paraparesis (8, 9), paraplegia (5), and seizures (3). In contrast to what has been observed in dogs, likely partially due to the paucity of reported cases, bone metastases occur in up to 70% of humans with malignant pheochromocytomas and are associated with at least one skeletal-related event subsequent to diagnosis. Despite being documented more frequently in humans, the metastatic behavior of this tumor appears similar in humans and dogs, as evidenced by a similar profile of (a manifestation of disease secondary to bone metastases) skeletal-related events in both species. These events include pain, pathological fracture, spinal cord compression, and hypercalcemia (12, 13). Not only does our case add to the repertoire of published veterinary cases documenting clinical signs related to distant bony metastases from a pheochromocytoma, but it also describes a novel clinical presentation of these metastases.

Paraneoplastic polyarthritis is an inflammatory joint disease that is associated with the presence of a solid tumor distant from the joints (14). While its pathogenesis is not well understood, multiple mechanisms, such as immune complex deposition in the synovium and molecular mimicry between tumor antigens and the synovium, have been postulated (14, 15). In humans, paraneoplastic polyarthritis has been reported in association with a metastatic pheochromocytoma; however, no such report exists in dogs (16). Because of the physical examination findings in our case, a diagnostic investigation for polyarthritis was justifiably pursued prior to the dog’s presentation at the Purdue University Veterinary Teaching Hospital; however, a neutrophilic inflammatory response in the synovial fluid was not present, which excluded a diagnosis of type IV (neoplasia-related) idiopathic polyarthritis and other types of immune-mediated polyarthritis (17, 18). The presence of a known adrenal mass highlighted the need to consider alternative mechanisms by which neoplasia can induce clinical signs and physical examination findings that mimic polyarthritis, as this can better inform the next steps in the diagnostic plan. In this case, cross-sectional imaging of the limbs was pursued, revealing periarticular soft tissue thickening closely associated with the osteolytic metastases from the adrenal gland neoplasm. These imaging changes corresponded to the swelling observed during the physical examination and provided an alternative mechanism for such findings. Polyostotic metastases from a pheochromocytoma should be included in the differential diagnosis for a dog with a clinical presentation consistent with polyarthritis but that is determined not to have polyarthritis based on arthrocentesis.

A carcinoma of the right adrenal gland was originally suspected because of the morphology of the neoplastic cells, presence of tubule-like structures, and lack of well-differentiated chromaffin cells on histopathology; however, positive immunolabeling for chromogranin A confirmed that the tumor arose from the adrenal medulla, consistent with a pheochromocytoma (2, 19). Although the tumor was unexpectedly negative for immunolabeling to tyrosine hydroxylase and synaptophysin, 25 and 15% of pheochromocytoma cases, respectively, can stain negative for these immunohistochemical markers (2, 20). Unfortunately, neoplastic cells in the tumor exhibited negative immunolabeling for β-endorphin and metenkephalin, which are opioid peptides expressed by chromaffin cells. While these results did not exclude a pheochromocytoma, the absence of staining for these two immunohistochemical markers suggested a nonfunctional tumor. A nonfunctional pheochromocytoma does not produce significant quantities of catecholamines or their metabolites and can therefore stain negative for opioid peptides. Negative immunolabeling for TTF-1 and AFP excluded concurrent carcinomas of pulmonary and hepatic origin, respectively.

Despite distant metastatic disease being present in fewer than 25% of dogs with pheochromocytomas (2, 3), the organs affected by tumor spread are extensive and include the liver, lungs, kidneys, pancreas, spleen, gastrointestinal tract, heart, peritoneum, brain, spinal canal, prostate, and bones (2–11). Many of these organs were found to have metastatic disease either on advanced imaging or necropsy. Additional metastatic sites included the urethra, pelvis, radius, ulna, lumbosacral vertebrae, and bone marrow. Documentation of these new metastatic sites improves our understanding of how pheochromocytomas behave and the clinical signs they can theoretically cause, such as stranguria and pollakiuria in the case of urethral metastasis. In human cases, metastasis occurs via hematogenous and lymphatic routes (21). The pheochromocytoma in this case extended into and occluded the caudal vena cava upon gross examination at necropsy, and various organs exhibited lymphovascular invasion on histopathology, suggesting that metastasis occurred via both routes in the observed dog.

In humans and dogs, adrenalectomy is the definitive and preferred treatment for pheochromocytoma; however, in cases with metastases, the tumor is considered malignant, and surgery is contraindicated. In these cases, medical treatment targeting the neoplastic cells or blocking the adrenergic response to circulating catecholamine excess may be considered. Hereditary germline mutations, specifically of the succinate dehydrogenase gene, are responsible for up to 50% of the metastatic pheochromocytomas in humans (22, 23). This mutation results in the activation of angiogenesis pathways through the overexpression of vascular endothelial growth factor receptors, suggesting that abnormally regulated angiogenesis plays a role in the pathogenesis of metastatic pheochromocytomas (24). Recently, mutations in the same gene were discovered in a small group of dogs, implying a common tumorigenic pathway between species (25). Inhibitors of vascular endothelial growth factor receptors, such as the tyrosine kinase inhibitors sunitinib, lenvatinib, and toceranib, have demonstrated clinical efficacy in both humans and dogs suffering from metastatic pheochromocytoma (26–32); however, prospective clinical trials in larger cohorts of each species are needed to elucidate the true extent to which these drugs are effective. Phenoxybenzamine, an ⍺-adrenergic receptor antagonist, can control clinical signs due to catecholamine excess; however, it does not decrease hormone secretion or tumor growth. The effect of this treatment on survival in dogs not undergoing surgery is unknown. In this case, due to the rapid progression of symptoms (<1 month in duration) and severe debilitation (pain unresponsive to injectable opioids and an inability to stand) caused by the metastatic disease, humane euthanasia was recommended, as no treatment was expected to improve the outcome or even quality of life. This case emphasizes the need for heightened awareness of the spectrum of clinical signs caused by a pheochromocytoma, especially those related to local tumor invasiveness and distant metastasis. Earlier detection of the disease may have provided some treatment options and the potential to gather longitudinal data about the response to treatment.

Clinical signs of catecholamine excess are nonspecific (e.g., anorexia, weight loss, and lethargy) or related to the cardiorespiratory (e.g., tachycardia, tachypnea/panting, collapse, and hemorrhage) or neuromuscular (e.g., weakness, pacing, and seizures) systems. In cases of suspected pheochromocytoma, normetanephrine (the metabolite of norepinephrine that is released into the bloodstream from the adrenal medulla) can be measured in the urine or plasma to attempt a noninvasive diagnosis. A plasma-free normetanephrine level >5.52 nmol/L or a urinary normetanephrine-to-creatinine ratio greater than 4 times the upper limit of the reference range increases the probability of a pheochromocytoma to nearly 100% (33, 34). However, the dog in this case did not undergo normetanephrine testing as it would not have changed the outcome, nor, based on the initial presentation, was a pheochromocytoma clinically suspected until after the diagnostic investigation was completed and the owner opted for humane euthanasia.



4 Conclusion

Diffuse bony metastases from a pheochromocytoma should be considered in the differential diagnosis for a dog presenting with multiple limb lameness and joint swelling. This clinical presentation resembles polyarthritis, so diagnostic investigation into other causes of these clinical signs should be pursued if joint cytology is not supportive. In cases similar to this with distant metastases, treatment options are limited, and the prognosis remains poor. Further studies are necessary to evaluate potential treatment options in a larger cohort of dogs with metastatic disease.



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

Written informed consent was obtained from the participant for the publication of this case report.



Author contributions

MS: Data curation, Formal analysis, Writing – original draft, Writing – review & editing. TB: Conceptualization, Data curation, Formal analysis, Writing – review & editing. CP: Data curation, Formal analysis, Writing – review & editing. LN: Data curation, Formal analysis, Writing – review & editing. JJ: Data curation, Formal analysis, Writing – review & editing. MM: Data curation, Formal analysis, Writing – review & editing.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



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.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



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.



References
	 1. Reusch,CE. Pheochromocytoma and multiple endocrine neoplasia. In: EC Feldman, RW Nelson, CE Reusch, and JCR Scott-Moncrieff, editors. Canine and feline endocrinology. 4th edition. St. Louis, MO: Elsevier Saunders (2015). 521–54.
	 2. Barthez,PY, Marks,SL, Woo,J, Feldman,EC, and Matteucci,M. Pheochromocytomas in dogs: 61 cases (1984-1995). J Vet Intern Med. (1997) 11:272–8. doi: 10.1111/j.1939-1676.1997.tb00464.x 
	 3. Gilson,SD, Withrow,SJ, Wheeler,SL, and Twedt,DC. Pheochromocytoma in 50 dogs. J Vet Intern Med. (1994) 8:228–32. doi: 10.1111/j.1939-1676.1994.tb03222.x 
	 4. Gregor,KM, Knebel,A, Haverkamp,AK, Baumgärtner,W, and Volk,H. Metastatic canine phaeochromocytoma with unusual manifestation. J Comp Pathol. (2022) 192:33–40. doi: 10.1016/j.jcpa.2022.01.006 
	 5. Spall,B, Chen,AV, Tucker,RL, Lahmers,KK, Righter,DJ, and Hayles,J. Imaging diagnosis—metastatic adrenal pheochromocytoma in a dog. Vet Radiol Ultrasound. (2011) 52:534–7. doi: 10.1111/j.1740-8261.2011.01828.x 
	 6. Boes,K, Zimmerman,K, Saunders,G, O’Rourke,L, Crawford,N, Ober,C , et al. What is your diagnosis? Shoulder mass in a dog with lameness. Vet Clin Pathol. (2009) 38:511–5. doi: 10.1111/j.1939-165X.2009.00117.x
	 7. Head,LL, and Daniel,GB. Scintigraphic diagnosis—an unusual presentation of metastatic pheochromocytoma in a dog. Vet Radiol Ultrasound. (2004) 45:574–6. doi: 10.1111/j.1740-8261.2004.04099.x 
	 8. Platt,SR, Sheppard,BJ, Graham,J, Uhl,EW, Meeks,J, and Clemmons,RM. Pheochromocytoma in the vertebral canal of two dogs. J Am Anim Hosp Assoc. (1998) 34:365–71. doi: 10.5326/15473317-34-5-365 
	 9. Berzon,JL. A metastatic pheochromocytoma causing progressive paraparesis in a dog. Vet Med Small Anim Clin. (1981) 76:675–9.
	 10. Stowater,JL. Pheochromocytoma metastatic to bone in a dog. Vet Med Small Anim Clin. (1979) 74:343–6.
	 11. White,RA, and Cheyne,IA. Bone metastases from a phaeochromocytoma in the dog. J Small Anim Pract. (1977) 18:579–84. doi: 10.1111/j.1748-5827.1977.tb05933.x 
	 12. Ayala-Ramirez,M, Palmer,JL, Hofmann,MC, de la Cruz,M, Moon,BS, Waguespack,SG , et al. Bone metastases and skeletal-related events in patients with malignant pheochromocytoma and sympathetic paraganglioma. J Clin Endocrinol Metab. (2013) 98:1492–7. doi: 10.1210/jc.2012-4231 
	 13. Laganá,M, Habra,MA, Remde,H, Almeida,MQ, Cosentini,D, Pusceddu,S , et al. Adverse skeletal related events in patients with bone-metastatic pheochromocytoma/paraganglioma. Eur J Cancer. (2024) 208:114122. doi: 10.1016/j.ejca.2024.114122 
	 14. Parperis,K, Constantinidou,A, and Panos,G. Paraneoplastic arthritides: insights to pathogenesis, diagnostic approach, and treatment. J Clin Rheumatol. (2021) 27:e505–9. doi: 10.1097/RHU.0000000000001202 
	 15. Fam,AG. Paraneoplastic rheumatic syndromes. Baillieres Best Pract Res Clin Rheumatol. (2000) 14:515–33. doi: 10.1053/berh.2000.0091 
	 16. Shetty,S, Hephzibah,J, Borah,B, Burad,D, Chandrakumar,V, Paul,MJ , et al. Paraneoplastic polyarthritis in association with metastatic neuroendocrine tumour of the adrenal gland. Australas Med J. (2014) 7:345–9. doi: 10.4066/AMJ.2014.2113
	 17. Johnson,KC, and Mackin,A. Canine immune-mediated polyarthritis: part 1: pathophysiology. J Am Anim Hosp Assoc. (2012) 48:12–7. doi: 10.5326/JAAHA-MS-5744 
	 18. Johnson,KC, and Mackin,A. Canine immune-mediated polyarthritis: part 2: diagnosis and treatment. J Am Anim Hosp Assoc. (2012) 48:71–82. doi: 10.5326/JAAHA-MS-5756 
	 19. Komminoth,P, Roth,J, Schröder,S, Saremaslani,P, and Heitz,PU. Overlapping expression of immunohistochemical markers and synaptophysin mRNA in pheochromocytomas and adrenocortical carcinomas. Implications for the differential diagnosis of adrenal gland tumors. Lab Investig. (1995) 72:424–31.
	 20. Korpershoek,E, Dieduksman,DAER, Grinwis,GCM, Day,MJ, Reusch,CE, Hilbe,M , et al. Molecular alterations in dog pheochromocytomas and paragangliomas. Cancers (Basel). (2019) 11:607. doi: 10.3390/cancers11050607 
	 21. Werbel,SS, and Ober,KP. Pheochromocytoma. Update on diagnosis, localization, and management. Med Clin North Am. (1995) 79:131–53. doi: 10.1016/s0025-7125(16)30088-8 
	 22. Ayala-Ramirez,M, Feng,L, Johnson,MM, Ejaz,S, Habra,MA, Rich,T , et al. Clinical risk factors for malignancy and overall survival in patients with pheochromocytomas and sympathetic paragangliomas: primary tumor size and primary tumor location as prognostic indicators. J Clin Endocrinol Metab. (2011) 96:717–25. doi: 10.1210/jc.2010-1946 
	 23. Amar,L, Bertherat,J, Baudin,E, Ajzenberg,C, Bressac-de Paillerets,B, Chabre,O , et al. Genetic testing in pheochromocytoma or functional paraganglioma. J Clin Oncol. (2005) 23:8812–8. doi: 10.1200/JCO.2005.03.1484 
	 24. Santarpia,L, Habra,MA, and Jiménez,C. Malignant pheochromocytomas and paragangliomas: molecular signaling pathways and emerging therapies. Horm Metab Res. (2009) 41:680–6. doi: 10.1055/s-0029-1214381 
	 25. Holt,DE, Henthorn,P, Howell,VM, Robinson,BG, and Benn,DE. Succinate dehydrogenase subunit D and succinate dehydrogenase subunit B mutation analysis in canine phaeochromocytoma and paraganglioma. J Comp Pathol. (2014) 151:25–34. doi: 10.1016/j.jcpa.2014.03.007 
	 26. Nelson,LH, Fuentes-Bayne,H, Yin,J, Asmus,E, Ryder,M, Morris,JC , et al. Lenvatinib as a therapeutic option in unresectable metastatic pheochromocytoma and paragangliomas. J Endocr Soc. (2022) 6:bvac044. doi: 10.1210/jendso/bvac044 
	 27. O’Kane,GM, Ezzat,S, Joshua,AM, Bourdeau,I, Leibowitz-Amit,R, Olney,HJ , et al. A phase 2 trial of sunitinib in patients with progressive paraganglioma or pheochromocytoma: the SNIPP trial. Br J Cancer. (2019) 120:1113–9. doi: 10.1038/s41416-019-0474-x 
	 28. Ayala-Ramirez,M, Chougnet,CN, Habra,MA, Palmer,JL, Leboulleux,S, Cabanillas,ME , et al. Treatment with sunitinib for patients with progressive metastatic pheochromocytomas and sympathetic paragangliomas. J Clin Endocrinol Metab. (2012) 97:4040–50. doi: 10.1210/jc.2012-2356 
	 29. Saito,Y, Tanaka,Y, Aita,Y, Ishii,KA, Ikeda,T, Isobe,K , et al. Sunitinib induces apoptosis in pheochromocytoma tumor cells by inhibiting VEGFR2/Akt/mTOR/S6K1 pathways through modulation of Bcl-2 and BAD. Am J Physiol Endocrinol Metab. (2012) 302:E615–25. doi: 10.1152/ajpendo.00035.2011 
	 30. Joshua,AM, Ezzat,S, Asa,SL, Evans,A, Broom,R, Freeman,M , et al. Rationale and evidence for sunitinib in the treatment of malignant paraganglioma/pheochromocytoma. J Clin Endocrinol Metab. (2009) 94:5–9. doi: 10.1210/jc.2008-1836 
	 31. Chalfon,C, Marconato,L, Galac,S, Tardo,AM, Zandvliet,M, Fracassi,F , et al. Toceranib phosphate for the treatment of dogs with high-risk adrenal gland tumours: 16 cases (2019-2023). J Small Anim Pract. (2025) 66:412–9. doi: 10.1111/jsap.13840 
	 32. Musser,ML, Taikowski,KL, Johannes,CM, and Bergman,PJ. Retrospective evaluation of toceranib phosphate (Palladia®) use in the treatment of inoperable, metastatic, or recurrent canine pheochromocytomas: 5 dogs (2014-2017). BMC Vet Res. (2018) 14:272. doi: 10.1186/s12917-018-1597-7 
	 33. Gostelow,R, Bridger,N, and Syme,HM. Plasma-free metanephrine and free normetanephrine measurement for the diagnosis of pheochromocytoma in dogs. J Vet Intern Med. (2013) 27:83–90. doi: 10.1111/jvim.12009 
	 34. Quante,S, Boretti,FS, Kook,PH, Mueller,C, Schellenberg,S, Zini,E , et al. Urinary catecholamine and metanephrine to creatinine ratios in dogs with hyperadrenocorticism or pheochromocytoma, and in healthy dogs. J Vet Intern Med. (2010) 24:1093–7. doi: 10.1111/j.1939-1676.2010.0578.x 


Copyright
 © 2025 Swindell, Bolton, Powers, Novotny, Jarvis and Murakami. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fvets-12-1585969-g003.jpg





OPS/images/fvets-12-1585969-g004.jpg





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Osteolytic metastases from a pheochromocytoma presenting as multiple limb lameness and joint swelling in a dog: a case report



		1 Introduction



		2 Case description



		2.1 Pertinent medical history



		2.2 Clinical presentation and investigation









		3 Discussion



		4 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fvets-12-1585969-g001.jpg





OPS/images/fvets-12-1585969-g002.jpg





OPS/images/cover.jpg
& frontiers | Frontiers in Veterinary Science

Osteolytic metastases from a
pheochromocytoma presenting
as multiple limb lameness and
joint swelling in a dog: a case
report












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Veterinary Science






