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Abstract

BACKGROUND: The value of PET/CT imaging in diagnosis 
of different cancers has been widely described. PET/CT may 
contribute to visualization of additional findings that were not 
the indication to the study and did not refer to initial diagnosis. 
In a small number of PET/CT scans an incidentally found focal 
18F-FDG uptake in the thyroid gland is found. 
The goal of the study was to estimate the prevalence 
and evaluate the clinical significance of incidental thyroid 
18F-FDG uptake in a cohort of patients diagnosed for different 
malignancies.
MATERIAL AND METHODS: 2478 PET/CT scans using 18F-FDG 
were performed in 1925 subjects for evaluation of different, 
non-thyroid malignancies. For PET/CT examination, a Discovery 
ST (General Electric) PET/CT scanner was used. Patients with 
focal 18F-FDG activity were further evaluated by means of fine 
needle aspiration biopsy (FNAB). If cytological examination 
disclosed malignancy or suspicion of malignancy, thyroidectomy 
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was performed. Both cytological and histopathological results 
were then analyzed.
RESULTS: Focal increased 18F-FDG uptake was found in 71 
patients (3.7%), and cytological or histopathological results were 
evaluable in 20 of them. In general, 8 cases of thyroid cancer 
were found, which accounts for 40% probability of malignancy. 
The predominant histopathological diagnosis was papillary 
thyroid carcinoma (5 out of 8 cases). Additionally, in one case 
(5%) thyroid metastasis of lung cancer was detected.
Diffused 18F-FDG activity in both thyroid lobes was observed 
in 120 subjects (6.2%) — in most cases chronic thyroiditis was 
confirmed.
CONCLUSIONS: The probability of malignancy of focal thyroid 
incidentalomas in 18F-FDG PET/CT scans is rather high. There-
fore, thorough evaluation of such lesions is highly recommended 
in each case. Most thyroid malignancies incidentally detected 
in PET/CT are papillary carcinomas.
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Introduction

In the last decade, positron emission tomography (PET) ima-
ging became one of the most beneficial and accurate diagnostic 
tools in oncological diagnosis. Especially when combined with 
computed tomography (PET/CT), its accuracy in imaging ma-
lignant tissue increases up to 93% compared to PET scan only 
(78–85%) [1, 2]. There are many reports confirming its utility in 
patients with lymphoma, lung cancer, breast cancer, colorectal 
cancer and liver metastases, oesophageal cancer, head and 
neck tumours, and melanoma as well as tumours of unknown 
origin [3–10]. The role of PET in thyroid cancer management 
has been widely described. It should be routinely performed in 
patients previously treated for well-differentiated (follicular or 
papillary) thyroid cancer when the whole-body scan performed 
with radioiodine is negative and the thyroglobulin is markedly 
elevated [11]. 
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Apart from this situation, PET/CT may contribute to visualization 
of additional findings that were not the indication to the study and 
did not refer to initial diagnosis. About 1-2% of such incidental find-
ings localize in the thyroid gland [12–15]. Significantly increased 
18F-fluorodeoxyglucose (18FDG) uptake in these patients still 
seems not to be clarified. As sufficient data is missing, fine needle 
aspiration biopsy still remains conclusive in the final diagnosis. 

Aim of the study

The purpose of the study was to assess the prevalence and 
evaluate the clinical significance of incidental thyroid 18F-FDG 
uptake in a cohort of patients diagnosed for other malignancies.

Material and methods

PET/CT scans using 18F-FDG performed between May 2008 
and January 2010 for non-thyroid malignancies were retrospec-
tively analysed. Oncological diagnoses were: non-small cell lung 
cancer, colorectal cancer, non-Hodgkin or Hodgkin lymphoma, 
breast cancer, head and neck cancer, and cancer of unknown 
origin. The main indications for PET/CT comprised: staging 
of the disease, detection of recurrence in patients treated 
previously with surgery, chemotherapy and radiotherapy, and 
detection of the primary focus in subjects with metastases of 
unknown origin.

For PET/CT examination, a Discovery ST (General Elec-
tric) PET/CT scanner was used. All subjects fasted for at least 
6 hours. Diabetic patients with blood glucose level > 160 mg/dl 
were rescheduled. Image acquisition for the whole body scan 
started 60 ± 10 min after intravenous administration of 550 MBq 
of 18F-FDG. Whole body emission scans included 7–8 bed posi-
tions for 3 min in each position. In this study, a focal thyroid lesion 

was defined as a focally increased 18F-FDG uptake on the PET 
images while diffuse thyroid lesion was defined as 18F-FDG uptake 
in the whole thyroid gland. 

Patients with focal 18F-FDG activity were further evaluated by 
means of fine needle aspiration biopsy (FNAB). Ultrasound-guided 
FNAB was performed by an experienced endocrinologist using 
needles with diameter Ø 0.42 mm. The specimens were analyzed 
by an experienced cytologist. Patients in whom FNAB was positive 
or suspected for thyroid malignancy were subjected to thyroid-
ectomy. Both cytological and histopathological results were then 
analyzed.

Results

A total of 2478 PET scans with the use of 18F-FDG in 1925 sub-
jects were performed in the study period. 1003 men and 922 
women aged 1–85 years (mean 54.4 ± 29.6 yrs) were evaluated. 
Focal increased 18F-FDG uptake was found in 71 patients (3.7%) 
(Figure 1). Thyroid FNAB cytological results were available in 20 
out of 71 subjects. 

The cytological diagnoses in this group were as follows: 
7 colloid nodules (benign lesions), 2 oxyphilic nodules (1 ma-
lignancy — papillary thyroid cancer in post-surgery evaluation), 
5 papillary cancers, and one case of metastatic lesion with 
primary origin in lungs. In one case, immunohistochemical stain-
ing of FNAB specimen diagnosed medullary thyroid carcinoma 
(Figures 1 and 2). 

In 2 cases FNAB was inconclusive and repetition of the pro-
cedure was recommended (results unavailable). In 2 cases fol-
licular tumours were diagnosed in FNAB. One of them appeared 
to be follicular adenoma in post-surgical evaluation, in the 
second case the surgery was not performed due to medical 
contraindications. 

Figure 1. Incidentally found focus of increased 18F-FDG uptake in a patient diagnosed due to a pulmonary nodule that appeared benign in the 
PET/CT scan (MIP image and fused axial image are presented). FNAB diagnosed benign thyroid nodule. 
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In general, after both cytological and histological examinations, 
8 malignancies were found, which accounts for 40% of malignan-
cies out of all 20 examined 18F-FDG-avid focal lesions (Figure 3).

Diffused 18F-FDG activity in both thyroid lobes was ob-
served in 120 subjects (6.2%). Patients presenting diffused 

18F-FDG uptake in the thyroid were suspected of autoimmune 
thyroid disease that was then confirmed in laboratory find-
ings (elevated serum thyroid antibodies) and characteristic 
hormonal and clinical status. These patients were not evaluated 
in the current study.

Figure 3. Distribution of FNAB and histopathological diagnoses in the study group.

Figure 2. In a patient with colorectal cancer PET/CT did not detect any cancer recurrence. Incidentally found metabolically active thyroid nodule 
was diagnosed as a medullary thyroid carcinoma (MIP image and fused axial image are presented).
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Discussion

Our study seems to confirm previous studies conducted 
in other centres. The prevalence of incidental focally increased 
18F-FDG metabolism ranges, depending on study cohort, from 
1.0% to 4.3% [16, 17]. In the biggest retrospective study devel-
oped thus far, Shie et al. estimated the occurrence of thyroid 
incidentaloma in more than 55,000 subjects evaluated with PET 
for 1%, whereas 33.2% of focal thyroid lesions  were found to be 
malignant. Moreover, Chen et al. revealed incidental focal 18F-FDG 
thyroid uptake in 1.2% of a healthy population proving no link with 
the initial malignancy [15]. 

Obviously, the crucial problem of the thyroid incidentalo-
mas is the differential diagnosis between benign and malignant 
lesions. There have been several studies trying to clarify why only 
some benign lesions present increased 18F-FDG uptake, while the 
majority of papillary cancers are 

18F-FDG-avid. The potential role 
of maximal standardized uptake value (SUVmax) seems to be the 
most commonly investigated aspect. Conclusions of published 
studies are inconsistent. Zhai et al. demonstrated significantly 
higher SUVmax values in malignant than in benign lesions, estimat-
ing SUVmax above 8 as a strong predictor of malignancy. In other 
studies, the highest SUVmax of malignant thyroid lesions was also 
significantly higher than that of benign lesions [23]. A significant 
correlation between SUVmax and maximal diameter of the thyroid 
incidentaloma was also found [24]. However, it has also been 
demonstrated that low SUVmax in a thyroid focus does not exclude 
malignancy. Other authors concluded no significant difference in 
SUVmax between benign and malignant nodules [19, 25]. In ano-
ther study, Kim et al. tried to evaluate the utility of 18F-FDG PET in 
predicting malignancy in thyroid nodules cytologically diagnosed 
as follicular neoplasm. Unfortunately, in this case glucose meta-
bolic activities of benign follicular nodules were as high as those 
of malignant nodules [13]. These conflicting data suggest that 
SUVmax alone is not an adequate tool in differential diagnosis of 
malignant and benign thyroid nodules. Kwak et al. showed the 
added value of sonography in the evaluation of 18F-FDG-positive 
thyroid lesions. The probability (13.2%) of malignancy in such 
cases was much lower when the sonographic findings appeared 
benign, as compared with patients with nodules sonographically 
suspected of malignancy (75.5%) [26]. Unfortunately, the malig-
nant sonographic appearance is still operator-dependant, even if 
these suspicious features are defined by some ultrasound guide-
lines. As shown above, the problem of incidentally found thyroid 
nodules has not been adequately solved and needs further evalu-
ation. Our centre continues to collect a database of such lesions in 
order to obtain data sufficient for more profound evaluation.

Eight out of 20 patients (40%) with 18 FDG-avid lesions were 
eventually diagnosed with thyroid cancer. In 6 of 20 subjects pap-
illary carcinoma was diagnosed. According to previous reports, 
most of the malignancies in focal 18F-FDG-avid lesions are well-dif-
ferentiated papillary carcinomas. Are et al. found this diagnosis in 
19 out of 20 examined patients [27]. In our opinion, in spite of all 
those facts, FNAB should remain the crucial diagnostic tool in the 
evaluation of focal thyroid lesions. 

Sebastianes et al. reported a high negative predictive value of 
PET in detecting malignancies in preoperative evaluation of sus-
pected nodules if the preoperative FNAB result was inconclusive. 

All 18FDG-avid nodules were confirmed to be cancers (100%), 
while almost 39% of benign lesions appeared to present increased 
18F-FDG uptake. In our study only one out of 4 patients with 
previous inconclusive FNAB result was diagnosed with follicular 
adenoma in histopathological examination. Currently, data is be-
ing collected to analyze whether PET/CT is helpful in decreasing 
the amount of unnecessary thyroidectomies due to inconclusive 
cytological findings.

Distant metastases that locate in the thyroid gland are rather 
rare. Occasionally, some of the malignant lesions found in thyroid 
with the means of PET/CT appear to be metastatic [30]. These data 
are confirmed in our study population of oncological patients: only 
one focus of an extrathyroid origin was detected — it was a me-
tastasis of non-small cell lung carcinoma.

In 6.2% of our patients diffused thyroid uptake of 18F-FDG 
was found. The most likely diagnosis is chronic thyroiditis. In 
fact, many of these patients had already been treated with L-
thyroxin before performing the scan. Although diffused 18F-FDG 
uptake seems to be quite accurate in confirming the diagnosis of 
Hashimoto thyroiditis [19, 21], a risk of thyroid cancer in both 
diffuse and combined 18F-FDG uptake should be kept in mind 
[18, 22]. Additionally, the presence of Hashimoto disease with 
a large goitre may impair the diagnostic value of 18FDG PET 
in primary thyroid lymphoma [20]. Therefore, thyroid FNAB 
seems to be obligatory in cases of coexisting diffused 18F-FDG 
uptake in PET scans and the occurrence of lesions seen in thy-
roid sonography. In our study FNAB results were available only 
in a few cases of diffused 18FDG uptake; all of them reported 
Hashimoto thyroiditis.

Conclusions

The probability of malignancy in the case of focal 18F-FDG ac-
cumulation in the thyroid gland is rather high. Therefore, thorough 
evaluation of such lesions is highly recommended in each case. 
Most thyroid malignancies incidentally detected in PET/CT are 
papillary carcinomas. 

References

1. Czernin J, Schelbert H. PET/CT Imaging: facts, opinions, hopes, and 
questions. J Nucl Med 2004; 45: 1S–3S.

2.  Hany TF, Steinert HC, Goerres GW, Buck A, von Schulthess GK. PET 
diagnostic accuracy: improvement with in-line PET-CT system: initial 
results. Radiology 2002; 225: 575–581.

3.  Truong MT, Viswanathan C, Erasmus JJ. Positron emission tomog-
raphy/computed tomography in lung cancer staging, prognosis, and 
assessment of therapeutic response. J Thorac Imaging 2011; 26: 
132–146.

4.  Wu HB, Wang QS, Wang MF, Li HS, Zhou WL, Ye XH Wang QY. 
Utility of 18F-FDG PET/CT for staging NK/T-cell lymphomas. Nucl Med 
Commun 2010; 31: 195–200.

5.  Facey K, Bradbury I, Laking G, Payne E. Positron emission tomo-
graphy (PET) imaging in cancer management. Ultra Rapid Review. 
Health Technology Assessment. NHS R&H Programme, Southamp-
ton 2004.

6.  Kinkel K, Lu Y, Both M, Warren RS, Thoeni RF. Detection of hepatic 
metastases from cancers of the gastrointestinal tract by using nonin-
vasive imaging methods (US, CT, MR imaging, PET): a meta-analysis. 
Radiology 2002; 224: 748–756.



72

Nuclear Medicine Review 2011, Vol. 14, No. 2

www.nmr.viamedica.pl

Original

7. Kato H, Miyazaki T, Nakajima M et al. The incremental effect of positron 
emission tomography on diagnostic accuracy in the initial staging of 
esophageal carcinoma. Cancer 2005; 103: 148–156.

8. Vermeersch H, Loose D, Ham H, Otte A, Van de Wiele C. Nuclear 
medicine imaging for the assessment of primary and recurrent head 
and neck carcinoma using routinely available tracers. Eur J Nucl Med 
Mol Imaging 2003; 30: 1689–1700.

9. Prichard RS, Hill AD, Skehan SJ, O’Higgins NJ. Positron emission 
tomography for staging and management of malignant melanoma. 
Br J Surg 2002; 89: 389–396.

10. Delgado-Bolton RC, Fernandez-Perez C, Gonzalez-Mate A, Carreras JL. 
Metaanalysis of the performance of 18F-FDG PET in primary tumor 
detection in unknown primary tumors. J Nucl Med 2003; 44: 
1301–1314.

11. Hooft L, Hoekstra OS, Deville W et al. Diagnostic accuracy of 
18Ffluorodeoxyglucose positron emission tomography in the follow-up 
of papillary or follicular thyroid cancer. J Clin Endocrinol Metab 2001; 
86: 3779–3786.

12. Kang KW, Kim SK, Kang HS, Lee ES, Sim JS, Lee IG, Jeong SY, Kim SW. 
Prevalence and Risk of Cancer of Focal Thyroid Incidentaloma Identi-
fied by 18F-Fluorodeoxyglucose Positron Emission Tomography for 
Metastasis Evaluation and Cancer Screening in Healthy Subjects. J 
Clin Endorinol Metab 2003; 88: 4100–4104.

13. Kim JM, Ryu JS Kim TY et al. Clin 18F-fluorodeoxyglucose positron 
emission tomography does not predict malignancy in thyroid nodules 
cytologically diagnosed as follicular neoplasm. Endocrinol Metab 
2007; 92: 1630–1634.

14. Ishimori T, Patel PV, Wahl RL. Detection of unexpected additional 
primary malignancies with PET/CT. J Nucl Med 2005; 46: 752–757.

15. Chen YK, Ding HJ, Chen KT et al. Prevalence and risk of cancer of 
focal thyroid incidentaloma identified by 18F-fluorodeoxyglucose posi-
tron emission tomography for cancer screening in healthy subjects. 
Anticancer Res 2005; 25 (2B): 1421–1426.

16. Shie P, Cardarelli R, Sprawls K, Fulda KG, Taur A. Systematic review: 
prevalence of malignant incidental thyroid nodules identified on fluo-
rine-18 fluorodeoxyglucose positron emission tomography. Nucl Med 
Commun 2009; 30: 742–748.

17. Yi JG, Marom EM, Munden RF et al. Focal uptake of fluorodeoxyglu-
cose by the thyroid in patients undergoing initial disease staging with 
combined PET/CT for non-small cell lung cancer. Radiology 2005; 
236: 271–275.

18. Kurata S, Ishibashi M, Kaida H, Hiromatsu J, Miyake I, Hayabuchi N 
Diffuse or combined uptake in the thyroid gland as an incidental finding 

in FDG-PET: Risks of thyroid cancer and subclinical hypothyroidism 
associated with Hashimoto’s thyroiditis. J Nucl Med 2007; 48 (suppl 2): 
265P.

19. Kim TY, Kim WB, Ryu JS, Gong G, Hong SJ, Shong YK. 18F-fluorode-
oxyglucose uptake in thyroid from positron emission tomogram (PET) 
for evaluation in cancer patients: high prevalence of malignancy in 
thyroid PET incidentaloma. Laryngoscope 2005; 115: 1074–1078.

20. Nakada K, Kawai Y, Kameya T, Sakurai M, Nishida M. Hashimoto’s 
thyroiditis may impair diagnostic value of FDG PET in primary thyroid 
lymphoma. J Nucl Med 2008; 49: 139P.

21. Schmid DT, Kneifel S, Stoeckli SJ, Padberg BC, Merrill G, Goerres GW. 
Increased 18F-FDG uptake mimicking thyroid cancer in a patient with 
Hashimoto’s thyroiditis. Eur Radiol 2003; 13: 2119–2121.

22. Kurata S, Ishibashi M, Hiromatsu Y et al. Diffuse and diffuse-plus-focal 
uptake in the thyroid gland identified by using FDG-PET: prevalence 
of thyroid cancer and Hashimoto’s thyroiditis. Ann Nucl Med 2007; 
21: 325–330. 

23. Zhai G, Zhang M, Xu H, Zhu C, Li B. The role of 18F-fluorodeoxyglucose 
positron emission tomography/computed tomography whole body 
imaging in the evaluation of focal thyroid incidentaloma. J Endocrinol 
Invest 2010; 33: 151–155.

24. Choi JY Lee KS, Kim HJ et al. Focal thyroid lesions incidentally identi-
fied by integrated 18F-FDG PET/CT: clinical significance and improved 
characterization. J Nucl Med 2006; 47: 609–615.

25. Bae JS, Chae BJ, Park WC, Kim JS, Kim SH, Jung SS, Song BJ. 
Incidental thyroid lesions detected by FDG-PET/CT: prevalence and 
risk of thyroid cancer. World J Surg Oncol 2009; 10: 63.

26. Kwak JY, Kim EK, Yun M et al. Thyroid incidentalomas identified by 
18F-FDG PET: sonographic correlation. Am J Radiol 2008; 191: 598–603.

27. Are C, Hsu JF, Schoder H, Shah JP, Larson SM, Shaha AR FDG-PET 
detected thyroid incidentalomas: need for further investigation? Ann 
Surg Oncol 2007; 14: 239–247.

28. Sanz Viedma S, Borrego Dorado I, Rodríguez Rodríguez JR et al. 
Use of (18F)FDG-PET in patients with suspicion of recurrent differenti-
ated thyroid cancer by elevated antithyroglobulin antibodies levels and 
negative (131)I scan. Rev Esp Med Nucl 2011; 30: 77–82. 

29. Lind P, Kohlfürst S. Respective roles of thyroglobulin, radioiodine 
imaging, and positron emission tomography in the assessment of 
thyroid cancer. Semin Nucl Med 2006; 36: 194–205. 

30. Sebastianes FM, Cerci JJ, Zanoni PH et al. Role of 18F-fluorodeoxy-
glucose positron emission tomography in preoperative assessment of 
cytologically indeterminate thyroid nodules. J Clin Endocrinol Metab 
2007; 92: 4485–4488.


