
Original Article

© 2008 The Authors. Journal compilation © 2008 Blackwell Publishing Ltd 19

 Keywords 
 carcinoma  ,   dog  ,   ectopic 
thyroid  ,   mediastinal  , 
  neuroendocrine  ,   thymic 

 Correspondence address: 
Julius M. Liptak
  Alta Vista Animal Hospital
  2616 Bank Street
  Ottawa, Ontario, Canada 
K1T 1M9
  e-mail:  jliptak@uoguelph.ca  

        Introduction 

 Thymoma and lymphosarcoma are the two most 

common cranial mediastinal tumours in dogs.  1,2   

Sarcomas and ectopic thyroid carcinomas have 

also been reported, but these are very rare.  3   Ectopic 

thyroid tissue has identical physiological and path-

ological behaviour as normal thyroid glands.  4   Thy-

roid tissue is composed of two basic cell types: 

follicular and parafollicular cells. Follicular cell 

thyroid carcinomas are more common in dogs 

and usually present with a palpable mass but 

 occasionally may be associated with functional 

 hyperthyroidism.  5,6   Parafollicular cell thyroid car-

cinomas, which are also known as medullary or 

C-cell carcinomas, are considered neuroendocrine 

(NE) carcinomas and have a biological behaviour 

similar to that of follicular cell thyroid carcino-

mas.  5   Medullary cell thyroid carcinomas are often 

well-circumscribed and hence more amenable to 

surgical excision.  5,7   The prognosis following ap-

propriate treatment is dependent on tumour size 

and degree of invasion into adjacent tissue.  8 – 11   

 NE carcinomas have not previously been re-

ported in the cranial mediastinum of dogs and are 

very rare in humans.  12 – 15   NE carcinomas are also 

known as amine precursor uptake and decarboxyl-

ation tumours because of their potential to produce 

    * This study was presented in part at the 2nd Annual Meet-
ing of the Society of Veterinary Soft Tissue Surgeons, Breck-
enridge, Colorado, June 2003, and the 56th Annual Meeting 
of the American College of Veterinary Pathologists, Boston, 
Massachusetts, December 2005.  
     †   Present address: Alta Vista Animal Hospital, 2616 Bank 
Street, Ottawa, Ontario, Canada K1T 1M9.  
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  Abstract 
 Nine dogs were diagnosed with cranial mediastinal carcinomas. Based on histological and immuno-

histochemical analysis, four dogs were diagnosed with ectopic follicular cell thyroid carcinomas, one 

dog with ectopic medullary cell thyroid carcinoma, two dogs with neuroendocrine carcinomas and 

two dogs with anaplastic carcinomas. Clinical signs and physical examination fi ndings were associ-

ated with a space-occupying mass, although one dog was diagnosed with functional hyperthyroid-

ism. Surgical resection was attempted in eight dogs. The cranial mediastinal mass was invasive 

either into the heart or into the cranial vena cava in three dogs. Resection was complete in six dogs 

and unresectable in two dogs. All dogs survived surgery, but four dogs developed pulmonary 

thromboembolism and two dogs died of respiratory complications postoperatively. Adjunctive 

therapies included pre-operative radiation therapy ( n  = 1) and postoperative chemotherapy ( n  = 3). 

Three dogs had metastasis at the time of diagnosis, but none developed metastasis following sur-

gery. The overall median survival time was 243 days. Local invasion, pleural effusion and metastasis 

did not have a negative impact on survival time in this small case series.   
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peptides, amines, kinins and prostaglandins.  14   In 

humans, thymic NE carcinomas arise from thymic 

Kulchitsky cells, which are neuroectodermal cells 

of foregut origin within the thymus.  12,14   Thymic 

NE carcinomas are usually locally invasive but me-

tastasis to bone, lymph nodes, skin and liver has 

also been reported.  12,13   Unlike NE carcinomas in 

other locations, thymic NE carcinomas in humans 

are frequently not functional.  12   Hyperadrenocorti-

cism is reported in 38% and multiple endocrine 

neoplasia type I or II in up to 18% of humans with 

thymic NE carcinoma.  12,13   Prognosis is dependent 

on degree of differentiation and local tumour con-

trol, with prognosis worse in individuals with in-

complete resection and local tumour recurrence.  13   

 The purpose of this study was to describe the 

clinical fi ndings, surgical treatment and postopera-

tive and oncological outcome in dogs with carcino-

mas of the cranial mediastinum.  

  Materials and methods 

 The medical and histopathology records at 

 Colorado State University Veterinary Teaching 

Hospital were retrospectively reviewed for dogs 

with mediastinal disease from July 1995 to June 

2003. Dogs were included if the tumour was visual-

ized arising primarily from the cranial mediastinal 

space, at either surgery or necropsy, and histologi-

cally confi rmed as a carcinoma. Exclusion criteria 

included diagnosis of a mediastinal carcinoma sec-

ondary to direct extension from an adjacent lung 

carcinoma and noncarcinoma tumours of the cra-

nial mediastinum. 

 The records of each dog were reviewed and in-

formation recorded on signalment, presenting 

signs, physical examination fi ndings, haematology 

and serum biochemistry, imaging techniques and 

fi ndings, surgical approach and intra-operative 

fi ndings, postoperative complications, adjuvant 

treatments and outcome. The outcome parameters 

measured included local tumour recurrence, me-

tastasis and survival time. Survival time was de-

fi ned as the period from diagnosis of mediastinal 

carcinoma to death. The cause of death was re-

corded and considered to be tumour related if 

caused by local tumour recurrence or progression 

or distant metastasis. Death was not considered 

tumour related if caused by complications associ-

ated with surgical or adjunctive treatments. 

 A panel of immunohistochemical (IHC) stains 

was used to assess the original haematoxylin and 

eosin (H&E) histological diagnosis and differenti-

ate between the different types of mediastinal car-

cinoma, particularly ectopic thyroid carcinoma and 

nonthyroid carcinoma. Archived formalin-fi xed 

tissue samples were stained for thyroglobulin, cal-

citonin, thyroid transcription factor-1 (TTF-1), syn-

aptophysin and chromogranin. Thyroglobulin, 

calcitonin and TTF-1 were used to identify carci-

nomas of thyroid origin, where thyroglobulin is 

specifi c for thyroid follicular cells, calcitonin is spe-

cifi c for thyroid medullary (parafollicular or C) 

cells and TTF-1 nonspecifi cally stains for both fol-

licular and medullary cells.  5,16,17   Synaptophysin 

and chromogranin are generic stains for cells of NE 

origins and are used to identify NE carcinomas.  12   

Thyroid medullary cells are NE cells and will be 

immunoreactive with all the above markers except 

thyroglobulin.  5,17   The level of staining was graded 

as either negative or positive, and positive IHC 

staining was further classifi ed as weakly or strongly 

positive in some cases. Tumours that did not show 

immunoreactivity across the panel of markers were 

defi ned as anaplastic as the histogenesis remained 

undetermined. 

 Kaplan – Meier survival analysis with log rank 

was used to calculate the overall median survival 

time (MST) and to assess whether pre-operative 

(pleural effusion or metastasis at diagnosis) and 

 intra-operative fi ndings (tumour type, gross tu-

mour invasion, tumour size and tumour resect-

ability) and postoperative complications infl uenced 

survival time. Pearson ’ s chi-squared test was used 

to analyse the associations between the above fac-

tors and peri-operative death. Signifi cance was 

 established with a  P  value <0.05.  

  Results 

 Nine dogs were diagnosed with primary medi-

astinal carcinoma between July 1995 and June 

2003. Of these, four dogs were diagnosed with 

NE carcinoma and fi ve with ectopic thyroid carci-

noma. During the same time period, 34 dogs were 
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histologically diagnosed with primary mediastinal 

diseases other than carcinoma. These included 

 thymoma ( n  = 14), nonlymphoid sarcomas ( n  = 6 

[osteosarcoma,  n  = 3; liposarcoma,  n  = 1; soft tissue 

sarcoma,  n  = 1 and undifferentiated sarcoma,  n  = 

1]), lymphosarcoma ( n  = 4), bacterial granuloma 

( n  = 3) or granulomatous steatitis ( n  = 2) and mis-

cellaneous benign and malignant diseases (medias-

tinal cyst, fi broma, lipoma, chemodectoma and 

suspected mast cell tumour;  n  = 1 each). 

 A variety of breeds   were represented, including 

four mixed breed dogs and one each of Sheltie, 

German Shepherd, Labrador Retriever, Keeshond 

and Rough-Coated Collie. The median body weight 

was 22.4 kg (mean, 26.7 kg; range, 18.2 – 37.7 kg). 

The median age was 10 years (mean, 9.7 years; 

range, 4 – 13 years). All dogs were neutered, with 

fi ve female dogs and four male dogs. 

 Presenting clinical signs were variable. Dyspnoea 

was the most common clinical sign and was pres-

ent in six dogs. Other clinical signs included regur-

gitation ( n  = 2), inappetence ( n  = 2), coughing ( n  = 

1), exercise intolerance ( n  = 1), weakness ( n  = 1) 

and lameness ( n  = 1). The dog presenting with tho-

racic limb lameness had a mediastinal carcinoma 

invading into an adjacent rib and vertebrae. A cra-

nial mediastinal mass was an incidental fi nding on 

thoracic radiographs in two dogs, one during a ge-

riatric health check and the other during follow-up 

evaluation after completing a course of chemo-

therapy for nonmediastinal lymphosarcoma. 

 Physical examination fi ndings were also vari-

able. Heart sounds were muffl ed in four dogs, three 

dogs were panting, two dogs had decreased bron-

chovesicular sounds, two dogs had evidence of 

generalized muscle wastage, one dog had neck pain 

and one dog was recumbent. In general, dogs pre-

senting with either panting or decreased heart and 

lung sounds were later diagnosed with large cranial 

mediastinal masses and/or pleural effusion. In 

some dogs, the physical examination fi ndings did 

not necessarily correlate with the size of the medi-

astinal mass or presence of pleural effusion. For 

 instance, muscle wastage was the only reported 

fi nding in one dog with a very large cranial medi-

astinal mass, whereas muffl ed heart sounds were 

detected in another dog with a small cranial medi-

astinal mass and no pleural effusion. 

 Haematology and serum biochemistry were an-

alyzed in all dogs. Haematological abnormalities 

included mature neutrophilia ( n  = 2, 14.1 × 10 9  

cells  � L  − 1  to 23.0 × 10 9  cells  � L  − 1 , reference range 

2.6–11.0 × 10 9  cells  � L  − 1 ), neutrophilia with left 

shift ( n  = 1, 0.7 × 10 9  cells  � L  − 1 , reference range 

<0.2 × 10 9  cells  � L  − 1 ), lymphopaenia ( n  = 4, 0.4 × 

10 9  cells  � L  − 1  to 1.0 × 10 9  cells  � L  − 1 , reference 

range 1.0–4.8 × 10 9  cells  � L  − 1 ) and thrombocyto-

paenia ( n  = 2, 130 to × 10 3  cells  � L  − 1  163 × 10 3  cells 

 � L  − 1 , reference range 200 to × 10 9  cells  � L  − 1  to 

500 × 10 9  cells  � L  − 1 ). Anaemia was not detected in 

any dog. Serum biochemical abnormalities in-

cluded hypo-albuminaemia ( n  = 2, 2.3 – 2.8 g dL  − 1 , 

reference range 2.9 – 4.0 g dL  − 1 ), hypoproteinaemia 

( n  = 1, 4.7 g dL  − 1 , reference range 5.3 – 7.2 g dL  − 1 ), 

hyperglycaemia ( n  = 2, 134 – 201 mg dL  − 1 , reference 

range 75 – 130 mg dL  − 1 ) and increased alkaline 

phosphatase (280 – 2391 IU L  − 1 , reference range 

20 – 142 IU L  − 1 ), alanine transferase (458 – 913 IU 

L  − 1 , reference range 10 – 110 IU L  − 1 ) and aspartate 

transferase (46 – 121 IU L  − 1 , reference range 16 – 50 

IU L  − 1 ) levels in three dogs. One dog had an in-

creased serum thyroxine level (114 nmol L  − 1 , refer-

ence range 15 – 67 nmol L  − 1 ). 

 Modalities used to image the thoracic cavity in-

cluded radiographs ( n  = 9), ultrasound ( n  = 6) and 

computed tomography (CT) scans ( n  = 1). A cra-

nial mediastinal mass was evident in all cases, re-

gardless of the imaging modality used. The cranial 

mediastinal mass varied in size from 2.8 × 3.8 cm 

      

     Figure   1.     Lateral thoracic radiograph showing a large 
ectopic follicular thyroid carcinoma in the cranial 
mediastinum of a dog causing caudodorsal displacement of 
the cardiac silhouette and lungs and dorsal elevation of the 
trachea.   
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to 20 × 30 cm (  Fig.   1). In one dog, lytic lesions in 

the second right rib and fi rst and second thoracic 

vertebrae were noted on thoracic radiographs and 

confi rmed on CT scans. A single pulmonary meta-

static lesion was suspected in another dog. Four 

dogs also had evidence of pleural effusion on tho-

racic radiographs. Thoracocentesis was performed 

in two dogs, and neither had evidence of neoplastic 

cells on cytological examination of the pleural 

fl uid. Ultrasound was used to either confi rm the 

presence of a cranial mediastinal mass ( n  = 3) or 

further characterize the mass as well circumscribed 

and avascular ( n  = 2) or cavitated ( n  = 1). In addi-

tion, one dog had evidence of multiple liver nod-

ules that were diagnosed as nodular hyperplasia 

based on cytology of ultrasound-guided aspirates. 

Nuclear scintigraphy scans, using radiolabelled 

 131 iodine, were performed in two dogs. In one dog 

with increased serum thyroxine levels, the scan was 

positive with evidence of a functional mass in the 

cranial mediastinum. The scan was negative in the 

remaining dog, and this dog was later diagnosed 

with a nonthyroid carcinoma. 

 Ultrasound-guided ( n  = 6) or blind percutane-

ous ( n  = 2) aspirates of the cranial mediastinal 

mass were performed in eight dogs. Based on cyto-

logical examination of these aspirates, four dogs 

were diagnosed with carcinoma, two with NE car-

cinoma and one with suppurative infl ammation, 

and the aspirate in one dog was nondiagnostic. 

 Surgery was performed in eight dogs (Table   1). 

One dog with evidence of local bone invasion into 

an adjacent rib and vertebrae was euthanased at 

diagnosis. Of the eight dogs treated surgically, a cra-

nial median sternotomy ( n  = 7) was the preferred 

approach, although a lateral intercostal thoracot-

omy was performed in one dog. The cranial medi-

astinal mass invaded vascular structures in three 

dogs. In two of these dogs, the cranial mediastinal 

mass could not be resected because of invasion into 

the heart or major vessels. In another dog with 

tumour invasion into the cranial vena cava and tu-

mour thrombus formation within the cranial vena 

cava, the cranial mediastinal mass was resected 

 en bloc  with the tumour thrombus and the caval 

defect was repaired primarily. In the remaining fi ve 

dogs, the cranial mediastinal mass was well circum-

scribed and subjectively assessed as being either 

highly vascular (Fig.   2) in two dogs or avascular 

(Fig.   3) in three dogs. Thus, the cranial mediastinal 

mass was completely resected in six dogs and non-

resectable in two dogs. In addition to the cranial 

mediastinal mass, multifocal lung lesions were 

detected in two dogs, one of which was suspected to 

     Table   1.     Surgical and oncological outcome for dogs with mediastinal carcinomas     

  Case Surgical approach
Complete 
resection

Metastasis at 
diagnosis Other therapy

Survival time 
(days) Cause of death    

1 Sternotomy Yes No Doxorubicin 147 Nontumour: heart 
failure  

2 Thoracotomy No  a  No Doxorubicin 512 Tumour: progressive 
disease  

3 Sternotomy No  a  Mediastinal LN No 607 Tumour: progressive 
disease  

4 Sternotomy Yes Lungs No 243 Tumour: metastasis  
5 Sternotomy Yes No No 5 Lost to follow-up  
6 No  — No No 1 Tumour: bone 

invasion  
7 Sternotomy Yes No No 301 Nontumour: 

intervertebral 
disc disease  

8 Sternotomy Yes Lungs Radiation 
therapy  b  

3 Nontumour: PTE  

9 Sternotomy Yes No No 13 Nontumour: failure 
to wean off ventilator  

   LN, lymph node.   
    a  Tumour invaded heart and vascular structures.    
    b  Pre-operative radiation therapy with four weekly fractions of 6 Gy.       
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have metastasis on pre-operative thoracic radio-

graphs, and an enlarged mediastinal lymph node in 

one dog. 

 All dogs survived surgery. Postoperative analge-

sia included fentanyl continuous rate infusion 

(CRI) ( n  = 8), ketamine CRI ( n  = 1), intrapleural 

local anaesthesia ( n  = 3) and intermittent intrave-

nous xylazine ( n  = 2) or hydromorphone ( n  = 1). 

Thoracostomy tubes were   placed in all dogs and 

maintained for a median of 22 h postoperatively 

(mean 61.6 h, range 18 – 288 h). Supplemental oxy-

gen was administered to fi ve dogs, including nasal 

oxygen in four dogs and ventilatory support in one 

dog. Four dogs had no postoperative complica-

tions and four dogs had complications. The most 

common complication was pulmonary thrombo-

embolism (PTE,  n  = 4), which was suspected when 

dogs experienced postoperative dyspnoea or respi-

ratory diffi culties in combination with decreased 

arterial oxygen tension and increased arterial car-

bon dioxide tension on blood gas analyses. These 

dogs were treated with oxygen supplementation, 

heparin (10 IU kg  − 1  every 6 h) and cage rest. Two 

dogs with PTE survived and two dogs died because 

of respiratory complications. One dog with PTE 

required ventilatory support but was unable to be 

weaned off the ventilator and was euthanased 13 

days postoperatively. This dog was diagnosed with 

gastric dilatation – volvulus 5 days postoperatively, 

which was treated with gastric derotation and an 

incisional gastropexy. Both surviving dogs with 

PTE also had other complications including hypo-

tension ( n  = 1), pulmonary oedema ( n  = 1) and 

anaemia ( n  = 1). In one dog with pre-operative 

hyperthyroidism, serum thyroxine levels decreased 

to below the reference range, while serum levels of 

thyroid-stimulating hormone were increased. 

Thyroid hormone supplementation was not given 

because the dog was not clinically hypothyroid. 

Hence, six dogs survived surgery and two dogs died 

as a result of surgical complications, resulting in a 

peri-operative mortality rate of 25%. 

 Three dogs received adjunctive therapies. One 

dog was treated with four fractions of 6 Gy pre-

 operatively, on days 0, 7, 21 and 28, in an attempt 

to downstage the tumour size prior to surgery and 

increase the likelihood of complete resection. The 

radiographic diameter of the cranial mediastinal 

mass decreased from 20 to 15 cm with radiation 

      

     Figure   2.     An intraoperative image of a large ectopic 
follicular thyroid carcinoma in the cranial mediastinum of a 
dog. Note the highly vascular nature of the mass and the 
similarities in gross morphological appearance of this ectopic 
thyroid carcinoma to orthotopic thyroid carcinomas in dogs.   

      

     Figure   3.     The gross appearance of an ectopic follicular 
thyroid carcinoma (same as  Fig.   1 ) following complete 
surgical resection. Note that the mass is well circumscribed, 
noninvasive and poorly vascular. The morphological 
appearance of this mass shares some similarities with 
noninvasive orthotopic thyroid carcinomas in dogs.   
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therapy, and the tumour was completely resected 

14 days after completing the radiation course. 

However, this dog died of respiratory arrest sec-

ondary to PTE postoperatively. Two dogs with 

nonmetastatic mediastinal carcinomas were treated 

with doxorubicin (30 mg m  − 2  intravenously once 

every 3 weeks). One dog died of heart failure (sec-

ondary to congenital tricuspid regurgitation) after 

receiving four doses of doxorubicin. The remain-

ing dog, which had an incompletely resected medi-

astinal carcinoma because of invasion into the 

heart, received the targeted fi ve doses of doxorubi-

cin without complications. 

 The original H&E diagnoses included fi ve dogs 

with ectopic thyroid carcinoma and four dogs with 

NE carcinoma (Table   2). The thyroid carcinomas 

were not subclassifi ed according to their cell of ori-

gin based on original H&E diagnoses, and two of 

the NE carcinomas were suspected to be of thyroid 

origin. Based on IHC staining, four of the tumours 

diagnosed as thyroid carcinomas were consistent 

with a thyroid carcinoma of follicular cell origin 

(thyroglobulin and TTF-1 positive, and calcitonin 

negative), while the remaining thyroid carcinoma 

was reclassifi ed as a nonthyroid NE carcinoma 

(synaptophysin and chromogranin positive, and 

thyroglobulin, TTF-1 and calcitonin negative). Of 

the four NE carcinomas, one was confi rmed as an 

NE carcinoma (synaptophysin and chromogranin 

positive, and thyroglobulin, TTF-1 and calcitonin 

negative), one was reclassifi ed as a thyroid carci-

noma of medullary cell origin (synaptophysin, 

chromogranin, calcitonin and TTF-1 positive, and 

thyroglobulin negative) and two were reclassifi ed 

as anaplastic carcinomas (synaptophysin, chromo-

granin, calcitonin, TTF-1 and thyroglobulin nega-

tive). As medullary cells are NE cells, medullary cell 

thyroid carcinomas are NE tumours of thyroid ori-

gin.  5,17   The positive correlation rate between histo-

logical and IHC diagnoses was 80% for dogs 

originally diagnosed with ectopic thyroid carcino-

mas and 50% for dogs originally diagnosed with 

NE carcinomas if the medullary cell thyroid carci-

noma is also considered an NE carcinoma. 

 Three dogs had metastatic disease at diagnosis, 

two with pulmonary metastasis and one with metas-

tasis to the mediastinal lymph node. A follicular cell 

thyroid carcinoma, anaplastic carcinoma and NE 

carcinoma were diagnosed in each of these dogs 

with metastatic disease, respectively. No dog devel-

oped either local tumour recurrence or metastatic 

disease following surgical treatment. One dog was 

lost to follow-up 5 days postoperatively after 

discharge from the hospital. One dog with a locally 

invasive anaplastic carcinoma was euthanased 1 day 

after diagnosis without surgical treatment. Two dogs 

died as a result of surgical complications 3 and 13 

days postoperatively. Two dogs with incompletely 

resected mediastinal carcinomas were euthanased 

512 and 607 days postoperatively because of the 

clinical signs associated with progression of local 

disease. One dog was euthanased because of pro-

gression of pulmonary metastases 243 days after 

surgery. One dog died of unspecifi ed neurological 

     Table   2.     Histological and IHC analysis of mediastinal carcinomas in dogs     

  Case H&E diagnosis Thyroglobulin Calcitonin TTF-1 Synaptophysin Chromogranin IHC diagnosis    

1 NE carcinoma N N N N N Anaplastic carcinoma  
2 Thyroid carcinoma P N SP  —  — Follicular thyroid 

carcinoma  
3 NE carcinoma N N N P P NE carcinoma  
4 NE carcinoma N N N N N Anaplastic carcinoma  
5 Thyroid carcinoma P N SP  —  — Follicular thyroid 

carcinoma  
6 Thyroid carcinoma N N N P P NE carcinoma  
7 Thyroid carcinoma P N P  —  — Follicular thyroid 

carcinoma  
8 Thyroid carcinoma WP N P  —  — Follicular thyroid 

carcinoma  
9 NE carcinoma N SP P P P Medullary thyroid 

carcinoma  

   N, negative; P, positive; SP, strong positive; WP, weak positive.      
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disease 301 days postoperatively. The overall MST 

for all dogs with mediastinal carcinomas was 243 

days (range 1 – 607 days). The survival times for 

treated dogs ranged from 5 to 512 days for dogs 

with ectopic follicular cell thyroid carcinomas 

( n  = 4), 147 to 243 days for dogs with anaplastic 

carcinomas ( n  = 2) and 3 to 607 days for dogs with 

NE carcinomas ( n  = 2), including one dog with an 

ectopic medullary thyroid carcinoma surviving for 

13 days postoperatively. 

 In this limited number of cases, pleural effusion, 

metastasis at diagnosis, tumour type, tumour inva-

sion into adjacent structures, tumour resection and 

postoperative complications did not signifi cantly 

affect either peri-operative death or survival time. 

The MST for dogs with pleural effusion at presen-

tation was 243 days and was not signifi cantly dif-

ferent from the MST of 512 days for dogs without 

pleural effusion ( P  = 0.809). The MST for dogs 

with metastasis at diagnosis was 512 days and was 

not signifi cantly different from the MST of 13 days 

for dogs without metastasis ( P  = 0.352). The MST 

for dogs with evidence of tumour invasion into ad-

jacent organs or structures was 243 days and was 

not signifi cantly different from the MST of 512 days 

for dogs with noninvasive carcinomas ( P  = 0.620).  

  Discussion 

 Carcinomas of the cranial mediastinum are rare in 

dogs. The two most commonly reported tumours 

of the cranial mediastinum in dogs are lymphosar-

coma and thymoma.  1,2   During the 8-year study 

period of this report, 9 dogs were diagnosed with 

carcinomas, 14 with thymomas, 4 with lymphosar-

coma, and 6 with a variety of nonlymphoid sarco-

mas in the cranial mediastinum. The two major 

differences in the spectrum of tumour types identi-

fi ed in our review of cranial mediastinal tumours 

are the preponderance of carcinomas and under-

representation of lymphosarcomas. Lymphosarco-

mas are most probably under-reported because 

our review was designed to identify surgical cases 

and the majority of dogs with cranial mediastinal 

lymphosarcoma are diagnosed by nonsurgical 

methods. 

 Ectopic thyroid carcinomas have been reported 

in the cranial mediastinum of dogs, but these usu-

ally arise from the heart base and then compress or 

invade structures of the cranial mediastinum rather 

than arising primarily from the cranial mediasti-

num.  3   The formation of accessory thyroid tissue is 

common during thyroid development in dogs, 

with islets of rapidly proliferating cells of the thy-

roid primordial separating from the main mass 

and becoming incorporated into the developing 

structures of the brachium and thorax.  18   Ectopic 

thyroid tissue has identical physiological and path-

ological behaviour as normal thyroid glands.  4   As a 

result, thyroid carcinomas can arise from ectopic 

thyroid tissue in the tongue, along the trachea dis-

tant to the thyroid glands, and in the thoracic inlet, 

cranial mediastinum and pericardium, and along 

the descending aorta and heart base.  3,6   There are a 

number of similarities in the morphological char-

acteristics and biological behaviour of thyroid car-

cinomas and ectopic thyroid carcinomas diagnosed 

in the present series. 

 The most important clinical factor in determin-

ing surgical resectability and prognosis in dogs with 

orthotopic thyroid carcinomas is whether the tu-

mour is noninvasive and mobile or invasive and 

fi xed.  5,8   In the present series, fi ve dogs were diag-

nosed with either follicular or medullary cell thy-

roid carcinomas and two of these dogs had evidence 

of local invasion into the cranial vena cava and 

heart. Subclassifi cation of thyroid tumours into 

medullary or follicular cell origin may also deter-

mine surgical resectability as medullary cell thyroid 

carcinomas are usually well encapsulated and more 

amenable to surgical resection.  5,7   The case numbers 

were too small in the present study to make a mean-

ingful comparison, but one dog with an ectopic 

medullary cell thyroid carcinoma and two of the 

four dogs with ectopic follicular cell thyroid carci-

nomas had well-circumscribed tumours. An addi-

tional two dogs had highly vascular tumours, and 

this is another characteristic of thyroid carcinomas 

in dogs.  6   The metastatic rate for thyroid carcino-

mas is variable, ranging from 16 to 40%, and is de-

pendent on tumour size and invasiveness.  5,9,10   One 

dog was diagnosed with pulmonary metastasis, and 

this dog had the largest measured tumour in the 

present series, with a diameter of 20 cm. 

 NE and anaplastic carcinomas have not previ-

ously been reported in the cranial mediastinum of 
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dogs and are very rare in humans.  12 – 15   Thymic NE 

carcinomas in humans are usually locally invasive 

but metastasis to bone, lymph nodes, skin and liver 

has also been reported.  12,13   Both dogs diagnosed 

with NE carcinomas in the present series had 

locally invasive tumours and one dog had metastasis 

to the mediastinal lymph node. Thymic NE carcino-

mas in humans are frequently nonfunctional,  12   and 

neither dog in our series had evidence of concurrent 

endocrinopathy. Prognosis is dependent on degree 

of differentiation and local tumour control, with 

prognosis worse in individuals with incomplete 

resection and local tumour recurrence.  13   

 Immunohistochemistry is recommended for the 

defi nitive diagnosis of heart-base tumours and 

subclassifi cation of thyroid carcinomas because 

differentiating ectopic thyroid carcinomas from 

other heart-base tumours and distinguishing be-

tween follicular and medullary cell thyroid carci-

nomas based on histological criteria alone may be 

challenging.  3,5,7,9,16   In the present series, we used 

thyroglobulin, TTF-1 and calcitonin to identify tu-

mours as being of thyroid origin.  16,17,19   Follicular 

cell thyroid carcinomas were diagnosed when tu-

mours stained positively for thyroglobulin and 

TTF-1 but not for calcitonin. Medullary cell thy-

roid carcinomas were diagnosed when tumours 

stained positively for calcitonin and TTF-1 but not 

for thyroglobulin. Based on this panel of IHC 

stains, four dogs were diagnosed with follicular cell 

thyroid carcinomas and one with a medullary cell 

thyroid carcinoma. The original histological diag-

nosis of thyroid carcinoma correlated with the IHC 

diagnosis in four dogs, with one dog originally di-

agnosed with an ectopic thyroid carcinoma being 

reclassifi ed as a nonthyroid NE carcinoma. 

 Synaptophysin and chromogranin were used to 

confi rm NE tumours in dogs with medullary cell 

thyroid and nonthyroid carcinomas.  13,15   A panel of 

NE markers is preferred for the diagnosis of NE 

 tumours because immunoreactivity to a single 

stain is inconsistent.  15   For example, chromogranin 

stained positively in 30%, synaptophysin in 50% 

and neuron-specifi c enolase in 80% of hepatic NE 

carcinomas.  15   In the present series, nonthyroid NE 

carcinomas were diagnosed when tumours stained 

positively for synaptophysin and chromogranin 

but not for thyroglobulin, TTF-1 or calcitonin. 

Medullary cell thyroid carcinomas are also classi-

fi ed as NE tumours,  5,17   and this was diagnosed 

when tumours stained positively for synaptophy-

sin and chromogranin as well as for TTF-1 and cal-

citonin but not for thyroglobulin. Anaplastic 

carcinomas were diagnosed when tumours did not 

stain positively with any of the IHC markers. Based 

on this panel of IHC stains, two dogs each were di-

agnosed with NE and anaplastic carcinomas and 

one dog was confi rmed with a medullary cell thy-

roid carcinoma. The original histological diagnosis 

of NE carcinoma correlated with the IHC diagnosis 

in two dogs, one with an NE carcinoma and one 

with a medullary cell thyroid carcinoma. One dog 

originally diagnosed with a thyroid carcinoma was 

reclassifi ed as an NE carcinoma, and two dogs orig-

inally diagnosed with NE carcinomas were reclassi-

fi ed as anaplastic carcinomas. 

 The cell of origin of the anaplastic carcinomas is 

unknown. These may have originated from thymic, 

ectopic thyroid or neuroendocrine cells. These tu-

mours were classifi ed as anaplastic based on the 

lack of immunoreactivity across the panel of IHC 

markers and not because of cytomorphological an-

aplasia. In humans, thymic carcinomas are malig-

nant epithelial tumours of the thymus and are 

characterized by a high degree of cellular atypia 

and an aggressive biological behaviour.  12,14   Thymic 

carcinomas express the cytokeratin marker CD5, 

and this can be used to differentiate thymic from 

nonthymic carcinomas.  12   NE can also be anaplas-

tic, but the vast majority are positive for NE mark-

ers regardless of their degree of anaplasia.  12,13   We 

did not use neuron-specifi c enolase in our panel of 

IHC markers, and this has been shown to be a very 

sensitive marker for the diagnosis of NE carcino-

mas of the canine liver  15   and anaplastic NE carci-

nomas in humans.  20   Hence, it is possible that the 

two dogs with anaplastic carcinomas may have 

been diagnosed with NE carcinomas if this marker 

was used. Other researchers have cautioned the use 

of this stain because neuron-specifi c enolase is not 

specifi c for the diagnosis of NE carcinomas and is 

expressed in a wide variety of tissues not con-

taining NE cells.  19   Anaplastic NE carcinomas in 

humans also express chromogranin and synapto-

physin,  13,20   which was not observed in the two dogs 

diagnosed with anaplastic carcinomas in the 
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present study. In contrast, in both dogs and hu-

mans, anaplastic thyroid carcinomas do not express 

either TTF-1 or thyroglobulin.  17   As a result, the an-

aplastic carcinomas described herein most proba-

bly represent anaplastic thyroid carcinomas because 

of the lack of positive staining for all the IHC 

markers. 

 The clinical presentation and biological behav-

iour of cranial mediastinal carcinomas in dogs 

were similar to those in dogs with orthotopic thy-

roid carcinomas and other cranial mediastinal tu-

mours.  5,21   Middle to older aged, large breed dogs 

were most commonly affected. Clinical signs asso-

ciated with a space-occupying mass, such as dys-

pnoea and exercise intolerance, were the most 

frequent reasons for presentation.  1,5,21   Thyroxine 

levels were not routinely tested in the present se-

ries, but one dog had an increased serum thyroxine 

level. Functional thyroid carcinomas have been re-

ported in dogs,  22   but the incidence is less than 25%, 

and the clinical sequelae to functional hyperthy-

roidism are less severe in dogs than those reported 

in cats with thyroid tumours.  5,6,23,24   

 A CT scan was performed in only one dog in the 

present series, but it is the preferred imaging mo-

dality for the diagnosis, local staging and evaluation 

of lung metastasis in both dogs and humans with 

cranial mediastinal tumours.  25   Contrast-enhanced 

CT scans provide superior three-dimensional in-

formation on local tumour characteristics, such as 

invasion into the cranial vena cava, compared with 

thoracic radiographs, but these fi ndings do not cor-

relate with histological diagnosis.  25   CT scans are 

also more sensitive for the diagnosis of pulmonary 

metastasis in dogs.  26   The benefi ts of CT scans are 

highlighted in the present series as none of the three 

dogs with carcinomas invasive into the cranial vena 

cava and/or heart or two dogs with metastasis to 

the lungs were diagnosed pre-operatively using 

standard three-view thoracic radiographs. 

 The majority of diagnostic tests used in this study 

were not specifi c for the defi nitive pre-operative 

diagnosis of cranial mediastinal carcinoma. This 

may not be clinically important because the rec-

ommended treatment for cranial mediastinal 

 tumours other than lymphosarcoma is surgical re-

section. Hence, the most important aspect of these 

pre-operative tests is to differentiate lymphosar-

coma from other cranial mediastinal tumours such 

as thymomas and carcinomas. Aspirates are rec-

ommended, but cytology can be inconclusive with 

only 7 of 17 mediastinal masses correctly diagnosed 

by cytology in one study.  21   In the present study, six 

of the eight tumours aspirated were correctly iden-

tifi ed as either carcinomas or NE carcinomas. Flow 

cytometry was recently found to be a useful tool in 

differentiating cranial mediastinal lymphosarco-

mas, thymomas and carcinomas,  27   but this tech-

nique was not used in our study. 

 Radionuclide imaging has been described 

for diagnosing thyroid carcinomas in dogs (using 

either  99m technetium pertechnetate or  131 iodine) 

and NE tumours in humans (using either radiola-

belled metaiodobenzylguanidine and  111 indium-

 pentetreotide).  23,28,29   Nuclear scintigraphy with 

 131 iodine was used in two dogs in this series. One 

dog with a functional ectopic follicular cell thyroid 

carcinoma showed a positive scan and one dog 

with a nonthyroid NE carcinoma showed a nega-

tive scan. Thyroid tumours do not need to be 

 functional for an abnormal scintigraphic study, al-

though hyperthyroid dogs have a more intense up-

take than euthyroid dogs.  23   Nuclear scintigraphy is 

particularly useful for identifying ectopic thyroid 

carcinomas and may also provide an indication of 

the likelihood of these tumours responding to ei-

ther radioactive iodine treatment or external-beam 

radiation therapy.  6,10,22,30   

 Surgical resection is the recommended treat-

ment for dogs and humans with cranial mediasti-

nal tumours other than lymphosarcoma.  12 – 14   The 

local invasive characteristic of both thyroid carci-

nomas and thymomas in dogs is an important fac-

tor in determining both surgical resectability and 

prognosis.  5,8,21   Three dogs in this study had tu-

mour invasion into the cranial vena cava and/or 

heart, and this precluded resection in two of these 

dogs. One dog with invasion into the cranial vena 

cava and tumour thrombus formation had the tu-

mour resected  en bloc  with a segment of the caval 

wall and tumour thrombus. This technique has 

been previously described in two dogs with inva-

sive thymomas and highlights that invasive cranial 

mediastinal tumours are not necessarily unresect-

able.  31,32   The postoperative recovery in this series 

was typical for dogs following median sternotomy 
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for resection of cranial mediastinal tumours, 

although the incidence of PTE was higher than 

that expected.  21   

 Radiation therapy is recommended as the pri-

mary treatment for dogs with invasive thyroid 

carcinomas and thymomas.  10,11,33,34   Radiation ther-

apy has not been investigated in the treatment of 

humans with thymic NE carcinomas but has been 

recommended postoperatively because of high local 

recurrence rates.  12 – 14   External-beam  radiation ther-

apy was used in one dog in the present series but 

only to downstage the tumour pre- operatively to 

increase the likelihood of complete surgical resec-

tion. Radiation therapy results in prolonged MSTs 

in dogs with invasive thyroid carcinomas (more 

than 2 years)  10,11,33   and should be considered for 

dogs with unresectable cranial mediastinal thyroid 

carcinomas. However, only 8% of thyroid tumours 

have a complete response, and the median time to 

maximal response is between 6 and 22 months  10,11,33  ; 

therefore, clinical signs may persist in irradiated 

dogs for a long period. The acute effects of irradia-

tion of cranial mediastinal tumours include moist 

desquamation, pneumonitis and cardiotoxicity.  34,35   

 Radioactive iodine therapy is an alternative 

treatment option to radiation therapy for dogs 

with unresectable cranial mediastinal thyroid car-

cinomas. The use of radioactive iodine has been 

described in dogs with both orthotopic and ectopic 

thyroid carcinoma.  36 – 38   Thyroid tumours do not 

need to be functional to respond to radioactive io-

dine therapy.  10,23,37,38   However, the clinical applica-

bility is limited because radioactive iodine is not as 

effective for the treatment of large tumours, multi-

ple doses are required to maintain therapeutic lev-

els and prolonged hospitalization is necessary to 

comply with health and safety regulations.  10,22,36   

 Adjunctive doxorubicin chemotherapy was ad-

ministered in two dogs, one with anaplastic carci-

noma and the other with follicular cell thyroid 

carcinoma. The role of chemotherapy in the treat-

ment of dogs with thyroid tumours and humans 

with thymic NE carcinomas remains to be defi ned.  12   

The use of either doxorubicin or cisplatin results in 

response rates of 30 to 50% in dogs with thyroid 

carcinomas, but decreased rates of metastasis 

and improved survival times have not been 

demonstrated.  39 – 41   Three dogs were diagnosed with 

metastatic disease at presentation in the present 

study, but no dogs developed metastasis after sur-

gical treatment. Somatostatin analogues, such as 

octreotide, are recommended in humans with 

functional NE carcinomas because of good anti-

proliferative activity and ability to control clinical 

signs.  13,42,43   Interferon therapy is also recommended 

in the treatment of nonfunctional NE carcinomas in 

humans with durable response rates of up to 50%.  42   

 The metastatic pattern for dogs with carcinomas 

of the cranial mediastinum was similar to that for 

dogs with thyroid carcinomas, with the lungs and 

regional lymph nodes most commonly affected.  3,6   

One dog also had metastasis to the ribs and verte-

brae, and this has also been reported in dogs with 

thyroid carcinoma.  30   

 The overall MST, regardless of the type of carci-

noma, was 243 days. The number of dogs diag-

nosed with ectopic thyroid, NE and anaplastic 

carcinomas was too small for meaningful statistical 

comparison. The majority of dogs died as a result 

of either postoperative complications or progres-

sion of local or metastatic disease. Surprisingly, the 

two dogs with incompletely resected mediastinal 

carcinomas had the longest survival times (512 and 

607 days). Both of these dogs eventually died be-

cause of tumour progression, but these tumours 

were small at the time of surgery, measuring 3 × 4 

to 6 cm and hence had suffi cient space for growth 

prior to the development of debilitating clinical 

signs. Two of the three dogs with metastasis also 

had prolonged survival times (243 and 607 days), 

and there was no signifi cant difference in survival 

times between dogs with and without metastasis. A 

similar fi nding has been reported in dogs with in-

vasive thyroid carcinomas treated with hypofrac-

tionated radiation therapy.  33   Hence, the presence 

of metastasis at the time of diagnosis does not nec-

essarily equate to a poorer prognosis in dogs with 

cranial mediastinal carcinomas. Although the sam-

ple population was small, local tumour invasion 

and pleural effusion also did not have a signifi cant 

impact on survival time in the present series.  

  Conclusions 

 Carcinomas of the cranial mediastinum are rare 

in dogs but include ectopic thyroid, NE and 
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anaplastic carcinomas. These have a signalment 

and clinical presentation similar to those of thymo-

mas and a biological behaviour similar to that of 

orthotopic thyroid carcinomas. Immunohisto-

chemistry using a panel of thyroid-specifi c and 

NE-specifi c markers is necessary for defi nitive 

diagnosis. Surgical resection is recommended for 

defi nitive treatment, but radiation therapy may be 

indicated for unresectable tumours.    
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