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ABSTRACT

Background: Thyroid tumor is a common endocrine tumor that accounts for up to 3.8% of all tumors in dogs. Most of 
them are malignant and usually nonfunctional in dogs. 18F-fluorodeoxyglucose positron emission tomography (FDG-PET) 
is an imaging modality that detects intracellular accumulation of radioactive deoxyglucose administered in the body and 
is used in combination with computed tomography to provide functional information with exact anatomical localization. 
It is used in human medicine to detect residual or recurrent head and neck neoplasm after treatments, such as surgical 
resection. This report describes the first case of diagnosing recurrent thyroid carcinoma (TC) through FDG-PET in a dog.
Case: A 9-year-old castrated male Maltese dog presented with a palpable mobile mass in the right ventral cervical region. 
Radiography and ultrasonography (US) showed a radiopaque mass adjacent to the trachea, and the right thyroid gland was 
enlarged on computed tomography. The surgically excised mass was encapsulated and measured to be 2.3 × 1.0 × 3.4 cm 
(width x length x height) in size. Histopathologically, the mass was diagnosed as differentiated follicular TC, and gross 
and vascular invasions were observed. To prevent recurrence, postoperative carboplatin chemotherapy was performed for 
5 months. Two months after completion of chemotherapy, a nodule of approximately 7 mm in diameter was detected in 
the thyroidectomy bed by US. FDG-PET scanning was performed as an effective means of evaluating the malignancy, 
local recurrence, and metastasis of differentiated follicular TC. The nodule had the dimensions of 2.8 × 5.9 × 8.6 mm, 
a maximum standardized uptake value (SUV) of 8.49, and a mean SUV of 5.6. The results of FDG-PET suggested the 
recurrence of TC; therefore, the second chemotherapy protocol using toceranib was applied for 16 months. After initia-
tion of the 2nd chemotherapy, follow-up examinations were conducted approximately every 4 months. On the 134th day, 
although the nodule was not palpated, its size was observed to have increased to 5.0 × 3.8 × 13.6 mm on cervical US on 
the 232nd day, showing heterogeneous and hypoechoic parenchyma. On the 405th day, the tumor was enlarged to a size 
of 13.4 × 12.9 × 22 mm and identified as a lobular, amorphous shape, and its heterogeneity was increased. Moreover, 2 
pulmonary nodules with well-defined margins were found on radiography in the left caudal lung lobe (9 × 10 mm and 12 
× 12 mm [width × length]); thus, lung metastasis was suspected. On the 536th day, anorexia and lethargy occurred, and 
the dog was lost to follow-up.
Discussion: In the present case, local recurrence of TC was suspected based on cervical US. Although US was useful as 
a screening tool, additional examinations were necessary for evaluating local invasiveness, malignancy, and nodal/distant 
metastasis. FDG-PET can detect recurrence at an early stage because it can sense increased tumor metabolism through physi-
ologic absorption of FDG, even before the beginning of anatomic change in the lesion. Therefore, FDG-PET can assist in 
treatment planning and provide better prognosis. In humans, focal FDG uptake and a high maximum SUV in the thyroid gland 
on FDG-PET were associated with a higher risk of cancer. Because there was no evidence of neoplasia except the thyroid 
lesion during the FDG-PET examination, the tumor showed an increasingly malignant pattern of the thyroid gland on US 
during the follow-up period, and the metastatic pulmonary nodules were identified on the 650th day after the thyroidectomy, 
the present case was diagnosed as recurrent TC. This report describes the use of FDG-PET for diagnosing local recurrence 
of TC, pointing to FDG-PET as a potential strategy to evaluate loco-regional recurrence and distant metastasis of TC.
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INTRODUCTION

Thyroid tumor is a common endocrine tumor 
that accounts for up to 3.8% of all tumors in dogs. Most 
of them are malignant and invade surrounding tissues as 
well. It is usually nonfunctional in dogs [20]. In humans, 
the loco-regional recurrence rate of thyroid tumor is 
known to be high (15-30%) in case of gross vascular 
invasion [12,17], which is associated with worse prog-
nosis in well-differentiated follicular thyroid carcinoma 
(dFTC) patients [12,14]. According to a retrospective 
study with 156 dogs that experienced thyroidectomy, the 
loco-regional recurrence rate was 11.5%, and the metas-
tatic rate was 8.3% as a post-surgical complication [26].

The monitoring tools for the diagnosis of local 
recurrence after thyroidectomy in dogs are cervical ul-
trasonography (US), US-guided fine needle aspiration 
(FNA), and computed tomography (CT) scans [18,26]. 
However, 18F-fluorodeoxyglucose positron emission 
tomography (FDG-PET) is also commonly used in 
human medicine [10,11,23]. FDG-PET is a modality 
that detects intracellular accumulation of radioactive 
deoxyglucose administered in the body and is used in 
combination with CT to provide functional information 
with exact anatomical localization [19]. In humans, 
FDG-PET is a powerful tool for detecting residual or 
recurrent head and neck neoplasm after treatments, 
such as surgical resection and radioiodine therapy 
[11]. However, to the authors’ knowledge, the use of 
FDG-PET for the diagnosis of recurrent thyroid tumor 
following surgical resection has not yet been reported 
in small animals. Therefore, this report describes a 
case of recurrent TC diagnosed through FDG-PET and 
discusses its usefulness.

CASE

A 9-year-old castrated male Maltese dog pre-
sented with a palpable mobile mass in the right ventral 
cervical region. On physical examination, the mass 
was located at the level of the right side of the thyroid 
along the trachea, and the size of the mass was 3.4 × 
3.6 cm (width [W] × length [L]). There were no other 
specific findings except for hyperthermia (39.4°C) 
and obvious clinical signs. In blood analysis, the dog 
had a mildly increased alkaline phosphatase level (144 
IU/L; reference interval (RI) = 29-97 IU/L) and mild 
hypercholesterolemia (324 mg/dL, RI = 135-270 mg/
dL). The total T4 concentration was normal (1.3 µg/
dL; RI = 1.0-3.5 µg/dL). Radiography and US scans 

highlighted the possibility of a thyroid tumor (Figure 
1A, B). In the FNA examination of the mass, loosely 
cohesive sheets of cells were observed as well as naked 
nuclei morphology, which is typical of endocrine cells 
(Figure 1C). In the CT exam, the right thyroid lobe was 
enlarged to a size of 2.3 × 1.9 × 3.4 cm (W × L × height 
[H]). The tumor had a moderately irregular, circular 
margin and was well-capsulated. Gross vascular inva-
sion was observed, and there was no other evidence 
of lymph node or distant metastasis (Figure. 1D). The 
tumor was classified as T2aN0M0 stage according to 
the tumor-nodes-metastases classification [25].

Right thyroidectomy was performed due to the 
lack of metastases and the encapsulation and freely 
movable nature of the tumor. The removed tumor was 
sent for histopathology on the 15th day following initial 
presentation. In histopathology, neoplastic epithelial 
cells formed a few abnormally sized and shaped folli-
cular structures, showing both follicular and compact 
cellular growth patterns. The cells with the compact 
cellular growth pattern appeared to be morphologically 
and functionally less differentiated than the cells that 
formed follicles. Therefore, the tumor was diagnosed 
as dFTC with the follicular-compact subtype. The sur-
gical margin was complete, but the tumor was narrowly 
excised along the less than 1-mm thick capsule. The 
mitotic count was 4 in 10 per high-power fields, and 
vascular invasion was observed (Figure 2).

Because both macroscopic and microscopic 
vascular invasions were confirmed, the risk of recur-
rence was likely to be high. Therefore, the adjuvant 
chemotherapy protocol was performed with carbopla-
tin1 (300 mg/m2/IV, once every month for 5 months). 
Two months after completion of chemotherapy, a 
nodule appeared in the right thyroidectomy bed; thus, 
the lesion was screened by US. A 7-mm size nodule 
was identified, and recurrence of the thyroid tumor 
was considered. However, in contrast to the typical 
features of thyroid cancer, which are inhomogeneous 
parenchyma, irregular margins, central vascularization, 
and micro-calcification [28], the nodule had a homoge-
neous parenchyma and a sharp margin without calci-
fication, and the invasion into the surrounding tissues 
was unclear. In addition, US-guided FNA could not be 
performed because the nodule was relatively small, and 
there was a large blood vessel adjacent to the nodule.

Therefore, FDG-PET was performed to evalu-
ate the recurrence of thyroid tumor, its malignancy, and 
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distant metastasis on the 245th day after thyroidectomy. 
FDG-PET was performed under general anesthesia as 
follows: after a 1-time injection of propofol2 [4 mg/kg/
IV] following midazolam3 [0.2 mg/kg/IV/bolus] pre-
medication, anesthesia was maintained with a mixture 
of isoflurane4 and oxygen. Following induction, the 
dog was moved to the PET/CT suite (Discovery-72 
STE)5, where 25.16 MBq (0.14 mCi/kg) of FDG was 
administered intravenously. During the 60-min uptake 
time, whole-body CT scans were obtained, after which 
whole-body PET images were taken for 30 min in 
6-bed positions (5 min each). Commercial medical 
imaging software6 was used to analyze PET images. 
The region of interest (ROI) for the nodule was drawn 
manually and analyzed. Standardized uptake values 
(SUVs), which reflect tissue activity within a ROI, 
were calculated as the average tissue concentration of 
FDG using the following formula: (MBq/mL)/(total 
injected dose [MBq]/body weight [g]). The mean and 
maximum SUV (SUVmean and SUVmax) were cal-
culated to quantitatively analyze FDG uptake.

As a result, a hypermetabolic area was identi-
fied on the right thyroidectomy bed, and the size of the 
nodule was determined to be 2.8 × 5.9 × 8.6 mm. The 
SUVmax of the area was 8.49, and the SUVmean was 
5.6, indicating the possibility of a malignant neoplasia. 
No regional lymph node or distant metastasis was found 
(Figure 3). Consequently, recurrence of the TC was 
strongly suspected because the tumor showed potential 
malignancy on FDG-PET, in the same location as that 
of the primary tumor, and also gross vascular invasion 
was confirmed in the previous histopathology of the 
primary tumor. The disease-free survival (DFS) was 
estimated to be 245 days after thyroidectomy. Since 
lymph nodes and distant metastasis were not observed, 
a second surgical resection was the primary treatment 
regimen offered, but the owner refused. However, 
several studies have confirmed the clinical benefit of 
toceranib, a tyrosine kinase inhibitor (TKI), for TC [21]. 
Accordingly, the secondary chemotherapy protocol us-
ing toceranib7 [3 mg/kg, Peroral, every other day for 
16 months] was applied since the time of recurrence. 

After initiation of the 2nd chemotherapy, fol-
low-up examinations were conducted approximately 
every 4 months. On the 134th day after the 2nd chemo-
therapy, although the nodule was not palpated, it was 
found to have expanded to a size of 5.0 × 3.8 × 13.6 
mm on cervical US on the 232nd day, showing hetero-

geneous and hypoechoic parenchyma. On the 405th 
day, the tumor was enlarged to a size of 13.4 × 12.9 × 
22 mm, and it was identified as a lobular, amorphous 
shape with an increased heterogeneity. Additionally, 
2 pulmonary nodules with well-defined margins were 
found on radiography in the left caudal lung lobe (9 
× 10 mm and 12 × 12 mm); thus, lung metastasis was 
suspected. On the 536th day, anorexia and lethargy 
occurred, and the dog was lost to follow-up.

DISCUSSION

Surgical excision has been recommended for 
freely movable, non-metastatic thyroid tumors. In a 
study, the incidence of gross and histologic vascular 
invasion in 156 TC dogs was reported to be approxi-
mately 34.6% and 43.6%, respectively [26]. Further-
more, macroscopic and histologic vascular invasions 
are thought to be negative predictors of DFS in dogs. 
It was found in a previous study that the median DFS 
for the no-macroscopic vascular invasion (n = 33) and 
no-histologic vascular invasion (n = 20) groups were 
23 and 29 months, respectively [3]. In this dog, gross 
vascular invasion was confirmed by CT and at surgery, 
and histologic vascular invasion was also proven. Thus, 
the short DFS (245 days) at 1st recurrence after thyroi-
dectomy could be influenced by both macroscopic and 
histologic vascular invasions in the present case.

Until now, the clinical benefits of chemothera-
py in TC have not been well-established. In a previous 
study, there was no significant difference in the time of 
recurrence for the surgically resected dFTC group ac-
cording to whether chemotherapy protocol was applied 
[4]. Conversely, the expression of multiple receptor 
tyrosine kinases, as well as activation of their downs-
tream effector pathways, were revealed, and the clinical 
benefit of the TKI, toceranib, has been demonstrated 
in canine TC [21,29]. Clinical benefit was determined 
in dogs as either complete or partial response or stable 
disease at least 10 weeks while receiving toceranib. A 
total of 75% of dogs showed a clinical benefit when 
toceranib was used as an adjuvant chemotherapy [29]. 
In the current case, progression-free status was confir-
med up to the 134th day, and progression was confir-
med on the 232nd day after toceranib administration. 
Therefore, the outcome in the current case of a partial 
response for approximately 19 weeks was consistent 
with the previous study, suggesting that toceranib may 
be effective as a chemotherapeutic agent.
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In human medicine, cervical US, US-guided 
FNA, and 131I-whole body scintigraphy (WBS) are 
imaging modalities used in routine follow-up tests after 
thyroidectomy. US and FNA are strongly recommended 
as diagnostic procedures for the follow-up of patients 
with differentiated TC (DTC) [10]. In a previous study, 
US showed a specificity of 95.3% for detecting recurren-
ce [10]. In an appraisal of studies, the overall sensitivity 
and specificity of FNA in thyroid lesions were reportedly 
83% and 92%, respectively [13]. Currently, a negative 
result does not exclude malignancy, and a biopsy of 
the mass should be performed when a malignant lesion 
is suspected. 131I-WBS is useful for identifying tumors 
of thyroid origin [20]. However, in 20-30% of patients 

Figure 1. Radiographic (A), ultrasonographic (B), cytological (C), and computed tomography (D) findings of the thyroid mass in a dog. A- An ill-defined 
oval shape mass is located at the C4-C6 level (arrows). B- The right thyroid gland appears enlarged and has heterogeneous echogenicity with central 
vascularization. C- Loosely cohesive cell groups and various malignant cytological findings, such as anisokaryosis, anisocytosis, multinucleated figure, 
and increased N:C ratio, are observed. D- Rim and parenchymal contrast enhancement (arrowheads) is observed in post-contrast CT scan.

Figure 2. Histopathologic section of the follicular thyroid carcinoma in a 
dog. Neoplastic epithelial cells are seen forming a few abnormally sized and 
shaped follicular structures containing intraluminal amorphous eosinophilic 
material [H&E; Bar = 50 µm].
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with recurrent DTC, TC cells are unable of concentrating 
iodine, resulting in a negative iodine uptake [10, 27]. 
Therefore, 131I-WBS presents limitations in detecting 
local recurrence or distant metastasis.

Most human TCs are DTCs of follicular cell 
origin, which are mainly composed of the papillary and 
follicular types, as in this case [30]. In general, FDG-
-PET is utilized for the follow-up of all DTC patients 
with suspected recurrence and/or metastasis when there 
are pathologically elevated serum thyroglobulin levels 
but no abnormal 131I-WBS uptake [10,23]. In such cases, 
the sensitivity for detecting recurrent or metastatic le-
sions through FDG-PET is known to be 71-94%; hence, 
it is recommended as a diagnostic method for recurrent 
papillary carcinoma [6]. In addition, when FDG-PET 
was used in combination with US, it was demonstrated 
that the sensitivity, specificity, and accuracy in diagno-
sing cervical nodal metastasis was increased to 81.5%, 
95.6%, and 87.3%, respectively [15].

In veterinary medicine, local recurrence was 
reported to be diagnosed by US, US-guided FNA, 
and CT in previous cases [18,26]. In the present case 
as well, local recurrence was suspected through US. 
However, in the early stage of recurrence, the malig-
nant findings were insufficient for diagnosis, invasion 
into surrounding tissues was undefinable on US, and 
US-guided FNA could not be performed due to the 
nodule’s small size and proximity to a large vessel. US 

has been shown to be less sensitive and specific than 
CT for assessing invasiveness and verifying thyroid 
origin [31]. Therefore, although US examination of 
the neck was useful as a screening tool, additional 
examinations were necessary for evaluating local in-
vasiveness, malignancy, and nodal/distant metastasis. 
Meanwhile, the 131I-WBS test was also considered to 
confirm thyroid origin. However, the original tumor 
in the present case was of the less-differentiated, 
follicular-compact type of dFTC. In other words, 131I-
-WBS was an ineffective diagnostic approach since it 
could lead to incorrect results due to the insufficient 
radioiodine absorption by thyroid tissue [7].

Therefore, in the present case, FDG-PET was 
used for the diagnosis of recurrent thyroid tumor, 
complementing other diagnostic methods. FDG-PET 
can detect recurrence at an early stage because it can 
sense increased tumor metabolism and physiologic 
absorption of FDG, even before the beginning of ana-
tomic change in the lesion. A human study reported 
that the sensitivities of CT alone and FDG-PET/CT 
were 73% and 96%, and the specificities were 71% 
and 100%, respectively, indicating that FDG-PET/CT 
considerably enhanced diagnostic accuracy in recur-
rent iodine-negative DTC patients [9]. Additionally, 
FDG-PET/CT reduces the uncertainty of 131I-WBS 
[6,10,11]. As a result, FDG-PET can more accurately 

Figure 3. Recurrent thyroid nodule diagnosed in a dog with FDG-PET. A, B & C- Fused PET/CT images using FDG. The hypermetabolic area (white 
arrows) showing the elevated uptake of FDG (SUVmax 8.49 and SUVmean 5.6) and is found located in the right thyroidectomy bed. A- Transverse 
plane. B- Sagittal plane. C- Dorsal plane. D & E- Maximum intensity projection (MIP) images using FDG. The images reveal a hypermetabolic lesion 
(black arrows) in the right thyroidectomy bed [R: Right, L: Left].
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detect tumor recurrence, assist in treatment planning, 
and provide better prognosis.

As a glucose analog, FDG is the most widely 
used PET tracer in oncology. The physiologic thyroid 
uptake of FDG is homogeneous and low in both hu-
mans and dogs; therefore, it is generally not visualized 
in FDG-PET. The SUVmean of the normal thyroid 
gland is known to be 1.31 ± 0.3 in humans and has not 
been established in dogs [5,24]. In a previous study, 
focal uptake (i.e., focally increased 18F-FDG uptake) 
was highly correlated with malignancy compared 
with diffuse uptake (i.e., 18F-FDG uptake in the whole 
thyroid gland), and the mean SUVmax of malignant 
thyroid lesions was significantly higher than that of 
benign lesions (6.64 ± 4.12 vs. 3.35 ± 1.69) [2]. In 
another study, when diagnosing malignant tumors, if 
the cutoff SUVmax of the thyroid lesion were 7 and 
9, the specificities were 90.9% and 97.7%, and the 
positive predictive values were 60.0% and 75.0%, 
respectively [1]. Consequently, focal FDG uptake on 
FDG-PET and a high SUVmax were associated with 
a higher risk of cancer.

Therefore, FDG-PET may be useful in diag-
nosing the recurrence of TC. A few cases have been 
reported regarding the diagnosis of TC using FDG-PET 
in veterinary fields [8,16,22], but these cases identi-
fied primary thyroid tumors. In 1 of these cases, TC 
was discovered incidentally, and in the other 2 cases, 
FDG-PET/MRI or FDG-PET/CT was used to diagnose 
the primary TC.

 There are some limitations in this case report. 
First, because of its small size, the recurrent lesion was 
not investigated by cytology, and it was not analyzed 

by histopathology due to the owner’s rejection of 
invasive procedures. If FNA or surgical biopsy had 
been performed, the origin of the mass could have 
been clearly identified. Second, follow-up FDG-PET 
was not performed; thus, the treatment response of the 
2nd chemotherapy was evaluated by only cervical US. 
However, because there was no evidence of neopla-
sia other than the thyroid lesion at the time of FDG-
-PET examination, the tumor showed an increasingly 
malignant pattern of the thyroid gland on US during 
the follow-up period, and the metastatic pulmonary 
nodules were identified on the 650th day after thyroi-
dectomy, the tumor was assumed to be a recurrent TC.

In conclusion, the present case suggests the 
usefulness of diagnosing local recurrence of TC throu-
gh FDG-PET. FDG-PET may thus be considered as 
a strategy to evaluate loco-regional recurrence and 
distant metastasis of TC.
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