
The Usefulness of Standardized Uptake Value in
Differentiation between Benign and Malignant Thyroid
Lesions Detected Incidentally in 18F-FDG PET/CT
Examination
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Abstract

Introduction: In the last decade, (18)F-fluorodeoxyglucose (18F-FDG) positron emission tomography (PET and PET/CT) has
become one of the major diagnostic tools used in oncology. A significant number of patients who undergo this procedure,
due to non-thyroidal reasons, present incidental uptake of (18F-FDG) in the thyroid. The aim of the study was to compare
the SUVmax (standardized uptake value) of thyroid focal lesions, which were incidentally found on PET/CT, in relation to the
results of thyroid fine-needle aspiration biopsy (FNAB) and/or histopathological evaluation.

Materials and Methods: Patients referred for PET/CT examination, due to non-thyroidal illness, presented focal 18F-FDG
uptake in the thyroid and were advised to undergo ultrasonography (US), hormonal evaluation, FNAB and/or total
thyroidectomy at our institution.

Results: 6614 PET/CT examinations performed in 5520 patients were analyzed. Of the 122 patients with focal thyroid 18F-
FDG activity, 82 patients (67.2%) underwent further thyroid evaluation using FNAB. Benign lesions were diagnosed in 46
patients, malignant - in 19 patients (confirmed by post-surgical histopathology), while 17 patients had inconclusive results
of cytological assessment. Mean SUVmax of benign lesions was 3.262.8 (median = 2.4), while the mean SUVmax value for
malignant lesions was 7.168.2 (median = 3.5). The risk of malignancy was 16.7% for lesions with a SUVmax under 3, 43.8% for
lesions with a SUVmax between 3 and 6, and 54.6% for lesions with a SUVmax over 6. In the group of malignant lesions, a
positive correlation between the lesion’s diameter and SUVmax was observed (p = 0.03, r = 0.57).

Conclusions: Subjects with incidental focal uptake of 18F-FDG in thyroid are at a high risk of thyroid malignancy. A high
value of SUVmax further increases the risk of malignancy, indicating the necessity for further cytological or histological
evaluation. However, as SUVmax correlated with the diameter of malignant lesions, small lesions with focal uptake of 18F-FDG
should be interpreted cautiously.
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Introduction

In recent years, the use of (18)F-fluorodeoxyglucose (18F-FDG)

positron emission tomography (PET and PET/CT) has evolved to

become one of the fundamental diagnostic tools in the evaluation

of patients with different malignancies [1,2,3,4]. According to

several analyses performed in the last decade, about 1.2–4.3% of

subjects undergoing this procedure, due to oncological indications,

present focal uptake of 18F-FDG in the thyroid gland

[5,6,7,8,9,10]. The estimated incidence of thyroid malignancies

among these patients, confirmed with FNAB and post- surgical

histopathology examination, reaches 14–50% [5,6,8,9,11,12,13].

The general occurrence of thyroid cancer in the total population

with thyroid nodules is significantly lower, and is estimated to be

less than 10% [14]. It seems, that the risk of malignancy in thyroid

incidentalomas detected by 18F-FDG PET may be even ten times

higher. Maximal standardized uptake value (SUVmax) is used in

PET examination to describe the glucose metabolism intensity in
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the analyzed body region, and in most cases, its higher values

characterize malignant lesions [4,15]. The aim of the current study

was to compare the SUVmax of thyroid focal lesions found

incidentally on PET/CT, performed due to oncological indica-

tions, in relation to the results of thyroid FNAB and/or

histopathological evaluation.

Materials and Methods

Subjects
The study was performed in a single clinical center between the

years of 2010 and 2013. Patients referred for PET/CT, due to

non-thyroidal illness, presented focal 18F-FDG uptake in the

thyroid and were advised to undergo endocrine evaluation

including ultrasonography (US), fine needle aspiration biopsy

(FNAB) and hormonal evaluation (TSH and free thyroxin

concentrations) at our institution. All subjects with positive results

of cytological evaluation (malignant lesion or suspicion of

malignancy) were further referred for total thyroidectomy and

post-operative thyroid specimens were analyzed by a pathologist.

The following patient data was recorded: age, gender, basic

diagnosis, size and SUVmax of the lesion. The Poznan University

of Medical Sciences Ethical Committee in Poznan, Poland

approved this study and all participating subjects provided an

informed written consent.

18F-FDG PET/CT imaging
18F-FDG PET/CT was performed in fasting conditions using a

16-slice PET/CT scanner (Discovery ST; GE Healthcare,

Milwaukee, WI). 18F-FDG (5 MBq per kg of body weight) was

administered intravenously 60–80 min before initiation of the

scan. A low-dose CT scan (140 kV, 80 mA) was performed for

attenuation correction and co-registration. PET images were

obtained from the base of the skull to half of the thigh with

acquisition time 3 min per bed position. Acquired images were

viewed by two experienced doctors: one specialized in nuclear

medicine and one in radiology. Any focal uptake in the thyroid

that was higher than in the adjacent structures were described as

thyroid incidentaloma. The examples of focal uptake of FDG in

PET/CT are presented in figures 1 and 2.

Thyroid ultrasonography (US) and fine-needle aspiration
biopsy (FNAB)
Conventional thyroid ultrasonography examinations were

performed by experienced sonographers and endocrinologists in

our institution’s outpatient clinic with the use of the AIXPLORER

system by Supersonic Imagine and the ALOKA alpha-7 with 2–

10 MHz linear transducers. Selection of lesions for further FNAB

was determined by the PET/CT scan results. Fine needle

aspiration biopsy was performed with G61,50 (0.5640 mm)

needles under ultrasound guidance. Specimens were then

smeared, fixed in alcohol and further assessed by pathologists as

a routine medical procedure. Final results were reported using the

conventional Bethesda system [16].

Histopathology
The final diagnosis of lesions with a suspicion for malignancy or

the diagnosis of malignancy based upon post-FNAB cytology

(Bethesda V, VI), were confirmed by histological examination

performed after thyroidectomy by two experienced pathologists as

a routine medical procedure.

Statistical analysis
All calculations were performed using Statistica 10 software by

StatSoft. p value of less than 0.05 was considered statistically

significant. The Mann–Whitney U test was used to compare age of

the patients as well as diameter and SUVmax of the focal lesion.

Spearman’s rank correlation coefficient was used to assess the

correlation between size and SUVmax in thyroid lesions.

Results

6614 PET/CT examinations performed in 5520 patients were

analyzed. Diffused uptake of 18F-FDG was present in 109 patients

(2.1%, 76 women and 33 men). Focal uptake was found in 122

patients (2.3%, 83 women and 39 men). Mean age of the patients

with diffuse uptake was 60.7 years, in patients with focal uptake –

61.0 years. No significant difference between genders in both

groups was found (p.0.05).

Mean size of focal lesions was 14.869.0 mm (range 6–63 mm).

Mean SUVmax was 4.364.1 in patients with focal uptake and

3.261.1 in patients with diffused uptake.

Of the 122 patients with focal thyroid 18F-FDG activity, 82

patients (67.2%) underwent further thyroid evaluation using

FNAB. The remaining 40 patients were not studied further due

to severity of the malignant disease, overall poor general condition,

necessity for rapid oncological treatment, or patient’s denial.

Benign thyroid lesions were diagnosed in 46 patients (56.1%);

histopathology was available in 3 cases. Malignant lesions were

detected in 19 patients: 16 papillary thyroid carcinomas, one

medullary thyroid carcinoma and two cases of metastases (one

from laryngeal and one from esophageal cancer). Seventeen

patients had inconclusive results of FNAB (3 non-diagnostic

biopsies, 14 follicular lesions) and further results of repeated

FNABs and/or histopathology were unavailable. All of the subjects

were advised to repeat the biopsy in cases of follicular lesions of

undetermined significance (Bethesda III) or undergo a surgical

procedure in cases where there was suspicion of follicular

neoplasm (Bethesda IV), but this data has yet to be analyzed.

Study protocol and flow are presented in figure 3.

Mean SUVmax for malignant lesions was 7.168.2 (median 3.5).

In the cases of benign lesions, mean SUVmax was 3.262.8 (median

2.4). The difference between the groups was statistically significant

(p = 0.01). Comparison between benign and malignant nodules is

shown in table 1. Mean SUVmax for DTC was 7.669.1 (median

3.3). In the 17 cases of lesions with inconclusive results of FNAB,

mean SUVmax was 3.5 (SD 3.4, median 2.5) and was not

significantly higher than in cases of benign lesions (p = 0.95). For

follicular lesions (n = 14), mean SUVmax was 3.863.7 (median 2.6).

This value also did not differ significantly from the SUVmax found

in benign nodules (p = 0.77).

No correlations between lesions diameter and SUVmax in the

whole group of nodules (p = 0.16) was found. In cases of benign

lesions there was also no significant correlation (p = 0.77).

However, in the group of malignant lesions, a positive correlation

between the lesion’s diameter and SUVmax was observed (p = 0.03,

r = 0.57).

Malignant thyroid nodules accounted for 29.2% of lesions with

conclusive FNAB results. Sensitivity, specificity and positive

predictive values of selected SUVmax thresholds are shown in

table 2 and figure 4. The risk of malignancy was 16.7% for lesions

with a SUVmax under 3, 43.8% for lesions with a SUVmax between

3 and 6, and 54.6% for lesions with a SUVmax over 6. According

to the receiver operating characteristic (ROC) curve, the optimal

sub-max cut-off value is 3.3 (Fig. 5).

Thyroid Lesions Detected Incidentally in 18F-FDG PET/CT Examination

PLOS ONE | www.plosone.org 2 October 2014 | Volume 9 | Issue 10 | e109612



Figure 1. PET/CT scan performed in a female patient (74 years old) with a pulmonary tumor of indeterminant character. Incidental
focal 18FDG uptake revealed in the left lobe of the thyroid gland (SUVmax 1.5). Colloid nodule in post-FNAB cytological evaluation.
doi:10.1371/journal.pone.0109612.g001

Figure 2. PET/CT scan of female patient (65 years old) with suspicion of colonic adenocarcinoma reoccurrence. Incidental focal 18FDG
uptake revealed in the right lobe of thyroid gland (SUVmax 7.1). Malignancy in post-FNAB cytological assessment, further confirmed in
histopathological evaluation (papillary thyroid carcinoma).
doi:10.1371/journal.pone.0109612.g002
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Discussion

PET/CT using 18F-FDG is widely used in the initial staging,

assessment of treatment response and evaluation of potential

recurrence of different malignancies [4,17,18]. A wider availability

of this imaging technique leads to the increase of patient referrals

for PET/CT scans. Standardized uptake value, estimated using
18F-FDG PET/CT, is the main parameter used to quantify

glucose metabolism in the detected lesions. In general, the value is

higher in malignant tissues [15]. Normal thyroid tissue usually

does not accumulate 18F-FDG [4,19]. Significantly higher 18F-

FDG uptake with a diffuse pattern of accumulation was described

in patients with chronic thyroiditis [20] and Graves’ disease [21].

The incidence and potential explanation of focal uptake of 18F-

FDG within the thyroid gland have already been evaluated in

some studies [3,5–12,11,25–27]. The diagnostic role of SUVmax in

thyroid incidentalomas is not fully elucidated, as the published

data on the differential diagnosis of benign and malignant thyroid

nodules were inconsistent.

In our clinical center, incidental focal uptake of 18F-FDG in the

thyroid was observed in 122 patients (2.3%). This prevalence is in

approximate concordance to those reported in other studies (1,2–

4,3%) [5,6,7,8,9,10], and results of recent meta-analysis on the

topic of thyroid incidentalomas in PET examination (focal uptake

in 1.6%) [22]. The risk of malignancy was estimated at 14% to

50% [5,6,7,9,11,13], the meta-analysis performed by Soelberg et

al. estimated this risk to be 34.8% [22]. In our study,

approximately 30% of the incidentalomas appeared to be

malignant in further evaluations (FNAB and post-operative

histopathology). However, it is worth to remember, that out of

122 patients with focal 18F-FDG uptake, conclusive results of

FNAB or histopathology were available only in 82 cases.

Moreover, 17 patients had inconclusive FNAB, without definite

distinction between benign and malignant lesions, and were not

included in the final analysis of the risk of malignancy and

comparison of SUVmax between benign and malignant lesions.

As differentiated thyroid cancer (DTC) is characterized by

increased expression of glucose transporters (GLUT 1) [5,6,7,9],

the appearance of elevated focal uptake of 18F-FDG in the thyroid

should give suspicion of malignant transformation. Numerous

studies indicated that malignant lesions had significantly higher

SUVsmax than benign ones [6,13,23,24]. However, comparable

number of reports found SUVmax to be useless in the prediction of

the cytological and histopathological character of lesions

[11,25,26,27].

According to our results, there was a significant difference (p,

0.05) between SUVsmax of benign and malignant nodules (mean

3.2 vs. 7.1) (tab.1). Moreover, higher values of SUVmax were

Figure 3. Diagram showing the protocol of the study and results of succeeding diagnostic steps.
doi:10.1371/journal.pone.0109612.g003

Table 1. Comparison between parameters estimated in PET/CT of benign and malignant nodules.

Feature Benign lesions Malignant lesions p-value

Age 60.0612.8 62.3610.2 0.39

Mean size (mm) 6 SD 14.166.2 18.0614.1 0.64

SUVmax – range 1.4–17.5 1.8–33.6

Mean SUVmax 6 SD 3.262.8 7.168.2 0.01

doi:10.1371/journal.pone.0109612.t001
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Figure 4. Graph showing sensitivity and specificity for particular SUVmax (standardized uptake value) thresholds in the prediction
of malignant thyroid lesions.
doi:10.1371/journal.pone.0109612.g004

Figure 5. Receiver operating characteristic (ROC) curve showing the correlation between standardized uptake value (SUVmax),
sensitivity and specificity in the prediction of malignant thyroid lesions. Cut off value – 3.3.
doi:10.1371/journal.pone.0109612.g005
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associated with a higher risk of malignancy (e.g. lesions with a

SUVmax below 3.0 had the risk of malignancy lower than 20%,

whereas in cases of lesions with a SUVmax above 5.0, the risk was

close to 60%). Three out of 4 lesions with a SUVmax above 9.0

were malignant.

As mentioned above, three lesions with non-diagnostic FNAB

results and 14 lesions with cytological results belonging to category

III and IV in Bethesda classification (III- atypia of undetermined

significance/follicular lesions of undetermined significance, IV –

follicular neoplasm or suspicion of a follicular neoplasm) were not

taken into account during the final analysis. These follicular

nodules had mean SUVmax insignificantly higher than lesions

definitely diagnosed as benign.

Additionally, three out of 19 malignancies were not differenti-

ated thyroid cancers (DTC), as there was one medullary thyroid

carcinoma and two cases of metastases – one from laryngeal and

one from esophageal cancer. However, the SUVsmax calculated

solely for DTCs were similar to those calculated for all

malignancies. According to some reports, PET with the use of
18F-FDG may be useful in the assessment of aggressive MTC

[27,28,29] and detection of laryngeal and esophageal carcinomas

recurrence [30,31,32], which seems to explain our findings.

In our study, significant correlation between maximal diameter

of the lesion and SUVmax was found in the malignancy group. No

significant correlation was found in the group of benign lesions.

These results suggest that PET/CT can be less effective in the

evaluation of small thyroid cancers (such as microcarcinomas), as

they have significantly lower SUVsmax than the larger ones.

Similar correlations were already reported by Kim et al. [11],

while others [33] did not obtain identical conclusions.

It can be concluded that subjects with incidental focal uptake of
18F-FDG are at the high risk of thyroid malignancy. A high value

of SUVmax further increases the risk of malignancy and should

indicate the necessity for further cytological or histological

evaluation. However, as SUVmax correlated with the diameter of

malignant lesions, small lesions with focal uptake of 18F-FDG

should be interpreted cautiously.

Author Contributions

Conceived and designed the experiments: AS KW RC ACMR. Performed

the experiments: AS KW RC AC AW MJJ MB. Analyzed the data: AS

KW RC. Contributed to the writing of the manuscript: AS KW RC ML

MR.

References

1. Johnbeck CB, Munk Jensen M, Haagen Nielsen C, Fisker Hag AM, Knigge U,

et al. (2014) 18F-FDG and 18F-FLT-PET imaging for monitoring everolimus

effect on tumor-growth in neuroendocrine tumors: studies in human tumor

xenografts in mice. PLoS One 9(3): e91387.

2. Hachemi M, Couturier O, Vervueren L, Fosse P, Lacœuille F, et al. (2014)

18FDG positron emission tomography within two weeks of starting erlotinib

therapy can predict response in non-small cell lung cancer patients. PLoS One

9(2): e87629.
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thyroid incidentalomas detected by 18F-fluorodeoxyglucose positron emission

tomography: a systematic review. Thyroid 22(9): 918–925.

23. Choi JY, Lee KS, Kim HJ, Shim YM, Kwon OJ, et al. (2006) Focal thyroid

lesions incidentally identified by integrated 18F-FDG PET/CT: clinical

significance and improved characterization. J Nucl Med 47: 609–615.

24. Mitchell JC, Grant F, Evenson AR, Parker JA, Hasselgren PO, et al. (2005)

Preoperative evaluation of thyroid nodules with 18FDG-PET/CT. Surgery 138:

1166–1174.

25. de Geus-Oei LF, Pieters GF, Bonenkamp JJ, Mudde AH, Bleeker-Rovers CP, et

al. (2006) 18F-FDG PET reduces unnecessary hemithyroidectomies for thyroid

nodules with inconclusive cytologic results. J Nucl Med 47: 770–775.

26. Are C, Hsu JF, Schoder H, Shah JP, Larson SM, et al. (2007) FDG-PET

detected thyroid incidentalomas: need for further investigation? Ann Surg Oncol

14: 239–247.

27. Eloy JA, Brett EM, Fatterpekar GM, Kostakoglu L, Som PM, et al. (2009) EM.

The significance and management of incidental [18F]fluorodeoxyglucose-

positron-emission tomography uptake in the thyroid gland in patients with

cancer. AJNR Am J Neuroradiol 30(7): 1431–1434.
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