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Abstract

Purpose To evaluate the usefulness of maximum stan-

dard uptake value (max SUV) calculated from F-18 fluo-

rodeoxyglucose positron emission tomography/computed

tomography (FDG PET/CT) examination and findings from

ultrasonographic (US) examination on incidentally detec-

ted thyroid FDG uptake on FDG PET/CT.

Materials and methods We collected and reviewed FDG

PET/CT images performed at our institution from March

2005 to March 2008. This study included 190 subjects with

increased FDG uptake of thyroid gland who later under-

went thyroid US and histological examinations. Of these

subjects, the uptake pattern on FDG PET/CT was classified

as either diffuse or focal. The FDG uptake pattern, max

SUV, and US findings were evaluated and correlated with

the histological results.

Results In the focal FDG uptake pattern cases (n = 148),

the mean max SUV of malignant cases was higher than that

of benign cases (5.93 ± 5.35 vs. 3.47 ± 2.89). Of the

diffuse FDG uptake cases (n = 42), nodules were detected

in 25 subjects (59.5%) by US examination. Thyroid nod-

ules were well characterized on US studies, and combined

findings of suspicious US features or high max SUV of

focal FDG uptake lesion increased sensitivity, PPV, NPV,

and accuracy.

Conclusions Focal uptake pattern and high max SUV may

be helpful in differentiating benign and malignant nodules

on FDG PET/CT. However, US examination provides fur-

ther information, and for lesions with increased FDG uptake

of thyroid, US examination should be recommended.

Keywords FDG � PET/CT � Ultrasonography �
Thyroid nodule � Incidentaloma

Introduction

As a tool for screening the whole body or for examining

metastasis in patients already diagnosed with malignancy

or under cancer treatment, the demand for F-18 fluoro-

deoxyglucose positron emission tomography/computed

tomography (FDG PET/CT) has increased. While per-

forming FDG PET/CT studies, unexpected thyroid inci-

dentalomas are occasionally detected, and the incidence

has been reported ranging from 1.2 to 4.3%, in previous

studies [1–5]. In studies reported by Kim et al. [6], who

described the incidentaloma as diffuse uptake or focal

uptake, the incidences of diffuse FDG uptake and focal

FDG uptake were comparable. From several studies, it has

been established that in cases in which the incidentaloma

appears to be focal on PET images, malignant nodules are

frequent [1–6]. Some authors believed that the diffuse FDG

uptake of thyroid gland might be a normal variant, or a

finding highly indicative of chronic thyroiditis [6–10]. In

addition, the fact that high-resolution ultrasonography

makes detection of nonpalpable thyroid nodules possible

and has a potential role in the differentiation of benign

from malignant lesions is known [11–14].

Therefore, establishing diagnostic guidelines for unex-

pected thyroid uptake lesions discovered on FDG PET/CT
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would be of use in clinical practice. We evaluated the

ability of the FDG uptake pattern and, max SUV to dif-

ferentiate benign from malignant lesions. Also, we assessed

the usefulness of ultrasonographic (US) examinations for

evaluation of incidental FDG uptake noted on FDG PET/

CT.

Materials and methods

Materials

This study was performed in accordance with all regula-

tions of our hospital’s Institutional Review Board. All

subjects (n = 12840) who underwent FDG PET/CT

examination for preventive health screening or for the

examination of tumors in areas other than thyroid gland

from March 2005 to March 2008 were reviewed retro-

spectively. 1151 of 12840 subjects showed increased FDG

uptake of thyroid gland on FDG PET/CT images. Of these

subjects, only the 190 subjects who had histological results

were included in this study. They consisted of 46 males and

144 females, with a mean age of 56 years.

FDG PET/CT evaluation

For the FDG PET/CT examination, Biograph LSO (Sie-

mens Medical Solutions; Knoxville, TN, USA) integrated

with a dual-section helical CT scanner (Somatom Emotion;

Siemens) was used. All subjects fasted for at least 6 h

(blood glucose level \130 mg/dL) before their FDG PET/

CT examinations. Image acquisition for the whole body

scan started about 60 min after the intravenous adminis-

tration of 550 MBq of F-18 FDG. Whole body emission

scans consisted of 7–8 bed positions for 2 min at each

position.

All FDG PET/CT images were analyzed by two expe-

rienced nuclear medicine physicians. Given the physio-

logical distribution of FDG, uptake areas were identified as

abnormal if the accumulation of FDG was higher than that

of the contralateral thyroid gland or surrounding soft

tissue. However, faint FDG uptake in bilateral thyroid

glands, which was often higher than uptake in the sur-

rounding muscles or soft tissues, may be physiological.

Nakamoto et al. [10] reported normal FDG uptake in head

and neck and found that SUV mean in normal thyroid

uptake was 1.31 ± 0.30 in 78 subjects. So, faint, uniform,

and SUV less than 1.3 in bilateral thyroid glands should be

considered as physiological uptake, and was excluded

from consideration in this study. The abnormal FDG

uptake on FDG PET/CT images was classified to have

either a diffuse or focal uptake pattern. Cases showing

homogenous uptake in both thyroid lobes were defined as

diffuse, and cases only showing uptake in a part of one

thyroid lobe were defined as focal. Focal uptake with

underlying diffuse uptake was considered as focal uptake.

The maximum standard uptake values (max SUVs) were

measured in the FDG uptake areas. In addition, nodules

detected on noncontrast CT portion from FDG PET/CT

were evaluated for size, attenuation, presence of calcifi-

cation within the thyroid lesion, and presence of con-

comitant abnormal cervical lymph nodes on PET/CT

images. Even rim calcification surrounding a nodule was

separately noted.

Ultrasonographic evaluation

Two experienced radiologists performed US examinations.

Thyroid US examination was performed with an 8 MHz

linear transducer (Siemens; SEQUOIA 512; Acuson Cor-

poration; Mountain View, CA, USA).

Thyroid nodules satisfying any one of the following

conditions were classified as malignant: (1) marked hypo-

echogenicity (cases with noticeably lower echogenicity

than the strap muscle), (2) tall or irregular shape, (3) spi-

culated or ill-defined margin, and (4) micro- or macro-

calcification within the nodule. Cases that did not satisfy

any of those four criteria were considered as benign nod-

ules on US examinations [11–16].

Histological evaluation

At our institution, we usually perform fine needle aspira-

tion biopsy of a solitary nodule with FDG uptake on FDG

PET/CT. In cases of multiple nodules, the nodules with the

highest FDG uptake and suspiciously malignant appear-

ance on US examination are confirmed. In cases of diffuse

FDG uptake, the nodules with suspiciously malignant

appearance on US examination are confirmed. As no sus-

piciously malignant appearance was observed on US

examination in any of the diffuse FDG uptake cases, in

practice biopsy was done only of the largest nodule of the

subject (Fig. 1).

Histological results were obtained by ultrasonography-

guided fine needle aspiration for all cases showing focal

uptake on FDG PET/CT and nodules detected by US

examination. In one case, a nodule showing focal uptake on

FDG PET/CT was not detected by US examination and a

lobectomy was later performed.

Fine needle aspiration on the nodule was performed, and

histological results were obtained for cases showing diffuse

uptake on FDG PET/CT and nodules present on US

examination. For 17 cases without definite nodular lesions,

fine needle aspiration was performed from focal hypoech-

oic areas in 12 cases, total thyroidectomy was performed

due to the increased size of the thyroid in 2 cases,
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lobectomy was done in 2 cases, and excisional biopsy was

performed in 1 case.

Statistical analysis

Receiver operating characteristic (ROC) analysis was per-

formed to determine the optimal SUV threshold. The FDG

PET/CT results (positive vs. negative), based on each SUV

threshold, were compared with the pathological findings to

identify the true-positive, true-negative, false-positive, and

false-negative rates. The sensitivity, specificity, positive

predictive value (PPV), negative predictive value (NPV)

and accuracy were calculated for each SUV threshold. The

US results (positive vs. negative) were compared with the

pathological findings and FDG PET/CT. We performed a

logistic regression analysis to calculate the probability of

positivity based on SUV using SAS (ver. 8.0). Also, by

comparing the area under the curve (AUC) of the ROC

analysis for FDG PET/CT and ultrasonography, we deter-

mined the diagnostic accuracy. The mean max SUV of

each group and CT findings of FDG PET/CT were com-

pared by T-test. P values less than or equal to 0.05 were

considered significant. Numerical data were expressed as

mean ± SD.

Results

Among all 12840 subjects who received FDG PET/CT

examinations from 1 March 2005 to 1 March 2008, for

preventive health screening or to assess tumors, 1151 (9%)

subjects showed increased thyroid uptake. Diffuse thyroid
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Fig. 1 Flow chart of patient selection process
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uptake was seen in 539 (4.2%) subjects, and focal FDG

uptake in 612 (4.8%) subjects. Of them, 12 subjects with

faint FDG uptake and 53 subjects with known thyroid

cancer were excluded. 714 subjects without further US

examination and 170 subjects without histopathologic

results were also excluded. Twelve subjects with mis-

matched location of the nodules on FDG PET/CT and US

were similarly excluded from this study. The details of the

patient selection process are shown in a flow chart (Fig. 1).

So, the final study population consisted of 190 nodules

of 190 subjects with thyroid uptake on FDG PET/CT

who were further evaluated by both US and histological

examinations.

FDG PET/CT results

In the 42 diffuse FDG uptake cases, the histology was

benign in 40 cases and malignant in 2 cases. In the 148

focal FDG uptake cases, the histology was benign in 93 and

malignant in 55. The range and mean of max SUV are

shown in Table 1 for the diffuse and focal uptake areas.

Mean max SUV of malignant nodules showing the focal

uptake pattern was statistically significantly higher than

that of benign nodules (P \ 0.05) (Figs. 2, 3).

The sensitivity, specificity, PPV, NPV and accuracy of

the FDG PET/CT depend on the cutoff value of max SUV.

When all the diffuse and focal uptake lesions were included

and the histological result was considered the gold stan-

dard, the max SUV cutoff value of 3.8 yielded sensitivity,

specificity, PPV, NPV and accuracy of 59.7, 73.7, 42.3, 81,

and 69.5%, respectively. When 4.2 was the cutoff value,

sensitivity, specificity, PPV, NPV and accuracy were 50.9,

77.4, 49.2, 78.6, and 69.5% (Table 2). If focal FDG uptake

criteria were combined with the max SUV, specificity,

PPV, NPV, accuracy were increased, while sensitivity was

decreased (Table 2).

A total of 115 nodules, including 69 confirmed benign

and 46 confirmed malignant nodules, were also seen in the

CT portion of the PET/CT. The size, mean max SUV,

attenuation, calcification of nodules and associated cervical

lymphadenopathy are shown in Table 3. There was a sig-

nificant difference in the presence of calcification between

benign and malignant nodules (P \ 0.05).

Ultrasonographic results

FDG PET/CT results were compared with US results and

analyzed.

In cases showing diffuse FDG uptake, 17 cases had no

evident nodule on US examination. Among the diffuse

uptake cases, nodules that were not detected by FDG PET/

CT were detected by US examination in 25 cases (59.5%).

There was a solitary nodule in 4 subjects and multiple

nodules (2–7) in 21 subjects. Among the multiple nodules,

only nodules with suspiciously malignant features or the

largest ones were confirmed through fine needle aspiration

in each subject. Benign features were seen in 20 cases and

malignancies were suspected in the other 5 cases on US

examination. In 2 of the 5 cases, the histological results

were malignancies (Fig. 4).

In cases showing a focal uptake pattern, one case did not

show evidence of a nodule on ultrasonography, and the

absence of malignancy was confirmed following lobec-

tomy. Of the 96 cases with benign US findings in the area

coinciding with the focal FDG uptake, the histological

examination results were benign in 87 subjects and malig-

nant in 9 subjects. Of the 52 cases with US results sug-

gesting malignancy of the focal FDG uptake, the histology

was malignancy in 47 and benign in 5 subjects.

The sensitivity, specificity, PPV, NPV and accuracy

of ultrasonography were 84.2, 94, 85.7, 93.3 and 91.1%,

respectively.

Table 1 Distribution of maximum standard uptake value (max SUV) of diffuse and focal thyroid uptakes on FDG PET/CT

Max SUVa Diffuse uptake (n = 42) Focal uptake (n = 148)

Benign (n = 40) Malignant (n = 2) Benign (n = 93) Malignant (n = 55)

Range 1.5–11.8 2–6.5 1.5–18.47 2–28.3

Mean 3.87 ± 2.16 4.25 ± 3.18 3.47 ± 2.89 5.93 ± 5.35

P value NS \0.05

Pathology Hashimotob (7)

Simple goiter (2)

Negativec (31)

Papillary ca (2) Follicular adenoma (1)

Nodular hyperplasia (20)

Negative (72)

Papillary ca (54)

Follicular ca (1)

a Max SUV: maximum standard uptake value (mean ± SD)
b Hashimoto: Hashimoto’s thyroiditis
c Negative: absence of malignant findings on cytologic examination
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Fig. 3 A 44-year-old woman with papillary cancer. a In ultrasonog-

raphy, the thyroid is not enlarged, and its internal echotexture is

normal. There is a 1.5 cm sized oval-shaped marked hypoechoic

nodule containing macrocalcifications in the right thyroid lobe. b In

FDG PET/CT, focally increased uptake is seen. The max SUV is 16.5.

On the CT image, a low attenuating mass containing calcification is

seen in the right lobe

Table 2 Sensitivity, specificity, PPV, NPV, and accuracy of FDG PET/CT and ultrasonography

SUV cutoff value Diagnostic tool Sensitivity (%) Specificity (%) PPVa (%) NPVb (%) Accuracy (%)

3.8 PET(?) onlyc 59.7 73.7 42.3 81 69.5

PET(?) and focal 57.9 86.5 64.7 82.7 77.9

PET(?) or US(?) 96.5 68.4 56.7 97.9 76.8

PET(?) and focal or US(?) 96.5 81.2 68.8 98.2 85.8

4.2 PET(?) only 50.9 77.4 49.2 78.6 69.5

PET(?) and focal 49.1 88.7 65.1 80.3 76.8

PET(?) or US(?) 94.7 71.4 58.7 96.9 78.4

PET(?) and focal or US(?) 94.7 82.7 70.1 97.4 86.3

US(?) onlyd 84.2 94 85.7 93.3 91.1

a PPV: positive predictive value
b NPV: negative predictive value
c PET(?): 18F-fluorodeoxyglucose positron emission tomography/computed tomography result with SUV greater than the cutoff regardless of

ultrasonographic findings
d US(?): ultrasonographic result suspicious for malignancy regardless of PET findings

Fig. 2 A 55-year-old woman with nodular hyperplasia. a In ultra-

sonography, the thyroid is not enlarged, and its internal echotexture is

normal. There is a 1.2 cm sized oval isoechoic nodule in the right

thyroid lobe. b In FDG PET/CT, focally increased uptake is seen. The

max SUV is 4.8
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Combination of FDG PET/CT and ultrasonographic

results

Combining the findings of FDG PET/CT and US exami-

nation, and considering the positive case when either one

of the two examinations was suspicious for malignancy, the

sensitivity, specificity, PPV, NPV and accuracy were 96.5,

68.4, 56.7, 97.9 and 76.8%, respectively when applying 3.8

as the cutoff value of max SUV in FDG PET/CT, and 94.7,

71.4, 58.7, 96.9 and 78.4%, when using 4.2 as the cutoff

value (Table 2). Also in the case of US suspicious findings

combined with high max SUV of only focal uptake lesions,

the specificity, PPV, NPV and accuracy were increased

(Table 2).

Discussion

FDG PET/CT has been used to determine the presence

or absence of metastasis in cancer patients as well as for

the purpose of cancer screening examination in healthy

patients, and the frequency of its use is increasing. The

incidence of thyroid incidentalomas detected by FDG

PET/CT is increasing in parallel, and several studies on

increased FDG uptake of thyroid gland have been reported

[1–5]. In our study, the frequency of thyroid uptake was

9%, which is higher than in other reports (1.2–4.3%) [1–5].

The higher frequency of our study is attributed to the fact

that we included a relatively large number of diffuse uptake

lesions, unlike other studies.

Table 3 Comparison of CT

portion in PET/CT between

benign amd malignant nodules

Pathological results P value

Benign Malignant

No. of detected nodules on US 115 57

Size of nodule on US (cm) 1.45 ± 0.98 (0.3–4.9) 1.32 ± 0.73 (0.3–3.7) NS

SUV of US detected nodule 3.44 ± 2.69 (1.5–18.47) 5.87 ± 5.28 (2–28.3) \0.05

No. of detected nodules on CT 69 46

Size of nodule on CT (cm) 1.8 ± 1.1 (0.5–5) 1.44 ± 0.73 (0.4–3.5) NS

SUV of CT detected nodule 3.56 ± 2.97 (1.5–18.47) 6.32 ± 5.60 (2–28.3) \0.05

CT findings

Attenuation

Low attenuation 47 (68.1%) 35 (76.1%) NS

Iso attenuation 22 (31.9%) 11 (23.9%)

High attenuation 0 0

Calcification

No calcification 53 (76.8%) 26 (56.5%) \0.05

Calcification in nodule

(except rim calcification)

10 (14.5%) 19 (41.3%)

Rim calcification in nodule 6 (8.7%) 1 (2.2%)

Cervical LAP 1 4 NS

Fig. 4 A 44-year-old woman with diffuse uptake on FDG PET/CT

and malignant nodule on ultrasonography; papillary cancer was

confirmed. a In ultrasonography, the thyroid is not enlarged, and its

internal echotexture is normal. There is a 0.6 cm sized irregular

shaped markedly hypoechoic nodule containing microcalcifications in

the left thyroid lobe, suggesting malignancy. b In FDG PET/CT,

diffusely increased uptake is seen. The max SUV is 6.5
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Fig. 5 Diagnostic process of the diffuse and focal uptake lesions in our study
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In the present study, the overlapping range of benign

and malignant lesions was wide as shown in Table 1. But

the mean max SUV of malignant lesions was statistically

higher than that of benign lesions in the focal uptake cases.

The sensitivity, specificity, PPV, NPV, and accuracy of

FDG PET/CT were dependent on the cutoff value of max

SUV: when a lower cutoff value was selected, higher

sensitivity was present. So, to improve the sensitivity, we

selected a cutoff value of 3.8 for the diagnostic process

(Figs. 5, 6). In the CT portion of PET/CT, some nodules

were not detected. According to a report of Choi et al. [5],

very low attenuation is useful in differentiation. In contrast,

only calcification was useful in differentiating benign from

malignant lesions in our study. Further evaluation is needed

about the significance of CT portion of PET/CT.

The sensitivity, specificity, PPV, NPV and accuracy of

ultrasonography were higher than those of FDG PET/CT.

However, in our study, US examinations were only eval-

uated in cases with diffuse or focal FDG uptakes on the

FDG PET/CT images. The US results might have been

different if the US examination had been performed inde-

pendently of the PET/CT findings. It is worth noting that in

one of our cases, a matching nodule to focal uptake lesion

on FDG PET/CT could not be identified by ultrasonogra-

phy. US examinations have known limitations such as

operator dependency and subjectivity, but the max SUV of

FDG PET/CT can be an objective, numerical value for

evaluating thyroid lesions. Some authors believe that sev-

eral factors should be considered in the decision process for

subjects with thyroid incidentalomas that are identified

with PET examinations [1].

Since the SUV of the benign diffuse uptake lesions (3.8)

was slightly higher than that of the benign nodules with focal

uptake (3.47), in diffuse FDG uptake cases, the high uptake

levels may mask an internal focal uptake, justifying a

simultaneous US examination. In the present study, of those

cases showing a diffuse uptake pattern, there were 25 cases

(59.5%) in which a nodule was not seen on FDG PET/CT but

was detected by US examination. Two of the 25 cases were

diagnosed as thyroid carcinoma. In some reports, increased

FDG uptake mimicked thyroid cancer in subjects with

chronic thyroiditis, so differentiation between chronic thy-

roiditis and malignancy was difficult [7, 17]. US examination

is needed for subjects with diffuse uptake in FDG PET/CT.

The first limitation of this study was that the number of

diffuse uptake cases in particular was small, because the high

probability of diffuse FDG uptake being benign has been

recognized by numerous studies and such cases were less

likely to be confirmed by histology. The second limitation

was that only histologically confirmed lesions were included

in this study. In cases of multiple nodules, only nodules with

suspiciously malignant features or the largest nodules were

confirmed histologically. In addition many nodules showing

benign findings on ultrasonography and thus without histo-

logical confirmation were excluded from this study. So, the

malignancy rate may be higher. An additional limitation was

that thyroid lesions that did not show increased uptake on

FDG PET/CT were excluded regardless of the CT portion

findings. Therefore, to see whether FDG PET/CT is useful as

a screening test for thyroid cancer, a detailed investigation is

required.

The first conclusion of our study is that histological

examination is not required for cases with both diffuse

uptake on FDG PET/CT and no evident nodule by US

examination. Second, cases showing focal uptake on FDG

PET/CT always require US examination or ultrasonography-

guided fine needle aspiration biopsy. Finally, US examina-

tion and max SUV of FDG PET/CT have complementary

roles: if the max SUV is elevated in focal uptake lesions on

FDG PET/CT images or features of malignancies are seen on

ultrasonography, then malignancy is possible and ultraso-

nography-guided fine needle aspiration biopsy should be

considered. From these conclusions (Fig. 5), we recommend

a diagnostic process for evaluation of the incidental thyroid

uptake lesions noted on FDG PET/CT (Fig. 6).

FDG PET/CT

Diffuse uptake

–

Negative or benign 
finding

Malignant  finding

Ultrasonography–
guided fine needle 
aspiration biopsy

Follow up

FDG PET/CT

SUV < 3.8

Focal uptake

Negative or benign 
finding

Malignant  
finding

SUV ≥ 3.8
Ultrasonography

Ultrasonography–guided fine 
needle aspiration biopsy Follow up

findingfinding

Ultrasonography

Fig. 6 Recommended diagnostic process of incidental thyroid uptake

lesion in FDG PET/CT
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