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Prevalence and degree of thyroid
pathology in hyperthyroid cats
increases with disease duration:

a cross-sectional analysis of 2096 cats
referred for radioiodine therapy

Mark E Peterson', Michael R Broome? and Mark Rishniw3#

Abstract

Objectives Hyperthyroidism is common in cats, but there are no reports that evaluate its severity or underlying
thyroid tumor disease based on disease duration (ie, time from original diagnosis). The objective of this study
was to compare serum thyroxine (T4) concentrations and thyroid scintigraphic characteristics of cats referred for
radioiodine treatment based on disease duration.

Methods This was a cross-sectional study of 2096 cats with hyperthyroidism. Cats were divided into five groups
based on time from diagnosis: <1 year (n = 1773); >1-2 years (n = 169); >2-3 years (n = 88); >3-4 years (n =
35); and >4-6.1 years (n = 31). Methimazole, administered to 996 (47.5%) cats, was stopped at least 1 week prior
to examination to allow for serum T4 testing. Each thyroid scintiscan was evaluated for pattern (unilateral, bilateral,
multifocal), location (cervical, thoracic inlet, chest) and size (small, medium, large, huge) of the thyroid tumor, as
well as features suggesting malignancy.

Results Median serum T4 concentration increased with increasing disease duration from 100 nmol/l (<1 year)
to 315 nmol/l (>4-6.1 years) (P <0.001). Prevalence of unilateral thyroid disease decreased, whereas multifocal
disease (three or more tumor nodules) increased (P <0.001) with increasing disease duration. Median tumor
volume in the five groups increased from 1.6 cm?3 (<1 year) to 6.4 cm?3 (>4-6.1 years). Prevalence of large (4-8 cm3)
and huge (>8 cm?3) thyroid tumors increased from 5.1% (<1 year) to 88.6% (>4-6.1 years), while the prevalence
of intrathoracic tumor tissue increased from 3.4% (<1 year) to 32.3% (>4-6.1 years). Prevalence of suspected
thyroid carcinoma (characterized by severe hyperthyroidism; huge, intrathoracic, multifocal tumors; refractory to
methimazole treatment) increased with increasing disease duration from 0.4% (<1 year) to 19.3% (>4-6.1 years).
Conclusions and relevance Our results indicate that the prevalence of severe hyperthyroidism, large thyroid
tumors, multifocal disease, intrathoracic thyroid masses and suspected malignant disease all increase with disease
duration in cats referred for radioiodine therapy.
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Introduction
TAnimal Endocrine Clinic, New York, NY, USA

Hyperthyroidism is the most common endocrine disease
in the cat, affecting approximately 10% of senior and
geriatric cats.1> Most hyperthyroid cats have benign thy-
roid adenomatous hyperplasia (or adenoma) involving
one or both thyroid lobes; thyroid carcinoma occurs in
<2% of cases.!-

Although the exact cause(s) for feline hyperthyroid-
ism remains unclear, major characteristics of the under-
lying adenomatous thyroid disease are autonomous
growth and hyperfunction independent of stimulation
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by thyroid-stimulating hormone (TSH).4#6” Adenomatous
thyroid tissue transplanted from hyperthyroid cats into
nude mice or placed into culture in a TSH-free media
will continue to grow and secrete thyroid hormone out-
side of the cat.*®? Because such autonomous growth is a
primary feature of neoplasia, the thyroid pathology
associated with feline hyperthyroidism is most consist-
ent with a true endocrine tumor (ie, thyroid adenoma or
carcinoma rather than hyperplasia).!o1!

As with any benign or malignant neoplasm, growth
of thyroid tumors might be expected over time, but no
reports of thyroid pathology or thyroid size in a series of
cats with long-term hyperthyroidism have been reported.
However, it has been our clinical observation that cats
treated with methimazole over the long-term appear to
have more severe hyperthyroid disease, larger tumor
nodules and a higher prevalence of suspected thyroid
carcinoma than do cats with recently diagnosed
hyperthyroidism.!?

In a recent study, we characterized the thyroid scinti-
graphic findings of 2096 consecutive hyperthyroid cats
that were referred for radioiodine treatment over a 3.5
year period.® In that study, most hyperthyroid cats had
bilateral disease (60%) or unilateral (35%) thyroid lobe
involvement, but a few (5%) cats did have multifocal dis-
ease (defined as three or more distinct thyroid tumor
nodules with increased radionuclide uptake). Inasmuch
as the thyroid gland is normally composed of only two
lobes, multifocal disease by definition implies that these
cats have either ectopic thyroid neoplasia or thyroid car-
cinoma to account for the additional discrete nodular
areas of increased radionuclide uptake.>!>1* However, in
that study we did not evaluate whether more severe
pathology occurs as a function of disease duration.

Therefore, in this analysis, we sought to characterize
the severity and extent of thyroid disease in this same
large cohort of hyperthyroid cats, based on the time
interval from diagnosis to evaluation for radioiodine
treatment. We compared the proportions of cats with
unilateral, bilateral and multifocal thyroid disease; the
proportions of cats with small, medium, large and huge
thyroid tumors; the proportions of cats with intratho-
racic disease; and, finally, the proportions of cats with
suspected thyroid carcinoma. We hypothesized that cats
with long-standing hyperthyroidism will have more
advanced thyroid disease, as reflected by higher serum
thyroid hormone concentrations, larger thyroid tumors,
and a higher prevalence of multifocal disease, intratho-
racic disease, and suspected thyroid carcinoma.

Materials and methods

Cats

This prospective, cross-sectional study was conducted
from January 2009 to June 2012. All cats referred to our
clinics for radioiodine treatment were potentially

eligible for the study. Inclusion criteria included cats
with a confirmed diagnosis of hyperthyroidism, estab-
lished on the basis of consistent clinical signs (eg, weight
loss despite a good appetite), a palpable thyroid nodule
on physical examination, finding of high serum concen-
trations of thyroxine (T4) and/or free T4, and determina-
tion of a high thyroid-to-salivary gland (T/S) ratio
calculated from the results of thyroid scintigraphy.>1516

Details of the cats’ specific thyroid scintigraphic find-
ings have previously been described.? For the purposes
of this study, we divided the cats into five groups based
on disease duration, defined as the time interval between
diagnosis and scintigraphy. Group 1 consisted of cats
that been diagnosed within 1 year, whereas groups 2-5
consisted of cats diagnosed >1-2 years, >2-3 years,
>3-4 years and >4-6.1 years, respectively. Of these, 673
(38%) cats in group 1 and all cats in groups 2-5 were
treated with methimazole prior to referral, but methima-
zole was discontinued at least 1 week prior to our exami-
nation to allow for evaluation of thyroid status with
serum thyroid hormone testing and scintigraphy.

Protocol for thyroid scintigraphy

Thyroid scintigraphy was performed in all cats by inject-
ing 111-148 megabecquerel (MBq) (3—4 millicurie) of
sodium pertechnetate (*™TcO,") injected intravenously
or subcutaneously, as previously described.> Thyroid
images were obtained with a large-field-of-view scintil-
lation camera fitted with a low-energy, all-purpose col-
limator, integrated to a dedicated imaging computer
running dedicated nuclear medicine software (NucLear
Mac; Scientific Imaging, Inc) and analyzed using DICOM
image-processing software (OsiriX Imaging Software;
Pixmeo'?).

Classification of the scintigraphic patterns of
hyperthyroid disease

Abnormal scintigraphic findings indicative of thyroid
gland disease were classified as unilateral disease, bilat-
eral disease or multifocal disease (three or more separate
tumor nodules or areas of distinct increased radionu-
clide uptake), as previously described.>* When extra-
cervical thyroid disease was detected, this classification
was extended to include ectopic thyroid tumor or sus-
pected thyroid carcinoma. Cats with multifocal disease
had, by definition, either ectopic thyroid tumors or sus-
pected thyroid carcinoma.’

Location of the hyperfunctional thyroid tumor

nodules

In each cat, the number and location of each area of
increased #mTcO,~ uptake (ie, hyperfunctional or ‘hot’
thyroid tumor nodules) were recorded. To facilitate
defining the location of each area of increased radionu-
clide uptake, a straight line was drawn between the
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points of the cats’ shoulders in the region of the thoracic
inlet on the ventral thyroid image, as previously
described.!® In most cats, this line was halfway between
the middle of the caudal pole of the zygomatic/molar
salivary glands and the center of the heart. Areas of
uptake above this line were classified as cervical, those
touching this line were classified as thoracic inlet and
those below this line were classified as intrathoracic
(mediastinal); uptake extending from the cervical to
intrathoracic location was classified as increased radio-
nuclide uptake in all three locations.

Thyroid tumor size and calculated thyroid tumor
volume
After collection of the thyroid scintigraphic image, each
cat’s hyperfunctional thyroid tumor nodule(s) was(were)
measured using a visually dependent thresholding
method. First, the ventral thyroid image was windowed
to the ‘full dynamic range’ setting in the DICOM image-
processing software, defined as a window width (WW)
at its maximum or widest setting (0-100% full range of
pixel values), with a window level at 50% of WW.17.1° The
full dynamic range setting was used to normalize the
image display, compensating for variations in thyroid
uptake between cats and reducing the effects of ‘radia-
tion scatter’ (ie, blooming artefact),” which may be
observed in very intense (hot) thyroid tumor nodules.’?!
Such blooming effects can result in areas of radionuclide
uptake that appear much larger than they actually are,
resulting in an overestimation of the anatomical volume
of thyroid tumor.2>-2

Second, to identify and measure the length and width
of the thyroid tumor nodule(s) consistently, we used a
customized color look-up table, with a cutoff between
black and white set at a threshold of 20% of the full
dynamic range of the image.? Finally, image interpola-
tion during zooming was disabled to prevent blurring of
the edges of the tumor. The validity of these measure-
ments was established using *™Tc-labeled phantoms
with a known volume and known dimensions (mimick-
ing an enlarged thyroid tumor). All thyroid volume
measurements were made by a single observer (MEP) to
reduce inter-operator variability and ensure reproduci-
bility across a large number of cases.

Thyroid volume was estimated using the equation for
a prolate spheroid, V = 4/3 na%c.?¢ Total thyroid volume
was estimated by summing the volume estimations of all
identified tumor nodules. Based on the total calculated
thyroid tumor volume, tumor size was then classified as
small (<2.0 cm?®), median (2—4 cm?), large (4.1-8.0 cm?®) or
huge (>8 cm?).

Statistical analysis
Data were assessed for normality by the D’Agostino-
Pearson test and by visual inspection of graphical plots.?”

The assumption of Gaussian distribution was not met
and therefore non-parametric testing was used.?8? All
results are reported as the median and interquartile
range (IQR), and are represented graphically as box plots
or bar graphs.®

All statistical analyses were performed using propri-
etary statistical software (GraphPad Prism, version 6.0;
GraphPad Software). The binomial and sign test was
used to compare the proportion of male to female cats,
with an expected equal proportion of 0.5.3! The Kruskall-
Wallis test was used to compare mean ranks of serum T4
concentrations, T/S ratios or thyroid tumor volumes
between the five groups of cats. This test was also used
to compare mean ranks of serum T4 concentrations or
T/S ratios of cats with small, medium and large/huge
thyroid tumors. Correlations between disease duration
and serum T4 concentrations, T/S ratios or thyroid
tumor volume were determined by the Spearman rank
correlation coefficient. The y? test was used to compare
proportions of cats in the five groups with different pat-
terns of thyroid disease (ie, unilateral, bilateral or multi-
focal), locations of the tumor nodules, thyroid tumor
size and prevalence of thyroid carcinoma. For all statis-
tical analyses, values of P <0.05 were considered
significant.

Results

Groups of hyperthyroid cats based on time from
diagnosis

We identified 2096 client-owned adult cats that met the
inclusion criteria. The cats ranged in age from 2-23 years
(median 13 years; IQR 11-15 years); 1138 (54%) of the
cats were spayed females and 958 (46%) were neutered
males (P <0.001). Of the 2096 cats, 1883 (89.8%) were of
mixed breeding (domestic shorthair, mediumhair, and
longhair); 20 other breeds were represented.’

Group 1 consisted of 1773 cats, group 2 consisted of
169, group 3 consisted of 88, group 4 consisted of 35 and
group 5 consisted of 31 cats. Of these, 673 cats in group 1
and all cats in groups 2-5 had been treated with methi-
mazole (Table 1).

Serum T4 concentrations and T/S ratios
Serum T4 concentration increased with disease duration
from 100 nmol/1 (IQR 71-172 nmol/1) in group 1 up to
315 nmol/1 (IQR 257-390 nmol/I) in group 5 (P <0.001)
(Figure 1a). There was a significant positive correlation
between increasing disease duration and the serum T4
concentration in these cats (r = 0.47; P <0.0001).
Similarly, the calculated T/S ratio increased from a
median value of 5.5 (IQR 3.3-9.2; reference interval 0.5
1.5) in group 1 to 26 (IQR 10-30) in group 5 (P <0.001)
(Figure 1b).?2 There was also a significant positive corre-
lation between increasing disease duration and the mag-
nitude of the T/S ratio in these cats (r = 0.39; P <0.0001).
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Table 1 Clinical and scintigraphic characteristics of 2096 hyperthyroid cats, divided into five groups based on disease
duration

*SHIM-RAD = subgroup of cats with thyroid tumors that have the following five features: (1) severe hyperthyroidism (serum thyroxine >300
nmol/l); (2) huge tumors; (3) intrathoracic tumor location; (4) multifocal distribution of radionuclide uptake; and (5) refractory to treatment with

antithyroid drugs

Patterns of thyroid disease

We identified unilateral disease in 665 cats, bilateral dis-
ease in 1317 cats and multifocal disease in 81 cats (Table 1;
Figure 2a—). In 33 cats, increased radionuclide uptake
patterns could not be classified; of these, 28 had ectopic
thyroid tumors and five had suspected thyroid carcinoma.
Of the 81 cats with multifocal disease, 51 were considered
to have ectopic thyroid tumors and 30 were suspected to
have thyroid carcinoma (Table 1; Figure 2¢,d).

Prevalence of unilateral thyroid disease decreased
with increasing disease duration from 33.8% of cats in
group 1 to only 9.7% of cats in group 5 (P <0.0001) (Table
1; Figure 3). No significant difference in the prevalence
of bilateral disease was detected between the five groups
of cats, but the prevalence of multifocal disease increased
with increasing disease duration from 2.7% of cats in
group 1 up to 22.6% of cats in group 5 (P <0.0001) (Table
1; Figure 3). Similarly, prevalence of cats with unclassi-
fied disease increased with increasing disease duration

from 1.1% of cats in group 1 to 9.7% of cats in group 5
(Table 1).

Location of hyperfunctional thyroid tumor nodules

Cats had a median of two areas of increased radionu-
clide uptake (hyperfunctional thyroid tumor nodules)
(range 1-6), with 81 cats having three or more (multifo-
cal disease) (Table 1). These were located in the neck in
2057, in the thoracic inlet in 282 and in the thoracic cavity
in 115 of the cats (Table 1); 59 (2.8%) cats had increased
radionuclide uptake in all three locations (neck, thoracic
inlet, thorax).

The prevalence of thyroid tumor in the region of the
thoracic inlet and thorax increased with increasing dis-
ease duration (P <0.0001) (Table 1; Figure 4). Over 60%
of the cats in group 4 had tumor nodules within the tho-
racic inlet, a rate that fell slightly in group 5 cats as the
prevalence of intrathoracic tumors continued to increase
(Table 1; Figure 4). Only 3.6% of the cats in group 1 had
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Figure 1 Box plots of (a) serum thyroxine (T4) concentrations and (b) thyroid to salivary (T/S) ratios in 2096 cats with
hyperthyroidism, divided into the following five groups based on the time interval from diagnosis of hyperthyroidism to thyroid
scintigraphy: group 1 (n = 1773) <1 year; group 2 (n = 169) >1-2 years; group 3 (n = 88) >2-3 years; group 4 (n = 35) >3-4
years; and group 5 (31 cats) >4-6.1 years. In each graph, the box represents the interquartile range (ie, 25th—75th percentile
range or the middle half of the data). The horizontal bar in the box represents the median value. For each box plot, the T-bars
represent the 2.5-97.5th percentile range

(a) (b)

L

Figure 2 Thyroid scintigrams illustrating the major patterns of thyroid disease with one to six areas of sodium pertechnetate uptake
in the 2096 cats. (a) One nodule (unilateral disease). (b) Two nodules (bilateral cervical disease). (C) Three nodules (bilateral
disease with third ectopic midline nodule in thorax). (d) Six nodules (multifocal disease resulting from suspected thyroid carcinoma)
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Figure 3 Bar graphs depicting the percentage of hyperthyroid cats with unilateral, bilateral and multifocal (three or more
nodules) thyroid disease, in each of five groups, based on the time from diagnosis: group 1, <1 year; group 2, >1-2 years;
group 3, >2-3 years; group 4, >3-4 years; and group 5, >4-6.1 years
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Figure 4 Bar graphs depicting the percentage of cats with thyroid tumor nodules in the cervical, thoracic inlet and intrathoracic
locations in each of the five groups, based on the time from diagnosis: group 1, <1 year; group 2, >1-2 years; group 3, >2-3
years; group 4, >3-4 years; and group 5, >4-6.1 years

intrathoracic thyroid tumor nodules, a prevalence that up to 6.4 cm?3 (IQR 4.5-11.0 cm?) in group 5 cats (P <0.001)
increased to 32.2% of cats in group 5 (Table 1; Figure 4).  (Figure 5). There was a significant correlation between

increasing disease duration and the magnitude of the
Thyroid tumor size and calculated thyroid tumor thyroid tumor volume in these cats (r = 0.58; P <0.0001).
volume Thyroid tumors were small (<2.0 cm?) in 1135,
Thyroid tumor volume increased with increasing disease  medium-sized (2-4 cm?) in 682, large (4-8 cm?) in 230

duration from 1.6 cm? (IQR 0.96-2.60 cm?) in group 1 cats  3nd huge (>8 cm®) in 49 cats (Table 1). Cats with large
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Figure 5 Box plots of the calculated volume of thyroid tumor
tissue in 2096 cats with hyperthyroidism, divided into the
following five groups based on the time from diagnosis: group
1, <1 year; group 2, >1-2 years; group 3, >2-3 years; group
4, >3-4 years; and group 5, >4-6.1 years

and huge thyroid tumors had more severe hyperthy-
roid disease than did the cats with smaller tumors.
Cats with large and huge tumors had higher serum T4

concentrations (300 nmol /1) than did cats with medium-
sized (165 nmol/l) or small (81 nmol/1) thyroid tumors
(P <0.0001). Cats with large and huge thyroid tumors
also had higher T/S ratios (16.0) than did cats with
medium-sized (9.1) or small (3.9) thyroid tumors (P
<0.0001).

The prevalence of small tumors decreased with
increasing disease duration from 62.1% of group 1 cats to
only 2.9% of group 4 cats (P <0.0001); none of the 31 cats
in group 5 had small thyroid tumors (Table 1; Figure 6).
Conversely, the prevalence of large thyroid tumors
increased with increasing disease duration from 4.6% of
group 1 cats up to 60% of group 4 cats (P <0.0001) (Table
1; Figure 6). Similarly, prevalence of huge thyroid tumors
increased with increasing disease duration from 0.5% of
group 1 cats up to 35.5% of group 5 cats (P <0.0001)
(Table 1; Figure 6).

Ectopic thyroid disease
We identified ectopic disease in 79 cats; of these, 64 had
intrathoracic (mediastinal) ectopic tumors (Table 1;
Figure 2c), eight had sublingual tumors, and one cat had
ectopic tumor nodules in both intrathoracic and sublin-
gual locations. The remaining six cats had three areas of
increased radionuclide uptake (hyperfunctional thyroid
tumor nodules) in the cervical region; these cats were
considered to have bilateral disease, with an ectopic cer-
vical tumor.®

In the cats with ectopic disease, the calculated thyroid
size was small in 17 (21%), medium-sized in 38 (46.9%),
large in 26 (28.4%) and huge in three (3.7%). The median
serum T4 concentration in these 81 cats was 195 nmol/1
(IQR 142-300 nmol/1).
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Figure 6 Bar graphs depicting the percentage of hyperthyroid cats with small, medium, large and huge thyroid tumors in each
of five groups, based on the time from diagnosis: group 1, <1 year; group 2, >1-2 years; group 3, >2-3 years; group 4, >3-4

years; and group 5, >4-6.1 years
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The prevalence of ectopic disease did not vary signifi-
cantly across the five groups of cats, ranging from 3.3%
in cats of group 1 to 7.1%, 5.7%, 8.6% and 6.5% in groups
2-5, respectively (Table 1; Figure 7).

Suspected thyroid carcinoma (SHIM-RAD tumors)

We diagnosed suspected thyroid carcinoma in 35 cats.’
These cats had 2-6 areas of increased thyroid uptake
(median 4 areas) that extended beyond the margins of
the thyroid tumor(s) (Figure 2d). All of these tumors
were hyperfunctional; non-functional (ie, cold) thyroid
tumors were not detected in any of these cats. The calcu-
lated thyroid size was very large in four (11.4%) cats and
huge in 31 (88.6%) of these cats, with extension of tumor
from the cervical region through the thoracic inlet (four
cats) or into the thorax (31 cats). Two cats had evidence
of metastasis to regional lymph nodes. Of the 35 cats, 32
had been treated with methimazole; all had shown an
initial response (serum T4 normalizing), followed weeks-
to-months later by a gradual loss of thyroid control
despite an increasing daily methimazole dosage.

Of the 35 cats with suspected carcinoma, 30 cats could
be characterized as a distinct subgroup (acronym SHIM-
RAD) based on having all five of the following clinical
and scintigraphic characteristics: (1) severe hyperthy-
roidism (serum T4 >300 nmol/l); (2) huge tumor size;
(3) intrathoracic tumor nodule(s); (4) multifocal disease;
and (5) refractory response to treatment with antithyroid
drugs. The remaining five cats each fulfilled 4/5 features
but lacked one of the SHIM-RAD characteristics: one
had tumor masses in both cervical and thoracic inlet
locations but did not have intrathoracic involvement;
two had bilateral but not multifocal disease; and two
had never been treated with methimazole and therefore
could not be classified as being refractory to treatment.

The prevalence of suspected thyroid carcinoma
increased with increasing disease duration from 0.5% of
group 1 cats to 25.8% of group 5 cats (P <0.001) (Table 1;
Figure 7). Similarly, prevalence of the subgroup of cats
having huge, intrathoracic, multifocal disease refractory
to antithyroid drugs (SHIM-RAD group) increased with
increasing disease duration from 0.4% of group 1 cats to
19.3% of group 5 cats (P <0.001) (Table 1; Figure 7).

Discussion

Our study, in a large cohort of cats with hyperthyroidism
referred for radioiodine therapy, shows that the preva-
lence of moderate-to-severe hyperthyroid disease
increases with disease duration, despite ongoing admin-
istration of antithyroid drugs. Serum T4 concentrations
(tested after stopping methimazole) and T/S ratios
(another predictor of the metabolic status of the thyroid
gland®) both increased proportionally with disease dura-
tion. Additionally, the size, volume, number of functional
thyroid tumor nodules and the prevalence of suspected
thyroid carcinoma increased proportionally with disease
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Figure 7 Bar graphs depicting the percentage of hyperthyroid
cats with ectopic thyroid tumor tissue, suspected thyroid
carcinoma, or SHIM-RAD tumors in each of five groups, based
on the time from diagnosis: group 1, <1 year; group 2, >1-2
years; group 3, >2-3 years; group 4 >3-4 years; and group
5, >4-6.1 years. Cats in the SHIM-RAD subgroup had the
following five features: (1) severe hyperthyroidism (serum
thyroxine >300 nmol/l); (2) huge tumors; (3) intrathoracic
tumor location; (4) multifocal distribution of radionuclide
uptake; and (5) refractory to treatment with antithyroid

drugs

duration. These findings might be expected, given that
antithyroid drugs inhibit thyroid hormone secretion but
do not destroy the thyroid tumor pathology,'?3* allowing
the thyroid adenoma to grow and evolve.

Several estimates of disease severity increased in par-
allel in our five groups of cats with increased disease
duration. As tumor volume and number of thyroid
tumor nodules increased, the number of thyroid tumors
located within the thoracic inlet and anterior thorax also
increased. No cause for this was identified, but we spec-
ulate that this might be due to gravitational forces pull-
ing the larger tumor mass ventrally. Additionally, and
possibly more importantly, the prevalence of suspected
thyroid carcinoma was very low in recently diagnosed
cats (0.5%), but accounted for >25% of tumors in group
5 cats. Worse outcomes for cats with suspected thyroid
carcinoma highlight the importance of preventing malig-
nant transformation, if possible.3123435

While we might expect to see a higher thyroid tumor
volume in cats with more chronic hyperthyroidism, we
did not expect to see an increase in the number of thy-
roid tumor nodules as disease duration increased. In our
cats, the prevalence of bilateral or multifocal disease
increased, while prevalence of unilateral thyroid disease
progressively decreased as disease duration increased.
These findings further support our premise that feline
hyperthyroidism is a progressive disease that cannot be
arrested by maintaining euthyroidism with antithyroid
drugs. Although not addressed in this cross-sectional
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study, this observation suggests that development of
new thyroid tumor nodules over time might explain
why a subset of cats treated with unilateral thyroidec-
tomy or radioiodine and initially cured later experience
relapse of their hyperthyroid disease.!236-38

One question that comes up as a result of this study is
whether the increased disease severity that we observed
in cats with longer disease duration was the result of time
alone, allowing the thyroid tumor to grow and evolve
naturally, or if the chronic use of methimazole enhanced
disease progression. In rats, long-term methimazole can
induce thyroid nodular hyperplasia and thyroid neopla-
sia (both follicular cell adenomas and adenocarcino-
mas).?*% However, there is marked species variation in
the ability of methimazole to induce thyroid carcinogen-
esis,*! and the World Health Organization has failed to
find sufficient evidence to classify methimazole as a car-
cinogen in human patients.#> Obviously, this study was
not designed to determine whether or not long-term
administration of methimazole directly enhanced thy-
roid tumor growth or carcinogenesis in cats, and further
studies are needed to resolve this question.

In addition to the drug’s possible ability to induce
thyroid nodular hyperplasia and neoplasia, methima-
zole treatment lowers serum T4 and T3 concentrations,
thereby increasing circulating concentrations of TSH
into or above the reference interval in some cats.*34
These persistently elevated serum TSH concentrations
might also contribute to advancing thyroid tumor
growth and disease progression.®4” It is also possible
that high circulating TSH concentrations could induce
changes in intrathyroidal methimazole uptake or metab-
olism, contributing to the antithyroid drug resistance
seen in some of our cats. Again, further studies are
needed to address these questions.

Historically, investigators have had difficulty in accu-
rately measuring thyroid volume by use of thyroid scin-
tigraphy.22-24484% With scintigraphy, the apparent size of
the thyroid gland is related to the degree of *mTcO,
uptake (ie, the count intensity or T/S ratio), as well as to
the actual volume of the gland or tumor.?#% As a result,
thyroid tumor nodules of hyperthyroid cats that show
intense *™TcO,~ thyroid uptake can appear much larger
than tumor nodules of similar size that have a lower
count density. This phenomenon, referred to in digital
imaging as the bloom effect,?’ produces fringes of bright-
ness extending from the borders of intense tumor nod-
ules on a scintigraphic image and results in falsely high
measured thyroid volumes.?? In order to correct this
overestimation in volume, the use of various filtering
and thresholding methods has been suggested.*85! Most
studies in both humans and cats have used a region-of-
interest threshold value of 20-30% to improve the accu-
racy of thyroid volume calculations,?+#851-5 similar to
the cutoff value of 20% used in this study. We believe

that our method of thyroid tumor measurement, fol-
lowed by use of an equation (prolate spheroid) suitable
for thyroid tumors that are spherical-to-cylindrical,?
provided an acceptable estimate of tumor volume; in
support of that, the tumor volumes reported in the 2096
cats of this study (median 1.8 cm? mean 2.4 cm?) com-
pare fairly well with those of another recent study of 32
hyperthyroid cats in which ultrasound was used as the
gold standard to determine thyroid volume (mean tumor
volume 2.01 ¢m?). This is in contrast to the study of
Forrest et al, 5 in which thyroid volume was calculated in
80 hyperthyroid cats by measuring the thyroid scinti-
graphic image without first adjusting the image window
settings to the full dynamic range or using a threshold
cutoff limit; in that study, the mean thyroid tumor vol-
ume (10.4 cm?), which we believe to be a falsely high
estimate owing, at least in part, to the bloom effect, was
more than four-fold greater than the mean volume
reported in the present study.

In this and our previous study,® we identified 35 cats
with suspected thyroid carcinoma based on scintigraphic
features suggestive of malignant disease, including mas-
sive multifocal disease, heterogeneous areas of *™TcO,~
uptake, and irregular, spiculated tumor margins
(suggesting extension beyond the thyroid capsule and/
or soft tissue invasion by the tumor tissue).35345
However, only two of these cats had evidence of meta-
static disease, the most reliable indicator of thyroid
malignancy. Unfortunately, histopathology was not used
to confirm thyroid carcinoma in any of these 35 cats
because of their severe and uncontrolled hyperthyroid-
ism, which put them at high risk for anesthesia and sur-
gical biopsy. Therefore, it is possible that these cats
simply had advanced, severe benign thyroid disease,
although the presence of multifocal disease is then diffi-
cult to explain after exclusion of ectopic thyroid disease.
As previously reported, distinguishing ectopic from car-
cinomatous nodules is relatively straightforward, as
ectopic tumor nodules tend to be small-to-moderate in
size and are classically located exactly on the ventral
midline, along the tract of the descending thyroglossal
duct, whereas infiltrative or metastatic masses are typi-
cally much larger and located off the ventral
midline.3510,1356

Although we do not have histological proof of malig-
nant disease in our cats with suspected carcinoma, these
cats tended to show a more advanced clinical presenta-
tion and more severe scintigraphy changes than the
other hyperthyroid cats in this study. To that end, we
developed a combination of five clinical and scinti-
graphic features to distinguish these cats with suspected
carcinoma from all other hyperthyroid cats (not sus-
pected of having carcinoma) in this study. These included
the following criteria: (1) the presence of severe hyper-
thyroidism (defined as a serum T4 concentration >300
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nmol/1); (2) huge tumor size or volume (on both palpa-
tion and by scintigraphy); (3) intrathoracic location of
thyroid masses; (4) multifocal disease (more than three
distinct tumor nodules); and (5) a refractory response to
treatment with high doses of antithyroid drugs, despite
the fact that these drugs generally had successfully con-
trolled hyperthyroidism earlier in the course of the cats’
disease. Of our 35 cats with suspected carcinoma, 30 cats
met all five of these criteria, so we believe this a useful
clinical classification scheme to identify these cats. As as
alternative to the use of the term ‘suspected carcinoma’,
we propose the acronym ‘SHIM-RAD’ for this subgroup
of hyperthyroid cats, indicating severe, huge, intratho-
racic, multifocal disease, refractory to antithyroid drugs.
This allows us to classify these cats to discuss a likely
clinical course and best treatment, even when results of
thyroid histopathology are not available.

However, whatever we call or label this subset of
hyperthyroid cats, the following clinical points are very
clear. The cats have severe (often life-threatening) hyper-
thyroidism that can no longer be managed medically
with antithyroid drugs. Surgical thyroidectomy is diffi-
cult or impossible owing to the multifocal nature and
intrathoracic tumor involvement, but even if excision
was possible, these uncontrolled hyperthyroid cats rep-
resent a very high anesthetic risk. Radioiodine can be
effective treatment in these cats, but the standard doses
generally administered (eg, 100200 mBq) will almost
always fail; extremely high doses (5-10-fold higher than
the typical 13!l doses) are almost always needed.3*% For
these reasons, we believe that it is important to catego-
rize these cases separately (and label them either as sus-
pected carcinoma or SHIM-RAD). It is also clinically
important to note that the prevalence increases dramati-
cally with longer disease duration, as the thyroid disease
is allowed to progress. The pathogenesis of SHIM-RAD
thyroid tumors is unknown but likely involves a pro-
gression from smaller, benign, unilateral or bilateral ade-
nomatous disease, given the very long disease duration
in most of the SHIM-RAD cats.®” Again, as noted above,
the elevated serum TSH concentrations that can develop
with long-term methimazole treatment could contribute
to development of these SHIM-RAD tumors.

Overall, we do not believe that classifying a cat as
having thyroid adenoma vs carcinoma is as important as
staging of disease based on tumor volume, number of
tumor nodules, location of disease and local infiltration/
invasion as almost all cats with suspected thyroid carci-
noma (or SHIM-RAD) have a slow, indolent, relatively
benign, biologic course, with metastasis being rare.
Again, most of these cats had advanced disease but had
been hyperthyroid for many months to many years. In
addition, the fact that cats with suspected thyroid carci-
nomas almost always show a complete clinical response
to high-dose radioiodine therapy, with total ablation of

all neoplastic thyroid tissue (including the 35 cats of this
report), supports this reasoning.3343557

The results of this cross-sectional study represent the
prevalence rates for cats that are referred for radioiodine
therapy but may not reflect what happens in all cats
treated long-term with antithyroid drugs. Although
many of our cats that were diagnosed within a year of
our evaluation had not been treated, all of the cats diag-
nosed more than a year before evaluation had been
treated medically with antithyroid drugs. Most cats with
chronic hyperthyroid disease were referred because of
the need for increasing dosages of methimazole or the
failure of medical management to control their hyperthy-
roid state.!?> The reason for such failure in medical man-
agement was likely associated with the thyroid tumor
becoming too large for the antithyroid drugs to block thy-
roid hormone secretion adequately or, in some cats, with
the thyroid adenoma undergoing malignant transforma-
tion into carcinomas. Therefore, it is possible that some of
our hyperthyroid cats represent a subpopulation with
larger-than-average thyroid tumors, and that these cats
may not represent the ‘average’ cat treated with long-
term methimazole. Put another way, most owners who
decided to treat their hyperthyroid cat with radioiodine
>2 years after initial diagnosis do so mostly because the
antithyroid drugs are no longer as effective in maintain-
ing euthyroidism; other cats treated long-term with
antithyroid drugs would be much less likely to be referred
for radioiodine treatment if the drugs are still effective.

Conclusions

Overall, our study provides evidence that feline hyper-
thyroidism is a progressive disease, with thyroid pathol-
ogy that cannot be arrested by management with chronic
antithyroid drugs. Over a period of months to years, the
thyroid tumors continue to grow and malignant trans-
formation appears possible. What percentage of hyper-
thyroid cats treated medically show escape from
long-term control, necessitating an increase in the daily
methimazole dose, is unknown.

Furthermore, progressive dose increments of antithy-
roid medications warrant re-evaluation of the underly-
ing tumor pathology. Only thyroidectomy or radioiodine
can remove or destroy the hyperfunctional thyroid
tumor(s) and cure the disease. Neither management
with antithyroid drugs nor feeding a low-iodine diet is
curative, as both options leave the thyroid adenoma
intact to continue to grow and evolve with time. Such
sequelae should be considered when discussing treat-
ment options with cat owners, especially in younger cats
that will require years of treatment.
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