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NEOPLASMS OF THE HUMAN THYROID are a well-studied clinical
and pathologic entity. Numerous publications have dealt with their histo-
logic classification and biology. Comparable data concerning thyroid neo-
plasms in dogs and cats has not been well established, although these
tumors have been described in several textbooks and monographs.'®

The purposes of the present study are to: a) classifv adenomas and
carcinomas of the canine and feline thyroid using specimens from a collec-
tion of well-documented cases; b) illustrate gross, microscopic, and ul-
trastructural features of these tumors; c) review and discuss recent data
concerning hyperthyroidism in dogs with carcinoma of the thyroid; d)
report for the first time on clinical and morphologic findings in proven
cases of medullary carcinoma of the canine thyroid; e) correlate histologic,
ultrastructural, and clinical data so that structural functional relationships
may be more clearly understood; and f) discuss and compare these
findings with features of human thyroid neoplasms. It is hoped that this
work will provide oncologists with current information concerning the
appearance and biology of thyroid tumors in two domestic animals which
share man’s environment.

Materials and Methods
Case Material

With the exception of data on hyperthyroidism in dogs and ultrastructural studies of a
medullary carcinoma done at the Veterinary College, Utrecht, The Netherlands. all work
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was based on material obtained from the clinical and pathology files of Angell Memorial
Animal Hospital, Boston, Mass., from 1949 to 1973. Data from hospital admissions,
compiled during a typical sample period of 12 months (July 1, 1962 to June 30, 1963), were
used to compare age, breed, and sex distribution with similar information for animals with
tumors. A Z-test was used to test for significance of proportion. During the sample period,
7830 dogs and 3562 cats were admitted to the hospital.

For tumor classification, we mainly used the criteria of Meissner and Warren, ! although
other sources were consulted.*'** Neoplasms were classified according to their
predominant histologic pattern. In cases where metastasis was absent, neoplasms were
designated as carcinomas when microscopic evidence of vascular and/or capsular invasion
was found. A total of 141 neoplasms (44 adenomas and 97 carcinomas) of the canine
thyroid were studied; 38 adenomas and 57 carcinomas were from autopsy specimens, while
the remainder were surgical biopsy specimens. In addition, 3 carcinomas were diag-
nosed as neoplasms metastatic from other sites and were designated secondary carcinomas.
Both thyvroid lobes were available for histologic examination from all autopsied dogs
with adenomas and from 44 animals with carcinomas. Ten ectopic thyroid tumors were
included in the study and are separately described. Histologic features of five non-
chromaffin paragangliomas were compared with the ectopic neoplasms. Fifty-two tumors
of the feline thyroid were studied (47 benign lesions and five carcinomas); in all feline
cases, specimens were obtained at autopsy and both thyroid lobes were examined
microscopically. The majority of animals were killed by an overdose of pentobarbital
sodium when the neoplasm was detected, but some died from causes attributable to
widespread tumor involvement. In most cases a complete autopsy was done.

Functional Studies

Studies of the functional activity of canine thyroid neoplasms were done at the
Veterinary College at Utrecht. For details concerning methodology, the reader is referred
to a previous publication.”

Scintiscans were done on three animal patients from Angell Memorial Animal Hospital
at the Department of Nuclear Medicine, Beth Israel Hospital, Boston, Massachusetts.
Prior to scintiscan the animals were given 0.25 to 0.50 mg/Ib of promazine hydrochloride
(Wyeth Laboratories). Two dogs were given an intravenous dose of 100 uCi freshly
prepared carrier-free Na'*'l in sterile saline. The third dog received 568 uCi intravenously
so that autoradiographic studies could be performed on the neoplasm after surgical
removal. Autoradiography was done using a previously described technique.* All dogs
were scanned using an Ohio Nuclear Dual Probe Scanner, and radioactive uptake meas-
urements (RIU) were usually calculated at 4, 24, and 72 hours.

The materials and methods used to induce and study iodine deficiency in beagle dogs
have been previously reported.s-!¢
Microscopy

All tissues were routinely processed, cut at 4 to 6 u, and stained with hematoxylin and
eosin. Selected specimens were also stained by the periodic acid-Schiff (PAS) reaction
and/or by the alizarin red method for calcium.!” In addition, a number of tumors were
stained with Congo red for the detection of amyloid and by silver nitrate for argyrophilia.*®
At least six replicate sections were studied from a single tumor and in some instances
multiple blocks of an individual neoplasm were similarly examined.

The ultrastructure of three carcinomas of the canine thyroid was studied. Tissues were
obtained at surgery and immediately diced and fixed in cold 3% glutaraldehyde in 0.67 M
cacodylate buffer, pH 7.3, for 2 hours. Specimens were rinsed three times in cold
cacodylate buffer, postfixed in 2% osmium tetroxide for 1 hour, dehydrated, and
embedded in Epon 812. Thin sections were cut on an LKB ultramicrotome III, double-
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stained with lead citrate and uranyl acetate. and examined with a Zeiss EM 952 electron
microscope.

One of two specimens of medullary carcinoma of the canine thyroid (Case A—see
Clinical Findings and Classification and Description of Canine Thyroid Tumors) was
obtained from the Veterinary College at Utrecht. Immediately following surgical removal,
the specimen was placed in 4% formol saline at 30 C. Small pieces were stored in this
solution at 18 C for 8 months. The tissue was subsequently briefly fixed in 5%
glutaraldehvde. postfixed in 2% osmium tetroxide, impregnated with uranyl acetate, and
embedded in araldite. Ultrathin sections were cut, mounted on uncoated copper grids, and
stained briefly with lead citrate. Sections were examined with a Philips EM 100 C electron
microscope.

Immunocytologic Demonstration of Calcitonin-Containing Cells

Before using immunocytologic techniques, we attempted to demonstrate that guinea
pig and or rabbit antisera directed against synthetic human calcitonin (reagents used for
the immunocytologic method **) cross reacted with hypocalcemia-inducing extracts of
canine and feline thyroid tissues. Thyroid glands from 5 normal dogs and 3 cats were
obtained immediately following death from an overdose of pentobarbital sodium and were
quick-frozen on blocks of drv ice. The glands were weighed and immediately
homogenized in 0.10 N HCI (20 vol, g). The homogenate was centrifuged at 10,000g for 30
minutes, and aliquots of the supernatant were taken. Aliquots were diluted to 0.5 cu cm in
0.01 N HCl and 1% bovine serum albumin and assaved for hypocalcemic activity
according to the method described by Cooper et al.*® Remaining aliquots were diluted in
0.10 M Tris-HCI at pH 7.5 and a radioimmunoassay (RIA) utilizing a guinea pig anti-
human calcitonin reagent was used to detect the hormone.?!

Sections from thyroids from 4 normal dogs and 3 normal cats were obtained
immediately following death from an overdose of pentobarbital sodium and fixed in 10%
buffered formalin. They were routinely processed, embedded in paraffin, cut at 4 to 6 u,
and stained by the immunoperoxidase bridge technique for the identification of calcitonin-
containing cells.”® Control reactions were the replacement of the primary antisera with
normal rabbit or guinea pig sera and the absorption of the primary antisera with synthetic
human calcitonin at the zone of antigen-antibody equivalence. Both procedures resulted
in the loss of positive staining in previously reactive cells. This method was subsequently
applied to fifteen canine and one feline thyroid neoplasms.

Results
Analysis of Cases

The average age for dogs with adenomas of the thyroid was 10.7 vears,
with a range of 7 to 15 vears, while for animals with carcinomas it was 9.0
vears, with a range of 4 to 18 vears. The ages of 40% of dogs admitted to
Angell Memorial Animal Hospital during 1962 to 1963 fell within these
ranges. Primary adenomas were found in 25 males (57%) and 19 females
(43%): 1 male and 9 females were neutered. Forty-three males (46% ) and
51 females (34%) had primary carcinomas: 4 males and 41 females were
neutered. No significant differences were found between these values
and the sex distribufion of the sample period. In agreement with past
studies.*” tumors of the thyroid occurred more frequently in boxers
than in any other tvpe of dog (41% of adenomas. 20% of carcinomas).
These figures differed significantly from the percentage of boxers (4.9%
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of all breeds) admitted to the hospital during the period sampled
(P < .0001).

The average age for cats with benign tumors was 12.4 years, with a
range of 4 to 22 years; that for 5 cats with malignant thyroid neoplasms
was 15.8 years with a range of 13 to 18 years. Although the ages of 27% of
cats admitted to the hospital during the sample years fell within the range
for adenomas, only 4.5% were in the older age groups observed for cats
with carcinomas. Twenty-six (55% ) cats with benign tumors were males
(16 neutered) and 21 (45%) were females (19 neutered); these values
closely approximated the sex distribution of cats admitted to the hospital
during the sample period. All cats with carcinomas were male (4 neutered,
1 intact). Three of 52 cats with thyroid tumors were purebred.

Ciinical Findings —Canine Cases

Benign neoplasms of the canine thyroid are small, focal lesions, not
commonly detected during life. In 7 cases, however, these tumors were
cystic and large enough to be noted in the living animal. Retrospectively,
no conclusive evidence of hypo- or hyperthyroidism was found in the
clinical records of any dogs with adenomas.

The majority of dogs with thyroid carcinoma (61% ) were brought to the
hospital because of a mass in the cervical region. In those cases where the
primary neoplasm became large enough to be noticed, metastases were
frequently present. Respiratory distress was the most common presenting
clinical sign (42%) in dogs with carcinoma. In the majority of instances
this sign could be correlated with metastases in the lung or compression of
the trachea by the neoplasm.

Protein-bound iodine (PBI) and total iodine (TI) levels were
determined in 18 cases; values for 13 animals were within normal ranges.
(Normal PBI values for dogs at Angell Memorial Animal Hospital:
average, 2.9 ug%; range, 1.1 to 4.0 ug%. Measurements of TI were always
done along with PBI to exclude the possibility of exogenous
contamination.) In the remaining 5 cases the level of PBI (average, 6.0
ug%; range, 4.7 to 7.0 ug%) was elevated. Three of the 5 animals had
signs consistent with hyperthyroidism. Scintiscans done on 2 of the 3 dogs
were similar to those seen in thyrotoxic animals described by Rijnberk.?

Hyperthyroidism in Dogs

In recent years a number of investigators have described cases of thyro-
toxicosis in dogs with carcinoma of the gland.?? The best documented
study of hyperfunction in dogs with thyroid neoplasms is the work of
Rijnberk.” The investigator studied various parameters of iodine
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metabolism in 38 dogs with thyroid tumors. In 13 animals the neoplasm
was associated with a clinically hyperfunctional state which produced
measurable alterations in iodine metabolism. In some cases the onset of
clinical signs was abrupt, while in others the neoplasms developed
insidiously. Polydipsia and polyuria, unassociated with primary kidney
disease or any other metabolic disorder, were the most frequent signs
exhibited by these animals. The majority of dogs lost weight despite an
increased intake of food. Weakness and fatigue were reported in 8
animals. Most animals exhibited an intolerance to slight elevations in
ambient temperature and sought cool places. Restlessness, characterized
by continuous pacing, was also common. The heart rate was considered
high (average 133 beats/min) and in 3 dogs, electrocardiographic
recordings showed high voltage in all leads.

Twelve of the 13 animals had unilateral thyroid neoplasms. Although
all tumors were, microscopically, carcinomas, they were generally small
and had not metastasized or invaded adjacent tissues. One of these 12
animals, with clinical signs of hyperthyroidism, had exacerbation of this
condition after ipsilateral recurrence 1 year following a hemithyroi-
dectomy. In the remaining dog, hyperthyroidism was due to an ectopic
thyroid carcinoma located on the midline just below the anterior portion
of the larynx.

In his studies, Rijnberk utilized scintiscans as one criterion of
autonomous hypersecretion by canine thyroid neoplasms (Figures 1 and
2). Although all clinically hyperthyroid dogs had suppressed contralateral
lobes caused by the effect of elevated serum hormone on thyrotropin
release, some dogs with similar scintiscan findings did not exhibit these
signs. In these cases, thyroid hormone secretion by the neoplasm
apparently caused decreased uptake in the nonneoplastic lobe, but the
hormone was not produced in amounts sufficient to evoke a hyperthyroid
state. Further increases in circulating hormone levels would probaably
have resulted in the appearance of toxic signs. Following the
administration of exogenous thyrotropin the now-stimulated
nonneoplastic lobe took up radioiodine (Figure 2).

Scintiscans were divided into three categories according to radioiodine
distribution in the neoplasm: a) diffuse '*!I accumulation, b) extensive
“cold” areas, c) no I accumulation. Scintiscans of animals with
suppressed contralateral lobes were further divided as clinically
hyperthyroid (I) or euthyroid (II), while scans from dogs without
suppressed contralateral lobes and those from animals with bilateral tu-
mors were designated as III and IV, respectively.

When compared with 14 normal animals of similar body size, those
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with functional neoplasms had elevated thyroidal iodine turnover indexes
(turnover index = ratio of 24-hour and 72-hour radioactive iodine uptake
values), but an overlap in value ranges was observed. The radioactive
iodine uptake (RIU) curve for hyperthyroid dogs peaked sharply when
measured under 4 hours and returned to normal ranges in 24 hours (Text-
figure 1), thus affording a clear separation between toxic and normal
animals. The highest hormonal iodine (HI) and PBI values were found in
hyperthyroid dogs (Text-figure 2). In general, euthyroid animals with
suppressed contralateral lobes did not have the high PBI and HI values
seen in those with toxic signs. Discrepancies between PBI and the
combined sum of HI and iodinated amino acids (IAA) were frequent in
cases of hyperthyroidism, suggesting the presence of circulating
iodoproteins (Text-figure 2). This concept was supported by
ultracentrifugation studies of two hyperfunctioning neoplasms, which
revealed large amounts of 4S components and minor quantities of 19S
protein. In most species, the 19S component is considered to be
thyroglobulin,?” while the more slowly sedimenting molecules found in
tumors may be subunits arising from defective synthesis.?® Following
treatment with radioiodine or surgical removal of the neoplasm,
thyrotoxic signs disappeared in all animals and parameters of iodine
metabolism returned to normal.

Medullary Carcinoma of the Canine Thyroid

Syndromes associated with medullary carcinoma of the human thyroid
have been well studied, % while documented cases of medullary
carcinoma of the canine thyroid have not been reported. The following
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discussion summarizes the clinical findings in 2 cases of canine medullary
carcinoma. The morphologic features of both tumors are discussed in
Classification and Description of Canine Thyroid Tumors.

Case A. A T-year-old intact female collie was brought to the clinic
because of watery diarrhea that was first noted 3 months prior to
presentation. Two months before, a small oval mass had been noticed in
the right cervical area and had since doubled in size. There were no signs
suggestive of hyperthyroidism.

The serum calcium level (9.8 mg%) was just below the normal range
(normal serum calcium range for dogs at the Veterinary College of
Utrecht, 10.6 to 12.4 mg%), but the results of other routine laboratory
studies were normal. Radioiodine uptake in the neck area was low,
occurring only in the caudal pole of the mass and in the contralateral lobe.
The uptake curve showed a normal slope, and the PB**I was also normal
(0.13% dose/liter).” These findings were interpreted as being caused by a
poorly differentiated neoplasm displacing unaffected thyroid tissue.
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A firm, oval mass was surgically resected from the right cervical area.
Diarrhea began gradual clearing on the second postoperative day and has
not recurred. To this date, almost 3 years following the removal of the
mass, the animal remains in good health. All laboratory values including
serum calcium are normal.

Case B. A 12-year-old neutered female spaniel cross was first seen at
Angell Memorial Animal Hospital because of severe polydipsia of a
month’s duration. At this time, clinical tests revealed hyperglycemia and
glucosuria, and a diagnosis of diabetes mellitus was made. In addition, a
small oval mass was palpated in the region of the right thyroid lobe. A
scintiscan showed poor uptake by the mass, with most of the radioactivity
being concentrated in the left lobe.

The dog was regulated for diabetes by insulin administration. Three
months later a bilateral thyroidectomy was performed. The parathyroids
were identified and left in place. Following surgery the animal was given
levothyroxine (Norden Laboratories) daily. The dog had an uneventful
recovery until 7 months after surgery, when progressive episodes of weak-
ness and ataxia developed. Neurologic findings on admission were limited
to periodic disorientation and mild proprioceptive deficit in the right
limbs. A seizure occurred shortly thereafter that progressed to a tonic
type, lasting about 5 minutes. Clinical tests were normal with the
exception of a low serum calcium level (5.0 mg%) (normal ranges for dogs
at Angell Memorial Animal Hospital: serum calcium, 8.4 to 11.2 mg%;
serum phosphorus, 2.2 to 4.0 mg% ) and slightly elevated phosphorus level
(5.6 mg%). The animal was treated by the intravenous and oral
administration of calcium and vitamin D. All neurologic signs disappeared
after 7 days of therapy. This treatment was stopped after 3 months
because of hypercalcemia and azotemia. Serum calcium values returned
to normal in 9 days. Thoracic radiographs failed to disclose any
abnormalities, and to this date the animal is clinically normal. All
laboratory values have been normal with the exception of the blood urea
nitrogen, which has remained elevated.

Calcitonin Studies

The extracts of normal canine thyroid had a hypocalcemic effect in
the bioassay test, and the active substance was detectable by radio-
immunassay. The average content of calcitonin of the canine gland
was 0.37 MRC milliunits/mg of tissue wet weight (bioassay). (The
standard error limits of these estimates were X/+ 1.1 to 1.3. The factors
following the symbol X/+, when multiplied by and divided into the
potency estimate, give the standard error of the estimate.) These methods
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thus established the presence of a substance with hypocalcemic activity in
the canine thyroid and gave indirect evidence that guinea pig antisera
directed against human calcitonin could be used to assay for the hormone
in dogs.

We utilized the immunoperoxidase technique to study the distribution
of calcitonin-containing cells (C) cells in the canine thyroids. Unlike
human C cells, which are primarily interfollicular and located in the
middle third of the lateral thyroid lobes,* those of the dogs were mostly in
a parafollicular position and evenly dispersed throughout the gland (Plate
1).

The RIA and bioassay techniques failed to detect calcitonin in feline
thyroids. However, the immunocytologic methods demonstrated weakly
positive cells in these tissues. Feline C cells appeared to be fewer in
number than those in canine thyroids, were dispersed throughout the
gland, and located primarily between follicles (Figure 3). We conclude
that feline calcitonin is probably weakly cross reactive with guinea pig
antisera, and that the hormone content of the feline gland is below the
resolution of the bioassay.

Histologic Response of the Canine Thyroid to lodine Deficiency

In some instances of adenomatous human goiter the histologic
appearance of the gland may closely resemble that of a carcinoma.
Similar alterations have been reported to occur spontaneously in the
glands of dogs living in areas of the world where iodine is deficient* Bel-
shaw'*'® has recently studied the histologic responses and radioiodine
metabolism of canine thyroids from beagle dogs fed diets deficient in
iodine. The morphology of thyroids from 3 animals, each from a different
experimental group, are illustrated in Figures 4 and 5. A spectrum of
changes ranging from mild proliferation to severe hyperplasia was seen.
The mildest alterations were papillary infoldings of follicular epithelium
(Figure 4). At this point, scalloping of colloid was readily visualized within
follicles. As the hyperplastic process became more pronounced, follicular
lumens were filled with cells. In intensely hyperplastic glands, follicular
cells were practically devoid of PAS-positive droplets and assumed an
almost entirely compact cellular pattern, reminiscent of the histologic
appearance of some adenomas and carcinomas of the canine thyroid (see
Classification and Description of Canine Thyroid Tumors) (Figure 3).
Thus, severe hyperplasia may be histologically identical to adenomas and
closely resemble carcinomas of the canine thyroid. The absence of
vascular and capsular invasion should establish the benign nature of the
lesion.
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Classification and Description of Canine Thyroid Tumors

General Findings. In the absence of metastases, thyroid tumors were
designated as adenomas when they lacked the critical features of capsular
and vascular invasion. In a few cases, multiple nodules occurred within a
single lobe, making it difficult to distinguish between hyperplasia and true
adenomas. Foci that were at least partially circumscribed by a capsule,
compressed the adjacent tissue, and differed histologically from the re-
maining thyroid were classified as adenomas, while those which lacked
these features were considered to be hyperplastic lesions.

Bilateral involvement was present in only 5 animals, and no
predilection for either lobe was noted in the remaining cases. With the
exception of one tumor, adenomas were classified as follicular neoplasms.
Patterns comparable to those observed in humans were seen.

Twenty-eight of 44 autopsied dogs (64%) had a unilateral carcinoma,
while bilateral involvement was found in 16 cases (36% ). When carcinoma
was bilateral the neoplastic process was extensive. It was therefore not
possible to determine whether tumors had arisen in both glands or
metastasis occurred from one lobe to the other. When carcinoma was
unilateral, no predilection for either lobe was noted.

The size of a carcinoma, measured at autopsy, appeared related to the
presence of metastases. A difference in the percentage of animals with
metastases was evident when tumors less than 21 cu cm were compared
with those exceeding this size (Table 1). It therefore appears that tumor
size is a critical factor in the establishment of distant metastases.
However, even in the absence of metastases, neoplastic emboli may enter
the circulation while tumors are quite small. In the present series, 4
autopsied dogs had small, unilateral, seemingly well-encapsulated neo-
plasms that were classified as carcinomas. Metastases were not found in
any of the animals. On cut surface, these tumors were sharply demarcated
from the surrounding tissue and grossly resembled solid adenomas. Histo-
logically, two of the neoplasms had a microfollicular pattern. Along the
subcapsular zone cells were less uniform and assumed a compact cellular
arrangement. Cells comprising the other two neoplasms were

Table 1—Measurements of Thyroid Carcinomas in Relationship to Metastasis

Tumor volume (cu cm) No. animals autopsied* Percent with metastasis
1-20 14 14
21-100 19 74
101-500 9 100
501-1000 4 100
1001-1500 3 100

* Measurements were not recorded in 8 cases.
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Table 2—Frequency of Organ Involvement*

Anatomic site Percentage of animals
Lung 77
Regional lymph node 51
Local invasiont 49
Adrenal 14
Kidney 14
Heart muscle 9
Liver 6
Intestine 6
Skin 6
Brain 3
Spleen 3
Mesentery 3
Diaphragm 3

* Data is based on 35 autopsied dogs with metastatic carcinoma of the thyroid.
T Includes invasion of thyroidal, jugular and maxillary veins, esophagus, trachea, larynx,
omohyoid muscle, and vertebra.

pleomorphic and arranged in cords or irregular follicles. All four tumors
appeared encapsulated, but serial sections revealed evidence of capsular
and vascular invasion (Figures 6 and 7). Hazard and Kenyon * described
tumors of the human thyroid which are grossly and microscopically sim-
ilar to these canine neoplasms. They designated these encapsulated angio-
incasite carcinomas.

Metastasis occurred in 35 of 57 autopsied dogs, the lung and regional
lvmph nodes being most often affected (Table 2). All but 8 animals with
metastasis to other sites also had tumor in the lungs. In the remaining
cases, carcinoma had spread to adjacent structures or regional lymph
nodes. Neoplastic emboli were frequently found in the internal jugular
and thyroidal veins. Past reports have documented the frequency of
pulmonary metastasis and emphasized the hematogenous route as the
main means by which carcinoma of the thyroid is disseminated in
dogs.*** Local extension to adjacent organs such as the trachea and
esophagus was common (Figure 8). In 1 animal the tumor invaded the
cervical vertebrae, but distant metastasis to bone was not observed in this
or any other cases. Thus, contrary to the situation in humans, where me-
tastasis of thyroid carcinoma to bone is not uncommon, it appears to be
rare in dogs.®

Unlike carcinomas of the human thyroid, a papillary pattern was rare in
canine neoplasms. Most canine carcinomas had a mixed appearance in
which cells were arranged in both follicular and compact cellular patterns.
The degree to which either pattern was represented often varied
considerably within a single tumor. Furthermore, the dominant histologic
pattern seen in the primary neoplasm was not always observed in the



72 LEAV ET AL American Journal
of Pathology

metastases. Thus, a malignancy with mainly a follicular pattern might
vield metastatic foci with a compact cellular appearance and vice versa.

Due to the difficulty in obtaining accurate follow up information,
retrospective data could not be gathered concerning the influence of
histologic type on the survival of dogs with carcinoma of the thyroid. In
the few cases where such information was available, it was our impression
that a follicular pattern was usually associated with a more rapid, less
favorable course than was the case for neoplasms in which a compact
pattern predominanted.

Nuclear pleomorphism and abundant mitoses were uncommon in the
majority of differentiated canine carcinomas, but exceptions did occur.
Nuclei exceeding 5 to 8 u in diameter (the usual size range for most
neoplastic thyroid cells) were occasionally found.

A single, homogeneous, eosinophilic inclusion was noted in a number of
large nuclei (see Figure 24). Similar intranuclear inclusions, considered to
be cytoplasmic invaginations, have been observed in papillary thyroid
carcinomas of humans.* Fibroplasia in response to invading cells was a
variable finding in canine thyroid carcinomas. The intensity of this reac-
tion ranged from a relatively mild production of collagen to a severe
fibrosis. Large areas of hemorrhagic necrosis were common in follicular
neoplasms, as were spicules of woven and lamellar bone.

Adenoma of the Canine Thyroid. ForrLictLar ADENOMA.  Adenomas
of the canine thyroid appear as either solid (Figure 9) or cystic (Figure 10)
masses. Solid adenomas were round or ovoid and were a few millimeters
to several centimeters in diameter. Although a well-delineated capsule
was seldom noted, they were frequently solitary and distinct from the
compressed adjacent thyroid. They were usually soft and ranged from
cream to red-brown. The large cystic adenomas were turgid and had
smooth exterior surfaces covered by an extensive network of blood vessels.
When cut they exuded a clear amber or blood-tinged fluid. The cut
surface was characterized by a central cavity with a smooth or rugose
lining, often containing flecks of gritty, hard white tissue (Figure 10).

Microscopically, adenomas were characterized by either small
(microfollicular) or large (macrofollicular) irregular follicles containing
varying amounts of colloid (Figures 11 and 12). The majority of tumors
had a microfollicular pattern consisting of uniform cells that formed

Table 3—Adenomas of the Canine Thyroid

Pattern No. of neoplasms

Follicular 43
Papillary 1
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follicles which varied in size, shape, and content (Figure 11). Foci of
compactly arranged cells were frequent and some resembled oxyphils
commonly seen in human adenomas. However, cvtoplasm of canine cells
was lightly acidophilic and lacked the pronounced granularity
characteristic of human oxyphils. One small neoplasm was almost entirely
composed of these cells arranged in a compact cellular pattern. Cells of
macrofollicular tumors tended to be larger (10 u) and have less uniform
nuclei than those of microfollicular tumors. Mitoses were not seen in any
adenomas.

Thirteen follicular tumors each contained a large, central cyst filled
with mineralized necrotic debris and red blood cells. Cysts were lined by a
dense fibrous capsule from which projected fronds of uniform cells ar-
ranged in follicular and/or compact cellular patterns (Figure 13). Since
cysts were seen in many small solid adenomas, it is likely that cycles of
continued growth accompanied by degenerative changes were responsible
for the eventual appearance of the tumors.

PapPiLLarRY ApENoya. This neoplasm occurred as a soft, unilateral,
solitary focus, characterized microscopically by branching thin, vascular
connective tissue septa lined by uniform cuboidal cells similar to those of
microfollicular adenomas (Figure 14). The surrounding spaces contained
colloid, cellular debris, and red blood cells. A thin capsule partially
surrounded the tumor, demarcating it from the compressed adjacent
tissue. Foci of calcium deposits were common and found either joined to
cell clusters or free within spaces. The opposite thyroid lobe was normal.

Carcinomas of the Canine Thyroid. FoLLictLar CarciNoya. Follicular
carcinomas were characterized by a firm, nodular external surface with
focal softer areas. The cut surface frequently contained an irregular
central region filled with soft, dark red caseous material, surrounded

Table 4—Carcinomas of the Canine Thyroid

Pattern No. of neoplasms

Follicular 16

Compact cellular* 15

Mixed follicular-compactcellular 56
Mixed papillary-follicular 1
Medullary 2
Anaplastict

Spindle cell 1

Giantcell 2

Diffuse small cell 1
Secondary carcinoma 3

* Synonymous terms: solid carcinoma,® predominantly solid carcinoma.*
t These neoplasms were classified according to the histologic criteria of Meissner and
Warren.'
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by firm, cream-colored tissue (Figure 15). Hard, gritty spicules were
common in and around the soft central regions. Metastatic foci were
cream colored and usually firm, but sometimes had depressed soft
centers.

Microscopically, the majority of neoplastic cells formed follicles, al-
though a minor compact arrangement was also usually present. Some
neoplasms had a predominantly microfollicular pattern, while others were
characterized by larger, irregularly shaped follicles (Figures 16 and 17).
Foamy, vacuolated colloid was frequently found in the lumens of larger
neoplastic follicles but was absent in microfollicles (Figures 16 and 17). In
general, two types of cells comprised follicular carcinomas. The larger
type (15 to 20 u) usually formed the more distinct follicles while smaller
cells (10 ) were frequently arranged as microfollicles. The larger cells
were characterized by round, vesicular nuclei with prominent nucleoli
(Figure 17). The cytoplasm was eosinophilic, finely granular, and
comprised about half of the total cell volume. Bright, PAS-positive secre-
tory droplets were numerous. The smaller cells had vesicular or
hyperchromatic oval nuclei and a scant amount of cytoplasm that usually
lacked PAS-positive droplets.

The fine structure of neoplastic follicles was studied and cell types are
illustrated (Figures 18 and 19). One specimen was derived from a dog
with hyperthyroidism with a suppressed contralateral lobe. Auto-
radiographs of this neoplasm revealed radioiodine concentration in the
follicular portions of the tumor and, to a lesser extent, in compact
cellular regions (Figure 18). On ultrastructural examination, cells were
columnar and had numerous microvilli projecting from their apical sur-
faces (Figures 18 and 19). The basement membrane appeared flat. Cell
junctions were most often tight, but sometimes a thin intercellular space
was noted. Nuclei were round to ovoid, but occasionally had a folded
appearance. Chromatin was usually clumped along the nuclear
membrane and nucleoli were often distinct. Due to dense accumulations
of free ribosomes, some cells appeared to have a more darkly stained
cytoplasm than others. Mitochondria varied in shape and were dispersed
throughout the cells. Dense bodies were common and differed in size and
shape. Colloid droplets were found along the apices of most cells (Figure
19). The rough endoplasmic reticulum (RER) was dilated and filled with a
light staining granular material (Figure 19). Golgi complexes were dis-
persed in small, dense cisternal aggregates that were somewhat obscured
by other organelles. Microvesicles were numerous.

Figure 20 illustrates regions from another carcinoma with a
microfollicular pattern. Nuclei were round with finely dispersed
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chromatin and distinct nucleoli. Cytoplasm was scant but densely packed
with free ribosomes, profiles of RER, numerous mitochondria, and some-
times a well-developed Golgi complex. Unlike the previous tumor, colloid
droplets were absent, but a few large, irregular, dense bodies were present
in many of the cells. Intercellular spaces were often prominent and en-
closed villous cytoplasmic projections from the apices of adjacent cells
(Figure 20). This arrangement simulated the appearance of microfollicles
as seen by light microscopy.

1. Compact cellular carcinoma. These neoplasms were firm and usu-
ally had a smooth external surface. When cut they were uniformly cream
colored, finely lobulated, and lacked the large, hemorrhagic foci seen in
follicular carcinomas (Figure 21). Metastases resembled those of follicular
carcinomas.

Microscopically, these tumors were composed of densely packed sheets
of randomly arranged cells divided into lobules by thin strands of fibrous
connective tissue and small blood vessels (Figure 22). A minor follicular
component was sometimes noted. Generally, the cells were about 12 u,
round or polygonal, and sometimes appeared strikingly uniform within a
single neoplasm (Figure 22). Nuclei tended to be vesicular and located
centrally. The cytoplasm was lightly eosinophilic, and granular or foamy.
Nuclear pleomorphism and large nucleoli were seen, but these findings
were uncommon. Mitoses were rare. Clusters of Hurthle cells were found
in a few compact cellular carcinomas (Figure 22). Cytoplasmic PAS-
positive secretory droplets were rarely observed. Eight compact cellular
neoplasms were negative when tested for argyrophilia, amyloid, and the
presence of immunoreactive calcitonin.

The fine structure of a compact cellular carcinoma is illustrated in
Figure 23. Both light and dark staining cells were distinguished, but the
only apparent difference between them was the number of free ribosomes.
Nuclei occupied the major portion of the cells and often contained large
nucleoli. The amount of clumped chromatin along nuclear margins varied
among cells. Nuclear outlines were fairly smooth and round to ovoid.
There was little intercellular space; when present it sometimes contained
basement membrane-like material. RER was abundant and usually asso-
ciated with numerous mitochrondria. Multilaminated bodies were found
in some cells and were considered to be abnormal mitochondria. Golgi
complexes were dispersed and seen as small flat cisternae. Microvesicles
and dense bodies were occasionally found. Although infrequent, long
dense intracytoplasmic tubules were seen (Figure 23).

2. Mixed follicular-compact cellular carcinoma. These neoplasms
were firm and had external and cut surfaces similar to those found in pure
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follicular neoplasms. Flecks of dense, gritty tissue were common. Metas-
tases resembled those seen in follicular and compact cellular neoplasms.

Tumors were classified in this manner when both patterns were
approximately equally represented (Figure 24). It was necessary to exam-
ine several sections of an individual neoplasm before this estimation
could be made. In a number of tumors the compact cellular areas
appeared to arise from proliferating follicular cells. This observation was
particularly striking in one neoplasm in which cells tended to pile up,
filling follicular lumens, reminiscent of the proliferative alterations ob-
served in thyroids of iodine deficient dogs (see Histologic Response of the
Canine Thyroid to Iodine Deficiency) (Figure 25). A cribriform pattern
was frequently seen between follicular and compact cellular regions. The
slit-like spaces were often empty, but sometimes contained amorphous,
lightly PAS-positive material. Cell size and appearance were similar to
those described for follicular and compact cellular neoplasms. In some
compactly arranged cells it was possible to demonstrate PAS-stained
secretory droplets, but this was more common in follicular portions of the
neoplasms.

Mixep PapiLLary-FoLrictLarR CarciNoma. Only one neoplasm ful-
filled criteria consistent with those of papillary carcinoma of the human
thyroid." The tumor was unilateral and occupied the majority of the
cranial pole of the involved lobe. Grossly, it was firm and multilobulated
with a cream-colored and nodular cut surface.

Although no evidence of metastasis was found, capsular and vascular
invasion were readily demonstrable. Approximately one-third of the tu-
mor had a papillary arrangement. The remaining portions were composed
of either large irregular follicles or cells in a compact pattern. Papillary
regions were characterized by long fronds of cuboidal to columnar cells
with granular eosinophilic cytoplasm, located upon fibrovascular cores of
supporting stroma (Figure 26). Nuclei were sometimes pleomorphic and
lacked polarity. Some were vesicular with occasional prominent nucleoli
while others approximated the ground glass appearance characteristic of
human papillary carcinomas.* Psammoma bodies and mitoses were not
present.

MEeptLLARY CarciNoma. Both tumors were unilateral and involved
the right thyroid lobe. They were firm, about 4 cm in diameter and had
nodular external surfaces. The cut surface of one (Case A) was yellow
while that of the other (Case B) was cream colored. The neoplasm from
Case A was divided into irregular lobules by thick bands of dense, white
tissue that coursed through the tumor; the other was lobular on cut
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surface but lacked distinct septa. The opposite thyroid lobes appeared
grossly normal.

Both neoplasms demonstrated vascular and capsular invasion, but
differed histologically. The tumor from Case A was characterized by
crisscrossing dense bands of hyalinized connective tissue, usually
separating groups of cells into cords or small clusters (Figure 27). In some
regions this division was not extensive and larger cellular aggregates were
found, as well as a few poorly formed follicles (Figure 28). Throughout
this tumor two cell types were seen. Large, polygonal cells (15 to 20 u)
were most abundant. They contained foamy or finely granular cytoplasm
and round vesicular nuclei. The second cell type was smaller (5 to 15 u)
and polygonal or fusiform. These cells had brightly eosinophilic, granular
cvtoplasm and irregular, hyperchromatic nuclei (Figure 28). Mitoses were
not present. Immunoperoxidase staining for calcitonin was positive in the
majority of tumor cells. Staining intensity varied with stronger reactions,
usually in cells with a granular cytoplasm (Figure 27). Silver stains were
also positive, but stains for amyloid were negative.

The fine structure of this neoplasm is illustrated in Figure 29. Cells had
abundant cytoplasm containing electron-dense round granules. Granules
were uniform and measured up to 2500 & in diameter. They consisted of
an electron-dense core surrounded by a limiting membrane. A small
amount of well-developed RER was seen, and enlarged saccules
suggestive of the Golgi system were found in the vicinity of the nucleus in
some cells. Many cells contained abundant cytoplasmic vacuoles. Nuclei
were generally oval, with a smooth or wavy outline, and usually contained
small nucleoli. Chromatin was finely dispersed with small clumps at the
nuclear periphery. Junctional complexes between tumor cells were rare.
Collagen fibers were often seen separating cells into small clusters. Typi-
cal amyloid fibrils were not seen.

Microscopically, the second medullary carcinoma (Case B) had a com-
pact cellular pattern (Figures 30 and 31, Plate 2). Tumor cells were
arranged in lobules of varying sizes and shapes, separated by bands of
fibrovascular stroma (Figure 30). Along the periphery of most lobules, cells
were columnar and usually lined up perpendicular to the basement mem-
brane (Figures 30 and 31). Toward the center this arrangement was lost,
and cells were polygonal (Figure 31). Cells were uniform, measuring
approximately 15 p in diameter, and densely packed, making cytoplasmic
borders difficult to discern. Nuclei were round to oval and had a finely
stippled basophilic appearance. Nucleoli were not prominent. The cyto-
plasm was lightly eosinophilic and either granular or finely vacuolated.
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Mitotic figures and follicles were not seen. Immunoperoxidase stains for
calcitonin were uniformly positive in all neoplastic cells (Plate 2). The
palisaded cells at the periphery of lobules generally reacted more strongly
than those with a more vacuolated appearance. Silver stains were positive,
but like the previously described medullary neoplasm, those for amyloid
were negative. The opposite thyroid lobe contained foci of hyperplastic
parafollicular cells dispersed among and within thyroid follicles.

ANAPLASTIC CARCINOMA.

1. Spindle cell carcinoma. The specimen was from a unilateral resec-
tion. The ipsilateral retropharyngeal lymph node was also biopsied. The
neoplasm measured 6 cm in diameter, was firm, and had a homogeneous
cream-colored cut surface. Microscopically, neoplastic cells were
predominantly arranged in small, poorly defined lobules, reminiscent of
the pattern seen in compact cellular carcinomas (Figure 32). Follicles
were rare. The majority of cells were spindle shaped; however, in a few
areas polygonal forms were also seen. Nuclear pleomorphism was striking
in some cells. A few nuclei were oval and vesicular, and they measured 12
p, while most tended to be smaller, hyperchromatic, and fusiform. In
some regions, abnormal mitotic figures were numerous. The cytoplasm of
most cells was scant and stained lightly eosinophilic. Metastases in the
resected lymph node were microscopically similar to the primary tumor.

2. Giant cell carcinoma. Both neoplasms were from autopsied dogs
and measured 8 cm in diameter. The first contained alternating soft brown
and firm cream-colored areas. Microscopically, it was composed of sheets
of round and fusiform cells (Figure 33). Follicles were not present. In
several areas mutinucleated giant cells, greater than 40 u, were evident.
These cells appeared similar to those described in human tumors of this
tvpe ** (Figure 33). The nuclei of most of the mononuclear and
multinuclear cells were vesicular, round, or oval and frequently contained
prominent nucleoli. Mitoses were common in many regions. Metastasis to
the retropharyngeal and deep cervical lymph nodes was detected, and
these metastatic foci appeared similar to the primary neoplasm.

The second neplasm was a firm, irregularly mottled white-gray mass.
When the tumor was cut, hard gritty material was encountered. Local
extension into the sternocephalic muscles, carotid sheath, right lateral
surface of the esophagus were found in addition to multiple firm nodules
in the lungs. Microscopically, the neoplasm contained elements of both
osteogenic sarcoma and thyroid carcinoma. The sarcomatous portions pre-
dominated and were composed of mixtures of fusiform, multinucleate,
and stellate cells (Figures 34 and 35). In several areas, fusiform cells
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formed spicules of poorly mineralized woven bone. Multinucleate cells,
resembling osteoclasts, were frequent adjacent to boney spicules.
Prominent mitotic activity and pleomorphic nuclei were common in sar-
comatous portions of the tumor. The carcinomatous foci consisted of
islands of uniform epithelial cells surrounded by whorls of fusiform cells
(Figure 35). These cells had scant amounts of cytoplasm and round to oval
vesicular nuclei with prominent nucleoli. For the most part, cells were
compactly arranged, but occasionally microfollicular structures were seen
(Figure 35). Areas of local invasion and lung metastases contained foci
identical to the sarcomatous portions of the primary neoplasm;
carcinomatous areas were not detected.

3. Diffuse small cell carcinoma. This unilateral tumor was obtained at
autopsy. Grossly, it was firm, mottled red and tan, and adherent to the
esophagus. The lungs contained soft tan nodules, as did the kidneys, right
adrenal, mesentery, and diaphragm. Microscopically, the neoplasm was
composed of loosely aggregated uniform, small, round 5- to 10-u cells
with oval, vesicular nuclei and scant amounts of cytoplasm (Figure 36).
Mitoses were rare. In a few regions these cells formed structures
resembling follicles (Figure 37). Metastatic lesions appeared identical to
the primary neoplasm.

SEcoxpaRry CarciNoma.  The thyroid glands of dogs are rarely sites of
metastasis or local invasion by other primary neoplasms. In the present
study, three such examples were found. Two were primary adenocar-
cinomas of the lung, while the other was a squamous cell carcinoma
arising in the crypt of the pharyngeal tonsil. The pattern of growth in
all three metastatic tumors was clearly distinct from that of a primary
carcinoma of the thyroid. Neoplastic cells occurred as multiple emboli

within the interfollicular network of small veins and lymphatics (Figure
38).

Ectopic Thyroid Tumors of Dogs. 1In dogs, ectopic thyroid tissues are
frequently found in fatty masses adjacent to the ventrolateral wall of the
ascending aorta and in a number of cervical and other thoracic sites. %4247
Knowledge of the location of these tissues is important to the oncologist
because spontaneous neoplasms found at the base of the heart are not
uncommon in this species.**** Histologically similar tumors may originate
in the same location from either paraganglia or ectopic thyroid tissue, thus
posing a problem in distinguishing between them. Thake et al.5* and
Cheville ** have studied and compared the ultrastructure and histo-
chemical features of ectopic canine thyroid tumors and paragangliomas
located at the base of the heart. Ectopic thyroid neoplasms contained
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PAS-staining secretory droplets and dense tubules within cisternae of
endoplasmic reticulum, features not present in paragangliomas.

In the present study we used a combination of the following histologic
features to distinguish between these two tumors. Follicles, or structures
that simulated follicles, were found in most ectopic tumors. However,
serial sections were sometimes needed to find them. Variations in cell size
and shape were common in paragangliomas, while cells in ectopic thyroid
tumors were generally more uniform. Tumors originating from ectopic
thyroid tissue contained bright, PAS-stained secretory droplets, while
paragangliomas lacked this feature. However, cells arranged in a compact
cellular pattern stained less intensely than those forming follicles. An
argyrophilic network of fibers surrounding nests of cells was noted in
paragangliomas, but was not seen in ectopic thyroid tumors.

Of ten ectopic thyroid tumors, seven were associated with unilateral
carcinoma of the primary gland, while in three instances the major
thyroids were uninvolved. All ectopic neoplasms occurred either within
the pericardial sac or just anterior to the heart (Figure 39). Those
unassociated with neoplasms of the primary thyroids were seldom
detected in the living animal; however, in several cases the neoplasm was
large enough to compress adjacent structures and cause dyspnea or dys-
phagia.

Grossly, most of the tumors were round to oval masses with smooth to
nodular external surfaces loosely attached to adjacent structures. Cut
surfaces were mottled tan and cream colored, with soft, red necrotic foci.
In 2 cases, neoplasms contained multiloculated cysts filled with a mucoid
material.

Except for one follicular tumor, all had a mixed follicular-compact
cellular pattern (Figures 40 and 41). Several were composed almost en-
tirely of compactly arranged cells, and follicles were rarely found. When
present, follicles were either well formed and contained colloid or were
less distinct, empty, and resembled microfollicles. PAS-stained secretory
droplets were usually demonstrable in cells forming follicles and, to a
lesser extent, in compact aggregates. Small blood vessels were usually
numerous, and in some neoplasms cells were radially arranged around
these structures. Cells comprising most tumors were uniform, cuboidal, or
round, with oval, vesicular nuclei, and light, eosinophilic cytoplasm. In
the cystic tumors, cells were arranged in sheets and tended to be spindle
shaped; in a few areas they formed small follicles that were usually devoid
of colloid (Figures 42 and 43). These tumors approximated the
appearance of the previously described primary anaplastic (spindle cell)
thyroid carcinoma. In both neoplasms, cysts were lined by tall, ciliated
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columnar cells, and frequently contained a lightly eosinophilic material
with cholesterol clefts that was weakly PAS positive (Figure 42). These
structures were considered to be remnants of thyroglossal ducts.

Half of the ectopic neoplasms had histologic features found in
malignant tumors. In these cases, neoplastic cells extended into adjacent
tissues and/or organs. One tumor, unassociated with carcinoma of the the
primary glands, metastasized to the bronchial lymph nodes. Other ectopic
neoplasms appeared well encapsulated and were considered to be
adenomas.

Five neoplasms were reacted for immunodetectable calcitonin and all
were negative. This is in agreement with Kameda’s work ** in which she
was unable to find histochemical or ultrastructural evidence for the pres-
ence of C cells in nonneoplastic ectopic thyroid tissue of dogs.

Clinical Findings —Feline Cases
General Findings

The majority of benign and malignant thyroid tumors of cats did not
produce any clinical signs and were incidental findings at autopsy.
However, in 5 cats, benign tumors were large enough to be detected in
the living animal, and in 2 instances carcinomas metastasized to regional
lymph nodes and caused signs prior to the animal’s death. In retrospect,
some cats with neoplasms of the thyroid had clinical signs which may have
reflected an altered hormonal status, but precise documentation was not
available. A PBI determination was done in 1 animal with signs consistent
with thyrotoxicosis, and the value was higher (6.0 ug%) than those
reported for normal cats.?

Classification and Description of Feline Thyroid Tumors

Two entities posed problems in classifying tumors of the feline thyroid.
The first was the small, multifocal nodules frequently observed in thyroids
of aged cats. These lesions were histologically similar to adenomatous
goiters (nodular hyperplasia, nontoxic nodular goiter, or multiple adeno-
matous goiter) of humans.'*!? In contrast, the foci in feline thyroids were
generally microscopic and rarely caused gross enlargement or distortion
of the affected lobules. Although the term goiter connotes macroscopic
enlargement of the gland, we used it because of the histologic resem-
blance of the feline thyroid lesion to that occurring in humans. Clark
and Meier ? recognized this problem and also used microscopic criteria
to define goiter in feline thyroids. Lucke ® restricted the use of the term
to include only instances in which thyroids were grossly enlarged. She
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classified all other lesions as adenomas, regardless of whether they oc-
curred singly or in multiple nodules.

The second entity presenting difficulty in classification was a small
group of tumors (8 cases) with histologic and/or cytologic characteristics
often associated with malignancy. All of these neoplasms lacked the
critical features of capsular and vascular invasion which would define
them as carcinomas, and they were designated atypical adenomas. This
term was first used by Hazard and Kenyon * to describe a series of thyroid
neoplasms in humans characterized by histologic and cytologic atypia but
lacking capsular and vascular invasion. Recurrence was not demonstrated
in any subsequent followups. Since all feline tumors were disclosed at
autopsy, it was not possible to obtain similar information which would
define their biology. These tumors were thus classified as atypical
adenomas strictly on the basis of their histologic resemblance to the entity
in humans.

No predilection for either lobe was found for benign or malignant
tumors. Bilateral involvement occurred in 13 of 17 cats with adenomatous
goiters, 2 of 30 with adenomas, and in 1 of 5 with carcinomas.

Benign Tumors of the Feline Thyroid. MULTINODULAR ADENOMATOUS
Gorter. Dramatic enlargement and/or distortion of the involved gland
were not seen. The affected gland usually had a finely pebbled surface,
but occasionally small focal nodules were observed.

Microscopically, the glands contained variably sized foci composed of
irregularly arranged colloid-filled follicles, thus differing from the normal
adjacent tissue (Figure 44). These areas were seldom totally encapsulated.
The surrounding parenchyma was not usually compressed, but exceptions
did occur. In a few cases a microfollicular or compact cellular pattern was
observed. Colloid-filled cysts were frequently found adjacent to nodules.
Cells were uniform and cuboidal with eosinophilic granular cytoplasm,
measured approximately 10 u, and had basal, round, densely chromatic
nuclei. Nucleoli and mitoses were absent. In 1 case, amyloid, in varying
amounts and occurring almost exclusively between follicles, was detected
in the majority of foci (Figure 45). Unlike the usual adenomatous foci,
many cells found within amyloid-bearing nodules were polygonal or
teardrop shaped, and often had vesicular nuclei with prominent nucleoli

Table 5—Benign Tumors of the Feline Thyroid

Pattern No. of neoplasms
Multinodular adenomatous goiter 17
Adenoma 22

Atypical adenoma 8
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(Figure 45). Other nodules were relatively free of amyloid and contained
more uniform cells arranged in closely packed, irregular follicles or as
compact cellular foci. Imnmunoperoxidase staining of this lesion was nega-
tive.

ApexoMma. In contrast to multinodular adenomatous goiters, these
tumors enlarged and distorted the affected lobe. Adenomas were solitary,
soft tan, and occupied the major portion of a thyroid lobe. Some tumors
had a pebbled external appearance and a faintly lobular cut surface. A
distinct capsule was seldom present.

Microscopically, adenomas were usually composed of irregularly ar-
ranged follicles containing varying amounts of colloid (Figure 46). In a
few tumors, papillary infolding of follicular epithelia was prominent,
while in others, compact cellular foci were dispersed throughout the
affected lobule. Occasionally tumors had a lobular appearance, probably
produced by the merging of discrete, partially encapsulated foci (Figure
46). Sometimes this lobular arrangement was less distinct or absent, and
neoplasms had a homogeneous appearance. Most tumors occupied the
entire lobe and were thus bounded only by the natural capsule of the
gland. Cells comprising adenomas were uniform and identical to those
found in multinodular adenomatous goiters.

AtypicaL ADENoMA. In general, these tumors caused enlargement
and distortion of the affected lobe. Unlike the typical adenomas, they
usually had a smooth capsular surface. The cut surface was frequently
homogeneous and cream colored, generally lacking the lobulation seen in
some typical adenomas.

Microscopically, atypical adenomas were characterized by foci of
closely packed follicles that merged with cells arranged in a compact
cellular pattern (Figure 47). In most tumors the transition between these
two regions was marked by a cribriform pattern. Follicles were usually
devoid of colloid. Calcified intrafollicular concretions were found in one
neoplasm. A few neoplasms were separated into indistinct lobules by thin
bands of fibrous connective tissue, resembling the arrangement seen in
some typical adenomas. Cells of atypical adenomas were larger (10 to 15
u) than those of typical adenomas (Figure 47). Nuclei were usually round
and frequently had distinct nucleoli. The cytoplasm was generally finely
granular, but groups of cells with large, singular vacuoles were common in
some tumors (Figure 47).

Carcinoma of the Feline Thyroid. FoLrictLarR Carcinoma.  All fol-
licular carcinomas caused enlargement and distortion of the affected lobe.
Capsular surfaces were brown and nodular. All contained cystic portions
which when cut exuded either a thin, brown fluid or thick, green tenacious
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Table 6—Carcinoms of the Feline Thyroid

Pattern No. of neoplasms
Follicular 4
Papillary 1

material. In two specimens the cyst occupied most of the lobe (Figure 48),
while in the others only focal areas were affected. On cut surface the re-
maining tissue was nodular and cream colored.

Two follicular tumors were well differentiated and closely approximated
the histologic arrangement and cytology seen in adenomas (Figures 49
and 50). Both were largely composed of uniform cells arranged in distinct
follicles that contained little colloid. In a few areas a compact cellular
pattern was found, but this arrangement was not predominant. Nuclear
pleomorphism and mitoses were not present in either tumor. A large cystic
focus filled with colloid and degenerating cells occurred in one neoplasm.
A few laminated calcified intrafollicular concretions were present in the
other carcinoma. Foci of lymphocytes were found within the thickened
capsule of both tumors. Invasion of capsular vessels was prominent in
both neoplasms, and in one, metastasis to the mandibular and
retropharyngeal lymph nodes occurred (Figure 50).

The remaining two follicular carcinomas were less differentiated than
the others. One was characterized by small, densely arranged follicles,
usually devoid of colloid, that merged with cells arranged in compact
cellular foci. This tumor had many of the features seen in atypical
adenomas, but capsular and vascular invasion were detected. Neoplastic
cells appeared larger than those of the two well-differentiated carcinomas
but, for the most part, were uniform in size and shape. Mitoses were not
observed, and nuclei tended to be round and often contained prominent
nucleoli.

In the other neoplasm bands of connective tissue divided the tumor into
distinct lobules (Figure 51). The major pattern consisted of large, closely
packed irregular follicles that rarely contained colloid. In a few areas the
follicular arrangement was replaced by compact cellular foci (Figure 51).
Capsular invasion was a striking feature of this tumor, as was squamous
metaplasia of several neoplastic follicles (Figure 52). Aggregates of lym-
phocytes were commonly observed adjacent to invading cells. Laminated
calcified intrafollicular concretions were numerous in both the primary
tumor and within metastatic foci in regional lymph nodes. Unlike cells in
the well-differentiated carcinoma, the cells in this neoplasm were large (12
u), had eosinophilic cytoplasm, and contained vesicular nuclei with
prominent nucleoli. Mitoses were absent.
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PapiLLary CarciNoma. This tumor was only detected micro-
scopically, as it did not cause gross alteration of the affected lobe. Both
thyroid lobes contained multinodular adenomatous goiters. In addition,
the right lobe had a papillary carcinoma arising within an adenomatous
focus (Figures 53 and 54). Although this tumor was well circumscribed by
a dense fibrous tissue, serial sections revealed areas of capsular invasion.
The neoplasm was characterized by papillary fronds of fibrovascular con-
nective tissue lined by large, cuboidal neoplastic cells. These cells had an
eosinophilic cytoplasm and contained round, vesicular nuclei with promi-
nent nucleoli. Mitoses and psammoma bodies were not present.

Di .

Tumors of the canine thyroid have been described in numerous case
studies and reviews. Early publications dealt mainly with documenting
the frequency of thyroid neoplasm in collections of pathology
specimens.***® Later studies reported that thyroid tumors were common
among dogs living in geographic regions where iodine deficiency was
common.*3-3:56! Gimilarly, neoplasms of the human thyroid were re-
ported to be frequent in these areas,’®®* but more recent evidence
suggests that a low iodine diet may not be causally related to this tumor in
humans.** We are unaware of any work documenting the experimental
induction of thyroid neoplasms in dogs made iodine deficient, although
this phenomenon has been reported in rats.%

From Rijnberk and der Kinderen’s data * it appears that approximately
20% of dogs with malignant thyroid neoplasms may also be hyperthyroid.
Thyrotoxicosis found in conjunction with diffuse hyperplasia of the gland
(Grave’s disease) has not been reported in dogs. This is completely unlike
the situation in humans, where Grave’s disease is the most common cause
of hyperthyroidism and carcinomas are rarely associated with toxic
signs.®”* The experimental induction of hyperthyroidism in normal dogs
requires the daily administration of large oral doses of dessicated thyroid.
Piatnek and Olson ™ reported that the amount required to make a
euthyroid dog toxic was in excess of 400 mg/kg daily. Polyuria, a
consistent sign of hyperthyroidism in dogs with functioning tumors, was
not elicited until the seventh week of continuous daily oral doses of 900 to
1000 mg/kg. The results of Rijnberk’s studies ? show that thyrotoxicosis
may be associated with elevations in circulating HI (largely thyroxine) in
some dogs, while in others it probably results from increases in circulating
triiodothyronine (T3), not measured by his techniques. Hollander et al.”*
have described cases of T3 toxicosis in humans, and Sung and Cavalieri 2
recently documented a case caused by a metastatic thyroid carcinoma.
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Medullary carcinoma of the thyroid arises from parafollicular (C) cells
and’in humans is usually associated with excess secretion of calcitonin.™ It
has been estimated that the tumor comprises 5 to 10% of all malignancies
of the human thyroid.” The neoplasm may occur sporadically or in kin-
dreds where it has been associated with bilateral pheochromocytoma,*-
adenoma of the parathyroid glands,*® multiple mucosal neuromas, and
marfanoid features.” It is currently thought that since these tissues are
derived embryologically from the neural crest, the medullary carcinoma
syndrome may result from a defect in precursor cells.*

Multiple endocrine neoplasia syndromes similar to those described in
humans have been reported in albino rats ” and old bulls.” Boorman et
al.* have documented the frequent occurrence of medullary carcinomas
in WAG/Rij rats. Although multiple endocrine neoplasia was common in
these animals, no increased association with medullary carcinoma of the
thyroid was found.

The most prominent effects of calcitonin are the lowering of serum
calcium and phosphorus.®’ Interestingly, although humans with
medullary carcinoma have elevated circulating levels of calcitonin, they
are not hypocalcemic or hypophosphatemic.” In contrast, Young et al.®
reported that when compared with normal control animals, bulls with
ultimobranchial neoplasms had slightly lower serum calcium levels. The
lowest levels occurred in 2 bulls with the highest calcitonin content in
their tumors. In the present study, both dogs with medullary carcinomas
were hypocalcemic at some point during the course of their disease.
Phosphorus levels were normal in Case A and elevated in Case B. The
slightly low level of serum calcium returned to normal following the
removal of the neoplasm in Case A; it is therefore possible that the
hypocalcemic episode resulted from excess circulating calcitonin secreted
by the tumor. In Case B, two contending possibilities seem likely
explanations for the lowered serum calcium: a) iatrogenic hypoparathy-
roidism induced at the time of surgery and b) secretion of calcitonin by
undetected metastatic medullary carcinoma. Unfortunately, calcium levels
were not obtained prior to surgery, and in the light of subsequent history,
neither possibility entirely explains the hypocalcemia. However, hypo-
parathyroidism would seem the more likely choice.

Diarrhea has been observed in human patients with medullary
carcinoma.® It is currently believed that this condition may be due to the
elaboration of seratonin and/or prostaglandins by the neoplasm.*' In Case
A, diarrhea was the major sign exhibited by the animal. Following
removal of the tumor, diarrhea ceased and has not returned. Since other
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causes for this sign were not found, it is possible that the condition was
due to humoral substances secreted by the tumor.

Williams * classified five neoplasms of the canine thyroid as medullary
carcinomas strictly on the basis of light microscopy. Since a compact
cellular growth pattern, reminiscent of that seen in some medullary
carcinomas,* is common in canine thyroid neoplasms,”® techniques such
as electron microscopy and immunohistochemistry should be used to
define the cell of origin. In the present study the medullary carcinoma
from Case B closely approximated the histologic pattern seen in compact
cellular carcinomas of the canine thyroid. The distinguishing feature of
this neoplasm was the pallisading of columnar cells along the periphery of
lobules, which was not seen in any of the compact cellular tumors studied.
The neoplasm from Case A was also histologically distinct, characterized
by collections of polygonal and fusiform cells separated by dense bands of
connective tissue. Its fine structure was characterized by the presence of
numerous granules, identical to those found in normal parafollicular cells
of dogs,® pigs,* and humans,*” and in medullary carcinomas of rats * and
humans.® The amyloid stroma characteristic of medullary neoplasms of
rats ® and humans * was not present in the canine tumors. Interestingly,
hyperplasia of C cells occurred in the nonneoplastic lobe of Case B.
Similar changes have been reported to precede medullary carcinomas in
humans at risk of developing these tumors.

The present studies show that the proliferative response of the canine
thyroid to either iodine deprivation or neoplastic stimuli is often
morphologically similar. Both situations are characterized by the filling of
follicles with cells that appear functionally and cytologically less
differentiated than normal secretory epithelia. The culmination of this
process results in the formation of a compact cellular pattern. In thyroids
from iodine-deficient dogs the evolution of this pattern is diffuse and
orderly, probably due to a regulated cellular response to TSH. In
neoplastic glands, growth is haphazard, reflecting the autonomy of the
cells. Autoradiographic and ultrastructural studies of compactly arranged
neoplastic cells support the contention that they are poorly differentiated
follicular cells. While radioiodine was mainly concentrated in follicular
portions of a mixed compact cellular carcinoma, the isotope was also taken
up in solid area. Compactly arranged cells were devoid of colloid droplets
and lacked many of the organelles commonly associated with secretory
activity. However, they did contain microtubules which have been de-
scribed in normal canine follicular cells.* These structures are thought to
function in the endocytosis and secretion of colloid. Microtubules have
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also been described in ectopic follicular adenomas *? and in a carcinoma of
the canine thyroid.* Fine structural studies of cells forming microfollicles
did not show evidence of secretory activity. Colloid droplets have been
demonstrated in microfollicular carcinomas of humans.”? In contrast to
other canine thyroid tumors, the fine structure of neoplastic follicular cells
from a hyperthyroid dog was characterized by features associated with
marked functional activity, such as numerous colloid droplets, elongated
microvilli, and dilated cisternae of RER. These cells had some of the
features seen in hyperplastic human thyroid ** and TSH-stimulated thy-
roids of dogs,* rats,®* and guinea pigs.*

Anaplastic carcinomas comprise from 15 to 20% of all malignant neo-
plasms of the human thyroid.*” They are uncommon in dogs,** and
unlike the tumors in humans, frequently contain malignant bone or
cartilage. Recently, Jao and Gould '® and Gaal et al.’** have studied the
ultrastructure of anaplastic carcinomas of the human thyroid and
concluded that they were of follicular epithelial origin.

Little is known about thyroid tumors in domestic cats. Most
information comes from surveys of pathology collections ' or scattered
case reports.'®-'%® Two publications describe the morphology of a series of
feline thyroid tumors.?* From available information it appears that ben-
ign tumors of the feline thyroid are not uncommon, carcinomas are rare,
and both occur almost exclusively in old cats.>%1%:1% Of the ten
carcinomas reported in these publications, only four had metastases. In
the remaining cases, criteria that would define the malignant nature of the
tumors were not reported. Amyloid deposition in adenomatous feline
thyroids has been previously described.?*® As in the present study, Lucke *
found amyloid only in the thyroid and other body organs were not
involved. Amyloid goiter has been reported in humans.'”

The cause of multinodular adenomatous goiter in cats is unknown.
Scott et al.’® produced hyperplastic thyroids in kittens fed diets deficient
in iodine, but did not state whether changes were multifocal or diffuse. In
the present study it was not possible to determine the relationship these
nodules had to the development of adenomas and carcinomas. Serial
sections of some seemingly homogeneous adenomas disclosed a poorly
defined lobulation, suggesting that they were formed by merging of
adjacent nodules.
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Plate 1 —Iimmunoperoxidase reaction for calcitonin in the thyroid of a normal adult
male dog. The brown granular reaction product is mainly within cytoplasm of cells
between follicles, although a few intrafollicular cells are also present. (Methyl green
counterstain, original magnification X 1050). (Courtesy of Drs. H. J. Wolfe and R. A.
Delellis.) Plate 2—Immunoperoxidase reaction for calcitonin in a medullary
carcinoma of canine thyroid (Case B.) (Methyl green counterstain, X 550). (Courtesy
of Drs. H. J. Wolfe and R. A. Delellis.)



Figure 1—Scintiscan of an 11-year-old male boxer (Category Bm) with a mass in the
region of the right thyroid lobe. There is faint irregular accumulation of radioactivity in
the mass. The contralateral lobe is well visualized. All parameters of iodine metabolism
were within normal limits. Microscopically the center of the mass was necrotic. The
remaining tissue was a mixed follicular compact cellular carcinoma.

Figure 2—Scintiscan of a 10-year-old German pointer (Category B;) with clinical signs
of hyperthyroidism. A small firm mass was palpated in the right cervical region. The
left panel illustrates the scan prior to the administration of TSH. Autonomous hyper-
function was indicated by the suppressed contralateral left lobe which became clearly
visualized subsequent to TSH administration (right panel). Microscopically, the neo-
plasm was a mixed follicular compact cellular carcinoma.
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Figure 3—Immunoperoxidase re-
action for calcitonin in a normal
adult male cat. Immunoreactive
cells are mainly parafollicular in
distribution. The black cyto-
plasmic granules are immuno-
reactive sites for calcitonin.
(Methyl green counterstain,
X 550) (courtesy of Drs. H. J.
Woife and R. A. DelLellis) Fig-
ure 4—The effects of iodine de-
ficiency on the canine thyroid.
This animal's daily intake of
iodine was 44 ug for 8 months.
Note the proliferation of follicular
cells filling lumens and scallop-
ing of colloid. (PAS, X 670)
(courtesy of Dr. B. E. Belshaw)




Figure 5—This animal's daily iodine intake was 20 ug for 12 months. Follicular lumens
are obliterated. The cells are arrangrgd in a compact cellular pattern. (H&E, X 670)

(courtesy of Dr. B. E. Beilshaw) igure 6—Serial sections of this seemingly well-
encapsulated neoplasm revealed evidence capsular invasion (arrow) (H&E, X 49).



Figure 7—Vascular invasion
found after serially sectioning a
small seemingly well-encapsu-
lated neoplasm (H&E, X 300).
Figure 8—Cross section of a
locally invasive carcinoma of
the canine thyroid. The trachea,
esophagus, and carotid vessels
have been incorporated into in-
vading neoplasm.



Figure 9—Solid adenoma of the
canine thyroid, cut surface. The
tumor has replaced most of the
affected lobe. A thin capsule sur-
rounds the tumor. Figure 10—
Cut surface of a cystic adenoma
of the canine thyroid. When cut,
a clear fluid escaped from the
central cavity. The cyst is cir-
cumscribed by a rugose lining.
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Figure 11—Microfollicular adenoma of the canine thyroid. The neoplasm is char-
acterized by small, poorly formed follicles which vary in shape and content. (H&E,
X 500) Figure 12—Macrofollicular adenoma of the canine thyroid. The tumor is
composed of large irregular follicles. (H&E, X 130)



Figure 13—Cystic adenoma of the canine thyroid. A mass of irregularty arranged
follicles projects from a fibrous connective tissue capsule. (H&E, x 23) Figure
14—Papillary adenoma of the canine thyroid. Note the arborescent pattern of the
tumor and the uniform appearance of the follicular cells. (H&E, X 500)
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Figure 15—Follicular carcinoma of the canine thyroid. A large necrotic center is common
in these neoplasms. Figure 16—Follicular carcinoma of the canine thyroid. Most of
the neoplastic cells in this tumor formed microfollicles. (H&E, X 360) Figure 17—
Follicular carcinoma of the canine thyroid. In this neoplasm, cells formed large irregular
follicles which frequently contained colloid. (H&E, x 160)
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Figure 18—Hyperfunctioning carcinoma of the canine thyroid. The cells are tall columnar with
numerous microvilli (MV).Colloid droplets (CD) are present as are dense bodies (DB). The base-
ment membranes (BM) are flat. (X 7600) Inset—Autoradiograph of this neoplasm. Radiolabeled
iodine represented as black granules is present in follicular lumens. (H&E, X 160) (courtesy of Dr.
A. Vickery)



Figure 19—Higher magnification of Figure 18. Note the presence of colloid droplets (CD) towards

the apices of the hyperfunctioning cells. Increased cellular activity is pronounced as evidenced by

dilated cisternae (C) of rough endoplasmic reticulum. (X 19,200)
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Figure 20—Parts of two cells from a carcinoma in which microfollicules were abundant. Note the

presence of microvilli which project into the intercellular space. Free ribosomes and strands of
rough endoplasmic reticulum (ER) fill the cytoplasm. Although Golgi occurred in some cells
evidence of colloid droplets was lacking. (X 19,200)
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Figure 21—Cut surface of a compact cellular carcinoma of the canine thyroid. The
majority of the tumor consists of cream colored finely lobulated tissue. A small eccen-
tric focus of necrotic tissue is present Figure 22—Compact cellular carcinoma of the
canine thyroid. Sheets of uniform cells are divided by the thin strands of fibrovascular
connective tissue. (H&E, X 150) Inset (right}—Hurthle cells; Note the dense granular
cytoplasm of these cells (H&E, X 580) Inset (left}—Higher magnification of compactly
arranged cells. The cells are uniform and contain vesicular nuclei. (H&E, X 580)



Figure 23—A compact cellular carcinoma of the canine thyroid. The central cell contains fewer free
ribosomes than do others in this field and thus stains lighter. Mitochondria and strands of rough
endoplasmic reticulum (ER) are numerous. Colloid droplets were, however, absent. Note the long
tubules (7T) in the cytoplasm of the cell at the top of the micrograph. (X 9500)
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Figure 24—Mixed follicular-compact cellular carcinoma of the canine thyroid. Both
follicular and compact cellular patterns are evident. (H&E, X 160) Inset—Intra-
nuclear inclusion body in a mixed follicular compact cellular neoplasm (H&E,
X 950). Figure 25—The evolution of a compact cellular pattern, proliferating
neoplastic cells fill lumens (H&E, X 500)



Figure 26—Mixed papillary-follicular carcinoma of the canine thyroid. Papillary fronds
of fibrovascular tissue bearing neoplastic cells (V) project into dilated lumens.
(H&E, X 260) Figure 27—Medullary carcinoma of the carcinoma of the canine
thyroid (Case A). Dense bands of hyalinized tissue surround cords of neoplastic
cells. Immunoperoxidase reaction for calcitonin. (X 170) Inset—Black cytoplasmic
granules represent sites of immunoreactivity. Immunoperoxidase reaction for calcitonin.
(X 320) (courtesy of Drs. H. J. Woife and R. A. DeLellis)
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Figure 28—Medullary carcinoma of the canine thyroid (Case A). Neoplastic C cells are either
polygonal with vesicular nuclei or fusiform with hyperchromatic nuclei. (H&E, X 380) Inset—
Follicies were formed by neoplastic C cells in a few areas of this tumor (H&E, x 670). Figure 29—
Medullary carcinoma of the canine thyroid Case A. Numerous secretory granules are evident.
They have an electron dense core and are membrane bound. The apical surface of the cell
contains blunt microvilli. Bundles of collagenous connective tissue (lower left corner of the micro-
graph) were frequently found between neoplastic C celis. (X 4500) (courtesy of Dr. J. E. Van
Dijk)
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Figure 30—Medullary carcinoma of the canine thyroid (Case B). Neoplastic cells are
arranged in lobules. Note the palisading of cells along the lobular margins. (H&E, X
120) Figure 31—Higher magnification of the medullary carcinoma found in Case B.

Cells along the periphery of the lobule are columnar and oriented perpendicular to the
basement membrane. (H&E, X 550)



Figure 32—Anaplastic (spindle
cell) carcinoma of the canine
thyroid. Cells tend to be spindie
shaped but are still in packets
similar to the arrangement seen
in compact cellular carcinomas.
(H&E, X 320)

Figure 33—Anaplastic (giant cell)
carcinoma of the canine thyroid
Cells are round to fusiform and
are associated with multinu-
cleate giant cells. (H&E, X 340)

Figure 34—Anaplastic (giant cell)
carcinoma of the canine thyroid.
This tumor was mainly com-
posed of sarcomatous elements
associated with the formation of
osteoid and woven bone. Sheets
of spindle cells and multinu-
cleate giant cells are seen along
with spicules of osteoid. (H&E,
X 140)
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Figure 35—Anaplastic (giant cell) carcinoma of the canine thyroid. In some regions of the neoplasm
illustrated in Figure 34, cells had an epithelial appearance and formed structures reminiscent of
microfollicles (arrow). (H&E, X 320) Figure 36—Diffuse small cell carcinoma of the canine
thyroid. Sheets of cells with round or oval nuclei and scant cytoplasm comprise the tumor. (H&E,
x330) Figure 37—Diffuse small cell carcinoma of the canine thyroid. In a few areas of the tumor,
structures resembling follicles containing colloid-like material were found. (H&E, X 330)
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Figure 38—Metastasis of a papillary carcinoma of the lung to the thyroid. Note the
presence of neoplastic emboli within interfollicular lymphatics and veins. There is
accompanying fibrosis and atrophy of the gland. (H&E, X 150) Figure 39—Ectopic
thyroid tumor (T) located cranial to the heart.
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Figure 40—Ectopic thyroid tumor. A compact cellular pattern was present in most portions of this
neoplasm. (H&E, X 150) Figure 41—Ectopic thyroid tumor. In other regions of the tumor, poorty
formed follicles were evident. The neoplasm was intimately attached to the aorta. (H&E, X
140) Figure 42—Ectopic thyroid tumor associated with cysts. The cysts were filled with PAS-
positive material and cholesterol clefts (C). The cyst lining was ciliated pseudostratified columnar
epithelium. The solid portion of the tumor is seen along the upper left margin of this
photomicrograph. (H&E, X 27) Figure 43—Cystic ectopic thyroid tumor. For the most part the
neoplastic cells are arranged in sheets but occasionally form structures resembling microfollicles.
(H&E. x 500)
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Figure 44—Muttinodular adenomatous goiter of the feline thyroid. Nodules of irregularly
arranged follicles are interspersed between normal thyroid parenchyma. (H&E, X
12) Figure 45—Amyloid-bearing multinodular adenomatous goiter of the feline thy-
roid. Note the presence of the hyalinized appearing amyloid within adenomatous
nodules. (H&E, X 26) Inset—Pleomorphic cells were found within and between fol-
licles (H&E, x 420).
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Figure 46—Typical adenoma of the feline thyroid. The tumor consists of irregularty
arranged follicles. Deeper sections of this tumor revealed a lobular pattern formed
by merging of partially encapsulated foci (arrow). (H&E, X 190) Figure 47—
Atypical adenoma of the feline thyroid. Towards the capsular surface the follicular
pattern is lost and the tumor appears compactly arranged. (H&E, X 190) Inset—A
few atypical adenomas contained cells with large cytoplasmic vacuoles. (H&E, X 720)
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Figure 48—The cut surface of a cystic follicular carcinoma of the feline thyroid. Note the
multinodular lining of the collapsed cyst. Figure 49—Well-differentiated follicular carcinoma of
the feline thyroid. This malignant neoplasm is composed of irregularly arranged follicles. For the
most part, the cells were uniform and closely resembled those of adenomas. (H&E, X
190) Figure 50—Metastasis of the tumor illustrated in Figure 49 to the retropharyngeal lymph
node. The metastatic cells form distinct follicles. (H&E, X 190)
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Figure 51—Follicular carcinoma of the feline thyroid. Note the division of this tumor by
bands of fibrous connective tissue. A follicular pattern was found in most of the tumor.
(H&E, x 26) Inset—In some regions the cells were compactly arranged. (H&E, X
560) Figure 52—Squamous metaplasia occurring within the follicular carcinoma
illustrated in Figure 51. The cells have assumed a stratified squamous arrangement and
some appear keratinized. (H&E, X 330)



Figure 53—Papillary carcinoma of the feline thyroid. Note the papillary appearance of
the tumor and the compression of adjacent tissue. (H&E, X 42) Figure 54—
Papillary carcinoma of the feline thyroid. Fibrovascular fronds bear neoplastic cells
with vesicular nuclei containing prominent nucleoli. (H&E, X 180)



