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Abstract In this retrospective study, we sought to
investigate the prevalence and the clinical significance of
thyroid uptake discovered by FDG PET/CT within the
thyroid gland during imaging investigation of non-thyroid
disorders. This study included 5,877 subjects with no
previous history of thyroid malignancy referred to our
PET/CT center (1,596 for cancer screening and 4,281 for
primary staging or restaging purposes) from June 2006 to
April 2009. All of the patients had at least 12 months of
follow-up or were censored on the date of the last follow-
up. The disease status was analyzed for correlation with the
maximum standardized uptake value (SUVmax). Receiver
operating characteristics (ROC) curves were constructed to
determine the optimal cutoff values for SUVmax. In the
screening group (n = 1,596), 55 patients (4%) had thyroid
FDG uptake. Twenty-two subjects were referred for cyto-
logical or histological assessment and 4 (18%) were diag-
nosed with thyroid carcinoma. In the primary staging/
restaging group (n = 4,281), 165 patients (4%) had thyroid
FDG-avid sites. Thirty-three patients were referred for
cytological or histological assessment and 4 (12%) were
found to have thyroid carcinoma. Of the 8 malignant
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lesions, 7 were papillary thyroid carcinoma, and 1 medul-
lary thyroid carcinoma. Surgical resection was performed
in seven out of eight patients. Three patients had lymph
node metastasis (one case detected by preoperative PET/
CT) and three bilateral malignant diseases (all false nega-
tive in PET/CT scans). Of the 47 benign lesions, 35 were
nodular goiter or nodular hyperplasia, 6 multinodular goi-
ter, and 6 autoimmune thyroid disease. The average value
of SUVmax of malignant thyroid lesions was significantly
higher than that of benign thyroid lesions (8.2 £ 4.5 vs.
5.6 +£ 32, P =0.048). However, we were unable to
identify an optimal SUVmax cutoff because the total area
under the curve was small. The prevalence of thyroid
uptake on FDG PET/CT in this study is 3.7%, which is
consistent with previous observations. Of patients who
received verification by cytology or histology, 14% (8/55)
were found to have thyroid malignancies. However, we
were unable to establish an optimal SUVmax cutoff value
to differentiate benign from malignant lesions. FDG PET/
CT scans were false negative in a significant proportion of
patients with thyroid carcinoma and regional lymph node
metastases or separate tumor nodule(s) in a contralat-
eral lobe. Further diagnostic tests (thyroid ultrasound/fine
needle aspiration) are recommended in presence of focal
thyroid uptake detected by FDG PET/CT scans.
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Background

Under physiological conditions, the thyroid parenchyma is
characterized by low-intensity uptake of 18-fluoro-deoxy-
glucose (FDG). Therefore, positron emission tomography
(PET) using FDG does not visualize the normal thyroid
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gland [1]. Of note, the thyroid gland is a rare target for
metastasis from other primary cancers [2]. With the
increasing use of FDG PET/CT, unexpected diffuse or
focal areas of FDG uptake within the thyroid gland have
been repeatedly described during imaging investigation of
non-thyroid disorders [3]. To assess whether hypermeta-
bolic thyroid uptake are malignant, cytological or histo-
logical verification should be pursued. Unfortunately,
complete pathological data are not available for all repor-
ted series. Therefore, the prevalence and the clinical
significance of thyroid FDG uptake remain uncertain.

In Taiwan, FDG PET is one of the most widely used
imaging modalities for cancer screening, primary staging,
restaging, and evaluation of cancer treatment. Therefore,
we planned a retrospective study to investigate the preva-
lence and the clinical significance of thyroid uptake
discovered by PET/CT during imaging investigation of
non-thyroid disorders among Taiwanese individuals.

Materials and methods
Patient population

This retrospective study included 5,877 subjects with no
previous history of thyroid malignancy who were referred
to our PET/CT center for cancer screening (1,596 patients)
or primary staging or restaging purposes (4,281 patients)
from June 2006 to April 2009. Patients with incidental
FDG accumulation within the thyroid gland were included
in the study. The nature of focally or diffusely increased
thyroid uptake was determined by image-guided fine nee-
dle aspiration cytology or by histological analysis of sur-
gical resection specimens. When the diagnosis was not
based on cytology or histology, close follow-up with
ultrasound or laboratory examinations was pursued for at
least 12 months. All patients gave written informed con-
sent for the FDG PET/CT study and for evaluation of their
cytological or histological and clinical records. The study
protocol was approved by our local Ethics Committee.

FDG PET protocol

All FDG PET/CT scans were done on a Discovery ST 16
PET/CT scanner (GE Healthcare, Milwaukee, MI, USA).
Images were acquired 50 min after i.v. injection of FDG
(333-407 MBq). Sixteen-detector multi-slice CT images
were acquired using speed of rotation and couch movement
of 0.5 s/rotation and 35 mm/s, respectively. The images
were reconstructed in 3.3 mm slice width during normal
respiration. CT images were recombined from a 512 x 512
matrix to a 128 x 128 matrix and matched to the pixel size
of the PET data in order to match the in-slice resolution of
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the PET emission images. The CT images were subse-
quently converted to maps of PET attenuation coefficients.
Without changing the patient position, a whole-body PET
emission scan was performed over the same area as was
covered by CT with six bed positions. All acquisitions were
carried out in 2D mode, the protocol comprising an emis-
sion scan with 3 min/bed position. PET images were
reconstructed using CT attenuation maps. Transaxial
emission images of 3.3 x 3.3 x 3.27 mm® (in plane
matrix size 128 x 128, 47 slices per bed position) were
reconstructed using ordered subsets expectation maximi-
zation with four iterations and ten subsets. The axial field
of view was 157 mm, with acquisition of 47 slices per bed
position.

Statistical analysis

We used logistic regression analysis to examine the inde-
pendent contribution of the general characteristics of the
study participants (age, gender), the maximum standard-
ized uptake value (SUVmax), and the pattern of FDG
uptake (unilateral or bilateral) to having benign or malig-
nant thyroid lesions. Receiver operating characteristics
(ROC) curves were constructed to establish an optimal
SUVmax cutoff value to differentiate benign from malig-
nant lesions. All statistical analyses were performed using
SPSS software, version 16.0 (SPSS Inc., Chicago, IL,
USA).

Results

The flow of participants through the study is shown in
Fig. 1. The general characteristics of the study patients are
given in Table 1. We observed no relationship of age,
gender and the pattern of FDG uptake with an increased
occurrence of thyroid carcinoma. A total of 8 malignant
thyroid lesions (7 papillary thyroid carcinoma and 1 med-
ullary thyroid carcinoma) were correctly identified by FDG
PET/CT (Table 2). No metastasis from other primary
tumors was detected. Among patients who underwent
surgical resection, we identified 5 false negative lesions
based on final histology (carcinoma in the contralateral
thyroid lobe and/or neck lymph node metastases in three
patients). Only a case of ipsilateral regional lymph node
metastasis was correctly diagnosed preoperatively
(Table 3).

Cancer screening group
In the screening group (n = 1,596), 55 patients (4%) had

focally or diffusely increased FDG thyroid uptake. Twenty-
two subjects were referred for cytological or histological
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Fig. 1 Flow of the participants (n = 5,877) through the study. A total
of 1,596 patients underwent FDG PET for cancer screening and 4,281
for primary staging or restaging purposes. Among the 1,596 patients

undergoing cancer screening, subsequent examinations revealed that

Table 1 Characteristics of the study participants

4 patients were harboring thyroid cancer. In 4 patients examined for
primary staging or restaging purposes, ensuing examinations con-
firmed the existence of malignant thyroid tumors

Characteristics Benign (n = 47)* Malignant (n = 8)° P
Cancer screening () Cancer staging (1) Cancer screening (1) Cancer staging (n)
Gender
Male 2 17 3 1 0.613
Female 16 12 1 3
Age + SD (range)® 58.0 £ 13.1 (36-86) 51.0 £ 6.9 (37-60) 0.156
SUVmax =+ SD (range)® 5.6 &+ 3.2 (3.7-20.1) 8.2 £ 4.5 (3.7-17.1) 0.048
Location
Unilateral 33 7 0.651
Bilateral 14 1
Nature
NG or NH 35
MNG 6
ATD 6
PTC 7
MTC 1

Age, sex, SUVmax, and the tumor location were analyzed for associations. Only SUVmax showed a marginal significance. Nodular goiter or
hyperplasia was the most common diagnoses. Seven of the 8 malignant lesions were papillary thyroid carcinoma

NG nodular goiter, NH nodular hyperplasia, MNG multinodular goiter, ATD autoimmune thyroid disease, PTC papillary thyroid carcinoma,
MTC medullary thyroid carcinoma

4 Male n = 19, female n = 28
> Male n = 4, female n = 4
¢ Mean & SD
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Table 2 Characteristics of patients with cytology/histology-proven
thyroid malignancy

No. Indication Lesion SUVmax Cytology/ Method
side histology

1 Cancer screening R 17.1 R. PTC RP

2 Cancer screening R 11.3 Bil. PTC RP

3 Cancer screening R 8.3 Bil. PTC  RP

4 Cancer screening L 5.3 L. MTC RP

5 Laryngeal Ca.* L 8.7 L.PTC RP

6 Ovarian Ca.’ L 7.3 L. PTC RP

7 Buccal Ca.® Bil 39 R. PTC FNAC
8 Tongue Ca.” R 3.1 Bil. PTC RP

Ca cancer, R right, L left, Bil bilateral, PTC papillary thyroid carci-
noma, MTC medullary thyroid carcinoma, RP resection pathology,
FNAC fine needle aspiration cytology

* Primary staging

® Restaging

assessment and 4 (19%) of these lesions were malignant.
No metastasis from other primary tumors was detected. Of
the 4 malignant lesions, 3 were papillary carcinoma, and 1
medullary thyroid carcinoma. Of the 3 patients with pap-
illary carcinoma, 2 had carcinoma in the contralateral
thyroid lobe and/or neck lymph node metastases according
to the histopathological results obtained after thyroidec-
tomy and/or neck lymph node dissection. However, only
one metastatic neck lymph node from medullary thyroid
carcinoma was correctly diagnosed preoperatively by FDG
PET/CT.

Cancer primary staging/restaging group

In this group (n = 4,281), 165 patients (4%) had thyroid
FDG-avid sites. Of these 165 patients, 67 (41%) were
referred for staging of head and neck cancers, 34 (21%) for
lung cancer, 27 (16%) for gynecological cancers, 11 (7%)
for breast cancer, 9 (5%) for colorectal cancer, 3 (2%) for
unknown primary cancers, and 1 for urological cancer.
Thirty-three patients were referred for cytological or his-
tological assessment and 4 (12%) were found to have
thyroid carcinoma. Of these 4 patients, three were referred
for primary staging of head and neck cancers (1 oral can-
cer, 1 laryngeal cancer, 1 buccal cancer) and one for
restaging of ovarian cancer. All of these thyroid malignan-
cies were papillary thyroid carcinoma. No metastasis from
other primary tumors was detected. No false negative lesion
was identified by histopathology after thyroidectomy.

Benign thyroid lesions

Forty-seven patients with thyroid uptake had benign thy-
roid lesions (35 nodular goiter or nodular hyperplasia, 6
multinodular goiter, and 6 autoimmune thyroid disease)
according to ultrasound and following cytological or his-
tological findings. All of the 6 patients with autoimmune
thyroid disease had diffusely increased thyroid uptake and
5 of them were presented with elevated serum thyroid-
stimulating hormone (TSH) or thyroid peroxidase (TPO)
antibody which corresponds to previous reported experi-
ences [4, 5].

Table 3 Histological results of patients who underwent surgical resection

Patient Lesion SUVmax Histology

True positive

False negative

Level VI LN (6/7), 0.5 x 0.5 x 0.4 to
1.5x 15 x%x 1.2cm

Left 0.1 x 0.1 cm small focus malignancy

Level VI LN (1/1), 0.5 x 0.4 x 0.3 to
1.5 x 1.2 x 0.8 cm

Left papillary microcarcinoma 0.1 x 0.05 cm

R 17.1 Right papillary microcarcinoma, 1 x 0.8 x 0.7 cm
2 R 11.3 Right papillary carcinoma with extrathyroid extension,
4 x3x25cm
3 R 8.3 Right papillary carcinoma, 1 x 0.8 x 0.8 cm
4 L 53 Left medullary carcinoma, 0.9 x 0.8 x 0.8 cm
Left level IV LN METs 0.3 x 0.3 x 0.2 cm
5 L 8.7 Left papillary carcinoma, 1.0 x 0.6 cm with extracapsular
extension
L 7.3 Left papillary carcinoma, 1.5 x 1.0 x 1.0 cm
8 R 3.1 Right papillary carcinoma, 2.3 x 2 x 1.1 cm

Left papillary microcarcinoma, 0.5 x 0.3 cm

Only one regional nodal metastasis was correctly identified by the preoperative FDG PET scan in a patient with medullary thyroid cancer.
No contralateral microcarcinoma was detected before the surgical resection

R right, L left, LN lymph node
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Role of SUVmax in predicting malignant lesions

The average value of SUVmax of malignant thyroid lesions
was significantly higher than that of benign thyroid lesions
(82 £4.5 vs. 5.6 £3.2, P=0.048, Fig. 2). However,
there was high intersubject variability in the SUVmax
values of benign and malignant thyroid lesions (Fig. 3).
Unfortunately, we were unable to identify an optimal
SUVmax cutoff because the total area under the curve was
small (0.677).
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Fig. 2 SUVmax values of benign and malignant thyroid lesions on
PET/CT. The average value of SUVmax of malignant lesions was
significantly higher than that of benign lesions (8.2 4.5 vs.
5.6 £ 3.2, P = 0.048)
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Fig. 3 Distribution of SUVmax values according to the final
diagnosis. There was a high intersubject variability of SUVmax
values in both benign and malignant thyroid lesions

Discussion

The prevalence of thyroid uptake on FDG PET/CT in this
study (3.7%) is consistent with previous observations
(1.2-4.3%) [6, 7]. The overall prevalence of thyroid
malignancies identified by an increased thyroid uptake and
subsequently verified by cytological or histological analy-
sis was 14% (8/55).

Although FDG PET plays a key role in the diagnosis of
distant metastases, in this study we failed to identify metastatic
lesions from other primary tumors. In the present report, most
of the FDG-avid lesions of the thyroid gland were benign in
nature (86%, 47/55) with a wide range of SUVmax values.
These data are in good agreement with previous reports
showing that uptake of FDG may be prominent in benign
thyroid lesions (e.g., thyroiditis or Hiirthle cell adenoma) [8].
Although a high uptake of '"*F-FDG has been reported for
some high-grade thyroid carcinomas, certain well-differenti-
ated papillary carcinoma of the thyroid may be negative on
FDG PET [9]. This phenomenon may explain the overlap in
SUVmax values observed between benign and malignant
thyroid lesions (Fig. 2). In this study, we failed to identify a
reliable cutoff value of SUVmax for differentiating malignant
and benign thyroid lesions. In this context, a threshold value
for SUVmax alone cannot be employed to differentiate
between malignancy and benignity.

Only one female subject out of 15 patients with bilateral
thyroid uptake of FDG in this study had a diagnosis of thyroid
carcinoma. However, she had focal uptake of FDG in both
lobes of the thyroid gland rather than diffuse thyroid uptake.
For those patients diagnosed of autoimmune thyroid disease,
there was correlation between diffuse thyroid uptake, labo-
ratory, and cytological findings. False negative FDG PET
findings were not uncommon in our patients receiving thy-
roidectomy. Most of them were tumors or lymph nodes less
than 0.5 cm in size of well-differentiated papillary thyroid
carcinoma. These lesions may be underestimated either
because of the partial volume effect of PET or cell differ-
entiation. Indeed, only a single case of metastatic node
involvement from medullary thyroid carcinoma was cor-
rectly identified by FDG PET in the preoperative period.

For the 14% of malignant rate found in this study and
absence of optimal cutoff value of SUVmax for diagnostic
help in FDG PET, follow-up with ultrasound or fine needle
aspiration when detecting focal thyroid FDG uptake is highly
recommended. As for diffuse thyroid FDG uptake, labora-
tory study for TSH and TPO antibody should be adequate.

Conclusions

The prevalence of thyroid FDG uptake observed in this
study is in substantial agreement with previous reports.
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Some cases proved to be false negative mainly due to the
absence of FDG uptake and the presence of well-differ-
entiated papillary thyroid carcinomas. Of note, some small-
sized tumors or lymph nodes have revealed false negative
findings on PET scans. Another notable finding was that
SUVmax values alone may not enable adequate differen-
tiation between benign and malignant lesions which is in
agreement with a systemic review [10]. Thus, the identi-
fication of focal FDG uptake in the thyroid gland on PET/
CT scans should prompt a cytological or histological ver-
ification, as it may lead to significant management changes
in selected patients.
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