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Abstract

Background:While rare,multiple individual case reports have describedmixed thyroid

tumours in dogs containing both epithelial andmesenchymal neoplastic components.

Objectives: In this retrospective case series, we describe the clinical presentation,

treatment and outcome of 14 dogs of canine thyroid tumours with concurrent mes-

enchymal and epithelial neoplastic populations.

Methods: Fourteen cases were retrospectively abstracted from nine institutions.

Histopathologic samples and reports were collected from 10/14 dogs and reviewed by

a single board-certified anatomic pathologist.

Results: All 14 dogs had curative-intent surgery to remove the thyroid neoplasm. The

most common surgery performed was a unilateral thyroidectomy (10/14 dogs). Post-

operatively, systemic therapy was administered in eight dogs. Six dogs developed local

recurrence with a median time to loco-regional recurrence of 53 days. Ten dogs devel-

oped metastatic disease with the most common metastatic site being the lungs (6/10

dogs), with a median time to metastasis of 93 days. Ten dogs were euthanised due

to locoregional or distant progression of their mixed thyroid neoplasm. The overall
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median survival timewas156days (95%CI: 49–244). Themedian survival time for dogs

treated with adjuvant therapy was 189 days (95%CI: 24–244), whereas dogs without

adjuvant therapy had a median survival time of 156 days (95%CI: 35-upper limit could

not be calculated; p= 0.62).

Conclusion: The thyroid tumours with both mesenchymal and epithelial components

in this small sample set were associated with a poor prognosis after surgical excision

with or without adjunctive therapy.
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1 INTRODUCTION

Thyroid neoplasia accounts for 1.1–3.8% of all canine tumours (Bar-

ber, 2007). Thyroid tumours may arise from either epithelial or mes-

enchymal origins. Thyroid tumours can also be biologically benign or

malignant (von Sandersleben & Hänichen, 1974). Malignant epithe-

lial thyroid tumours have been histopathologically described as follic-

ular, medullary, squamous or anaplastic carcinomas, whereas malig-

nant mesenchymal tumours that have been described in the thyroid

include fibrosarcoma, osteosarcoma, chondrosarcoma and other sar-

comas (von Sandersleben & Hänichen, 1974). Additionally, coexistent

and malignant mixed tumours, such as carcinosarcomas, have been

described (von Sandersleben &Hänichen, 1974).

Carcinosarcomas are a distinct neoplasm in which both malignant

epithelial and mesenchymal cells are present on histopathology. In

contrast to carcinosarcomas where both components of the tumour

are neoplastic, mixed tumours are tumours with distinct concurrent

epithelial andmesenchymal neoplastic populations of cells are present,

though each individual component can be benign or malignant. Carci-

nosarcomas are rare in the dog and have been described in the thy-

roid gland (Buergelt, 1968; Fernandez et al., 2008;Giuliano et al., 2013;

Grubor & Haynes, 2005; Johnson & Patterson, 1981; Mason & Wells,

1929; Wells, 1901, ), mammary gland (Benjamin et al., 1999, Rasotto

et al., 2017, Canadas et al., 2019), lung (Salas et al., 2002), eyelid (Hirai

et al., 1997), salivary gland (Lieske & Rissi, 2020, Pérez-Martínez et al.,

2000) and ceruminous gland (Moisan &Watson, 1996).

Only a few case reports exist describing the diagnosis, treatment

and clinical outcomes for dogs with thyroid carcinosarcoma and mixed

thyroid tumours (Grubor & Haynes, 2005, Buergelt, 1968, Mason &

Wells, 1929, Wells, 1901, Giuliano et al., 2013, Fernandez et al., 2008,

Johnson & Patterson, 1981). These reports suggest that preoperative

cytological diagnosis is difficult, typically due to the heterogeneous

biology of this neoplasm. Moreover, histopathologic diagnosis is chal-

lenging as these tumours are heterogeneous, requiring careful evalu-

ation of multiple tissue sections to visualise the contrasting neoplas-

tic populations. Often, a definitive diagnosis is only achieved follow-

ing careful histologic evaluation of multiple regions of the tumour and

immunohistochemical staining. Even then, histopathological reports

can be inconsistent in their description of this unusual neoplasm, as

epithelial tomesenchymal transition (EMT) or osseous or fibrousmeta-

plasia can occur, making clinical interpretation difficult.

Knowledge of the clinical presentation, diagnostic findings and out-

comes for dogs with malignant mixed thyroid tumours is limited due

to its rarity. Case reports detailing mixed thyroid tumours in dogs do

not describe treatment or post-treatment outcomes as the diagnosis is

oftenmade post-mortem (Fernandez et al., 2008, Johnson&Patterson,

1981). The reported treatment approaches for these tumours vary,

though they have included local control with surgical excision or radio-

therapy with or without adjuvant systemic therapy (Grubor & Haynes,

2005; Giuliano et al., 2013). However, despite aggressive treatment,

reported survival timesarebetween2days (Fernandezet al., 2008) and

7months (Johnson & Patterson, 1981).

The purpose of this retrospective case series was to describe the

clinical behaviour, features, diagnosis, treatment and outcomes in a

larger cohort of dogs diagnosedwithmalignantmixed thyroid tumours,

specifically evaluating measures of outcomes following primary surgi-

cal excision, with or without adjunctive systemic therapy.

2 MATERIALS AND METHODS

2.1 Patient selection

A multi-institutional retrospective case series was conducted. Cases

were solicited via the American College of Veterinary Internal

Medicine (ACVIM) Oncology Listserve. Collaborators from academic

and private veterinary practices searched their respective institu-

tional electronic medical record systems for client-owned dogs that

were diagnosed with thyroid carcinosarcoma. Dogs were eligible for

inclusion in the study if they had a diagnosis of a carcinosarcoma

or malignant mixed thyroid tumour confirmed via histopathology and

had surgical excision of their primary thyroid tumour. Exclusion crite-

ria included dogs that did not have a histopathological diagnosis of a

mixed (epithelial and mesenchymal) tumour, no available histopatho-

logic report for review, or dogs that did not undergo any form of

treatment.
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2.2 Medical record review

Medical records were reviewed at each institution and the informa-

tion collected included the date of birth, sex, neuter status, breed and

body weight at the time of thyroid tumour diagnosis. Data were col-

lected regarding the history and physical examination at the time of

presentation, clinical signs at the time of presentation, duration of clin-

ical signs, size of thyroid mass and affected side of thyroid tumour

(left versus right). Information was abstracted regarding whether pre-

operative diagnostic tests were performed and if abnormal findings

were present. Baseline thyroid hormone levels were collected when

available.

Any treatment for the mixed thyroid neoplasm including surgery,

radiation therapy or chemotherapy, and dates of treatment were

recorded. Information was collected about surgical procedure per-

formed, presence of metastasis at surgery, and whether perioperative

complications occurred. For dogs that received adjuvant systemic ther-

apy, the drug, dosage and adverse events were recorded. End points

evaluated were dates of locoregional recurrence, metastasis develop-

ment and death or euthanasia. Cytologic or histopathologic confirma-

tion of locoregional recurrence or metastatic disease was requested

and utilised, when available. For dogs that were still alive at the time

of data collection, the date of last contact was recorded. If data regard-

ing outcomes were missing from the medical record, the dog owner or

primary veterinarian were contacted to gather additional information.

2.3 Histopathologic review

Unstained slides from available histopathologic samples were submit-

ted for review by a single board-certified anatomic pathologist (RC).

Unstained slideswere stainedwith haematoxylin and eosin (H& E) and

the immunohistochemical markers vimentin, cytokeratin and thyroid

transcription factor 1 (TTF-1). Sampleswere examined to assess for the

presence of malignant mesenchymal and epithelial components, per-

centageof cells staining positively for the three IHCmarkers, as subjec-

tively assessedby aboard-certified pathologist, presence or absence of

local and vascular invasion and presence or absence of necrosis. In four

dogs where tumour samples were not available to be sent for patho-

logic review, histopathology reports were evaluated.

2.4 Statistical analysis

Categorical variables were described with frequencies and percent-

ages. Continuous variables were tested for normality using skewness,

kurtosis and ShapiroWilk tests. If variables were normally distributed,

the mean and standard deviation (SD) were used for description. If the

variables were non-normally distributed, the median and interquar-

tile range (IQR) were used for description. Kaplan–Meier analysis was

used to generate survival curves for time to metastasis (TTM), time to

locoregional recurrence (TTLR) andoverall survival time (OST).Median

TTM, TTLR and OST with 95% confidence intervals (95% CI) were cal-

culated. TTM was defined as the interval between the date of surgery

and the time of detection of metastatic disease. TTLR was defined as

the interval between surgery and the time to the detection of recur-

rence of locoregional disease.OSTwas defined as the interval between

the date of surgery and date of death/euthanasia or date of last follow-

up. Dogs without metastatic disease, without locoregional recurrence

or alive or lost to follow-up, were censored at the date of last contact.

3 RESULTS

Fifteen dogs were identified and abstracted by contributing authors

from eight academic institutions and one private practice, between

the years of 2006 and 2020. One dog was excluded from analysis as

histopathologywas not performed. Fourteen dogswere included in the

analysis, three from Veterinary Oncology Consultants, two from the

Ohio State University, two fromOregon State University, two from the

University of Florida and one from each of the following institutions;

the University oof California at Davis, Texas A&M University, Kansas

State University, University of Wisconsin, and Colorado State Univer-

sity. Themedian age at diagnosiswas10.5 years (range6–15years, IQR

3). Themedian body weight at the time of diagnosis was 27.9 kg (range

13–45.5 kg, IQR 10.1). There were 10 castratedmales and four spayed

female dogs. The most common breed represented was the Labrador

retriever breed (n = 5). Demographic characteristics of each dog is

summarised in Table 1.

The most common presenting complaints were a cervical mass in

9/14 of the dogs and a cough in 6/14 dogs. One dog had a cervical mass

noted as an incidental finding during staging for a frontal sinus squa-

mous cell carcinoma. The median duration of clinical signs before pre-

sentation was 21 days (range 3–1460 days).

Thirteen out of 14 dogs had haematology performed at presenta-

tion. Clinically relevant abnormalities included a mature neutrophilia

(>10.8 k/µL) in four dogs and thrombocytosis (> 463 k/µL) in three

dogs. One dog presented with an elevated haematocrit (>59%; 60.6%,

dog 10) with normal renal parameters on serum biochemistry. All 14

dogs had serum biochemistry performed at presentation. Clinically

relevant abnormalities included total calcium elevations in two dogs

(13.6 g/dL dog 6 and 14.6 g/dL dog 8), mildly elevated alkaline phos-

phatase elevations in 4 dogs (>133 IU/L; 249 IU/L dog 1, 338 IU/L dog

7, 313 IU/L dog 9 and 470 IU/L dog 13), mild blood urea nitrogen ele-

vations in two dogs (> 27mg/dL; 32mg/dL dog 1 and 44mg/dL dog 12)

and an elevated creatinine in one dog (>1.3 mg/dL; 2.0 mg/dL dog 12).

In seven dogs, a total T4 level was reported at presentation. One dog

was reported to have an elevated total T4 at baseline, though the spe-

cific total T4 value was not available.

Twelve of 14dogs hadbaseline thoracic imagingwith10dogs having

thoracic radiographs and four dogs having thoracic computed tomog-

raphy (CT). In 3 of the 12 patients (dogs 2, 6 and 13), pulmonary nod-

ules were detected and suspected to represent pulmonary metastatic

disease. In one dog (dog 6), no evidence of pulmonary nodules was

observed on thoracic radiographs; however, on CT, multiple pulmonary

nodules were identified. This dog also had radiographic changes
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TABLE 1 Demographic and initial presentation information about 14 caninemalignant mixed thyroid tumours

Dog

Number

Age

(years) Sex Breed

Weight

(kg) Presenting complaint

Longest

measurement

(cm)

Pre-op cytology (C) or

incisional biopsy (B)

1 15 FS Siberian Husky 13 Cervical mass, coughing,

weight loss, dysphonia,

pitting facial oedema

12 Mesenchymal neoplastic

population and neuro-

endocrine population (C)

2 9 MC Siberian Husky 45.5 Cervical mass 9 Grade III soft tissue sarcoma

(B)

3 10 MC Golden Retriever 34 Lethargy, hyporexia 6 Markedly septic withmixed

inflammation (C)

4 9 MC Golden Retriever 29.9 Cervical mass 8 Neuroendocrine neoplasm (C)

5 14 FS Labrador Retriever 23.3 Mass dorsal to right eye 2.4 N/a

6 12 FS American Pit Bull

Terrier

23.6 Cervical mass 8.5 N/a

7 11 MC Labrador Retriever 41.8 Dysphagia, coughing,

laryngeal paralysis

11.6 Neuroendocrine neoplasm (C)

8 9 MC Boxer 22.8 Coughing, dysphonia,

dysphagia

20 Neuroendocrine neoplasm (C)

9 6 MC Labrador Retriever 43.5 Cervical mass 11 Malignant neoplasia with

strong suspicion of

meschymal neoplasm (C)

10 7 MC Mixed breed 25.9 Cervical mass, cough,

dysphonia, lethargy

7 N/a

11 12 MC Labrador Retriever 32 Cough, lethargy 12 Thyroid carcinoma (B)

12 13 FS Mixed breed 25.3 Cervical mass Unknown Mesenchymal neoplasm (C)

13 10 MC Labrador Retriever 32 Cervical mass, cough,

stertor

13.7 Mesenchymal neoplasm (C)

14 12 MC Mixed breed 14.7 Cervical mass, PU/PD,

polyphagia, weight loss

4.7 Neuroendocrine neoplasm (C)

FS, female spayed;MC, male castrated.

consistent with pneumonia. One of the 12 dogs (dog 5) had a positron

emission tomography-CT (PET-CT) scan using 3.46 mCi F18−FDG

radioisotope. This study showedmultiple small pulmonary nodules (1–

3 mm), which were suspected to be granulomas or pulmonary fibro-

sis rather than pulmonary metastatic disease based on a combination

of density and margination. Abdominal ultrasound was performed in

five dogs and no evidence of metastatic disease and no clinically rele-

vant abnormalities were reported. Cervical CT scans were performed

in 11/14 dogs. Thyroid masses were identified in all dogs. Based on

CTmeasurements (7/13), physical exam (5/13), ormeasurement of the

mass by pathology after removal (1/13), the median maximum tumour

dimensionwas 9.0 cm (range 2.4–20.0 cm, IQR 5). Laterality of the thy-

roidmasswas reported in 13 dogs andwas left-sided in seven dogs and

right-sided in six dogs. In one dog, laterality could not be determined

due to the local extent and size of the mass. Mineralisation of the thy-

roid mass was observed in 6/11 dogs (Figure 1).

Fine needle aspirates and cytologic evaluation was performed in

9/14 dogs (Table 1). One dog (dog 1) had a cytopathologic diagnosis of

a mixed neoplasm, with both neuroendocrine and mesenchymal neo-

plastic elements being present. Four of nine dogs had a cytologic diag-

nosis consistent with a neuroendocrine tumour or thyroid carcinoma,

whereas 2/9 dogs were diagnosed cytologically with a mesenchymal

tumour. One dog (dog 3) had septic and mixed inflammation present

without overt cytologic evidence of neoplasia. Incisional biopsies were

performed in two dogs and the histopathologic diagnosis was consis-

tentwith a grade III soft tissue sarcoma (dog 2) and a thyroid carcinoma

(dog 11).

All 14 dogs underwent curative-intent surgery to remove the thy-

roid neoplasm. The most common surgery performed was a unilateral

thyroidectomy (10/14 dogs). In one dog (dog 6), a bilateral thyroidec-

tomy was performed due to the presence of masses in both thyroid

glands. In three dogs (dogs 11, 13 and 14), en bloc resection with thy-

roidectomywas performed due to local invasion of the primary tumour

into adjacent tissues. Additional procedures were performed in four

dogs due to the extent or involvement of surrounding structures. Dog8

underwent removal of the left external parathyroid gland and left thy-

roarytenoid lateralisation. In dog 13, en bloc resection with laryngec-

tomy to include both thyroids and parathyroids was performed. In dog

7, the left recurrent laryngeal nerve was noted to be extending into

the tumour and was resected at the time of surgery. Finally, in dog 3,

marginal resection of an oropharyngeal mass was performed. Surgical

complications were seen in three dogs. Post-operative hypocalcaemia
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F IGURE 1 Post-contrast sagittal (a) and transverse (b) CT scan
images of the cervical region from dog 10. Note themultifocal areas of
mineralisation within the thyroid (red asterisk)

was seen in three dogs that resolved with time and medical manage-

ment (dogs 6, 13 and 14). No additional surgical complications were

reported.

Histopathologic sampleswere requested fromall dogs andwere col-

lected and evaluated from 10/14 dogs. Outside institutions selected

slides from one formalin-fixed, paraffin-embedded block of tissue for

submission even though the thyroid masses had multiple tissue sec-

tions. Given the heterogeneity of the tumour architecture, the review-

ing pathologist could not verify the presence of concurrent epithelial

malignancy together with the malignant mesenchymal tissue in 4 of

the 10 samples. In dog 14, themalignant epithelial componentwas sur-

rounded by desmoplasia which multifocally formed osteoid; however,

themesenchymal cells didnot demonstrate featuresofmalignancy, and

mitoses were not identified in themesenchymal population. In dogs 1–

3, sarcoma was definitively diagnosed, whereas evidence of epithelial

malignancy could not be verified. Rare entrapped normal thyroid folli-

cles stained with cytokeratin and TTF-1; however, the majority of the

tissue sections were composed of malignant mesenchymal cells (Fig-

ure 2). In these dogs, a review of the initial pathology report was per-

formed to confirm that both components were present in other sec-

tions of the tumour. In dog 4, two slides were submitted and clearly

showed carcinoma in one tissue section and sarcoma in the other.

Regarding results of the immunohistochemical staining, the

cells with an epithelial morphology stained with pan-cytokeratin as

expected. Likewise, the mesenchymal cells demonstrated strong cyto-

plasmic labelling for vimentin. Staining for TTF-1 was more variable.

For dogs 1–3 where neoplastic epithelial cells were minimal to absent,

TTF-1 staining was negative or minimal, only staining the entrapped

normal thyroid follicles. In dogs 4, 9, 11 and 14, TTF labelled the nuclei

of neoplastic epithelial cells. Interestingly, in dog 12, approximately

20% of cells with a mesenchymal morphology demonstrated strong

nuclear labelling for TTF-1 (Figure 3). Additionally, there was intravas-

cular invasion by neoplastic cells which formed small nests with strong

nuclear staining for TTF-1. This neoplastic tumour embolus was neg-

ative for both pan-cytokeratin and vimentin. In these dogs, a review

of the initial pathology report was performed to confirm that both

components were present in other sections of the tumour. Although

an estimation of the percentage of neoplastic cell staining positive for

the three IHC markers was attempted for all available samples, it was

not possible in all samples, as some slides only had one type of tissue

present in the submitted slide (i.e. dogs 1–3).

Histopathologic vascular invasion was identified in 4 of the 10 dogs

(dogs 1, 2, 4 and 11). Tumour necrosis was present in all 10 dogs but

comprised more than 50% of the reviewed slide in dogs 1, 4 and 11.

The medial retropharyngeal lymph nodes were extirpated in four dogs

(dogs 1, 4, 7 and 10).Metastatic diseasewas histopathologically identi-

fied within the retropharyngeal lymph nodes in 1/4 dogs (dog 7).

Postoperatively, systemic therapy was administered in 8/14 dogs.

Six dogs received conventional maximum tolerated dose chemother-

apy. Three dogs were given doxorubicin (25–30 mg/m2 IV every

3weeks; range1–4doses) and threedogsweregiven carboplatin (275–

300 mg/m2 IV every 3 weeks; range 1–6 doses). One dog was treated

with adjuvantmasitinib at 7.5mg/kgPOevery24hours. Twodogswere

treated with adjuvant toceranib; one dog was treated with 2.3 mg/kg

PO on Monday, Wednesday and Friday and the other dog was treated

with 2.75 mg/kg PO on Monday, Wednesday and Friday after comple-

tion of carboplatin therapy.

Three dogs had metastatic disease identified at the time of initial

presentation and seven dogs developed metastatic disease after sur-

gical removal of their primary tumours. The most common metastatic

site was the lungs (6/10 dogs). Three dogs developed metastatic dis-

ease to regional lymph nodes (medial retropharyngeal in two dogs and

mandibular lymph node in one dog) and one dog (dog 3) developed

metastatic disease to the spleen. ThemedianTTMwas93days (95%CI:

0–133, range 0–156 days) (Figure 4a). Six dogs developed presumptive

locoregional recurrence of their mixed thyroid tumours. The median

TTLR in dogs was 53 days (95%CI: 15–156, range 15–156 days).

Twelve of fourteen dogs died or were euthanised prior to data col-

lection: 10 were euthanised due to progression or suspected progres-

sion of their mixed thyroid tumour either locally and/or systemically.
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F IGURE 2 Histology and immunohistochemistry from dog 1. The tissue section was almost entirely composed of spindyloid mesenchymal
cells with only a small focus of entrapped normal thyroid follicles (a). These follicles demonstrated strong nuclear labelling with TTF-1 (b). The
surrounding neoplastic mesenchymal cells showed strong cytoplasmic labelling for vimentin, whereas the residual thyroid follicles were
negative (c)

F IGURE 3 Histology and immunohistochemistry from dog 12. There is a large tumour embolus (denoted by asterisk) within a vessel (a). The
neoplastic cells that comprise the tumour embolus demonstrated strong nuclear labelling with TTF-1 (b). The stroma that encased the thyroid
tumour embolus and the centre of the thrombus stained strongly for vimentin (c)

One dog was euthanised from progression of a previously diagnosed

squamous cell carcinoma and one dog was euthanised after develop-

ing ascites. Two dogs were censored from survival analysis after being

lost to follow-up 51 and 57 days after initial presentation. The median

OST was 156 days (95% CI: 49–244) (Figure 4b). The median OST for

dogs treated with adjuvant therapy was 189 days (95% CI: 24–244),

whereas dogs without adjuvant therapy had amedianOST of 156 days

(95%CI: 35-upper limit could not be detected; p= 0.62).

4 DISCUSSION

This study is the first to report on the outcome of a cohort of dogs

with malignant mixed thyroid tumours with concurrent epithelial and

mesenchymal components all treated with surgery. Similar to previous

individual case reports, the OST for dogs with mixed thyroid tumours

is short despite primary surgical excision with or without adjuvant

systemic therapy. The results suggest that these tumours are a very

aggressive malignancy in dogs. While also rare in humans, the out-

comes described here are similar to outcomes in humans with thyroid

carcinosarcomas where the survival is typically only a few months (al-

Sobhi et al., 1997, Yang et al., 2018, Agrawal et al., 2013, Ekici et al.,

2015). In one study of 17 reported humans with thyroid carcinosarco-

mas, the reported median survival time was 5 months (al-Sobhi et al.,

1997).

No statistically significant survival benefit was conferred with adju-

vant systemic therapy in our studypopulation. Although itmay reflect a

type-II error due to the small sample examined in this study, our results

suggest that thyroid tumours with epithelial andmesenchymal compo-

nents are biologically aggressive and carry a poor prognosis even with

surgery and adjuvant systemic therapy. Additional studies with larger

numbers of patients and standardised staging and systemic therapy

could further evaluate the potential benefit of systemic therapy in this

patient population.

The pathogenesis of malignant mixed thyroid tumours is unknown.

Presumably, these tumours originate from both mesenchymal and

epithelial elements of the normal thyroid gland, as these malignancies

collectively express TTF-1, cytokeratin and vimentin. While also rare

in humans, one case report in which next-generation sequencing was

performed on neoplastic cells revealed a point mutation in the DICER1

gene (Yang et al., 2018).

The metastatic rate of thyroid carcinoma in dogs is high with 65–

90% having metastatic disease at the time of death (Campos et al.,

2014, Brodey&Kelly, 1968,Carver et al., 1995,Harari et al., 1986, Leav

et al., 1976, Kent et al., 2002) with a reported TTMof 42months (Cam-

pos et al., 2014). While dogs with mixed thyroid tumours in this study

had a similar rate ofmetastatic disease (71.4%), the TTMwasmarkedly

shorter at approximately 3 months, suggesting a more aggressive biol-

ogy for this neoplasm. Due to inconsistent re-staging and/or failure

to confirm the presence of metastatic disease, it is possible that the

rate of metastasis reported here was underestimated. Additionally,

the reported metastatic rate may be an overestimate, as cytologic or

histopathology confirmation of metastatic disease was not performed

in all cases.

Although this study contained a small sample size, the percent of

dogswithmineralised thyroid neoplasmswashigher in dogswithmixed
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F IGURE 4 Kaplan–Meier curves for the time tometastasis (a) and
overall survival time (b) for 14 dogs diagnosedwith thyroid tumours
withmesenchymal and epithelial components. Themedian time to
metastasis was 93 days and themedian overall survival timewas 156
days. Censored patients are indicated by tickmarks

thyroid tumours compared to thyroid carcinoma. Six of 11 dogs (55%)

with advanced imaging of the neck (CT or PET-CT) were noted to have

mineralisation of their primary mass. The reported rate of mineralisa-

tionobserved in aprevious studyof dogswith thyroid carcinoma is 16%

(Bertolini et al., 2017). As is also true of thyroid carcinomas in other

studies, mixed thyroid tumours were typically large tumours with the

median for the longest tumour dimension being 9 cm (Reagan et al.,

2019).While rare, mixed thyroid tumours should be a differential diag-

nosis for a dog with a large, mineralised thyroid mass.

As a retrospective case series, limitations for this study include

incomplete medical records, variable staging preoperatively and post-

operatively and lack of standardised adjuvant treatment. Additionally,

only 14 cases of mixed thyroid tumours were collected across nine

sites, this likely speaks to the rarity of this neoplasm. Also, pathology

review and IHC were only available for 10/14 dogs and histopathol-

ogy reports were from various laboratories, making direct compar-

ison and confirmation of their diagnosis impossible for those dogs.

In the 10 dogs where pathologic samples were available for review,

these tumours were noted to be very heterogeneous with varying

amounts of epithelial and/ormesenchymal tissue. In four dogs, sections

of tumour sent from other centres only contained one component of

mixed thyroid tumour as multiple sections from the tumour were not

available for review. Although immunohistochemistry was helpful to

identify cell lineages and invasive tumour emboli, we could not always

verify staining patterns in neoplasms in which the epithelial and/or

mesenchymal regions were sampled on other histopathology slides. In

these dogs, a review of the initial pathology report was performed to

confirm that both components were present in other sections of the

tumour.

In conclusion, thyroid neoplasia with both epithelial and mesenchy-

mal components appears to be an aggressive primary thyroid tumour

seen in canines. Dogswithmixed thyroid tumours treatedwith surgery

with or without adjuvant systemic therapy seem to have a poor prog-

nosis with high rates of locoregional recurrence andmetastasis.
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